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summary points

Purpose/objectives

 ●  Patients with metastatic melanoma treated with ipilimumab and stereotactic radiosurgery (SRS) were reviewed for 
efficacy and safety outcomes.

Methods

 ●  A retrospective analysis was performed of patients treated with ipilimumab at a single institution.

 ●  Patients who received SRS for brain metastases were analyzed for control of the metastasis treated with SRS (treated 
metastasis control), distant intracranial control, extracranial progression and overall survival.

 ●  Toxicity was scored using the CTCAE v4.0.

Results

 ●  A total of 26 patients were assessable for outcomes with a median follow-up after SRS of 7.1 months (interquartile 
range: 3.1–13.1).

 ●  In total, 14 patients received SRS before or during ipilimumab and 12 patients received SRS post-ipilimumab.

 ●  Median time to treated metastasis progression was 6.3 months (95% CI: 3.1–12.2).

 ●  Median extracranial progression-free survival was 3.0 months (95% CI: 1.6–4.6).

 ●  Median overall survival following initial SRS was 10.4 months (95% CI: 6.5–23.4) for all patients, 23.4 months (95% CI: 
5.7–not estimable) for patients receiving SRS prior to or during ipilimumab and 10.4 months (95% CI: 1.9–not 
estimable) for patients receiving SRS after ipilimumab.

 ●  Eleven percent of all patients experienced grade 3 CNS toxicity with no grade 4 or 5 toxicity reported.

 ●  Two patients (7%) had biopsy-proven radionecrosis.

conclusion

 ●  Radiosurgery for melanoma brain metastases in patients treated with ipilimumab was well-tolerated with few 
side effects. The toxicity of radiosurgery in patients receiving ipilimumab was acceptable and similar to previously 
published series of patients treated with radiosurgery alone.

 ●  While treated metastasis control appears suboptimal, the favorable overall survival suggests that radiographic 
enlargement may not reflect true disease progression.
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Stereotactic radiosurgery (SRS) has become 
a standard treatment for patients with brain 
metastases [1]. Melanoma is the sixth most 
common malignancy diagnosed in the USA 
in 2015 [2]. The incidence of brain metastases 
in patients with metastatic melanoma can be 
as high as 66–75% in autopsy series [3]. SRS 
has been shown to have high rates of local con-
trol for melanoma brain metastases, while local 
control rates for whole-brain radiation therapy 
(WBRT) alone are poor relative to SRS [4,5]. 
Patients with melanoma comprise a small but 
consistent proportion in multiple randomized 
trials assessing the efficacy of the combination of 
SRS and WBRT [6–8]. The median survival for 
patients with brain metastases from melanoma 
ranges from 3.4 to 13.2 months depending on 
performance status and the number of brain 
metastases, highlighting the profound impact 
brain metastases have on prognosis [9].

Immune checkpoint inhibitors represent a 
paradigm shift in the treatment of metastatic 
melanoma. Ipilimumab, a monoclonal antibody 
that blocks CTLA-4, enhances T-cell activation 
and proliferation [10]. It was the first systemic 
therapy to demonstrate an overall survival (OS) 
benefit in the treatment of metastatic mela-
noma [11]. A Phase II study demonstrated mod-
est activity of ipilimumab alone in the treatment 

of brain metastases, particularly those who were 
neurologically asymptomatic at diagnosis [12]. 
The interaction of immune modulators and 
radiation therapy are virtually unknown, par-
ticularly with high-dose-per-fraction radiation 
therapy.

Ipilimumab was first used as standard of care 
at our institution in 2011. We have an active 
radiosurgery program with a large institutional 
experience utilizing SRS for the management 
of melanoma brain metastases [13]. Therefore, 
we conducted a retrospective analysis of mela-
noma patients treated with radiosurgery and 
ipilimumab to determine the impact on patient 
toxicity and outcomes.

