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Abstract

Background: Despite Immune checkpoint inhibitors (ICPIs) transformation of lung cancer treatment,
pneumonitis remains a potentially serious immune-related adverse event. In this review we
conducted a network meta-analysis (NMA) to quantify the exact burden of pneumonitis risk across
multiple ICPIs analogs. Methods: We searched the following data bases PubMed, Embase, Scopus
MEDLINE and Cochrane data base of systematic reviews as well as gray literature google scholars
for eligible studies reporting on the prevalence of pneumonitis following immune check points
inhibitors exposures. 29 studies enrolling 15,271 patients with non-small cell lung cancer (NSCLC) or
small-cell lung cancer (SCLC), analyzing both monotherapy and combination regimens satisfied
inclusion criteria included in the review. Pairwise and network meta-analyses were performed to
estimate pooled odds ratios (ORs) for pneumonitis, using placebo as the common comparator.
Sensitivity analyses assessed the impact of study quality and combination therapies. Results:
Pembrolizumab was associated with a significantly increased risk of pneumonitis compared to
placebo (odds ratio [OR] = 2.67, 95% confidence interval [CI]: 1.70-4.17), with similar elevated risk
observed for sugemalimab (odds ratio [OR] = 2.45, 95% confidence interval [CI]: 1.52-3.95).
Nivolumab showed a nonsignificant but elevated estimate (odds Ratio [OR] = 2.69, 95% confidence
interval [CI]: 0.64-11.35). Atezolizumab and ipilimumab demonstrated modest or uncertain risk.
Heterogeneity was low (I2=12%), and results were robust to sensitivity analyses. Higher pneumonitis
rates were observed in combination regimens. Conclusion: Our analysis demonstrates that
pneumonitis risk varies among ICPIs, with pembrolizumab and sugemalimab showing the highest
odds. Although the absolute incidence is low, the potential severity of pneumonitis warrants vigilant
monitoring. These results should guide clinicians in risk stratification, treatment planning, and
support the development of standardized reporting criteria and further comparative research.
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Introduction

Immune checkpoint inhibitors (ICPIs) have significantly improved clinical outcomes in patients
with non-small cell lung cancer (NSCLC) and small-cell lung cancer (1) They inhibit immunologic
checkpoints, thereby restoring T-cell activation and antitumor immunity in patients with cancer (2).
Pembrolizumab and nivolumab are monoclonal antibodies that block the interaction between
programmed cell death 1 and its ligands, PD-L1 and PD-L2 (3). Whereas atezolizumab, sugemalimab,
and durvalumab are monoclonal antibodies that bind programmed death ligand 1, blocking its
engagement with PD-1 . ipilimumab is a monoclonal antibody that binds cytotoxic T-lymphocyte
antigen-4, blocking its interaction with CD80 and CD86 (1). Despite these significant improvement
in clinical outcomes with the advent of these AGENTS, immune-related adverse events (irAEs) such
as pneumonitis continue to pose serious clinical challenges. Pneumonitis, while rare, can lead to
significant morbidity and mortality, particularly in patients with pre-existing pulmonary
comorbidities or those receiving combination therapies (1). The aggregate of current evidence
suggests varying pneumonitis risks across different ICPIs, yet direct comparisons remain limited.
Previous pairwise meta-analyses and pharmacovigilance reports have indicated potential differences
in toxicity profiles between PD-1 and PD-L1 inhibitors (2). However, these analyses often lack the
scope and statistical rigor of network-based approaches especially when those approaches are based
not only on the broad adverse effects burden of ICPIs but rather on specific morbidities such as
pneumonitis.

Immune checkpoint inhibitor-associated pneumonitis (ICI-pneumonitis) represents one of the
most clinically significant immune-related adverse events of immunotherapy. Although relatively
uncommon, occurring in approximately 2-5% of treated patients, it carries disproportionate
morbidity and mortality. Severe (grade >3) cases occur in about 0.8%, frequently necessitating
immunotherapy discontinuation, hospitalization, and high-dose corticosteroid therapy. Fatal
outcomes are reported in up to 30% of severe cases. The burden extends beyond patient outcomes,
as ICI-pneumonitis often mimics infection, radiation injury, or tumor progression, creating diagnostic
uncertainty and delaying cancer therapy. Additionally, real-world data show higher incidence rates
compared with clinical trials, likely reflecting broader patient comorbidities and combined ICI
regimens. Given the expanding use of ICIs across malignancies, awareness, early detection, and
standardized management are crucial to mitigate this growing clinical and healthcare burden.

