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E

vasion of the host immune
system is critical to the development and spread of cancer.
Through aberrant activation of immune
checkpoints, tumor cells have identified
a potent strategy of immune escape.1
When activated by foreign antigens,
T-cells upregulate inhibitory receptors
such as cytotoxic T-cell lymphocyte
antigen 4 (CTLA-4) and programmed
cell death protein 1 (PD-1). These immune checkpoints normally serve as
protective homeostatic mechanisms
to quell the immune response, thereby
limiting immunopathology and promoting self-tolerance.2 However, chronic
antigenic stimulation without antigen
clearance can drive effector T-cells into
an abnormal state known as exhaustion. T-cell exhaustion mediated via
the PD-1 pathway is one hypothesized
mechanism by which the immune system fails to eradicate tumor cells.3
Inhibiting immune checkpoints
has emerged as a promising anti-neoplastic therapy, reshaping treatment
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paradigms in oncology. The enthusiasm
around immune checkpoint blockade
(ICB) appears threefold. First, ICB has
displayed superior survival in phase III
trials over conventional therapies, making previously elusive outcomes now
possible.4-6 Second, responses achieved
by ICB are durable. Third, ICB can be
implemented across a wide range of
heterogeneous cancer types. In a 2010
pivotal phase III trial of patients with
metastatic melanoma, ipilimumab (antibody targeting CTLA-4) resulted in
unprecedented long-term overall survival (OS) of 20% and, subsequently,
became the first checkpoint inhibitor
approved for clinical use in oncology.4
A pooled analysis of several trials conducted in patients with metastatic melanoma validated durable long-term
survival in 20% of ipilimumab-treated
patients.7 Furthermore, antibodies targeting the PD-1/PD-L1 axis, specifically
nivolumab and pembrolizumab, have
also demonstrated groundbreaking responses in 35% to 40% of patients with
metastatic melanoma.8,9 In addition to
the success in melanoma, ICB, most notably anti-PD-1/PD-L1 therapies, have
demonstrated activity in numerous other
malignancies.5,10-23
Despite the clinical success of anti-CTLA-4 and anti-PD-1/ PD-L1 antibodies, only a minority of patients
respond to immune checkpoint inhibitors. As such, novel strategies to enhance the efficacy and durability of

ICB are needed. One such strategy is to
utilize radiation therapy to augment the
anti-tumor immune response. The immune-modulatory effects of radiation
remain poorly understood and are summarized elsewhere.24 The ability of radiation to specifically improve response
to ICB was identified in early mice
studies when Demaria and colleagues
added radiation to CTLA-4 inhibition
and witnessed regression of both irradiated and un-irradiated (“abscopal”)
tumors,25 a phenomenon that has been
replicated by other investigators.26-28
This phenomenon of an abscopal response with combination radiation and
ICB was later noted in several patient
case reports in a variety of malignancies, revealing radiation’s immune
stimulatory properties and capacity to
aid in systemic anti-tumor effects.29-31
Perhaps the most compelling evidence
of the synergy of radiation and ICB
comes from the retrospective analysis
of patients on KEYNOTE-001, a phase
1 trial of pembrolizumab in patients
with metastatic non-small cell lung cancer (NSCLC). Specifically, in the subset of patients in this trial treated at the
University of California, Los Angeles
(UCLA) (n = 97), those who had radiation at some point in their oncological
care appeared to have improved OS and
progression-free survival (PFS) compared with those who never received
radiation.32 Overall, the combination of
exciting preclinical data and intriguing
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case reports of the synergy of radiation
and immunotherapy has led to dozens
of ongoing clinical trials examining the
combination of radiation and ICB in a
variety of malignancies in the definitive, adjuvant and metastatic setting.
This review aims to bridge the gap by
highlighting our current clinical experience with radiation and ICB combination in regard to toxicity and efficacy in
the treatment of solid tumors.

