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Abstract: Immunotherapy has radically changed the clinical management of patients with cancer in
recent years. Immune checkpoint inhibitors (ICIs) reversing the immunosuppressive effects of the tumor
microenvironment are one type of immunotherapy, several of which are approved by the US Food and
Drug Administration (FDA) as first-line treatments for patients with non-small cell lung cancer (NSCLC).
However, response rates to ICIs are around 19-47% among patients with advanced NSCLC. As a result, the
development of combined ICI and radiotherapy has begun with the aim of strengthening patients’ antitumor
immunity. Radiotherapy with substantial technological improvements not only achieves local tumor control
through the induction of deoxyribonucleic acid (DNA) damage in irradiated regions, but also has the
potential to mediate immunostimulatory effects that could result in tumor regression beyond irradiated
regions. At present, numerous preclinical and clinical research are investigating the efficiency and safety of
combining ICI with radiotherapy. The PACIFIC trial showed that combining chemoradiotherapy with ICI
could improve clinical outcomes. In this review, we summarize the rationale for combining radiotherapy
with immunotherapy. We also discuss the opportunities and challenges of combination therapy, including
the timing of radiotherapy, optimal dose and fractionations, radiotherapy target and target volume, acquired

resistance, patient selection, and radioimmunotherapy toxicity.
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Introduction

Radiotherapy is traditionally regarded as a local therapy
for cancer that induces deoxyribonucleic acid (DNA)
damage in irradiated sites, and it has been a pillar of non-
small cell lung cancer (NSCLC) management for many
years. Substantial technological improvements have over

time led to changes in radiation delivery, including three-

dimensional conformal radiotherapy (3D-CRT), intensity
modulated radiation therapy (IMRT), stereotactic body
radiation therapy (SBRT), and image-guided radiotherapy.
However, a combination of radiotherapy and chemotherapy
became the standard therapy for patients with stage III
NSCLC in the 1990s and has remained so since, resulting
in improved local tumor control and survival benefit (1).
Interestingly, regression also occurs in tumors situated
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outside the radiation field in patients with multiple
lesions. This is known as the abscopal effect, which was
first described in 1953 (2). This phenomenon has been
postulated in recent years to be immune mediated (3).
Immune checkpoint inhibitors (ICIs), which target
programmed death protein-1 (PD-1), programmed death
ligand-1 (PD-L1), or cytotoxic T lymphocyte-associated
antigen-4 (CTLA-4), have improved the treatment of
patients with NSCLC, although the response rate is
limited to 19-47% of patients when the regime is singly
administrated (4). Pembrolizumab has been approved
as first-line treatment for advanced NSCLC with PD-
L1 expression >50% on tumor cells. And a combination
of pembrolizumab and chemotherapy is also first-line
treatment option (5-8). Asides from the ICIs, there are
also many other immunotherapies for NSCLC, such as
chimeric antigen receptor (CAR) T-cell therapy, exogenous
cytokines, vaccines, and antibody-based reagents.
Numerous preclinical and clinical trials are therefore
exploring radiotherapy and ICIs as a combined therapy
to improve patient response rates. An increase in the
incidence of abscopal effects has been observed in these
combination therapy trials when ICIs are given sequentially
or concurrently with radiotherapy (9). In addition, the
PACIFIC trial showed that combining chemoradiotherapy
with durvalumab could improve clinical outcomes in
patients with unresectable stage III NSCLC (10). The
latest idea is that radiotherapy should be administrated in
doses and fractionations suitable to elicit tumor-targeting
immune responses (11). In this review, we summarize
recently reported clinical trials that evaluated ICI therapy
for patients across different NSCLC disease stages and
review the rationale for combining radiotherapy with ICIs.
We also provide an overview of data that explores the
timing of radiotherapy, optimal doses and fractionations,
radiotherapy targets and target volume, acquired resistance,
patient selection, and the toxicity of combination treatment.
We present the following article in accordance with the
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/tler-20-827).

Immunotherapy in NSCLC
Checkpoint inhibitors in a metastatic setting

The development of ICIs has fundamentally changed
the treatment of patients with metastatic NSCLC.
Pembrolizumab, nivolumab, and atezolizumab were initially
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approved as second-line treatments for patients with
metastatic NSCLC after initial treatment with platinum-
based chemotherapy (12-15). Researchers then evaluated
these regimes in a first-line setting. In the KEYNOTE-024
trial, pembrolizumab was evaluated as first-line treatment for
metastatic NSCLC where PD-L1 was expressed on at least
50% of tumor cells (T'Cs) (7,8) The KEYNOTE 042 trial,
which evaluated patients with a PD-L1 tumor proportion
score (TPS) >1%, confirmed the efficacy of pembrolizumab
as a first-line treatment for metastatic NSCLC (16). Similarly,
the IMpower 110 trial evaluated atezolizumab as a first-line
therapy for advanced NSCLC with PD-L1 expression >1%
on TCs or immune cells (IC). The interim analysis reported
that first-line treatment with atezolizumab improved overall
survival (OS) in TC3 or IC3 (PD-L1 expression >50% on
TC and >10% or greater in IC) patients (17). However,
first-line treatment of nivolumab failed to improve clinical
outcomes in patients with advanced NSCLC (18).

