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Introduction
Melanoma has a high propensity for intracranial metastases 
(ICMs), with most patients presenting with ICM at diagnosis. 
Advances in detection of and systemic therapy for melanoma 
have contributed to improved patient survival and subsequently 
an increased prevalence of patients with ICM. Both the pres-
ence and treatment-related complications of ICM contribute 
to neurocognitive complications that impact patient morbidity 

and mortality.1-6 Current treatment strategies for ICM from 
melanoma include systemic therapies, whole-brain radiation 
therapy (WBRT), surgical resection, and stereotactic radiosur-
gery (SRS) or radiotherapy.7-10 Stereotactic techniques are a 
desirable option in patients with manageable disease burden, as 
they are less invasive and costly than surgery, and more targeted 
than WBRT.8 Ongoing clinical trials will further clarify 
whether SRS’s advantage over WBRT exists also in patients 
with several brain metastases (>4).10 In melanoma in particu-
lar, SRS can overcome potentially tumor-inherent 
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ABSTRACT

BACkgROuNd: Radiation necrosis (RN) is a clinically relevant complication of stereotactic radiosurgery (SRS) for intracranial metastasis 
(ICM) treatments. Radiation necrosis development is variable following SRS. It remains unclear if risk factors for and clinical outcomes fol-
lowing RN may be different for melanoma patients. We reviewed patients with ICM from metastatic melanoma to understand the potential 
impact of RN in this patient population.

MeThOdS: Patients who received SRS for ICM from melanoma at Mayo Clinic Arizona between 2013 and 2018 were retrospectively 
reviewed. Data collected included demographics, tumor characteristics, radiation parameters, prior surgical and systemic treatments, and 
patient outcomes. Radiation necrosis was diagnosed by clinical evaluation including brain magnetic resonance imaging (MRI) and, in some 
cases, tissue evaluation.

ReSulTS: Radiation necrosis was diagnosed in 7 (27%) of 26 patients at 1.6 to 38 months following initial SRS. Almost 92% of all patients 
received systemic therapy and 35% had surgical resection prior to SRS. Patients with RN trended toward having larger ICM and a prior his-
tory of surgical resection, although statistical significance was not reached. Among patients with resection, those who developed RN had a 
longer period between surgery and SRS start (mean 44 vs 33 days). Clinical improvement following treatment for RN was noted in 2 (29%) 
patients.

CONCluSIONS: Radiation necrosis is relatively common following SRS for treatment of ICM from metastatic melanoma and clinical out-
comes are poor. Further studies aimed at mitigating RN development and identifying novel approaches for treatment are warranted.
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radioresistance compared with WBRT.11 Rarely, SRS can have 
immediate or delayed toxicity-related complications, including 
seizures, neurological deficits, and ataxia.8,12

Radiation necrosis is an important dose-limiting, long-term 
toxicity seen after SRS that can present anywhere from months 
to years following radiation.13-15 Incidence varies in the litera-
ture from 5% to 29%, likely impacted by differences in defini-
tion, follow-up, and diagnoses between studies.12,13,16-19 In 
practice, it remains difficult to distinguish RN from tumor pro-
gression (TP) on initial presentation. Tissue diagnosis of RN is 
the gold standard. However, in cases where lesion resection is 
not possible, indicated, or desired, diagnosis may be inferred 
with variable confidence from imaging and patient presenta-
tion over time.13,20-23

Given RN uniquely impacts treatment strategy, it is critical 
to understand the possible risk factors for developing RN to 
aid in accurate diagnosis, triage, and management.12-14,24 
Multiple studies support higher SRS dosing and larger tumor 
size as risk factors for RN.25-27 Recently, tumor biology has 
emerged as an important element of risk stratification.14 We 
retrospectively reviewed our single-institutional experience to 
understand the risk and treatment experience of RN in patients 
who received SRS for metastatic melanoma.

Materials and Methods
Patient inclusion

With institutional review board approval, we conducted a ret-
rospective review of adult patients (age 18 or greater) with 
melanoma who received SRS for ICM between 2013 and 2018 
at Mayo Clinic Arizona. Patients who received SRS alone, as 
either definitive therapy or adjuvant treatment after surgical 
resection, or a combination of SRS and WBRT were included. 
Patients who received only WBRT were excluded. One patient 
who received radiation at an outside institution had records 
available in addition to follow-up magnetic resonance imaging 
(MRI) at our institution and was therefore included in the 
analysis.

