ONCOLOGY LETTERS 29: 98, 2025

Brain radiation necrosis treated with bevacizumab in a patient
with advanced squamous cell lung carcinoma: A case report
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Abstract. Brain radiation necrosis is a serious adverse effect
of radiotherapy in patients with malignant brain metastases.
There is currently no standard treatment for brain radiation
necrosis; however, there are advantages to using bevacizumab.
Nonetheless, due to the risk of severe bleeding when bevaci-
zumab is used in patients with squamous cell lung carcinoma,
relevant clinical studies are lacking; therefore, there is no clear
conclusion on the use of bevacizumab to treat brain radiation
necrosis in patients with squamous cell carcinoma of the lung
with brain metastases. The present study described the case of
a patient treated with bevacizumab after brain radiation injury
with pathological manifestations diagnosed as squamous cell
carcinoma of the lung. Through the evaluation of clinical
symptoms and imaging data, the patient was diagnosed with
cerebral radiation necrosis a few months after receiving local
radiotherapy for intracranial metastatic lesions. After four
cycles of treatment with bevacizumab (7.5 mg/kg once every
3 weeks, intravenous drip), the clinical and imaging mani-
festations of the patient were considerably improved with no
significant adverse effects. The favorable efficacy and safety
profiles of this patient suggest that bevacizumab holds potential
as a future therapeutic option for managing radiation-induced
brain necrosis in patients with squamous cell lung cancer.

Introduction

Brain radiation necrosis is a severe consequence of intracra-
nial radiotherapy, which can result in central nervous system
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injury and patient mortality (1). The global incidence rate
of brain radiation necrosis has been reported to be 14-15%
in patients following conventional radiotherapy modalities,
with high levels detected after stereotactic radiosurgery
treatment (24-68.8%) (2). Traditionally, glucocorticoids have
been employed as the standard treatment for brain radiation
necrosis (3); however, due to its complex pathophysiological
processes, including vascular-inflammatory responses, recent
studies have proposed the advantages of bevacizumab in
the treatment of brain radiation necrosis (4,5). However, in
patients with brain metastases from squamous cell carcinoma
of the lung, there are few studies or case reports regarding
this treatment, and a lack of relevant clinical data due to its
safety limitations (6,7). The present study describes the case
of a patient who received bevacizumab after a diagnosis of
brain radiation necrosis following radiotherapy treatment for
brain metastasis from squamous cell lung cancer. The patient
was treated with four cycles of bevacizumab that resulted
in the improvement of clinical and imaging manifestations.
The present study discusses the safety of bevacizumab for
the treatment of brain radiation necrosis in patients with
brain metastasis from squamous cell lung cancer, and further
reviews the mechanisms, treatment efficacy and clinical prac-
tice relating to brain radiation necrosis.

Case report

The present case report was approved by the Ethics Committee
of the Affiliated Hospital of North Sichuan Medical College
(approval no. 2024ER253-1; Nanchong, China). The partici-
pant provided written informed consent to participate in the
study, and written informed consent was also obtained from
the individual for the publication of any potentially identifiable
images or data included in this article.

