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Abstract: Immune checkpoint inhibitors have emerged as a breakthrough therapy in the treatment in
various metastatic cancers. In parallel, the role of radiotherapy in metastatic cancers has been expanding to
include stereotactic ablative radiotherapy for oligometastases, in addition to the more conventional palliation
of symptoms. Thus, many patients are appropriate candidates for both radiation and immunotherapy—
highlighting the need for data to guide this treatment combination in patients with metastatic disease.
Here, we review the literature to address questions regarding the safety of combined treatment (focusing on

radionecrosis and pneumonitis), and the impact of dose, timing and site of radiotherapy. Finally, we highlight

ongoing work investigating the potential local and systemic benefit to combining these therapies.
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Introduction

Immune checkpoint inhibitors (ICIs) have dramatically
altered the landscape of treatment for metastatic solid
tumors. By removing the “brakes” on the immune system,
agents that target the inhibitory CTLA-4 and PD-1
receptors invigorate anti-tumor immune responses.
Numerous landmark trials demonstrate the effectiveness
of ICIs across tumor histologies, including malignant
melanoma, non-small cell lung cancer (NSCLC), renal
cell carcinoma (RCC), urothelial carcinoma, head
and neck squamous cell carcinoma (HNSCC), gastric
adenocarcinoma, mismatch-repair-deficient solid tumors,
Hodgkin’s lymphoma and Merkel cell carcinoma, where
treatment with a CTLA-4, PD-1, or PD-L1 inhibitor
are FDA-approved (1-9). Particularly notable among
successful landmark phase 3 immunotherapy trials is a
population of long-term responders along with a relatively
larger population of non-responders who derive minimal,
if any, benefit from therapy (10). This potential for long-
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term benefit, which has now extended beyond a decade
in melanoma patients, has ignited intense interest in
combination treatment strategies, with the goal of
maximizing the number of these long-term responders (11).
Early successes include the combination of PD-1 and
CTLA-4 inhibition in melanoma and renal cell carcinoma
(12,13), as well as PD-1 inhibition and chemotherapy in
patients with metastatic non-small cell lung cancer (14).

Take home points:

(I) Palliative radiotherapy and more recently, immune
checkpoint therapy occupy a prominent role in the
treatment of metastatic disease. The combination
of these treatments appears to be generally well
tolerated, although practitioners need to be vigilant
to identify and treat immune mediated toxicities.
Potential impacts on radionecrosis in patients
receiving stereotactic radiosurgery and immune
checkpoint inhibitors must be balanced against
favorable clinical outcomes now observed with the
combination of the two treatments.
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(II) Emerging data suggest that the addition of
radiation to patients with limited progression on
immunotherapy may be an effective treatment
strategy to allow select patients to continue to
benefit from immune checkpoint blockade.

(III) Preclinical studies and clinical data have suggested
that the addition of radiotherapy to immune
checkpoint blockade could improve systemic
response rates—this strategy is being evaluated in
prospective clinical trials.

Given that the majority of solid tumor patients will
receive radiation therapy over the course of their illness (15),
the combination of radiotherapy and immunotherapy for
metastatic cancers is particularly appealing. In preclinical
models, radiotherapy combined with ICI both enhances
the local impact of radiation and the systemic effects of
immunotherapy. The immunogenic effects of radiation
include enhanced STING (stimulator of interferon genes)
pathway activation, antigen presentation, T-cell activation and
trafficking that may complement the immune effects of both
CTLA-4 and PD-1 pathway inhibition (16). In particular,
radiotherapy gives rise to increased uptake of exogenous
DNA into the cytoplasm, upregulating interferon production
through the ¢cGAS-STING pathway, which in turn helps
facilitate a mounted adaptive immune response (17).
There is significant interest in understanding and harnessing
rare abscopal responses that occur outside of the treatment
field following targeted radiation that are likely immune
mediated. However, when administered in combination
with ICI, it becomes challenging to distinguish between the
abscopal effect, enhanced activity of ICI, and delayed and
atypical patterns of response that can be observed after both
CTLA-4 and PD-1 monotherapy (18-22). Thus, prospective
and ideally, randomized trials incorporating ICI and radiation
are needed to demonstrate benefit.

