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Article history: Background and purpose: Antibodies against programmed cell death protein 1 (PD-1) are standard treat-
Recefved 11 January 2019 ments for advanced melanoma. Palliative radiation therapy (RT) is commonly administered for this dis-
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anti-PD-1 therapy at Duke University or Emory University (1/1/2013-12/30/2015) were reviewed.
Patients were categorized by receipt of RT and RT timing relative to anti-PD-1.

Results: 151 patients received anti-PD-1 therapy. Median follow-up was 12.9 months. Patients receiving
RT (n = 85) had worse baseline prognostic factors than patients without RT (n = 66). One-year overall sur-
vival (0OS) was lower for RT patients than patients without RT (66%, 95% Cl: 55-77% vs 83%, 95% CI: 73-
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Immunotherapy 92%). One-year OS was 61% for patients receiving RT before anti-PD-1 (95% CI: 46—76%), 78% for RT dur-
Dose fractionation ing anti-PD-1 (95% CI: 60-95%), and 58% for RT after anti-PD-1 (95% CI: 26-89%). On Cox regression, OS
Prognosis for patients without RT did not differ significantly from patients receiving RT during anti-PD-1 (HR 1.07,

95% Cl: 0.41-2.84) or RT before anti-PD-1 (HR 0.56, 95% CI: 0.21-1.45). RT and anti-PD-1 therapy admin-
istered within 6 weeks of each other was well tolerated.
Conclusion: RT can be safely administered with anti-PD-1 therapy. Despite worse baseline prognostic
characteristics for patients receiving RT, OS was similar for patients receiving concurrent RT with anti-
PD-1 therapy compared to patients receiving anti-PD-1 therapy alone.
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Anti-PD-1 based therapies are a standard of care option for drugs were approved for use in advanced melanoma by the Food

patients with unresectable melanoma and have demonstrated ben- and Drug Administration in 2014 and significantly prolong
efit in the adjuvant setting [1,2]. Nivolumab and pembrolizumab progression-free and/or overall survival (OS) in patients with
are monoclonal antibodies targeting the negative regulatory T- advanced melanoma [2-5]. Several preclinical studies and phase
cell surface receptor programmed cell death protein 1 (PD-1). Both [-1I clinical trials in varying tumor types indicate that radiation
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therapy (RT) may enhance the therapeutic effect of immune check-
point inhibitors [6-13]. However, optimal RT timing relative to
anti-PD-1 therapy has not been elucidated. We conducted a retro-
spective analysis of advanced melanoma patients treated with
anti-PD-1 therapy with or without RT to evaluate toxicity and out-
comes with this treatment approach. We hypothesized that RT and
anti-PD-1 therapy would be well-tolerated and that OS would be
affected by RT timing relative to anti-PD-1 administration.

Materials and methods

In this retrospective cohort study, medical records of consecu-
tive patients with melanoma initiated on anti-PD-1 therapy at
Duke University or Emory University between January 1, 2013
and December 30, 2015 were reviewed. This study received insti-
tutional review board approval with waiver of informed consent
at both institutions. Baseline patient evaluation included staging
studies, standard clinical laboratory testing, and performance sta-
tus assessment. Data extracted included demographics, history of
autoimmune disease, melanoma characteristics and prior treat-
ments, including surgery, systemic therapy, and radiation therapy
(RT). Disease characteristics included mutation status, stage at
diagnosis, stage at anti-PD-1 therapy initiation (American Joint
Committee on Cancer [AJCC] 7th edition), presence of brain metas-
tases, number and location of metastases at time of anti-PD-1 ther-
apy initiation. For patients with >10 metastases at anti-PD-1
initiation, exact number of metastases was not recorded.

RT was delivered for standard indications for unresectable and/
or metastatic disease. Patients were divided into two groups based
on RT receipt, excluding adjuvant RT for resected disease. Patients
were further categorized into groups based on RT timing relative to
anti-PD-1: no RT, RT before anti-PD-1, RT during anti-PD-1, or RT
after anti-PD-1. Treatment group assignment was according to
timing of RT course delivered in closest temporal proximity to
anti-PD-1 administration. RT during anti-PD-1 therapy was defined
as receipt of at least 1 anti-PD-1 cycle before and after RT. Ablative
RT was defined as fraction size >5 Gy, with RT categorization
(ablative versus conventional) based on RT course in closest tem-
poral proximity to anti-PD-1.

