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M E T A - A N A L Y S I S

The role of COPD in survival of NSCLC patients receiving
immune checkpoint inhibitors: A meta-analysis
Yan Zhu∗ and Chongyang Wang

The impact of chronic obstructive pulmonary disease (COPD) on the survival of patients with non-small cell lung cancer (NSCLC)
receiving immune checkpoint inhibitors (ICIs) remains unclear. Given the growing use of ICIs in NSCLC treatment and the high
prevalence of COPD among these patients, understanding this relationship is essential. This meta-analysis aims to evaluate the
association between COPD and survival outcomes in NSCLC patients treated with ICIs. A systematic search was conducted in PubMed,
Embase, and Web of Science from inception to February 10, 2025. Observational studies reporting survival outcomes in NSCLC patients
with and without COPD undergoing ICI therapy were included. Hazard ratios (HRs) with 95% confidence intervals (CIs) were pooled
using a random-effects model to account for heterogeneity. Thirteen retrospective cohort studies involving 5564 patients were
included. COPD was associated with improved progression-free survival (PFS) (HR: 0.68, 95% CI: 0.54–0.85, P < 0.001) and overall
survival (OS) (HR: 0.80, 95% CI: 0.68–0.95, P = 0.01) in NSCLC patients receiving ICIs. Heterogeneity was moderate (I2 = 46% for PFS,
I2 = 43% for OS). Subgroup analyses indicated that the association between COPD and survival outcomes was consistent across study
regions (Asian vs Western countries), patient age, sex distribution, COPD diagnostic criteria (spirometry, clinical diagnosis, or
CT-diagnosed emphysema), follow-up duration, analytic models (univariate vs multivariate), and study quality scores (P for subgroup
differences >0.05). Furthermore, univariate meta-regression analysis showed no significant modification of results by sample size,
mean age, sex distribution, follow-up duration, or study quality scores (all P > 0.05).
Keywords: Non-small cell lung cancer, NSCLC, chronic obstructive pulmonary disease, COPD, immune checkpoint inhibitors, ICIs,
survival, meta-analysis.

Introduction
Lung cancer remains the leading cause of cancer-related
mortality worldwide, with non-small cell lung cancer (NSCLC)
accounting for approximately 85% of all cases [1, 2]. Despite
advancements in diagnostic techniques and treatment modal-
ities, the prognosis for NSCLC remains poor, particularly
among patients with advanced-stage disease [3]. Historically,
chemotherapy and targeted therapies have been the mainstays
of treatment, but in recent years, immune checkpoint inhibitors
(ICIs) have transformed the therapeutic landscape [4, 5].
By targeting programmed cell death protein 1 (PD-1), pro-
grammed death-ligand 1 (PD-L1), or cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4), ICIs restore antitumor immune
responses [6], leading to significant survival benefits in selected
NSCLC patients [7]. However, responses to ICIs vary widely,
underscoring the need to identify predictive factors that can
guide patient selection and improve therapeutic outcomes [8].
Chronic obstructive pulmonary disease (COPD), a progressive
inflammatory lung condition marked by persistent airflow
limitation, is highly prevalent in NSCLC populations, with
reported rates ranging from 40% to 70% [9, 10]. Shared risk