The patient was a 67-year-old man with no history of
food or drug allergies, heart disease, hypertension or diabetes
mellitus who presented to the Affiliated Hospital of North
Sichuan Medical College in July 2019. The patient was diag-
nosed with squamous cell carcinoma of the upper lobe of the
left lung with mediastinal lymph node metastasis cT4N2MO
stage IIIB in August 2019, using fiberoptic bronchoscopy,
pathological biopsy, computed tomography, ultrasound and
whole-body bone imaging, and other auxiliary examinations.
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The patient was treated with three cycles of paclitaxel +
cisplatin (paclitaxel 150 mg/kg + cisplatin 75 mg/kg, once
every 3 weeks, intravenous drip) and radiotherapy targeting
lung tumor lesions [planning-gross tumor volume (P-GTV):
63.8 Gy/29 Fx; volume-GTV node: 63.8 Gy/29 Fx]. After
completion of radiotherapy, a follow-up examination in January
2020 showed that the lung lesion was stable and without
distant metastasis. The patient declined further chemotherapy
and treatment was suspended. In March 2020, the patient
experienced limb weakness without any obvious triggers,
with no dizziness, headache or other discomfort. This same
month, contrast-enhanced magnetic resonance imaging (MRI)
suggested that a left parieto-occipital lobe mass was accom-
panied by obvious peripheral cerebral edema (Fig. 1A), which
was considered a brain metastasis and staged as cT4AN2M1b
stage IVA. The patient declined surgery, and local radiation
therapy was initiated 10 days after MRI for brain metastasis
with the following dosage and division pattern: P-GTV:
39 Gy/13 Fx, 3 Gy/Fx, with mannitol (0.25 g mg/kg, every 6 h,
intravenous drip) dehydration to reduce intracranial pressure
and other symptomatic treatments (such as cough suppres-
sants and expectorants). Because the lung lesion appeared to
be stable and no other distant metastases were found except
for in the brain, three cycles of the original chemotherapy
regimen (paclitaxel 150 mg/kg + cisplatin 75 mg/kg, once
every 3 weeks, intravenous drip) were administered after the
completion of intracranial radiotherapy, and the treatment
ended in July 2020.

In August 2020, chest computed tomography with contrast
enhancement showed progression of the lung lesion, whereas
cranial contrast-enhanced MRI showed that the intracranial
lesion had been reduced and the peripheral cerebral edema
was reduced (Fig. 1B). After comprehensive evaluation, and
consultation of the relevant guidelines (8) and the wishes of
the patient's family, second-line docetaxel chemotherapy
(75 mg/kg, intravenous drip) was administered for one cycle.
The patient was injected with polyethylene glycolated recom-
binant human granulocyte colony-stimulating factor at the end
of chemotherapy and developed febrile neutropenia after the
injection. The treatment was adjusted to afatinib (40 mg, once
a day, oral administration, cycle every 28 days, 14 cycles in
total) and the lung mass was markedly reduced.

In November 2020, the patient reported dizziness and
headache with no obvious cause, and a review of the cranial
contrast-enhanced MRI showed that the area of cerebral edema
around the lesion had considerably increased (Fig. 1C). Taking
into account the treatment history, brain radiation necrosis was
considered, and auxiliary examinations did not reveal other
metastases throughout the body. After mannitol (0.25 g mg/kg,
every 6 h, intravenous drip) dehydration to reduce intracranial
pressure and 1 month of treatment with glucocorticoids (1.0 g,
once daily, intravenously for 3 days, tapering until discon-
tinued), the symptoms were not significantly relieved, and the
efficacy and safety of using bevacizumab in this patient were
discussed. The current lung lesions were small, did not invade
large blood vessels and had no obvious coagulation abnormali-
ties; therefore, the use of bevacizumab was considered safe.
After consultation with the patient and their family, bevaci-
zumab was administered at 7.5 mg/kg once every 3 weeks
(intravenous drip) starting in December 2020.

After two cycles of treatment, the headache and dizziness
symptoms had improved, and cranial contrast-enhanced MRI
showed markedly reduced edema around the lesion (Fig. 1D).
After four treatment cycles, the symptoms improved consider-
ably. Cranial contrast-enhanced MRI showed no significant
changes in the intracranial lesion, and the edema around the
lesion was slightly reduced (Fig. 1E), which confirmed the
clinical efficacy of bevacizumab in this patient with brain
radiation necrosis. No significant adverse reactions were
observed during bevacizumab treatment and patient adherence
was good. Subsequently, bevacizumab treatment was discon-
tinued, while afatinib treatment was continued with regular
follow-up. In August 2021, follow-up cranial MRI showed
increased edema around the intracranial lesion (Fig. 1F) and a
diagnosis of recurrence of radiological cerebral necrosis was
considered. However, due to the lack of clinical symptoms
and the care being unaffordable for the patient, they declined
further bevacizumab treatment. Another follow-up cranial
MRI showed that the intracranial lesion had stabilized without
significant changes. The last follow-up in November 2021 was
assessed as stable disease, and the patient was subsequently
lost to follow-up.

