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Purpose: Chronic obstructive pulmonary disease (COPD) frequently co-occurs with lung cancer and may adversely influence survival 
through reduced respiratory reserve, systemic inflammation, immune dysregulation, and impaired treatment tolerance. However, its 
independent prognostic impact in large real-world lung cancer populations remains uncertain. This nationwide cohort study examined 
the association between pre-existing COPD and four-year all-cause mortality among patients with newly diagnosed lung cancer.
Methods: We conducted a nationwide retrospective cohort study using linked data from Taiwan’s National Health Insurance Research 
Database, Cancer Registry, and Death Registry. Adults newly diagnosed with lung cancer between 2011 and 2019 were included and followed 
until death or the end of 2023. COPD was defined using diagnostic codes recorded before or at cancer diagnosis. Propensity score matching at 
a 1:3 ratio was used to balance baseline characteristics. Survival was assessed using Kaplan–Meier methods and Cox proportional hazards 
models.
Results: The matched cohort included 34,832 patients, including 8,708 with COPD and 26,124 without COPD. Four-year survival was 
lower among patients with COPD than among those without COPD, 31.6% versus 36.8%, respectively; log-rank P < 0.001. Mortality rates 
were 29.91 and 25.44 per 100 person-years in the COPD and non-COPD groups, respectively. After multivariable adjustment, COPD was 
independently associated with higher mortality, hazard ratio 1.13; 95% confidence interval 1.09–1.16. This association was consistent across 
subgroups and was particularly evident among men, older adults, patients with advanced-stage disease, and those receiving immunotherapy.
Conclusion: Using nationwide linked claims, cancer registry, and mortality data, this study provides population-level evidence that 
pre-existing COPD is an independent host-related prognostic factor for poorer four-year survival among patients with newly diagnosed 
lung cancer. Integrating COPD identification, pulmonary optimization, and multidisciplinary pulmonary–oncology care into routine 
lung cancer management may support risk stratification and improve long-term outcomes.
Keywords: chronic obstructive pulmonary disease, COPD, lung cancer, mortality, survival, comorbidity, cohort study, prognosis

Introduction
Lung cancer remains the leading cause of cancer-related mortality worldwide, accounting for nearly one in five cancer deaths 
annually.1,2 Although advances in screening, surgical techniques and systemic therapies have improved outcomes for selected 
patients, overall long-term survival remains poor, particularly among those diagnosed at advanced stages.3 Increasingly, 
attention has shifted beyond tumor-specific characteristics toward host-related factors that influence respiratory reserve, 
immune competence and treatment tolerance, all of which may critically shape survival trajectories.4–6 Among these factors, 
chronic obstructive pulmonary disease (COPD), a progressive inflammatory condition characterized by persistent airflow 
limitation has emerged as a potentially important modifier of lung cancer outcomes.7
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COPD and lung cancer share overlapping pathogenic mechanisms, including chronic airway inflammation, oxidative 
stress, protease–antiprotease imbalance, and cumulative DNA damage associated with tobacco exposure and ageing. 
Recurrent epithelial injury and aberrant tissue remodeling may contribute to a carcinogenic microenvironment that 
promotes tumor initiation and progression. Beyond local airway effects, COPD is increasingly recognized as a systemic 
disorder.8 Chronic hypoxemia and sustained inflammatory activation may impair pulmonary mechanics, alter immune 
surveillance, and disrupt metabolic homeostasis, thereby reducing treatment tolerance and potentially compromising the 
effectiveness of chemotherapy, targeted therapy, and immunotherapy.

COPD and lung cancer share overlapping pathogenic mechanisms, including chronic airway inflammation, oxidative 
stress, protease–antiprotease imbalance and cumulative DNA damage associated with tobacco exposure and ageing.9,10 

Recurrent epithelial injury and aberrant tissue remodeling contribute to a carcinogenic microenvironment that promotes 
tumor initiation and progression.8,11 Beyond local airway effects, COPD is increasingly recognized as a systemic 
disorder. Chronic hypoxemia and sustained inflammatory activation may impair pulmonary mechanics, alter immune 
surveillance and disrupt metabolic homeostasis, thereby reducing treatment tolerance and compromising the effectiveness 
of chemotherapy, targeted therapy and immunotherapy.12,13 Collectively, these processes suggest that COPD could 
adversely influence both cancer-specific and overall survival in patients with lung cancer.

Despite strong biological plausibility, the prognostic impact of COPD in lung cancer remains incompletely defined. Prior 
studies have reported inconsistent findings. Some have demonstrated higher postoperative morbidity and worse long-term 
survival among patients with COPD,14,15 whereas others observed attenuation of risk after adjustment for smoking and 
comorbidities.15,16 Interpretation has been limited by small sample sizes, heterogeneous definitions of COPD, inadequate 
characterization of cancer stage and treatment, and insufficient follow-up. Moreover, few investigations have examined 
whether the prognostic relevance of COPD varies across contemporary treatment contexts, including immunotherapy and 
molecularly targeted therapies.

