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Bevacizumab for Cerebral Radionecrosis: A Single-Center Experience
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ABSTRACT: Background: Cerebral radionecrosis, a subacute or late effect of radiotherapy, can be debilitating and difficult to treat. Steroids
can reduce symptoms, but have significant long-term side effects. Bevacizumab has been shown to reduce edema and other radiologic features
associated with radionecrosis and improve patient symptoms. We report our experience using bevacizumab for cerebral radionecrosis.
Methods:We retrospectively reviewed the charts of all patients treated at our institution with bevacizumab for non-glioma-associated cerebral
radionecrosis. We recorded change in symptoms, change in steroids, change in performance status, time to tumor progression, and time to
death. We delineated the volume of necrosis pre- and post-bevacizumab on T1-post-gadolinium and fluid-attenuated inversion recovery
(FLAIR) MRI scans. Results:We identified 15 patients, 8 with brain metastases, 6 with meningioma, and 1 with nasopharyngeal carcinoma.
Most received four doses of bevacizumab, 7.5 mg/kg q 3 weeks × 4 doses. Neuroimaging demonstrated a reduced T1 gadolinium-enhancing
volume and edema in 14/15 patients (the average reduction in T1-post-gadolinium volume was 3.0 cm3, and average reduction in FLAIR
volume was 27.9 cm3). There was no appreciable change in patient performance status. Steroid doses decreased in five of nine patients.
There was a high rate (26%) of adverse events, including pulmonary embolism, stroke, and wound dehiscence. The median progression-free
survival was 6.5 months. Conclusion: Although bevacizumab is commonly prescribed for cerebral radionecrosis, in our retrospective cohort,
the clinical benefits were modest and there was significant toxicity.

RÉSUMÉ : Le bévacizumab et la radionécrose cérébrale : expérience unicentrique. Contexte : La radionécrose cérébrale, un effet subaigu ou
tardif de la radiothérapie, peut à la fois être débilitante et difficile à traiter. Certes, les stéroïdes peuvent atténuer les symptômes, mais ils
produisent d’importants effets indésirables à long terme. Le bévacizumab a démontré son efficacité à diminuer l’œdème et d’autres signes
radiologiques associés à la radionécrose, ainsi que l’intensité des symptômes. Il sera donc question dans l’article de l’expérience réalisée dans
l’établissement des auteurs sur l’emploi du bévacizumab dans le traitement de la radionécrose cérébrale. Méthode : L’étude consistait en un
examen rétrospectif des dossiers médicaux de tous les patients traités dans l’établissement en question par le bévacizumab pour de la
radionécrose cérébrale associée à d’autres tumeurs que les gliomes. Ont été consignés les changements de symptômes, de stéroïdes et de l’indice
de performance; le temps écoulé avant l’évolution de la tumeur et celui avant la mort. Le volume de tissu nécrosé a été mesuré, avant et après
l’administration du bévacizumab, par IRM, en T1, après injection de gadolinium, et par la séquence FLAIR (inversion-récupération en sup-
pression de liquide). Résultats : L’examen a permis de repérer 15 patients : 8 atteints de métastases au cerveau; 6, d’un méningiome et 1, d’un
carcinome du rhinopharynx. La plupart ont reçu 4 doses de bévacizumab, à raison de 7,5mg/kg, toutes les 3 semaines, pour un total de 4 doses.
La neuro-imagerie a révélé une diminution du volume en T1, après l’injection de gadolinium pour l’amélioration du contraste, ainsi que de
l’œdème chez 14 patients sur 15 (réduction moyenne du volume en T1, après gadolinium : 3,0 cm3, et selon la séquence FLAIR : 27,9 cm3).
Toutefois, aucun changement important de l’indice de performance n’a été observé. Il y a eu une diminution des doses de stéroïdes chez 5
patients sur 9, mais le taux d’événements indésirables, notamment d’embolie pulmonaire, d’accident vasculaire cérébral et de déhiscence de la
plaie, associés au médicament était élevé (26 %). Enfin, la période médiane de survie sans évolution était de 6,5 mois. Conclusion : Bien que le
bévacizumab soit souvent prescrit dans le traitement de la radionécrose cérébrale, les résultats enregistrés dans la cohorte formée en vue de
l’analyse rétrospective ont révélé que le médicament produisait peu de bienfaits cliniques et qu’il s’accompagnait d’une toxicité importante.
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Introduction