Data collection

Detailed chart review through December 2020 was undertaken 
to record patient demographics, date of initial melanoma diag-
nosis, tumor characteristics, radiation parameters, and other 
treatment modalities including surgery and various types of 
systemic therapy. We also collected data on clinical and radio-
graphic response to radiation, diagnosis of RN, management of 
RN, and outcomes of RN-directed treatment.

SRS delivery

For patients treated at Mayo Clinic Arizona, SRS was delivered 
using a Linac-based frameless technique with 6 MV photons 
and the Exactrac system for image guidance. A thermoplastic 

mask was used for immobilization. Computed tomography 
(CT) simulation was performed at 1 mm slice thickness through 
the entire cranial volume, typically with intravenous contrast. 
Computed tomography images were then fused to high-resolu-
tion treatment planning MRI images obtained at 1 mm slice 
thickness using an axial T1-weighted sequence. Multileaf colli-
mation techniques used based on the size and shape of the 
lesion included circular cones, dynamic multileaf collimation, or 
volumetric modulated arc therapy. Dose selection was deter-
mined considering tumor size, location, resection status, history 
of prior cranial radiation, and the number of lesions that 
required treatment. It was typically prescribed to the 80% 
isodose line. Stereotactic radiosurgery doses ranged from 14 to 
24 Gy delivered in a single fraction, and for stereotactic radio-
therapy doses ranged from 20 to 35 Gy delivered over multiple 
fractions, typically 3 or 5. Whole-brain radiation therapy was 
given over 10 to 15 fractions, with doses ranging from 30 to 
36 Gy. Data were collected to determine patients who met tar-
get dosimetric goals (V12 < 10 ccs, V14 < 7 ccs) as per previ-
ously validated studies.28,29 Patients usually underwent 
surveillance with repeat brain MRI at 4 to 12 weeks after radia-
tion, and thereafter at regular intervals or if symptomatic as rec-
ommended by their providers in oncology disciplines.

Outcomes

We reviewed all relevant clinical notes from all cancer-treating 
physicians. We comprehensively evaluated the discovery of 
radiographic and/or pathologic diagnosis of RN with or with-
out concurrent TP. Radiation necrosis was defined as radio-
graphic changes interpreted by the neuroradiologist as increased 
lesion size and surrounding edema in a previously irradiated 
lesion. In one instance, advanced imaging with MRI perfusion 
demonstrated decreased cerebral blood volumes to increase 
confidence in the diagnosis. The treating neuro-oncologist 
then determined whether the patient was symptomatic for this 
radiographic finding to determine clinical recommendations. 
Pathologic confirmation of RN occurred in 4 out of 7 patients, 
or 57%. We also recorded management strategies for RN 
including steroids, surgery, laser ablation, bevacizumab, addi-
tional systemic therapy in the case of concurrent TP, and/or the 
decision not to deliver specific therapy. If RN-directed therapy 
was given, we noted the patient’s outcome as improvement, sta-
bility, or progression of RN.

Statistical methods

Demographic, lesion, and treatment data for patients with and 
without RN were compared using Wilcoxon rank-sum test or 
Fisher’s exact test when applicable. A Kaplan-Meier curve 
using the time-varying predictor was generated and log rank 
test was used to identify any significant difference in survival 
between patients with and without RN.30 P values < .05 were 
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considered statistically significant. Analyses were performed in 
SAS version 9.4 (SAS Institute; Cary, NC).

Results
Patient demographics

Of 26 consecutive patients included for final review, 7 were 
diagnosed with RN (27%). Patient demographics were compa-
rable between groups (Table 1). Although patients with RN 
were younger on average than patients without RN (51 vs 
61 years), this difference was not statistically significant. 
Somatic alterations known to be associated with melanoma 
were common in this cohort (Table 1). No patients were posi-
tive for MEK1 mutation. Molecular mutation status did not 
vary significantly between patients with and without RN.