Patients were followed regularly, including cross-sectional
imaging (CT and/or '®FDG-PET/CT) and typically brain MRI. Absco-
pal effect was defined as patients having progressive or stable dis-
ease on anti-PD-1 therapy prior to starting RT with subsequent
response observed for lesion(s) outside the radiotherapy field after
RT. Adverse events (AEs) were graded by Common Terminology
Criteria for Adverse Events (CTCAE) version 4.03. To determine
whether RT in close temporal proximity to anti-PD-1 therapy
increases AE risk, AEs were summarized based on whether RT
was administered within 6 weeks of anti-PD-1 infusion.

Statistical analysis

AEs were characterized by RT timing to anti-PD-1 therapy (no
RT or RT >6 weeks from anti-PD-1 therapy versus RT within
6 weeks of anti-PD-1 therapy) and described using frequencies
and percentages. Baseline characteristics of RT and no RT groups
were compared using Fisher’s exact test for categorical variables
and Wilcoxon'’s rank-sum test for numeric variables. Progression-
free survival (PFS) was defined as time from anti-PD-1 therapy ini-
tiation to date of first progression based on imaging or physical
exam or death. OS was defined as time from anti-PD-1 therapy ini-
tiation to death from any cause. For PFS and OS, patients were cen-
sored at date of last follow-up or study end date. Kaplan-Meier’s
method was used to estimate survival endpoints, and median
follow-up was estimated using reverse Kaplan-Meier's method.

Cox proportional hazard regression was used to investigate associ-
ation of variables with OS. Two models were fitted: Model 1
included patients who did not receive RT; Model 2 excluded them
to compare type of RT received. Both models included RT timing
relative to anti-PD-1, number of metastases at anti-PD-1 initiation,
and presence of brain metastases. Additionally, Model 2 included
RT type (ablative versus conventional). PFS and OS were also com-
pared in a propensity-matched patient subset. Propensity scores
were calculated for probability of receiving RT (Supplemental
Methods), and patients were matched with nearest neighbors
using a greedy algorithm. All statistical tests were two-sided
(o =0.05). Reported p values are adjusted for multiple compar-
isons. Statistical analyses were conducted with SAS version 9.4
(SAS Institute) and R 3.4.

Results

Patient characteristics

One hundred fifty-one patients with melanoma received at least
one dose of anti-PD-1 therapy during the study period. Median
anti-PD-1 cycle number was 8 (interquartile range [IQR], 4-15).
One hundred twenty-four patients received pembrolizumab,
twenty-two patients received nivolumab, and five patients
received both. Ninety-nine patients had received ipilimumab prior
to anti-PD-1. The date of ipilimumab completion was available for
72 of these patients, with median interval between ipilimumab
and anti-PD-1 of 6.5 months (range 0.2-30.6; IQR 3-9.8 months).
Six patients received concurrent ipilimumab and nivolumab,
including five who had previously had received single-agent ipili-
mumab with a 14.3 month median interval between ipilimumab
and dual immune checkpoint blockade. Median follow-up was
12.9 months (95% CI: 11.8-14.4 months). For patients receiving
RT, median number of RT courses was 1 (range 1-5; IQR 1-2).
Thirty-nine patients received stereotactic radiosurgery (SRS)
(range 1-4). For patients alive at the end of the evaluation period,
median follow-up was 12.5 months (IQR 10.1-17.4 months).

Sixty-six patients received anti-PD-1 therapy alone, and eighty-
five received anti-PD-1 therapy and RT. Most baseline characteris-
tics were not statistically different between the RT and no RT
groups (Table 1; Supplemental Table 1). However, patients receiv-
ing RT were more likely to have worse performance status
(p=0.003) and brain metastases at anti-PD-1 initiation
(p <0.0001). RT patients were more heavily pre-treated with prior
ipilimumab (p = 0.006) and more prior systemic therapy courses
(p=0.007). RT patients also had more metastases (p=0.03) and
organs involved with metastatic disease (p =0.008) at anti-PD-1
initiation. Propensity-matching selected fifty no RT and forty-one
RT patients.

