
Combination ipilimumab and radiosurgery for brain metastases: 
tumor, edema, and adverse radiation effects

Kevin Diao, BA1,2, Shelly X. Bian, MD2, David M. Routman, MD2, Cheng Yu, PhD2, Paul E. 
Kim, MD3, Naveed A. Wagle, MD4, Michael K. Wong, MD, PhD5, Gabriel Zada, MD6, Eric L. 
Chang, MD2

1Harvard Medical School, Boston, Massachusetts

2Department of Radiation Oncology, Keck School of Medicine of USC, Los Angeles, California

3Department of Radiology, Keck School of Medicine of USC, Los Angeles, California

4Department of Clinical Neurology, Keck School of Medicine of USC, Los Angeles, California

5Department of Medical Oncology, Keck School of Medicine of USC, Los Angeles, California

6Department of Neurological Surgery, Keck School of Medicine of USC, Los Angeles, California

Abstract

OBJECTIVE—Tumor and edema volume changes of brain metastases after stereotactic 

radiosurgery (SRS) and ipilimumab are not well described, and there is concern regarding the 

safety of combination treatment. The authors evaluated tumor, edema, and adverse radiation-

induced changes after SRS with and without ipilimumab and identified associated risk factors.

METHODS—This single-institution retrospective study included 72 patients with melanoma 

brain metastases treated consecutively with upfront SRS from 2006 to 2015. Concurrent 

ipilimumab was defined as ipilimumab treatment within 4 weeks of SRS. At baseline and during 

each follow-up, tumor and edema were measured in 3 orthogonal planes. The (length × width × 

height/2) formula was used to estimate tumor and edema volumes and was validated in the present 

study for estimation of edema volume. Tumor and edema volume changes from baseline were 

compared using the Kruskal-Wallis test. Local failure, lesion hemorrhage, and treatment-related 

imaging changes (TRICs) were analyzed with the Cox proportional hazards model.

RESULTS—Of 310 analyzed lesions, 91 were not treated with ipilimumab, 59 were treated with 

concurrent ipilimumab, and 160 were treated with nonconcurrent ipilimumab. Of 106 randomly 

selected lesions with measurable peritumoral edema, the mean edema volume by manual 

contouring was 7.45 cm3 and the mean volume by (length × width × height)/2 formula estimation 

was 7.79 cm3 with R2 = 0.99 and slope of 1.08 on line of best fit. At 6 months after SRS, the 
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ipilimumab groups had greater tumor (p = 0.001) and edema (p = 0.005) volume reduction than 

the control group. The concurrent ipilimumab group had the highest rate of lesion response and 

lowest rate of lesion progression (p = 0.002). Within the concurrent ipilimumab group, SRS dose ≥ 

20 Gy was associated with significantly greater median tumor volume reduction at 3 months (p = 

0.01) and 6 months (p = 0.02). The concurrent ipilimumab group also had the highest rate of 

lesion hemorrhage (p = 0.01). Any ipilimumab was associated with higher incidence of 

symptomatic TRICs (p = 0.005). The overall incidence of pathologically confirmed radiation 

necrosis (RN) was 2%. In multivariate analysis, tumor and edema response at 3 months were the 

strongest predictors of local failure (HR 0.131 and HR 0.125) and lesion hemorrhage (HR 0.225 

and HR 0.262). Tumor and edema response at 1.5 months were the strongest predictors of TRICs 

(HR 0.144 and HR 0.297).

