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Abstract. The combination of immune checkpoint inhibitors
(ICIs) and radiotherapy has shown promise in the treatment of
metastatic non-small cell lung cancer (NSCLC). The present
meta-analysis aimed to determine the efficacy and safety
of combining radiotherapy (RT) ICIs for the treatment of
metastatic NSCLC. PubMed, Google Scholar, the Cochrane
Library and Web of Science databases were searched for rele-
vant articles up to February 1, 2023. Post-therapy outcomes
such as progression-free survival (PFS), complete response,
partial response (PR), progressive disease (PD), stable disease
and adverse events (AEs) were analyzed. The meta-analysis
was performed using RevMan 5.4 software. A total of seven
studies involving 682 patients were included (384 patients
who received ICI + RT vs. RT and 298 patients who received
ICI + RT vs. ICT alone). No significant difference in PFS was
demonstrated between the ICI + RT group and the RT group
(heterogeneity: %2=2.35; df=1; P=0.13; [2=57% and test for
overall effect: Z=0.10; P=0.92). Conversely, patients in the
ICI alone group had significantly decreased PR rates (hetero-
geneity: T2=0.00; 2=2.13; df=3; P=0.54; I?>=0% and test for
overall effect: Z=2.57; P=0.01) compared with patients in the
ICI + RT group. The ICI + RT group also had significantly
lower rates of PD (heterogeneity: T2=0.00; x?>=0.91; df=3;
P=0.82; 12=0% and test for overall effect: Z=2.52; P=0.01)
compared with the ICI alone group. Safety analysis revealed
no significant difference between patients who received ICI +
RT and those who received RT in terms of grade 1 or 2 AEs. In
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conclusion, the combination of ICIs + RT demonstrates prom-
ising efficacy and safety for patients with metastatic NSCLC.
However, clinical trials that have tested this combination are
lacking, which emphasizes the need for further research.

Introduction

Lung cancer remains a significant global health challenge. It is
the second most common cancer with an estimated 2.2 million
cases reported worldwide in 2020. Lung cancer also has the
highest mortality rate amongst all cancers, with ~1.8 million
deaths recorded globally each year (1). Furthermore, non-small
cell lung cancer (NSCLC) accounts for ~85% of all lung cancer
cases (2). Recent advancements in cancer immunotherapy
have revolutionized the management of metastatic NSCLC (3).

The landscape of advanced NSCLC treatment has under-
gone a paradigm shift with the advent of immunotherapy.
Immune checkpoint inhibitors (ICIs) targeting programmed
cell death protein 1 (PD-1), programmed death-ligand 1
(PD-L1) and cytotoxic T-lymphocyte-associated protein 4
(CTLA-4) have emerged as pivotal agents in this regard (4).
Key clinical trials, such as KEYNOTE-010, 024 and 042,
have established immunotherapy, either as a monotherapy or
in combination with chemotherapy, as the standard first-line
treatment for advanced NSCLC (5-7). However, the efficacy of
immunotherapy remains limited, as only ~20% of unselected
patients with NSCLC derive a benefit, which has prompted the
exploration of combination strategies (8.,9).

Stereotactic radiotherapy (SRT) delivers a precise high
radiation dose to a single tumor site and is typically admin-
istered in 3-5 fractions with high accuracy. The potential
synergistic effects of immunotherapy and SRT have garnered
increasing interest and are supported by preclinical evidence
that has indicated enhanced tumor antigen release, improved
antigen presentation and increased T-cell infiltration in irradi-
ated tumors. Furthermore, several preclinical studies across
several solid tumor types, including nonirradiated tumors,
have demonstrated more pronounced tumor regression when
radiotherapy (RT) is combined with ICIs than with either
treatment alone (10-16). However, randomized clinical trials
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have yet to assess this synergistic effect on the response of
patients with metastatic NSCLC.

Therefore, the aim of the present meta-analysis was to
systematically assess the safety and efficacy of ICIs combined
with RT for the treatment of metastatic NSCLC.