This network meta-analysis aims to compare pneumonitis risk across multiple ICPIs using both
direct and indirect evidence. It addresses limitations in prior reviews by including a broader set of
studies and applying sensitivity analyses to assess robustness across study designs, treatment
contexts, and patient subgroups.

Methods

Search Strategy

A comprehensive literature search was undertaken to identify randomized controlled trials
evaluating pneumonitis risk associated with immune checkpoint inhibitors (ICPIs) in patients with
lung cancer. The search was conducted across multiple electronic databases, including PubMed,
Embase, Scopus, MEDLINE, and the Cochrane Database of Systematic Reviews, from database
inception to June 2025. In addition, gray literature sources such as Google Scholar and trial registries
(ClinicalTrials.gov and WHO ICTRP) were reviewed to ensure completeness and minimize
publication bias. The search combined Medical Subject Headings (MeSH) and free-text terms relating
to the interventions and outcome of interest. The final search syntax was structured as follows:
(“immune checkpoint inhibitors” OR “PD-1” OR “PD-L1” OR “CTLA-4") AND (“pneumonitis” OR
“interstitial lung disease” OR “lung toxicity”) AND (“randomized controlled trial”) AND (“lung
cancer” OR “SCLC” OR “NSCLC”). The reference lists of all included articles and relevant review
papers were manually screened to identify additional eligible studies.
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Eligibility Criteria

Eligible studies were randomized controlled trials that enrolled adult patients (=18 years) with
histologically confirmed non-small-cell lung cancer (NSCLC) or small-cell lung cancer (SCLC) who
received treatment with at least one immune checkpoint inhibitor targeting PD-1, PD-L1, or CTLA-4
pathways, either as monotherapy or in combination with other agents. Studies were required to
report extractable data on the incidence or number of pneumonitis cases of any grade, as defined by
Common Terminology Criteria for Adverse Events (CTCAE). Trials that compared ICPIs with
placebo, standard chemotherapy, or other ICPIs were included. Exclusion criteria were preclinical or
non-oncologic studies, trials enrolling pediatric populations, studies involving non-randomized or
single-arm designs, and those that did not provide sufficient data to calculate pneumonitis event rates
or effect estimates.

Study Selection and Data Extraction

All retrieved citations were imported into Rayyan QCRI software for reference management and
duplicate removal. Two reviewers (RE and MID) independently screened titles and abstracts to
identify potentially eligible studies. The full texts of all potentially relevant articles were then
obtained and reviewed in detail. Disagreements between reviewers regarding inclusion or exclusion
were resolved by consensus, and if unresolved, arbitration was undertaken by a third reviewer (AA).

A standardized data extraction form was developed and piloted on ten randomly selected
studies to ensure uniformity and reliability. The extracted information included details on study
design, publication year, country, phase, sample size, histologic subtype, intervention type,
comparator arm, ICPI dosage and regimen, follow-up duration, and the number of pneumonitis cases
(any grade and grade 23, where available). When essential data were missing or unclear,
corresponding authors were contacted to obtain clarification.

Risk of Bias Assessment

The methodological quality of included studies was evaluated using the Cochrane Risk of Bias
2.0 tool, and the results were visualized using the ROBVIS web application. This tool assesses the
internal validity of randomized trials across six core domains: the randomization process, deviations
from intended interventions, completeness of outcome data, accuracy of outcome measurement,
selective reporting, and other potential sources of bias. Each domain was rated as low, some concerns,
or high risk of bias. Two reviewers (AA and MID) performed independent assessments, and
discrepancies were resolved through discussion. Studies classified as having a high risk of bias were
subjected to sensitivity analyses to determine their influence on pooled estimates.