Clinical Experience
Retrospective Studies

A variety of retrospective studies have
evaluated the combination of radiation
and anti-CTLA-4 and anti-PD-1 therapy. Overall the combination appears
to be safe with no significant increase in
toxicity compared with monotherapy.
Many of these studies have assessed the
combination of ICB with stereotactic
radiosurgery (SRS) for brain metastases. In 2015, Memorial Sloan Kettering
Cancer Center published a retrospective
study examining outcomes of combined
SRS and ipilimumab (n = 46).33 Patients
were treated with a single fraction of 15
to 24 Gy and divided into 3 groups: SRS
prior to, concurrent with, or after ipilimumab. Patients treated with SRS prior to
or concurrently with ipilimumab had an
apparent survival advantage and lower
regional recurrence rates compared with
patients treated with SRS after ipilimumab (1-year OS 65% vs 56% vs 40%,
p = 0.008; 1-year regional recurrence
69% vs 64% vs 92%, p = 0.003). The
treatment was overall well tolerated,
where 20% of patients developed grade
3 to 4 adverse events (AEs), none of
which prevented the therapy completion. Typical systemic immune-related
AEs (irAEs) associated with ipilimumab
remained unaffected by SRS. Seven patients (15%) experienced central nervous
system (CNS)-specific grade 3 to 4 AEs,
and these were slightly more frequent
in those receiving concurrent therapy.
These findings demonstrate that combined SRS and ipilimumab is relatively
March 2019