Materials and methods

Study design. The present meta-analysis compared the effec-
tiveness of combining ICIs with RT vs. RT alone, and ICI +
RT vs. ICI therapy alone for metastatic NSCLC. Randomized
controlled trials (RCTs) and retrospective studies (RSs) were
included and the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines were followed for
methodological consistency (17). Analysis was performed
according to the Cochrane Handbook for Systematic Reviews
of Interventions, version 5.1 risk of bias tool (www.handbook.
cochrane.org). Patient consent and ethical approval were not
obtained, as the analysis solely relied on previously published
original studies.

Search strategy

Selection of studies. The research methodology of the present
study involved a rigorous and comprehensive search strategy
to identify relevant studies that investigated the use of SRT in
combination with ICIs in cancer, with a specific focus on meta-
static NSCLC. A total of four major databases were searched,
namely, PubMed (https:/pubmed.ncbi.nlm.nih.gov/), Google
Scholar (https://scholar.google.com/), the Cochrane Library
(https://www.cochranelibrary.com/) and Web of Science
(www.webofscience.com/), to cover literature from database
inception to February 1, 2023. To ensure the inclusivity of the
search, a range of key terms were used, including ‘ICI’, ‘radio-
therapy’, ‘PD-1’, ‘PD-LI’, ‘CTLA-4" and ‘NSCLC’, as well as
specific ICI agents, such as ‘pembrolizumab’, ‘nivolumab’,
‘ipilimumab’, ‘atezolizumab’, ‘durvalumab’ and ‘tremelim-
umab’. The search strategy was designed to capture all relevant
studies that assessed the efficacy and safety of ICIs combined
with SRT in the treatment of NSCLC. The references of the
included studies were also screened to identify any additional
studies that may have been missed during the initial search.
This comprehensive approach ensured that a robust body of
evidence was gathered and allowed a thorough analysis of the
effectiveness and safety profile of this combined therapy in
NSCLC treatment to be performed.

Selection criteria. The studies included in the analysis
adhered to specific criteria, which were as follows: i) Studies
with patients diagnosed with metastatic NSCLC who under-
went combination treatment of STR with ICIs targeting PD-1,
PD-L1 and CTLA-4; and ii) studies that were RSs or RCTs,
which ensured a variety of study designs for a comprehensive
analysis. Furthermore, the following exclusion criteria were
applied: i) Single-arm studies; ii) systematic reviews; iii)
case reports; iv) non-English publications; v) studies lacking
sufficient data for outcome estimation; and vi) animal studies.

Data extraction. Two researchers (SF and WS) indepen-
dently screened each article based on the title and abstract,
and the data collection process relied on preferred literature
sources. Table I provides a comprehensive overview of the
included studies and provides the following details: First

author, year of publication, country of origin, study design,
total patient count, type of therapy (ICI + RT vs. RT and ICI +
RT vs. ICI), trial registration number, phase and outcomes.
Furthermore, information on progression-free survival (PFS),
grade 1 and 2 adverse events (AEs; including hypophysitis,
uveitis, xerostomia, hypothyroidism, pneumonitis, hepatitis,
enterocolitis, pancreatitis, autoimmune diabetes, adrenal
insufficiency, arthralgia and dermatitis), complete remission
(CR), progressive disease (PD), stable disease (SD) and partial
remission (PR) outcomes was collected.

