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Objective: Recently, the therapeutic effects of the combination of radiotherapy
(RT) and immune checkpoint inhibitors (ICls) on lung cancer (LC) have piqued the
interest of the scientific community. Clinical trials have confirmed that RT and ICI
therapy exert synergistic therapeutic effects. However, treatment with the RT-ICI
combination can lead to the occurrence of pneumonitis, limiting the
implementation of the treatment plan, decreasing the tumor control rate, and
inducing immunosuppressive pneumonitis and radiation pneumonitis. Therefore,
this study performed a systematic review and meta-analysis of pneumonitis
prevalence among patients with LC who were treated with a combination of ICls
and chemoradiotherapy (CRT).

Methods: Literature published between January 1, 2010, and October 15, 2023,
were searched in the PubMed, Cochrane Library, Embase, and Web of Science
databases by two authors. The primary outcomes analyzed in this study were the
incidence rates of all-grade pneumonitis and > grade 3 pneumonitis.

Results: This study analyzed 53 studies involving 4226 patients. The pooled
incidence rates of all-grade and > grade 3 pneumonitis were 36.0% (95%
confidence interval (Cl): 30.0-41.0) and 3.0% (95% Cl. 2.0-4.0), respectively.
The all-grade pneumonitis incidence rates in Asian patients (51%; 95% Cl: 38%—
63%) were higher than those in non-Asian patients (26%; 95% Cl: 22%—31%).
Conventional RT was associated with higher rates of all-grade pneumonitis than
stereotactic body radiation therapy (SBRT) (37%; 95% Cl: 31%—-42% vs. 26.0%;
95% Cl: 20%—-33%). Additionally, sequential immunotherapy was associated with
higher rates of all-grade pneumonitis than concurrent immunotherapy ((38%;
95% Cl: 31%-45% vs. 25.0%; 95% Cl: 20%-30%)). Furthermore, anti-PD1 therapy
was associated with higher rates of all-grade pneumonitis than PD-L1 therapy
(40%; 95% ClI: 32%—-47% vs. 20.0%; 95% Cl: 16%—-24%). Similar incidence rates of
> grade 3 pneumonitis were reported in all included studies.
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Conclusion: This study suggests that the combination of ICls and RT/CRT is a
safe and feasible therapeutic regimen for patients with LC. However, these
findings are based on observational studies and are associated with significant
heterogeneity. Hence, large prospective studies are needed to validate the
findings of this meta-analysis.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/
#myprospero, identifier CRD42023485613.

radiotherapy, immune checkpoint inhibitors, lung cancer, systematic review,

meta-analysis

1 Introduction

Globally, lung cancer (LC), which has the highest mortality rate
among all cancers, is the second most common malignant tumor (1, 2).
At diagnosis, approximately 50% of patients with LC exhibit distant
metastasis. Thus, the overall prognosis of patients with LC is poor (3, 4).
Radiotherapy (RT), a traditional therapeutic regimen for non-small cell
lung carcinoma (NSCLC), exerts cytotoxic effects on tumor cells and
activates the host immune system, suppressing tumor growth and
improving prognosis. Research has demonstrated a strong correlation
between the incidence of radiation pneumonitis (RP) and both the
dosage and methodology of radiotherapy. For example, a specific study
examining patients with non-small-cell lung cancer undergoing
moderately fractionated radiotherapy reported RP incidence rates of
25.4% and 17.9%, respectively (5). In a separate study examining patients
with non-small-cell lung cancer undergoing treatment with volumetric
modulated arc therapy (VMAT), the incidence of radiation pneumonitis
(RP) reached up to 76%, with 22% of these cases classified as grade 2 or
higher (6). Furthermore, research has emphasized that the application of
various radiotherapy techniques and dosimetric parameters, including
V5, V20, and mean lung dose (MLD), can substantially impact the
incidence rate of radiation pneumonitis (RP) (7).

Recently,

Immune checkpoint inhibitors (ICIs) have made significant
advancements in the treatment of lung cancer and have been
established as a standard therapeutic approach for all stages of
non-small-cell lung cancer (NSCLC) and small-cell lung cancer
(SCLC). In early-stage and locally advanced lung cancer, the
integration of immune checkpoint inhibitors (ICIs) with
chemotherapy as a neoadjuvant treatment markedly increases the
pathological response rate, extends event-free survival (EFS), and
enhances patient prognosis. In the context of advanced lung cancer,
the utilization of immune checkpoint inhibitors (ICIs) has become
increasingly widespread, integrating into diverse therapeutic
regimens including monotherapy, combination with chemotherapy,
and dual-immunotherapy strategies. These approaches have
markedly enhanced survival rates and quality of life for patients
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with advanced non-small cell lung cancer (NSCLC) and small cell
lung cancer (SCLC). Moreover, immune checkpoint inhibitors (ICIs)
have shown a certain level of efficacy in the treatment of lung cancer
in later-line settings, providing novel therapeutic options for patients
experiencing recurrence or refractory disease. Immune-related
adverse events (irAEs), including immune-mediated pneumonitis,
are commonly observed side effects in the treatment of cancer
patients with immune checkpoint inhibitors (ICIs). Research
indicates that the incidence rate of immune-mediated pneumonitis
is 12.5% (8). The therapeutic effects of the combination of RT and ICI
on LC have piqued the interest of the scientific community. Clinical
trials have confirmed that RT and ICI therapy exert synergistic
therapeutic effects in cancer. However, the treatment combination
of RT and ICI therapy is associated with the occurrence of
pneumonitis, limiting the implementation of the treatment plan,
decreasing tumor control rate, and promoting the occurrence of
immunosuppressive pneumonitis and radiation pneumonitis (RP)
(9). Previous studies have demonstrated that RT and immunotherapy
may exert synergistic effects through the following mechanisms (10):
(a) Exposure of tumor antigen and activation of antigen-presenting
cells: RT induces immunogenic cell stress or immunogenic cell death
in cancer cells, exposing calreticulin on their plasma membrane and
releasing adenosine triphosphate (ATP) and HMGBI. Calreticulin,
ATP, and HMGBI bind to CD91, P2RX7, and TLR4, respectively,
facilitating dendritic cell (DC) recruitment into the tumor bed (by
ATP), the phagocytosis of tumor antigens by DCs (enhanced by
CRT), and an optimal antigen presentation to T cells (stimulated by
calreticulin and HMGBI1). (b) T-cell priming and activation in lymph
nodes: DCs present tumor antigen peptides to T cells. CD40L on the
DC surface binds to CD40 of CD4" T cells, activating CD8" T cells.
(c) Effector T cells leave the lymph nodes and enter the tumor area
and can home to both irradiated and unirradiated tumor deposits and
may cause distant tumor regression. In the PACIFIC trial, ICI therapy
was initiated within 1-42 days after chest RT (54-66 Gy). The
incidence of grade 3 pneumonia in patients treated with ICI was
higher than that in patients not treated with ICI (3.4% vs. 2.6%) (11).
Zhou Q et al. initiated ICI therapy within 1-42 days after chest RT
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(54-66 Gy) and reported that the incidence of grade 3 pneumonia
was 16% in both ICI and non-ICI groups. However, the incidence of
> grade 3 pneumonia in the ICI group was higher than that in the
non-ICI group (3% vs. 1%) (12). Jang JY et al. initiated ICI therapy
after chest RT (46.0-73.0 Gy) and demonstrated that the incidence of
> grade 3 pneumonia was not significantly different between the ICI
and non-ICI groups (5.9% vs, 5.4%) (13). Thus, inconsistent
pneumonia incidence rates have been reported for the ICI-RT
combination. Additionally, these studies involved small sample
sizes. The application of RT-immunotherapy combination in
patients with unresectable LC is dependent on several factors, such
as patient selection, RT dosage and fractionation, and the timing of
immunotherapy intervention. Therefore, this study performed a
systematic review and meta-analysis of pneumonitis incidences
among patients with LC who were treated with the combination of
ICI therapy and chemoradiotherapy (CRT).

2 Methods
2.1 Literature search

This systematic review and meta-analysis followed the
guidelines of the Preferred Reporting Items for Systematic Review
and Meta-analysis (14) and was registered with PROSPERO
(CRD42023485613). Ethical approval was not required for this
study as the data were obtained from previously published
sources. Literature published between January 1, 2010, and
October 15, 2023, was independently searched in the PubMed,
Cochrane Library, Embase, and Web of Science databases by two
authors. The following keywords were used: (‘Pulmonary
Neoplasms’ or ‘Lung Cancer’ or ‘Pulmonary Cancer’ or
‘carcinoma’ or ‘Cancer of the Lung’ or ‘Pulmonary Neoplasm’ or
‘Cancer of Lung,’ ‘non-small-cell lung,” or ‘non-small cell lung’ or
NSCLC’ or ‘Small Cell Lung Cancer ‘or ‘Oat Cell Lung Cancer’ or
‘Small Cell Cancer Of The Lung’ or ‘Carcinoma, Small Cell Lung’ or
‘Oat Cell Carcinoma of Lung’) and (‘radiotherapy’ or ‘radiation
treatment’ or ‘radiation therapy’) and (‘PD-L1 ‘or ‘PD-1" or
‘immune checkpoint inhibitor’ or ‘immunotherapy’).

2.2 Inclusion and exclusion criteria

The inclusion criteria were as follows: 1) Original studies that
included participants with histologically confirmed LC and were
treated with the combination of CRT/RT and ICIs (sequentially or
concurrently); 2) prospective clinical trials and prospective or
retrospective observational studies; 3) studies in which the outcomes
included treatment safety; 4) studies published in the English language.
The exclusion criteria were as follows: 1) Conference abstracts, case
reports, comments, reviews, animal studies, and mechanistic studies
and reviews; 2) studies not reporting data on pneumonitis; 3) multiple
studies published using the same dataset; 4) comparative studies that
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had CRT-alone arms. 5) studies that did not have sufficient data
(missing clinical safety data).

2.3 Data extraction

The data, including first author name, publication year, country,
number of cases, type of study, RT type and dose, follow-up time,
treatment regimens (ICIs, patterns of combination of ICIs and
CRT/RT), incidence rates of all-grade and > grade 3 pneumonitis,
were independently extracted by two independent investigators.

2.4 Quality assessment

Two researchers independently assessed the quality of the
literature. The included studies were evaluated based on the
Methodological Index for Non-randomized Studies (MINORS).
Disagreements were resolved by arriving at a consensus after
discussing with the entire team.