safe with a possible immune stimulatory
effect of concurrent SRS.
A similar retrospective analysis conducted at the University of Virginia
evaluated 46 patients with metastatic
melanoma with brain metastases who
received ipilimumab and SRS to a
median dose of 20 Gy. Patients were
divided into 2 groups: 1) SRS with
concurrent ipilimumab or ipilimumab
following SRS; and 2) SRS after completion of ipilimumab. Group 1 had
substantially improved local tumor
control at 1 year (54.4% vs 16.5%, p =
0.005) and a nonstatistically significant
improvement in survival (59% vs 33%,
p = 0.118) compared with group 2.
However, the authors reported a higher
incidence of radiation necrosis in group
1 (19.4% vs 9.7%, p = 0.066), calling
into question the safety of concurrent
ipilimumab and SRS.34
In a retrospective study between
Yale and MD Anderson, patients (n
= 99) with metastatic melanoma who
received SRS within 5.5 months after
their ipilimumab therapy had significantly better intracranial disease control than those who received SRS later
(HR 2.07, p = 0.041). This benefit was
more prominent in patients with higher
baseline lymphocyte count (>1000/µL).
Intriguingly, the 1-year intracranial
control rate for the early SRS group was
nearly 50%, a rate nearing that achieved
by SRS plus whole-brain irradiation
(WBRT), whereas the intracranial control rate for the late-SRS group was
20% to 30%, similar to the historical
rate achieved by SRS alone. The toxicities were not reported in this study.35
In another retrospective analysis, Chen et al examined the safety
and efficacy of concurrent ICB (ipilimumab, nivolumab, or pembrolizumab) and radiation in patients
with metastatic NSCLC, melanoma, and RCC who had brain
metastases treated with SRS without
prior WBRT. Patients were treated
with SRS (n = 181), SRS with non-
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concurrent ICB (n = 51), or SRS with
concurrent ICB (n = 28). Among patients who received ICB, no grade 4
irAEs were reported, and there was no
significant difference in rates of irAEs
among those who received concurrent
(ie, within 2 weeks) vs. noncurrent
ICB with SRS. Furthermore, with a
median SRS dose of 20 Gy, there were
no differences in any grade acute CNS
toxicity or in the rate of pathologically
confirmed radionecrosis (3% total)
across groups. In addition to its demonstrated safety, concurrent ICB with
SRS predicted for a decreased likelihood of the development of ≥ 3 new
brain metastases after SRS (OR 0.337,
p = 0.045). Median OS for patients
treated with SRS, SRS with nonconcurrent ICB, and SRS with concurrent
ICB was 12.9 months, 14.5 months,
and 24.7 months, respectively. Furthermore, SRS with concurrent ICB had
improved OS compared with SRS alone
(HR 2.69, p = 0.002) and SRS with nonconcurrent ICB (HR 2.40, p = 0.006).
The OS benefit of concurrent SRS and
ICB was significant in comparison with
patients treated with SRS before (HR
3.82, p = 0.002) or after ICB (HR 2.64,
p = 0.02).36
A large retrospective review from
MD Anderson Cancer Center was conducted of 137 patients with metastatic
melanoma with brain metastases to predict the risk of radiation necrosis after
SRS and ICB. Patients received ipilimumab (87%), pembrolizumab (9%), or
both (4%). The crude rate of radionecrosis was 27% with a median time to
radiation necrosis of 6 months. In those
who received ipilimumab, pembrolizumab, or both, the respective radionecrosis rates were 13%, 7%, and 27%.
On multivariate analysis, the authors
found immunotherapy type and timing
of immunotherapy to SRS (whether
administered within 3, 6, or 12 months
before or after) was not clearly associated with a differing radiation necrosis
risk.37
APPLIED RADIATION ONCOLOGY
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Martin et al recently published the
largest series of patients treated with
SRS with or without ICB to help define
the risk or radiation necrosis with combination therapy. Specifically, this study
retrospectively assessed 480 patients
with brain metastases from melanoma,
RCC, and NSCLC. The authors found
that those who received ICB and SRS
had higher rates of symptomatic radiation necrosis than those who received
SRS alone (20% vs 7%, HR 2.56, p =
0.004). Their results also indicated that
patients with metastatic melanoma were
prone to increased rates of symptomatic
radiation necrosis (HR 4.70, p = 0.01).38
Given numerous retrospective studies
of SRS and ICB, there have been recent
attempts to consolidate data. Lehrer et al
published a meta-analysis to better elucidate the safety and efficacy of SRS with
ICB. They reported an overall radiation
necrosis rate of 5.3%, which was more
notable in patients receiving ipilimumab
over pembrolizumab or nivolumab.
Their analysis indicated a 1-year OS of
64.6% vs 51.6% for concurrent (ie, SRS
and ICB within 4 weeks of each other)
and nonconcurrent therapy, respectively
(p < 0.001).39
Taken together, these retrospective
analyses of brain-directed radiation and
ICB show that the combination is generally safe with a possible increase in
risk of symptomatic radiation necrosis,
and there are enticing signs of synergy
between the two therapies. Other retrospective studies also indicate that the
combination of ipilimumab and radiation to extracranial sites is overall well
tolerated.40-41

Prospective Data

In addition to the plethora of the retrospective studies, in recent years prospective data has emerged evaluating
the safety and efficacy of combined
radiation and ICB. A number of these
trials have evaluated the combination
of radiation with ipilimumab. Investigators at the University of Pennsylvania
10
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completed a phase I trial of 22 patients
with metastatic melanoma combining
stereotactic body radiation (SBRT) with
4 cycles of adjuvant ipilimumab. The
trial was designed with multiple dose
levels. Liver and subcutaneous lesions
were treated with 6 Gy x 2 or 3 fractions while lung and bone lesions were
treated with 8 Gy x 2 or 3 fractions. Importantly, no dose-limiting toxicities
(DLTs), defined as grade ≥ 4 irAEs or
grade ≥ 3 non-irAEs, were observed.
In fact, the observed toxicities were no
different than one would expect from
ipilimumab monotherapy, indicating
radiation can safely be added to ipilimumab. Unirradiated lesions were assessed for an abscopal response; 18%
of patients had a partial response (PR),
18% had stable disease (SD), and 64%
had progressive disease (PD). With a
median follow-up of 18 months, the median PFS was 3.8 months and median
OS was 10.7 months.26 Similar to preclinical studies, tumor PD-L1 expression
correlated with inferior responses, suggesting that dual checkpoint blockade
may enhance outcomes. Furthermore,
results from another phase I trial in 35
patients with metastatic solid malignancies also demonstrated the combination
of hypofractionated radiation (50 Gy in 4
fraction or 60 Gy in 10 fractions) and ipilimumab was safe.42 Specifically, 34%
of patients developed grade 3 toxicity
(most frequently colitis) and there were 2
DLTs in those treated with liver-directed
radiation. In terms of efficacy, 23% of
patients derived a clinical benefit in abscopal tumors.42 In addition, Williams
et al recently published a phase I trial of
16 patients with metastatic melanoma
and brain metastases with ipilimumab
combined with SRS or whole-brain radiation. The combination was safe with
no DLTs. Only one patient experienced
a grade 3 neurotoxicity, but this occurred
prior to administration of ipilimumab.43
Furthermore, a phase I/II trial of patients
with metastatic prostate cancer (n = 71)
treated with ipilimumab with or without