To address these gaps, we conducted a nationwide, population-based cohort study using linked data from Taiwan’s 
National Health Insurance Research Database (NHIRD), Taiwan Cancer Registry (TCR), and Taiwan Death Registry 
(TDR).17–20 These comprehensive databases provide near-complete population coverage and validated longitudinal informa
tion on diagnoses, treatments and mortality. Our primary objective was to examine the association between pre-existing COPD 
and four-year all-cause mortality among patients with newly diagnosed lung cancer. We further aimed to determine whether 
this association differed across demographic, clinical and treatment subgroups. We hypothesized that COPD independently 
predicts poorer long-term survival and that its adverse prognostic impact persists across diverse patient populations. By 
leveraging large-scale real-world data with extended follow-up, this study seeks to clarify the prognostic significance of 
COPD in lung cancer and to inform integrated risk stratification and multidisciplinary care strategies.

Study Design and Methods
Study Design, Population and Data Sources
We conducted a nationwide, retrospective, population-based cohort study to examine the association between COPD and long- 
term mortality among patients with newly diagnosed lung cancer. Patients were classified according to the presence or absence of 
COPD at or before the time of lung cancer diagnosis and were followed longitudinally to compare survival outcomes.

Data was obtained through individual-level linkage of three nationwide administrative databases in Taiwan: NHIRD, 
TCR, and the TDR. Together, these databases provide near-complete population coverage (>99%) and comprehensive 
information on diagnoses, comorbidities, cancer characteristics, treatments, healthcare utilisation and validated mortality 
outcomes, enabling robust longitudinal survival analyses.21,22

The NHIRD contains longitudinal claims data for more than 23 million residents, representing approximately 99.9% of the 
Taiwanese population.23,24 It includes detailed records of outpatient and inpatient encounters, diagnostic and procedural codes, 
prescription claims, and enrolment information. Data quality is ensured through routine audits conducted by the National 
Health Insurance Administration, which randomly reviews claims to verify diagnostic accuracy and internal consistency.22

The TCR, established in 1979, is a mandatory reporting system for all hospitals with ≥50 beds and achieves case 
completeness exceeding 98%.19 The registry includes validated information on cancer sites, histology, stage and treatment, 
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and was used to confirm lung cancer diagnoses and characterize tumor profiles. The TDR, maintained by the Ministry of 
Health and Welfare, provides official mortality data, including date and cause of death, coded according to the International 
Classification of Diseases and subject to standardized verification procedures to minimize misclassification.20 Integration of 
these databases enabled construction of a nationwide cohort with longitudinal tracking of exposures, comorbidities, treatments 
and mortality outcomes.

Databased Access Procedure
This study utilized data obtained from the Data Science Center of the Ministry of Health and Welfare (MOHW), Taiwan, 
which maintains integrated nationwide healthcare databases, including the Taiwan Cancer Registry, the National Death 
Registry, and National Health Insurance claims data. Access to these datasets requires a formal application, independent 
scientific and ethical review by external experts, and approval from Institutional Review Boards (IRBs) (IRB No. 
CMUH115-REC3-118 and TMANH114-REC024).

All analyses were performed on-site within the secure data environment of the MOHW Data Science Center, in 
compliance with stringent data protection and governance regulations. Applicants are required to clearly define the research 
objectives and anticipated outcomes and to adhere to mandatory reporting requirements, including submission of final 
research outputs for audit and disclosure purposes. Each approved project is granted access to the data for a period of one year.

To safeguard data security and participant confidentiality, all procedures related to data access, import, and export are 
strictly controlled and subject to official review and authorization. All data were irreversibly de-identified prior to release, and 
all study procedures complied with applicable laws and regulations governing the use of secondary health data in Taiwan.

Study Population
The source population comprised adults aged ≥20 years with newly diagnosed lung cancer between 1 January 2011 and 
31 December 2019. Lung cancer cases were identified using ICD-9-CM codes B101, 162, 162.0, 162.2–162.5, 162.8 and 
162.9, and ICD-10-CM codes C33–C34, D02.1–D02.2, D38.1, 231.1–231.2, 231.8 and 235.7.25,26 To enhance diagnostic 
validity, patients were required to have at least three outpatient visits or one inpatient admission with a primary diagnosis 
of lung cancer. All eligible cases were cross validated with the TCR to confirm diagnosis and staging.

Patients were excluded if they had incomplete demographic information, missing cancer stage, unavailable smoking 
or alcohol use data, age <20 years at diagnosis, or follow-up <6 months. These criteria ensured data completeness, 
reduced misclassification and established a clear temporal relationship between exposure and outcome. Participants were 
followed from the date of lung cancer diagnosis until death or 31 December 2023, whichever occurred first.

COPD Definition and Exposure Assessment
COPD was identified using ICD-9-CM codes 490, 491.x, 492.x, 493.2 and 496, and ICD-10-CM codes J41.x, J42, J43.x, 
J44.0, J44.1 and J44.9.27,28 To increase diagnostic specificity and minimize misclassification inherent in claims-based 
data, patients were classified as having COPD only if they had at least three outpatient visits or at least one hospital 
admission with a COPD diagnosis before or at the time of lung cancer diagnosis. This approach captured clinically 
recognized and actively managed COPD and reduced the likelihood of incidental or rule-out diagnoses. Any under- 
ascertainment of mild COPD would be expected to bias results toward the null.

The index date was defined as the date of lung cancer diagnosis. Patients were categorized into COPD and non-COPD 
groups based on diagnoses recorded before or at the index date. This ensured appropriate temporal ordering between 
exposure and outcome and reduced the risk of immortal time and reverse causation bias. The comparison cohort 
comprised patients with lung cancer without any recorded diagnosis of COPD throughout the observation period.