2.5 Statistical analysis

The primary outcomes of this study were all-grade and > grade
3 pneumonitis incidence rates. The random effect model was used
for statistical analysis, which was performed using the software
Stata v. 14.0 (StataCorp, TX, USA). The pooled rates of
pneumonitis with the corresponding 95% confidence intervals
(CIs) were calculated using the inverse variance method.
Heterogeneity was assessed using the Cochrane % test and the
I? statistic. The I? values of 0%, 25%, 50%, and 75% represented
no, low, moderate, and high heterogeneity, respectively. Subgroup
and sensitivity analyses were performed to explore study
heterogeneity and to determine the impact of each study. The
following subgroup analyses were performed: study type
(prospective studies/retrospective studies), types of ICIs (anti-
PD1/anti-PDL1), RT method, combination mode of RT and
immunotherapy (sequential/concurrent), and population type
(Asian population/non-Asian population). The publication bias
was estimated using Egger’s test.

3 Results
3.1 Literature search

An initial database search yielded 17,625 records. After removing
duplicates, 5468 records were obtained. Of these 5468 records, 4704
were excluded based on titles and abstract review. The full text of the
remaining 560 articles was retrieved. Finally, 53 studies (11-13, 15-
64) involving 4226 patients were included in the analysis. The study
selection process and exclusion criteria are shown in Figure 1.
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FIGURE 1

Flowchart of literature search and study screening.

The included studies comprised 23 prospective clinical trials and 30
retrospective clinical trials. Most patients in the 53 studies underwent
anti-PD1/PD-L1 monotherapy. Patients in three studies underwent
anti-CTLA4 therapy. All 53 studies were clinical trials. The
methodological quality of these studies was determined using the
MINORS scale. The evaluation criteria encompassed the following
eight elements, assigning a maximum of 16 points: the inclusion of
consecutive patients; an articulated research objective; endpoints that
are related to the study aim; prospective data collection; an unbiased
assessment of endpoints; a dropout rate of < 5%; a follow-up duration
commensurate with the primary endpoint; the prospective
determination of the sample size. The scoring system for each
criterion was as follows: 0 points if not mentioned in the literature, 1
point if mentioned but with inadequate information or data, and 2
points if mentioned with comprehensive information or data. As
shown in Table 1, the MINORS scores for these trials varied from 7
to 10 points. Heterogeneity was significant among studies, especially for
all-grade (I* =96.1%) and > grade 3 pneumonitis (% = 0%). Publication
bias was assessed using Egger’s test. Heterogeneity was significant for
all-grade pneumonitis (P < 0.05), but not for > grade 3 pneumonitis (p
>0.5). The main characteristics of the studies are presented in Table 1.

3.2 Results of meta-analysis
3.2.1 Pooled analysis of pneumonitis
Most pneumonitis cases were graded according to the Common

Toxicity Criteria for Adverse Events criteria. The pooled incidence
rates of all-grade and > grade 3 pneumonitis in patients with LC
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treated with CRT-ICI combination were 36.0% (95% CI: 30.0-41.0)
and 3.0% (95% CI: 2.0-4.0), respectively (Figure 2).

3.2.2 Prospective studies and retrospective
studies

The incidence rates of all-grade and > grade 3 pneumonitis in
prospective studies and retrospective studies were (32%; 95% CI:
24%-41% vs. 38.0%; 95% CI: 30%-46%) pneumonitis (2%; 95% CI:
1%-4% vs. 3%, 95% CI: 2%-5%), respectively. (Figure 3).

3.2.3 Conventional RT and stereotactic body RT

The pneumonitis rates in studies using and SBRT were
comparatively analyzed. Compared with those in patients treated
with conventional RT, the incidence rates of all-grade (37%; 95% CI:
31%-42% vs. 26.0%; 95% CI: 20%-33%) and > grade 3 pneumonitis
(3%, 95% CI: 2%-4% vs. 1%, 95% CI: —1%-3%) were lower in
patients with treated with SBRT (Figure 4).

3.2.4 Concurrent and sequential immunotherapy

Compared with those in patients concurrently treated with CRT
and IClIs, the incidence rates of all-grade (38%, 95% CI: 31%-45%
vs. 25.0%, 95% CI: 20%-30%) and > grade 3 pneumonitis (3%, 95%
CL: 2%-4% vs. 2%, 95% CI: 0%-4%) were lower in patients
sequentially treated with CRT and ICIs (Figure 5).

3.2.5 Anti-PD-1 and anti-PD-L1 therapies

Anti-PD1 therapy was associated with higher rates of all-grade
pneumonitis than PD-L1 therapy (40%; 95% CI: 32%-47% vs.
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TABLE 1 The main characteristics of the studies.
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Araki (30) 2022 Japan 76 Retrospective 50-66 Gy Sequential Durvalumab (PDL1) 85.5% NR 8
Tanaka (20) 2022 Japan 51 Prospective 60 Gy Sequential Durvalumab (PDL1) 78.4% 2.0% 9
Abe (44) 2021 Japan 28 Retrospective 60 Gy Sequential Durvalumab (PDL1) 60.7% 5.0% 8
Lau (37) 2021 Canada 82 Retrospective 60 Gy Sequential Durvalumab (PDL1) 13.0% 2.0% 7
Denault (28) 2022 Canada 150 Retrospective 58-62 Gy Sequential Durvalumab (PDL1) 10.0% 3.3% 8
Denault (28) 2022 Canada 52 Retrospective 58-62 Gy Sequential Durvalumab (PDL1) 11.5% 5.8% 9
Faehling (55) 2020 Germany 126 Retrospective 65 Gy Sequential Durvalumab (PDL1) 15.1% 8.7% 7
Diamond (17) 2023 USA 62 Retrospective 16 Gy Sequential Durvalumab (PDL1) 43.5% 9.7% 10
Lin (50) 2019 USA 10 Prospective 60-66 Gy Sequential Atezolizumab (PDL1) 30.0% 0.0% 7
Lin (50) 2019 USA 30 Prospective 60-66 Gy concurrent Atezolizumab (PDL1) 20.0% 3.0% 7
Herbst (26) 2022 USA 66 Prospective 60 Gy Sequential Durvalumab (PDL1) 16.7% 0.0% 8
Kédsmann (16) 2023 Germany 11 Prospective 60-66 Gy Concurrent Nivolumab (PD1) 64.0% 18.0% 8
Késmann (16) 2023 Germany 28 Prospective 60-66 Gy Sequential Durvalumab (PDL1) 93.0% 14.0% 9
Nishimura (23) 2021 Japan 82 Retrospective 60/64 Gy Sequential Durvalumab (PDL1) 74.3% 4.9% 9
Offin (48) 2020 USA 62 Retrospective 54-66 Gy Sequential Durvalumab (PDL1) 19.4% 1.6% 7
Oshiro (36) 2021 Japan 91 Prospective 45-66 Gy Sequential Durvalumab (PDL1) 88.0% 12.1% 8
Park (15) 2023 Korea 157 Retrospective 54-66 Gy Sequential Durvalumab (PDL1) 36.3% NA 7
Raez (22) 2022 USA 125 Retrospective 54-66 Gy Sequential Durvalumab (PDL1) 44.8% 5.6% 8
Saad (21) 2022 Israel 71 Retrospective 56-66 Gy Sequential Durvalumab (PDL1) 49.3% 5.6% 8
Saito (34) 2020 Japan 36 Retrospective 60 Gy Sequential Durvalumab (PDL1) 75.0% 8.3% 9
Shintani (33) 2021 Japan 146 Retrospective 60-66 Gy Sequential Durvalumab (PDL1) 35.0% 5.0% 10
Taugner (31) 2021 Germany 26 Prospective > 60 Gy Sequential Durvalumab (PDL1) NA 15.0% 8
Lu (24) 2022 China 196 Retrospective NR Sequential PDI1 + PDL1 55.1% 4.1% 8
Yamamoto (18) 2022 Japan 68 Retrospective 60-66 Gy Sequential Durvalumab (PDL1) 33.8% 10.3% 8
Zhang (45) 2020 China 20 Prospective 50-60.2 Gy Sequential Durvalumab (PDL1) 80.0% 0.0% 8
(Continued)
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TABLE 1 Continued

Author

Year

Nation

Study Type

RT
Dose/Fraction

Combination
Mode

Pemb (PD-1) (5%)

All-
Grade
Pneumonitis

> Grade
3 Pneumonitis

MINORS
Score

Amino (60) 2020 Japan 20 Retrospective 66-74 Gy Sequential Nivo (PD-1) (95%) 5.0% 0.0% 9
Antonia (11) 2017 USA 709 Prospective 54-66 Gy Sequential Durvalumab (PDLI1) 33.9% 3.4% 8
Aredo (43) 2021 USA 13 Retrospective 44-69.6 Gy Sequential Durvalumab (PD-L1) 23.1% 7.7% 8
. . < 60 Gy (52.5%) . Pemb (PD-1) or
Barron (59) 2020 USA 40 Retrospective > 60 Gy (47.5%) Sequential Nivo (PD-1) 40.0% 10.0% 8
C t/ Pemb (PD-1
Bestvina (29) 2021 USA 37 Prospective SBRT 30-50 Gy oneurren emb (PD-1) 243% 18.9% 9
Sequential Nivo (PD-1)
< 60 Gy (7.7%)
Ci t (58.7%
Bruni (42) 2021 Ttaly 155 Retrospective 60-66 Gy (82.0%) oncurrent (58.7%) Durvalumab (PD-L1) 17.4% 2.6% 9
Sequential (41.3%)
> 66 Gy (10.3%)
Casey (8) 2023 USA 19 Prospective 60 Gy Concurrent Ipilimumab (CTLA4) 42.0% 26.0% 8
Concurrent/ CTLA-4
Ch 41 2020 USA 33 Ret ti SBRT (50 or 60 G 18.2% 12.1% 7
en (41) etrospective (50 or 60 Gy) Sequential + PD-1/PDL-1 ° °
Chu (58) 2020 China 29 Retrospective 66-70 Gy Sequential Durvalumab (PD-L1) 17.2% 6.9% 7
Eichkorn (56) 2020 Germany | 442 Retrospective 60 Gy Sequential Durvalumab (PDL1) 15.0% 2.3% 7
< 60 Gy (8%)
Finn (40) 2020 UK 475 Prospective 60-66 Gy (86%) Sequential Durvalumab (PD-L1) 33.9% 3.6% 10
> 66 Gy (6%)
Garassino (27) 2022 Ttaly 117 Prospective 60 Gy (10%) Sequential Durvalumab (PDL1) 18.8% 1.7% 8
Greg A (57) 2020 USA 93 Prospective 59.4-66.6 Gy Sequential Pembrolizumab (PD1) 16.2% 5.4% 9
Hassanzadeh (54) 2020 USA 34 Retrospective 60 Gy Sequential Durvalumab (PD-L1) 26.5% 5.9% 8
Inoue (53) 2020 Japan 30 Retrospective 60 or 64 Gy Sequential Durvalumab (PD-L1) 73.3% 0.0% 8
Jabbou (52) 2020 Canada 21 Prospective 60 Gy Concurrent Pemb (PD-1) 33.0% 10.0% 9
Durvalumab (PDL1)/Atezolizumab
Jang (13) 2021 Korea 51 Retrospective 46.0-73.0 Gy Sequential (PDL1)/Pembrolizumab (PD1)/ 52.9% 5.9% 9
Nivolumab (PD1)
Jung (51) 2020 Korea 21 Retrospective 54-66 Gy Sequential Durvalumab (PD-L1) 81.0% 14.3% 9
Landman (38) 2021 Israel 39 Retrospective 69.9 Gy Sequential Durvalumab (PD-L1) 15.4% 3.0% 10
(Continued)
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TABLE 1 Continued