CONCLUSIONS—The addition of ipilimumab improved tumor and edema volume reduction but 

was associated with a higher incidence of lesion hemorrhage and symptomatic TRICs. There may 

be a radiation dose-response relationship between SRS and ipilimumab when administered 

concurrently. Early tumor and edema response were excellent predictors of subsequent local 

failure, lesion hemorrhage, and TRICs. The incidence of pathologically proven RN was low, 

supporting the relative safety of ipilimumab in radiosurgery treatment.
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STEREOTACTIC radiosurgery (SRS), which delivers highly conformal radiation in a single 

fraction, has been increasingly used for the treatment of brain metastases. SRS has better 

local control rates and fewer neurocognitive side effects compared with whole-brain 

radiation therapy (WBRT).1,2 Ipilimumab, a monoclonal antibody that blocks cytotoxic T-

lymphocyte antigen-4 (CTLA-4), is an immune-modulating agent that was demonstrated to 

improve overall survival in metastatic melanoma patients during 2 Phase III randomized 

controlled trials.7,19 In these studies, the presence of brain metastases was an exclusion 

criterion. However, multiple retrospective studies have now found that ipilimumab, when 

combined with SRS for treatment of brain metastases, produces further improvements in 

intracranial control and overall survival.8,9,22,25

The toxicity profile of combination SRS and ipilimumab is not well understood. Some 

studies have found no increased toxicity compared with SRS alone, whereas a recent study 

found that the use of immunotherapy may lead to an increased incidence of radiation 

necrosis (RN), or its corresponding imaging finding, treatment-related imaging changes 

(TRICs).3,13 Furthermore, although there is evidence that immunotherapy produces different 

tumor response patterns compared with conventional chemotherapy, the trajectory—which 

we define as volume changes from baseline—of brain metastases and peritumoral edema 

following treatment with combination SRS and immunotherapy has not been well described 

in the literature.27

In this study, we report tumor and edema trajectories on MRI sequences of melanoma brain 

metastases treated with SRS with or without ipilimumab. We describe the effect of 
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ipilimumab, timing of ipilimumab administration relative to SRS, and early tumor and 

edema response of lesions on subsequent outcomes, including local failure, lesion 

hemorrhage, TRICs, and RN.

Methods

Patient Population and Data Collection

This retrospective cohort study was approved by the USC Health Sciences Campus 

institutional review board. We reviewed records of consecutive patients treated with upfront 

SRS for melanoma brain metastases at our institution from 2006 to 2015. In patients 

undergoing additional SRS procedures, newly treated lesions were included in the study. We 

excluded patients who did not have any follow-up MRI studies and individual lesions that 

were resection cavities.

Radiation and Ipilimumab Delivery

All patients were treated with single-fraction Gamma Knife radiosurgery. Gamma Knife 

(Elekta AB) Model C and Perfexion were used for patients treated during 2006–2008 and 

2008–2015, respectively. A stereotactic head frame was affixed to the cranium of the patient 

under conscious sedation. Afterward, contrast-enhanced MRI of the brain was performed for 

treatment planning. Radiation treatment was performed the same day. Prescription doses 

were based on lesion size as outlined in RTOG 9005.21

Patients received intravenous ipilimumab at a dose of either 3 mg/kg or 10 mg/kg scheduled 

every 3 weeks for up to 4 cycles. Concurrent ipilimumab was defined as ipilimumab 

administered within ± 4 weeks of SRS, whereas administration outside this time frame was 

considered nonconcurrent. Our cutoff was based on the long 14.7-day half-life of 

ipilimumab, prior studies examining timing of ipilimumab using similar definitions, and 

clustering of patients for feasibility of statistical analysis.5,8,18 Patients not receiving 

ipilimumab were included as a control group.

Imaging Evaluation

Our institutional practice was to follow patients with MRI every 2–3 months after SRS, 

consistent with National Comprehensive Cancer Network (NCCN) guidelines.15 The 

maximum diameter of each tumor and edema was measured in 3 orthogonal planes on 

postgadolinium T1-weighted and T2 fluid-attenuated inversion recovery (FLAIR) MRI on 

the day of SRS treatment and for each subsequent follow-up evaluation. Postgadolinium T1 

sequences had a slice thickness of 1–2 mm, while T2 FLAIR sequences had a slice thickness 

of 3–5 mm. The volume of each tumor or edema was estimated using the following validated 