bone-directed radiation (8 Gy in 1 fraction) revealed that the combination was
tolerable, and there were no increased
toxicities in those who received radiation.44 Similar safety results were seen
in a phase III study comparing radiation
with or without ipilimumab.45
Analogous to the combination of radiation and ipilimumab, phase I studies
evaluating the combination of radiation
and PD-1 blockade have demonstrated
safety with signs of clinical efficacy.
First, investigators from the University
of Chicago conducted a phase I study
evaluating the safety of pembrolizumab
with multisite SBRT in patients with
metastatic solid tumors (n = 73). At least
2 sites of metastatic disease were targeted with radiation. Radiation fractionation schedules for this trial included 30
Gy in 3 fractions for osseous disease, 50
Gy in 5 fractions for central lung tumors
and mediastinal disease, and 45 Gy in
3 fractions for other sites. The therapy
was overall well tolerated, but 6 out of
62 patients experienced grade 3 toxicities, corresponding to a DLT rate of
9.7%. When toxicity occurred, it tended
to occur at the site of radiation. This trial
also demonstrated possible synergism
of radiation and pembrolizumab. The
abscopal response rate was 13.2% in a
population of heavily pre-treated patients. This population was unselected
for PD-L1 expression and was enriched
for histologies not associated with a significant response rate to pembrolizumab.
Furthermore, the authors found that the
expression of interferon-γ-associated
genes from post-SBRT tumor biopsies
significantly correlated with nonirradiated tumor response, albeit in a small
sample size.46
Similarly, investigators from the
University of Pennsylvania recently
reported the initial results of a phase I
trial combining SBRT and pembrolizumab for patients with metastatic solid
tumors (n = 24). This trial included a
cohort of patients who progressed on
prior PD-1 blockade to better delineate