Network Geometry and Treatment Nodes

A network plot was constructed to illustrate the geometry of treatment comparisons among the
included trials. Each node represented a distinct intervention, and edges denoted direct head-to-head
comparisons between treatments. The node size was weighted according to the number of
participants who received that particular treatment, while the thickness of each connecting line
reflected the number of trials contributing to that comparison. Placebo served as the reference node,
forming the largest and most interconnected point within the network. The network comprised seven
active ICPIs: pembrolizumab, nivolumab, durvalumab, atezolizumab, avelumab, sugemalimab, and
ipilimumab. The geometry revealed a well-connected, star-shaped structure centered on placebo,
ensuring the feasibility of indirect comparisons across agents. There were no disconnected
components or closed loops that would threaten the transitivity assumption required for network
meta-analysis.

Statistical Analysis
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All analyses adhered to PRISMA guidelines for network meta-analyses. The primary outcome
was the odds ratio (OR) for any-grade pneumonitis associated with ICPI therapy. Initially, pairwise
meta-analyses were performed for comparisons between each ICPI and placebo using a random-
effects DerSimonian—Laird model to account for between-study heterogeneity. Heterogeneity was
quantified using the 2, Q, and H statistics, with an I? value exceeding 50% indicating substantial
heterogeneity.

Subsequently, a frequentist random-effects network meta-analysis (NMA) was undertaken to
estimate pooled odds ratios and 95% confidence intervals using placebo as the common comparator.
The relative ranking of each intervention was determined using P-scores, which estimate the
probability that a given treatment is among the most effective or least harmful options. The
assumption of transitivity was verified by ensuring comparability of clinical and methodological
characteristics across trials.

Consistency between direct and indirect evidence was examined using the design-by-treatment
interaction model and node-splitting approaches, with p-values >0.05 indicating satisfactory global
and local consistency, respectively. Sensitivity analyses were conducted to evaluate the robustness of
results, excluding studies with high risk of bias and those evaluating combination regimens, thereby
isolating the effects of monotherapy. Additional subgroup analyses were stratified by cancer type
(NSCLC versus SCLC), ICPI class (PD-1 versus PD-L1 versus CTLA-4 inhibitors), and trial phase.
Publication bias was assessed through visual inspection of funnel plot symmetry and confirmed
using Egger’s regression test. All analyses were carried out in MetaXL (version 5.3, EpiGear
International, Queensland, Australia), R (netmeta package), and Stata version 17 (metan and network
commands)

Results

Study Characteristics

Table 1 shows the full the socio-demographic characteristics of the included studies. Electronic
search of relevant databases returned n = 965 titles and abstracts from which n = 29 studies were
eligible for inclusion into systemic review and network meta-analysis. Figure 1. A total of 29 studies
(2,3,6-32) were included in this network meta-analysis, encompassing patients primarily with non-
small cell lung cancer (NSCLC) 82.76%, and a minority with small-cell lung cancer (SCLC) 17.2%. The
majority of the studies were conducted in early-phase settings: Phase I (27.6%)(3,11,18,20,21,31) ,
Phase II (62.1%) (6-10,14-17,19,23,26-29,32), Phase III (10.3%)(12,22,23).
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Figure 1. Showing total number of the studies retrieved from initial search of relevant registries and databases