Lesion characteristics

Mean time between initial melanoma diagnosis and identifica-
tion of ICM on brain MRI was 70 months (median, 28 months; 
range, 0-353 months). This period was longer in patients ulti-
mately diagnosed with RN than patients who did not develop 
RN (mean, 89 months vs 63 months); however, this difference 
was not statistically significant. Characteristics of ICM are 
described in Table 2. Patients diagnosed with RN did have a 

higher average value for lesion size (1.7 vs 1.2 cm), and also 
maximum lesion size (2.0 vs 1.6 cm), compared with patients 
without RN, although these differences were not statistically 
significant. Lesion number, laterality, distribution, and location 
were not associated with the development of RN. The presence 
of additional baseline lesion features including edema, cysts, 
and hemorrhage did not differ significantly between patients 
with and without RN. However, most lesions (73%) had asso-
ciated edema, and this trend was proportionately higher in the 
group that subsequently developed RN.

ICM treatment characteristics

Characteristics of ICM treatment prior to the development of 
RN are described in Table 3. Nearly all patients (92%) received 
one or a combination of systemic therapies prior to radiation. 
Systemic therapy type and number of different treatments did 
not vary significantly between patients with and without RN. 
There was a trend toward higher cumulative exposure of either 
cytotoxic chemotherapy or targeted therapy prior to radiation 
therapy in patients who subsequently developed RN; however, 
no trend was observed for patients who received immune ther-
apy prior to radiation. Less than half of patients (35%) under-
went surgical resection prior to radiation. A larger percentage of 

Table 1. Patient characteristics.

CHARACTERISTIC ANy RN DIAgNOSIS (N = 7) NO RN DIAgNOSIS (N = 19) TOTAl (N = 26) P VAlUE

Age 0.19a

 Mean (SD) 51.3 (16.1) 61.2 (15.1) 58.5 (15.7)  

 Median 56.0 63.0 62.0  

 Range (32.0-70.0) (30.0-86.0) (30.0-86.0)  

Sex 1.00b

 Male 5 (71%) 12 (63%) 17 (65%)  

 Female 2 (29%) 7 (37%) 9 (35%)  

Race 0.27b

 White 6 (86%) 19 (100%) 25 (96%)  

 Other 1 (14%) 0 (0.0%) 1 (3.8%)  

BRAF V600 0.66b

 Negative 4 (57.1%) 13 (68.4%) 17 (65.4%)  

 Positive 3 (42.9%) 6 (31.6%) 9 (34.6%)  

NRAS 0.29b

 Negative 4 (57.1%) 16 (84.2%) 20 (76.9%)  

 Positive 3 (42.9%) 3 (15.8%) 6 (23.1%)  

Abbreviations: BRAF, v-raf murine sarcoma viral oncogene homolog B1; RN, radiation necrosis; NRAS, neuroblastoma ras viral oncogene homolog; SD, standard 
deviation.
aWilcoxon.
bFisher exact.
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patients who developed RN had undergone surgical resection 
compared with those who did not develop RN (57% vs 26%), 
although this association was not statistically significant. There 
was a trend toward development of RN following a higher aver-
age number of days elapsed between surgery and adjuvant SRS, 
with 44 days elapsed in patients who developed RN compared 
with 33 days in patients who did not develop RN.

Some patients had radiation therapy for ICM prior to their 
first course of SRS at our institution, either WBRT at our 
institution (N = 2) or SRS at an outside institution (N = 1). 
Most patients received initial SRS in a single fraction (N = 25), 
with the remainder undergoing Stereotactic radiotherapy in 3 
fractions (N = 1). Median dose was 20 Gy (range = 14-27 Gy) 
and did not differ significantly between patients with and 

Table 2. Characteristics of intracranial metastases in patients with and without radiation necrosis after stereotactic radiosurgery.

ICM CHARACTERISTIC ANy RN DIAgNOSIS (N = 7) NO RN DIAgNOSIS (N = 19) TOTAl (N = 26) P VAlUE

Number of lesions treated per patient 0.22a

 Mean (SD) 1.7 (1.3) 2.7 (2.4) 2.4 (2.2)  

 Median 1.0 2.0 2.0  

 Range (1.0-4.0) (1.0-11.0) (1.0-11.0)  

Average lesion size by maximum 
diameter (cm)

0.15a

 Mean (SD) 1.7 (1.0) 1.2 (1.0) 1.3 (1.0)  

 Median 1.6 0.8 1.0  

 Range (0.4-3.2) (0.2-4.3) (0.2-4.3)  