Methods
We queried our institutional retrospectively 
compiled database (including demographic-, 
pathologic- and treatment-related data) of con-
secutive melanoma patients treated with ipili-
mumab. Patients were included if they received 
at least one SRS course for melanoma brain 
metastases. Patients were excluded if they did 
not receive ipilimumab or if data regarding 
radiosurgery administration or follow-up were 
not available.

All patients received systemic therapy 
and radiosurgery per best clinical practice. 

summary points (cont.)

conclusion (cont.)

 ●  Extracranial effects of SRS were demonstrated with two cases of an abscopal effect.

 ●  There may be an association of improved survival and extracranial progression-free survival for patients receiving 
SRS prior to ipilimumab.

 ●  These findings are similar to other retrospective series, and prospective evaluation of the optimal combination of SRS 
and ipilimumab appears warranted.

Purpose: Patients with melanoma treated with ipilimumab and radiosurgery (stereotactic 
radiosurgery [SRS]) were reviewed for efficacy/safety. Methods: Patients who received 
ipilimumab and SRS for brain metastases were analyzed for control of SRS-treated metastasis 
and overall survival. Results: We identified 27 patients, 26 were assessable for outcomes. 
Median time-to-treated metastasis progression was 6.3 months (95% CI: 3.1–12.2). Overall 
survival was 23.4 months (95% CI: 5.7–not estimable) for SRS prior to/during ipilimumab 
(n = 14), and 10.4 months (95% CI: 1.9–not estimable) for SRS after ipilimumab (n = 12). 
Overall, no unexpected toxicities were seen: 11% of patients experienced grade 3 CNS 
toxicity and 7% developed radionecrosis. conclusion: SRS for melanoma brain metastases 
with ipilimumab was well-tolerated. There may be improved survival for patients receiving 
SRS prior to/during ipilimumab.

First draft submitted: 3 February 2016; Accepted for publication: 17 March 2016; Published 
online: 22 August 2016
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Ipilimumab was administered at a dose of 
3 mg/kg every 3 weeks for a total of four doses. 
Radiosurgery was delivered either as initial man-
agement of a limited number of brain metasta-
ses, in conjunction with WBRT as a boost, or as 
adjuvant treatment to a resection cavity follow-
ing surgical management of brain metastases.

Our radiosurgery technique has been previ-
ously described in detail [13]. In general, patients 
underwent computed tomographic (CT) simula-
tion for Radiation therapy planning in a thermo-
plastic facemask (BrainLAB, Munich, Germany). 
Fine-cut contrast-enhanced T1-weighted MRI, 
typically a 3D spoiled gradient series with 1 mm 
slice thickness, was obtained at the time of CT 
simulation or a diagnostic MRI of equal quality 
was fused if it was performed <2 weeks prior to 
CT simulation. Target definition was conducted 

in the iPlan treatment planning software 
(BrainLAB) environment. The gross tumor vol-
ume was defined as the contrast-enhancing lesion 
on the fine-cut T1-weighted MRI. Individual 
metastases were contoured and expanded 1 mm 
for setup and imaging uncertainty. In general, 
planning target volumes (PTVs) <2, 2–2.9 or 
3–3.9 cm in greatest dimension received 20, 18 
or 15 Gy in a single fraction, respectively [14,15]. 
These doses were marginally reduced for PTVs 
in close proximity to eloquent structures (e.g., a 
metastasis in the motor strip). PTVs >4 cm in 
greatest dimension received a total of 25 Gy in 
5 Gy fractions. SRS treatment plans consisted 
of three to five dynamic conformal arcs or 
volumetric-modulated arc therapy. The plans 
were selected in such a manner that the mini-
mum PTV coverage was at least 99.5% and 

table 1. Patient and tumor characteristics.

characteristic n (range/%)

All patients 27 (100)
Age (years), median (IQR) 63 (55–68)
Gender: 
  – Female 
  – Male

  
  13 (48) 
  14 (52)

Race: 
  – Hispanic 
  – White/Caucasian

  
  1 (4) 
  26 (96)

ECOG performance status: 
  – 0 
  – 1 
  – 2

  
  17 (63) 
  9 (33) 
  1 (4)