as well as the final number of the studies included in the review following exhaustive screening.
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Table 1. Showing socio-demographic characteristics as well as the interventions and proportion of adverse effect in the included studies.
Smoking Follow-up Pneumonitis Pneumonitis Pneumonitis Pneumonitis Adverse Event
Year of Cancer Total Sample . . . Risk of
Study ID L. Phase . Age (Median, IQR) Gender (male)  Status ICPI Duration (any grade) - (any grade) - (grade >3) - (grade 23) -  Grading Method i
Publication Type Size bias
Reported (months) Arm1 (N) Arm 2 Arm1 Arm 2 (e.g.,, CTCAE)
Aggarwal .
2022 (16) 2022  NSCLC I/II 133 65 (21-88) 92 (69.2%) none PEM 0.7 8 0 3 0 CTCAE High
Altan 2023 )
26) 2023 NSCLC I/II 13 63 (47-81) 5 (38%) 13 (100%)  IPI 23 1 0 1 0 CTCAE high
Antonia
2016 (27) 2016 SCLC I/ 216 61 (56-65) 32 (59%) 48 (89) NIV 9.25 3 2 1 1 CTCAE High
Arrieta 2020
8) 2020 NSCLC I 78 50.1 (41.2-59.0) 19 (48%)  26.6 (3.2-50) PEM 8.4 23 5 0 3 none High
Armstrong
2024 NSCLC II 105 71 (46-79) 9 (69%) none PEM 10.1 1 1 0 1 CTCAE High
2024 (29)
Bahce 2024 .
0) 2024 NSCLC II 30 64 (43-73) 14 (47%) 17 (57%)  IPI 25.8 4 0 2 0 none High
Bestvina
2021 (31) 2021 NSCLC I 37 61.4 (36-78) 21 (56.8%) 4(11.6%) NIV 17 0 2 0 2 CTCAE High
Chang 2024
(32) 2024 NSCLC 1II 156 72 (66-78) 54 (37.8%) 127 (90.1%) NIV 33 1 2 0 0 CTCAE High
Durm 2020 .
©) 2020 NSCLC 1II 93 66 (45-84) 59 (64%) 17(40%)  PEM 32.2 16 0 6 0 CTCAE High
Felip 2019 ,
@) 2019 NSCLC 1II 811 66 (31-86) 640 (78.9%) 760 (93.7%) NIV 18 38 0 6 0 CTCAE High
Fujimoto
2019 (8) 2019 NSCLC 1II 18 71.5 (68.5-76.3) 17 (94%) 18 (100%) NIV 14.2 2 0 0 0 CTCAE High
Goldberg .
2020 (9) 2020 NSCLC 1II 42 60 (56-71) 14 (33%) 39(929%) PEM 8.3 3 0 2 0 CTCAE High
Goldberg .
2016 NSCLC II 18 59 (33-82) 6 (33%) none PEM 6.8 1 0 1 0 CTCAE High
2016 (10)
Jabbour 2020 i
) 2020 NSCLC I 21 69.5 (53-85) 10 (48%) 20 (95.2%) PEM 16 7 0 2 0 CTCAE High
Ahn 2022 .
an 2022 NSCLC Ib 34 57 (44-78) 15 (44.1%) none DUR 20.4 2 0 2 0 CTCAE High
Lin 2019 (2) 2019 NSCLC 1II 52 67 (50-83) 27 (68%) 8 (20%) ATE 22.5 3 7 0 1 CTCAE High
Liu2023 (12) 2023 NSCLC III 10,953 66 (59-74) 906 (53%) 464 (27%)  ATE 83 357 128 54 27 CTCAE Low
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Mattes 2021
13) 2021 NSCLC 1 35 66 (58.5-70.5) 17 (49%) 32 (91%) ATE 14 9 0 0 0 CTCAE High
Peters 2019
(14) 2019 NSCLC II 80 62 (41-78) 65.(90%) 68(30%) NIV 134 34 0 8 0 none High
Rizvi 2015
(15) 2015 NSCLC II 117 65 (57-71) 85 (73%) 108 (92%) NIV 8 6 0 4 0 CTCAE High
Ross 2024
a7) 2024 NSCLC II 62 63.9 (38.1-86.5) 30 (48.4%) 55 (88.7%) ATE 31.2 4 0 4 0 CTCAE High
Immune-related
Response Criteria
Shaverdian and Common .
2017 NSCLC 1 98 65.5 (32.0-83.0) 51 (53%) 54 (55%) PEM 325 3 0 0 0 . High
2017 (18) Terminology
Criteria for
Adverse Events
Welsh 2020
(19) 2020 SCLC /I 36 64 (41-79) 16 (40%) 37 (93%) PEM 23.1 6 0 3 0 CTCAE High
Wong 2021 .
20) 2021 NSCLC Ib 23 60 (52-67) 14 (60.9%) 4 (17.4%) 1PI 23 6 0 4 0 CTCAE High
Chalmers
2019 NSCLC 1 14 - - - IPI 3 0 1 0 0 none High
2019 (21)
Zhou 2022 Some
2022 NSCLC I 381 60.5 (55-65) 351 (92%) 323 (85%) SUG 14.3 48 21 8 1 CTCAE
(22) concerns
Wang 2022 .
23) 2022 SCLC I 462 62 (56-66.5) 372 (80.5%) 359 (77.7%) ATE 13.5 4 0 4 0 CTCAE High
Malhotra
2024 SCLC /I 36 60 (43-80) 19 (56%) none IPI 25 0 0 0 0 CTCAE High
2024 (24)
O’Brien 2022
25) 2022 NSCLC I 1117 65 (58-71) 1041 (88.4%) 1024 (87%) PEM 35.6 34 16 7 4 CTCAE High
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The sample sizes across trials varied widely, ranging from as few as 13 participants (26) to over
10,000 (12,25), reflecting both exploratory and confirmatory trial designs. The median age of
participants across studies ranged from 50 to 72 years, with most cohorts being predominantly male.
Smoking history, although clinically relevant in pneumonitis risk, was inconsistently reported across
the included studies.

