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Case reports and preclinical data suggest radiotherapy and immunotherapy may synergize to generate “abscopal”
responses outside the radiation field. This phenomenon remains relatively unexplored, prompting our systematic
evaluation of metastatic melanoma patients treated with the CTLA-4 inhibitor ipilimumab and palliative radiation
therapy. We evaluated 47 consecutive metastatic melanoma patients treated with ipilimumab and 65 courses of
radiation. Responses of index lesions outside the radiation field were compared before and after radiotherapy, and
parameters associated with favorable response were assessed. Median survival was 28 months, with an estimated 20%
5-y survival. Index lesions shrank in 7 instances prior to radiation therapy (11%), compared with 16 instances (25%) after
radiation therapy; in 11 of the latter instances (69%), the index lesion had been increasing in size prior to radiotherapy
(P D 0.03). In 68% of cases, radiotherapy was associated with an improved rate of index lesion response (P D 0.006).
Radiation fraction size � 3 Gy was the only parameter identified associated with favorable index lesion response (P D
0.014). Our systematic review of melanoma patients treated with radiotherapy and ipilimumab suggests that a subset
of patients may have more favorable out-of-field responses following treatment with radiation. Interestingly, we found
that multiple fraction radiation regimens were associated with a more favorable response. These results are
encouraging regarding potential synergies between radiation and immunotherapy, but suggest that attention and
even prospective testing of radiation parameters critical to producing abscopal effects in human patients would be of
value.

Introduction

Malignant melanoma remains a devastating disease despite
recent advances in treatment. This year, an anticipated 76,000
new cases will be diagnosed, with 9,710 associated deaths.1 Prior
to the development of the CTLA-4 inhibitor ipilimumab, no
therapy had consistently improved overall survival in patients
with metastatic melanoma, 2-4 and prognosis was dismal with
median overall survival less than 1 y and 5 y overall survival
under 10%.5 However, the success of ipilimumab and other
forms of immunotherapy heralds a new era in more effective mel-
anoma treatment.2

Palliative radiotherapy is often indicated in metastatic mela-
noma patients, and, at least in the case of intracranial metastases,
may confer a survival benefit in patients treated with ipilimu-
mab.6 Small case series and preclinical data suggest that, in select

patients, combined use of ipilimumab and radiotherapy may syn-
ergize via immune-mediated mechanisms.7-12

Of particular interest is the possibility that targeted radia-
tion and immunotherapy may synergize to result in abscopal
effects, defined as tumor regression in response to radiation
at a site distant from the radiation treatment field.13 In light
of the aforementioned observations of abscopal responses in
practice,7,8,12 there is growing interest in quantifying the fre-
quency of this effect, and the radiotherapy parameters associ-
ated with its occurrence. No large cohort studies addressing
these questions have been undertaken; therefore, the optimal
design of prospective trials designed to capitalize on this
effect is uncertain. Consequently, we sought to systematically
evaluate abscopal responses to radiotherapy in a large cohort
of patients at our institution who had metastatic melanoma
treated with ipilimumab.
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Results

Patient characteristics and survival
Table 1 illustrates clinical characteristics for the 47 individu-

als who were treated with the combination of radiation and ipili-
mumab. The majority of the cohort was male (72%) and
patients were diagnosed with metastatic melanoma at a median
age of 57 (interquartile range, IQR: 50–65). BRAF mutations
were present in 14 patients’ tumors (30%). The median number
of cycles of ipilimumab received was 4 (range: 1–18). There were
eight patients that received additional cycles of ipilimumab: one
on a protocol and seven others at their physicians’ discretion
(generally because of eventual progression after initial response).
Four patients received ipilimumab at a dose of 10 mg/kg because
they were treated with ipilimumab on an investigational proto-
col; the remainder received a dose of 3 mg/kg. The median num-
ber of radiotherapy courses per patient was 2 (range: 1–8). With
a median follow-up of 24 months (range: 24–112 months), the
median survival was 28 months (IQR: 15–48 months, Fig. 1).
There was an estimated 5-y survival of 20%. Ten patients (21%)
were alive at most recent follow-up.

Radiotherapy treatment courses
The 47 identified patients received 65 courses of palliative

radiotherapy. The majority of patients received either one (38%)
or two (23%) courses of radiation, and only 13% of patients
received more than three courses. In 53% of cases radiation treat-
ments were administered within three months of a dose of ipili-
mumab. In 25 instances (22 patients) ipilimumab was also given
following radiation treatment.