factors—particularly cigarette smoking—contribute to this
strong association [11]. Traditionally, COPD has been considered
a negative prognostic factor in NSCLC due to its association
with increased perioperative complications, higher risks of
pulmonary infections, and reduced tolerance to chemotherapy
and radiotherapy [12]. Several observational studies [13, 14]
and a meta-analysis 15 have linked COPD with poorer sur-
vival outcomes in NSCLC. However, most of this research
has focused on patients receiving conventional treatments,
while those undergoing ICI therapy have been largely under-
represented [15]. This knowledge gap has led to ongoing
uncertainty about the effect of COPD on ICI efficacy in NSCLC.
Emerging evidence suggests that COPD may not uniformly
exert a negative impact on NSCLC outcomes, particularly
in the context of ICI therapy [16]. Recent studies indicate
that COPD-related immune dysregulation might actually
enhance the effectiveness of ICIs in lung cancer [17]. COPD
is associated with chronic inflammation and modifications in
the tumor microenvironment, which may influence immune
responses [18]. Specifically, patients with COPD often exhibit
increased PD-L1 expression on tumor cells and elevated tumor
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mutational burden (TMB), both established biomarkers of ICI
responsiveness [17, 19]. Additionally, COPD has been linked to
shifts in immune cell composition, including greater CD8+
T cell infiltration and heightened immune activation, which
could enhance the antitumor effects of ICIs [17, 19]. Some
clinical studies have reported improved survival outcomes in
NSCLC patients with coexisting COPD treated with ICIs [20–29],
though not all findings have reached statistical significance.
These observations challenge the long-standing view that
COPD universally worsens lung cancer prognosis. However,
the current evidence remains inconsistent [30–32], and no
comprehensive meta-analysis has systematically evaluated the
impact of COPD on ICI efficacy in NSCLC. To address this gap,
the present meta-analysis aims to assess the influence of COPD
on survival outcomes—specifically progression-free survival
(PFS) and overall survival (OS)—in NSCLC patients receiving
ICIs.

Materials and methods
The study adhered to the PRISMA 2020 guidelines [33, 34]
and the Cochrane Handbook for Systematic Reviews and Meta-
Analyses [35] in conducting this meta-analysis. This included
the study protocol design, data extraction, statistical analysis,
and results presentation. The meta-analysis protocol was regis-
tered with the International Prospective Register of Systematic
Reviews (PROSPERO) under the identifier CRD420251006457.

Literature search
To identify studies relevant to this meta-analysis, we conducted
a comprehensive literature search of PubMed, Embase, and
Web of Science from database inception to February 10, 2025.
The search strategy incorporated a broad range of terms
related to the exposure, disease condition, and intervention
of interest. Specifically, the following keywords and their
synonyms were used: (1) chronic obstructive pulmonary
disease OR “COPD” OR “chronic obstructive lung disease” OR
“chronic obstructive airway disease” OR “emphysema” OR
“chronic airflow limitation” OR “chronic airway obstruction”;
(2) non-small cell lung cancer OR “NSCLC” OR “non-small cell
carcinoma” OR “lung adenocarcinoma” OR “lung squamous cell
carcinoma” OR “lung neoplasms”; and (3) immune checkpoint
inhibitors OR “ICI” OR “programmed cell death protein 1” OR
“PD-1” OR “PD-L1” OR “cytotoxic T-lymphocyte-associated
protein 4” OR “CTLA-4” OR the names of individual agents,
including “pembrolizumab,” “nivolumab,” “atezolizumab,”
“durvalumab,” “cemiplimab,” “avelumab,” “ipilimumab,” and
“tremelimumab.” The search was limited to studies involving
human subjects, published in English, and appearing as
full-length articles in peer-reviewed journals. Additionally, the
reference lists of included original and review articles were
manually screened to identify further eligible studies. The
complete search strategies for each database are provided in
Supplemental data.

Inclusion and exclusion criteria
The inclusion criteria for potential studies were defined accord-
ing to the PICOS framework:

P (Patients): Adult patients (aged 18 years or older) with
confirmed diagnosis of NSCLC receiving ICIs, regardless of the
cancer histology, stage, or previous anticancer treatments.

I (Exposure): Patients with COPD. The methods for the vali-
dation of COPD were consistent with those used in the original
studies.

C (Comparison): Patients without COPD.
O (Outcome): Survival outcomes, including OS and PFS,

compared between patients with and without COPD. In general,
PFS is defined as the time from ICIs treatment initiation to
disease progression or death, whichever occurs first, while OS is
defined as the time from ICIs treatment initiation to death from
any cause.

S (Study design): Observational studies with longitudinal
follow-up, such as cohort studies, nested case-control studies,
or post-hoc analyses of clinical trials.

Studies were excluded if they were reviews, editorials, meta-
analyses, or preclinical research, or if they did not exclusively
include patients with NSCLC, did not involve treatment with
ICIs, lacked COPD as an exposure, or did not report the relevant
survival outcomes. For studies with overlapping populations,
the one with the largest sample size was included in the meta-
analysis.