Prevalence estimates stratified by type of ICPI

Regarding the types of immune checkpoint inhibitors (ICPIs) explored, pembrolizumab was the
most frequently studied (40.7%), followed by nivolumab (22.2%), atezolizumab (14.8%), ipilimumab
(11.1%), durvalumab (7.4%), and sugemalimab (3.7%) as shown in Table 1. Combination regimens,
involving concurrent chemotherapy, radiotherapy, or dual ICPI therapy, reflecting real-world
treatment strategies and clinical trial complexity. The Common Terminology Criteria for Adverse
Events (CTCAE) was used for adverse event grading in nearly all studies, although a few used
modified criteria or did not specify the grading approach.

Pairwise Meta-Analysis (Pembrolizumab vs. Placebo)

To estimate the risk of pneumonitis with pembrolizumab relative to placebo, a pairwise meta-
analysis was conducted using 10 studies directly comparing these interventions. The pooled odds
ratio was 2.67 (95% confidence interval [CI]: 1.70 to 4.17), indicating that pembrolizumab was
associated with a statistically significant increase in the risk of pneumonitis. Figure 2. This analysis
incorporated a broad range of study populations and treatment settings, including both monotherapy
and combination regimens. Additional comparison between other ICPIs and placebo is shown in
Supplementary File (SUPP 2)

PEM-PLA

Study OR (95% Cl) % Weight
Welsh 2020 7.00 ( 0.80,61.46) 4.0
Aggarwal 2022 277 ( 0.72,1069) 9.7
Goldberg 2016 - 0.47 ( 0.04, 571) 3.1
Goldberg 2020 3.15 ( 0.31,31.62) 3.6
Durm 2020 - 3.01 ( 1.12, 8.09) 16.5
Armstrong 2024 1.00 ( 0.06,16.20) 2.5
Arrieta 2020 — 6.11 ( 2.18,17.08) 154
Jabbour 2020 10.00 ( 1.10,90.59) 3.9
OBrien 2022 216 ( 1.19, 3.94) 334
Shaverdian 2017 t 0.74 ( 0.16, 3.41) 7.8
Overall L 4 2.67 ( 1.70, 4.17) 100.0

Q=10.22, p=0.33, 12=12%

OR

Figure 2. A forest plot of pairwise meta-analyses of studies exploring risk of pneumonitis amongst NSCLC
patients exposed to pembrolizumab vs. placebo (usually standard of care). There was negligible heterogeneity
amongst the ten included studies (with an I? of 12%). Compared to placebo, Pembrolizumab was associated with

about 33% risk of pneumonitis.

The heterogeneity among studies was low, with an I? statistic of 12%, a Q-statistic of 10.22 (p =
0.33), and an H-statistic of 1.06, suggesting good consistency and minimal between-study variance.
The relatively narrow confidence interval, along with the low heterogeneity, supports the reliability
of this finding across multiple trials.