Additionally, synergy between radiation and immunotherapy
is a double-edged sword, potentially increasing the risk of
either radiotherapy-mediated or immune-mediated toxicity.
Inhibiting important immunologic checkpoints could increase
immune cell-mediated normal tissue damage at the irradiated
site. Conversely, by provoking normal tissue injury or acting
through immunologic pathways, radiotherapy could worsen
immune-related adverse events (ir-AEs) observed with ICIs.

In this review, we discuss the literature and present the
current clinical data on the safety of combining ICIs with
radiotherapy in patients with metastatic cancers, focusing on
associations with the timing of radiation administration, as
well as on two toxicities of particular concern in metastatic
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patients receiving either brain or lung directed radiation:
radionecrosis of the brain and pneumonitis. Finally, we
examine the potential benefit of radiation/immunotherapy
combinations on both local and systemic responses, and
look towards the future to explore how to maximize benefit.

Toxicity
Overall rates of toxicity

One of the potential advantages of immunotherapy as
compared to cytotoxic chemotherapy is the side effect
profile which is distinct and often better tolerated.
Immunologic toxicities associated with ICI vary by class
of agent and include fatigue, dermatitis, myalgias, thyroid
dysfunction, colitis and pneumonitis (23). However,
although these immunologic toxicities are low grade in
many patients, they can be severe or even fatal. Prompt
recognition and treatment is required to minimize the risk
of serious toxicity (24). Thus, identifying any heightened
risks associated with the combination of radiation and
immunotherapy is paramount.

Only recently have the first prospective studies
examining the combination of radiotherapy and
immunotherapy in the setting of metastatic disease been
reported (Table I). In these reports, grade 3-5 toxicities
have ranged from 14-34% in trials using CTLA-4 inhibitors
and 5-10% in patients receiving PD-1 inhibitors, generally
consistent with the side effect profile expected with immune
checkpoint therapy alone. Furthermore, there were few
serious side effects attributed to the radiation component of
treatment (18,25-30). However, none of these aforementioned
studies randomized patients between ICI alone and ICI
with radiotherapy, limiting the conclusions that can be
drawn. More recently however, Theelen ez a/. and McBride
et al. presented preliminary data at ASCO 2018 from two
phase II randomized trials exploring the use of PD-1 inhibition
with or without hypofractionated radiotherapy in patients
with metastatic NSCLC and metastatic HNSCC, respectively.
Theelen et al. demonstrated a grade 3+ toxicity rate of 22%
in the control arm vs. 17% in the experimental arm (31) while
McBride ef al. demonstrated grade 3+ toxicities of 15% and
11% in the control and experimental arms, respectively (32).
Additionally, although the phase 3 randomized PACIFIC
study included locally advanced stage 3 NSCLC patients and
not patients with metastatic disease, it was reassuring that
grade 3+ toxicities were relatively balanced following definitive
chemoradiation between the ICI and control groups (33).

Ann Palliat Med 2019;8(3):312-325 | http://dx.doi.org/10.21037/apm.2018.07.10



Bang and Schoenfeld. Inmunotherapy and radiotherapy

314

9seasIp 9|gels ‘gs ‘esuodsal [eiped ‘Yd ‘osuodsal 919|dwod
‘YD ‘{feainins aau) uoissalboud ‘S4d {eAIANS [[Biano ‘SO ‘Aein) ‘AD Longiyur julodyosyo sunwwi ‘9| ‘Aiebinsolpes onoeloalals/Adeisyloipes Apoq 0110108491 ‘SHS/I1HAS