Outcome Measures
The primary outcome was four-year all-cause mortality. Mortality data were obtained from the TDR, which provides 
validated information on death date and cause. Survival time was calculated from the date of lung cancer diagnosis to 
death or end of follow-up. Patients who remained alive were censored on 31 December 2023. Secondary outcomes 
included subgroup-specific survival analyses stratified by age, sex, cancer stage and treatment modality.
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Covariates
A comprehensive set of demographics, socioeconomic, lifestyle and clinical variables was included to control for potential 
confounding. Demographic variables included age at diagnosis, sex and marital status. Socioeconomic status was assessed 
using monthly insurance premium-based income categories (≤NT$29,000; NT$30,000–49,999; NT$50,000–69,999; ≥NT 
$70,000). Lifestyle factors included smoking status and alcohol consumption, identified from claims and medical records. 
Contextual factors included level of urbanisation (high, moderate, low) based on established indices of healthcare accessi
bility. Clinical covariates included comorbidity burden measured by the Charlson Comorbidity Index (CCI), and specific 
conditions including anxiety, depression, other psychiatric disorders, substance use disorders and sleep disturbances. Cancer- 
related variables included stage at diagnosis and treatment modalities, including surgery, chemotherapy, radiotherapy, targeted 
therapy and immunotherapy. All covariates were selected as a priori to account for clinical vulnerability, healthcare utilization 
patterns and sociodemographic disparities that could influence both COPD ascertainment and survival outcomes.

Propensity Score Matching
To reduce baseline imbalances between patients with and without COPD, propensity score matching (PSM) was performed 
at a 1:3 ratio. Propensity scores were estimated using multivariable logistic regression models incorporating age, sex, marital 
status, income, comorbidities, cancer stage and treatment modalities. Marital status and income were included as proxies of 
social support and socioeconomic status, which may influence healthcare utilization and diagnostic intensity.

Smoking was not included in the propensity score model because it represents a shared etiologic factor for both COPD and 
lung cancer rather than a determinant of COPD exposure conditional on lung cancer diagnosis. To avoid over-adjustment and 
potential collider bias, smoking was adjusted for in outcome models rather than in matching. Eligible controls were required to be 
alive on the index date of their matched case and to have no diagnosis of COPD during follow-up. Balance between groups was 
assessed using absolute standardized mean differences, with values <0.1 indicating acceptable balance.

Statistical Analysis
Person-years at risk were calculated from lung cancer diagnosis to death or censoring. Survival probabilities were estimated using 
the Kaplan–Meier method and compared using the Log rank test. Cox proportional hazards regression was used to estimate 
hazard ratios (HRs) and 95% confidence intervals (CIs) for four-year all-cause mortality. Multivariable models were adjusted for 
age, sex, marital status, income, smoking, alcohol use, urbanization, comorbidities, cancer stage and treatment modalities. The 
proportional hazards assumption was assessed using log-minus-log survival plots and tests of time-dependent covariates.29,30 

Prespecified subgroup analyses were conducted by age, sex, comorbidity burden, cancer stage and treatment type. Sensitivity 
analyses were performed using alternative matching ratios and restricting follow-up to four years to assess robustness.

All analyses were two-sided, with P<0.05 considered statistically significant. Data management and analyses were 
conducted using SAS version 9.4 (SAS Institute, Cary, NC).31

Results
Baseline Characteristics
From an initial cohort of 118,804 adults newly diagnosed with lung cancer between 1 January 2011 and 31 December 2019, 
43,340 were excluded because of missing demographic data (n=481), missing cancer stage (n=8,425), incomplete smoking or 
alcohol records (n=11,720), age <20 years (n=30), or follow-up <6 months (n=22,684) (Figure 1). The remaining 75,464 
patients formed the eligible cohort. Of these, 8,890 had a diagnosis of COPD recorded after lung cancer diagnosis and 66,574 
did not. After excluding individuals whose COPD developed after the cancer diagnosis, the final analytic sample comprised 
34,832 patients, including 8,708 (25.0%) with pre-existing COPD and 26,124 (75.0%) without COPD.

Before matching, patients with COPD were older (mean age 71.2±11.0 vs 64.7±12.0 years), more frequently male 
(73.9% vs 48.4%), and had greater comorbidity burden (CCI ≥4: 26.6% vs 20.1%) than those without COPD (Table 1). 
They were also more likely to be smokers, have lower income, reside in less urbanised areas, and present with advanced- 
stage disease. Psychiatric disorders, substance use, and sleep disturbances were more prevalent among patients with 
COPD. They were less likely to undergo surgery (32.5% vs 38.8%) and more likely to receive targeted therapy.
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Propensity score matching at a 1:3 ratio achieved satisfactory covariate balance, with all absolute standardised mean 
differences <0.1. After matching, patients with COPD remained slightly older (71.0±11.0 vs 69.0±11.0 years) and 
predominantly male (73.3% vs 64.9%). Mean follow-up time was shorter in the COPD group (2.29±1.87 years; median 
1.73, IQR 0.53–4.31) than in the non-COPD group (2.48±1.86 years; median 2.29, IQR 0.64–4.59).

