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A B S T R A C T

Background: Preexisting chronic obstructive pulmonary disease(COPD) and Computed Tomography(CT)-defined 
emphysema are associated with worse prognosis in patients with non-small cell lung cancer(NSCLC) receiving 
chemotherapy, but the impact of these comorbidities on patients undergoing immune checkpoint inhibitors(ICIs) 
remains largely unclear.
Methods: Studies on the safety and efficacy outcomes among advanced NSCLC with preexisting COPD and CT- 
defined emphysema receiving ICIs from various databases up to August 2024 were collected. The number of 
events, as well as pooled effect size [odds ratio(OR) and hazard ratio (HR)] and 95% confidence intervals (CIs) 
were obtained.
Results: A total of 21 studies (7 on efficacy, 11 on safety, and 3 on both) were included. Meta-analysis revealed 
the pooled overall response rate (ORR) and pooled disease control rate (DCR) were 38% and 62%, respectively. 
Compared to patients without preexisting COPD and CT-defined emphysema, the pooled OR for ORR and DCR 
was 1.88 (95% CI, 1.45–2.44) and 2.23 (95% CI, 1.67–2.98), without heterogeneity. COPD and CT-defined 
emphysema were also associated with better progression-free survival (HR, 0.63 [95% CI, 0.50–0.80]) and 
overall survival (HR, 0.59 [95% CI, 0.41–0.88]). The pooled incidences of any grade and grade 3 or higher 
checkpoint inhibitor-related pneumonitis (CIP) were 20% and 6% in patients with preexisting COPD and CT- 
defined emphysema, which was significantly higher than that in those without these comorbidities (OR, 1.97 
[95% CI, 1.41–2.76]; OR, 2.52 [95% CI, 1.72–3.70]). Moreover, most cases of CIP (84.0%) improved with ICIs 
discontinuation and/or the administration of corticosteroids.
Conclusion: Preexisting COPD and CT-defined emphysema were associated with favorable clinical efficacy and 
increased risk of CIP in the immunotherapy era. Most cases of CIP are treatable and manageable.

1. Background

Lung cancer is one of the most common cancer and leading cause of 
cancer-related deaths [1]. Due to common predisposing risk factors, 
lung cancer patients frequently have chronic obstructive pulmonary 

disease (COPD) and computed tomography (CT)-defined emphysema as 
crucial comorbidities, with a prevalence of 40 % to 70 % [2,3]. 
Concomitant lung diseases pose challenges to cancer treatment and 
management.

Systemic treatment has been the mainstay treatment option for 
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advanced non-small lung cancer (NSCLC) patients with negative driver 
mutations [4]. Others and our previous study have shown that COPD or 
CT-defined emphysema increased all-cause mortality in advanced 
NSCLC patients in the era of chemotherapy [5,6]. In the past decade, 
immune checkpoint inhibitors (ICIs) have significantly improved the 
survival of advanced NSCLC patients, whether in the front-line [7–9] or 
second-line settings [10]. ICIs are also associated with unique toxicities 
known as immune-related adverse events (irAEs), particularly check
point inhibitor-related pneumonitis (CIP). CIP can vary in severity, 
ranging from mild to life-threatening. Randomized controlled trials have 
shown promising results in terms of efficacy and safety outcomes 
[11–13]. However, the majority of patients participated in clinical trials 
assessing ICIs treatment typically without underlying lung diseases. 
Evidence from many real-world observational studies reported con
trasting clinical outcomes on the efficacy and safety outcomes of pa
tients with preexisting COPD and CT-defined emphysema undergoing 
ICIs treatment [14–17]. A meta-analysis in 2024 explored the associa
tions between preexisting COPD and lung cancer patients undergoing 
ICIs therapy [18]. They showed that COPD increased the risk of CIP 
development, but not provide pooled CIP incidence rate estimates. No 
such explorations on efficacy outcomes were reported. Overall, a pooled 
analysis of immunotherapy and preexisting COPD and CT-defined 
emphysema in advanced NSCLC patients has not been performed.