sinled
. %1€ :as suonoel G /uswopae I
SWUOWL'E :S4d o) g Ul A9 0 ‘SUOOE. € Ul ‘suoq  qewnzjoiqued /=N eseyd {[g102]
%01 :+€ 8peID  SYOW 96 :SO ‘%1 HO - shep /51s0d A9 Gy 'suonoes g Ut A 0g  SBA Yo ‘Bun I1-Qd-uy oW} plos e j9 9y
suoloed) QL
. %¢¢ :ds ut Ao og ‘uonoely | I
SO ' :S4d %/ dd ut A pg ‘uopnoesy | ul qewnuwijidi 91=N  eseyd :[zi02]
- Syuow 8 :SO (%0 "0 - usunouo)d Ao gy fuonoey | ul Ao G pexIN urelg 'P-VILO-HUY  BUWOUBBIN fe }O SWel||I\
. . I
%0 G SPEIO SHUOU S S4d skep / 1sod suopoel O ul gewnuwiid 001L=N ®eseyd [z102]
%/2 +gepeiy  syluow gl :SO - - J0 JuanNduo) A Qg ‘suonoely Ul A oG SeA Jon| ‘Bun p-Y11D-uy  Jown) pllos /e 18 YSISp
%2€dS  %SS :ds I
9, .G apel Syjuow g'¢ -
760 35 SPEIO 5 ¢t :5dd ‘%01 'dd ‘%62 "d shep /isod suoloey QL Ul qewnuwijidi Ge=N  oseyd :[z10¢]
%PE +E OpeID  SUYWUOW Z'0L SO ‘%0 "D ‘%9 :4D JOjuaundouo) Ao 09 ‘suoloel) y Ul AH 0G  S8A Jan]| ‘Bun p-YL1D-1uy  Jown) plios ‘e 3o Bue|
%0 :G opet ureiq
%€C:dS %.l¢:AS SL/AD ‘lemog ‘sepou I
9 +¢ epel syuow 0’9 : . . ) - . .
YL FESPEID Sy 0'9:54d 1%Vl dd %Ly Hd Gt — G/AD 0g :ennel|ed ydwAj ‘ssuoq  qewnuwijidi 2z=N  eseyd ‘[910¢]
%89 Opeib Iy SYIoW 8'2L :SO (%L :HD %2E ”O shep gSisod  p/AD 0G - L/AD 8L HAS POXIN  UeAll ‘BunT  p-YILO-IUY  BWOUBBIN B 18 JeMIUIH
suolnoel) € |
- %81 :dS % lv:ds ut A g 'suonoely ¢ sapou ydwiA| aseyd [gLoe]
syuow g'g :S4d . . ) . . _ )
‘%8l dd ‘%.2 Hd ur A9 g| ‘suonoey g ul snosuenogns  gqewnuwidi gz=N /e 38 J010IA
- syow 20 :SO  (%0:HD %G :HO shepg-goid A9l suonoeyzguihn gzl ON oy ‘Bun P-VILO-IUY  BwOUuBRN 1S uemAL
%1 :G opeIn
) o 1]
%9¢ +€ 9peIn  Syuow 0’y :S4d qewnwidi oseud ‘[y102]
%G/ :opelb Iy syuow gL L :SO - - shep gs aid uonoeyy | urho g ON auog W-VILO-HUY  9Jejsold 7B Jo Uomy)
alel el o] Jouqyu
Auoixoy [eAIAINs uelp|N  @suodsal  asuodsal Ylm uoleipeld uoljeuolloely/es0q SuS jueuneas iod»o8yo Aboroisiy Apnis
/149S Jo 8Ys Jsoue)
o|welsAs 207 Jo Bujwiy aunwiw|

9seasIp oneaselaur Pim syuaned ur woniqryur Jurodyoayd sunurur pue AdeIaIoOIpPEI UONEBUIGUIOD JO SANIDIX0) Puk sourooIno untodar sarpmis aanoadsoi T 9[qer,

Ann Palliar Med 2019;8(3):312-325 | http://dx.doi.org/10.21037/apm.2018.07.10

© Annals of Palliative Medicine. All rights reserved.