Primary site: 
  – Head/neck 
  – Lower extremity 
  – Trunk 
  – Upper extremity 
  – Unknown

  
  7 (26) 
  4 (15) 
  8 (30) 
  4 (15) 
  4 (15)

BRAF: 
  – Mutant 
  – Nonmutant 
  – Not tested 
  – Unknown

  
  8 (30) 
  16 (59) 
  2 (7) 
  1 (4)

Non-ipilimumab systemic therapies prior to SRS (n): 
– 0 
– 1 or more

  
18 (67)  
9 (33)

Largest brain metastasis diameter, median (IQR); mm 8.1 (5.1–14.0)
m-GPA: 
  – 1 
  – 2 
  – 3 
  – 4

  
  2 (7) 
  7 (26) 
  11 (41) 
  7 (26)

ECOG: Eastern Cooperative Oncology Group; IQR: Interquartile range; mGPA: Melanoma-specific graded prognostic assessment; 
SRS: Stereotactic radiosurgery.



Figure 1.  time to first treated metastasis progression for assessable patients (n = 21).
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the conformality index was minimized (ideally 
<2.0). A linear accelerator-based radiosurgery 
system equipped with a micromultileaf col-
limator (Novalis Tx, Varian Medical Systems, 
CA, USA and BrainLAB) was used for all treat-
ments [16]. Immediately before treatment, all 
patients underwent kV onboard imaging and 
cone-beam CT with appropriate adjustment of 
the isocenter and reimaging to ensure a transla-
tional position deviation <1 mm in any direction 
and minimal rotational deviation.

All patients were followed in a multidiscipli-
nary setting in both melanoma medical oncol-
ogy and radiation oncology clinics. At each visit, 
all patients underwent complete history and 
physical examination, and appropriate labora-
tory analysis with careful and thorough neuro-
logic examination. Patients were imaged every 
3 months with a multisequence gadolinium-
enhanced brain MRI to assess treated metastasis 
response as well as for detection of new metasta-
ses. For patients in whom an MRI was contrain-
dicated, a contrast-enhanced CT of the brain 
was obtained instead. Surveillance imaging, 
most commonly PET-CT, was obtained after 
four doses and then every 2–3 months after to 
assess extracranial disease status.

Treated metastasis progression was defined 
using the same criteria as in EORTC 22952-
26001 [7]. Briefly, metastases were considered 
to have progressed when a treated metastasis 
demonstrated a >25% increase in cross-sectional 

diameter following SRS. If a biopsy was obtained 
and was negative for malignancy, metastases 
were not considered to have progressed. If post-
SRS brain imaging was not available, treated 
metastases were considered not assessable. Acute 
toxicities were scored using the CTCAE v4.0. 
Distant intracranial progression was defined as 
the appearance of any new brain metastases out-
side the treatment field after the first SRS course. 
Treatments for distant intracranial progression 
were based on the number, location and size of 
brain metastases as well as the extracranial disease 
burden and performance status of the patient.

Distant intracranial progression-free survival 
(PFS), extracranial PFS and time to first treated 
metastasis progression were defined as the time 
from the start date of the first SRS course to the 
date of distant intracranial progression, date of 
extracranial progression and date of first treated 
metastasis progression, respectively. Time to 
treated metastasis progression on the lesion 
level was defined as the time from the start date 
of the SRS course where the given metastasis 
was treated to the date of progression of that 
metastasis. The term ‘treated metastasis control’ 
specifically refers to the lack of progression of 
a brain metastasis that received SRS. OS was 
defined as the time from the start date of the 
first course of SRS to death. The Kaplan–Meier 
method was used to estimate PFS and OS. PFS 
and OS rates were also estimated with 95% CIs. 
PFS and OS analyses included only patients who 
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had data available for the indicated PFS or OS 
outcome. The melanoma-specific graded prog-
nostic assessment score was calculated for each 
patient based on Karnofsky performance status 
and the number of brain metastases (BMs). This 
is a validated prognostic score of 0–4 (best) that 
predicts the survival of patients with melanoma 
BMs [9]. Follow-up for progression ended on 
1 September 2014.