www.appliedradiationoncology.com

March 2019

applied radiation oncology
SAFETY, EFFICACY OF COMBINED IMMUNOTHERAPY AND RT

the synergistic role of radiation therapy
with ICB vs the effect of ICB alone.
The investigators hypothesized that if
patients demonstrated tumor shrinkage
despite prior progression, this effect
was likely due to the immune stimulatory effects of radiation. Overall, the
trial had 2 stratums: 1) patients with
melanoma or NSCLC who progressed
on prior anti-PD-1 therapy and 2) patients with diverse solid malignancies
that were anti-PD-1/PD-L1 therapy
naïve. Every patient received 6 cycles
of pembrolizumab, starting 1 week before radiation. Each group was evenly
split to receive either 8 Gy x 3 fractions or 17 Gy x 1 fraction to the index
lesion. All treatment-related toxicities
were grade 1 and 2, suggesting that either fractionation with pembrolizumab
was well-tolerated. Furthermore, this
trial demonstrated signals of possible
synergy. Within stratum 1 (n = 12), 2
patients (16.7%) who progressed on
prior PD-1 inhibition demonstrated
prolonged responses of 9.2 and 28.1
months. Within stratum 2 (n = 12), 1
patient achieved a complete response
(CR) and 2 patients experienced prolonged SD of approximately 7 months.
Interestingly, 2 irAEs (hypothyroidism
and pneumonitis) occurred following
radiation to a lung metastasis in the
same patient who achieved a CR.47
As discussed, several single-arm
phase I trials have been published establishing the safety of combined radiation
and ICB, with encouraging signs of efficacy. However, to date no randomized
or comparative trials combining ICB
with or without radiation have been
published, and to our knowledge only 3
such trials have been reported in abstract
form. These trials have all combined anti-PD-1 therapy with or without radiation therapy in the metastatic setting and
thus far have failed to show a definitive
benefit of adding radiation therapy to
anti-PD-1 therapy. At the 2018 American Society of Clinical Oncology
(ASCO) annual meeting, Theelen et
March 2019

al reported on a multicenter trial randomizing 74 patients with metastatic
NSCLC to pembrolizumab vs SBRT (8
Gy x 3 fractions) plus pembrolizumab.
Although no results met statistical significance, there are encouraging signs
of efficacy. Particularly in the combination arm, there was an increased objective response rate (39% vs 21%, p =
0.28), improvement in median PFS (7.1
vs 2.8 months) with a hazard ratio of
0.61 (95% CI 0.35-1.06, p = 0.08), and
improvement in median OS (19.2 vs
7.6 months) with a hazard ratio of 0.58
(95% CI 0.31-1.1, p = 0.1). Importantly,
the combination regimen was safe and
there were no grade 3 or higher toxicities related to the addition of SBRT.48
Furthermore, although not randomized,
at the 2018 World Conference on Lung
Cancer, Moreno et al presented comparative data of the anti-PD-1 antibody cemiplimab with or without SBRT (9 Gy ×
3 fractions) in metastatic NSCLC. This
study was a comparison of two phase 1
expansion cohorts, one with cemiplimab
alone (n = 20) and the other in combination with SBRT (n = 33). Although, the
combination arm had a similar safety
profile, there did not appear to be any
benefit of adding SBRT to cemiplimab.49
Lastly, at the 2018 ASCO annual meeting McBride et al presented results from
a phase II trial randomizing patients with
metastatic head and neck squamous cell
carcinoma (n = 53) to nivolumab with
or without SBRT (9 Gy x 3). Although,
the addition of radiation therapy did not
increase the rate of ≥ grade 3 toxicities,
SBRT did not enhance the efficacy of
nivolumab with comparable objective
response rates in the monotherapy vs
combination arm (26.9% vs 22.2 %,
p = 0.94).50
Importantly, the practice changing
PACIFIC trial also provides unique
insight into the safety of fractionated
thoracic radiation with concurrent
chemotherapy followed by ICB. Specifically, this trial, which randomized
patients (n = 713) with stage III NSCLC
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to standard chemoradiation with or
without adjuvant durvalumab (PD-L1
inhibitor), demonstrated a significant
PFS and OS benefit with the addition
of adjuvant durvalumab. The overall
toxicity profile was similar between the
durvalumab and placebo group with
similar rates of any grade 3 to 4 AE
(30% vs 26%).51

Conclusion

Based on promising preclinical data
and enticing clinical case reports, there
are more than 100 accruing clinical trials combining radiation therapy with
various forms of immune checkpoint
inhibitors. These trials span numerous
malignancies in a variety of disease circumstances (metastatic, adjuvant, neoadjuvant or definitive) using different
radiation doses, fractionation schedules,
targets, and timing of ICB and radiation.
These studies, along with ongoing and
future basic and translational laboratory
research, will undoubtedly provide more
insight underlying the interaction of radiation and immunotherapy, and better
define its safety and efficacy.
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