Cerebral radionecrosis is a delayed complication of cranial irradi-
ation. It tends to occur between 2 and 32 months after radiation1.
Tissue necrosis is more likely to occur with higher doses per

fraction and with prior radiation to the region2. It can occur in
the setting of brain tumors (such as glioma, meningioma, or brain
metastases). It can also occur following the treatment of tumors
such as nasopharyngeal carcinoma or clival chordoma that are
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adjacent to the brain. Depending on the location of the radionec-
rosis, different clinical symptoms and signs can occur, and these
can be quite disabling. A definitive diagnosis of radionecrosis
requires histological necrosis in the right clinical context.
Presumptive diagnoses can be made based on history and
advanced neuroimaging.

The main treatment for symptomatic cerebral radionecrosis is
dexamethasone, and while often effective, it causes serious side
effects when used long term. Surgical options include resection
of the region of radionecrosis or laser interstitial therapy.
Hyperbaric oxygen therapy has possible therapeutic value3.
Finally, bevacizumab, an intravenous monoclonal antibody to vas-
cular endothelial growth factor, is often prescribed off-label for cer-
ebral radionecrosis.

The quality of evidence for bevacizumab for cerebral radionec-
rosis is limited. In 2009, Levin et al.4 conducted a randomized trial
of 14 patients with cerebral radionecrosis. None of the patients had
brain metastases. The patients were randomized to bevacizumab
versus placebo. The MRI scans improved with a mean percentage
reduction in T1 gadolinium-enhancing volume of 59% and 63% on
T1 and fluid-attenuated inversion recovery (FLAIR) images,
respectively. There was a reduction in steroid use, but no clear
improvement in symptoms. There were two serious, related
adverse events: pulmonary embolism and cerebral venous sinus
thrombosis. In 2013, Boothe et al.5 conducted a retrospective
review of 11 patients with radionecrosis in the context of prior ster-
eotactic radiosurgery for brain metastases. These patients were
treated with bevacizumab, and they had improved imaging and
reduced steroid requirements. All but one patient had improved
symptoms. In 2018, Xu et al.6 conducted a randomized trial of
112 patients with bitemporal radionecrosis following treatment
for nasopharyngeal carcinoma. They reported improvement with
bevacizumab compared with steroids. Of the 38 patients in the bev-
acizumab group whose imaging improved, 31 (81.58%) experi-
enced improved symptoms. Among 17 patients in the
corticosteroid group whose imaging improved, 15 showed
improved symptoms. A recent systematic review found 21 studies
with a total of 115 patients where bevacizumab was used for cer-
ebral radionecrosis7. Most of these were retrospective cohort stud-
ies. The most frequent bevacizumab dose was 7.5 mg/kg every
2 weeks for 4 cycles. There was consistent reduction in T1 and
T2/FLAIR changes after bevacizumab therapy. Steroid doses often
decreased after bevacizumab. Symptom improvements were not
systematically documented.

Increasingly, bevacizumab is being employed to treat cerebral
radionecrosis; however, the magnitude of clinical benefits and full
range of toxicities remains unclear. The goal of our research study
was to review our experience using bevacizumab for cerebral radio-
necrosis, with a focus on radiographic changes, symptoms, perfor-
mance status, steroid use, and adverse events.