Statistical analysis. Statistical analysis was performed using
the ReviewManager (RevMan) software, version 5.4 (The
Cochrane Collaboration). Dichotomous variables were pooled
using odds ratios (ORs) with 95% confidence intervals (CIs).
The Mantel-Haenszel method was used to assess random
effects models for OR. The inconsistency statistic (I*) was
used to evaluate heterogeneity between studies, with pooled
results considered significant and heterogeneous if 1*>>50%; in
this case, a random effects model was applied. Additionally,
potential publication bias was assessed using funnel plots.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Study selection. A total of 1,250 records were screened,
85 of which were assessed in full. Moreover, 7 articles
involving 682 patients diagnosed with metastatic NSCLC
were included in the meta-analysis (Fig. 1). Among these
patients, 384 patients were given ICI + RT or RT alone,
whilst 298 patients received ICI + RT or ICI alone. The
characteristics of the included studies are summarized in
Table I. A total of three of the records were phase II trials.
The studies included only patients with NSCLC. The ICIs
used included anti-PD-1 (pembrolizumab and nivolumab),
anti-PD-L1 (atezolizumab and durvalumab) and anti-CTLA-4
(ipilimumab and tremelimumab) agents, whilst SRT was the
type of RT administered. Treatment effects were evaluated in
individual studies according to Response Evaluation Criteria
in Solid Tumours 1.1 (18). Efficacy was classified as CR, PR,
SD or PD. PFS was calculated from treatment initiation to the
time of disease progression or death. A total of three studies
compared the efficacy between the ICI + RT arm and RT-alone
arm, among which two studies (19,20) with 260 patients
reported PFS, and no significant difference was observed
between the two arms (heterogeneity: x=2.35; df=1; P=0.13;
12=57% and test for overall effect: Z=0.07; P=0.94; Fig. 2A). In
another study a subgroup analysis of patients diagnosed with
NSCLC revealed a significant improvement in PFS [hazard
ratio (HR)=0.49; 95% CI, 0.37-0.64; P<0.00001] in patients
<65 years who received ICI + RT, but no significant differ-
ence in PFS was reported in patients >65 years (HR=0.86;
95% CI, 0.65-1.16; P=0.43) (21). However, neither grade 1 or 2
AEs recorded in two studies (20,22) that included 333 patients
were significantly different after the application of ICI + RT
compared with RT alone. However, a notable improvement
in grade 1 AEs was recorded for the RT arm. Moreover, no
heterogeneity was observed for grade 1 AEs (25 vs. 33%;
heterogeneity: T2=0.00; 2=0.51; df=1; P=0.47; 12=0%; and test
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Figure 1. Preferred reporting items for systematic reviews and meta-analyses flowchart of the included studies.

for overall effect: Z=1.53; P=0.13) or grade 2 AEs (heteroge-
neity: ¥2=0.48; df=1; P=0.49; 2>=0% and test for overall effect:
7=0.34; P=0.74; Fig. 2B and C). The results indicate that the
use of RT alone led to an increase in grade 1 AEs.

A total of four studies including 298 patients evaluated
the use of ICI + RT and ICI alone, with two studies (23,24)
with 228 patients reporting the CR rate. A pooled analysis
of CRs was performed using a random effects model, and
no significant difference was observed between the two

arms (heterogeneity: x?=0.18; df=1; P=0.67; 12=0% and
test for overall effect: Z=1.71; P=0.10; Fig. 3A). The PR
rate of patients who were treated with a combination of
ICI + RT compared with ICI alone was retrieved from four
studies (23-26). Compared with patients who received ICI +
RT, patients who received ICI alone achieved a significant
PR (heterogeneity: x2=2.13; df=3; P=0.54; 12=0% and test
for overall effect: Z=2.66; P=0.01; Fig. 3B). A total of four
studies (23-26) reported the SD rate, and no significant
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Figure 2. Forest plot of ICI + RT vs. RT. (A) PFS. (B) Grade 1 AEs. (C) Grade 2 AEs. ICI, immune checkpoint inhibitor; RT, radiotherapy; PFS, progression-free
survival; AE, adverse event; df, degrees of freedom; M-H, Mantel-Haenszel; CI, confidence interval.

heterogeneity was observed among the studies (y2=2.89;
df=3; P=0.41; I2=0% and test for overall effect: Z=1.32;
P=0.19; Fig. 3C). The pooled incidence of PD was reported
in four studies (23-26) and the estimate favored ICI + RT,
which was associated with a significantly decreased PD rate
compared with ICI therapy alone (heterogeneity: T2=0.00;
¥2=0.91; df=3; P=0.82; [2=8% and test for overall effect:
7=2.52; P=0.01; Fig. 3D).

Sequence of ICI and RT combinations. The optimal
sequencing of RT and ICIs remains a topic of ongoing inves-
tigation. Emerging research suggests that ICIs may exhibit
maximal efficacy when administered either concurrently
with or close to the time RT is given, as this approach helps
to mitigate delayed antigen presentation in an immunotol-
erant environment. Moreover, the synergistic mechanism
appears to vary depending on the specific type of ICI
used. Anti-PD-1/PD-L1 agents are believed to enhance the
activation of new T cells, whilst anti-CTLA4 antibodies
function within the lymphatic system to suppress regulatory
T cells and restore costimulatory signals, thereby enabling
T cells to respond effectively to antigen presentation (27).
Consequently, these processes have the potential to syner-
gize with the T-cell activation and proliferation induced by
RT, which culminates in a more robust immune response.