A multilevel mixed model was utilized to 
estimate the association of SRS type (SRS alone 
or SRS + WBRT), SRS timing in relation to 
ipilimumab (SRS before/during ipilimumab or 
SRS after ipilimumab) and metastasis number 
on the probability of achieving treated metastasis 
control at the lesion level. This model was used 
because it allows for the inclusion of random 
effects that account for the fact that metastases 
are nested within an SRS course and that SRS 
courses are nested within a patient, and therefore 
have correlated outcomes. Point estimates are 
reported with 95% CIs where appropriate. All 
statistical analyses were conducted using SAS 
version 9.4 (SAS Institute, NC, USA). This 
study was institutional review board (IRB) 
approved with a waiver of informed consent.

Results
●● Patient & metastasis characteristics

From 2010 to 2014, 27 patients were identified. 
Patient and tumor-related characteristics are sum-
marized in table 1. One patient was excluded from 
the SRS treatment characteristics analysis due to 
missing metastasis information but was included 
in the toxicity analyses. The median time from 
SRS to ipilimumab administration was 6 weeks 
(range: 1–89 weeks). Seven patients received 
other systemic therapy prior to ipilimumab 
administration including five IL-2 courses, two 
vemurafenib courses and one course each of dac-
arbazine and temozolomide. For patients receiv-
ing ipilimumab before SRS, three underwent 

SRS during the ipilimumab course. Subsequent 
systemic therapy courses included one course each 
of nivolumab, pembroluzimab, IL-2, temozolo-
mide, dacarbazine, dabrafenib/trametinib and 
vemurafenib. Median follow-up was 7.1 months 
(interquartile range [IQR]: 3.1–13.1).

●● Radiosurgery treatment
A total of 67 metastases were irradiated, with 
58 metastases assessable for response. A median 
of one (range: 1–2) SRS treatment course was 
delivered per patient with a median of two 
(range: 1–3) metastases treated per course. For 
single-fraction SRS, the median dose per frac-
tion was 20 Gy (IQR: 18–24). One treatment 
was delivered as a total of 25 Gy in five fractions. 
In total, 20 received SRS as their initial intrac-
ranial treatment modality. WBRT was used in 
addition to SRS for six patients; five (19%) as a 
planned combination of WBRT (median dose: 
35 Gy) and one (4%) as initial therapy with SRS 
delivered as a salvage therapy.

●● acute toxicity
Acute toxicity following SRS was generally mild, 
with three (11%) patients experiencing grade 3 
CNS toxicity. No patient experienced grade 4 
or higher toxicity. Ten (37%) patients required 
either a new prescription or an increase in oral 
dexamethasone within 3 months of initial SRS. 
Of the patients increasing oral dexamethasone, 
two (20%) were found to have progressive 
intracranial disease.

●● intracranial-treated metastasis control
Cumulative-treated metastasis control was 56% 
with a median time to progression of 8.8 months 
(3.2, nonestimable) (Figure 1). 6- and 12-month 
time to treated metastasis progression was 49% 
(95% CI: 33–62) and 44% (95% CI: 27–59), 
respectively. 6-month-treated metastasis control 
for SRS alone and SRS + WBRT were 67 and 

table 2. treatment outcomes for all patients, patients who received radiosurgery prior to or during ipilimumab and patients who 
received radiosurgery after ipilimumab.

Outcome time to first treated metastasis 
progression (months); (n = 21)

Distant intracranial 
progression (months); (n = 21)

extracranial progression 
(months); (n = 26)

Overall survival 
(months); (n = 26)

All patients 6.3 (3.1–12.2) 4.7 (3.1–10.8) 3.0 (1.6–4.6) 10.4 (6.5–23.4)
SRS before/during 
ipilimumab

3.4 (1.5–NE) 4.0 (1.8–18.7) 4.0 (1.5–11.1) 23.4 (5.7–NE)

SRS after 
ipilimumab

6.3 (3.1–9.5) 5.2 (1.9–NE) 2.0 (0.6–4.4) 10.4 (1.9–NE)

Number of patients assessable for each outcome are labeled. All values are reported as median (95% CI). 
NE: Not estimable; SRS: Stereotactic radiosurgery.