Study quality assessment and data extraction
The literature search, study selection, quality assessment, and
data extraction were independently conducted by two authors.
Discrepancies were resolved through discussion and consensus.
Study quality was assessed using the Newcastle-Ottawa Scale
(NOS) [36], which evaluates selection, control of confounding
factors, and outcome measurement and analysis. Scores range
from 1 to 9, with a score of nine indicating the highest quality.
Studies with NOS scores of seven or higher were generally con-
sidered high quality [36]. Extracted data included study charac-
teristics (author, year, country, and design), participant details
(number of patients, mean age, sex, cancer stage, and ICIs used),
methods for COPD diagnosis and the number of patients with
COPD in each study, median follow-up durations, and variables
adjusted for when evaluating the association between COPD and
survival outcomes in patients with NSCLC receiving ICIs.

Statistical analysis
The associations between COPD and PFS or OS in patients
with NSCLC receiving ICIs were summarized using hazard
ratios (HRs) and corresponding 95% confidence intervals (CIs),
comparing patients with and without COPD. HRs and their
standard errors were derived from 95% CIs or P values and
subsequently log-transformed to stabilize variance and normal-
ize the distribution [35]. Heterogeneity was assessed using the
Cochrane Q test and I2 statistic [37], with I2 values of <25%,
25%–75%, and >75% indicating low, moderate, and high hetero-
geneity, respectively. A random-effects model was applied to
account for between-study variability [35]. Sensitivity analyses
were conducted by sequentially excluding individual studies to
assess the robustness of the findings. Subgroup analyses were
also performed to examine the impact of study characteris-
tics on outcomes, including study region (Asian vs Western
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Figure 1. Flowchart of database search and study inclusion. NSCLC: Non-small cell lung cancer; COPD: Chronic obstructive pulmonary disease.

countries), mean patient age, proportion of male participants,
COPD diagnostic methods, median follow-up duration, type of
analytic model (univariate vs multivariate), and NOS scores.
For continuous variables, medians were used as cutoff points
to define subgroups. Additionally, univariate meta-regression
analyses were conducted to evaluate whether the association
between COPD and survival outcomes was significantly mod-
ified by variables, such as sample size, mean age, proportion
of men, follow-up duration, and NOS scores [35]. Publication
bias was assessed using funnel plots and visual inspection for
asymmetry, supplemented by Egger’s regression test [38]. All
analyses were conducted using RevMan (Version 5.1; Cochrane
Collaboration, Oxford, UK) and Stata software (Version 12.0;
Stata Corporation, College Station, TX, USA).

Results
Study identification
The study selection process is summarized in Figure 1. A total
of 569 potentially relevant records were initially identified

through searches of three databases and citation screening
of related articles. After removing 159 duplicates, 410 records
remained. Screening of titles and abstracts led to the exclusion
of 386 articles that did not meet the objectives of the meta-
analysis. The full texts of the remaining 24 articles were
independently reviewed by two authors, resulting in the
exclusion of 11 studies for various reasons detailed in Figure 1.
Ultimately, 13 studies were included in the quantitative
analysis [20–32].

Overview of the study characteristics
Table 1 summarizes the characteristics of the studies included
in the meta-analysis. In total, 13 retrospective cohort studies—
conducted between 2018 and 2025 in France, the United
States, Korea, Japan, China, Australia, and Canada—were
included [20–32]. These studies collectively involved 5564
patients with NSCLC. The mean age of patients ranged from
60.6 to 73.0 years, and the proportion of men ranged from 35.7%
to 95.1%. Regarding cancer stage, 10 studies included patients
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with advanced NSCLC (stages III–IV) [20–26, 29, 30, 32], while
the remaining three studies included patients with stages I–III
[27, 31] or stages I–IV [28]. All patients received ICIs. COPD
was diagnosed using different methods: five studies used a
forced expiratory volume in 1 s to forced vital capacity ratio
(FEV1/FVC) <0.7 [20, 22, 27, 30, 31]; five relied on clinical
diagnosis recorded in medical charts [21, 26, 28, 29, 32]; and
three diagnosed COPD based on CT-detected pulmonary
emphysema [23–25]. At the time of ICI initiation, 2945
patients (52.9%) had COPD. The median follow-up dura-
tion across studies ranged from 10 to 42 months. PFS was
reported in 11 studies [20–22, 24–27, 29–32], and OS in
10 studies [20–26, 28, 31, 32]. As shown in Table 1, survival out-
comes were derived from either univariate or multivariate Cox
proportional hazards regression analyses. The most adequately
adjusted HRs and corresponding 95% CIs were extracted for
data synthesis. Univariate analyses were conducted in five
studies [20, 23, 26, 30, 31], while the remaining eight studies
used multivariate analyses adjusted for factors, such as age,
sex, tumor stage, and histology [21, 22, 24, 25, 27–29, 32]. The
methodological quality of the included studies was generally
moderate to high, with NOS scores ranging from five to nine
(Table 2).