The median radiotherapy dose delivered across all sites irradi-
ated was 26 Gy (range: 8–68 Gy) and the median fraction size
was 4 Gy (range: 1.8–25 Gy). In a minority of instances (11%),
two palliative sites were treated concurrently (Table 2).

The irradiated sites are summarized in Table 3. The most
common type and site of radiation administered was stereotactic
radiosurgery performed on intracranial lesions (34% of radio-
therapy courses), followed by whole brain radiation (WBRT)
(19%), and radiation to metastatic soft tissue deposits (17%).
There were no significant associations between the time elapsed
from the diagnosis of metastatic disease and either site irradiated,
radiation fraction size and total radiation dose administered.

Analysis of treatment response
Characteristics of the 65 radiation courses included in the

analysis are shown in Tables 2 and 3. The median timing of

restaging imaging was 33 d prior to radiation therapy and 81 d
following radiation. The median time between the first dose of
ipilimumab and restaging performed prior to radiation was 93 d.
Index lesions were typically intrathoracic (51%) or abdomino-
visceral (34%) (Table S1). There were no appreciable differences
in the location and size of index lesions between the stereotactic,
whole brain, and other patient groups (P D 0.24 and 0.8, respec-
tively, Table S2). Mean size of index lesions was 4 cm in both
the SRS and non-SRS groups. Index lesions shrank in 7 instances
prior to radiation therapy (11%) as compared with 16 instances
(25%) after radiation therapy; in 11 of these 16 instances (69%)
the index lesion had been increasing in size prior to radiotherapy
(P D 0.03). Radiotherapy was also associated with an improved
rate of index lesion response (“delta–delta”) in 68% of cases
(P D 0.006). In contrast, there was no association between
improved rate of index response and time elapsed from diagnosis
of metastatic disease or time elapsed from first cycle of ipilimu-
mab administered. There was also no association between the
temporal proximity of the first dose of ipilimumab to radiation
and the response of the index lesions.

Radiation and clinical parameters including BRAF mutational
status, total radiation dose, site irradiated, timing of ipilimumab
in relation to radiation therapy, receipt of ipilimumab following
radiation, and treatment of multiple radiation fields were tested
for their association with a favorable change in rate of index
lesion response. The only parameter associated with favorable
response was radiation fraction size (Fig. 2). A radiation fraction
size � 3 Gy was associated with an improved rate of index lesion

Table 1. Description of the 47 individuals with metastatic melanoma
treated with ipilimumab and 65 courses of radiation therapy

Clinical factor n D 47

Median age at metastatic diagnosis, year (IQR) 57 (50, 65)
Gender (male, female) (34, 13)
Median number of ipilimumab cycles administered (range) 4 (1, 18)
Median number of RT courses administered (range) 2 (1,8)

Abbreviations: IQR, interquartile range; RT, radiation therapy.

Table 2. Characteristics of the radiation courses included on index lesion
analysis (nD 65)

(n D 65 )

Total RT dose, median (range), Gy 30 (8, 66)
RT fraction size, median (range), Gy 3 (2, 25)
Use of multiple RT fields, % 11
Median time between RT and ipilimumab, months <1

Abbreviations: Gy, Gray; RT, radiation therapy.

Figure 1. Kaplan-Meier analysis of overall survival of study cohort.
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response as compared with hypofractionated treatment including
stereotactic radiosurgery/therapy (81% favorable as compared
with 52%, P D 0.014). The association between fraction size and
response remained significant even if stereotactic radiosurgery/
therapy patients were excluded from the analysis (Table S2). In
the 47 cases of non-stereotactic radiosurgery/therapy treatments,
there were 29/36 instances with favorable index lesion velocity
following � 3 Gy fractions compared with 5/11 instances of
favorable index lesion velocity following >3 Gy fractions,
P D 0.02 In contrast, in the stereotactic group, the rate of favor-
able velocity change was 10/18 (56%, P D 0.8), although power
to detect a favorable impact of radiation on response rate was
more limited in this subgroup. The association between fraction
size and favorable change in response rate remained significant
on multivariate analysis (P D 0.027) adjusting for total radiation
dose, site irradiated, timing of ipilimumab in relation to radia-
tion therapy, and time from diagnosis to radiation treatment.

