
Purpose: Approximately 10% of patients who received brain stereotactic radiosurgery (SRS) develop 
symptomatic radiation necrosis (RN). We sought to determine the effectiveness of treatment options 
for symptomatic RN, based on patient-reported outcomes. 
Materials and Methods: We conducted a retrospective review of 217 patients with 414 brain metas-
tases treated with SRS from 2009 to 2018 at our institution. Symptomatic RN was determined by ap-
pearance on serial magnetic resonance images (MRIs), MR spectroscopy, requirement of therapy, and 
development of new neurological complaints without evidence of disease progression. Therapeutic 
interventions for symptomatic RN included corticosteroids, bevacizumab and/or surgical resection. 
Patient-reported therapeutic outcomes were graded as complete response (CR), partial response (PR), 
and no response. 
Results: Twenty-six patients experienced symptomatic RN after treatment of 50 separate lesions. The 
mean prescription dose was 22 Gy (range, 15 to 30 Gy) in 1 to 5 fractions (median, 1 fraction). Of the 
12 patients managed with corticosteroids, 6 patients (50%) reported CR and 4 patients (33%) PR. Of 
the 6 patients managed with bevacizumab, 3 patients (50%) reported CR and 1 patient (18%) PR. Of 
the 8 patients treated with surgical resection, all reported CR (100%). Other than surgical resection, 
age ≥54 years (median, 54 years; range, 35 to 81 years) was associated with CR (odds ratio = 8.40; 
95% confidence interval, 1.27–15.39; p = 0.027). 
Conclusion: Corticosteroids and bevacizumab are commonly utilized treatment modalities with ex-
cellent response rate. Our results suggest that patient’s age is associated with response rate and 
could help guide treatment decisions for unresectable symptomatic RN.  
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Materials and Methods 

We conducted an IRB-approved retrospective review of patients 

with brain metastases who were treated with SRS at Acibadem 

Maslak Hospital between 2009 to 2018 (No. 2019116). The study 

was conducted in accordance with the principles of the Declaration 

of Helsinki. All patients were treated with robotic linear accelerator 

(CyberKnife, Sunnyvale, CA, USA)-based SRS. Demographic, clinical, 

and brain lesion information was collected, including age, gender, 

location of brain metastases, number of brain metastases, tumor 

size, tumor volume, addition of WBRT, and prescription dose. 

A post-SRS brain magnetic resonance imaging (MRI) was ob-

tained 4 to 6 weeks after treatment followed by serial MRIs every 3 

months thereafter. At each follow-up visit, RN was rated according 

to the Radiation Therapy Oncology Group (RTOG) CNS toxicity cri-

teria with diagnosis being determined on serial MRIs, MR spectros-

copy, and development of new CNS/neurologic complaints without 

evidence of disease progression [10].  

The management of RN depends on the symptomatic presenta-

tion which can vary from mild symptoms such as headaches to 

more severe symptoms such as cognitive or neurological deficits 

and seizures. In this study, symptomatic RN was managed with 

corticosteroids alone, bevacizumab and/or surgical resection at the 

discretion of the treating physician. Patients who received bevaci-

zumab and those who underwent surgical resection received a trial 

of corticosteroids first. Once diagnosed, patients were seen 2–4 

weeks after treatment of symptomatic RN and then subsequently 

followed with appropriate diagnostic imaging and clinical fol-

low-up every 3 months. At last follow-up visit, patients graded the 

RN treatment outcomes as complete response (CR), partial re-

sponse (PR), and no response (NR). The primary endpoint was to 

determine the patient-reported response rate with treatment of 

symptomatic RN. Statistical analyses were performed using SPSS 

statistical software version 25 (IBM Corp., Armonk, NY, USA). 

Results 

We identified 414 brain metastases treated with SRS in 217 patients 

at our institution from 2009 to 2018. Twenty-six patients experi-

enced symptomatic RN after treatment of 50 lesions (Table 1). Medi-

an follow-up was 10.1 months (range, 6.2 to 100.0 months) since 

SRS. Median number of RN per patient was 1 (range, 1 to 4). Medi-

an patient age was 54 years (range, 35 to 81 years). Most common 

histologies were primary non-small cell lung cancer (69%) and 

breast cancer (23%). Median tumor size was 0.77 cm (range, 0.01 

to 1.96 cm). The most common metastases location was parietal 

lobe (40%), occipital lobe (30%), and temporal lobes (18%). The 

Introduction 

There has been an increase in the incidence of brain metastases over 

the years with an estimated 100,000 to 240,000 people diagnosed 

each year in the United States, almost 10 times greater than the in-

cidence of primary brain tumors [1]. Increased incidence of brain 

metastases is believed to be secondary to an earlier detection 

through improved diagnostic techniques in addition to newer sys-

temic therapies which allow patients to live longer with metastatic 

disease [2]. Despite these newer therapies/detection modalities, once 

the primary neoplasm has metastasized to the brain, despite multi-

modal treatment, the outcomes are usually poor [3]. 