Annals of Palliative Medicine, Vol 8, No 3 July 2019

Thus, the combination of ICI and radiotherapy appears
to be generally safe in most patients. It should be noted
that grade 3-4 adverse events were more common in two
trials conducted at a single institution in which ablative
doses of radiotherapy (60 Gy delivered over 10 fractions,
50 Gy delivered over 4 fractions) were combined with the
CTLA-4 inhibitor ipilimumab. Although these patients
received ipilimumab at a dose of 3 mg/kg (approved for
the treatment of metastatic melanoma patients), a grade
3-4 adverse event rate of 30% was more comparable
to historical rates associated with ipilimumab dosed at
10 mg/kg (27). Reassuringly, these increased severe
toxicity rates were not observed in other prospective trials
combining radiation with ipilimumab, nor in the recently
published prospective study by Luke er 4/., combining
relatively high dose stereotactic body radiotherapy (SBRT)
with the PD-1 inhibitor pembrolizumab where grade
3—4 toxicities were observed in 10% of patients (30).

Although prospective data is limited, especially in
regards to combinations with PD-1 inhibitors and radiation
dose/fractionation regimens most commonly used in the
setting of palliative treatment, there has been an expanding
number of retrospective studies evaluating outcomes
(Table 2) (34-54). Reassuringly, in these studies, grade 3
or higher toxicities have ranged from 8-41% in patients
treated with CTLA-4 inhibitors and 5-13% with PD-1
inhibitors, again consistent with the historical rates of
adverse events with ICI alone. In a systematic review of
studies combining SRS and ICIs, the authors found that
although the literature was limited, concurrent therapy in
the treatment of brain mets appeared to be safe overall (55).
In our recently published series, we found that overall,
rates of all grade (35%) and grade 3+ toxicities (8%) were
consistent with historical controls (43). We did not note any
correlation between the sites of radiotherapy in increasing
the rate of an associated adverse event (Figure 1) (43).
Interestingly, there was an association between any grade
ir-AEs and biologically effective radiation dose (BED)
(P=0.01) as shown in Figure 2 (43). However, there was no
association between BED and severe toxicity, and statistical
significance was lost when evaluating only patients who
received radiotherapy and a PD-1 inhibitor as opposed to a
CTLA-4 inhibitor (43), similar to the findings in Luke et 4/.

Questions regarding timing of therapy and development of
toxicity

The relevance of timing, sequencing and interval between
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radiation and ICI is an increasingly common practical
question for radiation and medical oncologists alike. It
should be noted that in the prospective clinical trials
published to date, radiotherapy was delivered concurrently
or within 7 days of the administration of ICIs (18,25-32)
with the exception of the PACIFIC trial, where
patients were randomized between 1-42 days following
chemoradiotherapy (33).

Several of the retrospective studies summarized in
Table 2 investigated whether the sequencing (radiation
before vs. after) or temporal proximity of radiation to ICI
impacted overall rates of toxicity. With regards to the
sequencing of therapies, both our group as well as Qin
et al. did not identify a significant difference in the rates of
ir-AEs depending on the sequencing of the two therapies
(40,43). In contrast, there may be an association between
the temporal proximity of the two treatments and overall
toxicity rates. Kiess ez al. evaluated patients with advanced
melanoma treated with a CTLA-4 inhibitor and stereotactic
radiosurgery (SRS), and demonstrated a higher rate of grade
3—4 toxicity when SRS was given “concurrently”, defined
by the delivery of SRS within 1 month of the ICI (47% vs.
16%) (37). We identified a trend towards higher all grade
ir-AEs when radiation was delivered within 2 weeks of the
receipt of an ICI (39% vs. 23%, P=0.06), but there were no
differences noted in the rate of grade 3—4 toxicities (43).
It remains unproven whether radiation given in close
sequence to ICI increases the rates of toxicity compared to
radiation given concurrently. However, given the prolonged
half-life and mechanism of action of these drugs, this
seems unlikely. Ongoing and future prospective studies
investigating the timing of radiotherapy in relation to ICI
will help better establish whether there is any association
between toxicity and either the sequencing and/or interval
between treatments (56).