Maximum lesion size (cm) 0.35a

 Mean (SD) 2.0 (1.2) 1.6 (1.2) 1.7 (1.2)  

 Median 1.6 1.3 1.4  

 Range (0.6-3.6) (0.2-4.3) (0.2-4.3)  

ICM number of locations 0.29a

 Mean (SD) 1.4 (0.8) 1.9 (1.2) 1.8 (1.1)  

 Median 1.0 2.0 1.0  

 Range (1.0-3.0) (1.0-5.0) (1.0-5.0)  

lesion location  

 Frontal 4 (57%) 11 (58%) 15 (58%) 1.00b

 Occipital 1 (14%) 3 (16%) 4 (15%) 1.00b

 Parietal 2 (29%) 9 (47%) 11 (42%) 0.66b

 Temporal 2 (29%) 4 (21%) 6 (23%) 1.00b

 Cerebellar 1 (14%) 6 (32%) 7 (27%) 0.63b

 Brainstem 0 (0.0%) 1 (5.3%) 1 (3.8%) 1.00b

 Basal ganglia 0 (0.0%) 3 (16%) 3 (12%) 0.54b

Additional ICM features  

 Hemorrhage 3 (43%) 4 (21%) 7 (27%) 0.34b

 Cysts 1 (14%) 0 (0.0%) 1 (3.8%) 0.27b

 Edema 6 (86%) 13 (68%) 19 (73%) 0.63b

Abbreviations: cm, centimeters; ICM, intracranial metastases; RN, radiation necrosis; SD, standard deviation.
aWilcoxon.
bFisher exact.
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Table 3. Therapies administered and the development of radiation necrosis.

TREATMENT CHARACTERISTIC ANy RN DIAgNOSIS 
(N = 7)

NO RN DIAgNOSIS 
(N = 19)

TOTAl (N = 26) P VAlUE

Prior radiation therapy  

 WBRT 0 (0.0%) 2 (10.5%) 2 (7.7%) 1.00a

 SRS/SRT 1 (14.3%) 0 (0.0%) 1 (3.8%) 0.26b

Initial SRS/SRT dose (gy) 0.71a

 Mean (SD) 20.6 (1.5) 20.4 (2.7) 20.4 (2.4)  

 Median 20.0 20.0 20.0  

 Range (18.0-22.0) (14.0-27.0) (14.0-27.0)  

Fractions 1.00b

 SRS (1) 7 (100.0%) 18 (94.7%) 25 (96.2%)  

 SRT (3) 0 (0.0%) 1 (5.3%) 1 (3.8%)  

Met target dosimetric goal (N = 6) (N = 10) (N = 16)  

 V12 (<10 ccs) or V14(<7 ccs) 5 9 14 0.70c

Total number of courses administered 0.85a

 Mean (SD) 2.1 (1.8) 1.7 (0.7) 1.8 (1.1)  

 Median 2.0 2.0 2.0  

 Range (1.0-6.0) (1.0-3.0) (1.0-6.0)  

Systemic therapy prior to radiation 6 (86%) 18 (95%) 24 (92%) 0.47a

 Cytotoxic chemotherapy 3 (43%) 8 (42%) 11 (42%) 1.00a

 Immunotherapy 5 (71%) 17 (90%) 22 (85%) 0.29a

 Targeted therapy 3 (43%) 8 (42%) 11 (42%) 1.00a

Cumulative cytotoxic chemo exposure prior  
to first radiation (days)

(N = 1) (N = 3) (N = 4) 0.18d

 Mean (SD) 122.0 98.3 (29.1) 104.3 (26.6)  

 Median (IQR) 122 (122, 122) 111 (65, 119) 115 (88, 121)  

 Range 122.0, 122.0 65.0, 119.0 65.0, 122.0  

Cumulative cytotoxic chemo exposure  
prior to RN (days)

(N = 2)  

 Mean (SD) 148.5 (37.5)  

 Median (IQR) 149 (122, 175)  

 Range 122.0, 175.0  

Cumulative immunotherapy exposure  
prior to first radiation (days)

(N = 4) (N = 13) (N = 17) 0.73d

 Mean (SD) 130.0 (74.9) 164.8 (124.8) 156.6 (113.9)  

 Median (IQR) 128 (66, 195) 120 (63, 245) 120 (63, 203)  