Discussion

The classification of radiation-induced brain necrosis is based
on the temporal onset of symptoms, resulting in three catego-
ries: Acute, semi-delayed and late (9). The most prevalent type
of radiation-induced brain necrosis is late necrosis, which
is characterized by the presence of central nervous system
injury and imaging changes 6 months after the completion of
radiotherapy. The incidence of radiation necrosis is consid-
ered to be associated with various factors, including the
total radiotherapy dose, the fractionated dose, a prior history
of whole-brain radiotherapy and the tumor lesion volume.
Specifically, a higher total or fractionated dose, and a larger
lesion volume are associated with an increased incidence of
radiation necrosis, which tends to manifest earlier (10,11).
Symptoms of radiation-induced brain necrosis include vertigo,
cephalalgia, mental health conditions, motor or sensory
impairments, amnesia, changes in personality, cognitive
impairment and seizures (12,13), which greatly reduce the
quality of life of patients. Glucocorticoids are the conventional
treatment for brain radiation necrosis; however, their effective-
ness is insufficient to meet therapeutic requirements, and there
is a high occurrence of negative long-term effects, such as
medical hyperadrenocorticism, infections, diabetes and peptic
ulcers (10,14). A growing body of evidence has suggested that
bevacizumab could be considered a viable therapeutic option
for the management of brain radiation necrosis (15-17).
Previous studies have shown that the development of
brain radiation necrosis is a complex pathophysiological
process caused by the interaction of multiple factors (18-22).
Tonizing radiation induces the production of reactive oxygen
species in glial cells and destroys cellular structures, such
as single-stranded and double-stranded DNA and cell
membranes, leading to cell necrosis or apoptosis, which in
turn leads to a series of inflammatory reactions, disruption
of the blood-brain barrier and the formation of cerebral
edema (18,19). In particular, radiotherapy-induced endothelial
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Figure 1. Brain MRI changes in the patient throughout the course of the disease. (A) MRI presentation at the earliest detection of brain metastases. (B) MRI
after radiotherapy treatment of the brain lesion, showing reduced metastasis and surrounding edema. (C) MRI at the time of brain radiation necrosis diagnosis,
showing a significant increase in edema around the lesion. (D) MRI after two cycles of bevacizumab treatment, showing a decrease in edema around the
lesion. (E) MRI after four cycles of bevacizumab treatment, with a slight decrease in the perifocal edema and a significant reduction in edema compared to
before bevacizumab treatment. (F) MRI at diagnosis of recurrent brain radiation necrosis, showing an increase in edema around the intracranial lesion. MRI,

magnetic resonance imaging.

cell damage, resulting in increased cerebrovascular perme-
ability and perivascular edema, is one of the main pathogenic
mechanisms during the acute response phase (20). In this
pathophysiological process, vascular endothelial growth
factor (VEGF) and hypoxia-inducible factor-lo. (HIF-1a)
may serve important roles. Vascular endothelial cell injury
causes impaired tissue oxygen exchange, and tissue hypoxia
further leads to the upregulation of HIF-1a expression, which
promotes the secretion of VEGF by astrocytes and other cells,
which in turn promotes focal angiogenesis. However, the
newly formed blood vessels are highly permeable and easily
damaged, leading to increased local inflammation and edema,
forming a vicious cycle of hypoxia-edema-hypoxia, ultimately
leading to focal brain necrosis (21,22).

Bevacizumab is a recombinant human monoclonal IgG1
antibody that can competitively inhibit the binding of VEGF
to endothelial cell surface receptors by binding to VEGF,
reducing endothelial cell proliferation and neovascularization,
and decreasing vascular permeability. Bevacizumab has been
widely used in non-small cell lung cancer and other malig-
nant tumors for targeted antiangiogenic therapy (23). Due to
the aforementioned pathophysiological mechanisms of brain