Author

Nation

Study Type

RT

Dose/Fraction

< 60 Gy (4%)
60 Gy (48%)

Combination

Mode

All-
Grade
Pneumonitis

> Grade
3 Pneumonitis

MINORS
Score

LeClair (25) 2022 USA 83 Retrospective > 60 Gy (34%) Sequential Durvalumab (PD-L1) 25.3% 7.2% 10
NR (16%)
S tial (25%)/
Lin (50) 2020 USA 40 Prospective 60-66 Gy equential (25%) Atezolizumab (PD-L1) 25.0% 2.5% 7
Concurrent (75%)
Miura (49) 2020 Japan 41 Retrospective 60 Gy Sequential Durvalumab (PD-L1) 61.0% 2.4% 8
. . Concurrent/ )
Peters (35) 2021 Switzerland | 79 Prospective 66 Gy R Nivo (PD-1) 16.4% 11.7% 8
Sequential
Zhou (12) 2022 China 381 Prospective 54-66 Gy Sequential Sugemalimab (PDL1) 19.0% 3.0% 9
Salma (39) 2021 USA 112 Prospective 60 Gy Concurrent Pembrolizumab (PD1) 19.6% 6.3% 9
Salma (39) 2021 USA 102 Prospective 60 Gy Concurrent Pembrolizumab (PD1) 18.6% 4.9% 9
Shaverdian (64) 2017 USA 24 Prospective NR Sequential Pemb (PD-1) 8.0% 4.0% 8
Shukla (32) 2021 USA 92 Prospective 59.40-66.6 Gy Sequential Pemb (PD-1) 18.5% 5.4% 8
Tamiya (63) 2017 Japan 50 Retrospective NR Sequential Nivo (PD-1) 22.0% NA 9
Tian (47) 2019 USA 117 Prospective SBRT Concurrent CTLA-4 33.9% 10.7% 10
P + PD-1/PDL-1 o e
Voong (62) 2019 USA 100 Retrospective 60 Gy Concurrent PD1 + PDL1 36.0% 21.0% 9
Wass (19) 2022 Austria 36 Prospective 66 Gy Sequential Durvalumab (PDL1) 27.8% 2.1% 9
Welsh (46) 2020 USA 80 Prospective SBRT 50 Gy Concurrent Pemb (PD-1) 25.0% 1.3% 9
50-60 Gy (60%
Yamaguchi (61) 2019 Japan 40 Retrospective ¥ (60%) Sequential Nivo (PD-1) 20.0% NA 9

30-40 Gy (40%)

RT, radiation therapy; ICI, immune checkpoint inhibitor; SBRT, stereotactic body radiation therapy; MINORS, Methodological Index for Non-randomized Studies; NA, Not Available.
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FIGURE 2

Pooled analysis of all-grade and > grade 3 pneumonitis incidence rates.

20.0%; 95% CI: 16%-24%). Similar incidence rates of > grade 3
pneumonitis were reported in all included studies (Figure 6).

3.2.6 Asian patients and non-Asian patients

The pooled incidence rates of all-grade pneumonitis in Asian
patients were significantly higher than those in non-Asian patients
(51%; 95% CI: 38%-63% vs. 26%; 95% CI: 22%-31%). The
incidence rates of > grade 3 pneumonitis were not significantly
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different between Asian and non-Asian patients (3%; 95% CL: 1%-
5% vs. 2%; 95% CI: 1%-4%) (Figure 7).

4 Discussion

The immunomodulatory properties of RT enable the
development of rational treatment combinations with
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FIGURE 3

Subgroup analysis of all-grade and > grade 3 pneumonitis incidence rates in prospective studies and retrospective studies.

immunotherapy to achieve maximum local tumor control and
inhibit systemic metastases. Previous studies have demonstrated
that RT promotes lymphocytic infiltration, transforming
“immunologically cold” tumors into “immunologically hot”
tumors and establishing a tumor microenvironment (TME) that
can respond to various ICIs. However, a consensus has not been
achieved for the optimal dose and fraction scheme that can induce a
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change in the TME (10). Sustained damage induced by RT can lead
to stress-induced aging in lung parenchymal stem cells, impairing
their ability to repair tissue damage and enhancing inflammatory
response through the secretion of cytokines and growth factors (65).
Both RT and immunotherapy exert adverse effects on lung tissue.
RT-induced cell damage and immunotherapy-induced
immunological enhancement have common endpoints, namely

09 frontiersin.org


https://doi.org/10.3389/fonc.2025.1365966
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Li et al.

10.3389/fonc.2025.1365966

%
%
sty Weight Study Weight
all grade pneumonitis ES@s%C) o9 grade >3 pneumonitis ES(95% CI) (O+L)
Conventional radiotherapy ! Conventional radiotherapy [
I
Arak | -+ 0807809 181 Tanaka -+ 0,02 (-0.02, 0.06) 581
Tenska 1 + 078(067.089) 74 Abe —— 0,05 (-0.05, 0.15) 093
Abe | —— 061(043,079) 157 Lo + 002002, 0.08) 61
Lau - 0.13(006,0.20) 182 B
Denault + I 0.10(005,0.15) 185 Denautt + 0.03(-0.03,0.09) 258
Derait -+ ! 0nEmo2y 17 Denaut —-— 006(006,018) 065
Faehing - : 0.15(009,021) 183 Faehling —-,-.— 009 (-0.09,0.27) 029
Diamond -I-Q— 0.44(032,0.56) 172 Diamond —— 0.10 (-0.10, 0.30) 023
Lin — 030(002,059) 127 Lin - 003(-003,009) 258
Lin —— 0.0(006,034 e Kasmann —1—‘— 018(-017,053) 007
Herb 0.17 (0.08, 0.26) 179
etost | 005.02) Kasmann ——— 014(013,041) 012
Kasmann b 054(036,0.92) 127
| Nishimura — 0,05 (-0.05,0.15) 093
Kasmann P 053(084,1.02) 178
Nishimura : —— 0.74 (085,0.83) 178 Offin * 002 (-0.02,0.06) 581
offn -+ 0190002 177 Oshiro —_ 012(:012,036) 016
Oshiro | -+ 088081,09 183 Raez -JI-Q— 006(-006,018) 065
Park - 036(028,044) 181 Saad --IQ— 0.06 (-0.06, 0.18) 065
Rasz }-Q. 0.45(036,054) 179 Saito —trp— 008(-008,024) 036
Saad ]+ 049(037.081) 74 Shintani —_—— 005(005,015) 093
e —— 0.75(061,0869) 168
o | © ) Taugner ——— 0.15 (-0.14, 0.44) 0.10
Shintani - 0.35(027,043) 181
v Lu - 0.04 (-0.04,0.12) 145
Ly | = 0.55(048,062) 182 ¥
Vamamsto + 030,048 - Yamamoto —p— 010(-0.10,030) 023
Zhang | —— 050(052,05) 150 Antonia -, 003(003,009) 258
Aming = | 005(005,018 178 Aredo 008(-008,024) 036
Antonia + 034(031,037) 188 Barrdn 010(0.10,030) 023
d
Aredo —._‘— 0.23(000,0.46) 143 Bruni + 0.03 (-0.03, 0.09) 258
Barron —— 0.40(025,055 165 Casey - 0.26 (-0.25,0.77) 003
Bruni -+ 0.17(011,023) 184 o 1 007 (007021 o4t
Casey L . 0.42(020,064) 145 !
e — 017 009031 150 Eichkom ’- 002(-002,008) 581
Eichkomn +* { 0.15(012,0.18) 186 Finn + 004(-004,0.12) 145
Finn 'Y 034(030,039) 185 Garassino -+ 002(-002,008) 581
Garassino - ; 0.19(0.12,0.26) 182 Greg A Durm -+ 0.05 (-0.05, 0.15) 093
L
Greg A Dum -, 0.16(009,0.23) 181 Hassanzadeh -'I.- 0,06 (-0.06,0.18) 065
Hassanzadeh —— 027012,042 188 Jabbou —rp— 010(-010,030) 023
Inoue | —— 0.73(057,089) 183 Jang -4 006 (:0.06,0.18) 065
Jabbou —‘— 0.33(013,053) 151 '
1 Jung e —— 014(:0.13,041) 012
Jang ]+ 053(039,067) 169
g | ‘ 051 084,058) o Landman - 0.03 (-0.03, 0.09) 258
Landman —— 0.15(004,026) 174 LeClair ——— 007(-007.021) 047
LeClair - 0.25(016,034) 178 Lin -, 003 (-003,0.09) 258
Lin ——— 025(012,038) 169 Miura “*- 002(-002,008) 581
Miura } —— 051(045,075) 168 Peters e — 0.12(-0.12,0.36) 0.16
Feters - | 0.16(008,024 180 Qing Zhou - 003(-003,000 258
Qing Zh 0.13(0.15,0.2: 188 .
na£hou * (015,029 Salma 006(-006,018) 065
Salma - | 0.20(013,0.27) 182 !
Saima 005(-005,0.15) 093
Salma - 0.13(011,0.27) 181
Shaverdian L= om0 175 Shaverdian 004(-004,012) 145
Sk - 018011,027) 18 Shukla 005(-005,0.15) 093
Tamiya —Q—{ 022(011,039) 174 Voong 021(020,062) 005
Voong - 036(027,045) 178 Wass - 002(-002,006) 581
Wass —H— 028(013,043) 168 D+L Subtotal 003 (0.02, 0.04) 76.32
Yamaguchi - 020003 172 [k 0,03 (0.02,004)
DL Subtotal o 0.37 (031,0.42) 9304
(Isquared=90.4%,p= 0.000) |
1V Subtotal [} 0.30(029,031) SR |
| S
- 1 Bestvina RN | W 019(0.18,056) 006
< H |
Besting - 02E00% 189 Chen ——r— 012(012,036) 016
Chen —— | 0.18(005,031) 170 Tian —— 0.11(-0.11,0.33) 019
Tian - 0.34(025,043) 180 Welsh [} 0.01(-0.01,0.03) 2326
Welsh -.-: 025(016,034) 178 D+L Subtotal o 001(001,003) 2368
(Isquared=0.0%p= 0471)
et = 015 \ 0BOX03) 6% 12V Subtotal 0.01(001,003)
|-V Subtotal | 0.27(022,0.32)
E»&Ov%vagm 0000 é 036 (030,0.41) 10000 E;;.E.:Sagﬂp:mm) ‘ 003(0.02,004) 10000
squared=96.1%,p= &
oo X 03002,031) 1-V Overall (] 003(0.02,004)
NOTE: Weights are from | NOTE: Weights are from |
random effects analysis | random effects analysis |
T T [ |
-102 0 102 .77 0 77