Figure 2.  extracranial progression-free survival for patients receiving radiosurgery prior to or 
during ipilimumab (dashed line) or after ipilimumab (solid line) for assessable patients (n = 26). 
IPI: Ipilimumab; SRS: Stereotactic radiosurgery.
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43%, respectively. Two of the metastases meet-
ing imaging criteria for progression were biop-
sied. Both were negative for malignancy. The 
first was located in the left frontal lobe, measured 
22 mm in largest diameter, and received a single 
fraction of 16 Gy after receiving 35 Gy of WBRT 
in 2.5 Gy fractions. It was irradiated 2 months 
after completing four cycles of ipilimumab. The 
second was located in the left frontal lobe, meas-
ured 9 mm in largest diameter, and received a 
single fraction of 22 Gy. It was irradiated 2 weeks 
prior to initiating ipilimumab.

●● Distant intracranial progression after sRs
Distant intracranial progression was common. 
At 6 months, the distant intracranial PFS was 
only 44% (95% CI: 22–64), and at 12 months 
26% (95% CI: 9–47). Consistent with many 
previous studies, the addition of WBRT pro-
longed distant intracranial PFS at median 
7.5 months (0.8–18.7 months) compared with 
SRS alone at 3.3 months (2.8–not estimable). 
Similarly, WBRT was associated with improved 
distant intracranial PFS at 6 months (67%; 
95% CI: 19–90) compared with SRS alone 
(34%; 95% CI: 12–59). Treatment for distant 

intracranial progression included additional 
eight courses of SRS to nine brain metastases.

●● impact of ipilimumab timing
Given the potential for radiotherapy to sensitize 
tumors for an increased immune response [17] and 
the ability for ipilimumab to independently con-
trol intracranial metastases [12], we investigated 
the timing of ipilimumab on SRS outcomes. In 
total, 33 metastases (57%) were irradiated prior 
to or during ipilimumab and 25 (43%) were 
irradiated after ipilimumab. table 2 describes the 
differences in treated metastasis control, distant 
intracranial progression, extracranial progression 
and OS for patients who received SRS prior to 
and during ipilimumab and those who received 
SRS after ipilimumab. Interestingly, we found 
that in patients who received SRS before/during 
ipilimumab median OS was 23.4 months com-
pared with 10.4 months in those receiving SRS 
after ipilimumab as shown in table 2 & Figure 2. 
Cause of death was generally unavailable in the 
patient records.

Given the potential for radiation to cause 
an enhanced systemic response to immuno-
therapy [17], we investigated the impact, if any, 



Figure 3.  Overall survival in assessable patients (n = 26) receiving radiosurgery prior to or during 
ipilimumab (dashed line) or after ipilimumab (solid line). Extracranial progression-free survival for 
patients receiving radiosurgery prior to or during ipilimumab (dashed line) or after ipilimumab (solid 
line) for assessable patients (n = 26). 
IPI: Ipilimumab; SRS: Stereotactic radiosurgery.
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SRS had on extracranial disease progression. 
Interestingly, we noted two patients who had 
an abscopal effect, and we also noted that the 
median time to extracranial progression was 
doubled in patients receiving SRS before/dur-
ing ipilimumab (4 months) compared with those 
who received SRS after ipilimumab (2 months) 
as shown in table 2 & Figure 3.

Discussion
In this analysis, we found that stereotactic 
radiosurgery delivered to patients who have 
received ipilimumab was well-tolerated and 
efficacious. Our findings are similar to other 
single-institution series published within the 
last several years (table 3). Given the known 
adverse effect of brain metastases on progno-
sis, the 23.4-month median OS in our patients 
treated with SRS prior to or during ipilimumab 
is particularly striking. This is nearly double the 
expected median survival of patients with the 
best combination of factors derived from the 
diagnosis-specific graded prognostic assessment 
(Karnofsky performance status, number of brain 
metastases) and nearly eight-times as long as the 

median survival in one of the largest analyses of 
this patient population [9,18].