The KEYNOTE-189 study demonstrated that the
combination of pembrolizumab and chemotherapy
(pemetrexed plus cisplatin or carboplatin) improved
progression-free survival (PFS) (8.8 vs. 4.9 months) and
12-month OS (69.2% wvs. 49.4%) in advanced non-squamous
NSCLC; patients benefited from the treatment regardless of
PD-L1 TPS (6). Similarly, the KEYNOTE-407 trial showed
that the combination of pembrolizumab and chemotherapy
(paclitaxel/nab-paclitaxel plus carboplatin) improved PFS
and OS in patients with squamous NSCLC (5). In addition,
the IMpower 150 trial showed that the combination of
atezolizumab, paclitaxel, and carboplatin with bevacizumab
improved PFS and OS compared to the same regimen without
atezolizumab in patients with advanced non-squamous
NSCLC (19). The IMpower 130 trial showed similar results
without the administration of bevacizamab (20). Based on the
above large randomized studies, patients without molecular
alterations that respond to drug therapy and with PD-L1
TPS >50% are treated with either pembrolizumab alone
or a combination of pembrolizumab and chemotherapy,
and a combination of pembrolizumab and chemotherapy
is preferred for patients with PD-L1 TPS <50%. For
patients with PD-L1 TPS <50% in non-squamous NSCLC,
atezolizumab plus chemotherapy and bevacizumab is another
first-line treatment option.

Checkpoint inbibitors for locally advanced and resectable
NSCLC

Given the high risk of distant metastasis after definitive
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radiotherapy for locally advanced NSCLC, many ongoing
studies are directed to reducing distant metastasis and
improving OS. The PACIFIC trial was a randomized phase
I trial comparing durvalumab as consolidation therapy with
a placebo in locally advanced unresectable NSCLC where
disease did not progress after definitive platinum-based
chemoradiotherapy (21). Patients were randomly assigned
to receive either durvalumab or a placebo within 42 days
after chemoradiotherapy. The median PFS was significantly
longer in the durvalumab group compared with the placebo
group (17.2 vs. 5.6 months; HR =0.51; 95% CI: 0.41-0.63;
P<0.001). An update was given at the 2019 American
Society of Clinical Oncology (ASCO) Annual Conference,
revealing that the 36-month OS rate was 57% in the
durvalumab group and 43.5% n the placebo group (22).
LUN 14-179 was a similar phase II trial evaluating the
safety and efficacy of pembrolizumab as consolidation
therapy in stage III NSCLC patients who had completed
chemoradiotherapy (23). The median PFS was 15.4 months
and the estimated two-year OS was 68.7%. RTOG 3505
(NCTO02768558) is a comparable trial assessing nivolumab
as consolidation therapy for patients with unresectable stage
IIT NSCLC. This trial is ongoing and no results have yet
been reported (24).

Forde er al. published a prospective phase II trial
evaluating the safety and feasibility of nivolumab induction
in resectable NSCLC (25). The initial data showed that 20
of 21 tumors were margin-negative resected with a major
pathological response (MPR) rate of 45% (9/20) and a
pathologic downstaging rate of 40% (8/20). To improve
the MPR rate of the neoadjuvant therapy, Provencio ez 4.
conducted a phase II multicenter trial (NADIM) to explore
the efficacy of neoadjuvant nivolumab combined with
carboplatin and paclitaxel before surgery in stage IITA
resectable NSCLC (26). The combined induction therapy
resulted in 34 patients (83%) with an MPR and 24 patients
(71%) with a complete pathologic response (CPR). There
are also many ongoing trials evaluating the efficacy and
safety of combining radiotherapy with immunotherapy as
neoadjuvant therapy for resectable NSCLC before surgery,
but no results have yet been reported.

Several retrospective studies have demonstrated
that postoperative radiotherapy (PORT) with modern
techniques 3D-CRT/IMRT) in locally advanced (IN2)
NSCLC contributed to survival benefit (27-29). However,
owing to limited improvement in OS, use of PORT is
controversial (30,31) and it remains to be seen whether

PORT for locally advanced (N2) NSCLC is essential when
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neoadjuvant or adjuvant immunotherapy is administrated.