Therefore, we conducted a systematic review and meta-analysis to 
evaluate the efficacy and safety of ICIs therapy in advanced NSCLC 
patients with preexisting COPD and CT-defined emphysema. This meta- 
analysis aims to provide a pooled incidence of tumor response rate and 
adverse effects rate of ICIs in advanced NSCLC patients with these 
comorbidities. Moreover, by comparing patients with and without 

preexisting COPD and CT-defined emphysema, the pooled odds ratios 
(ORs) of efficacy and safety outcomes, as well as the pooled hazard ra
tios (HRs) of prognosis, were estimated.

2. Methods

2.1. Search Strategy and selection criteria

This systematic review and meta-analysis was performed according 
to the Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses guidelines [19] and registered on the PROSPERO (no. 
CRD42024585936). We systematically searched the PubMed, EMBASE, 
and Cochrane Library databases without language or study design re
strictions for articles published before August 22, 2024. The search 
strategies are described in the Supplementary Table 1. We included 
studies reporting the efficacy or safety profile of ICIs therapy among 
advanced lung cancers with preexisting COPD or CT-defined emphy
sema. The exclusion criteria were as follows: abstract, case reports and 
reviews; studies reporting efficacy or safety profile of ICIs treatment in 
patients undergoing neoadjuvant and PACIFIC regimen therapy; studies 
reporting on patients with other tumor type; and reports on not all pa
tients receiving immunotherapy. Details are described in Fig. 1.

2.2. Data extraction and outcomes

Two researchers (Y.X.Z and J.Z) independently performed all data 
collection and assessments. Title and abstract screening, followed by 
full-text evaluation, were conducted to determine potentially eligible 
studies. Inconsistencies were discussed or refer to a third reviewer (Y.H. 

Fig. 1. A flow chart showing the procedure for the search and selection of studies included in the meta-analysis.
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Z, with over 20 years of experience in respiratory) to reach consensus. A 
standardized table was used to extract data, including first author, 
publication year, country, study design, data source, age, and sex, 
numbers of smokers, Eastern Clinical Oncology Group performance 
status, histology subtype, PD-L1 status, spirometry, ICIs drug and 
regime, line of ICIs treatment, and thoracic therapy. Efficacy outcomes 
were collected including objective response rate [ORR, the percentage of 
patients with a confirmed complete(CR) or partial response(PR)], dis
ease control rate [DCR, the percentage of patients with a CR, PR, or 
stable disease(SD)], progression-free survival (PFS), and overall survival 
(OS). Safety outcomes consisted of the number of irAE and CIP, Common 
Terminology Criteria for Adverse Events (CTCAE) grade, treatment, and 
prognosis.

2.3. Quality assessment and publication bias

To ascertain the risk of bias, two researchers (Y.X.Z and J.Z) assessed 
the methodological quality of publications using the Newcastle-Ottawa 
scale for cohort and case-control studies [20]. Any discrepancies were 
resolved by consensus. Responses in each dimension (selection, 
comparability, and exposure/outcome) were awarded with stars, 
ranging from zero to nine totally. A study with a score from seven to nine 
has high quality, four to six means high risk, and three or fewer very 
high risk of bias. Funnel plots were used to visually detect publication 
bias.