formula: volume = (length × width × height)/2.6,12,18,23 The formula was validated for 

estimation of edema volume in the present study. Each follow-up volume was compared 

with baseline volume, and lesions were categorized as progressive (> 30% volume increase), 

responsive (> 30% volume decrease), or stable. These cutoffs were chosen based on an 

estimated volume measurement error of ± 30%.
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Local failure was defined as an increase in volume of > 30% from baseline either without 

subsequent resolution or requiring surgical intervention. TRICs were defined as an increase 

in volume of > 30% from baseline with subsequent resolution not requiring intervention. RN 

was defined as pathologically confirmed RN. Lesion hemorrhage was defined as the 

development of new intrinsic hyperintensity or increase in the volume of preexisting 

intrinsic T1 hyperintensity on precontrast T1-weighted MR images following SRS.

Statistical Analysis

Baseline patient and lesion characteristics were compared with the Kruskal-Wallis 1-way 

ANOVA test, Pearson chi-square test, and Fisher exact test. All further analysis was 

performed on a per-lesion basis. Tumor and edema volume change from baseline were 

compared with the Kruskal-Wallis 1-way ANOVA test. Significant values (p < 0.05) were 

entered into pairwise testing using the Wilcoxon rank-sum test with Bonferroni correction 

for multiple comparisons. Tumor response at time intervals following SRS was compared 

with the Pearson chi-square test and Fisher exact test. Local failure, TRICs, RN, and lesion 

hemorrhage were analyzed as time-dependent variables using the Kaplan-Meier method with 

time calculated from day of SRS treatment and censoring occurring at intervention or last 

imaging follow-up. The Cox proportional hazards model was used to analyze the 

relationship between risk factors and local failure, TRICs, and lesion hemorrhage. All risk 

factors were entered into univariate analysis and significant variables were included in 

multivariate analysis. All statistical calculations were performed using JMP Pro (version 13; 

SAS Institute).

Results

A total of 72 patients and 310 brain metastases were included in analysis. The patients’ 

median age was 61 years (interquartile range [IQR] 50–70), 23 (32%) of the patients were 

female, the median Karnofsky Performance Status (KPS) score was 90 (IQR 80–90), and the 

median number of brain metastases was 2 (IQR 1–4). Of the 310 brain metastases, 91 were 

not treated with ipilimumab, 59 were treated with concurrent ipilimumab, and 160 were 

treated with nonconcurrent ipilimumab; 175 were treated with ipilimumab at a dose of 3 

mg/kg, 31 at a dose of 10 mg/kg, and dose information was not available for the other 13. 

Brain metastases were treated with a median radiation dose of 20 Gy (range 12–22 Gy). The 

median imaging follow-up time was 6.85 months.

To validate the (length × width × height)/2 formula for estimation of peritumoral edema 

volume, 106 lesions with measurable peritumoral edema on T2 FLAIR MRI sequence were 

randomly selected to be manually contoured using Velocity (Varian Medical Systems). The 

mean edema volume by contouring was 7.45 cm3 and the mean volume by (length × width × 

height)/2 formula estimation was 7.79 cm3 with R2 = 0.99 and slope of 1.08 on line of best 

fit.

Patient and Lesion Characteristics

Patients in the control (no ipilimumab), concurrent ipilimumab, and nonconcurrent 

ipilimumab groups did not differ significantly in terms of age, sex, KPS score, graded 
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prognostic assessment (GPA), number of brain metastases, prior WBRT, or SRS dose (Table 

1). Tumors in the control group had significantly greater baseline median volume (0.15 cm3) 

compared with the concurrent ipilimumab (0.11 cm3) and nonconcurrent ipilimumab (0.09 

cm3) groups (p = 0.02). Tumors in the control group also had larger baseline median edema 

volume (0.55 cm3) compared with the concurrent ipilimumab (0.28 cm3) and nonconcurrent 

ipilimumab (0.16 cm3) groups (p = 0.04). The edema index, defined as the ratio of edema 

volume over tumor volume, did not differ significantly between the groups (p = 0.27).