One of the most important limitations to identifying
associations between combination radiation/ICI treatment
and toxicity is that both immune and radiation-induced
toxicities can manifest late months, or even years in the case
of radiotherapy. Thus, long-term follow up of prospective
clinical trials will be important to further investigate
any potential increase in toxicity rates. In the meantime,
vigilance is needed to identify toxicities with later onset.
Multidisciplinary communication and collaboration
is essential, especially in cases where patients have
discontinued ICI treatment and may be receiving radiation
monotherapy when they develop ir-AEs, or to help identify
previous radiation treatment fields when toxicity develops
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Figure 1 Rates of any-grade immune-related adverse events in patients that have (blue), or have not (red) received radiation to the

corresponding anatomical location (e.g., rates of pneumonitis in patients that have (blue) or have not (red) received lung directed

radiotherapy). There were no statistically significant differences in toxicities between patients who received radiotherapy to the site of

interest as compared to those that did not. Blue, associated site of radiotherapy; Red, no associated site of radiotherapy.
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Figure 2 Any grade immune-related adverse events in relation
to the equivalent 2 Gy dose (EQD2) in patients who received an
immune checkpoint inhibitor and radiotherapy. There was an
association between any grade immune-related adverse events and
higher mean EQD2 (P<0.01). ir-AEs, Immune-related adverse
events; EQD?2, equivalent 2 Gy dose; Gy, Gray.

after starting ICI. Particularly relevant to the latter are
reports of recall ir-AEs that are localized to the radiation
treatment field (57), which can only be recognized if the

details of previous radiation treatment are known.
Brain radionecrosis
Although there is evidence that ICI monotherapy is

efficacious in the brain (58,59), most patients with
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intracranial metastases are considered for radiotherapy,
especially for histologies other than melanoma, where
response rates to ICI are more limited. Thus, an increasing
number of patients are treated with the combination of
brain-directed radiotherapy and ICI. More specifically,
the use of SRS for patients with limited numbers of brain
metastases has continued to increase; thus, many of these
patients will receive SRS in the setting of ICI. While it
can be challenging to differentiate radionecrosis from
progression or pseudoprogression, several retrospective
studies have estimated that following SRS treatment,
radiographic radionecrosis rates range from 16-33%
(38,44,46,47,54), while symptomatic radionecrosis rates
range from 12-21% (44,46,47,53,54). To help answer
the question of whether the addition of ICIs increases
the risk of radionecrosis, Martin et #/. and Kaidar-Person
et al. compared rates among patients who were treated with
SRS and those who received both SRS and ICIs. Martin
et al. studied 480 patients who received SRS in a mixed
population (melanoma, NSCLC, RCC). They found that
patients who received a CTLA-4 or PD-1 inhibitor had
higher rates of symptomatic radionecrosis than those who
received SRS alone 20% vs. 7%, HR 2.56, P=0.004) (53).
Patients with metastatic melanoma appeared to be more
susceptible to increased rates of symptomatic radionecrosis
(HR 4.70, P=0.01) (53). Kaidar-Person et al. also
demonstrated increased symptomatic radionecrosis rates
of 21% compared to 0% in patients who did not receive an
ICI (46). Comparing the impact of CTLA-4 inhibitors and
PD-1 inhibitors, the study by Martin er a/. demonstrated
both classes of ICIs may numerically increase rates of
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radionecrosis, although the association with PD-1 inhibition
was not statistically significant (HR 3.57, P=0.06) (53).
Of note, an increasing number of studies demonstrate
favorable survival in patients treated with the combination of
SRS and brain metastases as compared to historical controls;
this may impact the detection of radionecrosis in ways that
are challenging to control for in retrospective studies.

Pneumonitis

In comparison to cytotoxic chemotherapy and CTLA-4
inhibitors, PD-1 inhibitors are associated with increased
rates of pneumonitis. In a meta-analysis of 16 phase
II/I11 studies, Wu et «l. found the incidence of all
grade pneumonitis was 2.9% and 1.5% for grade 3+
pneumonitis (60). Radiation-related pneumonitis is
associated with a high dose of radiation to the lungs, and
thus special attention is paid to the incidence of this toxicity
when combining both treatments. When pneumonitis
does develop in the setting of ICI in a patient previously
treated with thoracic radiotherapy, it can be challenging
to determine whether this is radiation or ICI related;
this may have therapeutic implications if it prompts
discontinuation of ICI therapy. Until better tools are
available, evaluating the anatomical location of pneumonitis
(radiation pneumonitis is generally localized to the radiation
treatment field when detected in early stages, immune
related pneumonitis is more diffuse) (61) and timing
(radiation pneumonitis typically develops 2-9 months
after radiotherapy (62) and immune related pneumonitis
generally occurs between 0-19 months) (63) are generally
the most helpful to guide attribution.