Association between COPD and PFS
Overall, 11 studies [20–22, 24–27, 29–32] reported on the associ-
ation between COPD and PFS in patients with NSCLC receiving
ICIs. Moderate heterogeneity was observed among these stud-
ies (Cochrane Q test P = 0.05; I2 = 46%). The pooled results
indicated that COPD was associated with improved PFS in these
patients (HR: 0.68, 95% CI: 0.54–0.85, P < 0.001; Figure 2A).
Sensitivity analyses, conducted by excluding one study at a
time, yielded consistent results (HR: 0.64–0.72, all <0.05).
Furthermore, subgroup analyses showed that the association
between COPD and PFS in NSCLC patients receiving ICIs was
not significantly influenced by study country, patients’ mean
age, proportion of male participants, COPD diagnostic method,
follow-up duration, analytic model, or NOS scores (all P values
for subgroup differences >0.05; Table 3).

Association between COPD and OS
The pooled results of 10 studies [20–26, 28, 31, 32] indicated
that COPD was associated with improved OS in patients with
NSCLC receiving ICIs (HR: 0.80; 95% CI: 0.68–0.95; P = 0.01;
Figure 2B), with moderate heterogeneity (Cochrane Q test
P = 0.07; I2 = 43%). Sensitivity analysis, performed by exclud-
ing one study at a time, did not significantly alter the results (HR
range: 0.75–0.89, P all <0.05). Similarly, subgroup analyses
based on study country, mean age, proportion of male partic-
ipants, COPD diagnosis method, follow-up duration, analytic
model, or NOS scores did not significantly affect the association
(all subgroup P values >0.05; Table 3). Furthermore, univari-
ate meta-regression analysis showed no significant modifica-
tion of results based on sample size, mean age, proportion of
men, follow-up duration, or study quality scores (P all >0.05;
Table 4).
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Table 2. Study quality evaluation via the Newcastle-Ottawa Scale

Study

Representa-
tiveness of
the exposed
cohort

Selection of
the non-
exposed
cohort

Ascertain-
ment of
exposure

Outcome
not present
at baseline

Control for
age and sex

Control for
other con-
founding
factors

Assessment
of outcome

Enough long
follow-up
duration

Adequacy of
follow-up of
cohorts Total

Biton, 2018 0 1 1 1 0 0 1 1 1 6

Mark, 2018 0 1 1 1 1 1 1 1 1 8

Shin, 2019 0 1 1 1 1 1 1 1 1 8

Isono, 2020 0 1 1 1 0 0 1 0 1 5

Takayama, 2021 0 1 1 1 1 1 1 1 1 8

Zeng, 2022 1 1 1 1 0 0 1 1 1 7

Noda, 2022 0 1 1 1 1 1 1 1 1 8

Zhang, 2022 0 1 1 1 0 0 1 1 1 6

Dong, 2024 1 1 1 1 1 1 1 1 1 9

Stevens, 2024 0 1 1 1 1 1 1 1 1 8

Chang, 2024 0 1 1 1 0 0 1 1 1 6

Hirakawa, 2025 0 1 1 1 1 1 1 0 1 7

Chan, 2025 0 1 1 1 1 1 1 1 1 8

Figure 2. Forest plots for the meta-analyses of the association between COPD and survival outcomes of patients with NSCLC on ICIs. (A) Forest plots
for the meta-analysis of PFS; (B) Forest plots for the meta-analysis of OS. NSCLC: Non-small cell lung cancer; PFS: Progression-free survival; OS: Overall
survival; CI: Confidence interval; COPD: Chronic obstructive pulmonary disease; ICI: Immune checkpoint inhibitor.
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Table 3. Results of subgroup analysis