Methods

Following institutional research ethics board approval, the charts
of neuro-oncology patients treated with bevacizumab between
January 2017 and March 2021 were reviewed. All patients were
treated at Princess Margaret Cancer Centre in Toronto, Canada.
Two authors (SAC, RCR) extracted the clinical information from
a database. Diagnosis of radionecrosis was based on clinical fea-
tures, imaging, and/or pathology. A diagnosis of radionecrosis
was only considered in patients who had received high-dose cer-
ebral radiotherapy within 3 months, up to a few years. In most

patients, advanced imaging techniques like perfusion or spectros-
copy were used to support a diagnosis of radionecrosis over tumor
progression. Patients with glioma were excluded because bevacizu-
mab can be used to treat both tumor progression and radionecrosis
in these patients. We recorded change in symptoms, change in ste-
roids, change in performance status, time to tumor progression,
and time to death. Performance status was estimated just before
bevacizumab therapy, and the best performance status at sub-
sequent follow-up visits was that patient’s post-bevacizumab per-
formance status. Patient-reported performance status was taken,
where available, from Edmonton Symptom Assessment System
(ESAS) self-reports. We delineated the volume of necrosis pre-
and post-bevacizumab on T1-post-gadolinium and FLAIR MRI
scans. It should be noted that the T1-weighted sequences estimate
the effects of radiation necrosis, recognizing that it is a surrogate of
blood–brain barrier and blood–tumor barrier integrity. The last
MRI before bevacizumab was compared to the best MRI after bev-
acizumab. T1-post-gadolinium and FLAIR MRI images were
imported to RayStation treatment planning system (v8,
RaySearch Laboratories AB, Stockholm, Sweden) and contoured
and reviewed by two authors in order to estimate the volume of
cerebral necrosis before and after the administration of bevacizu-
mab (PAJ, DBS).

Statistical analysis included paired two-sided t-tests for change
in T1 gadolinium-enhancing volume and for change in Eastern
Cooperative Oncology Group performance status. Kaplan–Meier
estimators were used to plot overall survival (OS) and progres-
sion-free survival (PFS). PFS was defined as time from first beva-
cizumab treatment to cancer progression (by imaging or
pathology) or death.

Results

Fifteen patients were treated with bevacizumab for non-glioma
cerebral radionecrosis during the study period. Of these, eight
had brain metastases, six had meningiomas (grades ranging from
1 to 3), and one had nasopharyngeal carcinoma. The median age
was 55 years. The median Eastern Cooperative Oncology Group
(ECOG) performance status was 2. There were ESAS data available
for 10 of the 15 patients, but pre- and post-bevacizumab ESAS data
were only available for three patients. One of those three patients
had a pre-bevacizumab self-reported ECOG score of 1 ± 0 (mean
±, standard deviation), and post-bevacizumab, it was 3 ± 0; the sec-
ond patient’s scores were 1.3 ± 1.1, then 2.5 ± 0.7; the third
patient’s scores were 0.7 ± 0.6, then 1.3 ± 0.5. The median central
nervous system necrosis grade (Common Terminology Criteria for
Adverse Events version 5.0) was 2. Two-thirds of patients had
radionecrosis in an eloquent portion of the brain. Two patients
had radiation-induced meningiomas in the context of prior child-
hood radiotherapy for hematological malignancy. The median
cumulative brain parenchyma biological effective dose (BED) with
α/β = 2 was 86.40 Gy, whereas the median tumor BED was 127.50
Gy, using α/β ratio of 3 for meningioma and 10 for brain metasta-
ses and nasopharyngeal carcinoma (Table 1).

All were treated with bevacizumab 7.5 mg/kg, with planned
doses every 3 weeks. Most patients received four total doses of bev-
acizumab. Nine patients were undergoing treatment with dexame-
thasone when bevacizumab was started, and five of these patients
reduced their dexamethasone dose during bevacizumab therapy.
Patients who were on high-dose dexamethasone prior to bevacizu-
mab had steroid side effects like weight gain, insomnia, and hyper-
glycemia. Most patients had no change to their ECOG
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performance status (paired t-test p-value= 0.7, Figure 1); median
ECOG performance status was 2 both before and after bevacizu-
mab. Post-bevacizumab performance status was typically mea-
sured at the 3-month follow-up visit. One patient’s hemiparesis
improved to the point that they were able to walk again. There were
subtle clinical responses in six patients. Two patients’ hemiparesis
improved slightly: (1) before bevacizumab: left pronator drift and
spasticity; after bevacizumab: no pronator drift, but ongoing spas-
ticity; (2) before bevacizumab: right distal 4/5 strength; after bev-
acizumab: right pronator drift. One patient’s numbness improved.
Adverse events potentially ascribable to bevacizumab occurred in
four patients. One patient within meningioma had scalp wound
dehiscence, but there were signs of infected, growing tumor even
before the bevacizumab. One patient had a sudden, unexpected
death at home, but no subsequent autopsy. One patient had a
leg deep vein thrombosis (DVT). Another patient had a DVT in
addition to a pulmonary embolism and ischemic stroke (Table 2).