Among patients treated with anti-PD-1 therapy and RT, forty-
three received RT before anti-PD-1 (50.6%), twenty-six received
RT during anti-PD-1 (30.6%), and sixteen received RT after anti-
PD-1 therapy (18.8%). Median time between anti-PD-1 therapy
infusion and RT was 36 days (range 0-994; IQR 7-116). For the six-
teen patients receiving RT after anti-PD-1 therapy, the median
interval was 46 days (range 3-156; IQR 29-77.5). RT dose and/or
fractionation data were not available for at least one RT course
for 19 patients, including 11 patients for whom the missing RT
details corresponded to the treatment course in closest proximity
to anti-PD-1. An abscopal effect was observed in two patients.
One patient had progressive disease after four months on pem-
brolizumab, then demonstrated significant response in an anterior
abdominal soft tissue mass after receiving ablative RT during anti-
PD-1 therapy (21 Gy/1 to brain). This response lasted at least
2 years and 11 months, through the last available imaging. The
other patient with an abscopal effect received conventional RT
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Table 1
Patient characteristics.
No RT RT p value
(n=66) (n=85)
Age at PD-1 start, median (IQR) 66.9 (54.3-74.6) 62.3 (55.0-69.0) 0.17
Gender 1.00
Male 38 (57.6) 48 (56.5)
Female 28 (42.4) 37 (43.5)
Institution 1.00
Emory 18 (27.3) 24 (28.2)
Duke 48 (72.7) 61(71.8)
Race 1.00
White 63 (95.5) 81 (95.3)
Black 1(1.5) 1(1.2)
Hispanic 0(0) 1(1.2)
Asian 1(1.5) 1(1.2)
Not available 1(1.5) 1(1.2)
ECOG performance status 0.003
0 54 (81.8) 49 (57.6)
1 12 (18.2) 34 (40.0)
2 0(0) 2(24)
Prior ipilimumab 0.006
No 31 (47.0) 21 (24.7)
Yes 35 (53.0) 64 (75.3)
Anti-PD-1 therapy 0.31
Nivolumab 13 (19.7) 9 (10.6)
Pembrolizumab 50 (75.8) 74 (87.1)
Both 3(4.5) 2(24)
Stage at anti-PD-1 therapy initiation 0.15
1B 1(1.5) 0(0)
11 7 (10.6) 4 (4.7)
\% 58 (87.9) 81 (95.3)
Brain metastases at anti-PD-1 therapy initiation <0.0001
No 64 (97.0) 52 (61.2)
Yes 2 (3.0) 33(38.8)
Courses of prior systemic therapy, median (IQR) 1.0 (0.0-1.0) 1.0 (1.0-2.0) 0.007
# Organs with metastatic disease at anti-PD-1 therapy initiation, median (IQR) 2.0 (1.0-3.0) 3.0 (2.0-4.0) 0.008
# Metastases at anti-PD-1 therapy initiation, median (IQR) 5.0 (3.0-6.0) 6.0 (4.0-10.0) 0.03
Cycles anti-PD-1 therapy, median (IQR) 9.0 (5.0-16.0) 7.0 (3.0-13.0) 0.06
# RT courses, median (IQR) 0 (0.0-0.0) 1.0 (1.0-2.0) N/A
# SRS courses, median (IQR) 0 (0.0-0.0) 0.0 (0.0-1.0) N/A

Abbreviations: RT, radiation therapy; PD-1, programmed cell death protein 1; IQR, interquartile range; ECOG, Eastern Cooperative Oncology Group; SRS, stereotactic

radiosurgery.

(35 Gy/14 to pelvis) at 79 days after completing 5 cycles of pem-
brolizumab. This patient had progressive thoracic disease on pem-
brolizumab and subsequent decrease in size of mediastinal lymph
nodes at one month after completing RT. No subsequent imaging
was available to determine the duration of the abscopal response.
Two other patients had distant responses after radiation therapy
that may have been secondary to initiating combination ipili-
mumab/nivolumab rather than an abscopal effect.