PFS OS

Variables No. of
studies

HR (95% CI) I2 P for
subgroup
effects

P for
subgroup
difference

No. of
studies

HR (95% CI) I2 P for
subgroup
effects

P for
subgroup
difference

Countries

Asian countries 8 0.66 [0.52, 0.84] 35% <0.001 6 0.71 [0.50, 1.00] 56% 0.05
Western countries 3 0.72 [0.39, 1.34] 72% 0.30 0.80 4 0.93 [0.86, 0.99] 0% 0.03 0.14

Mean ages

<65 years 4 0.74 [0.49, 1.12] 42% 0.16 3 0.88 [0.65, 1.19] 56% 0.40
≥65 years 7 0.65 [0.49, 0.86] 53% 0.003 0.62 7 0.75 [0.60, 0.92] 16% 0.007 0.39

Men

<75% 5 0.66 [0.42, 1.01] 65% 0.06 5 0.75 [0.57, 0.99] 58% 0.05
≥75% 6 0.69 [0.54, 0.89] 29% 0.004 0.83 5 0.82 [0.62, 1.08] 31% 0.16 0.66

Diagnosis of COPD

FEV1/FVC ratio < 0.7 5 0.69 [0.47, 1.00] 38% 0.05 3 0.74 [0.44, 1.25] 60% 0.26
Clinically diagnosed
COPD

4 0.79 [0.59, 1.07] 47% 0.13 4 0.93 [0.86, 0.99] 0% 0.03

CT diagnosed PE 2 0.43 [0.28, 0.67] 0% <0.001 0.08 3 0.50 [0.29, 0.86] 16% 0.01 0.06

Mean follow-up duration

<20 months 4 0.72 [0.48, 1.08] 38% 0.11 3 0.79 [0.46, 1.37] 55% 0.41
≥20 months 7 0.66 [0.49, 0.88] 55% 0.005 0.74 7 0.80 [0.66, 0.97] 46% 0.02 0.98

Analytic models

Univariate 4 0.77 [0.59, 1.01] 17% 0.06 4 0.93 [0.75, 1.15] 0% 0.51
Multivariate 7 0.62 [0.44, 0.86] 56% 0.004 0.30 6 0.69 [0.52, 0.92] 64% 0.01 0.11

NOS

<7 3 0.82 [0.51, 1.30] 38% 0.40 3 0.96 [0.68, 1.36] 0% 0.82
≥7 8 0.64 [0.49, 0.83] 50% <0.001 0.38 7 0.76 [0.62, 0.94] 57% 0.01 0.26

PFS: Progression-free survival; OS: Overall survival; HR: Hazard ratio; CI: Confidence interval; I2: Heterogeneity index; FEV1: Forced expiratory volume
in one second; FVC: Forced vital capacity; COPD: Chronic obstructive pulmonary disease; CT: Computed tomography; PE: Pulmonary emphysema;
NOS: Newcastle-Ottawa Scale.

Table 4. Results of univariate meta-regression analysis

Variables HR for PFS HR for OS

Coefficient 95% CI P values Coefficient 95% CI P values

Sample size 0.0022 −0.0053 to 0.0096 0.53 0.000054 −0.000066 to 0.000175 0.33

Mean age (years) −0.030 −0.116 to 0.055 0.44 −0.072 −0.159 to 0.015 0.16

Men (%) 0.0086 −0.0064 to 0.0237 0.23 0.0067 −0.0066 to 0.0199 0.28

Follow-up duration (months) 0.014 −0.021 to 0.048 0.40 0.017 −0.017 to 0.051 0.28

NOS −0.18 −0.48 to 0.12 0.21 −0.11 −0.38 to 0.15 0.35

HR: Hazard ratio; PFS: Progression-free survival; OS: Overall survival; CI: Confidence interval; NOS: Newcastle–Ottawa Scale.