Dovedi et al (12) compared RT administered concurrently
with anti-PD-L1 therapy vs. RT followed by a 7-day interval
before initiation of anti-PD-L1 treatment. The latter approach
resulted in the ineffective activation of effector T cells and
poor survival outcomes. Similarly, Young et al (28) evaluated
the administration of RT (20 Gy x1) alongside anti-CTLA4
at several time points relative to RT. Their findings revealed
markedly improved survival rates when anti-CTLA4 was
administered 7 days prior to RT. Furthermore, the study
explored the use of anti-OX40, a secondary costimulatory
checkpoint inhibitor, in conjunction with RT and reported
optimal survival outcomes when ICI was given 1 day after
RT. These findings underscore the importance of tailoring
the sequencing of RT and ICIs based on the specific agent
used. Currently, ongoing clinical trials, such as the RT
sequence phase I trial (trial registration no. NCTO3307759),
are assessing the optimal sequence of RT and ICIs, particu-
larly in the context of metastatic NSCLC. In clinical practice,
ICIs may be administered before, during or after SRT, with
concurrent use defined as the administration of ICIs within
2-4 weeks before or after SRT. Favorable outcomes have been
observed with this approach in terms of local control and
overall survival (28,29). Based on current medical evidence,
an interval of <4 weeks between SRT and ICI administra-
tion is recommended. Notably, the efficacy of ICIs may
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Figure 3. Forest plot of ICI + RT vs. ICI. (A) CR. (B) PR. (C) SD. (D) PD. ICI, immune checkpoint inhibitor; RT, radiotherapy; CR, complete remission;

PR, partial remission; SD, stable disease; PD, progressive disease.

vary depending on the order and timing of their delivery in
conjunction with SRT (28,29). Therefore, continued research
in this area is essential to optimize treatment strategies and
improve patient outcomes.

Clinical implications of ICIs and RT in cancer treatment.
ICIs have revolutionized the management of NSCLC by
targeting CTLA-4 and PD-1, along with their corresponding
ligands B7-1 (CD-80)/B7-2 (CD-86) and (PD-L1)/PD-L2 (30).
In a comprehensive analysis by Chicas-Sett e al (31), which
included 18 publications and encompassed 1,736 patients who
underwent treatment with SRT and ICIs, this combination
demonstrated notable success rates, with a 71% local control

rate and a 41% success rate in eliciting the abscopal effect.
Furthermore, combination treatment led to a significant
improvement in overall survival (OS; (12.4 months; P=0.006).
Clinical trials evaluating several combinations of SRT and
ICIs in patients with metastasis are supported by theoretical
and preclinical evidence that has shown a synergistic rela-
tionship between these modalities. However, controversies
persist regarding the optimal sequence of administration,
SRT fractionation patterns and dosages, selection of appro-
priate ICIs, therapeutic effects and side effects, among other
factors. Although most studies have reported enhanced local
control and OS with acceptable AE rates, it is essential to
note that these findings primarily stem from retrospective
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cohort analyses with a limited population size; these studies
have predominantly included patients with primary histology
indicative of malignant melanoma and have used ipilimumab
more than other ICIs. These inherent limitations pose chal-
lenges in extrapolating published results and understanding
their true impact, especially for brain metastases originating
from other primary tumors (32).