Univariate analyses of PFS and OS

For the entire cohort, there were 90 PFS events. One-year PFS
was 48% (95% Cl: 40-56%), and median PFS was 8.2 months (95%
Cl: 5.1-16.8) (Fig. 1A). There were 42 deaths, with overall probabil-
ity of 1-year OS of 73% (95% Cl: 66-81%) (Fig. 1B). Patients receiv-
ing RT had significantly worse PFS compared to no RT (HR 2.01,
95% CI: 1.29-3.13, p = 0.002). For RT patients, 1-year PFS was 37%
(95% Cl: 27-47%) versus 62% (95% Cl: 50%-73%) for patients who
had not received RT (Fig. 1C). Patients receiving RT had signifi-
cantly worse OS compared to no RT (HR 2.43, 95% CI: 1.22-4.84,
p=0.011). For RT patients, one-year OS was 66% (95% CI: 55-
77%) versus 83% (95% Cl: 73-92%; Fig. 1D) for patients without
RT. In a propensity-matched subset analysis, effects were reduced
but overall differences in PFS based on RT receipt remained statis-
tically significant (p = 0.04, Supplemental Fig. 1A). OS did not differ

between groups in the propensity-matched subset analysis
(p=0.73, Supplemental Fig. 1B).

Patients without RT had significantly better PFS than patients
with RT during anti-PD-1 (HR 0.38, 95% CI: 0.22-0.66; p = 0.003)
or RT after anti-PD-1 therapy (HR 0.24; 95% CI: 0.12-0.45;
p <0.0001) (Fig. 2A). PFS was similar for patients without RT versus
RT before anti-PD-1 therapy (HR 0.79, 95% CI: 0.45-1.38; p = 1.0).
Compared to patients without RT, OS did not differ significantly
for patients receiving RT during anti-PD-1 (HR 1.59, 95% CI:
0.61-4.10, p = 1.0) or after anti-PD-1 (HR 3.06, 95% CI: 1.18-7.94,
p =0.13) (Fig. 2B). However, OS was significantly worse for patients
receiving RT before anti-PD-1 (HR 2.81, 95% CI: 1.31-6.02,
p=0.046). One-year OS was 83% for no RT (95% Cl: 73%-92%),
61% for RT before anti-PD-1 (95% Cl: 46%-76%), 78% for RT during
anti-PD-1 (95% CI: 60-95%), and 58% for RT after anti-PD-1 (95% CI:
26-89%).

Compared to patients without RT, PFS trended worse for
patients receiving ablative RT (HR 1.79, 95% CI: 1.11-2.90,
p=0.052) or conventional RT (HR 2.67, 95% Cl: 1.50-4.74,
p=0.002) (Fig. 2C). PFS did not differ significantly between
patients with ablative versus conventional RT (HR 0.67, 95% CI:
0.39-1.16, p=0.46). OS did not differ significantly for patients
without RT compared to ablative RT (HR 0.53, 95% CI: 0.25-1.13,
p=0.31) (Fig. 2D). Patients without RT had significantly better OS
than patients receiving conventional RT (HR 0.25, 95% CI:
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Fig. 1. Kaplan-Meier’s curves illustrating (A) PFS of the entire cohort; (B) OS of the entire cohort; (C) PFS by receipt of RT; (D) OS by receipt of RT.

0.11-0.55, p = 0.002). There was no difference in OS between abla-
tive versus conventional RT (HR 0.47, 95% CI: 0.23-0.96, p=0.11).

Multivariate analyses of PFS and OS

On Cox regression (Table 2), CNS disease was not significantly
associated with PFS or OS. OS was worse with higher number of
metastases (Model 1 HR 1.34, 95% CI: 1.19-1.51). Between patients
without RT and those with RT before anti-PD-1 therapy, PFS did not
differ (HR 1.0, 95% CI: 0.51-1.95). However, PFS was significantly
better for patients without RT compared to RT during anti-PD-1
(HR 0.46, 95% CI: 0.25-0.82) or RT after anti-PD-1 (HR 0.25, 95%:
CI: 0.13-0.47). Compared to patients without RT, there was no sta-
tistical difference in OS for patients receiving RT before anti-PD-1
(HR 1.80, 95% CI: 0.69-4.70), RT during anti-PD-1 (HR 0.93, 95%
Cl: 0.35-2.46), or RT after anti-PD-1 therapy (HR 2.50, 95% CI:
0.97-6.48).