Publication bias
The funnel plots for the meta-analyses assessing the associ-
ations between COPD and PFS/OS in patients with NSCLC
receiving ICIs are presented in Figure 3A and 3B. Visual
inspection of the plots suggests symmetry, indicating a low
risk of publication bias. These observations are further
supported by Egger’s regression analyses (PFS: P = 0.47;
OS: P = 0.42).

Discussion
Our meta-analysis provides comprehensive evidence on the
influence of COPD on the survival of patients with NSCLC
treated with ICIs. The pooled results from 13 retrospective
cohort studies, including 5564 patients, indicate that COPD
is associated with improved PFS and OS in patients receiv-
ing ICIs. These findings challenge the conventional notion that
COPD universally worsens lung cancer outcomes and suggest
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Figure 3. Funnel plots for evaluating the publication bias underlying
the meta-analyses. (A) Funnel plots for the meta-analysis of the association
between COPD and PFS of patients with NSCLC receiving ICIs and (B) Funnel
plots for the meta-analysis of the association between COPD and OS of
patients with NSCLC receiving ICIs. NSCLC: Non-small cell lung cancer; PFS:
Progression-free survival; OS: Overall survival; COPD: Chronic obstructive
pulmonary disease; ICI: Immune checkpoint inhibitor.

that COPD may confer a survival advantage in NSCLC patients
undergoing ICI therapy. The potential mechanisms underly-
ing the observed association between COPD and improved ICI
efficacy remain an area of active investigation [17, 19]. Sev-
eral studies have proposed that COPD-related immune dys-
regulation may enhance the therapeutic effects of ICIs [17].
Patients with COPD exhibit chronic inflammation and immune
alterations that may increase tumor immunogenicity [39].
Notably, COPD is associated with increased infiltration of CD8+
tumor-infiltrating lymphocytes (TILs), which play a crucial
role in anti-tumor immunity [40]. A study by Biton et al.
demonstrated that COPD patients with NSCLC exhibited higher
levels of PD-1/TIM-3 coexpression in CD8+ T cells, suggesting
increased T-cell exhaustion and a potential for greater respon-
siveness to PD-1 blockade [20]. In addition, Th1 cell popula-
tions were observed to be expanded in both lung tissue and
tumor microenvironments in patients with COPD and NSCLC,
which may also be associated with better responsiveness to
ICIs [21]. Furthermore, PD-L1 expression—a key biomarker
for ICI efficacy—appears to be upregulated in COPD-associated

NSCLC, which may partly explain the improved response to
ICIs observed in our meta-analysis [41, 42]. Increased TMB
has also been reported in COPD-associated lung cancer [41],
which is another well-recognized predictor of enhanced ICI
efficacy. Collectively, these findings suggest that the inflam-
matory milieu in COPD may foster an immune microenviron-
ment more conducive to ICI therapy. Consistently, a recent
study [43] also found better PFS with chemotherapy in NSCLC
patients with COPD, possibly due to reduced systemic inflam-
mation and enhanced immune activation. These mechanisms
may similarly contribute to the improved ICI efficacy observed
in patients with NSCLC and COPD. Subgroup analyses in
our study revealed that the association between COPD and
improved survival was consistent across various study char-
acteristics, including geographic region, patient age, sex dis-
tribution, COPD diagnostic criteria (spirometry, clinical diag-
nosis, or CT-diagnosed emphysema), and follow-up duration.
Notably, the survival benefit was more pronounced in studies
that reported multivariate-adjusted HRs, suggesting that con-
founding factors, such as smoking history, tumor histology,
and comorbidities did not fully account for the observed asso-
ciation. This supports the hypothesis that COPD itself—rather
than associated lifestyle factors—contributes to enhanced ICI
efficacy. Moreover, results of the univariate meta-regression
analysis did not indicate that characteristics, such as sam-
ple size, mean age, proportion of men, follow-up duration,
or NOS scores significantly modified the outcomes, further
validating the robustness of our findings. Beyond survival
outcomes, the interaction between ICIs and COPD itself is
of particular interest. Recent evidence suggests that PD-1
blockade may modulate lung inflammation and improve pul-
monary function in COPD patients [44, 45]. A prospective study
by Suzuki et al. demonstrated that COPD patients treated
with nivolumab experienced significant increases in FVC and
FEV1, suggesting a potential beneficial effect of PD-1 inhi-
bition on lung function [44]. Furthermore, although frac-
tional exhaled nitric oxide (FeNO) levels were significantly
elevated after ICI therapy—indicating increased airway inflam-
mation—there was no significant worsening of dyspnea or
COPD exacerbations [44]. Notably, the study also reported a
numerically higher tumor response rate in COPD patients,
reinforcing the hypothesis that immune changes associated
with COPD may enhance ICI efficacy [44]. However, while
this study suggested that ICIs may improve NSCLC survival
without worsening COPD symptoms, a more recent study
reported an increased risk of COPD exacerbations following ICI
therapy [45]. In a large retrospective cohort from the United
States, COPD patients treated with ICIs experienced higher
rates of exacerbations and respiratory-related hospitalizations,
likely due to immune-related inflammation [45]. The discrep-
ancy between these findings highlights the complexity of ICI
effects on COPD and underscores the need for further research
to optimize patient management.