Figure 1 Flowchart of study population selection from the NHIRD, TCR, and TDR databases. The index date was defined as the date of lung cancer diagnosis. Patients were 
classified according to whether they had COPD before or at lung cancer diagnosis. Survival outcomes were assessed over a four-year follow-up period after the index date.
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Table 1 Characteristics of Lung Cancer with/without COPD

Characteristic Before Match After Match

Lung Cancer with 
COPD 

n = 8,890 (11.78%)

Lung Cancer 
without COPD 

n = 66,574 (88.22%)

aSMD Lung Cancer with 
COPD 

n = 8708 (25%)

Lung Cancer 
without COPD 

n = 26,124 (75%)

aSMDa

Sex 0.54 0.18

Female 2,325 (26.15%) 34,355 (51.60%) 2,325 (26.70%) 9,163 (35.08%)

Male 6,565 (73.85%) 32,219 (48.40%) 6,383 (73.30%) 16,961 (64.92%)

Age (years)

Mean±SD 71.18±10.98 64.70±12.00 0.56 70.99±10.98 68.95±10.97 0.19

≥ 75 3,588 (40.36%) 14,153 (21.26%) 0.54 3,424 (39.32%) 8,337 (31.91%) 0.15

65~74 2,752 (30.96%) 18,340 (27.55%) 2,734 (31.40%) 8,606 (32.94%)

55~64 1,844 (20.74%) 20,136 (30.25%) 1,844 (21.18%) 6,495 (24.86%)

<55 706 (7.94%) 13,945 (20.95%) 706 (8.11%) 2,686 (10.28%)

Premium-based monthly salary (NT $) 0.21 0.07

≥ 70,000 239 (2.69) 3,095 (4.65%) 238 (2.73%) 877 (3.36%)

50,000~69,999 457 (5.14) 5,256 (7.89%) 456 (5.24%) 1,576 (6.03%)

30,000~49,999 1,352 (15.21) 12,550 (18.85%) 1,346 (15.46%) 4,381 (16.77%)

< 29,999 or dependent 6,842 (76.96) 45,673 (68.60%) 6,668 (76.57%) 19,290 (73.84%)

Level of urbanization 0.12 0.05

High 3,458 (38.90%) 29,416 (44.19%) 3,418 (39.25%) 10,735 (41.09%)

Medium 2,490 (28.01%) 18,579 (27.91%) 2,440 (28.02%) 7,297 (27.93%)

Low 2,942 (33.09%) 18,579 (27.91%) 2,850 (32.73%) 8,092 (30.98%)

Smoking 0.56 0.31

None 3,302 (37.14%) 42,827 (64.33%) 3,280 (37.67%) 13,905 (53.23%)

Smoking 2,624 (29.52%) 12,164 (18.27%) 2,561 (29.41%) 5,914 (22.64%)

Quitting smoking 2,964 (33.34%) 11,583 (17.40%) 2,867 (32.92%) 6,305 (24.13%)

Drinking 0.23 0.05

None 6,342 (71.34%) 53,198 (79.91%) 6,237 (71.62%) 19,431 (74.38%)

Drinking 1,603 (18.03%) 9,627 (14.46%) 1,569 (18.02%) 4,444 (17.01%)

Quitting drinking 945 (10.63%) 3,749 (5.63%) 902 (10.36%) 2,249 (8.61%)

Charlson Comorbidity Index (lung 
cancer not included)

1.27 0.05

0 0 (0.00%) 29,361 (44.10%) 0 (0.00) 0 (0.00)

1~3 6,524 (73.39%) 23,857 (35.84%) 6,350 (72.92%) 18,412 (70.48%)

≥ 4 2,366 (26.61%) 13,356 (20.06%) 2,358 (27.08%) 7,712 (29.52%)

Comorbidities

Anxiety 483 (5.43%) 2,458 (3.69%) 0.08 453 (5.20%) 1,200 (4.59%) 0.03

Depression 467 (5.25%) 2,541 (3.82%) 0.07 435 (5.00%) 1,210 (4.63%) 0.02

Mental disorders 1,483 (16.68%) 7,922 (11.90%) 0.14 1,401 (16.09%) 3,796 (14.53%) 0.04

Psychiatric disorders 515 (5.79%) 2,486 (3.73%) 0.10 505 (5.80%) 1,418 (5.43%) 0.02

Substance abuse 289 (3.25%) 761 (1.14%) 0.14 256 (2.94%) 522 (2.00%) 0.06

Sleep disturbance 666 (7.49%) 3,592 (5.40%) 0.09 616 (7.07%) 1,712 (6.55%) 0.02

Lung cancer stage 0.32 0.14

0 129 (1.45%) 2,337 (3.51%) 129 (1.48%) 467 (1.79%)

I 2,625 (29.53%) 20,649 (31.02%) 2,593 (29.78%) 8,121 (31.09%)

II 695 (7.82%) 3,440 (5.17%) 650 (7.46%) 1,571 (6.01%)

III 1,956 (22.00%) 9,261 (13.91%) 1,865 (21.42%) 4,407 (16.87%)

IV 3,485 (39.20%) 30,887 (46.39%) 3,471 (39.86%) 11,558 (44.24%)

Surgery 0.13 0.06

No 6,000 (67.49%) 40,769 (61.24%) 5,831 (66.96%) 16,752 (64.12%)

Yes 2,890 (32.51) 25,805 (38.76) 2,877 (33.04) 9,372 (35.88)

Radiotherapy 0.10 0.05

No 8,689 (97.74) 65,904 (98.99) 8,533 (97.99) 25,756 (98.59)

Yes 201 (2.26) 670 (1.01) 175 (2.01) 368 (1.41)

(Continued)
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Survival and Mortality Rates
During four years of follow-up, mortality was consistently higher among patients with COPD. A total of 5,960 deaths 
(68.4%) occurred in the COPD cohort and 16,507 deaths (63.2%) in the non-COPD cohort (Table 2). Corresponding 
four-year survival rates were 31.6% and 36.8%, respectively. Kaplan–Meier curves demonstrated early and sustained 

Table 1 (Continued). 