FIGURE 4

Subgroup analysis of all-grade and > grade 3 pneumonitis incidence rates among patients treated with conventional radiotherapy and stereotactic

body radiation therapy (SBRT)

the release of several cytokines/chemokines and the induction of
damage-related signaling pathways. Therefore, this study
systematically evaluated the incidence rates of all-grade and >
grade 3 pneumonitis in patients with LC who were treated with
the combination of CRT and ICIs by summarizing available real-
world data and clinical trials.
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The incidence rates of pneumonitis in patients with LC after
treatment with CRT-ICI combination reported in this study were
slightly lower than those reported by Cui et al. (66). Cui et al.
reported that the overall incidence of pneumonitis in patients
receiving CRT-ICI combination therapy was 36.3%. However, Cui
et al. did not provide statistics on the incidence of > grade 3
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Subgroup analysis of all-grade and > grade 3 pneumonitis incidence rates among patients treated with concurrent and sequential immunotherapy.

pneumonitis and did not perform subgroup analyses. The number
of studies included in previous meta-analyses was lower than that
included in this study. Additionally, the data in previous meta-
analyses were obtained from retrospective studies and a small
number of prospective clinical trials. Furthermore, most of these
studies have limited reliability with data obtained from single
centers or limited sample size (66, 67).
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This study compared the incidence rates of pneumonitis after
treatment with CRT-immunotherapy combination in Asian and
non-Asian patients with LC. The pooled incidence rates of all-
grade pneumonitis in Asian patients were significantly higher than
those in non-Asian patients (51%; 95% CI: 38%-63% vs. 26%; 95%
CIL: 22%-31%). However, the incidence rates of > grade 3
pneumonitis were not significantly different between Asian and
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Subgroup analysis of all-grade and > grade 3 pneumonitis incidence rates among patients treated with anti-PD-1 and anti-PD-L1 therapies.

non-Asian patients (3%; 95% CI: 1%-5% vs. 2%; 95% CI: 1%-4%).
The differential incidence rates of all-grade pneumonitis can be
attributed to different genetic factors, such as single nucleotide
polymorphisms of the TGF-Bl-encoding gene in non-Asian and
Asian populations. TGF-B1 is reported to be involved in the
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development of radiation lung injury. Additionally, TGF-B1 can

trigger different responses depending on the environment and

genetic makeup of the target cells. The plasma levels of TGF-B1 are

upregulated during RT in patients who developed RP. In a study

conducted by Yuan et al., which included 164 patients diagnosed with
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Subgroup analysis of all-grade and > grade 3 pneumonitis incidence rates b

non-small cell lung cancer (NSCLC) undergoing radical
chemoradiotherapy, it was observed that the CT/CC genotype of
the rs1982073:T869C polymorphism was associated with a
significantly reduced risk of developing radiation pneumonitis (RP)
compared to the TT genotype. The hazard ratios were calculated to be
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etween Asian patients and non-Asian patients.

0.489 for grade =2 RP (P=0.013) and 0.390 for grade >3 RP
(P=0.007), The polymorphisms rs1800469:C-509T and rs1800471:
GI15C showed weaker associations with the risk of radiation
pneumonitis (RP). Nonetheless, rs1800469:C-509T exhibited a
statistically significant association with grade >2 RP, with a hazard
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ratio (HR) of 0.568 (P=0.017). A study by Yuan et al. involving 164
NSCLC patients who received radical chemoradiotherapy showed
that the rs1982073:T869C: CT/CC genotype was significantly
associated with a lower risk of radiation pneumonitis (RP)
compared to the TT genotype (HR = 0.489 for > Grade 2 RP, P =
0.013; HR = 0.390 for > Grade 3 RP, P = 0.007). The rs1800469:C-
509T and rs1800471:G915C genotypes had weaker associations with
RP risk, but the association between rs1800469:C-509T and > Grade
2 RP was statistically significant (HR = 0.568, P=0.017). Furthermore,
the distribution of the TGF-B1 rs1982073:T869C genotype exhibits
variation between Asian and non-Asian populations, with the TT
genotype occurring at frequencies of 29.8% and 31.9%, the TC
genotype at 46.6% and 57.1%, and the CC genotype at 23.6% and
11.0%, respectively. Similarly, the TGF-B1 rs1800469:C-509T
genotype also differs between these populations, with the TT
genotype present at frequencies of 21.8% in Asians compared to
3.1% in non-Asians, the TC genotype at 48.6% versus 35.6%, and the
CC genotype at 24.6% versus 61.3% (68-72). In the subgroup analysis
of the PACIFIC study, patients with EGFR mutations demonstrated
an increased incidence of pneumonia relative to those with wild-type
EGEFR (11.0% versus 3.8%),the frequency of EGFR mutations in Asian
patients is higher than that in non-Asian patients (38.4% vs. 14.1%).
Nonetheless, the proposition that EGFR mutations constitute a risk
factor for pneumonia remains unverified in the absence of direct
clinical investigations. Therefore, further clinical research is
imperative to substantiate this potential association (73).

The discrepancies in the use of ICIs and combined treatment
regimens between Asian and non-Asian studies may at least partially
account for the observed outcomes. The consolidation use of
durvalumab following concurrent CRT is a common protocol in
studies involving the Asian population. However, in studies involving
the non-Asian population, the frequent employment of PD-1
inhibitors (such as pembrolizumab or nivolumab) in conjunction
with synchronous CRT and ICIs may lead to an increased risk of
pulmonary toxicity. Thus, the incidence of > grade 2 pneumonitis in
non-Asian patients is comparable to that observed in Asian patients.
For patients with multiple risk factors for pneumonitis (such as pre-
existing pulmonary diseases, age > 75 years, and carriers of
susceptibility genes), the use of pembrolizumab monotherapy can
mitigate the risk of pneumonitis.

The incidence rates of all-grade and > grade 3 pneumonitis in
patients undergoing sequential CRT were higher than those in
patients undergoing concurrent CRT in this study. This is in
contrast to the findings of previous research, although the rates
were still acceptable (73). Recent studies (56) have revealed that
among patients with unresectable stage III NSCLC, approximately
30% exhibit disease progression after synchronous CRT, rendering
them ineligible for subsequent immunotherapeutic interventions.
The early initiation of immunotherapy can potentially provide
immunotherapeutic benefits for all individuals undergoing
synchronous CRT. Mechanistically, CRT modulates the immune
microenvironment. Thus, the introduction of immunotherapy
concurrently with CRT may exert synergistic therapeutic effects.
This study suggests that concurrent CRT is a viable option for
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patients concerned about pneumonia-related complications.
Further studies are needed to refine treatment protocols and
minimize toxicity.

The Incidence rate of pneumonia in patients treated with anti-
PD-1 agents were higher than those in patients treated with anti-PD-
L1 agents, which is consistent with the findings of previous studies.
As anti-PD-1 agents have two ligands (PD-L1 and PD-12), PD-L1
inhibitors are associated with less toxicity. PD-L2 maintains
physiological immune homeostasis. Hence, PD-L1 inhibitors
specifically block the binding of PD-L1 and PD-1, preserving the
function of macrophage PD-L2 (74). However, PD-L1 and PD-L2
have different binding partners, except for PD-1. PD-1L2 and PD-L1
bind to RGMb and B7-1, respectively (74, 75). However, the
incidence rates of pneumonitis were comparable between patients
administered with anti-PD-1 and those administered with anti-PD-
L1 agents, suggesting that the ability of anti-PD-1 agents to induce >
grade 3 pneumonitis is not higher than that of anti-PD-L1 agents
(67). Thus, we hypothesized that the selection of anti-PD-1 and anti-
PD-L1 therapies may not influence the incidence of pneumonitis
associated with the RT-immunotherapy treatment combination.