Tumor and Edema Trajectory

At 1.5 months after SRS, the difference in median tumor and edema volume change between 

the groups was not statistically significant (p = 0.18 and p = 0.15, respectively) (Fig. 1 and 

Table 2). At 3 months after SRS, the concurrent ipilimumab group had significantly greater 

tumor volume reduction compared with the control group (p = 0.02). At 6 months, both the 

concurrent and nonconcurrent ipilimumab groups had significantly greater tumor (p = 0.001 

and p = 0.005, respectively) and edema (p = 0.003 and p = 0.004, respectively) volume 

reduction compared with the control group.

There was a significant difference in distributions of tumor response at 3 and 6 months 

following SRS. At both 3 and 6 months, the concurrent ipilimumab group had the highest 

rate of response (89% and 77%, respectively) and lowest rate of progression (0% and 2%, 

respectively) (p = 0.002 and p < 0.001, respectively) (Table 3).

Overall, dose > 20 Gy was not associated with significantly different median tumor volume 

change at 1.5 months (−51% vs −54%, p = 0.81), 3 months (−70% vs −58%, p = 0.40), or 6 

months (−73% vs −44%, p = 0.06). However, within the concurrent ipilimumab group, SRS 

dose ≥ 20 Gy was associated with significantly greater median tumor volume reduction at 3 

months (−82% vs −59%, p = 0.01) and 6 months (−89% vs −37.5%, p = 0.02). There were 

no significant associations within the nonconcurrent ipilimumab group or control group.

Local Failure

The overall incidence of local failure was 17%. Concurrent ipilimumab treatment was 

associated with the lowest incidence of local failure, but the difference was not statistically 

significant (10%, p = 0.26) (Table 4). On univariate analysis, risk for local failure was 

decreased with concurrent ipilimumab (HR 0.34, 95% CI 0.12–0.83, p = 0.02), tumor 

response at 1.5 months (HR 0.23, 95% CI 0.11–0.46, p < 0.001), edema response at 1.5 

months (HR 0.30, 95% CI 0.15–0.58, p < 0.001), tumor response at 3 months (HR 0.09, 

95% CI 0.03–0.19, p < 0.001), and edema response at 3 months (HR 0.09, 95% CI 0.03–

0.20, p < 0.001), whereas risk for local failure was increased with tumor volume > 1 cm3 

(HR 2.10, 95% CI 1.08–3.83, p = 0.03) (Table 5). In multivariate analysis, local failure 

remained significantly associated with concurrent ipilimumab (HR 0.36, 95% CI 0.13–0.87, 

p = 0.02), tumor volume > 1 cm3 (HR 2.02, 95% CI 1.03–3.70, p = 0.04), tumor response at 

3 months (HR 0.13, 95% CI 0.05–0.34, p < 0.001), and edema response at 3 months (HR 

0.13, 95% CI 0.04–0.31, p < 0.001).
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Lesion Hemorrhage

The overall incidence of any lesion hemorrhage was 18% and symptomatic lesion 

hemorrhage was 5%. Concurrent ipilimumab had higher incidence of any lesion hemorrhage 

(p = 0.01) but not symptomatic hemorrhage (p = 0.76). In univariate analysis of lesion 

hemorrhage, nonconcurrent ipilimumab was associated with lower risk of lesion hemorrhage 

(HR 0.48, 95% CI 0.26–0.89, p = 0.02) compared with concurrent ipilimumab. Cerebral 

hemisphere location was associated with higher risk of lesion hemorrhage (HR 6.87, 95% CI 

1.51–121.41, p = 0.01) compared with all other locations, which included brainstem, basal 

ganglia, and cerebellar lesions. Lesion hemorrhage was also associated with tumor response 

at 1.5 months (HR 0.56, 95% CI 0.32–0.99, p = 0.04), tumor response at 3 months (HR 0.29, 