Four phase III ongoing trials are assessing the efficacy
and safety of immunotherapy as adjuvant treatment in
patients with completely resected stage IB-IIIA NSCLC
(NCT02504372, NCT02273375, NCT02595944, and
NCT02486718). For patients with early-stage NSCLC
unfit for surgical resection, or patients who are unwilling
to receive surgery, SBRT is now the standard treatment,
although distant relapse occurs in 20% of patients (32).
Therefore, the administration of ICIs following SBRT may
improve long-term outcome. PACIFIC4 is an ongoing
phase IIT randomized trial evaluating the efficacy and safety
of durvalumab following SoC (standard of care) SBRT in
patients with unresectable early-stage (T'1 to T3NOMO)
NSCLC.

Opportunity for combining radiotherapy with
immunotherapy

Radiation is a double-edged sword that can both
stimulate and suppress the immune system. It induces an
immunosuppressive environment via the recruitment of
tumor associated macrophages (TAMs), immunosuppressive
regulatory T' (Treg) cells and myeloid derived suppressor
cells (MDSCs) (33,34). Radiation can also increase the
secretion of transforming growth factor-p (TGF-p) and
hypoxia-inducible factor 1-a (HIF-1a), which inhibits
dendritic cell (DC) maturation and induces radioresistance
in endothelial cells (35,36).

Importantly, radiation not only breaks the DNA strands
of TCs, causing cell death, but it also stimulate the immune
system through numerous pathways. Briefly, radiation
can expose previously hiddentumor-associated antigens
(TAAs) and induce the release of immunostimulatory
molecules, such as damage-associated molecular patterns
(DAMPs), adenosine triphosphate (ATP), calreticulin,
and high mobility group protein 1 (HMGB1), prompting
the maturation of DCs and the activation of antitumor T
cells (4,37,38). Cyclic guanosine monophosphate (GMP)-
adenosine monophosphate (AMP) synthase (cGAS) detects
DNA damage, triggering the synthesis of cyclic GMP-
AMP (cGAMP), which modulates the stimulator of
interferon genes (STING) protein (39). Through a series of
phosphorylation reactions, STING induces the expression
of cytokines, such as type 1 interferons (IFNs), interleukin-6
(IL-6) and tumor necrosis factor-a (TNF-a) (40). Radiation
can also remodel the vasculature of the tumor bed and
affect the recruitment of lymphocytes to the tumor (41).
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Furthermore, radiation can also facilitate the destruction of
lesions outside the irradiated field, known as the abscopal
effect (42).

Numerous preclinical studies have suggested that
radiotherapy and ICIs in combination can systemically
eradicate disease in mouse models (43,44). Deng et al.
showed that irradiation increased PD-L1 expression in
the tumor microenvironment and that the combination of
radiation and anti-PD-L1 not only effectively controlled
local tumor growth, but also delayed tumor growth in
distant sites by activating cytotoxic T cells and reducing
the accumulation of MDSCs in mice (45). Radiation in
combination with PD-1 blockade in mouse models of
NSCLC resulted in the synergistically enhanced antitumor
activity through the infiltration of CD8" T cells (46,47).
A retrospective study suggested that tumoral PD-L1
expression increased after chemoradiotherapy in NSCLC,
providing pathologic rationale for the administration of
ICIs following chemoradiotherapy (48). Therefore, the
underlying mechanism for combination therapy is that
radiation can active the immune system against TCs. ICls
can then reverse the immunosuppressive effects of the
tumor microenvironment by blocking checkpoints.

As discussed above, preclinical studies suggest that
radiotherapy an ideal partner for ICIs. There are also
many clinical trials that are assessing the efficacy of this
combined therapy. A secondary analysis of the phase I
KEYNOTE-001 trial suggested that PFS (HR =0.56;
95% CI: 0.34-0.91; P=0.019) and OS (HR =0.58; 95% CI:
0.36-0.94; P=0.026) were significantly longer in patients
who had received any prior radiation treatment compared
with patients who had not (49). The median PFS was
6.3 months in the prior radiation group compared with
2 months in the no prior radiation group; and the median
OS was 10.7 months in the prior radiation group compared
with 5.3 months in the no prior radiation group. Of the
patients who had received any prior radiotherapy (43% of
patients), 39% received extracranial radiotherapy and 25%
received thoracic radiotherapy. Further analysis showed that
patients who had received prior extracranial radiotherapy
had significantly longer PES (6.3 vs. 2.0 months; P=0.0084)
and OS (11.6 vs. 5.3 months; P=0.034) than patients who
did not receive extracranial radiotherapy.