 Range 61.0, 203.0 42.0, 378.0 42.0, 378.0  

Cumulative immunotherapy exposure prior to 
RN (days)

(N = 5)  

 Mean (SD) 317.0 (275.3)  

(Continued)
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without RN. Many patients underwent multiple courses of 
SRS (median 2 courses; range 1-6 courses), and/or WBRT 
(N = 5), and number of treatments was not associated with 
development of RN (Table 3). There were 16 patients with 
data evaluable for dosimetric analysis of which 14 met target 
dosimetric goals (V12 < 10 ccs, V14 < 7 ccs). There was no sig-
nificant association between patients who met the target dosi-
metric goal and RN outcome. Individual patient treatment and 
time to development of RN are detailed in Figure 1.

RN management

In patients who were diagnosed with RN, the median period 
between the first SRS treatment at our institution and develop-
ment of RN was 658 (range 48-1152) days.

Table 4 details treatment and outcomes for the 10 instances 
of RN documented in 7 different patients. Clinical manage-
ment for these patients included systemic steroids (N = 7), sur-
gery (N = 5), laser ablation (N = 1), and/or no treatment (N = 1). 
No patient received bevacizumab. Concurrent TP was identi-
fied in 4 cases, prompting additional systemic therapy in 2 
instances. Improvement in RN was documented in some 
patients, clinically (N = 2) and/or on brain MRI (N = 4).

Outcomes

At the time of record review 9 of 26 patients included were alive 
(36%). There was no significant difference in overall survival 
between those with and without RN (Figure 2). Mean follow-
up time from first SRS treatment at our institution was 

TREATMENT CHARACTERISTIC ANy RN DIAgNOSIS 
(N = 7)

NO RN DIAgNOSIS 
(N = 19)

TOTAl (N = 26) P VAlUE

 Median (IQR) 203 (196, 351)  

 Range 61.0, 774.0  

Cumulative targeted therapy exposure  
prior to first radiation (days)

(N = 1) (N = 3) (N = 4) 0.18d

 Mean (SD) 232.0 59.0 (16.1) 102.3 (87.5)  

 Median (IQR) 232 (232, 232) 61 (42, 74) 68 (52, 153)  

 Range 232.0, 232.0 42.0, 74.0 42.0, 232.0  

Cumulative targeted therapy exposure  
prior to RN (days)

(N = 3)  

 Mean (SD) 210.0 (30.6)  

 Median (IQR) 223 (175, 232)  

 Range 175.0, 232.0  

Number prior systemic treatments 1.00b

 Mean (SD) 3.3 (1.6) 3.9 (2.6) 3.8 (2.3)  

 Median 3.0 3.0 3.0  

 Range (1.0-6.0) (1.0-10.0) (1.0-10.0)  

Surgery prior to radiation 4 (57%) 5 (26%) 9 (35%) 0.19a

Surgery to radiation (days) 0.54b

 Mean (SD) 44.3 (19.8) 33.4 (25.5) 38.2 (22.5)  

 Median 49.0 23.0 30.0  

 Range (18.0-61.0) (15.0-78.0) (15.0-78.0)  

Abbreviations: IQR, interquartile range; RN, radiation necrosis; SD, standard deviation; SRS, stereotactic radiosurgery; SRT, Stereotactic Radiotherapy; WBRT, whole 
brain radiation therapy.
aFisher exact.
bWilcoxon.
cChi-square.
dKruskal-Wallis.

Table 3. (Continued)
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27 months (median 16 months; range = 1-82 months). Follow-up 
was longer for patients with a diagnosis of RN compared with 
those without RN (mean 44 vs 21 months), although this dif-
ference was not statistically significant when Kaplan-Meier 
analysis was undertaken with RN as a time-dependent covari-
ate. Factors cited in eventual death were systemic disease (50%; 
N = 13), central nervous system (CNS) disease (31%; N = 8), 
and treatment complications (12%; N = 3).

Discussion
With tumor biology established as a driver of ICM behavior 
and response to treatment, clinical decisions to address ICM 
may increasingly be influenced by a patient’s primary malig-
nancy; melanoma, due to its clinical aggressiveness, is a suitable 
cancer type for studying this. In this retrospective analysis, we 
reviewed 26 consecutive patients with ICM from melanoma to 
understand the risk and experience of RN following treatment 

Figure 1. Patients with radiation necrosis diagnosis.
Individual patient timelines depict radiation treatment and time to subsequent diagnosis of RN.
RN indicates radiation necrosis.