Patients treated with bevacizumab had reductions in necrosis
and edema volumes, assessed by T1-post-gadolinium and
FLAIR volumes, compared to their pre-bevacizumab baseline
(Figure 2). For T1, the average reduction in volume was 3.0 cm3

(95% CI −4.9 to 11.0 cm3), and for FLAIR, the average reduction
in volume was 27.9 cm3 (95% CI −12.0 to 67.7 cm3). The median
T1 volume went from 16.9 cm3 to 12.5 cm3 after bevacizumab, and
the median FLAIR volume went from 55.0 cm3 to 24.2 cm3. One
brain metastasis in a patient with metastatic melanoma who was
initially thought to have cerebral radionecrosis grew during treat-
ment with bevacizumab and repeat surgery confirmed viable
tumor.When omitted from the statistical analysis, for T1, the aver-
age reduction in volume was 5.7 cm3 (95% CI −0.3 to 11.7 cm3, p
= 0.06), and for FLAIR, the average reduction in volume was
43.5 cm3 (95% CI 20.3 to 66.8 cm3, p= 0.001). An analysis of
the correlation between time from radionecrosis detection to bev-
acizumab and percent reduction in T2 volume in this subset
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Figure 1: Change in cerebral radionecrosis patients’ Eastern Cooperative Oncology
Group (ECOG) performance status after bevacizumab therapy.

Table 2: Treatment and clinical response (N= 15)

Characteristic Value

Bevacizumab doses received (median, range) 4 (1–6)

Time from last radiation session to bevacizumab
(median, range)

1.46 (0.34–
4.63)

Clinical response (%)

None 9 (60%)

Minimal 5 (33%)

Definite 1 (7%)

Steroid reduction (%)

No 4 (27%)

Yes 5 (33%)

Not applicable 6 (40%)

Potential adverse events (%)

None 11 (73%)

Deep vein thrombosis (DVT) 1 (7%)

DVT, pulmonary embolism, and stroke 1 (7%)

Sudden unexpected death 1 (7%)

Wound dehiscence 1 (7%)

Table 1: Patient baseline characteristics (N= 15)

Characteristic Value

Age (± SD) 56.6 ± 7.8 years

Female (%) 10 (67%)

Cancer (%)

Meningioma 6 (40%)

Metastatic breast 1 (7%)

Metastatic colon 1 (7%)

Metastatic esophagus 1 (7%)

Metastatic melanoma 3 (20%)

Metastatic non-small cell lung 2 (13%)

Nasopharyngeal carcinoma 1 (7%)

Time from last radiation session to radionecrosis on
MRI (median, range)

0.82 (0.18–2.25)
years

Baseline ECOG performance status (%)

0 1 (7%)

1 2 (13%)

2 6 (40%)

3 3 (20%)

4 3 (20%)

Baseline CTCAE necrosis grade (%)

2 10 (67%)

3 5 (33%)

SRS at any point (%) 7 (47%)

Radiation courses to the area (%)

1 8 (53%)

2 6 (40%)

3 1 (7%)

Cumulative tumor BED* (± SD) 86.7 ± 50.0 Gy

Cumulative brain parenchyma BED** (± SD) 149.3 ± 48.0 Gy

Acronyms: Eastern Cooperative Oncology Group (ECOG), Common Terminology Criteria for
Adverse Events (CTCAE), stereotactic radiosurgery (SRS), biologically equivalent doses (BED).
*Tumor BED α/β ratio of 3 for meningioma, 10 for the other tumors.
**Brain BED α/β ratio of 2.
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revealed a correlation coefficient of 0.45, indicating more imaging
response in patients treated sooner.