Most recently, Theelen ez al. published a phase II
study in which SBRT was administered to a single tumor
lesion in patients with advanced NSCLC, followed
by pembrolizumab. This investigated whether SBRT

administered before pembrolizumab could enhance
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tumor response (50). Of the 92 patients enrolled, 76
were randomly assigned to receive only pembrolizumab
(the control arm), or to receive pembrolizumab after
radiotherapy (the experimental arm). In the experimental
arm, pembrolizumab was administrated within seven
days of completing SBRT (24 Gy in three fractions). The
objective response rate (ORR) at 12 weeks doubled in these
patients (18% vs. 36%; P=0.07). The median PFS (1.9 vs.
6.6 months; P=0.19) and OS (7.6 vs. 15.9 months; P=0.16)
also improved in experimental arm patients compared with
control arm patients. Subgroup analysis suggested that
patients with PD-L1-negative tumors had significantly
longer PFS and OS, indicating that radiation may alter
the tumor microenvironment of PD-L1-negative tumors,
facilitating the effects of pembrolizumab.

A systemic review evaluated the efficacy of combining
SBRT with ICIs (51). The ICI-SBRT combination had
more improved distant abscopal response rates than ICI
alone, suggesting that non-responders to ICI therapy were
turned into responders by radiotherapy. However, a pooled
analysis did not demonstrate a general increase in OS and
PFS. Further studies should therefore focus on improving
patient selection for this combination therapy. Taken
together, these studies suggest that combining radiotherapy
with immunotherapy can enhance immune response,
though research remains to be done with respect to optimal
dose and fractionations, target regions, the sequence of
radiotherapy and immunotherapy, and combination therapy
toxicity. Many more ongoing clinical trials are investigating
the efficacy and safety of different combinations of
radiotherapy and IClIs in patients with NSCLC (Tables 1,2).

Challenges for combining radiotherapy with
immunotherapy

Timing of radiation therapy

At present, the optimal timing and sequencing of radiotherapy
and immunotherapy is unknown. A review has shown
that the optimal sequencing of combined immunotherapy
and radiotherapy depends on the mechanisms of
activation that the immunotherapy facilitates (52).
The PACIFIC trial demonstrated that adjuvant
administration of durvalumab after chemoradiotherapy
improved PFS and OS (10). The clinical outcomes of
different subgroups, based on time since completing
radiation therapy (RT), to durvalumab were reported at

the 2018 European Society for Medical Oncology (ESMO)
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Annual Meeting (53). PFS was longer in durvalumab group
compared to the placebo group regardless of time since
completing radiation therapy [<14 days: median not reached
(NR) vs. 4.8 months, HR=0.39; >14 days: median 14.0 vs
5.6 months, HR=0.63]. However, there was a trend of PFS
being longer in the 14 days group. Multivariate analysis
showed that the administration of durvalumab within
14 days correlated with better OS. Similarly, pembrolizumab
and nivolumab have been administrated as adjuvant therapy
after chemoradiotherapy in clinical trials assessing the
safety and efficacy of PD-1-targeting IClIs as consolidation
therapy (23,24).

However, another retrospective study reported a different
optimal time for commencement of immunotherapy after
radiotherapy (54). This study recruited patients with
metastatic NSCLC treated with SBRT from between 2004
and 2015 from the National Cancer Database (NCDB). A
total of 13,862 patients met the study eligibility criteria,
and 371 of these patients were treated with immunotherapy
after SBRT. Patients treated with immunotherapy at least
21 days after commencing SBRT had longer OS compared
to those who received immunotherapy within 21 days
after commencing SBRT. The median OS was 19 months
and 15 months, respectively (P=0.0335). However, this is
a retrospective study with many confounding factors. For
example, the tumor burden and the performance state
of patients were imbalanced between the two groups.
Therefore, the optimal time to receive immunotherapy
after radiotherapy still requires exploration through large
randomized clinical trials. However, the combined effect
of radiotherapy and immunotherapy is not only associated
with resting time between the two, but also with the
sequence they are administered.

Sequential administration of radiotherapy followed by
immunotherapy having increased patient survival benefit,
several studies began to explore whether concurrent
administration would yield better results. Preclinical
research has shown that concurrent administration of
immunotherapy and radiotherapy can improve survival
in mice models (55). The phase II DETERRED trial
evaluated the feasibility of atezolizumab combined with
chemoradiotherapy in locally advanced NSCLC (56).
This study was designed in two parts. Part 1 consisted
of treatment with chemoradiotherapy, followed by
consolidation chemotherapy and atezolizumab three weeks
after receiving chemoradiotherapy, and then maintenance
atezolizumab for up to one year. Once atezolizumab was
deemed safe as consolidation and maintenance therapy, part
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2 began to enroll patients. This part of the study introduced
atezolizumab at the same time as chemoradiotherapy,
followed by the same schedule as part 1. In part 1, the
median PFS was 18.6 months and the OS was 22.8 months.
In part 2, the median PFS was 13.2 months and OS was
not reached. Immune-related adverse events (irAEs) of
grade 3 or higher had an incidence rate of 20% to 30%, and
pneumonitis of grade 2 or higher had an incidence rate of
10% to 16%. Therefore, it was found to be safe and feasible
to combine atezolizumab with chemoradiotherapy, though
there is no striking improvement in survival compared with
the PACIFIC trial results.