2.4. Statistical analysis

All statistical analyses were carried out with Review Manager 
(version 5.4.1) (The Cochrane Collaboration, 2020). The number of 
ORR, DCR, and adverse events (including CIP) in patients with and 
without preexisting COPD and CT-defined emphysema was extracted to 
calculate their pooled incidence with 95 % confidence intervals (CIs) by 
using inverse variance analysis in respective group. Then, pooled ORs 
with 95 % CIs were calculated to estimate the relative efficacy and risk 
of adverse effects of ICIs in patients with preexisting COPD and CT- 
defined emphysema versus those without. Analyses for relative effi
cacy and risk of CIP were repeated in COPD patients with different 
Global Initiative for Chronic Obstructive Lung Disease (GOLD) grades. 
For PFS and OS, the HRs and 95 % CIs given the presence of COPD and 
CT-defined emphysema were extracted to estimate pooled HRs. I2 sta
tistics were used to test heterogeneity. If I2 < 50 %, considering low 
heterogeneity, the fixed-effects model was used. Otherwise, the random- 
effects model was adopted. Leave-one-out sensitivity analyses were 
carried out to evaluate the robustness of estimates. The pooled results 
and associated related are displayed using forest plots. Publication bias 
was assessed by visualization of funnel plot. All P values were two-sided, 
and statistical significance was defined as P < 0.05.

3. Results

3.1. Study selection and quality

Fig. 1 presents the details of screening and selection procedures for 
the relevant studies. Full-text screening resulted in 21 studies that met 
predefined criteria for inclusion criteria in the final meta-analysis. Of the 
included studies, 7 specifically reported the results on efficacy 
[15–17,21–24], 11 on safety [25–35], and 3 on both efficacy and safety 
[14,36,37]. Supplementary Table 2 presents the Newcastle-Ottawa Scale 
scores for study quality assessment, ranging from six to nine stars. Only 1 
study was considered as high risk of bias, and others have high quality.

3.2. Characteristics of studies and patients included in the efficacy 
analysis

Ten studies included in the efficacy analysis were all case-control 

studies, of which eight were retrospective [14,16,17,21,23,24,36,37], 
two were prospective [15,22]. The majority of studies were from East 
Asian countries and the other two from Europe: four from Japan 
[17,22,24,37], three from China [14,23,36], one from South Korea [21], 
one from France [15], and one from Austria [16]. By study source, eight 
studies were single-center, one was two-centers, one was multi-centers. 
All studies focused on advanced or recurrent NSCLC patients 
(Supplementary Table 3).

Table 1 summarizes the demographics and baseline characteristics of 
the patients included in the efficacy analysis according to the presence of 
preexisting COPD and CT-defined emphysema. A total of 675 patients 
with preexisting COPD and CT-defined emphysema received ICIs, with a 
median age of 67 years; 592 (87.7 %) were male, 594 (88.0 %) were 
current or former smokers, 357 (52.9 %) had non-squamous-cell carci
noma, and 539 (79.9 %) had an Eastern Clinical Oncology Group per
formance status score of 0 to 1. Nearly half patients received ICIs as 1–2 
line treatment. The majority of patients (405 of 675 [60.0 %]) received 
ICIs monotherapy, and 28.1 % combined with other drugs, such as 
chemotherapy and bevacizumab. Three hundred seventy-four patients 
had PD-L1 expression detected, and 180 patients(48.1 %) had PD-L1 
expression greater than 50 %.

3.3. Clinical efficacy of ICIs

Eight studies were included in the ORR meta-analysis, with five on 
COPD and three on CT-defined emphysema. For patients with preex
isting COPD and CT-defined emphysema, a total of 213(38.7 %) ach
ieved an ORR. Across all included studies, the ORR ranged from 27.5 % 
to 68.4 %, and detailed information about CR, PR, SD, and progressive 
disease were provided in Supplementary Table 4. Meta-analysis revealed 
a pooled ORR of 38 % (95 % CI, 31–45), with significant heterogeneity 
(I2 = 64 %) (Fig. 2A). In contrast, among patients without preexisting 
COPD and CT-defined emphysema, 169 (25.6 %) achieved an ORR. The 
overall pooled estimate for ORR was 24 % (95 % CI, 17–31), and high 

Table 1 
Characteristics of patients according to the presence of COPD and CT-defined 
emphysema included in the efficacy systemic review.