AEs associated with ICIs and RT. Immunotherapy (IT)
and ICIs have revolutionized cancer treatment, but they
also cause a range of AEs. Common AEs associated with
IT and ICIs include fatigue, cutaneous eruptions, pruritus
and hormonal imbalances, such as hypophysitis and thyroid
dysfunction, particularly with anti-CTLA-4 agents, as well
as gastrointestinal issues (primarily colitis). Respiratory
complications that range from mild coughing or shortness
of breath to pneumonia are also prevalent (33). Moreover,
reports have indicated potential detrimental effects on the
heart and nervous system and the likelihood of experiencing
these AEs appears to increase with the combination of RT
and IT (33). In one study, AEs exceeding grade 3 with RT +
ICI combination therapy ranged from 10-17% and 29-38%
in patients who received anti-PD-1/PD-L1 therapy and
anti-CTLA-4 therapy, respectively (31). However, these find-
ings did not significantly differ from those observed with IT
alone. For instance, in the PACIFIC trial, the incidence of
grade 3-4 AEs was greater in the durvalumab group than
in the placebo group, as patients treated with durvalumab
also had a greater incidence of lung disease (34). Early
discontinuation of durvalumab was primarily attributed to
grade 3-4 lung disease and radiation-induced lung disease.
Additional randomized trials have further supported these
findings and have shown no significant difference in grades
=3 and =4 pulmonary AEs when RT/IT was compared with
placebo/RT (31,35). Nevertheless, caution is warranted due
to the potential AEs of the RT + IT combination, such as
inflammation in the colon with abdominopelvic RT or nerve
damage with RT of brain metastases. SRT may mitigate
certain AEs compared with conformal RT (36).

Publication bias assessment. No indication of publication bias
was found as every study fell within the 95% CI range (Fig. 4).
Subsequently, Egger's test demonstrated statistical evidence of
funnel plot symmetry. However, the results did not show any
evidence of publication bias for SD (heterogeneity: ?=2.89;
df=3; P=0.41; I>=0; Fig. 3C).

Quality assessment. In the present study, the Cochrane
Handbook for Systematic Reviews of Interventions,
Version 5.1 risk of bias tool (The Cochrane Collaboration)
was used to objectively assess the quality of the trials.
The potential for bias was evaluated in the following
areas: i) Sequence generation; ii) allocation concealment;
iii) blinding; iv) incomplete data; v) selective reporting; and
vi) other factors (Fig. 5). ‘High-risk’ trials were those with
risks of bias for =1 important domains. A trial was deemed
to be ‘low risk’ if it had a low bias risk across all impor-
tant domains. Alternatively, the trial was deemed ‘unclear’.
Disagreements between the researchers were resolved by
discussion with the corresponding author.
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Figure 4. Funnel plot of stable disease. SE, standard error, RD risk difference.

Discussion

The human immune system serves a crucial role in mounting
an antitumoral immune response, with T cells being particu-
larly instrumental in shouldering a significant portion of this
immunological workload. The balance between stimulatory
and inhibitory signals, including ICIs, ultimately governs the
effectiveness of the immune response, which is triggered by
T-cell recognition of specific antigens (37,38). In addition to the
immune system itself, tumors and surrounding tissues can also
provoke immune responses. When T cells fail to respond, it is
often because their receptors do not recognize any antigens.
Key ICIs, such as CTLA-4 and PD-1, are pivotal in cancer
treatment due to their ability to modulate immune responses
at several stages through distinct mechanisms. Examples of
CTLA-4 and PD-1 ICIs include ipilimumab, nivolumab and
pembrolizumab. These antibodies function by blocking inhibi-
tory receptors on T cells, thereby enhancing their effectiveness
against tumors. This unique mechanism of action prevents the
transmission of inhibitory signals, which enables T cells to
effectively eliminate cancer cells (39). According to preclinical
models, checkpoint agents that target the PD-1 and CTLA-4
pathways may be more effective when immunogenic radiation
doses are added (11,40).

The present meta-analysis aimed to demonstrate the safety
and efficacy of the administration of ICIs that target PD-1 and
CTLA-4 in conjunction with RT in individuals with metastatic
NSCLC. An analysis of 10 studies revealed no significant
difference in PFS between the ICI + RT group and the RT-alone
group (heterogeneity: x?>=2.35; df=1; P=0.13; 12>=57%). Out
of the studies analyzed, only one conducted a comparison
between patient groups that were administered radiation and
those that were not, and showed a favorable effect of RT on
the best objective response but no significant difference in
PFS or OS (41). Moreover, a meta-analysis performed by
Ma et al (42) demonstrated that combination therapy including
ICIs significantly prolonged PFS compared with ICI mono-
therapy (HR=0.83; 95% CI, 0.74-0.94; P=0.003). However,
notably, this analysis revealed significant heterogeneity
(P<0.0001; 1°=85%). Furthermore, Xu et al (21) highlighted
a significant improvement in PFS when ICIs were combined
with RT therapy, particularly in younger patients (<65 years
of age) with NSCLC (vs. =65 years of age: HR=0.49; 95% CI,
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Figure 5. Risk of bias summary. (A) Likelihood of potential bias: Evaluation of each bias item is presented as % for all studies included in the present review.
(B) Summary of potential bias: Assessment of each bias item for each study included in the present review.