After the success of the PACIFIC trial, researchers began
to explore the benefits of durvalumab and radiotherapy
administered concurrently. PACIFIC 2 (NCT03519971)
is an ongoing phase III randomized multicenter study
designed to assess the benefit and safety of concurrent
durvalumab and platinum-based chemoradiotherapy in
patients with unresectable stage III NSCLC (57). Patients
will be randomized to receive either durvalumab and
chemoradiotherapy or a placebo and chemoradiotherapy,
followed by either durvalumab or a placebo in patients
without disease progression. The primary endpoints are
PFS and ORR. We eagerly await the results of the trial.
Similarly, NICOLAS, a phase II trial, assessed the safety
and efficacy of nivolumab administered concurrently with
chemoradiotherapy, followed by nivolumab treatment for
one year in locally advanced NSCLC (58).

As existing data supports immunotherapy as
neoadjuvant therapy before surgery, it is postulated that
immunotherapy performed before radiotherapy may also
have clinical benefits. To evaluate whether atezolizumab
administered before chemoradiotherapy can improve
outcomes in unresectable stage III NSCLC, Ross er 4l.
is conducting a single-arm, phase II trial (AFT-16,
NCT03102242) in which atezolizumab is administered
before and after definitive chemoradiotherapy in patients
with locally advanced unresectable NSCLC (59). Patients
will receive four cycles of atezolizumab before definitive
chemoradiotherapy with restaging after cycles 2 and
4, followed by chemoradiotherapy and two cycles of
carboplatin and paclitaxel consolidation in non-progressing
patients. Patients will then receive atezolizumab for one
year. Disease control rate after neoadjuvant atezolizumab is
the primary endpoint. A quantitative system pharmacology
model that included tumor size, dynamics, and immune
markers demonstrated that anti-PD-L1 administration
either prior to or concurrently with radiotherapy may
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produce better synergistic effects (60). Many trials
investigating different treatment combination sequences are
ongoing and the optimal combinations that improve clinical
outcomes in patients will be established in the future.

Dose and fractionation

With the advancement of technology, hypofractionated
radiotherapy has become widely administrated in patients
with relatively small target volumes in NSCLC. However,
calls to increase radiotherapy dose conflict with the
notion that an ideal dose of radiotherapy should induce
inflammatory TC apoptosis and activate anticancer
responses to produce a long-term response (61,62).
Preclinical trials have demonstrated that high-dose
radiation may result in increased infiltration of tumor-
specific CD8+ T cell, upregulation of Fas or intercellular
adhesion molecule ICAM), and enhanced expression of
tumor-associated peptides (63-65). However, a fractionated
dose of 24 Gy per three fractions can induce an efficient
abscopal effect when treated simultaneously with anti-
CTLA-4 antibody, while a single dose of 20 Gy cannot (44).
Hypofractionated radiotherapy induces the accumulation
of endogenous cytosolic DNA, which in turn brings about
the activation of the human STING (hSTING) pathway,
catalyzing the recruitment of ICs (66). The exonuclease
TREXI1, which degrades cytosolic DNA, is induced by
radiotherapy doses higher than 12-18 Gy (66). It is accepted
at present that a radiation dose of between 8 and 10 Gy per
fraction in one to two fractions seems to be the optimal
dose which induces an effective antitumor response (62).
Based on the results of preclinical experiments and case
reports, a wide range of radiation doses and fractionation
schedules are being explored in current clinical trials . A
subgroup analysis of the PACIFIC trial found that patients
enjoyed significant survival benefit regardless of the total
radiation dose prescribed in conventional radiotherapy (53).
A phase I-II trial combining pembrolizumab administered
concurrently with or without thoracic radiation in
metastatic NSCLC was reported at the 2019 ASCO Annual
Conference. The radiation doses administered were 50 Gy
per four fractions, 70 Gy per 10 fractions, or 45 Gy per 15
fractions. The pembrolizumab plus thoracic radiation group
did not show a significantly improve response rate outside
the irradiated field (22% vs. 25%; P=1.00). However, an
exploratory analysis showed that SBRT improved PFS
compared with conventional radiotherapy (21.1 vs. 6.8
months; P=0.03), suggesting SBRT may improve response
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to immunotherapy (67).