Positive(n = 675) Control(n = 817)

Age, median (range), y 67(55–78) 65(51–78)
Male, n(%) 592(87.7) 561(68.7)
Smokers, n(%) 594(88.0) 516(68.6)
Histology

Sq, n(%) 
Non-Sq, n(%) 
Unknown, n(%)

253(37.5)357 
(52.9)65 
(9.6)

242(29.6)484 
(59.2)91 
(11.1)

ECOG-PS, No. (%)
0–1, n(%) 

2–4, n(%) 
Unknown, n(%)

539(79.9)55 
(8.1)79 
(11.7)

655(80.2)76 
(9.3)85 
(10.4)

Line of ICIs treatment, n(%)
1–2 line, n(%) 

Sequent line, n(%) 
Unknown, n(%)

320(47.4)275 
(40.7)80 
(11.9)

394(48.2)333 
(40.8)19 
(2.3)

ICIs regimens, n(%)
Monotherapy, n(%) 

Combination, n(%) 
Unknown, n(%)

405(60.0)190 
(28.1)80 
(11.9)

557(68.2)241 
(29.5)19 
(2.3)

PD-L1 status, n(%)
≥50 %, n(%) 

<50 %, n(%) 
Unknown, n(%)

180(26.7)194 
(28.7)301 
(44.6)

187(22.9)263 
(32.2)352 
(43.1)

Spirometry#

FEV1/FVC (range, %) 
FEV1 pre (range, %)

69.8(48.3–91.4)99.9 
(84.5–115.4)

89.6(71.0–108.1)84.9 
(54.3–115.4)

Abbreviations: Sq = squamous; ECOG-PS = Eastern Cooperative Oncology 
Group-Performance Status; ICI = immune checkpoint inhibitors; FEV1 = forced 
expiratory volume; FVC = forced vital capacity.

# 180 patients reported.
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heterogeneity was observed among studies (I2 = 76 %) (Fig. 2B). When 
compared to those without preexisting COPD and CT-defined emphy
sema, the pooled OR for ORR in patients with NSCLC and preexisting 
COPD and CT-defined emphysema was 1.88 (95 % CI, 1.45–2.44), with 
no heterogeneity observed across the relevant studies (I2 = 0) (Fig. 2C). 
And leave-one-out sensitivity analysis yielded similar results 
(Supplementary Table 5).

Seven studies described the number of DCR. DCR in the preexisting 
COPD and CT-defined emphysema group remained in the range of 45.8 
% to 100 %, with a pooled DCR of 62 % (95 % CI, 54–70). While in the 
group without preexisting COPD and CT-defined emphysema it 
decreased from 42.2 % and 45 % (95 % CI, 32–58) (Fig. 2D and E). Meta- 
analysis demonstrated a higher likelihood of achieving DCR in patients 
with preexisting COPD and CT-defined emphysema compared to those 
without (OR,2.23; 95 % CI, 1.67–2.98), with no evidence of heteroge
neity(Fig. 2F). The results were robust across studies(Supplementary 
Table 6).

As for the PFS outcome, ICIs were associated with better PFS in pa
tients with preexisting COPD and CT-defined emphysema with a pooled 
HR of 0.63(95 % CI 0.50–0.80) (Fig. 3A). After excluding the study by 
Zhang et al. [14], the high heterogeneity in the COPD subset was 
eliminated across studies (HR, 0.59; 95 % CI: 0.52–0.69; I2 = 0 %) 
(Supplementary Table 7). Pooled results showed that the presence of 
COPD and CT-defined emphysema was associated with better OS than 
for patients without(HR, 0.59; 95 % CI: 0.41–0.85) (Fig. 3B), which was 
robust in overall studies but non-stable in COPD subset (Supplementary 
Table 8).

3.4. Safety of ICIs

The characteristics of 14 included studies in the safety analysis are 
shown in Supplementary Table 9. All studies describe the number of CIP, 
of which seven also reported grade 3 or higher CIP, and three reported 
the data about irAEs. Nine studies reported on COPD 
[14,26,28,30–32,34–36], four on CT-defined emphysema 
[25,27,29,37], and one on both [33]. By study design, thirteen studies 
were retrospective studies, one was prospective [31].