Discussion

Our evaluation of patients treated with the combination of
radiation and ipilimumab is notable in several respects. First, we
present the largest systematic analysis of abscopal responses to
radiotherapy in a cohort of metastatic melanoma patients treated
with ipilimumab. Prior evidence of these responses is limited to
case reports and smaller retrospective cohorts.7,8,12 In our cohort,
more than two-thirds of instances in which index lesions showed
a favorable response occurred after radiotherapy. The majority of
these index lesions had been progressing prior to radiotherapy.
Additionally, radiotherapy was associated with an improved rate
of index lesion response in the majority of cases. Second, we
report a median overall survival of 28 months, which compares
favorably with an 11.4 month median overall survival reported in
the most recent extended follow-up and pooled analysis of ipili-
mumab trials.14 Our data confirm that long-term survival with
ipilimumab can be achieved in clinical practice, as evidenced by
our estimated 5 y overall survival of 20%. Although our favorable
results may relate to patient selection, 23% of the population
received WBRT, and 16 were treated on a compassionate use
protocol. We do think it is notable that in this relatively poor
prognosis group median survival following WBRT was 17
months in the setting of ipilimumab therapy.

In our exploration of predictors of favorable response follow-
ing radiation therapy among the 65 cases, we found no associa-
tion between abscopal responses and either timing of ipilimumab
in relation to radiotherapy, or duration from first dose of ipilimu-
mab to initiation of radiotherapy. Interestingly, the parameter
that we observed to be significantly associated with abscopal
responses was multiple fraction regimens, specifically with radia-
tion fraction size �3 Gy.

While the biological mechanism underlying abscopal effects
remains unproven, it likely hinges on radiation-induced immu-
nomodulation.15 Preclinical studies have shown that ionizing
radiation contributes to systemic antitumor immunity by induc-
ing a variety of changes in tumor cells, including increased che-
mokine production, antigen release, and MHC class I
expression.16,17 Accordingly, a mouse model of breast carcinoma
demonstrated abscopal responses only after in vivo dendritic cell
expansion, a result that furthermore proved to be T cell-
dependent.9

Radiation-induced immunomodulation also likely provides
the conduit for synergy between radiotherapy and immunother-
apy, which to date has been most clearly observed with CTLA-4
inhibitors, such as ipilimumab.18,19 For example, in mice with
breast carcinoma, combined treatment with radiotherapy and
anti-CTLA-4 antibodies resulted in improved systemic antitumor
responses and prolonged overall survival.10 Case reports have
shown similar radiation-induced immune phenomena in patients
with metastatic melanoma treated with combined radiation and
ipilimumab, with decreased numbers of inhibitory myeloid-
derived suppressor cells and increased levels of circulating antitu-
mor antibodies and activated T cells.7,8,20

Preclinical studies have demonstrated mixed results with
regard to the optimal fractionation for use in conjunction with
immunotherapy. In one mouse model of breast carcinoma, an
ablative dose of radiation (15–20 Gy delivered in a single frac-
tion), but not a more prolonged fractionation scheme (20 Gy
delivered in four fractions over 2 weeks), resulted in enhanced
abscopal, CD8C T cell-dependent responses, with synergy noted
upon the addition of an immunotherapeutic.21 Contrastingly, in
the mice with breast carcinoma treated with combined radiother-
apy and anti-CTLA-4 antibodies, abscopal responses were
observed only with fractionated radiation (24 Gy delivered in
three fractions or 30 Gy delivered in five fractions, each given in
consecutive days) as opposed to a single ablative dose of 20 Gy.11

Table 3. Radiation therapy courses delivered by treatment field

Radiation treatment field # of RT courses (%) Total RT dose, median (range), Gy RT fraction size, median (range), Gy

Whole brain 15 (23) 30 (30, 37.5) 3 (2.5, 3)
Brain directed stereotactic radiosurgery / therapy 18 (28) 20 (18, 25) 19.5 (5, 25)
Spine 7 (11) 30 (20, 37.5) 3 (2, 4)
Intrathoracic 3 (5) 24 (24, 30) 4 (3, 4)
Bone 8 (12) 30 (8, 36) 3.5 (3, 8)
Soft tissue 13(20) 35 (24, 66) 3 (2, 6)
Abdominovisceral 1 (2) 36( 36, 36) 3 (3, 3)

Abbreviations: Gy, Gray; RT, radiation therapy.
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In light of these conflicting results, it is important to note that
there are inherent limitations to extrapolating conclusions drawn
from animal models regarding equivalent radiation dosing in
human patients. It is difficult to equate radiation doses across
species,22 especially as dose parameters are dependent on the

absolute size and number of cells that
are being targeted. Moreover, ideal
radiation fractionation will likely vary
based on tumor type and individual
patient characteristics. That said, our
findings may relate to previous observa-
tions pertaining to vaccines aimed at
boosting CD8C T cell immunity. In
mice, sequential immunizations have
been shown to generate more antigen-
specific CD8C T cells than a single
administration.23 A similar immuno-
logic phenomenon may underlie our
observed association between sequen-
tially delivered, fractionated radiation
and abscopal responses. It is worth not-
ing that the abscopal responses in
human patients that have been
described in the literature have all used
multifraction radiation regi-
mens.7,8,20,24 Additionally, in a recent
phase III trial, patients with metastatic
castration-resistant prostate cancer
received a single 8 Gy fraction of pallia-
tive radiation and were then random-
ized to either ipilimumab or placebo.
Significance was not reached for the
primary endpoint of overall survival
despite signs of drug activity that were
observed.25