95% CI 0.16–0.54, p < 0.001), and edema response at 3 months (HR 0.30, 95% CI 0.16–

0.56, p < 0.001). In multivariate analysis, nonconcurrent ipilimumab (HR 0.40, 95% CI 

0.21–0.76, p = 0.01), tumor response at 3 months (HR 0.23, 95% CI 0.11–0.48, p < 0.001), 

edema response at 3 months (HR 0.26, 95% CI 0.13–0.52, p < 0.001), and cerebral 

hemisphere location (HR 6.31, 95% CI 1.38–111.78, p = 0.01) remained associated with 

lesion hemorrhage.

TRICs

Overall, the incidence of TRICs was 10% and the incidence of symptomatic TRICs was 5%. 

The median time to TRIC was 2.10 months for the control group, 1.93 months for the 

concurrent ipilimumab group, and 3.15 months for the nonconcurrent ipilimumab group (p = 

0.99). There was no significant difference in the incidence of any TRICs between treatment 

groups, but patients receiving concurrent or nonconcurrent ipilimumab had significantly 

more symptomatic TRICs (8% and 6%, respectively, vs 0% for the no ipilimumab group, p = 

0.005). The concurrent ipilimumab group had the largest TRICs (median 354% volume 

increase from baseline), followed by the nonconcurrent ipilimumab (130%) and no 

ipilimumab (63%) groups. The difference was not statistically significant (p = 0.42).

The median radiation dose to the lesions that developed into TRICs was 20 Gy (IQR 18–20 

Gy) and for all other brain metastases was also 20 Gy (IQR 18–20 Gy) (p = 0.26). Baseline 

median tumor size for lesions that progressed to TRICs was 0.16 cm3 (IQR 0.07–2.97 cm3) 

compared with 0.11 cm3 (IQR 0.05–1.99 cm3) for all others (p = 0.23). Lesions that 

developed into TRICs had a baseline median edema index of 1.99 (IQR 1–3), but this 

increased to 5.27 (IQR 1.32–9.73) at the maximum extent of TRIC (p < 0.001). Among 25 

brain metastases that progressed to TRICs in patients who received ipilimumab, 6 (24%) 

were being treated with ipilimumab at the time of TRIC diagnosis.

In univariate analysis, TRICs were associated with tumor response at 1.5 months (HR 0.14, 

95% CI 0.06–0.31, p < 0.001), edema response at 1.5 months (HR 0.22, 95% CI 0.09–0.48, 

p < 0.001), tumor response at 3 months (HR 0.30, 95% CI 0.13–0.68, p = 0.004), and edema 

response at 3 months (HR 0.25, 95% CI 0.11–0.56, p = 0.002). In multivariate analysis, 

TRICs remained significantly associated with tumor response at 1.5 months (HR 0.14, 95% 

CI 0.05–0.36, p = 0.005) and edema response at 1.5 months (HR 0.30, 95% CI 0.12–0.70, p 

< 0.001).
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Radiation Necrosis

Overall, there was a low incidence of pathologically confirmed RN (2%). Within the control 

group, 0 (0%) of 91 lesions developed RN, whereas 2 (3%) of 59 lesions treated with 

concurrent ipilimumab and 3 (2%) of 160 lesions treated with nonconcurrent ipilimumab 

developed RN. The difference between the groups was not statistically significant (p = 0.22).

Discussion

The effect that the addition of ipilimumab to SRS has on the tumor and edema trajectories of 

brain metastases is not well understood. Furthermore, although there is concern that SRS 

and ipilimumab may place patients at increased risk for adverse radiation effects, there is no 

consensus on the safety of combination treatment.