Clinically, our findings suggest that COPD should not be con-
sidered a contraindication to ICI therapy in NSCLC. On the con-
trary, the presence of COPD may serve as a potential biomarker
for enhanced ICI efficacy. However, due to the risk of COPD
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exacerbation following ICI treatment, close monitoring and
proactive symptom management are essential to ensure optimal
patient outcomes. Future research should prioritize prospec-
tive studies to validate our findings and clarify the mecha-
nisms by which COPD influences the tumor immune microen-
vironment. Additionally, investigating the impact of COPD
therapies—such as inhaled corticosteroids and bronchodila-
tors—on ICI efficacy is warranted, as these treatments may
modulate immune responses. Our meta-analysis has several
strengths. It provides the most up-to-date and comprehensive
synthesis of evidence on this topic, incorporating an exten-
sive literature search across multiple databases. The inclu-
sion of cohort studies with longitudinal follow-up enhances
the reliability of our findings, as these studies offer robust
estimates of real-world survival outcomes. Furthermore, we
conducted multiple sensitivity, subgroup, and meta-regression
analyses to assess the robustness of our results, minimiz-
ing potential bias and confounding. Nonetheless, our study
has limitations. First, all included studies were retrospec-
tive, which inherently introduces risks of recall and selec-
tion bias. Second, the potential impact of COPD-specific treat-
ments, such as inhaled corticosteroids and bronchodilators,
on survival outcomes could not be evaluated due to the lack
of detailed treatment data in most studies. These medications
may influence systemic inflammation or immune responses
and could have confounded the observed associations. Third,
due to the observational design of the included studies, causal-
ity cannot be established, and residual confounding remains
a concern. Moreover, we were unable to assess the influ-
ence of certain patient and study characteristics—such as con-
current medications, tumor histology, and the presence of
immune-related adverse events—because individual patient
data were not available. These factors may have affected the
observed relationship between COPD and ICI response. Some
included studies also enrolled patients with early-stage NSCLC
(stages I–II) receiving ICIs in the neoadjuvant or adjuvant set-
ting, where survival outcomes are more likely to be influenced
by surgical and perioperative factors than by systemic ther-
apy. Although most studies included patients with unresectable
stages III–IV disease, subgroup analyses by cancer stage could
not be performed due to the lack of individual-level data, which
should be considered when interpreting the pooled results.
Importantly, the impact of ICI therapy on COPD progression
was not evaluated in the included studies, despite emerg-
ing evidence suggesting that COPD symptoms may worsen
after treatment. Future work should explore strategies to
mitigate ICI-associated COPD exacerbations while preserving
therapeutic efficacy. Additionally, not all studies used spirom-
etry to define COPD; some relied on clinical diagnoses or CT
evidence of emphysema, which may not meet standardized
diagnostic criteria. This heterogeneity in exposure definitions
may introduce misclassification bias and affect interpretation
of the pooled findings. Finally, the interpretation of funnel
plots and Egger’s test should be made cautiously, given the lim-
ited number of included studies. A nonsignificant Egger’s test
does not exclude the possibility of publication bias under such
conditions.