Model 2 included the same variables as Model 1 with addition
of RT fractionation type, thus excluding patients without RT (Sup-
plemental Table 2). Ablative RT was not associated with any differ-
ence in PFS or OS compared to conventional RT. RT timing relative
to anti-PD-1 was generally not significantly associated with PFS or
0S. Number of metastases remained significantly associated with
OS (HR 1.26, 95% CI: 1.09-1.46).

Toxicity

Anti-PD-1 therapy was generally well-tolerated. AE types and
grades were similar between patients who received RT within six

weeks of anti-PD-1 infusion versus those who never received RT
or underwent RT at least six weeks before or after anti-PD-1 (Sup-
plemental Table 3). While proportionally more toxicities were
observed in patients without RT in close proximity to anti-PD-1,
toxicities tended to be higher grade for patients receiving RT
within six weeks of anti-PD-1. One Grade 4 toxicity (hypokalemia)
occurred in a patient receiving palliative abdominal radiotherapy
(40.5 Gy at 2.25 Gy/fraction) concurrently with pembrolizumab.
No Grade 5 toxicities were observed.

Pneumonitis occurred in four patients (n=3 grade 1, n=1
grade 2), including three patients in the RT group. One patient
developed grade 1 pneumonitis after thoracic RT (39 Gy at
3 Gy/fraction) administered concurrently with pembrolizumab.
The other three patients with pneumonitis had not received tho-
racic RT (n=1 without RT, n=1 with RT to extremity, n=1 with
RT to abdomen).

Colitis occurred in eighteen patients (n=7 grade 1; n=5 grade
2; n=6 grade 3), including six during combination ipilimumab/
nivolumab (n=1 grade 1; n=2 grade 2; n=3 grade 3). Three had
received RT to the abdomen or pelvis prior to anti-PD-1 therapy.
One patient with grade 3 colitis had received 20 Gy/5 fractions to
the pelvis two weeks prior to initiating nivolumab. Another patient
with grade 2 colitis had undergone pelvic RT (30 Gy/10 fractions)
five months before starting pembrolizumab. The third patient
had grade 3 colitis while on pembrolizumab, initiated seven
months after stereotactic body radiotherapy (40 Gy/5 fractions)
to a periaortic lymph node. The remaining patients developed col-
itis prior to any abdominal or pelvic RT or never received RT to
these areas.
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Fig. 2. Kaplan-Meier's curves illustrating (A) PFS by RT timing relative to anti-PD-1 therapy; (B) OS by RT timing relative to anti-PD-1 therapy; (C) PFS by RT type (ablative

versus conventional); (D) OS by RT type (ablative versus conventional).

Table 2
Cox Multivariable Analysis of RT Timing Including No RT Group, Model 1.
PFS 0s
HR (95% CI) Adj. p HR (95% CI) Adj. p
No RT vs. RT during anti-PD-1 0.455 0.05 1.072 1.00
(0.254-0.815) (0.406-2.835)
No RT vs. RT after anti-PD-1 0.249 0.0001 0.399 0.35
(0.131-0.474) (0.154-1.034)
No RT vs. RT before anti-PD-1 0.996 1.00 0.556 1.00
(0.510-1.947) (0.213-1.455)
# Mets, continuous 1.068 0.06 1.340 <0.0001
(0.996-1.144) (1.189-1.509)
CNS mets vs. no CNS mets 1.351 0.33 1.387 0.47

(0.741-2.464)

(0.573-3.354)

Abbreviations: RT, radiation therapy; PD-1, programmed cell death protein 1; HR, hazard ratio; CI, confidence interval; adj., adjusted; Mets, metastases.

RT-associated toxicity was limited, with similar AE profiles for
RT courses administered within six weeks of anti-PD-1 (n =40)
compared to RT delivered outside of this six week window
(n=45) (Supplemental Table 4). Fatigue occurred more frequently
during RT administered within six weeks of anti-PD-1 (15.6% grade
1, 8.9% grade 2, 2.1% grade 3) compared to RT at least six weeks
apart from anti-PD-1 (5% grade 1, 5% grade 2, 0% grade 3).
Radionecrosis rates were not increased for SRS within six weeks
of anti-PD-1. No grade 4 or 5 RT-related toxicities were observed.