This study analyzed the incidence of pneumonitis among
patients undergoing conventional RT and SBRT. Compared with
those in patients treated with SBRT, the incidence rates of all-grade
(37%; 95% CI: 31%-42% vs. 26.0%; 95% CI: 20%-33%) and > grade
3 pneumonitis (3%; 95% CI: 2%-4% vs. 1%; 95% CI: —1%-3%) were
lower in patients treated with conventional RT. Advances in RT
technology can contribute to improving the efficacy of the RT-ICI
therapy combination. The shift from two-dimensional RT to three-
dimensional RT techniques, including intensity-modulated RT and
three-dimensional conformal RT, enables the implementation of
RT with precision and decreases the exposure of adjacent critical
structures to radiation (62). Intensity-modulated RT has similar
outcomes as 3-dimensional conformal RT but is associated with a
lower risk of RP (3.5% vs. 7.9%) (76). The advantages of SBRT are a
high fractional dose and a short course of treatment. This allows the
concentration of maximum radiation dose in the tumor target area
with the surrounding healthy tissues receiving low radiation dose,
which is beneficial for protecting the surrounding healthy tissue.
Previous studies have reported that the immune activation effect of
traditional RT may not be ideal. Standard doses of RT have limited
effects on interferon release and may lead to the depletion of effector
T cells in the TME. The adjustment of dosage and segmentation
may optimize radiation-induced immunogenic cell death. During
multisite RT, the high-dose irradiation of the target lesion using
SBRT results in low-dose scattering of tumors outside the target
area, improving the effectiveness of immunotherapy (77-79). Zhou
et al. (80) conducted a study involving 29 untreated patients with
PD-L1-positive NSCLC who received a combination of low-dose
radiation (2 Gy per fraction), SBRT (30 Gy in 3 fractions), and
sintilimab. The overall tolerability of the treatment was good. The
incidence rate of > grade 3 pneumonitis was 20.7% with 7 patients
presenting grade 2-3 pneumonitis. The objective response rate and
median progression-free survival were 57.1% and 8.6 months,
respectively. The authors suggest that combining low-dose

frontiersin.org


https://doi.org/10.3389/fonc.2025.1365966
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Li et al.

radiation with SBRT is a viable therapeutic strategy for advanced
NSCLC. However, this evidence is preliminary and warrants further
investigation. In cases where both traditional RT and SBRT are
viable therapeutic options for patients with advanced NSCLC
undergoing treatment with RT-immunotherapy combination,
SBRT can be the preferred choice.

The timing of immunotherapy initiation is critical in patients
with RP. In the PACIFIC trial (57), patients who developed grade 1
RP within 42 days of synchronous RT continued to receive
maintenance therapy with durvalumab as planned. Thus, 35
patients with baseline grade 1 RP were treated with durvalumab
and followed up for at least 1 year. The PACIFIC trial suggested that
immunotherapy may be a feasible therapeutic option for patients
with grade 1 RP. However, the PACIFIC trial did not report detailed
clinical outcomes in patients with baseline grade 1 RP who were
treated with duvalizumab. Takeya Sugimoto et al. (81) evaluated the
safety and efficacy of duvalizumab in patients with baseline grade 1
radiation pneumonia. The study included patients with
unresectable stage III NSCLC who presented with grade 1 RP
within 42 days of concurrent CRT and received duvalizumab
maintenance therapy. The study reported that 11 (31%) patients
developed grade >2 pneumonia during treatment, 10 (28%) patients
developed grade 2 pneumonia, and 1 (3%) patient developed grade
5 pneumonia. The median time from the initiation of duvalizumab
to the onset of pneumonia was 2.8 months. Among the 10 patients
who developed grade 2 pneumonia, 8 exhibited improvement after
treatment with glucocorticoids and discontinuation of
duvalizumab, 2 exhibited improvement only after the
discontinuation of duvalizumab, and 6 received duvalizumab
again without recurrence or exacerbation of pneumonia. The
incidence of grade 2 pneumonia reported by Takeya Sugimoto
et al. was slightly higher than that reported in the PACIFIC trial.
Although the study was conducted with patients at high risk for
pneumonia, the incidence of severe pneumonia was not high.
Therefore, the study suggested that duvalizumab can be safely
used for treating baseline grade 1 RP. These two studies are
important for future advances in immunotherapy as they suggest
that immunotherapy may be a feasible therapeutic regimen for
patients with grade 1 RP. Additionally, these two studies provide
initial evidence for the safety of ICIs in patients at high risk for
developing pneumonia, such as those with grade 2 RP. Further
clinical studies are needed to verify whether patients with grade 2
RP can be treated with ICIs.

This study has several limitations. As most included studies were
associated with high heterogeneity, the random-effects model was used.
To explore the sources of heterogeneity, subgroup analyses were
performed. Meta-regression analysis revealed that the heterogeneity
was attributed to study design, region, RT mode, combination therapy
method, and ICI type. The significant discrepancy in pneumonia
incidence rates observed between the studies conducted by Kasmann
L and Amino Y, reported at 93% and 5% respectively, may be
attributed to several potential factors: The prospective study design
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utilized by Kasmann L et al. incorporated systematic surveillance of
pneumonia via regular imaging follow-ups, thereby likely enhancing
the detection of subclinical pneumonia. Conversely, the retrospective
approach adopted by Amino Y et al. may have contributed to the
underreporting or underestimation of mild pneumonia cases.The
timing of immune therapy varied notably: Kdsmann L et al. started it
right after concurrent chemoradiotherapy, whereas Amino Y et al
delayed until tumor recurrence, with a median initiation time of 9.3
months. Kdsmann L Kidsmann L et al. studied large-volume Stage III
tumors with a median planning target volume (PTV) of 676 ccm,
leading to significant radiotherapy coverage and higher lung dose
parameters, including a V20 of 24.1% and a mean lung dose (MLD) of
13.9 Gy. In contrast, Amino Y et al’s study, which lacked specific
radiotherapy details, involved post-recurrence treatment, implying
smaller target volumes or better lung function in their patients. In
the study conducted by Kdsmann L et al., which concentrated on large-
volume Stage IIT tumors with a median planning target volume (PTV)
of 676 ccm, the radiotherapy coverage was comprehensive, leading to
elevated lung dose parameters, including a V20 of 24.1% and a mean
lung dose (MLD) of 13.9 Gy. Conversely, the study by Amino Y et al.
did not provide specific details regarding the radiotherapy parameters.
Nevertheless, given that the treatment was administered following
recurrence, it is plausible that the target volumes were reduced or the
patients exhibited superior baseline lung function. Furthermore, 95% of
the patients in the Amino Y study had a performance status (PS) of 0-1,
suggesting good overall health and enhanced tolerability to treatment.
The disparities previously mentioned may collectively explain the
substantial differences in pneumonia incidence observed between the
two studies.

Additionally, some unknown sources of heterogeneity may have
not been included in the analysis. As the individual patient-level data
were unavailable, statistical efficacy was not sufficient to distinguish
the effects of various factors on the occurrence of pneumonitis.

5 Conclusions

This comprehensive meta-analysis of 4226 patients with LC
systematically and quantitatively explored the safety of the
combination of ICI and RT/CRT. The combination of RT/CRT
and ICIs did not significantly increase the incidence of > grade 3
pneumonitis. The safety of different ICIs, timings of
immunotherapy, and RT modes and different populations was
demonstrated. These findings may help clinicians in designing
treatment plans for patients with LC.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/supplementary material.

frontiersin.org


https://doi.org/10.3389/fonc.2025.1365966
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Li et al.

Author contributions

JL: Writing - original draft. LZ: Supervision, Validation,
Writing - review & editing. CL: Writing - review & editing. WL:
Methodology, Writing - review & editing. YL: Writing — original
draft. DW: Data curation, Methodology, Writing — review &
editing. TJ: Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

References

1. Tartarone A, Lerose R, Aieta M. Focus on lung cancer screening. J Thorac Dis.
(2020) 12:3815-20. doi: 10.21037/jtd.2020.02.17

2. Zhang A, Yang F, Gao L, Shi X, Yang J. Research progress on radiotherapy
combined with immunotherapy for associated pneumonitis during treatment of non-
small cell lung cancer. Cancer Manag Res. (2022) 14:2469-83. doi: 10.2147/
CMAR.S374648

3. Zhou Y, Zhang Y, Guo G, Cai X, Yu H, Cai Y, et al. Nivolumab plus ipilimumab
versus pembrolizumab as chemotherapy-free, first-line treatment for PD-L1-positive
non-small cell lung cancer. Clin Transl Med. (2020) 10:107-15. doi: 10.1002/ctm2.v10.1

4. Nosaki K, Saka H, Hosomi Y, Baas P, de Castro GJr., Reck M, et al. Safety and
efficacy of pembrolizumab monotherapy in elderly patients with PD-LI-positive
advanced non-small-cell lung cancer: Pooled analysis from the KEYNOTE-010,
KEYNOTE-024, and KEYNOTE-042 studies. Lung Cancer. (2019) 135:188-95.
doi: 10.1016/j.lungcan.2019.07.004

5. Zhang Y, Li Z, Xiao H, Li Z, He J, Du §, et al. Development and validation of a
random forest model for predicting radiation pneumonitis in lung cancer patients
receiving moderately hypofractionated radiotherapy: a retrospective cohort study. Ann
Trans Med. (2022) 10:1264. doi: 10.21037/atm-22-3049

6. Fujiwara M, Doi H, Igeta M, Suzuki H, Kitajima K, Tanooka M, et al. Radiation
pneumonitis after volumetric modulated arc therapy for non-small cell lung cancer.
Anticancer Res. (2021) 41:5793-802. doi: 10.21873/anticanres.15396

7. McFarlane MR, Hochstedler KA, Laucis AM, Sun Y, Chowdhury A, Matuszak
MM, et al. Predictors of pneumonitis after conventionally fractionated radiotherapy for
locally advanced lung cancer. Int ] Radiat oncology biology Phys. (2021) 111:1176-85.
doi: 10.1016/j.ijrobp.2021.07.1691

8. Masaki K, Miyazaki M, Kakimoto H, Fukiage Y, Fukue H, Nakashima A, et al.
Incidence and timing of immune-related adverse events in immune-checkpoint
inhibitor-treated patients: A retrospective observational study. J Clin Med. (2023)
12:7564-75. doi: 10.3390/jcm12247564

9. Altorki NK, McGraw TE, Borczuk AC, Saxena A, Port JL, Stiles BM, et al.
Neoadjuvant durvalumab with or without stereotactic body radiotherapy in patients
with early-stage non-small-cell lung cancer: a single-centre, randomised phase 2 trial.
Lancet Oncol. (2021) 22:824-35. doi: 10.1016/S1470-2045(21)00149-2

10. Herrera FG, Bourhis J, Coukos G. Radiotherapy combination opportunities
leveraging immunity for the next oncology practice. CA Cancer ] Clin. (2017) 67:65-85.
doi: 10.3322/caac.21358

11. Antonia SJ, Villegas A, Daniel D, Vicente D, Murakami S, Hui R, et al.
Durvalumab after chemoradiotherapy in stage III non-small-cell lung cancer. N Engl
J Med. (2017) 377:1919-29. doi: 10.1056/NEJMo0al709937

12. Zhou Q, Chen M, Jiang O, Pan Y, Hu D, Lin Q, et al. Sugemalimab versus
placebo after concurrent or sequential chemoradiotherapy in patients with locally
advanced, unresectable, stage III non-small-cell lung cancer in China (GEMSTONE-
301): interim results of a randomised, double-blind, multicentre, phase 3 trial. Lancet
Oncol. (2022) 23:209-19. doi: 10.1016/S1470-2045(21)00630-6