The median OS for these bevacizumab-treated patients was
21.7 months (Figure 3, Panel A) from the time of first bevacizumab
administration. The median OS was 28.5 months from the time of
first MRI showing radionecrosis. Nine patients had tumor progres-
sion during the follow-up period. The median PFS was 6.5 months
(Figure 3, Panel B) where PFS is defined as freedom from tumor
progression, not necrosis progression. The median OS for menin-
gioma patients was not reached but their median PFS was
6.6 months. The median OS and PFS for metastasis patients were
21.7 and 6.4 months, respectively. One patient later underwent a
second course of bevacizumab (4 more treatments) for radionec-
rosis, but did not respond the second time around, and repeat sur-
gery confirmed tumor progression. Five patients (three with
metastases and two with meningioma) are alive without tumor
progression. The median follow-up time is 14.2 months.

Discussion

In this single-center retrospective review of bevacizumab-treated
non-glioma cerebral radionecrosis patients, bevacizumab
improved radiographic findings but only minimally improved
clinical symptoms. Treatment was not associated with an improve-
ment in performance status and was likely associated with several
significant adverse events and only some steroid dose reductions.
Most patients had progression of their underlying malignancy
within 6.5 months of receiving bevacizumab, further reducing
the benefit of this intervention on patient outcomes. Our cohort
includes a heterogeneous group of patients, so the OS and PFS
numbers should be interpreted only insofar as they limit the dura-
tion of potential quality of life benefit from bevacizumab.

Our data accord with previously published results showing that
bevacizumab can reduce cerebral edema and improve the appear-
ances of lesions on T2- and T1-based post-gadolinium scans7,8.

Figure 2: Change in patients’ radionecrosis volumes on T1-post-gadolinium (A) and FLAIR (B) images after bevacizumab therapy.

A B

Figure 3: Overall survival (A) and progression-free survival (B) of radionecrosis patients from first bevacizumab therapy. Progression-free survival was defined as time
to death or tumor progression.
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Our cohort is primarily made up of patients with meningioma and
brainmetastases. Brainmetastases patients were not represented in
the Levin et al. randomized trial of bevacizumab for radionecrosis4.
There have been at least two systematic reviews of bevacizumab for
radionecrosis. In one, only brain metastasis patients were included
and imaging responses were seen in 93% of patients, 47% T1-post-
gadolinium volume reduction, and 62% FLAIR volume reduction
on average8. In another systematic review, patients with brain
metastasis, meningioma, and nasopharyngeal carcinoma were
included7. They found T1-post-gadolinium reductions of 60%
and T2/FLAIR reductions of 64%.

The rate of potential bevacizumab side effects was higher in our
patients than in another similar cohort9. In particular, we found
that 2 of 15 patients (14%) developed a DVT. Among 3763 patients
with metastatic colon cancer treated with chemotherapy ± bevaci-
zumab, the rates of wound healing issues were 0.4% without
bevacizumab versus 0.9% with bevacizumab. Venous thromboem-
bolism occurred in 6.5% versus 8.2% with bevacizumab10.
These trial data are similar to real-world data showing the risk
of venous thromboembolism with bevacizumab was 5% in
Spain11. The slightly higher rates of adverse events in our cohort
can easily be explained by random effects, given the small sample
size.

Several studies have reported on the clinical benefits of bevaci-
zumab for radionecrosis. Of the seven melanoma patients who
received bevacizumab for cerebral radionecrosis, all had “clinical
improvement”12. Of 11 brain metastasis patients who received bev-
acizumab, there was symptomatic improvement in 7 of 11, no
change in symptoms in 3 of 11, and worsening in 1 of 115. In
another case series of brain metastasis patients, there was clinical
improvement in 11 of 14 patients13. In a phase 2 trial of low-dose
bevacizumab for radionecrosis, 17 of 21 patients had some clinical
improvement13. Our study found only 6 of 15 patients had clinical
improvement, and formost of these patients, the improvement was
modest.