Few central nervous system (CNS) toxicities were observed
among the 39 patients who underwent SRS, with a total of 106
intracranial lesions treated. Three patients were diagnosed with
radionecrosis, graded based on the CTCAE 4.03 scale for “central

nervous system necrosis.” Two of these patients had not yet
received anti-PD-1 therapy, and the other had undergone SRS
between cycles of pembrolizumab. One patient had grade 3
radionecrosis, requiring surgical resection for an enlarging
intracranial lesion at four months after SRS, with pathology reveal-
ing gliosis and necrosis. This patient had not yet received anti-PD-1
therapy, but had completed four cycles of ipilimumab initiated
three weeks after SRS. A second patient received steroids for symp-
toms associated with grade 2 radionecrosis, diagnosed based on
radiographic appearance on MRI at three months after SRS. This
patient had received SRS with concurrent anti-PD-1 therapy at
two months after initiation of pembrolizumab. The third patient
was asymptomatic and diagnosed with grade 1 radionecrosis
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based on imaging appearance at ten months after undergoing SRS,
prior to initiation of pembrolizumab. This patient had received a
single cycle of ipilimumab 6 weeks prior to SRS. Three additional
patients required hospitalization due to CNS toxicity after SRS.
One developed symptomatic intracranial hemorrhage at 6 weeks
after SRS. This patient had not yet received anti-PD-1 therapy,
but had completed four cycles of ipilimumab two months prior
to SRS. Another patient required steroids after developing seizures
at two months after SRS and three weeks after pembrolizumab.
Finally, a third patient developed seizures starting one day after
SRS, which was performed six weeks after completing eight cycles
of pembrolizumab. This patient required multiple hospitalizations
for CNS symptoms and ultimately underwent craniotomy at three
months after SRS. Four treated lesions were resected, and each
demonstrated residual melanoma.

Discussion

This retrospective series reports toxicity and survival outcomes
for 151 melanoma patients treated with anti-PD-1 therapy, includ-
ing 85 patients who received RT. To our knowledge, this represents
the largest reported series to date for melanoma patients receiving
RT and anti-PD-1 therapy. Anti-PD-1 therapy administration
within six weeks of RT was well-tolerated with no increase in
anti-PD-1-related toxicity. A slight increase in grade 2-3 fatigue
was observed in patients receiving RT within six weeks of anti-
PD-1, but other RT toxicity was similar compared to patients
receiving RT more than six weeks apart from anti-PD-1.

RT patients had worse prognostic features, including worse per-
formance status, more prior systemic therapy, greater likelihood of
brain metastases, and higher number of metastases. Although one-
year OS unadjusted for covariates differed for patients without and
with RT (83% vs 66%, respectively), selecting for patients receiving
RT during anti-PD-1 therapy reduced the difference (83% vs 78%),
potentially suggesting some benefit from concurrent RT adminis-
tration with anti-PD-1 therapy. On Cox multivariable analysis
accounting for presence of brain metastases, timing of RT, and
number of metastases, OS did not differ significantly between
patients without RT and patients receiving RT with different timing
relative to anti-PD-1. OS also did not differ based on RT receipt on
propensity-matched subset analysis.

Several analyses have examined clinical outcomes and toxicity
for patients receiving RT and anti-PD-1 therapy. Ahmed et al.
reported that SRS administration within 6 months of nivolumab
was well-tolerated in 26 patients with melanoma brain metastases
[14]. Median OS of 11.8 months from RT and 12 months from nivo-
lumab initiation compared favorably to historical control patients
receiving RT or surgery alone for brain metastases. Another series
of 21 melanoma patients receiving RT for brain metastases within
4 months of pembrolizumab demonstrated no grade 4-5 toxicities
and only one grade 3 toxicity with whole brain radiation therapy
(WBRT) after prior SRS [15]. A retrospective Australian study
described outcomes for 53 patients treated with anti-PD-1 therapy
and RT for metastatic melanoma [16]. This study included patients
receiving extracranial RT, WBRT, and/or SRS. There was no increase
in toxicity with extracranial RT, and the observed 17% rate of
symptomatic radionecrosis after SRS and anti-PD-1 therapy was
similar to the expected rate of ~10% with SRS alone [17,18]. How-
ever, authors raised concerns about possible increased toxicity for
WBRT with anti-PD-1 therapy due to three of twenty-one patients
having significant toxicity. Additional prospective trials in other
solid tumor types suggest that RT of varying fractionation can be
safely administered concurrently or in close proximity to anti-
PD-1/PD-L1 therapy [13,19,20]. In line with these studies, the