13. Jang]JY, Kim SS, Song SY, Kim YJ, Kim SW, Choi EK. Radiation pneumonitis in
patients with non-small-cell lung cancer receiving chemoradiotherapy and an immune
checkpoint inhibitor: a retrospective study. Radiat Oncol. (2021) 16:231. doi: 10.1186/
513014-021-01930-2

14. Moher D, Liberati A, Tetzlaff ], Altman DG, Group P. Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement. PloS Med. (2009) 6:
€1000097. doi: 10.1371/journal.pmed.1000100

Frontiers in Oncology

10.3389/fonc.2025.1365966

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

15. Park CK, Oh HJ, Kim YC, Kim YH, Ahn §]J, Jeong WG, et al. Korean real-world
data on patients with unresectable stage III NSCLC treated with durvalumab after
chemoradiotherapy: PACIFIC-KR. J Thorac Oncol. (2023) 18:1042-54. doi: 10.1016/
jjth.2023.04.008

16. Kasmann L, Eze C, Taugner J, Nieto A, Hofstetter K, Kroninger S, et al.
Concurrent/sequential versus sequential immune checkpoint inhibition in inoperable
large stage IIT non-small cell lung cancer patients treated with chemoradiotherapy: a
prospective observational study. J Cancer Res Clin Oncol. (2023) 149:7393-403.
doi: 10.1007/500432-023-04654-w

17. Diamond BH, Belani N, Masel R, DeCarli K, DiPetrillo T, Hepel JT, et al.
Predictors of pneumonitis in patients with locally advanced non-small cell lung cancer
treated with definitive chemoradiation followed by consolidative durvalumab. Ady
Radiat Oncol. (2023) 8:101130. doi: 10.1016/j.adro.2022.101130

18. Yamamoto T, Tsukita Y, Katagiri Y, Matsushita H, Umezawa R, Ishikawa Y,
et al. Durvalumab after chemoradiotherapy for locally advanced non-small cell lung
cancer prolonged distant metastasis-free survival, progression-free survival and overall
survival in clinical practice. BMC Cancer. (2022) 22:364. doi: 10.1186/s12885-022-
09354-1

19. Wass R, Hochmair M, Kaiser B, Grambozov B, Feurstein P, Weiss G, et al.
Durvalumab after Sequential High Dose Chemoradiotherapy versus Standard of Care
(SoC) for Stage III NSCLC: A Bi-Centric Trospective Comparison Focusing on
Pulmonary Toxicity. Cancers (Basel). (2022) 14:3226-40. doi: 10.3390/
cancers14133226

20. Tanaka H, Tanzawa S, Misumi T, Makiguchi T, Inaba M, Honda T, et al. A phase
IT study of S-1 and cisplatin with concurrent thoracic radiotherapy followed by
durvalumab for unresectable, locally advanced non-small-cell lung cancer in Japan
(SAMURALI study): primary analysis. Ther Adv Med Oncol. (2022)
14:17588359221142786. doi: 10.1177/17588359221142786

21. Saad A, Goldstein J, Appel S, Daher S, Urban D, Onn A, et al. Chemoradiation
followed by adjuvant durvalumab in stage IIT non-small cell lung cancer: Real-world
comparison of treatment outcomes to historical controls treated with chemoradiation
alone. Thorac Cancer. (2022) 13:1763-71. doi: 10.1111/1759-7714.14452

22. Raez LE, Arrieta O, Chamorro DF, Soberanis-Pina PD, Corrales L, Martin C,
et al. Durvalumab after chemoradiation for unresectable stage III non-small cell lung
cancer: inferior outcomes and lack of health equity in hispanic patients treated with
PACIFIC protocol (LA1-CLICaP). Front Oncol. (2022) 12:904800. doi: 10.3389/
fonc.2022.904800

23. Nishimura A, Ono A, Wakuda K, Kawabata T, Yabe M, Miyawaki T, et al.
Prognostic impact of pneumonitis after durvalumab therapy in patients with locally
advanced non-small cell lung cancer. Invest New Drugs. (2022) 40:403-10. doi: 10.1007/
s10637-021-01191-6

24. Lu X, Wang J, Zhang T, Zhou Z, Deng L, Wang X, et al. Comprehensive
pneumonitis profile of thoracic radiotherapy followed by immune checkpoint inhibitor
and risk factors for radiation recall pneumonitis in lung cancer. Front Immunol. (2022)
13:918787. doi: 10.3389/fimmu.2022.918787

25. LeClair JN, Merl MY, Cohenuram M, Luon D. Real-world incidence of
pneumonitis in patients receiving durvalumab. Clin Lung Cancer. (2022) 23:34-42.
doi: 10.1016/j.cllc.2021.08.006

26. Herbst RS M, Barlesi F. COAST: an open-label, phase II, multidrug platform
study of durvalumab alone or in combination with oleclumab or monalizumab in

patients with unresectable, stage ITI non-small-cell lung cancer. J Clin Oncol. (2022)
40:3383-93. doi: 10.1200/JC0O.22.00227

frontiersin.org


https://doi.org/10.21037/jtd.2020.02.17
https://doi.org/10.2147/CMAR.S374648
https://doi.org/10.2147/CMAR.S374648
https://doi.org/10.1002/ctm2.v10.1
https://doi.org/10.1016/j.lungcan.2019.07.004
https://doi.org/10.21037/atm-22-3049
https://doi.org/10.21873/anticanres.15396
https://doi.org/10.1016/j.ijrobp.2021.07.1691
https://doi.org/10.3390/jcm12247564
https://doi.org/10.1016/S1470-2045(21)00149-2
https://doi.org/10.3322/caac.21358
https://doi.org/10.1056/NEJMoa1709937
https://doi.org/10.1016/S1470-2045(21)00630-6
https://doi.org/10.1186/s13014-021-01930-2
https://doi.org/10.1186/s13014-021-01930-2
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1016/j.jtho.2023.04.008
https://doi.org/10.1016/j.jtho.2023.04.008
https://doi.org/10.1007/s00432-023-04654-w
https://doi.org/10.1016/j.adro.2022.101130
https://doi.org/10.1186/s12885-022-09354-1
https://doi.org/10.1186/s12885-022-09354-1
https://doi.org/10.3390/cancers14133226
https://doi.org/10.3390/cancers14133226
https://doi.org/10.1177/17588359221142786
https://doi.org/10.1111/1759-7714.14452
https://doi.org/10.3389/fonc.2022.904800
https://doi.org/10.3389/fonc.2022.904800
https://doi.org/10.1007/s10637-021-01191-6
https://doi.org/10.1007/s10637-021-01191-6
https://doi.org/10.3389/fimmu.2022.918787
https://doi.org/10.1016/j.cllc.2021.08.006
https://doi.org/10.1200/JCO.22.00227
https://doi.org/10.3389/fonc.2025.1365966
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Li et al.

27. Garassino MC, Mazieres J, Reck M, Chouaid C, Bischoff H, Reinmuth N, et al.
Durvalumab after sequential chemoradiotherapy in stage III, unresectable NSCLC: the
phase 2 PACIFIC-6 trial. ] Thorac Oncol. (2022) 17:1415-27. doi: 10.1016/
jjth0.2022.07.1148

28. Denault MH, Kuang S, Shokoohi A, Leung B, Liu M, Berthelet E, et al.
Comparison of 2-weekly versus 4-weekly durvalumab consolidation for locally
advanced NSCLC treated with chemoradiotherapy: A brief report. JTO Clin Res Rep.
(2022) 3:100316. doi: 10.1016/j.jtocrr.2022.100316

29. Bestvina CM, Pointer KB, Karrison T, Al-Hallaq H, Hoffman PC, Jelinek M]J,
et al. A phase 1 trial of concurrent or sequential ipilimumab, nivolumab, and
stereotactic body radiotherapy in patients with stage IV NSCLC study. J Thorac
Oncol. (2022) 17:130-40. doi: 10.1016/j.jth0.2021.08.019

30. Araki T, Tateishi K, Komatsu M, Sonehara K, Wasamoto S, Koyama §, et al.
Predictive value of post-treatment C-reactive protein-to-albumin ratio in locally
advanced non-small cell lung cancer patients receiving durvalumab after
chemoradiotherapy. Thorac Cancer. (2022) 13:2031-40. doi: 10.1111/1759-7714.14484

31. Taugner J, Kasmann L, Eze C, Ruhle A, Tufman A, Reinmuth N, et al. Real-
world prospective analysis of treatment patterns in durvalumab maintenance after
chemoradiotherapy in unresectable, locally advanced NSCLC patients. Invest New
Drugs. (2021) 39:1189-96. doi: 10.1007/s10637-021-01091-9

32. Shukla NA, Althouse S, Meyer Z, Hanna N, Durm G. Association of immune-
related adverse events and efficacy outcomes with consolidation pembrolizumab after
chemoradiation in patients with inoperable stage III non-small-cell lung cancer. Clin
Lung Cancer. (2021) 22:274-81. doi: 10.1016/j.cl1c.2020.12.014

33. Shintani T, Kishi N, Matsuo Y, Ogura M, Mitsuyoshi T, Araki N, et al. Incidence
and risk factors of symptomatic radiation pneumonitis in non-small-cell lung cancer
patients treated with concurrent chemoradiotherapy and consolidation durvalumab.
Clin Lung Cancer. (2021) 22:401-10. doi: 10.1016/j.cllc.2021.01.017

34. Saito S, Abe T, Iino M, Aoshika T, Ryuno Y, Ohta T, et al. Incidence and risk
factors for pneumonitis among patients with lung cancer who received immune
checkpoint inhibitors after palliative thoracic radiotherapy. J Radiat Res. (2021)
62:669-75. doi: 10.1093/jrr/rrab051

35. Peters S, Felip E, Dafni U, Tufman A, Guckenberger M, Alvarez R, et al.
Progression-free and overall survival for concurrent nivolumab with standard
concurrent chemoradiotherapy in locally advanced stage IIIA-B NSCLC: results from
the european thoracic oncology platform NICOLAS phase II trial (European thoracic
oncology platform 6-14). J Thorac Oncol. (2021) 16:278-88. doi: 10.1016/
1jth0.2020.10.129