The overall sample size was 5549, ranging from 99 to 1532 across 
studies. 96 %(5369) of the patients had advanced non-small cell lung 

cancer, while only 3.2 %(180) had small cell lung cancer. A total of 811 
(14.6 %) patients developed CIP among the entire population. The time 
window for the occurrence of CIP was documented in eight studies. The 
time from ICIs initiation to CIP onset ranged from 3 to 879 days. In 
general, most cases (84.0 %) improved with ICIs discontinuation and the 
administration of corticosteroids(Supplementary Table 10).

In patients with preexisting COPD and CT-defined emphysema, CIP 
incidence varied from 5 % to 54 %, with a pooled estimate of 20 % (95 % 
CI, 11–35) (Fig. 4A). High heterogeneity was observed among studies 
(I2 = 94 %). The pooled incidence of grade 3 or higher CIP was 7 % (95 
% CI, 4–9), with moderate heterogeneity (I2 = 46 %) (Fig. 4B). In pa
tients without preexisting COPD and CT-defined emphysema, the pooled 
incidence of any grade CIP and grade 3 or higher CIP were 12 %(95 % CI, 
8–16) and 3 %(95 % CI, 2–4), with high heterogeneity(I2 = 95 %) and no 
evidence of heterogeneity(I2 = 0 %), respectively(Fig. 4C and D). In the 
meta-analysis to assess the impact of COPD and CT-defined emphysema 
on the risk of developing CIP, patients with preexisting COPD and CT- 
defined emphysema had an increased risk of developing CIP when un
dergoing immunotherapy, with an OR of 1.97 (95 % CI, 1.41–2.76) 
(Fig. 4E). High heterogeneity (I2 = 70 %) was observed across studies, 
mainly originating from Jia et al. [29]. And the results in the CT-defined 
emphysema subset were not robust when performing leave-one-out 
analysis (Supplementary Table 11). Similarly, the pooled OR of grade 
3 or higher CIP was 2.52 (95 % CI, 1.72–3.70), with no evidence of 
heterogeneity (I2 = 0 %) (Fig. 4F). In addition, we also conducted sub
group analyses stratified by ICI regimen, including mono- vs. combi
nation therapies. Patients with preexisting COPD and CT-defined 
emphysema were at increased risk of CIP, with a pooled HR of 1.77 (95 
% CI: 1.26–2.49), and no significant heterogeneity was observed among 
studies using monotherapy (I2 = 0 %) (Supplementary Fig. 1).

Supplementary Fig. 2A showed the pooled incidence of irAEs was 38 
% (95 % CI, 28–49) in patients with preexisting COPD and CT-defined 
emphysema, with high heterogeneity (I2 = 62 %). Preexisting COPD 
and CT-defined emphysema were associated with irAEs incidence 
(pooled OR, 1.63; 95 % CI: 1.01, 2.63), without heterogeneity (I2 = 0 %) 
(Supplementary Fig. 2B). Sensitivity analysis by the leave-one-out 
method demonstrated a non-stable result.

Fig. 2. (A) Pooled effect estimates for ORR in immune checkpoint inhibitor-treated patients with preexisting COPD and CT-defined emphysema. (B) Pooled effect 
estimates for ORR in immune checkpoint inhibitor-treated patients without preexisting COPD and CT-defined emphysema. (C) Relative risk of the ORR of immune 
checkpoint inhibitor treatment in patients with and without preexisting COPD and CT-defined emphysema. (D) Pooled effect estimates for DCR in immune 
checkpoint inhibitor-treated patients with preexisting COPD and CT-defined emphysema. (E) Pooled effect estimates for DCR in immune checkpoint inhibitor-treated 
patients without preexisting COPD and CT-defined emphysema. (F) Relative risk of the DCR of immune checkpoint inhibitor treatment in patients with and without 
preexisting COPD and CT-defined emphysema. Abbreviation: overall response rate=ORR; DCR = disease control rate; COPD = chronic obstructive pulmonary 
disease; CT = computed tomography.
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3.5. Association between GOLD stage and lung cancer