current series demonstrates similar toxicity, regardless of temporal
proximity of RT to anti-PD-1 administration.

Optimal RT timing relative to immune checkpoint blockade
(ICB) remains unknown. Other studies have evaluated RT timing
and sequencing for patients treated with cytotoxic T-lymphocyte
associated protein-4 (CTLA-4) inhibitor ipilimumab, anti-PD-1
therapy, or both. Chen et al. observed improved OS on multivari-
able analysis among 79 patients with metastatic melanoma, non-
small cell lung cancer (NSCLC) or renal cell carcinoma receiving
SRS with concurrent ICB (anti-CTLA-4 or anti-PD-1 therapy) com-
pared to SRS before ICB (HR 3.82, p = 0.002) or after ICB (HR 2.64,
p=0.021) [21]. Similarly, an analysis of 37 NSCLC patients treated
with SRS and anti-PD-1 therapy showed longer OS with concurrent
SRS and anti-PD-1 therapy compared to SRS before or after anti-
PD-1 therapy (1-year OS 87.3% vs 70% vs 0%, respectively;
p=0.008) [22]. Qian et al. examined outcomes for 55 melanoma
patients receiving SRS and ICB, showing a trend toward longer
median OS for patients receiving concurrent (19.1 months) versus
non-concurrent therapy (9 months, p = 0.0691) [23].

Preclinical data suggest that optimal RT timing varies based on
immune checkpoint inhibitor [24], and RT dose fractionation may
impact synergy with immunotherapy [11]. Few clinical studies
have examined RT timing and fractionation with anti-PD-1 therapy
without including patients treated with anti-CTLA-4 therapy. A
study of SRS and anti-PD-1/PD-L1 therapy for NSCLC suggested
improved 6-month distant brain recurrence-free survival for
patients receiving SRS before or during ICB compared to patients
receiving anti-PD-1/PD-L1 treatment before SRS [25]. In a study
of anti-PD-L1 therapy and RT in syngeneic mouse tumor models,
concurrent therapy improved OS in contrast to sequential therapy
[26]. The current study suggests that RT administered concurrently
with anti-PD-1 therapy is associated with better OS than sequen-
tial therapy. Patients receiving ablative RT (>5 Gy/fraction) also
trended toward better OS than patients treated with conventional
RT, but this effect did not persist on multivariable analysis.
Prospective studies are necessary to determine optimal radiation
dose fractionation and sequencing relative to anti-PD-1 therapy.

The current study is limited by its retrospective nature and rel-
atively small sample size. Due to low patient and event numbers,
our multivariable models could not include all potential prognostic
factors. However, more patients undergoing RT and anti-PD-1 ther-
apy were analyzed in this series compared to other available
reports. Given the non-randomized study design, additional con-
founding factors are likely present that were not collected and
incorporated into the analysis. We also did not have access to a
few RT plans administered at outside institutions. Therefore, RT
dose and fractionation data were missing for some patients. Fur-
thermore, RT-related toxicity for these patients may have been
incompletely captured leading to underreporting of toxicity. Gen-
eralizability of our results to community settings is unclear given
that both institutions included are large academic centers.

In conclusion, no clinically significant excess toxicity was
observed with RT and anti-PD-1 therapy in patients with advanced
melanoma. Although patients receiving RT had more adverse prog-
nostic factors, OS was similar for patients treated with concurrent
RT and anti-PD-1 therapy compared to patients who did not
receive RT. Several ongoing prospective clinical trials of anti-PD-1
therapy and RT in melanoma and other malignancies will further
elucidate how these therapies can be optimally combined.
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