Table 4. Radiation necrosis management and outcomes.

PATIENT 
NUMBER

TP STEROIDS SURgERy lASER 
ABlATION

BEVACIZUMAB SySTEMIC 
THERAPy

RN TREATMENT OUTCOME

1 N y y N N N Improvement—lesion and clinical

2 N N N N N N Not applicable

2 N y N N N N Progression

3 N y N N N N Stable

3 y y y N N N Progression

3 y y y N N y Progression

4 N y N N N N Improvement—lesion and clinical

5 y y N y N N Improvement—lesion only

6 y N y N N y Progression

7 N N y N N N Improvement—lesion only

Abbreviations: N, no; RN, radiation necrosis; TP, concurrent tumor progression; y, yes.
Descriptions under radiation necrosis treatment outcome refer to stable, progressive, or improved radiation necrosis.
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with SRS. In most cases and similar to other studies of RN fol-
lowing SRS, our data set contained limited samples with path-
ologic confirmation of RN.13,16,19 Thus, treatment decisions 
were based on best clinical judgment of TP versus RN. The 
lack of uniform diagnostic criteria for RN remains a persistent 
challenge in the study and clinical management of radiation 
complications.

In our study, 27% of patients received a diagnosis of RN 
after SRS, consistent with the higher end of the range reported 
in the literature.12,14,17,19 This relatively large percentage may 
represent differences in our institutional practice for the diag-
nosis of RN as well as longer follow-up of lesions that subse-
quently developed RN. In practice, the determination of RN 
was often made after retrospective recognition that TP was 
unlikely, given the patient’s overall disease state, time course, 
and symptoms; the actual rates may also be clinically underes-
timated as a result.

The interval between SRS and RN diagnosis in this study 
ranged from 1.6 to 38 months. This delay between treatment 
and development of toxicity is consistent with other stud-
ies.15,31 In this study, the follow-up time for patients with a 
diagnosis of RN was more than double on average compared 
with those without diagnosed RN, which presumably reflects 
the likelihood that patients who live longer have a greater 
chance of developing RN at some point. These data support 
the practice that patients with metastatic melanoma who have 
been treated with SRS for ICM should be followed for years 
after radiation, and we should maintain low thresholds of 

clinical suspicion and further evaluation for RN if new symp-
toms develop.

The median overall survival in patients with RN diagnosis 
was 35 months, compared with 18 months in patients without a 
diagnosis of RN. This reflects that patients with melanoma live 
longer both preceding and following the diagnosis of ICM 
compared with older studies, which likely is a direct result of 
advances in systemic therapy in combination with improved 
radiation techniques providing more effective overall disease 
control.32 Importantly, as patients live longer, the cumulative 
risk of RN may continue to increase.

We did not identify any statistically significant risk factors 
for RN, however, did observe a trend that is in keeping with 
other studies whereby large ICM size and prior surgical resec-
tion are associated risk factors for the subsequent development 
of RN.15,25-27 Interestingly, in patients who were treated with 
surgical resection, the interval prior to starting adjuvant SRS 
was higher in the group who ultimately developed RN. This 
suggests timing of adjuvant SRS is a potential risk factor that 
merits further study on a larger scale for confirmation. Given 
the low number of patients with a diagnosis of RN, we were 
not able to draw any conclusions on fractional dose of radiation 
received per lesion as a risk factor; however, radiation doses 
prescribed are inversely related to lesion size which was identi-
fied as a potential risk factor in this study, and thus may indi-
rectly associate a higher risk of RN with fractionated radiation 
dosing required for larger lesions. As other studies have shown 
the risk of radionecrosis to be dose-dependent, some 

Figure 2. Overall survival.
Kaplan-Meier estimate of overall survival in patients with and without radiation necrosis.
CI indicates confidence interval; HR, hazard ratio; RN, radiation necrosis.
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therapeutic strategies using de-escalated doses and subsequent 
surgery (neoadjuvant SRS) or staged dosing over some weeks 
(staged SRS) might be safer options than definitive SRS in 
certain conditions.33,34 In addition, since the radionecrosis risk 
depends on the proportion of the healthy brain tissue exposed 
to high radiation doses, some SRS techniques, which are char-
acterized by greater dose conformity than that in our study, 
might determine better outcomes than ours.35-37 However, this 
assumption should be addressed in specific trials.