Small Study Effect and Publication Bias

Visual inspection of the forest plot showed that although individual study effect estimates
varied, they consistently favored an increased risk with pembrolizumab over placebo. A notable
contributor to the weight of the analysis was the large RCT (O’Brien 2022) (25), which alone accounted
for over 33% of the pooled estimate, demonstrating the influence of large trials in driving overall
findings. Smaller studies contributed less weight but did not significantly deviate from the overall
trend.
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Network Meta-Analysis (NMA)

A comprehensive network meta-analysis was conducted to compare the pneumonitis risk across
all ICPIs, incorporating both direct and indirect comparisons. The network plot revealed a highly
connected network centered on placebo, which was compared directly or indirectly with nearly every
other agent. This strong connectivity bolstered the statistical robustness of the indirect comparisons.
Figure 3.

Figure 3. A network map of direct and indirect comparison of the immune check points inhibitors analogues.
The size of the nodes depicts the numbers of studies associated with a particular drug or treatment regimen;
whereas the thickness of the connecting strands indicates the number of the studies associated between the two

drugs.

Direct effect estimates from the NMA highlighted pembrolizumab, nivolumab, and
sugemalimab as being associated with higher odds of pneumonitis relative to placebo. Specifically,
pembrolizumab had an odds ratio of 2.67 (95% confidence interval [CI]: 1.70 to 4.17), nivolumab had
an odds ratio of 2.69 (95% confidence interval [CI]: 0.64 to 11.35), and sugemalimab had an odds ratio
of 2.45 (95% confidence interval [CI]: 1.52 to 3.95). These findings suggest that these agents pose a
notably elevated risk for pneumonitis. However, confidence intervals for nivolumab were wider due
to fewer direct comparisons, indicating less certainty in the point estimate (Table 2).

Table 2. Showing point estimates of both direct and indirect comparison between various immune checkpoint

inhibitors and placebo as well as indirect comparison between various ICPI analogues.

Comparison Active Control ‘ OR ‘ LCI 95% ‘ HCI 95%
Direct estimates

ATE-ADE ATE ADE 4.026201  0.448299  36.15956
ATE-PLA ATE PLA 1.325891  0.380895  4.615406
ATE-PEM ATE Pembrolizumab 2545283 1417426  457.0584
DUR-PLA DUR PLA 2.0625  0.178121  23.88215
IPI-NIV IPI NIV 0.151422  0.023706  0.967209
IPI-PLA IPI PLA 1.930064  0.062221  59.86999
IPI-ATE IPI ATE 3.705882 0.661392 20.76464
NIV-PLA NIV PLA 2.692764 0.638876 11.34958
PEM-PLA Pembrolizumab PLA 2.667295 1.704726 4.173376
SUG-PLA SUG PLA 2.445645 1.515159 3.947559
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Indirect estimates (source IDs)

Indirect ATE vs Pembrolizumab (2, 9) ATE Pembrolizumab 0.497092 0.1321 1.870554
Indirect DUR vs Pembrolizumab (4, 9) DUR Pembrolizumab 0.773255  0.064124  9.324463
Indirect IPI vs Pembrolizumab (6, 9) IPI Pembrolizumab 0.723604  0.022659  23.10759
Indirect IPI vs Pembrolizumab (7, 3) IPI Pembrolizumab 94.32519  3.266328  2723.928
Indirect NIV vs Pembrolizumab (8, 9) NIV Pembrolizumab 1.009548  0.223767  4.554688
Indirect ADE vs Pembrolizumab (1, 3) ADE Pembrolizumab 6.321798  0.168044  237.8254
Indirect PLA vs Pembrolizumab (2, 3) PLA Pembrolizumab 19.19678 0.82606  446.1131
Indirect SUG vs Pembrolizumab (10, 9) SUG Pembrolizumab 0916901  0.476054  1.765991