36. Oshiro Y, Mizumoto M, Sekino Y, Maruo K, Ishida T, Sumiya T, et al. Risk factor
of pneumonitis on dose-volume relationship for chemoradiotherapy with durvalumab:
Multi-institutional research in Japan. Clin Transl Radiat Oncol. (2021) 29:54-9.
doi: 10.1016/j.ctro.2021.05.009

37. Lau SCM, Ryan M, Weiss ], Fares AF, Garcia M, Schmid S, et al. Concurrent
chemoradiation with or without durvalumab in elderly patients with unresectable stage
IIT NSCLC: safety and efficacy. JTO Clin Res Rep. (2021) 2:100251. doi: 10.1016/
j.jtocrr.2021.100251

38. Landman Y, Jacobi O, Kurman N, Yariv O, Peretz I, Rotem O, et al. Durvalumab
after concurrent chemotherapy and high-dose radiotherapy for locally advanced non-
small cell lung cancer. Oncoimmunology. (2021) 10:1959979. doi: 10.1080/
2162402X.2021.1959979

39. Jabbour SK, Lee KH, Frost N, Breder V, Kowalski DM, Pollock T, et al.
Pembrolizumab plus concurrent chemoradiation therapy in patients with
unresectable, locally advanced, stage III non-small cell lung cancer: the phase 2
KEYNOTE-799 nonrandomized trial. JAMA Oncol. (2021) 7:1-9. doi: 10.1001/
jamaoncol.2021.2301

40. Faivre-Finn C, Spigel DR, Senan S, Langer C, Perez BA, Ozguroglu M, et al.
Impact of prior chemoradiotherapy-related variables on outcomes with durvalumab in
unresectable Stage III NSCLC (PACIFIC). Lung Cancer. (2021) 151:30-8. doi: 10.1016/
jlungcan.2020.11.024

41. Chen Y, Liu X, Huang Z, Zhao K, Wang Y, Ren F, et al. Safety of thoracic
radiotherapy after PD-(L)1 inhibitor treatment in patients with lung cancer. Cancer
Med. (2021) 10:8518-29. doi: 10.1002/cam4.v10.23

42. Bruni A, Scotti V, Borghetti P, Vagge S, Cozzi S, D'Angelo E, et al. Multicenter,
observational retrospective study of durvalumab after concomitant or sequential
chemoradiation for unresectable stage III non-small cell lung cancer. Front Oncol.
(2021) 11:744956. doi: 10.3389/fonc.2021.744956

43. Aredo JV, Mambetsariev I, Hellyer JA, Amini A, Neal JW, Padda SK, et al.
Durvalumab for stage IIT EGFR-mutated NSCLC after definitive chemoradiotherapy. J
Thorac Oncol. (2021) 16:1030-41. doi: 10.1016/j.jtho.2021.01.1628

44. Abe T, Iino M, Saito S, Aoshika T, Ryuno Y, Ohta T, et al. Feasibility of intensity
modulated radiotherapy with involved field radiotherapy for Japanese patients with
locally advanced non-small cell lung cancer. ] Radiat Res. (2021) 62:894-900.
doi: 10.1093/jrr/rrab063

45. Zhang T, Xu K, Bi N, Zhang L, Jiang W, Liang J, et al. Efficacy and safety of
immune checkpoint inhibitor consolidation after chemoradiation in patients of Asian
ethnicity with unresectable stage III non-small cell lung cancer: Chinese multicenter
report and literature review. Thorac Cancer. (2020) 11:2916-23. doi: 10.1111/1759-
7714.13631

Frontiers in Oncology

17

10.3389/fonc.2025.1365966

46. Welsh J, Menon H, Chen D, Verma V, Tang C, Altan M, et al. Pembrolizumab
with or without radiation therapy for metastatic non-small cell lung cancer: a
randomized phase I/II trial. J Immunother Cancer. (2020) 8:€001001-8. doi: 10.1136/
jitc-2020-001001

47. Tian S, Switchenko JM, Buchwald ZS, Patel PR, Shelton JW, Kahn SE, et al. Lung
stereotactic body radiation therapy and concurrent immunotherapy: A multicenter
safety and toxicity analysis. Int ] Radiat Oncol Biol Phys. (2020) 108:304-13.
doi: 10.1016/.ijrobp.2019.12.030

48. Offin M, Shaverdian N, Rimner A, Lobaugh S, Shepherd AF, Simone CB 2nd,
et al. Clinical outcomes, local-regional control and the role for metastasis-directed
therapies in stage IIT non-small cell lung cancers treated with chemoradiation and
durvalumab. Radiother Oncol. (2020) 149:205-11. doi: 10.1016/j.radonc.2020.04.047

49. Miura Y, Mouri A, Kaira K, Yamaguchi O, Shiono A, Hashimoto K, et al.
Chemoradiotherapy followed by durvalumab in patients with unresectable advanced
non-small cell lung cancer: Management of adverse events. Thorac Cancer. (2020)
11:1280-7. doi: 10.1111/1759-7714.13394

50. Lin SH, Lin Y, Yao L, Kalhor N, Carter BW, Altan M, et al. Phase II trial of
concurrent atezolizumab with chemoradiation for unresectable NSCLC. J Thorac
Oncol. (2020) 15:248-57. doi: 10.1016/j.jth0.2019.10.024

51. Jung HA, Noh JM, Sun JM, Lee SH, Ahn JS, Ahn MJ, et al. Real world data of
durvalumab consolidation after chemoradiotherapy in stage IIT non-small-cell lung
cancer. Lung Cancer. (2020) 146:23-9. doi: 10.1016/j.lungcan.2020.05.035

52. Jabbour SK, Berman AT, Decker RH, Lin Y, Feigenberg SJ, Gettinger SN, et al.
Phase 1 trial of pembrolizumab administered concurrently with chemoradiotherapy for
locally advanced non-small cell lung cancer: A nonrandomized controlled trial. JAMA
Oncol. (2020) 6:848-55. doi: 10.1001/jamaoncol.2019.6731

53. Inoue H, Ono A, Kawabata T, Mamesaya N, Kawamura T, Kobayashi H, et al.
Clinical and radiation dose-volume factors related to pneumonitis after treatment with
radiation and durvalumab in locally advanced non-small cell lung cancer. Invest New
Drugs. (2020) 38:1612-7. doi: 10.1007/s10637-020-00917-2

54. Hassanzadeh C, Sita T, Savoor R, Samson PP, Bradley ], Gentile M, et al.
Implications of pneumonitis after chemoradiation and durvalumab for locally
advanced non-small cell lung cancer. J Thorac Dis. (2020) 12:6690-700.
doi: 10.21037/jtd-20-1792

55. Faehling M, Schumann C, Christopoulos P, Hoftknecht P, Alt J, Horn M, et al.
Durvalumab after definitive chemoradiotherapy in locally advanced unresectable non-
small cell lung cancer (NSCLC): Real-world data on survival and safety from the
German expanded-access program (EAP). Lung Cancer. (2020) 150:114-22.
doi: 10.1016/j.lungcan.2020.10.006

56. Eichkorn T, Bozorgmehr F, Regnery S, Dinges LA, Kudak A, Bougatf N, et al.
Consolidation immunotherapy after platinum-based chemoradiotherapy in patients
with unresectable stage III non-small cell lung cancer-cross-sectional study of eligibility
and administration rates. Front Oncol. (2020) 10:586449. doi: 10.3389/
fonc.2020.586449

57. Durm GA, Jabbour SK, Althouse SK, Liu Z, Sadiq AA, Zon RT, et al. A phase 2
trial of consolidation pembrolizumab following concurrent chemoradiation for patients
with unresectable stage III non-small cell lung cancer: Hoosier Cancer Research
Network LUN 14-179. Cancer. (2020) 126:4353-61. doi: 10.1002/cncr.v126.19

58. Chu CH, Chiu TH, Wang CC, Chang WC, Huang AC, Liu CY, et al.
Consolidation treatment of durvalumab after chemoradiation in real-world patients
with stage IIT unresectable non-small cell lung cancer. Thorac Cancer. (2020) 11:1541—
9. doi: 10.1111/1759-7714.13426

59. Barron F, Sanchez R, Arroyo-Hernandez M, Blanco C, Zatarain-Barron ZL,
Catalan R, et al. Risk of developing checkpoint immune pneumonitis and its effect on
overall survival in non-small cell lung cancer patients previously treated with
radiotherapy. Front Oncol. (2020) 10:570233. doi: 10.3389/fonc.2020.570233

60. Amino Y, Kitazono S, Uematsu S, Hasegawa T, Yoshizawa T, Uchibori K, et al.
Efficacy of anti-PD-1 therapy for recurrence after chemoradiotherapy in locally
advanced NSC LC. Int J Clin Oncol. (2020) 25:67-73. doi: 10.1007/s10147-019-
01537-4

61. Yamaguchi O, Kaira K, Hashimoto K, Mouri A, Miura Y, Shiono A, et al.
Radiotherapy is an independent prognostic marker of favorable prognosis in non-small
cell lung cancer patients after treatment with the immune checkpoint inhibitor,
nivolumab. Thorac Cancer. (2019) 10:992-1000. doi: 10.1111/tca.2019.10.issue-4

62. Voong KR, Hazell SZ, Fu W, Hu C, Lin CT, Ding K, et al. Relationship between
prior radiotherapy and checkpoint-inhibitor pneumonitis in patients with advanced
non-small-cell lung cancer. Clin Lung Cancer. (2019) 20:e470-9. doi: 10.1016/
j.cllc.2019.02.018

63. Tamiya A, Tamiya M, Nakahama K, Taniguchi Y, Shiroyama T, Isa SI, et al.
Correlation of radiation pneumonitis history before nivolumab with onset of interstitial
lung disease and progression-free survival of patients with pre-treated advanced non-
small cell lung cancer. Anticancer Res. (2017) 37:5199-205. doi: 10.21873/
anticanres.11943