The optimum timing and sequenc-
ing of immunomodulation and radia-
tion therapy in humans is undefined.
Because the effects of ipilimumab and
other types of immunotherapy can be
both delayed in onset and prolonged
over many years,14,26 a waning immune
response could potentially be boosted
by radiation therapy even some time
after the drug is discontinued. Despite
our observation that the sequencing of
the two treatments did not change the
likelihood of a more favorable response,
which treatment is given first may have
implications for what immunologic
mechanism predominates. For exam-
ple, radiation given prior to ipilimumab
could ostensibly liberate antigen and
recruit T-cells to the tumor microenvi-
ronment as a priming event, which
would later be amplified by checkpoint

blockade. In the case of ipilimumab delivered first, radiotherapy
could boost immunogenic cell death, as the host would have
tumor-reactive T cells activated by initial treatment with check-
point blockade. Further studies will be needed to understand and
exploit such mechanisms.

Figure 2. Change in index lesion response by fraction size.
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There are potential limitations to our study. It is unclear if our
results are generalizable to the treatment of other malignancies
besides melanoma, or the use of other types of immunotherapeu-
tic agents, such as those that inhibit the programmed death
(PD)-1 axis. Given that our study was retrospective, we cannot
account for all potential sources of bias. Patients could have
received heterogeneous treatments including surgery, chemother-
apy, targeted therapy, immunotherapy, and other experimental
agents at other points in their care. We were also unable to com-
prehensively determine overall and immune-related response fol-
lowing radiation given this would potentially require an
additional sequential scan following the completion of treatment.
Additionally, immune response in the setting of radiation therapy
targeting a variable number of lesions has not been rigorously
defined, precluding standardized assessment. However, support-
ing our hypothesis that changes in index lesions may be indicative
of an overall favorable response, there was a trend toward
improved survival following radiation in instances with favorable
index lesion velocity (hazard ratio for death 0.6, P D 0.08).

Although our data favor the use of fractionated radiation in
promoting abscopal responses, we are unable to recommend a
specific regimen for this purpose due to a lack of patients receiv-
ing stereotactic body radiotherapy and alternative and specifically
intermediate radiation fractionation regimens for comparison,
such as 24 Gy in three fractions or 30 Gy in five fractions, the
regimens associated with robust abscopal responses in mice.11

Conversely, heterogeneity of radiation dose and fractionation
also makes it difficult to draw conclusions about radiation dose
fractionation; however, among patients with favorable index
lesion responses following radiation, only the minority had
received prior course of radiation (38%), and even fewer had
received treatments with a different radiation fractionation
(25%).

We used pre-radiotherapy imaging as a control. The fact
that out-of-field responses were less prominent in patients
that received larger fraction sizes also served as an internal
control that argues against systematic bias. Although delayed
responses can be seen after immunotherapy,26 in our study
the response of index lesions was not associated with time
from initial ipilimumab administration on univariate analysis,
and the association we observed between radiation fraction-
ation and favorable response rate remained significant on
multivariate analysis adjusting for time; therefore, this too is
unlikely to be a source of bias.

In summary, our study demonstrates significantly better sys-
temic responses in patients with metastatic melanoma treated
with ipilimumab and radiotherapy. Nonetheless, we demonstrate
the abscopal effect remains a rare clinical entity even in the set-
ting of CTLA-4 blockade, and, therefore, further studies aimed
at increasing the frequency of out-of-field responses driven by the
synergistic effects of radiation and immunotherapy are war-
ranted. Our study comprehensively evaluated a cohort of mela-
noma patients treated with ipilimumab and radiotherapy and,
enabled the identification of multiple fraction regimens, specifi-
cally with radiation fraction size �3 Gy, as a potential therapeutic
parameter of interest. Prospective studies should evaluate

different radiation fractionation regimens to optimize the syner-
gistic effects of radiation and immunotherapy. Additionally, as
ongoing phase II trials examining combined treatment with
radiotherapy and ipilimumab accrue, it is worth noting that radi-
ation fraction size may influence findings.