Other agents showed more modest or uncertain effects. Ipilimumab demonstrated an odds ratio
of 1.93 (95% confidence interval [CI]: 0.06 to 59.87), while atezolizumab showed an odds ratio of 1.33
(95% confidence interval [CI]: 0.38 to 4.62). These results suggest potential but non-significant
increases in risk, complicated by wide confidence intervals reflecting sparse data or high variance (all
of which suggest instability of the point estimate). The indirect estimates comparing each ICPI to
pembrolizumab revealed that sugemalimab had a comparable risk (odds ratio [OR] = 0.92, 95%
confidence interval [CI]: 0.48 to 1.77), while atezolizumab was associated with a potentially lower
risk (odds ratio [OR] = 0.50, 95% confidence interval [CI]: 0.13 to 1.87). Other agents such as
ipilimumab and durvalumab demonstrated even lower odds compared to pembrolizumab, although
these estimates were accompanied by extremely wide confidence intervals, limiting interpretability.
Despite this, the consistency in directionality of effect estimates suggests a potential hierarchy of
pneumonitis risk, with pembrolizumab and sugemalimab at the upper end, Table 2.

Sensitivity Analyses

Sensitivity analyses were performed to assess the robustness of the primary findings. Exclusion
of studies with high risk of bias had minimal impact on the pooled estimates, with the odds ratio for
pembrolizumab vs. placebo decreasing slightly but remaining statistically significant, suggesting that
the observed association was not driven by study quality alone. Additional sensitivity analyses were
conducted to account for the impact of combination therapies. When studies employing concurrent
chemo-radiotherapy or dual ICPI regimens were excluded, the pooled odds ratio for pembrolizumab
decreased modestly from 2.67 to approximately 2.1. This attenuation suggests that combination
regimens may contribute modestly to pneumonitis risk, but that pembrolizumab independently
confers an elevated risk.

Subgroup analyses by cancer type (NSCLC vs. SCLC) and by trial phase (Phase III vs. earlier)
revealed broadly similar patterns of risk, though statistical power was limited due to small numbers
in some strata. Overall, the direction and magnitude of effect remained consistent across sensitivity
analyses, lending confidence to the main findings.

Heterogeneity and Publication Bias

The assessment of heterogeneity in the pairwise meta-analysis revealed low between-study
variance, supported by an I? of 12%, Q = 10.22 (p = 0.33), and H = 1.06. These values indicate that
variation in effect sizes was likely due to chance rather than true heterogeneity. Visual inspection of
the funnel plot for pembrolizumab vs. placebo showed general symmetry, providing no strong
evidence of small-study effects or publication bias. Figure 4
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Figure 4. Funnel plot showing the effect of bias due to small studies. It showed symmetry of distribution of
studies around the unity point (OR 1). This confirms the lack of significant small study effects on the overall

pint estimates.

Pneumonitis Outcomes and Adverse Event Reporting

Across studies, the incidence of grade >3 pneumonitis ranged from 0% to as high as 7% in the
pembrolizumab arms, confirming that pneumonitis, though infrequent, can be clinically significant
and occasionally life-threatening. All but four studies(14,21,28,30) used CTCAE criteria for grading
adverse events, promoting consistency in reporting across the dataset. Notably, combination
regimens tended to report higher rates of pneumonitis than monotherapy studies, underscoring the
importance of evaluating treatment context. These findings are relevant for clinical decision-making
in tailoring treatment based on patient risk profiles and expected toxicity burden.

Risk of Bias Assessment

Assessment of study quality revealed that 81.5% of studies were considered at high risk of bias,
primarily due to open-label design, small sample sizes, or limited pneumonitis reporting. Only one
large-scale RCT (Liu et al., 2023 [(12)]) was deemed to have low risk of bias, while two other studies
were rated as having some concerns. Figure 5
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Figure 5. A pictorial representation of the risk of bias as a marker of methodological quality of the included
studies across 5 domains. The green, red, and yellow color codes of the overall outcomes denotes low, high,

moderate risks of bias respectively.

Discussion

In this network meta-analysis of RCTs we found increased pneumonitis risk associated with
pembrolizumab compared to other ICPTs. This network meta-analysis provides a nuanced
evaluation of pneumonitis risk across different immune checkpoint inhibitors (ICPIs) in lung cancer
treatment, highlighting pembrolizumab and sugemalimab as having the highest relative risks. These
findings build upon prior meta-analyses while offering new insights enabled by network-level
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comparisons and robust sensitivity testing. The increased pneumonitis risk associated with
pembrolizumab (odds ratio [OR] = 2.67, 95% confidence interval [CI]: 1.70—4.17) aligns with several
previous meta-analyses and pharmacovigilance studies. For example, a systematic review by Wang
et al. found that PD-1 inhibitors, particularly pembrolizumab, were associated with a higher
incidence of immune-related pneumonitis compared to PD-L1 inhibitors, potentially due to broader
immune activation by PD-1 blockade. Our findings extend this knowledge by confirming the elevated
risk through both direct and indirect comparisons across a larger and more heterogeneous patient
population.