64. Shaverdian N, Lisberg AE, Bornazyan K, Veruttipong D, Goldman JW, Formenti
SC, et al. Previous radiotherapy and the clinical activity and toxicity of pembrolizumab
in the treatment of non-small-cell lung cancer: a secondary analysis of the KEYNOTE-
001 phase 1 trial. Lancet Oncol. (2017) 18:895-903. doi: 10.1016/S1470-2045(17)
30380-7

frontiersin.org


https://doi.org/10.1016/j.jtho.2022.07.1148
https://doi.org/10.1016/j.jtho.2022.07.1148
https://doi.org/10.1016/j.jtocrr.2022.100316
https://doi.org/10.1016/j.jtho.2021.08.019
https://doi.org/10.1111/1759-7714.14484
https://doi.org/10.1007/s10637-021-01091-9
https://doi.org/10.1016/j.cllc.2020.12.014
https://doi.org/10.1016/j.cllc.2021.01.017
https://doi.org/10.1093/jrr/rrab051
https://doi.org/10.1016/j.jtho.2020.10.129
https://doi.org/10.1016/j.jtho.2020.10.129
https://doi.org/10.1016/j.ctro.2021.05.009
https://doi.org/10.1016/j.jtocrr.2021.100251
https://doi.org/10.1016/j.jtocrr.2021.100251
https://doi.org/10.1080/2162402X.2021.1959979
https://doi.org/10.1080/2162402X.2021.1959979
https://doi.org/10.1001/jamaoncol.2021.2301
https://doi.org/10.1001/jamaoncol.2021.2301
https://doi.org/10.1016/j.lungcan.2020.11.024
https://doi.org/10.1016/j.lungcan.2020.11.024
https://doi.org/10.1002/cam4.v10.23
https://doi.org/10.3389/fonc.2021.744956
https://doi.org/10.1016/j.jtho.2021.01.1628
https://doi.org/10.1093/jrr/rrab063
https://doi.org/10.1111/1759-7714.13631
https://doi.org/10.1111/1759-7714.13631
https://doi.org/10.1136/jitc-2020-001001
https://doi.org/10.1136/jitc-2020-001001
https://doi.org/10.1016/j.ijrobp.2019.12.030
https://doi.org/10.1016/j.radonc.2020.04.047
https://doi.org/10.1111/1759-7714.13394
https://doi.org/10.1016/j.jtho.2019.10.024
https://doi.org/10.1016/j.lungcan.2020.05.035
https://doi.org/10.1001/jamaoncol.2019.6731
https://doi.org/10.1007/s10637-020-00917-2
https://doi.org/10.21037/jtd-20-1792
https://doi.org/10.1016/j.lungcan.2020.10.006
https://doi.org/10.3389/fonc.2020.586449
https://doi.org/10.3389/fonc.2020.586449
https://doi.org/10.1002/cncr.v126.19
https://doi.org/10.1111/1759-7714.13426
https://doi.org/10.3389/fonc.2020.570233
https://doi.org/10.1007/s10147-019-01537-4
https://doi.org/10.1007/s10147-019-01537-4
https://doi.org/10.1111/tca.2019.10.issue-4
https://doi.org/10.1016/j.cllc.2019.02.018
https://doi.org/10.1016/j.cllc.2019.02.018
https://doi.org/10.21873/anticanres.11943
https://doi.org/10.21873/anticanres.11943
https://doi.org/10.1016/S1470-2045(17)30380-7
https://doi.org/10.1016/S1470-2045(17)30380-7
https://doi.org/10.3389/fonc.2025.1365966
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Li et al.

65. Cousin F, Desir C, Ben Mustapha S, Mievis C, Coucke P, Hustinx R. Incidence,
risk factors, and CT characteristics of radiation recall pneumonitis induced by immune
checkpoint inhibitor in lung cancer. Radiother Oncol. (2021) 157:47-55. doi: 10.1016/
j.radonc.2021.01.001

66. Wu J, Ni T, Deng R, Li Y, Zhong Q, Tang F, et al. Safety and efficacy of
radiotherapy/chemoradiotherapy combined with immune checkpoint inhibitors for
non-small cell lung cancer: A systematic review and meta-analysis. Front Immunol.
(2023) 14:1065510. doi: 10.3389/fimmu.2023.1065510

67. Yang LL, Li B, Xu YY. Pneumonitis with combined immune checkpoint
inhibitors and chemoradiotherapy in locally advanced non-small-cell lung cancer: a
systematic review and meta-analysis. Future Oncol. (2023) 19:1151-60. doi: 10.2217/
fon-2022-1274

68. Anscher MS, Garst J, Marks LB, Larrier N, Dunphy F, Herndon JE 2nd, et al.
Assessing the ability of the antiangiogenic and anticytokine agent thalidomide to
modulate radiation-induced lung injury. Int ] Radiat Oncol Biol Phys. (2006) 66:477-
82. doi: 10.1016/j.ijrobp.2006.05.031

69. Massagué J. HOW CELLS READ TGF-B3 SIGNALS. Nat Rev Mol Cell Biol.
(2000) 1:169-78. doi: 10.1038/35043051

70. Anscher MS, Kong F, Andrews K. PLASMA TRANSFORMING GROWTH
FACTOR B1 AS A PREDICTOR OF RADIATION PNEUMONITIS. Clin Invest.
(1998) 41:1029-35. doi: 10.1016/S0360-3016(98)00154-0

71. Yuan X, Liao Z, Liu Z, Wang LE, Tucker SL, Mao L, et al. Single nucleotide
polymorphism at rs1982073:T869C of the TGFbeta 1 gene is associated with the risk of
radiation pneumonitis in patients with non-small-cell lung cancer treated with
definitive radiotherapy. J Clin Oncol. (2009) 27:3370-8. doi: 10.1200/JCO.2008.20.6763

72. Wang L, Bi N. TGF-betal gene polymorphisms for anticipating radiation-
induced pneumonitis in non-small-cell lung cancer: different ethnic association. J
Clin Oncol. (2010) 28:e621-2. doi: 10.1200/JC0.2010.31.0458

73. Liu T, Li S, Ding S, Qiu J, Ren C, Chen J, et al. Comparison of post-
chemoradiotherapy pneumonitis between Asian and non-Asian patients with locally

Frontiers in Oncology

18

10.3389/fonc.2025.1365966

advanced non-small cell lung cancer: a systematic review and meta-analysis.
EClinicalMedicine. (2023) 64:102246. doi: 10.1016/j.eclinm.2023.102246

74. Elena Muraro RR. Giuseppe Fanetti Tissue and circulating PD-L2: moving from
health and immune-mediated diseases to head and neck oncology. Crit Rev Oncol
Hematol. (2022) 175:103707. doi: 10.1016/j.critrevonc.2022.103707

75. Maud Mayoux AR, Pulko V. Dendritic cells dictate responses to PD-L1 blockade
cancer immunotherapy. Sci Trans Med. (2020) 12:1-11. doi: 10.1126/
scitranslmed.aav7431

76. Chun SG, Hu C, Choy H, Komaki RU, Timmerman RD, Schild SE, et al. Impact
of intensity-modulated radiation therapy technique for locally advanced non-small-cell
lung cancer: A secondary analysis of the NRG oncology RTOG 0617 randomized
clinical trial. J Clin Oncol. (2017) 35:56-62. doi: 10.1200/JC0O.2016.69.1378

77. Savage T, Pandey S, Guha C. Postablation Modulation after Single High-Dose
Radiation Therapy Improves Tumor Control via Enhanced Immunomodulation. Clin
Cancer Res. (2020) 26:910-21. doi: 10.1158/1078-0432.CCR-18-3518

78. Tang J, Malachowska B, Wu X, Guha C. Repurposing radiation therapy for
immuno-oncology. Clin Oncol (R Coll Radiol). (2021) 33:683-93. doi: 10.1016/
j.clon.2021.08.015

79. Zhou P, Chen D, Zhu B, Chen W, Xie Q, Wang Y, et al. Stereotactic body
radiotherapy is effective in modifying the tumor genome and tumor immune
microenvironment in non-small cell lung cancer or lung metastatic carcinoma. Front
Immunol. (2020) 11:594212. doi: 10.3389/fimmu.2020.594212

80. Zhou X, Zhou L, Yao Z, Huang M, Gong Y, Zou B, et al. Safety and tolerability of
low-dose radiation and stereotactic body radiotherapy + Sintilimab for treatment-naive
stage IV PD-L1+ Non-small cell lung cancer patients. Clin Cancer Res. (2023) 29:4098-
108. doi: 10.1158/1078-0432.CCR-23-0315

81. Sugimoto T, Fujimoto D, Sato Y, Tamiya M, Yokoi T, Taniguchi Y, et al.
Prospective multicenter cohort study of durvalumab for patients with unresectable
stage III non-small cell lung cancer and grade 1 radiation pneumonitis. Lung Cancer.
(2022) 171:3-8. doi: 10.1016/j.lungcan.2022.07.005

frontiersin.org


https://doi.org/10.1016/j.radonc.2021.01.001
https://doi.org/10.1016/j.radonc.2021.01.001
https://doi.org/10.3389/fimmu.2023.1065510
https://doi.org/10.2217/fon-2022-1274
https://doi.org/10.2217/fon-2022-1274
https://doi.org/10.1016/j.ijrobp.2006.05.031
https://doi.org/10.1038/35043051
https://doi.org/10.1016/S0360-3016(98)00154-0
https://doi.org/10.1200/JCO.2008.20.6763
https://doi.org/10.1200/JCO.2010.31.0458
https://doi.org/10.1016/j.eclinm.2023.102246
https://doi.org/10.1016/j.critrevonc.2022.103707
https://doi.org/10.1126/scitranslmed.aav7431
https://doi.org/10.1126/scitranslmed.aav7431
https://doi.org/10.1200/JCO.2016.69.1378
https://doi.org/10.1158/1078-0432.CCR-18-3518
https://doi.org/10.1016/j.clon.2021.08.015
https://doi.org/10.1016/j.clon.2021.08.015
https://doi.org/10.3389/fimmu.2020.594212
https://doi.org/10.1158/1078-0432.CCR-23-0315
https://doi.org/10.1016/j.lungcan.2022.07.005
https://doi.org/10.3389/fonc.2025.1365966
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Incidences of pneumonitis associated with the combination of radiotherapy and immune checkpoint inhibitors in lung cancer: a systematic review and meta-analysis
	1 Introduction
	2 Methods
	2.1 Literature search
	2.2 Inclusion and exclusion criteria
	2.3 Data extraction
	2.4 Quality assessment
	2.5 Statistical analysis

	3 Results
	3.1 Literature search
	3.2 Results of meta-analysis
	3.2.1 Pooled analysis of pneumonitis
	3.2.2 Prospective studies and retrospective studies
	3.2.3 Conventional RT and stereotactic body RT
	3.2.4 Concurrent and sequential immunotherapy
	3.2.5 Anti-PD-1 and anti-PD-L1 therapies
	3.2.6 Asian patients and non-Asian patients


	4 Discussion
	5 Conclusions
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