A retrospective study showed that patients with untreated
melanoma brain metastases who received fractionation at
3x9 Gy had better intracranial PFS than those who received
a single-fraction dose of between 18 and 20 Gy (70% wvs.
46% at 6 months; P=0.01), especially when combined
with nivolumab (68), as previously reported in preclinical
tumor models (44). Another clinical trial (NCT02221739)
explored the combination of radiotherapy and ipilimumab
in chemotherapy-refractory metastatic patients with
NSCLC (69). Either five fractions of 6 Gy or three fractions
of 9 Gy were administrated to a single site of metastasis.
The results demonstrated that both radiation regimens
increased treatment response, and no significant difference
in treatment response was found between them.

There are currently no significant clinical trials
that demonstrate the optimal dose and fractionation
of radiotherapy in combination with immunotherapy.
However, we can speculate that radioimmunotherapy
might require lower doses of radiation than the maximum
tolerated dose, which provides an opportunity to combine a
lower dose of radiation with immunotherapy (70).

RT target and target volume

Radiation doses of 60 Gy are conventionally administrated
for gross tumor eradication, and prophylactic doses of 45—
50 Gy are used for subclinical disease (71,72). As DLN are
important sites of activation and accumulation of antitumor
T lymphocytes (73), elective nodal irradiation (ENI)
may affect the adaptive immune response. Accordingly,
by irradiating the DLN | the adaptive immune response
was attenuated in a transplantable mouse model treated
with stereotactic radiotherapy and ENI, especially when
radiotherapy and immunotherapy were combined (74).
However, there are no clinical trials currently evaluating
DLN irradiation with combined radiotherapy and
immunotherapy in locally advanced NSCLC.

Tang er al. suggested that significant predictors of
lymphopenia are the volume of lung tissue that receives
5 Gy of radiation and gross tumor volume; lymphopenia
can strongly impact clinical outcomes in patients (75).
Additionally, peripheral lymphocytes are radio-sensitive
cells with a D50 as low as 2 Gy (76). Conventional radiation
of 30 fractions can deliver at least 0.5 Gy exposure to
99% of circulating cells (77). Indeed, a systemic review
showed that radiation-induced lymphopenia (RIL) was
an independent predictor of OS (78). In addition, several
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studies have demonstrated that the mean radiation dose
received by the heart, lungs, and body, and estimated dose
of radiation to immune cells (EDRIC), correlated with
lymphopenia (75,79-81). Therefore, appropriate volumes
of tissue to be irradiated should be defined. We recommend
SBRT or proton therapy to reduce mean body dose and
minimize RIL.

A preclinical study has demonstrated that radiotherapy
can elicit a tumor response when parts of the tumor receive
radiation (82). Similarly, a phase I study that evaluated the
safety of multisite SBRT followed by pembrolizumab in
patients with metastatic solid tumors showed that disease
control at three months was not significantly different
between patients with partial and complete irradiation (83).
Metastases volumes greater than 65 mL were partially
treated with SBRT, and the median gross tumor volumes
were 116.6 mL for the partially irradiated group and
7.2 mL for entirely irradiated group. However, the results of
this trial should be considered with caution, because tumor
regions excluded by SBRT planning also received low doses
of radiotherapy, which contributed to tumor response in
metastatic tumors partially treated with radiotherapy (84).
Moreover, only 17 of the 68 patients received partial
irradiation, and the follow-up time was too short to obtain
an OS (85).

Many clinical trials have explored the efficacy of
irradiation of a single lesion combined with ICI since a case
report described the abscopal effect in a melanoma patient
who was treated with ipilimumab and radiotherapy (42).
However, emerging evidence suggests that this strategy
does not produce a substantial abscopal effect or any clinical
benefits (86).

Considering the distinct TAAs of different metastases,
the genomic heterogeneity of tumors, and tumor burden,
the irradiation of multiple sites instead of a single site has
been suggested to enhance the efficacy of radiotherapy
combined with ICI (4). Furthermore, irradiation of specific
metastatic lesions should be based on the feasibility and
safety of the radiation. For example, SBRT is tolerated
by lung parenchyma and liver tissues (4). A phase I trial
that evaluated the safety and efficacy of SBRT combined
with ipilimumab in lung and liver metastases in NSCLC
suggested that liver SBRT resulted in greater T cell
activation than lung SBRT, in turn producing more
favorable patient outcomes (87).However, the bone marrow
is a site of immune privilege, which is a phenomenon where
certain sites are less able to develop an antitumor response
after RT (88,89). Therefore, the irradiation of bone is not
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able to enhance the efficacy of ICI.