Characteristic Before Match After Match

Lung Cancer with 
COPD 

n = 8,890 (11.78%)

Lung Cancer 
without COPD 

n = 66,574 (88.22%)

aSMD Lung Cancer with 
COPD 

n = 8708 (25%)

Lung Cancer 
without COPD 

n = 26,124 (75%)

aSMDa

Chemotherapy 0.01 0.01

No 8,719 (98.08) 65,178 (97.90) 8,537 (98.04) 25,585 (97.94)

Yes 171 (1.92) 1,396 (2.10) 171 (1.96) 539 (2.06)

Targeted therapy 0.29 0.10

No 7,528 (84.68) 48,657 (73.09) 7,348 (84.38) 21,104 (80.78)

Yes 1,362 (15.32) 17,917 (26.91) 1,360 (15.62) 5,020 (19.22)

Immunotherapy therapy 0.01 < 0.01

No 8,881 (99.90) 66,493 (99.88) 8,699 (99.90) 26,094 (99.89)

Yes 9 (0.10) 81 (0.12) 9 (0.10) 30 (0.11)

5yr Followed up timeb

Mean±SD 2.27 ± 1.86 2.73 ± 1.82 2.29 ± 1.87 2.48 ± 1.86

Median [Q1, Q3] 1.69 [0.52, 4.25] 2.80 [0.89, 4.90] 1.73 [0.53, 4.31] 2.29 [0.64, 4.59]

Notes: aaSMD: absolute Standardized mean difference. bTo prevent immortal time bias, follow-up will begin on the index date (lung cancer diagnosis) and continue for 6 
months; all treatments within this window will be recorded. Given that large sample sizes often yield statistically significant p-values, ASMD was used to assess covariate 
balance. Variables with an ASMD> 0.1 were included in the adjusted models. 
Abbreviation: aSMD, absolute standardized mean difference.

Table 2 Overall and Subgroup-Specific All-Cause Mortality Rates Among Patients with Lung Cancer

Characteristics Overall

Person Year No. of Event Four-Year All-Cause  
Mortality Rate  

(Per 100 Person-Years,  
95% CI)

Group
Without COPD 64,881 16,507 25.44 (25.44–25.45)

With COPD 19,928 5,960 29.91 (29.90–29.92)

Sex
Female 34,691 5,826 16.79 (16.79–16.80)

Male 50,118 16,641 33.20 (33.20–33.21)

Age (years)
≥ 75 23,159 9,103 39.31 (39.30–39.31)

65~74 29,212 6,911 23.66 (23.65–23.66)

55~64 22,851 4,658 20.38 (20.38–20.39)
<55 9,587 1,795 18.72 (18.71–18.73)

Premium-based monthly salary (NT $)

≥ 70,000 3,555 454 12.77 (12.76–12.78)
50,000~69,999 5,810 1,065 18.33 (18.32–18.34)

30,000~49,999 15,244 3,331 21.85 (21.84–21.86)

< 29,999 or dependent 60,200 17,617 29.26 (29.26–29.27)

(Continued)
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Table 2 (Continued). 

Characteristics Overall

Person Year No. of Event Four-Year All-Cause  
Mortality Rate  

(Per 100 Person-Years,  
95% CI)

Level of urbanization

High 36,368 8,578 23.59 (23.58–23.59)
Medium 23,642 6,295 26.63 (26.62–26.63)

Low 24,799 7,594 30.62 (30.62–30.63)

Smoking
None 49,378 9,271 18.78 (18.77–18.78)

Smoking 16,101 6,533 40.57 (40.56–40.58)

Quitting smoking 19,330 6,663 34.47 (34.46–34.48)
Drinking

None 65,508 15,796 24.11 (24.11–24.12)

Drinking 13,262 4,244 32.00 (31.99–32.01)
Quitting drinking 6,039 2,427 40.19 (40.17–40.20)

Charlson Comorbidity Index (breast cancer not included)

0 – – –
1~3 66,929 14,281 21.34 (21.33–21.34)

≥ 4 17,880 8,186 45.78 (45.77–45.79)

Comorbidities
Anxiety 4,598 1,006 21.88 (21.87–21.89)

Depression 4,359 985 22.60 (22.58–22.61)

Mental disorders 13,259 3,181 23.99 (23.98–24.00)
Psychiatric disorders 4,143 1,387 33.48 (33.46–33.50)

Substance abuse 1,692 554 32.73 (32.71–32.76)

Sleep disturbance 5,887 1,444 24.53 (24.51–24.54)
Lung cancer stage

0 2,431 30 1.23 (1.23–1.24)

I 42,166 2,645 6.27 (6.27–6.28)
II 6,725 1,218 18.11 (18.10–18.12)

III 12,866 4,851 37.70 (37.69–37.71)

IV 20,620 13,723 66.55 (66.54–66.56)
Surgery

No 39,251 18,508 47.15 (47.15–47.16)

Yes 45,558 3,959 8.69 (8.69–8.69)
Radiotherapy

No 83,749 22,048 26.33 (26.32–26.33)

Yes 1,059 419 39.55 (39.52–39.59)
Chemotherapy

No 83,455 21,917 26.26 (26.26–26.27)

Yes 1,354 550 40.62 (40.59–40.66)
Targeted therapy

No 73,068 16,935 23.18 (23.17–23.18)

Yes 11,740 5,532 47.12 (47.11–47.13)
Immunotherapy therapy

No 84,752 22,436 26.47 (26.47–26.48)

Yes 57 31 54.42 (54.23–54.61)
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separation between groups, with significantly poorer survival among patients with COPD (log-rank P<0.001). Survival 
divergence emerged within the first two years after diagnosis and persisted throughout follow-up.