The approach to management in these cases varies depending on 

multiple factors such as the site, type and staging of the primary tu-

mor, the size and number of metastases along with the age and per-

formance status of the individual. The main therapeutic options for 

brain metastases include surgical resection, whole brain radiation 

therapy (WBRT), stereotactic radiosurgery (SRS), and/or systemic 

therapy such as immunotherapy. SRS is slowly emerging as a popular 

therapeutic option due to its short and convenient treatment course, 

high rates of local controls, and its relative mitigation of neurocogni-

tive deficits when compared to WBRT [4]. Despite the many benefits 

seen with SRS, it is not without adverse effects, including radiation 

necrosis (RN) a late toxicity usually observed months to years post-

SRS [5]. 

RN is an inflammatory reaction leading to irreversible necrotic de-

generation of the brain tissue at the site of previous cerebral irradia-

tion [6]. The management of RN depends on the symptomatic pre-

sentation which can vary from mild symptoms such as nausea or 

headaches to more severe symptoms such as cognitive or neurologi-

cal deficits and seizures. While smaller, asymptomatic RN can be 

managed with observation and careful monitoring, larger more 

symptomatic RN must be treated definitively with various therapeu-

tic options such as corticosteroids, bevacizumab, surgical resection, 

or some combination of above. 

Corticosteroids act by modulating inflammatory changes and ede-

ma, often leading to rapid symptomatic improvement after initiation 

[7]. However, steroid toxicity and withdrawal pose dosing-related 

challenges and complications. Bevacizumab, a monoclonal antibody 

which inhibits vascular endothelial growth factor A (VEGF-A), hinders 

angiogenesis and has shown benefit in symptomatic RN cases [8]. 

Surgical resection of the necrosed tissue also effectively manages RN 

but also has its disadvantages as it is an invasive procedure [9]. Each 

of therapeutic modality has its own relative benefits and drawbacks. 

In this study, we have aimed to evaluate the effectiveness of these 

three therapeutic options in the management of symptomatic RN, 

utilizing patient-reported outcomes. 
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mean prescription dose was 22 Gy (range, 15 to 30 Gy) in 1 to 5 

fractions (median, 1 fraction). WBRT was received by 66% of the 

patients either before or after SRS. Among the patients with symp-

tomatic RN, RTOG CNS grade 2 toxicity was observed in 19 pa-

tients (73%) and grade 3 in 7 patients (27%) (Table 2). The main 

symptoms were headache in 20 patients (77%), muscle weakness 

in 3 patients (11%), seizures in 2 patients (8%), and cognitive im-

pairment in 1 patient (4%). 

Patients with symptomatic RN lesions were managed by one of 

three treatment modalities namely oral corticosteroids (n =  12), 

bevacizumab (n =  6) or surgical resection (n =  8). Median fol-

low-up was 8.5 months (range, 3.2 to 96.0 months) since treat-

ment of symptomatic RN. A total of 17 patients (66%) reported CR, 

5 patients (19%) reported PR, and 4 patients (15%) reported NR. 

Among the 12 patients managed with corticosteroids, 6 patients 

(50%) reported CR, 4 patients (33%) PR, and 2 patients (17%) re-

ported NR. Among the 6 patients managed with bevacizumab, 3 

patients (50%) reported CR, 1 patient (18%) reported PR, and 2 

patients (33%) reported NR. Among the 8 patients treated with 

surgical resection, all reported CR (100%). Other than surgery, fac-

tor associated with CR on univariate logistic regression was age 

Table 1. Demographic and clinical characteristics of the patients in-
cluded in the study (n = 26)

Characteristic Value
Number of brain lesion 50
Age (yr) 54 (35–81)
Gender
 Female 16 (62)
 Male 10 (38)
Histology
 NSCLC 18 (69)
 Breast 6 (23)
 Melanoma 1 (4)
 Parotid 1 (4)
Location
 Frontal 6 (12)
 Parietal 20 (40)
 Temporal 9 (18)
 Occipital 15 (30)
Radiation therapy
 WBRT 17 (66)
 SRS
  Dose (Gy) 22a) (15–30)
  Number of fractions 1 (1–5)

Values are presented as median (range) or number (%).
NSCLC, non-small cell lung cancer; WBRT, whole brain radiation thera-
py; SRS, stereotactic radiosurgery.
a)measured mean.

Table 2. Incidence of CNS toxicities in patients with symptomatic 
radiation necrosis

Variable Value
Type of complication
 Headache 20 (77)
 Motor deficits 3 (11)
 Seizure 2 (8)
 Cognitive deficits 1 (4)
RTOG CNS toxicity
 Grade 0 0
 Grade 1 0
 Grade 2 19 (73)
 Grade 3 7 (27)
 Grade 4 0

Values are presented as number (%).
CNS, central nervous system; RTOG, Radiation Therapy Oncology Group.

Table 3. Factors associated with complete response on univariate lo-
gistic regression

Variable OR 95% CI p-value
Gender (male vs. female) 1.140 0.22–5.84 0.873
Age ≥54 years 8.400 1.27–15.4 0.027
Non-NSCLC primary 0.414 0.08–2.18 0.298
RTOG CNS toxicity (grade 2 vs. 
grade 3)

0.720 0.42–2.75 0.746

WBRT 0.141 0.14–1.38 0.093

OR, odds ratio; CI, confidence interval; NSCLC, non-small cell lung can-
cer; RTOG, Radiation Therapy Oncology Group; CNS, central nervous 
system; WBRT, whole brain radiation therapy.