Acquired resistance

Although ICIs revolutionized the treatment of NSCLC,
only 20% of unselected patients with advanced disease
respond to PD-1/PD-L1 inhibitors, and 45% of selected
patients with PD-L1 expression on at least 50% of TCs
are susceptible to PD-1/PD-L1 inhibitors (7,90). When
patients have no objective tumor response to their initial
therapy with PD-1/PD-L1 inhibitors, this is called
primary resistance (91). The duration of response to ICIs
ranges from 12 to 25 months in advanced NSCLC, with
a small percentage of patients having a durable response
lasting more than two years (92). When patients develop
progressive disease despite responding to their initial
treatment with ICIs, this is called acquired resistance (93).
Primary and acquired immunotherapy resistance affects the
efficiency of ICls, which underscores the urgency to develop
more effective strategies to overcome such resistance.

Neoantigen loss, the mutation of janus kinase 1 (JAK1)/
janus kinase 2 (JAK2), epigenetic stability of exhausted
T cells, and the upregulation of inhibitory immune
checkpoints can occur in acquired resistance (94-97). A
study that characterized the clinical patterns of acquired
resistance to PD-1/PD-L1 inhibitors in patients with
advanced NSCLC demonstrated that acquired resistance
was limited to one or two sites, lymph nodes being the most
common site of acquired resistance (92). Local therapy, such
as radiotherapy, was given to 15 patients who experienced
acquired resistance, and the two-year survival rate of these
patients was 92% (95% CI: 0.77-1.00). Eleven patients
continued taking ICIs after local therapy. Therefore, it was
found that patients who develop oligo-progression after
responding to ICIs can receive radiotherapy to prolong ICI
effectiveness.

Although the combination of radiotherapy and
immunotherapy has improved clinical outcomes, as
demonstrated in many clinical trials, most patients
eventually relapse and develop acquired resistance (98,99).
Chronic IFN-y activation, the conversion of ATP to
adenosine, extra-cellular matrix remodeling and infiltration
of Tregs, MDSCs, and macrophages suppress the response
to this combination therapy (100). Understanding
the mechanism of acquired resistance to combination
therapy provides a foundation for developing strategies to
overcome this resistance. It is essential to design preclinical
and clinical trials that target components in the tumor
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microenvironment to reduce immunosuppression.

Patient selection

Significant effort is put into selecting suitable patients for
combination therapy. However, a reliable predictive marker
or model of responses to immunotherapy or combination
regimens remains unavailable. Local or distant progression
frequently occurs after chemoradiation for inoperable
NSCLC. Due to the heterogeneity of these patients, the
S-year survival rate ranges from 6% to 30% (101). The
RTOG 0617 randomized trial showed that clinical outcomes
did not improve in their dose escalation group, suggesting
that local intensification of RT dose may not be a feasible
treatment for all patients with inoperable NSCLC (102).
Therefore, establishing a predictive model to assess failure
patterns in inoperable NSCLC can further guide the
individualization of radioimmunotherapy treatment options.
Research has shown that PD-L1 expression, tumor
mutational burden, DNA mismatch-repair deficiency,
interferon-y-related gene expression, and tumor-infiltrating
lymphocytes are potential biomarkers for ICIs (103,104). In
the PACIFIC trial, a post-hoc exploratory analysis showed
that durvalumab as consolidation therapy significantly
improved PFS and OS compared with a placebo in
people with >1% PD-L1 expression (HR =0.46; 95% CI:
0.33-0.61) (10). However, in patients with <1% PD-LI
expression, PFS and OS did not significantly improve in the
durvalumab group compared with the placebo group. As the
subgroup analysis was not representative of the patients in
the trial and the numbers of patients with PD-L1 expression
<1% was low, the efficacy of durvalumab in patients with
PD-L1 expression <1% should be explored in the future.
Radiomics and similar machine-learning approaches
based on using imaging data to predict response to
immunotherapy also stand out as promising approaches
to noninvasively assess tumor-infiltrating CD8+ T
cells (105). Radiomics strategies provide longitudinal
monitoring of tumor characteristics. When combined
with tumor biopsies and genomics, this could improve
patient selection. Considering the diversity and complexity
of combination therapy, suitable biomarkers should
be found at multiple levels, including the genome,
transcriptome, proteome, metabolome, and microbiome
levels (106). Circulating ICs, circulating cytokines, and
circulating antitumor autoantibodies in the peripheral
blood which can be frequently sampled could also be used
as biomarkers to predict patient response to radiotherapy
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and radioimmunotherapy (107). In summary, there is not
currently any one biomarker that can successfully predict a
patient’s response to combination therapy, and all existing
potential biomarkers need to be validated in clinical trials.

Toxicity of combination therapy

Immunotherapy given alone can cause adverse effects (AEs)
such as rash, diarrhea, fatigue, immune-related pneumonia,
and myocarditis (a rare AE), et cetera. A meta-analysis to
assess the incidence of irAEs in NSCLC patients receiving
PD-1 or PD-L1 inhibitors included 10 trials of PD-1
inhibitors and six trials of PD-L1 inhibitors. This analysis
showed that the incidence of irAEs was 22% for all irAE
grades, and only 4% for grade 3-4 irAEs (108). It took a
median of 10 weeks from the start of treatment for irAEs to
occur.