Reassuringly, there are several retrospective studies which
have specifically evaluated rates of pneumonitis in ICI-treated
patients who also received lung-directed radiation, finding no
statistically significant difference in pneumonitis rates (43,45,49).
In a secondary analysis of KEYNOTE-001, Shaverdian ez 4.
found all grade pneumonitis rates of 8% vs. 1% (P=0.15) in
patients who received thoracic-directed radiotherapy prior
to ICI as compared to patients treated with ICIs alone (49).
Hwang et al. retrospectively found all grade pneumonitis rates
of 8% compared with 6% in patients previously treated with
ICI combined with thoracic radiotherapy versus ICI alone (45).
Interestingly, on multivariate analysis, they found that patients
with an ir-AE had improved survival (HR 0.45, P=0.03) (45).
Finally, the PACIFIC study, in which all patients received
radiation to the lungs prescribed to at least 54 Gy administered
0-7 weeks before durvalumab, there was a modest
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numerical increase in any grade pneumonitis (34% uvs.
25%) in patients that received durvalumab as compared
to placebo that should, at least in part, be attributed
to the rate of pneumonitis expected with durvalumab
monotherapy (33). However, grade 3—4 pneumonitis rates were
3% in both arms (33).

Efficacy of combined treatment strategy
Local effects

Historically, chemotherapy and targeted agents have been
used for radiosensitization to enhance the local effects
of radiotherapy and to improve tumor control. While
immunotherapies may not act as a radiosensitizer in a
classical sense, preclinical and clinical evidence suggest that
radiation is less effective when treating cancers in a state of
immunosuppression (64). There are not yet any randomized
trials in patients with metastatic disease comparing the local
control rates of radiotherapy either administered alone or in
combination with ICIs. In the setting of stage III NSCLC, the
PACIFIC trial demonstrated an overall response rate of 28.4%
compared to 16.0% when adding consolidative durvalumab
and a disease control rate of 82.2% wvs. 71.8% (33).

In the metastatic setting, several retrospective studies
have compared local control rates in patients treated with
combination SRS and ICI and SRS alone. Silk ez /. found
higher local response rates of 27% compared to 9% when
SRS patients also received ipilimumab (35). However, disease
control rates trended in the opposite direction (59% with
ipilimumab, 68% without). In the studies performed by
Kaidar-Person et al. and Patel et 4l., local control rates at
1-year were also numerically lower in patients treated with
ipilimumab (52% vs. 86%, P=0.07 and 71% wvs. 92%, P=0.40
in the two studies respectively) (46,47). However, local control
following SRS is challenging to assess, especially in the
setting of increased rates of radionecrosis/pseudoprogression
that could potentially be observed following SRS and ICIL.
Pseudoprogression is not well accounted for using standard
RECIST criteria, and thus alternative response criteria (irRC,
iRECIST) are being utilized (21,22). More specifically for
neuro-oncology, a response assessment has been developed
by the RANO working group (65).

The local effects of radiotherapy could also be particularly
valuable in metastatic patients who develop isolated sites of
progression on ICI (66). The biologic explanation for this
atypical pattern of resistance may be varied, but may, in
some cases, be the result of localized loss of tumor antigens
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Figure 3 Timeline plot of patients with metastatic NSCLC and melanoma who received palliative radiation after progressing

on anti-PD-1 therapy and were subsequently able to continue on anti-PD-1 therapy (red bars) for a median of 179 days (IQR
30-338 days). Blue, anti-PD-1 therapy delivered before RT; Red, anti-PD-1 therapy continued after RT; Grey, time off PD-1 inhibitor until
death or last follow up; Blunt end, death; Pointed end, censored/ongoing follow up; Double Hash, survival beyond 1,000 days (1,491 days).

recognized by the immune system on ICI or other specific
genetic changes mediating resistance (67-69). In cases such
as these, focal radiation could ablate the area(s) of resistance,
allowing for a sustained and more durable systemic response.
Indeed, we found that among 59 patients who were treated
with focal radiation for progression after starting a PD-1
inhibitor, 23 (39%) were able to continue to receive anti-
PD-1 therapy for a median of 179 days (IQR 30-338,
Figure 3) (48). In the future, better identification and biologic
classification of patients with oligoprogression may further
improve the utility of this combined treatment strategy.