Only one study reported the number of patients who achieved ORR, 
whereas two studies reported DCR [14,21], given the severity of COPD 
based on GOLD stage. Meta-analysis showed that patients with GOLD 
stage 3–4 were associated with worse DCR compared to those with 
GOLD stage 1––2 (pooled OR, 2.81; 95 % CI: 1.15–6.89), but was 
comparable to those without COPD(pooled OR, 0.48; 95 % CI: 
0.15–1.58) (Supplementary Fig. 3A and B).

Two studies reported CIP events in terms of different GOLD stages 
[14,32]. There was no significant difference in the incidence of CIP 
across GOLD stages; however, there was a trend suggesting that patients 

with GOLD stages 3–4 were more likely to develop CIP compared to 
those with stages 1–2 (pooled OR, 0.21; 95 % CI: 0.01–3.03) 
(Supplementary Fig. 4).

3.6. Publication bias

The funnel plot and Egger tests indicated that there was no publi
cation bias (Supplementary Figs. 5 and 6).

4. Discussion

This is the first meta-analysis reported on the efficacy and safety 

Fig. 3. (A) Relative risk of the progression free survival of immune checkpoint inhibitor treatment in patients with and without preexisting COPD and CT-defined 
emphysema. (B) Relative risk of the overall survival of immune checkpoint inhibitor treatment in patients with and without preexisting COPD and CT-defined 
emphysema. Abbreviation: COPD = chronic obstructive pulmonary disease; CT = computed tomography.
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outcomes of ICIs in patients with mild COPD and CT-defined emphy
sema, providing the largest, most comprehensive, and robust evidence 
available. We found that preexisting COPD and CT-defined emphysema, 
as independent risk factors for developing lung cancer and worse 
prognosis in the chemotherapy era, were associated with favorable 
clinical efficacy (including ORR, DCR, PFS, and OS) in the immuno
therapy era contrastively. Although an increased risk of CIP and irAEs 
was observed in patients with preexisting COPD and CT-defined 
emphysema, they are treatable and manageable. Additionally, GOLD 

stage 3–4 seemed to have worse disease control (measured by DCR) and 
be more likely to develop CIP.

In patients with NSCLC and preexisting COPD and CT-defined 
emphysema, the pooled ORR was 38 %, which is ranging from 19 % 
to 56 % in phase III trials of ICIs monotherapy or combination therapies 
in advanced NSCLC [7,11–13,38]. DCR observed in these phase III trials 
was in the range of 50 % to 80 %, similar to our results (pooled DCR =
62 %). However, the source of heterogeneity through a sensitivity 
analysis was not found. The observed differences might be attributed to 

Fig. 4. (A) Pooled effect estimates for any grade CIP incidence in immune checkpoint inhibitor-treated patients with preexisting COPD and CT-defined emphysema. 
(B) Pooled effect estimates for grade 3 or higher CIP incidence in immune checkpoint inhibitor-treated patients with preexisting COPD and CT-defined emphysema. 
(C) Pooled effect estimates for any grade CIP incidence in immune checkpoint inhibitor-treated patients without preexisting COPD and CT-defined emphysema. (D) 
Pooled effect estimates for grade 3 or higher CIP incidence in immune checkpoint inhibitor-treated patients without preexisting COPD and CT-defined emphysema. 
(E) Relative risk of any grade CIP of immune checkpoint inhibitor treatment in patients with and without preexisting COPD and CT-defined emphysema. (F) Relative 
risk of grade 3 or higher CIP of immune checkpoint inhibitor treatment in patients with and without preexisting COPD and CT-defined emphysema. Abbreviation: 
CIP = checkpoint inhibitor-related pneumonitis; COPD = chronic obstructive pulmonary disease; CT = computed tomography.
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