Potentially related to a small cohort, we did not elucidate any 
trends in systemic therapies preceding RN diagnosis. Other 
reports have indicated that preceding capecitabine treatment 
was associated with increased risk of RN while use of check-
point inhibitors, BRAF inhibitors, or other novel targeted ther-
apies prior to SRS did not increase the risk of developing RN in 
most studies.14,26,38-41 One report however did link BRAF inhi-
bition to an increased risk of RN following SRS.42 It remains 
unclear whether certain chemotherapy regimens are more likely 
than others to be related to the risk of RN.

Our study did not demonstrate an association between 
tumor somatic alteration status and risk of RN. In comparison, 
previous studies in melanoma patients support a mixed conclu-
sion regarding the association of BRAF mutation and the risk 
of RN. For example, the presence of BRAF mutation was inde-
pendently protective against RN in a cohort of 195 melanoma 
patients evaluated as part of a larger study of brain metastases 
and RN.14 Separately, a more recent study of 203 patients with 
melanoma treated with concurrent or nonconcurrent SRS and 
checkpoint inhibition found the presence of BRAF mutation 
to be associated with an increased RN risk, including sympto-
matic RN.43 These findings highlight the need for further 
study into how the mutational landscape across tumors confers 
susceptibility to SRS outcomes. Moreover, while BRAF and 
NRAS mutations are somatic events in melanoma, it is possible 
that germline genetics may be more relevant to the develop-
ment of RN. Our cohort does not include data to analyze this 
question; however, inclusion of germline data will be a future 
subject of study, particularly for those genes thought to be 
related to radiation sensitivity, including DNA repair pathway 
mediators involved in homologous recombination and nonho-
mologous end joining.44

We previously published a study on RN following SRS in 
patients with ICM from lung cancer.15 In that cohort of 
patients, treatment was undertaken for symptomatic RN in 
80% of cases and resulted in clinical improvement 75% of the 
time. In the current cohort of patients with ICM from mela-
noma, RN was treated in 90% of cases, however clinical 
improvement was only achieved 20% of the time (N = 2). In one 
patient this was achieved with steroid therapy alone, while the 
other patient required both steroids and surgical resection. A 
possible explanation to the lack of clinical benefit following 
treatment of RN in our cohort is that patients with 

radiographic progression following treatment of RN may have 
represented a potential mixed concurrent TP with RN. 
Regardless, our results show that RN from melanoma is diffi-
cult to manage successfully and thus strategies to mitigate the 
development of RN following treatment of ICM with SRS is 
warranted.

None of the patients in our cohort were treated with beva-
cizumab for management of RN, which has been shown in a 
small randomized controlled trial to be associated with radio-
logical treatment response.45 This may be due to treating phy-
sicians’ desire to avoid using bevacizumab, which carries a 
substantial risk of hemorrhage, in cases of ICM from mela-
noma, which are more likely to bleed compared with ICM 
from other primary tumors.46,47

This study is limited by its retrospective design, small sam-
ple size, homogenous population, and, in some patients, short 
follow-up period. Larger, more inclusive prospective studies 
are needed to understand the risk of RN following SRS for 
ICM from melanoma, and to inform associated clinical 
decision-making.

Conclusion
There is a substantial rate of RN in patients with metastatic 
melanoma who undergo SRS for treatment of ICM. It remains 
difficult to predict who will develop RN and indeed this study 
did not reveal any statistically significant risk factors. However, 
there were trends toward larger lesions, prior surgical resection, 
and a longer period between surgery and adjuvant SRS in 
patients with intracranial melanoma who developed RN. 
Additional work is warranted to discern whether certain chem-
otherapy regimens convey increased risk of subsequent RN 
development and whether germline genetics known to influ-
ence radiosensitivity play a role in the progression of RN. Once 
RN has been diagnosed and deemed clinically significant in 
patients with melanoma, it is quite difficult to treat successfully. 
Prospective study of RN risk and treatment is needed in 
patients with ICM from melanoma to improve clinical 
outcomes.
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