≥54 years (median, 54 years; range, 35 to 81 years; odds ratio =  

8.40; 95% confidence interval, 1.27–15.39; p=0.027) (Table 3). 

Discussion and Conclusion 

SRS has emerged as an important therapy in the management of 

brain metastases and over the years has evolved into its own ther-

apeutic option as opposed to adjunctive treatment after WBRT [11-

13]. The goal of SRS is to achieve a more effective therapeutic re-

sponse by administering a higher dose of radiation per fraction 

while reducing the integral dose to normal brain parenchyma. The 

utilization of SRS is dictated by the clinical scenario in question 

and it can be employed in a variety of forms such as a planned 

boost post-WBRT, a conformally administered adjuvant treatment 

after surgical resection, and/or as single-modality treatment as 

well [14]. 

Though SRS is considered an effective treatment option for lim-

ited brain metastases with decreased neurocognitive deficits com-

pared to WBRT, it is not without its own toxicities. RN is one such 
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rare but serious long-term effect of SRS, occurring in around 5%–

25% of patients who have been treated with SRS [15]. It usually 

presents as a late complication 6 to 18 months after SRS and can 

manifest in a variety of presentations including incidental detec-

tion on routine imaging to seizures, headaches, and/or with focal 

neurologic deficits. History of prior radiation exposure, dose of ra-

diation administered, volume of brain parenchyma irradiated, con-

current systemic therapy and intrinsic radio-sensitivity of the pri-

mary histology are all risk factors in the development of RN [16]. 

The primary underlying pathophysiologic mechanism for the devel-

opment of necrosis is believed to be due to radiation-induced inju-

ry of the cerebral blood vessels which leads to secondary brain pa-

renchymal damage. Another theory suggests direct radiation-in-

duced damage to glial cells resulting in white matter demyelination 

and necrosis [17]. 

The treatment options for RN are often determined based its 

clinical presentation of symptoms. Asymptomatic RN is typically 

managed with observation with close clinical and radiological 

monitoring, whereas symptomatic RN often necessitates active 

treatment [18,19]. Corticosteroids, humanized monoclonal anti-

bodies against VEGF, anticoagulants, hyperbaric oxygen therapy, 

and surgical resection are some of the available treatment options 

for the management of RN. 

Corticosteroids have long been considered the first line treat-

ment option for symptomatic RN, with several trials demonstrating 

their benefit. They provide benefit in patients with RN by reducing 

inflammatory changes and decreasing the permeability of the 

blood-brain barrier [7]. The adverse effects associated with long-

term steroid use such as gastric ulceration, steroid-induced myop-

athy, iatrogenic Cushing syndrome, and steroid toxicity are major 

drawbacks associated with this treatment [20]. Another option 

which has generated significant interest in the management of RN 

is bevacizumab, which is a monoclonal antibody against VEGF. The 

upregulation of vascular inflammatory changes, which plays a cru-

cial role in the pathophysiology of RN, can be modulated by ad-

ministration of this drug [8,21]. A randomized placebo-controlled 

double-blind trial conducted by Levin et al. [22] presented Class I 

evidence for bevacizumab as a treatment option for RN. The ad-

ministration of bevacizumab has been tempered due to some of 

the adverse effects of this drug, such as thrombosis, hemorrhage, 

and impaired wound healing. 

In patients who are refractory to treatment with corticosteroids 

or bevacizumab, surgical resection can be considered as a treat-

ment option. Surgical resection provides the benefit of prompt 

symptomatic relief by decreasing mass effect and relieving intra-

cranial pressure, in addition to providing confirmation of diagnosis 

via histopathological evaluation. A retrospective study conducted 

by Telera et al. [23] concluded that surgical resection in a group of 

15 patients with symptomatic RN provided symptomatic relief in 

14 patients. The high risk of morbidity associated with surgical re-

section of the lesion, however, is often a deterrent in choosing this 

option. This potential risk of morbidity has been highlighted in a 

study conducted by McPherson et al. [9] which emphasized that 

surgical intervention should be reserved as an option only in treat-

ment-refractory RN. 

Limitations of our study include its small sample size, retrospec-

tive design, and inherent confounding factors that cannot be com-

pletely accounted for in a non-randomized study. In addition, pa-

tient-reported therapeutic outcomes were graded using a non-val-

idated questionnaire which may be influenced by patient’s back-

ground and desirability of answer. 

Studies comparing three modalities of treatment of RN, such as 

corticosteroids, bevacizumab and surgical resection are relatively 

rare. In our study, we have aimed to further shed light on this as-

pect and have concluded that corticosteroids and bevacizumab are 

commonly utilized treatment modalities in our institution with a 

50% CR rate. Our results also indicate that the patient’s age is as-

sociated with response rate and could help guide treatment deci-

sions for unresectable symptomatic RN. 
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