The generally favorable survival of this group 
of patients appears difficult to reconcile with 
the fact that the cumulative incidence of treated 
metastasis progression was unexpectedly high at 
39%. Another recent series reported a 1-year local 
recurrence rate of 0, 13 and 11% for SRS delivered 
during ipilimumab, before and after ipilimumab, 
respectively [21]. There are key methodological 
differences in our series that may explain the 
apparent lower treated metastasis control rate 
in this study. First, we reported cumulative inci-
dence of treated metastasis progression rather 
than censor our findings at the first evidence of 
progression, similar to EORTC 22952-26001. 
Second, we defined progression following SRS 
using an objective imaging-based definition of a 
25% increase in diameter, which may be overly 
strict in this patient population. This is the same 
definition used in a contemporary Phase III ran-
domized trial that enrolled patients with mela-
noma brain metastases who were treated with 
SRS alone [7]. There was a high rate of tumor 
enlargement seen in the aforementioned series, 
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particularly for patients who received SRS during 
ipilimumab [21]. This phenomenon would result 
in an apparent local control rate much lower than 
the ‘true’ lack of disease progression [13].

There is no universally accepted definition of 
treated metastasis progression following radio-
surgery and it is even more difficult to determine 
if a treated metastasis has progressed in patients 
who have also received immunotherapy. Indeed, 
a recent publication from the RANO-BM work-
ing group highlighted the difficulty in assess-
ing targeted metastases in patients who have 
received radiosurgery and immunotherapy [24]. 
In our series, two patients who met the defini-
tion of radiographic progression had biopsies 
that were negative for malignancy, highlight-
ing the phenomenon of ‘pseudoprogression’ 
that renders surveillance of these patients in a 
challenging clinical dilemma. Case series have 
reported symptomatic radionecrosis in a total of 
seven patients who received both SRS and ipili-
mumab [25,26]. For SRS, the most important pre-
dictive variables for radionecrosis include dose, 
irradiated volume and location of the targeted 
lesion. The rate of brain necrosis in our series 
is similar to other series, with the appropriate 

caveats noted for cross-trial comparisons. The 
RANO-BM group notes that standard MRI 
alone is insufficient to detect true progression 
versus treatment effect. A combination of more 
sensitive imaging techniques and greater clinical 
experience could yield a set of immune-related 
SRS response criteria to more confidently surveil 
these patients. Generating such a set of criteria is 
beyond the scope of this manuscript.

Similar to other series, we noted a possible 
association with improved outcomes for SRS 
delivered prior to or during the administration 
of ipilimumab compared with SRS after ipili-
mumab, although our series was too small to 
calculate inferential statistics. The hypothesis 
that high-dose-per-fraction radiation therapy 
can synergize with CTLA-4 blockade to achieve 
tumor rejection is intriguing and forms the basis 
of many ongoing clinical and translational stud-
ies. The impact of radiation on the tumor micro-
environment is complex, but a recent article by 
Victor et al. provides some evidence for the immu-
nologic interaction of high-dose-per-fraction 
radiation therapy with CTLA-4 blockade [27]. 
This was a clinical trial of 22 patients with meta-
static melanoma who received hypofractionated 

table 3. summary of retrospective studies of ipilimumab and stereotactic radiosurgery for brain metastases from melanoma.

institution Patients receiving 
sRs and ctla-4 
inhibition (n)

Median 
follow-up 
(months)

survival toxicity Radionecrosis†, 
n (%)

comments Ref.