0.37-0.64; P<0.00001). Ongoing clinical trials, such as trial
registration nos. NCT02562625 and NCT02730130, are
expected to provide further insights (43).

A comparison between patients who received ICIs + RT
and patients who received ICIs alone revealed a significant
difference in the rates of PR and PD. PR was significantly
higher in the ICI arm (P=0.01), whilst combination therapy
was associated with a significantly decreased PD rate
compared with ICI therapy alone (P=0.01). However, no
significant differences were observed between the two
treatment modalities with respect to the CR and SD rates.
Moreover, an assessment of the association between the
timing of IT and SRT revealed that 167 patients received
concurrent IT (within 4 weeks of SRT), whilst 124 patients
received nonconcurrent IT. However, no difference was
reported between the two groups in terms of the proportion

of patients that achieved CR or PR (concurrent, 94.6% vs.
nonconcurrent, 94.4%; P=0.5) (44).

No difference was observed in the occurrence of AEs
between patients treated with ICIs + RT and those treated with
RT alone, as indicated by the absence of heterogeneity in patients
with grade 1 (heterogeneity: ¢?=0.51; df=1; P=0.47; I>=0%) and
grade 2 (heterogeneity: ¥2=0.48; df=1; P=0.49; I>°=0%) AEs.
Hwang et al (45) reported that patients diagnosed with NSCLC
who had previously received thoracic RT did not experience
any distinct immune-related AEs compared with those who
had received ICI treatment. However, a study involving multiple
institutions and 915 patients revealed a significantly greater
susceptibility to pneumonitis when patients were treated with
a combination of RT + ICIs compared with when patients were
treated with monotherapy (10 vs. 3%; P<0.01), which corrobo-
rates the pattern observed in the present case (46).
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Compared with other studies, the present research provides a
distinct contribution in that it addresses a unique aspect of treat-
ment by exploring the combined use of ICIs + RT specifically for
metastatic NSCLC. Whilst Kim er al (47) assessed the efficacy
of ICI therapy with or without RT for NSCLC brain metastases
and Liu ef al (48) evaluated the outcomes of adding RT to ICIs in
metastatic NSCLC, the present study provides insights into the
effectiveness of this combination therapy for metastatic NSCLC
as a whole. Additionally, the present meta-analysis approach
allows for a systematic synthesis and analysis of existing data,
offering an evaluation of post-therapy outcomes such as PFS,
response rates and AEs for the combination of ICIs + RT. By
providing evidence of the promising efficacy and safety of this
combined treatment modality, the present study sets the stage
for further research and potential advancements in the manage-
ment of patients with metastatic NSCLC.

The present meta-analysis aimed to assess the efficacy
and safety of RT + ICIs for the treatment of NSCLC. Whilst
the importance of addressing the variability among ICIs is
acknowledged, considering that differences exist in the mech-
anisms of action, pharmacokinetics and patient responses,
the present study chose a broader approach to provide a
comprehensive evaluation of the combined therapy strategy
as a whole. Despite the technical complexities involved in
analyzing multiple subgroups based on several ICIs, such as
differences in study designs, dosages and patient characteris-
tics, maintaining the integrity and robustness of the primary
analysis was prioritized. However, it is crucial to note certain
limitations of the present meta-analysis. First, the inclusion of
both RSs and RCTs implies that a certain level of bias between
the groups was unavoidable. Second, whilst the time interval
for the concurrent group in the present study may have been
standardized, the same cannot be said for the combined RT +
ICI group, as most of the original studies did not define this
interval. Third, outcomes may vary depending on the specific
ICI and RT protocols used in each study. Further RCTs are
necessary to validate and strengthen the conclusions regarding
the use of ICIs and RT in the treatment of metastatic NSCLC.

In conclusion, the present study revealed that ICIs, either
used alone or in combination with RT, are safe and effective
for treating patients with metastatic NSCLC. However, further
RCTs are needed to gain a deeper understanding of the long-term
outcomes, response rates, survival rates and safety profiles.
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