Materials and Methods

Patient population
We retrospectively identified 47 consecutive patients with

metastatic melanoma who were treated with both ipilimumab
and radiation therapy at our institution from October 2007 to
June 2014. Patients were identified from a comprehensive data-
base of all patients treated with palliative radiotherapy within our
institution dating back to 2007. Patients treated after June 2011
received radiotherapy from our radiation oncology department’s
dedicated palliative care service. To be included in this analysis,
patients needed to have received ipilimumab prior to restaging
scans performed after palliative radiotherapy so that we could
assess the systemic effects of the two treatments administered.
Patients who received adjuvant radiation with definitive intent
following resection of localized or locoregionally advanced mela-
noma were not included in this study.

The 47 identified patients received a total of 65 courses of pal-
liative radiation treatment. A radiation course was defined as a
sequential series of radiation treatments to one or more lesions
delivered at the same time. Radiation fields were, in general,
designed with the aid of a CT simulator, administered with a lin-
ear accelerator and delivered using conventional treatment with
individualized blocking, conformal radiotherapy, or intensity-
modulated radiation therapy (IMRT), as clinically appropriate.
Stereotactic radiosurgery or fractionated stereotactic radiotherapy
was generally given for patients with four or less brain metastases
for which urgent radiation was not indicated. The use of WBRT
was recommended for patients for whom the competing risk of
the development of elsewhere brain metastases was high relative
to the extracranial disease progression risk. The decision to use
WBRT or not in these contexts was done after thorough discus-
sion with individual patients regarding their preferences, how-
ever. When used, stereotactic radiosurgery was performed on
individual brain lesions using a Novalis linear accelerator-based
radiosurgery platform (Varian Medical Systems, Palo Alto, CA).
Before 2009, all patients were immobilized with the use of a fixed
head frame; starting in April 2009, a frameless approach using
the thermoplastic BrainLAB immobilization system (BrainLAB,
Inc.., Westchester, IL) was used.

Restaging was generally performed before initiating ipilimu-
mab therapy and then approximately every three months there-
after or as clinically indicated. Ipilimumab was typically
administered intravenously every 3 weeks for four cycles, and
then, in select patients (n D 10), as maintenance every 12
weeks. Patients were followed regularly by medical oncology
and radiation oncology as appropriate. This study was approved
by the Dana Farber/Harvard Cancer Center Institutional
Review Board.
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Response assessment
Overall survival was calculated from the date patients were

diagnosed with metastatic melanoma using the Kaplan-Meier
method (Fig. 1). To assess “out-of-field” responses potentially
impacted by the combination of ipilimumab and radiation ther-
apy, we sought to evaluate serial responses of the largest “index”
lesion outside the radiation treatment field for each of the 65
courses of palliative radiation reviewed. Individual courses were
analyzed as opposed to patient level data since patients received
multiple radiation courses over time.

To assess out-of-field responses, we abstracted the largest
diameter of index lesions from radiology reports or, rarely, by
direct measurement of images reviewed on our institutional
PACS system. The difference in the largest diameters of the index
lesions were calculated over two time intervals (Fig. S1). The first
interval compared the size of the index lesion on the two consecu-
tive imaging studies performed prior to radiation therapy. The
second interval compared the imaging study performed immedi-
ately prior to radiation with the first imaging performed after
radiation therapy. A favorable response was defined as any abso-
lute decrease in the size of the index lesion.

Statistical methods
For each index lesion, we tabulated the number of favorable

responses before and after radiation therapy and compared these
responses using McNemar’s test, which compares concordance
between two states based on an exposure of interest. In this case,
favorable versus non-favorable responses were compared in rela-
tion to the timing of radiotherapy. We also calculated the

difference in response on the two imaging studies prior to radia-
tion as compared to imaging performed before and after radia-
tion therapy by calculating the difference between the percent
changes in index lesion diameter (“delta–delta”). We analyzed
favorable changes in these percent differences using the binomial
test. Finally, we used Pearson’s chi-squared test, Pearson’s corre-
lations, and univariate and multivariate logistic regression to
assess associations between the time elapsed from initial diagnosis
of metastatic disease, a favorable change in response rate of index
lesions, and radiation treatment parameters (timing in relation to
ipilimumab administration, fraction size, site irradiated, and total
radiation dose administered). Clinical parameters of interest were
included in our multivariate model (radiation dose, radiation
fraction size, site irradiated, timing of ipilimumab in relation to
radiation therapy, and time from diagnosis to radiation treat-
ment) regardless of their univariate significance. A two-sided P
value of less than 0.05 was considered significant in all cases.
JMP version 11.0 (SAS Institute, Inc., Cary, NC) was used for
all statistical analyses.
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