Overall mortality incidence was 29.91 per 100 person-years (95% CI 29.90–29.92) in patients with COPD compared 
with 25.44 per 100 person-years (95% CI 25.44–25.45) in those without COPD. Mortality increased markedly with age, 
reaching 39.31 per 100 person-years among patients aged ≥75 years and was lowest among those aged <55 years 
(18.72 per 100 person-years). Men experienced substantially higher mortality than women (33.20 vs 16.79 per 100 per
son-years).

Socioeconomic disadvantage was associated with poorer outcomes. Patients with monthly income ≤NT$29,999 had 
mortality of 29.26 per 100 person-years, compared with 12.77 per 100 person-years among those earning ≥NT$70,000. 
Mortality was higher in low-urbanisation areas than in highly urbanised regions (30.62 vs 23.59 per 100 person-years). 
Lifestyle factors were also influential: smokers had a mortality rate of 40.57 per 100 person-years, and alcohol users 
32.00 per 100 person-years, with the highest mortality observed among former drinkers (40.19 per 100 person-years).

Comorbidity burden strongly influenced survival. Patients with CCI ≥4 had a mortality rate of 45.78 per 100 person- 
years, more than double that observed in patients with lower comorbidity burden (21.34 per 100 person-years). 
Psychiatric disorders and substance use were also associated with elevated mortality. Cancer stage demonstrated 
a steep gradient, increasing from 6.27 per 100 person-years in stage I disease to 66.55 per 100 person-years in stage 
IV disease. Regarding treatment, patients undergoing surgery had the lowest mortality (8.69 per 100 person-years), 
whereas those receiving targeted therapy and immunotherapy—reflecting more advanced disease—had the highest 
mortality (47.12 and 54.42 per 100 person-years, respectively).

Multivariable Analyses
After adjustment for demographic, socioeconomic, clinical and treatment-related variables, COPD remained indepen
dently associated with increased four-year all-cause mortality (adjusted HR 1.13, 95% CI 1.09–1.16; P<0.001) (Table 3). 
Male sex was associated with higher mortality risk (HR 1.61, 95% CI 1.56–1.66). Compared with patients aged ≥75 

Table 3 Hazard Ratios of Suicide in Lung Cancer with COPD 
Compared with Control Participants

Characteristic Adjusted

Regression  
coefficient (SE)

Hazard ratio  
(95% CI)

P-value

Case

Without COPD Reference

With COPD 0.12 (0.02) 1.13 (1.09–1.16) < 0.0001
Sex

Female Reference

Male 0.48 (0.02) 1.61 (1.56–1.66) < 0.0001
Age (years)

≥ 75 Reference

65~74 −0.34 (0.02) 0.71 (0.69–0.73) < 0.0001
55~64 −0.51 (0.02) 0.60 (0.58–0.62) < 0.0001

<55 −0.58 (0.03) 0.56 (0.53–0.59) < 0.0001

Lung cancer stage
0 Reference

I 1.49 (0.18) 4.45 (3.11–6.38) < 0.0001

II 2.46 (0.18) 11.66 (8.12–16.76) < 0.0001
III 3.13 (0.18) 22.92 (16.01–32.82) < 0.0001

IV 3.64 (0.18) 37.99 (26.55–54.36) < 0.0001

Notes: Only covariates with aSMD > 0.1 were entered into the model.
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years, progressively lower risks were observed in younger age groups (HR 0.71 for 65–74 years; HR 0.60 for 55–64 
years; HR 0.56 for <55 years; all P<0.0001).

Mortality risk increased substantially with advancing cancer stage. Relative to stage 0, hazard ratios rose stepwise 
from 4.45 for stage I to 37.99 for stage IV disease (all P<0.0001), highlighting the dominant influence of tumour burden 
alongside host factors.

Subgroup and Sensitivity Analyses
The adverse prognostic impact of COPD was broadly consistent across predefined subgroups (Figure 2). Elevated risks 
were observed in men (HR 1.17, 95% CI 1.13–1.21) and were more pronounced in older patients. COPD remained 
associated with increased mortality across comorbidity strata, among those with psychiatric disorders, and among 
patients without depression. When stratified by cancer stage, the relative effect of COPD was greatest in early-stage 
disease and attenuated with advancing stage, though remaining statistically significant.

By treatment modality, COPD was associated with increased mortality among patients undergoing surgery and 
radiotherapy, with the strongest association observed among those receiving immunotherapy (HR 2.27, 95% CI 1.02– 
5.08). Sensitivity analyses using alternative matching ratios, extended follow-up and exclusion of short-term survivors 
yielded comparable results, confirming the robustness of the findings.