radiation necrosis, the inhibitory effects of bevacizumab on
angiogenesis and its ability to lower vascular permeability
have been suggested as the mechanisms underlying its pallia-
tive effects on brain radiation necrosis and localized cerebral
edema; this was first suggested in a phase I clinical study in
2007 (24). Since 2007, several case reports and early clinical
studies have reported the use of bevacizumab in brain radiation
necrosis (25-29). In 2011, Levin et al (30) published a prospec-
tive, placebo-controlled, randomized clinical study in which
14 patients with symptomatic MRI-supported brain radiation
necrosis were randomized into placebo and bevacizumab
(7.5 mg/kg every 3 weeks) groups. MRI was performed after
two doses, and patients showing effective treatment and toler-
ance were re-assessed after two more doses. All patients in
the bevacizumab group experienced varying degrees of relief
of subjective symptoms and imaging signs, whereas there was
no significant change in the placebo group. Furthermore, the
safety profile of the bevacizumab group was favorable (30).
In 2018, Xu et al (15) included 121 cases of brain radiation
necrosis in a multicenter randomized controlled study, where
patients were randomly assigned to a bevacizumab (5 mg/kg
every 2 weeks, 4 cycles) and a glucocorticoid group. Treatment
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responses were markedly higher in the bevacizumab group
than in the glucocorticoid group (65.5 vs. 31.5%), and clinical
improvement was detected in more patients in the bevacizumab
group than in the glucocorticoid group (62.1 vs. 42.6%) (15).
In addition, several retrospective studies have provided
supportive evidence for the use of bevacizumab in brain radia-
tion necrosis. In 2015, Sadraei et al (16) published the results
of a retrospective study in 24 patients with radiation brain
necrosis, showing that all patients treated with bevacizumab
achieved imaging improvements and reduced glucocorticoid
use. Another retrospective study in 2016 supported the same
conclusion; in 14 patients with brain radiation necrosis treated
with bevacizumab, 13 patients showed reduced necrotic brain
volumes (92.86%), and 10 out of 12 symptomatic patients
achieved marked symptomatic improvements with no clini-
cally significant adverse effects (17). All of the aforementioned
studies provide effective and supportive clinical evidence for
the use of bevacizumab in the treatment of brain radiation
necrosis, but the number of cases reported in clinical studies to
date is generally small, and randomized clinical studies with
larger sample sizes are still needed for further validation.
Despite the clinical and preclinical evidence, there is lack
of relevant reports on squamous cell carcinoma of the lung.
Bevacizumab treatment has been reported to be associated
with a high risk of severe pulmonary hemorrhage in patients
with squamous cell carcinoma of the lung in a phase II random-
ized clinical (30); based on this study, almost all subsequent
clinical studies on bevacizumab for non-small cell lung cancer
have excluded patients with squamous cell carcinoma. Thus,
there is a lack of clinical data on the use of bevacizumab for
brain radiation necrosis in patients with squamous carcinoma
of the lung. In 2017, Remon et al (31) reported the first case
of bevacizumab treatment for brain radiation necrosis in
squamous carcinoma of the lung. In this previous report, a
patient with cerebellar metastasis developed radioencephalic
necrosis after stereotactic radiotherapy and received six cycles
of bevacizumab (5 mg/kg every 3 weeks), achieving a marked
improvement in clinical symptoms and imaging manifesta-
tions. This tentatively suggested the efficacy and safety of
bevacizumab for the treatment of brain radiation necrosis
in patients with squamous cell lung cancer. In the present
case report, a patient with brain metastasis from squamous
cell lung cancer exhibited central nervous system symptoms
and imaging changes 8 months after receiving brain radio-
therapy, which was consistent with brain radiation necrosis.
After receiving four cycles of bevacizumab (7.5 mg/kg every
3 weeks), the patient was in double remission, both regarding
clinical symptoms and imaging manifestations, and there were
no adverse reactions detected, such as pulmonary hemorrhage,
further demonstrating the efficacy and safety of the treatment.
To the best of our knowledge, there are still no clinical
studies on bevacizumab for the treatment of brain radiation
necrosis in patients with squamous cell lung cancer, and this
treatment regimen remains experimental and needs to be vali-
dated by additional clinical studies. Although the present case
report suggested that it may be effective and safe, there is still a
lack of relevant clinical data in this population. Severe pulmo-
nary hemorrhage remains a serious adverse effect, requiring
a high degree of vigilance when using this drug in patients
with squamous cell lung cancer. Before using bevacizumab

in patients with brain radiation necrosis and squamous cell
cancer of the lung, the risk of pulmonary hemorrhage should
be comprehensively assessed, and factors such as lung tumor
invasion of large blood vessels, coagulation function and the
baseline tumor cavity should be considered (32). Over the
course of treatment, the patient should be continuously and
closely observed for the development of hemoptysis; if this
occurs, bevacizumab should be discontinued and symptomatic
treatments should be immediately administered.