Performance status has been used before to quantify clinical
improvement with bevacizumab. Of 13 brain metastasis patients
who received bevacizumab, the median Karnofsky performance
status (KPS) was 80 before treatment and remained 80 at sub-
sequent follow-ups till it fell to 60 after 6 months14. In an individual
patient data meta-analysis of 54 brain metastasis radionecrosis
patients, only 10 had KPS reported8. Of these 10 patients, 8 had
an improvement in KPS after bevacizumab.

A main strength of our study is that we quantified performance
status, albeit retrospectively, to better measure the potential clinical
benefit from bevacizumab. We measured radionecrosis volumetri-
cally to better quantify the degree of radiological improvement.
However, our study has significant limitations. Data are from
one institution, and the sample size is small. Patient performance
status was not consistently reported prospectively, and most scores
were imputed from the clinical notes. Further, ECOG performance
status is graded coarsely so clinically meaningful improvement
might not be captured on this scale. Finally, we selected patients
with significant radionecrosis for bevacizumab therapy from a
larger cohort of patients with presumed cerebral radionecrosis,
many of whomhadminimal symptoms and lesser degrees of radio-
necrosis. It is conceivable that better outcomes might have been
observed in these patients, had they received bevacizumab.

The results of our study are quite different from earlier pub-
lished reports that suggest that bevacizumab is an effective drug
for the management of cerebral radionecrosis. In contrast to prior
studies, our study reports limited clinical benefit and probably

toxicities of bevacizumab when used for cerebral radionecrosis.
There are a few possible reasons for these discrepant results.
Many previously published case series focused mostly on imaging
rather than clinical outcomes7,8. Conceivably, our patients may
have had radionecrosis that was too advanced to benefit from bev-
acizumab. Time from radiation to bevacizumab is unlikely to
explain this effect, though; in the Levin et al. randomized trial,
the average time from radiation to bevacizumab was 3 years, com-
pared with 1.5 years in our series4. The interpretation and report-
ing of minor clinical responses can also explain some
discrepancies. There may be a publication bias at play: in an indi-
vidual patient data meta-analysis of 54 brain metastasis radionec-
rosis patients, only 10 had KPS reported8. Our cohort included
many patients with necrosis in an eloquent portion of the brain,
perhaps reducing the potential benefits of bevacizumab. Our
cohort included many patients with necrosis in an eloquent por-
tion of the brain, perhaps reducing the potential benefits of beva-
cizumab. Our cohort especially included patients with advanced
metastatic disease who are at risk of the medical complications
associated with bevacizumab use. Pre-radiation or intra-radiation
bevacizumab dosing might be more effective at preventing radia-
tion necrosis in the setting of high-risk radiation treatments. Our
study looked at potential bevacizumab adverse events, but did not
systematically look at the adverse effects caused by dexamethasone
nor did it compare the rates of bevacizumab side effects to other
cohorts of cancer patients receiving bevacizumab. This limits the
interpretation of adverse event rates. Lastly, random effects can
be important with small sample sizes.

In conclusion, in this retrospective cohort of bevacizumab-
treated cerebral radionecrosis patients, bevacizumab was associ-
ated with improvement in MRI measures, but no commensurate
improvement in clinical measures and some concerning toxicities.
Our results should be of use to clinicians who are considering bev-
acizumab for patients with cerebral radionecrosis. Although not
addressed in this study, bevacizumab is an expensive drug; a phar-
macoeconomic analysis of the benefits of this agent for cerebral
radionecrosis may further dampen enthusiasm for use in this set-
ting. A large phase II study randomizing patients with cerebral
radionecrosis following radiosurgery for cerebral metastases to
corticosteroids versus bevacizumab recently closed due to poor
accrual (clinicaltrials.gov NCT02490878). If completed, this trial
would likely have provided definitive evidence for or against the
use of bevacizumab for cerebral radionecrosis. Nonetheless, lim-
ited data from this trial are anticipated and will further illuminate
the role of bevacizumab for this complication of radiotherapy.
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