Using radiotherapy to improve systemic immunotherapy

effects

Given the favorable immunologic effects observed following
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radiation in vitro, one of the most provocative uses of
radiotherapy being explored in the metastatic setting is to
administer focal radiotherapy with the purpose of igniting a
systemic immune response and overcoming either primary
or acquired resistance to ICI. This work was encouraged
by early case reports describing unusually favorable results
obtained with the combination of radiation and ICI
including a response outside of the radiation field (abscopal
response) in a patient previously progressing on ipilimumab
with biologic evidence of immune activation (18). Another
case report demonstrated evidence of activity with
ipilimumab combined with radiation in a heavily pretreated
NSCLC patient (70)—a tumor type that does not generally
respond to anti-CTLA-4 therapy. Although the PACIFIC
study did not enroll metastatic NSCLC patients, this study
also demonstrated an impressive PFS benefit with a hazard
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ratio of 0.52 (95% CI: 0.42-0.65, P<0.001) for the PD-L1
inhibitor durvalumab as compared to placebo in patients
who received prior thoracic radiotherapy with concurrent
chemotherapy (33). It remains unknown whether this more
pronounced benefit for durvalumab, as compared to the
benefit generally observed in the metastatic populations,
was due to immune stimulating effects, eradication of
gross disease prior to immunotherapy (10), or perhaps a
combination of these two effects. Of note, patients who
were randomized within 14 days of completing radiation
demonstrated a more pronounced benefit to durvalumab
as compared to placebo (HR for PFS 0.39, 95% CI:
0.26-0.58, as compared with HR 0.63, 95% CI: 0.49-0.80).
A better understanding of the mechanisms underlying
improved responses would help refine combined treatment
strategies. Indeed, the existing radiation-immunotherapy
studies mentioned above as well as other retrospective
studies summarized in Tible 2 are limited by significant
heterogeneity regarding timing of radiation relative to ICI,
sites and volume of disease to be radiated, and radiation
dose/fractionation. Preclinical studies suggest these factors
may impact results of combined radiation/ICI treatment

significantly (71-74).

Conclusions

In summary, the combination of ICI and radiotherapy
represents a promising treatment strategy for patients with
metastatic cancers that is supported by preclinical evidence
and early clinical data. Both prospective and an increasing
amount of retrospective data suggest the combination of
the two treatments is generally safe, although more study
is needed to evaluate rare and late effects as well as to more
accurately attribute toxicity to guide patient management.
Additionally, potential increases in the rate of radionecrosis
in patients receiving SRS and ICI must be balanced against
the favorable clinical outcomes now observed with the
combination of the two treatments (48), and is deserving
of further study. In the meantime, the existing data is
reassuring for the increasing number of patients who are
candidates for ICI and palliative radiotherapy administered
as standard of care treatment.

In addition, ongoing studies are evaluating the potential
of a combined treatment strategy incorporating both
radiotherapy and ICI to maximize benefit by addressing
primary and acquired resistance to ICI, and by improving
local control rates and palliative benefit achieved by
radiation monotherapy. Existing clinical data suggests that
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radiotherapy can address localized progression in patients
otherwise responding to immunotherapy; some of these
patients can then continue to derive durable benefit from
ICI. Unknown is whether the addition of radiotherapy to
ICI will be able to reliably increase response rates as it has
been demonstrated in preclinical models, and if so, the
specifics of the patient, tumor and treatment parameters
(type of ICI, timing, dose, fractionation and site of
radiotherapy) required to maximize benefit.
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