Tumor and Edema Trajectory

We found that at 1.5-, 3-, and 6-month follow-up intervals, edema trajectory closely 

mirrored tumor trajectory, extending the findings of previous studies to the setting of 

combination SRS and ipilimumab.17 In our study, lesions receiving ipilimumab had greater 

tumor and edema volume reduction than those that did not receive ipilimumab by 6 months. 

Thus, despite concerns that the immunomodulatory effect of ipilimumab may produce a 

proinflammatory environment leading to increased peritumoral edema of brain metastases, 

we found that the addition of ipilimumab to SRS produced a trend toward improved edema 

control at 1.5 and 3 months, and significantly improved edema control by 6 months.11 We 

postulate that the benefit that the addition of ipilimumab confers to tumor shrinkage 

outweighs the possible increased inflammatory milieu, resulting in an overall reduction in 

edema. In addition, at 3 and 6 months after SRS, concurrent ipilimumab was associated with 

the highest rate of lesion response and the lowest rate of lesion progression, supporting 2 

recent studies that found that ipilimumab administered concurrently with SRS was 

associated with greater tumor volume reduction and improved locoregional control.8,18

Finally, we found that SRS dose ≥ 20 Gy was associated with significantly greater median 

tumor volume reduction at 3 and 6 months within the concurrent ipilimumab group, a 

relationship that was not present in the nonconcurrent ipilimumab and control groups. This 

finding suggests that there may be a radiation dose-response relationship when SRS and 

ipilimumab are administered concurrently.

Local Failure

While the crude incidence of local failure was similar in all groups, on univariate survival 

analysis we found that concurrent ipilimumab was associated with lower risk of local failure. 

In multivariate analysis, due to the fact that tumor and edema response were related to 

ipilimumab administration and baseline tumor volume (variance inflation factor [VIF] of 

20.8, where VIF > 10 typically represents collinearity), we performed a separate analysis for 

early tumor and edema response.26 After adjusting for tumor volume, concurrent ipilimumab 

remained associated with lower risk for local failure. Tumor and edema response at 3 

months were ultimately the most powerful predictors of local control, consistent with a study 
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by Sharpton et al.,20 who found that tumor volume reduction at 6 and 12 weeks was 

associated with prolonged local control.

Lesion Hemorrhage

There was greater incidence of lesion hemorrhage within the concurrent ipilimumab group, 

but this difference did not translate to a higher incidence of symptomatic lesion hemorrhage. 

In univariate analysis, we found that nonconcurrent ipilimumab was associated with a lower 

risk of lesion hemorrhage compared with concurrent ipilimumab. Tumor and edema 

response at 3 months were also associated with lower risk for lesion hemorrhage. A cerebral 

hemisphere location of tumor was associated with a higher risk of lesion hemorrhage. In 

multivariate analysis, all of these risk factors remained significant. We hypothesize that the 

observed increased risk of lesion hemorrhage in cerebral hemisphere location tumors could 

be due to increased vascularity of brain tissue in the cerebral cortex.4,16 Previous studies 

have not found any association of ipilimumab administration with lesion hemorrhage; 

however, these were primarily retrospective studies with relatively small sample sizes and 

may not have accounted for mild or asymptomatic lesion hemorrhages detected on imaging.
14,22 Taken together, our results suggest that concurrent ipilimumab is associated with a 

greater risk for subclinical lesion hemorrhage.

TRICs and RN

The overall incidence of TRICs was 10% and was similar across the groups. Patients who 

received ipilimumab, however, had significantly higher rates of symptomatic TRICs, with 