Hofstra 27 12.2 OS (median): 21.3 months NR 3 (11) No difference in OS 
if SRS given pre- or 
post-IPI

[19]

New York 
University

25 NR LC: 65 vs 63%, FFBM: 35 vs 
47%, OS: 56 vs 46% IPI + 
SRS vs SRS alone (NSSD)

Intracranial 
hemorrhage 7 
vs 10% (NSSD)

NR   [20]

Memorial 
Sloan-
Kettering  

46   22   OS (1 year): 56% pre-IPI 
OS (1 year): 65% during IPI 
OS (1 year): 40% post-IPI 
(p = 0.008)

15% CNS 
grade 3–4 
toxicity  

5 (11)   50% rate of tumor 
enlargement >150% 
for SRS pre- or 
during IPI vs 13% SRS 
post-IPI

[21]  

University of 
Michigan

17 NR OS (median): 19.9 months No 
unexpected 
toxicities

0 (0)   [22]

Emory 20 7.3 OS (1 year): 37.1% No 
unexpected 
toxicities

6 (30)   [23]

Duke 
University 
(present 
study)

27 7.1 OS (median): 10.4 months 11% grade 3 
toxicity

2 (7)  

†Biopsy-proven unless noted otherwise. 
FFBM: Freedom from new brain metastases; GK: Gamma Knife; IPI: Ipilimumab; LC: Local control; NR: Not reported; NSSD: No statistically significant difference; OS: Overall survival; 
SRS: Stereotactic radiosurgery.
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radiation therapy to a single index metastasis, 
either two or three fractions of 8 Gy to lung or 
bone metastases or 6 Gy to liver or subcutaneous 
metastases, followed by four cycles of CTLA-4 
blockade systemic therapy. Treatment was well-
tolerated overall and, using response evaluation 
criteria in solid tumors (RECIST) criteria, evalu-
ation of the unirradiated metastases showed that 
36% of patients had either a partial response or 
stable disease. Radiation therapy enhanced the 
diversity of T-cell receptor repertoire of intratu-
moral T cells and was needed to achieve high 
complete response rates. Other studies have noted 
the potential importance of both dose-per-frac-
tion and the interval between fractions as impor-
tant modifiers of radiation’s effect on priming 
antitumor T cells, with higher dose per fraction 
(15 Gy in one study, 20 Gy in another) dem-
onstrating improved priming of the antitumor 
response compared with radiation schedules with 
lower doses per fraction [28,29]. These data may 
help explain our findings of a possible association 
of increased survival for patients receiving SRS 
before or during ipilimumab compared with SRS 
after ipilimumab (23.4 vs 10.4 months).

Our results compare favorably the studies of 
SRS for melanoma brain metastases in the pre-
immunotherapy era [4,30]. In the largest of these 
series, local progression was scored using identi-
cal criteria as our study [30]. Of the 61 patients 
treated with SRS alone, the crude treated metas-
tasis progression rate at the treated metastasis 
level was 34% and 1-year treated metastasis 
progression rates for SRS alone were 60.4%. 
Distant intracranial metastasis rate was 18% and 
the 1-year OS rate was 25%. The superior OS 
in our analysis likely results from the availability 
and use of more active systemic therapies. Other 
possible factors include routine use of PET-CT 
for staging of extracranial disease.

Our study has several limitations, chiefly its 
retrospective nature and the inherent weaknesses 

of such a study design. One other considera-
tion would be the potential for lead time bias in 
selecting the date of SRS as the start date for pro-
gression and survival, though this methodology 
is similar to other series. Our study is relatively 
small, but comparable to other published series 
of ipilimumab and SRS. Prospective trials are 
needed to rigorously analyze the safety and effi-
cacy of radiosurgery and ipilimumab, with sev-
eral underway (NCT01950195, NCT02107755, 
NCT01703507).

conclusion
This study demonstrates that SRS for brain 
metastases from melanoma for patients who 
have received ipilimumab is efficacious and 
well-tolerated. There may be an association of 
improved survival in patients who receive SRS 
prior to or during ipilimumab. These find-
ings, coupled with results of other similar pub-
lished series, warrant prospective evaluation of 
the optimal sequence and timing of SRS and 
ipilimumab.
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