Discussion
Principal Findings and Clinical Relevance
In this nationwide, population-based cohort study, pre-existing COPD was independently associated with significantly 
higher four-year all-cause mortality among patients with lung cancer in Taiwan. After comprehensive adjustment for 
demographic characteristics, comorbidities, cancer stage, and treatment modalities, COPD conferred an approximately 
13% excess risk of death compared with no COPD. Although the adjusted hazard ratio for COPD was modest, this effect 
is clinically meaningful at the population level because COPD is common among patients with lung cancer, potentially 
identifiable, and partly modifiable. Even a modest independent increase in mortality risk may have important implications 
for risk stratification, treatment planning, and supportive care decisions. These findings support the integration of COPD 
assessment and management into lung cancer care, including pulmonary function evaluation, smoking cessation support, 
optimization of inhaled therapies, pulmonary rehabilitation, and multidisciplinary pulmonary–oncology collaboration. 
Importantly, this association was consistent across major clinical subgroups and robust in multiple sensitivity analyses, 
demonstrating that COPD is not merely a coincidental comorbidity but a clinically meaningful host-related prognostic 
factor in lung cancer.

By integrating three national datasets, the NHIRD, TCR and TDR, covering more than 99% of Taiwanese residents, 
this study provides one of the most comprehensive population-level assessments of the prognostic impact of COPD in 
lung cancer. This design enabled precise adjustment for cancer characteristics and treatment exposure, overcoming key 
limitations of earlier single-centre or surgically restricted cohorts that were vulnerable to selection bias and incomplete 
follow-up. Our findings therefore extend existing evidence by confirming the independent prognostic role of COPD 
across the entire lung cancer continuum, from early-stage disease to patients receiving contemporary systemic therapies.

Notably, the adverse survival impact of COPD was most pronounced among older adults, men, and patients treated 
with immunotherapy. These subgroup patterns suggest a multifactorial interaction between age-related vulnerability, 
cumulative pulmonary injury, systemic inflammation, and immune dysregulation. However, the subgroup analysis among 
patients receiving immunotherapy should be interpreted with caution because this subgroup included a relatively small 
number of patients. The wide confidence interval indicates limited statistical precision, and this finding should be 
considered exploratory rather than confirmatory. Further studies with larger immunotherapy-treated cohorts are needed to 
clarify whether COPD modifies survival or treatment response in this population. Collectively, these data support 
a reconceptualization of COPD not simply as a coexisting respiratory disease, but as a systemic inflammatory disorder 
capable of shaping tumor biology, treatment tolerance, and long-term survival.
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Figure 2 Subgroup-specific hazard ratios for four-year mortality associated with COPD among patients with lung cancer. Hazard ratios and 95% confidence intervals are 
shown for predefined demographic, clinical, comorbidity, cancer-stage, and treatment subgroups.
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Biological Mechanisms and Relationship to Prior Evidence
The biological plausibility of COPD as a determinant of lung cancer prognosis is supported by substantial mechanistic 
and translational evidence. COPD and lung cancer share overlapping pathogenic pathways centred on chronic inflamma
tion, oxidative stress and dysregulated immunity. Persistent airway inflammation in COPD promotes sustained release of 
pro-inflammatory mediators, including IL-6, IL-8 and TNF-α, with downstream activation of nuclear factor-κB and 
STAT3 signaling pathways.32–36 These cascades facilitate tumour proliferation, angiogenesis, epithelial mesenchymal 
transition and resistance to apoptosis, thereby contributing not only to carcinogenesis but also to tumour progression and 
metastatic potential.

Beyond local airway pathology, COPD exerts important systemic effects. Chronic hypoxemia and oxidative stress 
promote mitochondrial dysfunction, DNA damage and genomic instability, processes that are closely linked to aggressive 
tumor phenotypes and therapeutic resistance.37,38 Activation of hypoxia-inducible factor-1α may further drive angiogen
esis and metabolic reprogramming, enhancing tumor survival in hostile microenvironments.39,40

Equally important are COPD-associated immune alterations. Impaired cytotoxic T-cell activity, expansion of 
exhausted T-cell populations and altered macrophage polarisation can collectively blunt antitumour immune 
surveillance.41,42 These immune disturbances628081provide a compelling biological explanation for our observation 
that the relative mortality risk associated with COPD was highest among patients receiving immunotherapy, suggesting 
that pre-existing immune dysfunction may attenuate treatment efficacy.

Our findings are concordant with prior clinical studies demonstrating poorer oncologic outcomes among patients with 
COPD. Roy et al showed that COPD increased postoperative complications43 and reduced long-term survival following 
lung cancer resection,14 while Sato et al reported that CT-defined emphysema independently predicted recurrence and 
mortality in early-stage disease.44 A recent meta-analysis further confirmed that COPD is associated with worse overall 
survival in lung cancer.45–47 However, earlier investigations were often constrained by heterogeneous COPD definitions, 
limited adjustment for cancer characteristics or restricted populations, contributing to inconsistent conclusions.48–50

By leveraging standardized national data with long-term follow-up and comprehensive covariate control, our study 
provides stronger population-level evidence that COPD independently influences survival. Importantly, we extend prior 
literature by demonstrating that the prognostic relevance of COPD persists across treatment contexts, including 
immunotherapy and targeted therapy, highlighting the importance of host inflammatory and immune status in the modern 
therapeutic era.