8% and 6% developing symptomatic TRICs in the concurrent and nonconcurrent 

ipilimumab groups, respectively, compared with 0% in the control group. In univariate 

analysis of any TRICs, only tumor and edema response at 1.5 and 3 months were protective 

for TRICs. In multivariate analysis, tumor and edema response at 1.5 months were the 

strongest protective factors for any TRICs. Among lesions that developed into TRICs, the 

concurrent ipilimumab group had the largest TRICs, followed by nonconcurrent ipilimumab 

and no ipilimumab, although the difference was not significant. These findings suggest that 

whether TRICs were symptomatic or not was likely related to the size of the TRICs. We 

postulate that the higher incidence of symptomatic TRICs in patients receiving ipilimumab 

could be due to either less treatment of TRICs with steroids because of concerns that 

steroids may lessen the efficacy of ipilimumab, or a proinflammatory effect of ipilimumab 

that occurs only in select patients.8,24

Due to the low incidence of pathologically confirmed RN in our cohort, we did not report 

univariate or multivariate analysis findings in our results. However, the low incidence of RN 

in the ipilimumab groups supports the relative safety of combination treatment. Other 

studies have found rates of RN after SRS ranging from 2% to more than 30% owing to 

heterogeneous cohorts and the difficulty in accurately dehning and diagnosing RN.10 Colaco 

et al.3 found that patients receiving SRS and immunotherapy had higher rates of RN/TRICs 

compared with patients receiving SRS and chemotherapy or targeted therapy. We now report 

that patients receiving SRS and ipilimumab may be at higher risk for symptomatic TRICs.
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Limitations

Limitations of the present study include its retrospective nature, the lack of pathology on the 

majority of followed lesions to differentiate RN from pseudoprogression and tumor 

recurrence, the lack of data on steroid administration to account for changes in tumor and 

edema volumes, and some imprecision in distinguishing lesion hemorrhage from melanotic 

metastases. As this was primarily a radiographic imaging–based analysis, our outcomes may 

not be clinically applicable in all situations.

Conclusions

To our knowledge, this is the first study to examine edema trajectory following brain 

metastasis treatment with SRS and immunotherapy. Edema trajectory closely mirrored that 

of tumor trajectory. Patients receiving ipilimumab had greater tumor and edema volume 

reduction, with concurrent ipilimumab demonstrating the highest rates of tumor response, 

lowest rates of tumor progression, and less risk for local failure. SRS dose ≥ 20 Gy was 

associated with greater median tumor volume reduction in the concurrent ipilimumab group, 

suggesting a radiation dose-response relationship between SRS and ipilimumab when 

administered concurrently. Early tumor and edema response were excellent predictors of 

local failure, lesion hemorrhage, and TRICs. Concurrent ipilimumab was associated with 

increased risk for lesion hemorrhage overall but not symptomatic lesion hemorrhage. 

Although any ipilimumab was associated with higher incidence of symptomatic TRICs, the 

incidence of pathologically proven RN in lesions receiving any ipilimumab was 2%, 

supporting the relative safety of ipilimumab in SRS treatment.
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FLAIR fluid-attenuated inversion recovery

GPA graded prognostic assessment

IQR interquartile range

KPS Karnofsky Performance Status

RN radiation necrosis

SRS stereotactic radiosurgery

TRIC treatment-related imaging change

WBRT whole-brain radiation therapy
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FIG. 1. 
Tumor (upper) and edema (lower) volume trajectories after SRS for no ipilimumab (dashed 
line), concurrent ipilimumab (dotted-dashed line), and nonconcurrent ipilimumab (solid line) 

at fixed time points. **Statistically significant difference.
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TABLE 4.

Incidence of local failure, hemorrhage, TRICs, and RN

Outcome No Ipilimumab (n = 91) Concurrent Ipilimumab (n = 59) Nonconcurrent Ipilimumab (n = 160) p Value

Local failure 17 (19%) 6 (10%) 30 (19%) 0.26

Lesion hemorrhage 13 (14%) 19 (32%) 24 (15%) 0.01

 Symptomatic 5 (5%) 3 (5%) 6 (4%) 0.76

TRIC 7 (8%) 8 (14%) 17 (11%) 0.50

 Symptomatic 0 (0%) 5 (8%) 9 (6%) 0.005

RN 0 (0%) 2 (3%) 3 (2%) 0.22

Values are shown as the number of lesions (%) unless otherwise indicated.
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