It is worth noting that, because of the difficulty in regener-
ating central nervous tissue, the pathological damage following
brain radiation necrosis cannot be reversed, and recurrence
has been observed in a number of studies after bevacizumab
discontinuation (28,33,34). In the present case, the patient was
also observed to have an imaging manifestation suggestive of
recurrence 5 months after discontinuing bevacizumab. It is
generally accepted that, because bevacizumab acts on neovas-
cularization around the lesion, as long as the necrotic tissue
exists, its peripheral vasculature can continue to reactively
proliferate after bevacizumab discontinuation, continuing the
pathophysiological process of local hypoxia and edema (35).
Furthermore, when recurrence occurs in patients after stop-
ping bevacizumab, repeated treatment with bevacizumab
seems to be effective (36). However, the current case report
was unable to observe the efficacy of bevacizumab for recur-
rent brain radiation necrosis. Notably, there is still a lack of
clinical data on patients with recurrent radiation brain necrosis
and research remains in the preliminary stages.

There is no standardized dose of bevacizumab for treat-
ment of radiation brain necrosis, and most doses used in
clinical studies and case reports are 5-7.5 mg/kg once every
2-3 weeks for =2 cycles. The present case used a treatment
regimen of 7.5 mg/kg every 3 weeks for four cycles, because the
patient wanted to reduce the frequency of hospital admissions.
However, considering the possible serious adverse effects,
such as hypertension, thromboembolism and hemorrhage (37),
lower doses of bevacizumab may be a superior treatment
option. In recent years, several clinical studies have shown
support for low-dose bevacizumab in the treatment of brain
radiation necrosis. A clinical study in 2023 demonstrated that,
in 13 patients treated with a low-dose bevacizumab regimen
(400 mg loading dose, then 100 mg every 4 weeks) for brain
radiation necrosis, 12 achieved clinical improvement, all
patients achieved imaging improvement and no clinical adverse
effects were observed (38). In addition, a recently published
retrospective study comparing the efficacy and safety of
high-dose (=5 mg/kg) and low-dose (<5 mg/kg) bevacizumab
for the treatment of brain radiation necrosis showed that
clinical and imaging improvement did not significantly differ
between the groups, but the use of high-dose bevacizumab
was associated with a higher incidence of grade 3 and higher
adverse reactions (39). By contrast, two phase II prospective
clinical studies used ultra-low-dose (1 mg/kg every 3 weeks for
=3 doses) and single low-dose (2.5 mg/kg) treatment regimens
of targeted infusions, and both were clinically efficacious
with favorable safety profiles (40,41). In summary, a low-dose
regimen may be a better choice than the standard bevacizumab
dose, but to the best of our knowledge, there are no prospective
studies comparing different regimens, and more evidence is
needed on optimal dosages and cycle durations.



In conclusion, the clinical efficacy of bevacizumab as a
potentially recommended drug for the treatment of brain radia-
tion necrosis has been recognized, but most current clinical
evidence has limitations. For example, the safety of its use in
patients with squamous cell lung cancer, the tendency to relapse
after drug discontinuation, and the optimal dosage and duration
of its use still need to be further discussed with a higher level of
clinical evidence. In clinical practice, the treatment of radiation
brain necrosis remains challenging, particularly in patients with
squamous cell lung cancer. Although the present case report
suggested that bevacizumab may offer therapeutic potential
for this condition, further evidence is needed to confirm its
safety. When bevacizumab use is warranted, an experimental
approach is recommended, carefully assessing the bleeding
risk of the patient, and tailoring the dosage and duration of
therapy to the needs of the individual. Close monitoring for
adverse effects throughout treatment is also essential.
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