Clinical Implications and Future Directions
These findings support an integrated pulmonary–oncology care pathway for patients with lung cancer and coexisting 
COPD. At or near the time of lung cancer diagnosis, patients should undergo structured respiratory assessment, including 
smoking history, symptom burden, exacerbation history, oxygenation status, and spirometry where feasible. Optimization 
of inhaled bronchodilator and anti-inflammatory therapy, smoking cessation support, vaccination, nutritional assessment, 
and pulmonary rehabilitation should be considered before and during cancer treatment. For patients undergoing surgery, 
radiotherapy, chemotherapy, targeted therapy, or immunotherapy, multidisciplinary collaboration between oncologists, 
pulmonologists, rehabilitation specialists, nurses, and supportive care teams may help reduce pulmonary complications, 
improve treatment tolerance, and support individualized risk stratification. COPD should be recognized as a critical host- 
related determinant of long-term outcomes and incorporated into prognostic stratification and treatment planning. Early 
identification and optimization of COPD at the time of cancer diagnosis may offer opportunities to improve treatment 
tolerance, reduce complications and potentially enhance survival. Routine respiratory assessment, including spirometry, 
symptom burden evaluation and optimization of inhaled therapies, should be integrated into oncologic pathways,51,52 

particularly for older patients and those receiving curative-intent or systemic treatments.
The results also underscore the need for structured multidisciplinary care models. Close collaboration between oncologists, 

pulmonologists and rehabilitation specialists is essential. For patients undergoing surgery or radiotherapy, perioperative 
pulmonary optimization and tailored rehabilitation programs may mitigate postoperative morbidity and accelerate 
recovery.44,53 Among those receiving chemotherapy, targeted therapy or immunotherapy, regular monitoring of lung function 
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and inflammatory biomarkers may allow early identification of pulmonary toxicity and facilitate timely treatment 
modification.54 COPD may also increase vulnerability to treatment-related pulmonary toxicity, including radiation pneumo
nitis, immune-related pneumonitis, COPD exacerbations, respiratory infections, and treatment interruptions. This may be 
particularly relevant among patients receiving immunotherapy or thoracic radiotherapy. Although treatment-related pulmon
ary toxicity was not systematically available in the current dataset, these findings support the need for closer pulmonary 
monitoring and individualized treatment planning in patients with coexisting COPD and lung cancer. Establishing integrated 
co-management pathways could improve treatment continuity, symptom control and quality of life, while potentially 
translating into survival benefits.55,56

Beyond supportive care, our findings point toward important translational opportunities. The apparent interaction 
between COPD-related inflammation and cancer immunobiology raises the possibility that adjunctive anti-inflammatory 
or immune-modulatory strategies could improve therapeutic responsiveness.57,58 Future studies should explore whether 
inhaled corticosteroids, phosphodiesterase-4 inhibitors59 or biologics targeting IL-660 or TNF-α61 pathways can favorably 
modulate systemic inflammation and immune competence. Incorporating molecular and immunologic biomarkers into 
future clinical trials will be essential to clarify tumor–host interactions and to identify phenotypes most likely to benefit 
from targeted supportive interventions.62,63

Strengths and Limitations
Several limitations should be considered. The retrospective design precludes causal inference; therefore, the findings should 
be interpreted as associations rather than evidence of a causal relationship between COPD and mortality. Although propensity 
score matching, multivariable adjustment, and sensitivity analyses improved comparability between groups, residual con
founding and selection bias cannot be fully eliminated. COPD was identified using administrative claims data rather than 
spirometry-confirmed diagnoses. Therefore, misclassification is possible, and information on COPD severity, including 
GOLD stage, FEV1 values, symptom burden, exacerbation history, and treatment intensity, was unavailable. Residual 
confounding may also remain. Although the models adjusted for available demographic, socioeconomic, clinical, smoking, 
alcohol, cancer-stage, and treatment-related variables, the databases did not provide detailed information on smoking intensity 
or duration, pack-years, second-hand smoke exposure, physical activity, nutritional status, body mass index, pulmonary 
performance, or functional status. These unmeasured factors may have influenced both COPD status and survival outcomes. 
Information on molecular tumour profiles, treatment dosing, treatment-related pulmonary toxicity, and cause-specific 
mortality was also limited, preventing more granular analyses. Finally, as this study was conducted within Taiwan’s single- 
payer health system, caution is warranted when extrapolating to other healthcare contexts.

Nevertheless, the nationwide scope, large sample size, long follow-up, and comprehensive data linkage represent 
major strengths. The ability to examine real-world outcomes across the entire lung cancer population provides strong 
external validity and reinforces the clinical relevance of COPD as a prognostic determinant.

Conclusion
In this nationwide linked cohort study, pre-existing COPD independently predicted poorer four-year survival among 
patients with newly diagnosed lung cancer. By integrating national claims, cancer registry, and mortality data, this study 
provides population-level evidence that COPD is a clinically relevant host-related prognostic factor across the lung 
cancer care continuum. These findings highlight the need to integrate COPD identification, pulmonary optimization, and 
multidisciplinary pulmonary–oncology care into routine lung cancer management.

Data Sharing Statement
The data that support the findings of this study were obtained from the Taiwan National Health Insurance Research 
Database (NHIRD) maintained by the Health and Welfare Data Science Center, Ministry of Health and Welfare, Taiwan. 
Restrictions apply to the availability of these data, which were used under license for the current study, and are not 
publicly available. Data may be available from the corresponding author upon reasonable request and with permission 
from the NHIRD and approval from an Institutional Review Board.
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