The combination of radiotherapy and immunotherapy
not only modulates immune response, but also affect the
type and severity of treatment-related AEs (109). Some
retrospective research has suggested that radiotherapy and
ICIs in combination did not result in increased toxicity
(110-112). A retrospective cohort study that examined
patients with metastatic lung cancer who were treated with
anti-PD-1/PD-L1 therapy suggested that the incidence
of grade 2 or more irAEs (13.7% vs. 15.4%; P=0.83), all
grades of pneumonitis (8.2% vs. 5.5%; P=0.54), and grade
2 or more pneumonitis (4.1% vs. 3.3%; P>0.99) were not
significantly different between the radiotherapy and non-
radiotherapy cohorts (110). A limitation in this study is that
the median time between radiotherapy and anti-PD-1/PD-
L1 therapy was 8.6 months.

Vansteenkiste ez a/. recently studied whether pneumonitis
occurring in stage III NSCLC influenced the efficacy
of durvalumab in the PACIFIC trial. Grade 3 or 4 AEs
occurred in 30.5% of patients treated with durvalumab
and 26.1% of those who received a placebo. Pneumonitis
or radiation pneumonitis of any grade occurred in 161
(33.9%) patients in the durvalumab group and 58 (24.8%)
patients in the placebo group. Pneumonitis was the most
common grade 3 or 4 AE, occuring in 3.6% of patients
in the durvalumab group and 3% of patients in placebo
group, and pneumonitis caused death in 3.1% (5/161) of the
durvalumab group and 8.6% (5/58) of the placebo group.
Adjusting for the presence of time-dependent pneumonitis
in the Cox proportional-hazards model, it was found that
OS, PES, and time to distant metastasis (I'TDM) aligned
with the results from the intent to treat (I'TT) population.
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In addition, the presence of time-dependent pneumonitis
was not significant (P>0.1) in any model. Therefore, it was
not found that the presence of pneumonitis influenced any
benefit mediated by durvalumab (113).

The LUN14-197 trial, which administered pembrolizumab
as consolidation therapy for chemoradiotherapy, showed that
5.4% of patients experienced grade 3—4 pneumonitis and
5.4% of patients experienced grade 3—4 dyspnea (23). The
NICOLAS trial showed that anaemia (47.5%), fatigue (45%),
and pneumonitis (42.5%) were the most frequent AEs when
nivolumab combined with concurrent chemoraidothrapy (58).
Grade 3 or 4 pneumonitis did not occur by three months
after the end of RT. Therefore, nivolumab combined with
concurrent chemoradiotherapy in stage III NSCLC was
found to be safe and tolerable, but larger trials are required
in the future to verify these results. When combining
pembrolizumab with SBRT, the most common AEs were
fatigue (39%), flulike symptoms (32%), and a cough
(39%) (50). Pneumonia occurred more frequently in the
combination group than in the pembrolizumab alone group
[3/37 (8%) vs. 9/35 (26%)]. Grade 3-5 pembrolizumab-
related toxic effects occurred in 12 patients (17%) and there
were no significant differences between two groups.

Over the past few years, many case reports and single-
institution retrospective studies have researched the safety of
combination radiotherapy and immunotherapy. In addition,
numerous clinical trials investigating the combination
treatment have begun, most of which are ongoing.
Pending further validation, for now we can conclude that
combination radiotherapy and immunotherapy seems safe
and acceptable.

Future directions

Based on numerous preclinical and clinical research,
combining radiotherapy with ICIs is predicted to be an
effective treatment model in the future. At present, a
growing body of ongoing clinical trials are investigating
a range of treatment options, including diverse
immunotherapy regimes, various doses and fractionation
schedules, smaller target lesions, and different combination
treatment sequences. In the future, these clinical trials
are expected to offer conclusive evidence that patients
with NSCLC can benefit from combination treatment.
In addition, clinical trials are also exploring combination
treatment in patients at different stages of NSCLC. First,
the excellent tolerability profile of ICIs and SBRT provide
an opportunity to develop combined strategies in patients
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with early stage NSCLC who are unfit or unwilling to
undergo surgical resection. Second, the efficacy and safety
of immunotherapy administrated as neoadjuvant therapy
for resectable NSCLC allows the exploration of combining
radiotherapy with immunotherapy as neoadjuvant therapy
before surgery. Third, radiotherapy given concurrently with
immunotherapy may increase patient survival compared
with immunotherapy as consolidation therapy in locally
advanced NSCLC. Finally, SBRT administered to multiple
sites concurrently with ICIs may enhance antitumour
efficacy in patients with metatatic NSCLC.
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