Conclusion
In conclusion, this meta-analysis demonstrates that COPD is
associated with improved survival in NSCLC patients treated
with ICIs. Potential underlying mechanisms include enhanced
tumor immunogenicity, increased PD-L1 expression, and
higher TMB in COPD-associated lung cancer. However, recent
evidence suggests that ICI therapy may worsen COPD symp-
toms, highlighting the need for careful patient monitoring.
These findings offer new insights into the interaction between
COPD and immunotherapy response, underscoring the need for
further prospective validation and mechanistic studies.
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Supplemental data
PubMed
(((“Pulmonary Disease, Chronic Obstructive” [Mesh]) OR “chronic obstructive pulmonary disease” OR “COPD” OR “chronic obstructive lung
disease” OR “chronic obstructive airway disease” OR “emphysema” OR “chronic airflow limitation” OR “chronic airway obstruction”)) AND (((“Car-
cinoma, Non-Small-Cell Lung” [Mesh]) OR “Non-Small Cell Lung Cancer” OR “Non-Small Cell Carcinoma” OR “NSCLC” OR “Lung Adenocarcinoma”
OR “Lung Squamous Cell Carcinoma” OR “Lung Neoplasms” OR “Lung Cancer”)) AND (((“Immune Checkpoint Inhibitors” [Mesh]) OR “Immune
Checkpoint Inhibitors” OR “ICI” OR “Programmed Cell Death Protein 1” OR “PD-1” OR “PD-L1” OR “Cytotoxic T-Lymphocyte-Associated Protein 4”
OR “CTLA-4” OR “Pembrolizumab” OR “Nivolumab” OR “Atezolizumab” OR “Durvalumab” OR “Cemiplimab” OR “Avelumab” OR “Ipilimumab” OR
“Tremelimumab”))

Embase
(“chronic obstructive pulmonary disease”/exp OR “chronic obstructive pulmonary disease” OR “COPD” OR “chronic obstructive lung disease” OR
“chronic obstructive airway disease” OR “emphysema” OR “chronic airflow limitation” OR “chronic airway obstruction”) AND (“non small cell
lung cancer”/exp OR “non small cell lung cancer” OR “non small cell carcinoma” OR “NSCLC” OR “lung adenocarcinoma” OR “lung squamous cell
carcinoma” OR “lung neoplasms” OR “lung cancer”) AND (“immune checkpoint inhibitor”/exp OR “immune checkpoint inhibitors” OR “ICI” OR
“programmed cell death protein 1” OR “PD-1” OR “PD-L1” OR “cytotoxic t lymphocyte associated protein 4” OR “CTLA-4” OR “pembrolizumab” OR
“nivolumab” OR “atezolizumab” OR “durvalumab” OR “cemiplimab” OR “avelumab” OR “ipilimumab” OR “tremelimumab”)

Web of Science
TS = (“chronic obstructive pulmonary disease” OR “COPD” OR “chronic obstructive lung disease” OR “chronic obstructive airway disease” OR
“emphysema” OR “chronic airflow limitation” OR “chronic airway obstruction”) AND TS = (“Non-Small Cell Lung Cancer” OR “Non-Small Cell
Carcinoma” OR “NSCLC” OR “Lung Adenocarcinoma” OR “Lung Squamous Cell Carcinoma” OR “Lung Neoplasms” OR “Lung Cancer”) AND
TS = (“Immune Checkpoint Inhibitors” OR “ICI” OR “Programmed Cell Death Protein 1” OR “PD-1” OR “PD-L1” OR “Cytotoxic T-Lymphocyte-
Associated Protein 4” OR “CTLA-4” OR “Pembrolizumab” OR “Nivolumab” OR “Atezolizumab” OR “Durvalumab” OR “Cemiplimab” OR “Avelumab”
OR “Ipilimumab” OR “Tremelimumab”)
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