In contrast, the point estimate for nivolumab (odds ratio [OR] = 2.69) was also elevated but
accompanied by a wide confidence interval (95% confidence interval [CI]: 0.64-11.35), reflecting
imprecise estimation due to fewer direct comparisons. A similar trend was noted in the work of
Ramalingham et al.(33), who observed that nivolumab carried a non-trivial pneumonitis risk, albeit
slightly lower than pembrolizumab. Sugemalimab, a newer PD-L1 inhibitor, demonstrated a high
odds ratio (odds ratio [OR] = 2.45, 95% confidence interval [CI]: 1.52-3.95), which may appear
contradictory to the general perception that PD-L1 inhibitors carry a lower pneumonitis risk.
However, its elevated risk in our analysis might be attributed to limited real-world safety data,
smaller sample sizes, and the inclusion of high-risk populations in clinical trials. Additionally,
sugemalimab trials have been conducted predominantly in Asian populations, and existing literature
suggests that pneumonitis rates may vary by ethnicity, with higher susceptibility reported among
East Asian patients (33).

Atezolizumab and ipilimumab showed lower and less consistent associations with pneumonitis.
Atezolizumab’s relatively favorable toxicity profile has been supported by prior pharmacovigilance
reports and meta-analyses (17). Ipilimumab, an anti-CTLA-4 antibody, has a distinct mechanism of
action that may result in different immune-related adverse event patterns, with colitis and dermatitis
often more prominent than pneumonitis (26,33).

Socio-demographic factors, though not consistently reported across studies, are important to
consider in interpreting pneumonitis risk. Age is a recognized risk factor; older patients may have
decreased pulmonary reserve. Males were overrepresented, and smoking status was inconsistently
documented, both of which could influence observed toxicity rates.

These findings underscore the need for personalized risk-benefit assessments in ICPI therapy
selection and for standardized adverse event reporting in future trials.

Strengths and Limitations

Strengths of this study include the comprehensive scope of the network meta-analysis, which
allowed both direct and indirect comparisons of multiple ICPIs. previous network metanalytical
attempts have focused on general immune mediated adverse effect of ICPIs potentially diluting the
requisite rigor required in the reporting in the exact burden of this adverse effect. The novelty of our
approach is the laser focus on pneumonitis therefore providing exact comparative point estimate of
its risk in these cohort of patients. The inclusion of monotherapy and combination therapy regimens
reflects real-world practice. Robust sensitivity analyses, low heterogeneity, and symmetrical funnel
plots further support the credibility of our findings.

Despite afore-mentioned strength analysis of these data schemes is fraught with lots of
limitations. This includes the predominance of early-phase studies and variable pneumonitis
definitions. Sparse data for some agents led to wide confidence intervals, and socio-demographic
data were often missing or inconsistently reported, limiting detailed subgroup analysis.
Nevertheless, the stability of our point estimates across both direct and indirect comparisons suggests
that these limitations are unlikely to significantly impact on the burden of pneumonitis vis-a-vis ICPI
exposure

Conclusion

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.2223.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 October 2025 d0i:10.20944/preprints202510.2223.v1

14 of 17

Our analysis demonstrates that pneumonitis risk varies among ICPIs, with pembrolizumab and
sugemalimab showing the highest odds. Although the absolute incidence is low, the potential
severity of pneumonitis warrants vigilant monitoring. These results should guide clinicians in risk
stratification, treatment planning, and support the development of standardized reporting criteria
and further comparative research.

Supplementary Materials: The following supporting information can be downloaded at the website of this
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Figure S3. Showing comparative estimate between ipilimumab and other ICPIs.
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