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Objective: We investigated the impact of preexisting COPD and its subtypes, chronic

bronchitis and emphysema, on overall survival among Medicare enrollees diagnosed with

non-small-cell lung cancer (NSCLC).

Methods: Using SEER-Medicare data, we included patients ≥66 years of age diag-

nosed with NSCLC at any disease stage between 2006 and 2010 and continuously

enrolled in Medicare Parts A and B in the 12 months prior to diagnosis. Preexisting

COPD in patients with NSCLC were identified using ICD-9 codes. Kaplan–Meier

method and log-rank tests were used to examine overall survival by COPD status and

COPD subtype. Multivariable Cox proportional hazards models were fit to assess the

risk of death after cancer diagnosis.

Results: We identified 66,963 lung cancer patients. Of these, 22,497 (33.60%) had docu-

mented COPD before NSCLC diagnosis. For each stage of NSCLC, median survival was

shorter in the COPD compared to the non-COPD group (Stage I: 692 days vs 1,130 days,

P<0.0001; Stage II: 473 days vs 627 days, P<0.0001; Stage III: 224 days vs 229 days;

P<0.0001; Stage IV: 106 days vs 112 days, P<0.0001). For COPD subtype, median survival

for patients with preexisting chronic bronchitis was shorter compared to emphysema across

all stages of NSCLC (Stage I: 672 days vs 811 days, P<0.0001; Stage II 582 days vs 445

days, P<0.0001; Stage III: 255 days vs 229 days, P<0.0001; Stage IV: 105 days vs 112 days,

P<0.0001). In Cox proportional hazard model, COPD patients exhibited 11% increase in risk

of death than non-COPD patients (HR: 1.11, 95%CI: 1.09–1.13).

Conclusion: NSCLC patients with preexisting COPD had shorter survival with marked

differences in early stages of lung cancer. Chronic bronchitis demonstrated a greater associa-

tion with time to death than emphysema.

Keywords: preexisting COPD, chronic bronchitis, emphysema, elderly patients, lung

neoplasms, survival

Introduction
Lung cancer and COPD are among leading causes of morbidity and mortality

worldwide. Lung cancer is the second most common cancer in both men and

women. The American Cancer Society estimates 224,390 new cases of lung cancer

in the US in 2016. More people die of lung cancer than breast, prostrate, and colon

cancer combined. It accounts for 27% of all cancer deaths making it the leading

cause of cancer mortality. The majority of individuals determined to have lung

cancers are elderly patients (65 or older), while under 2% are younger than 45.
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Five-year survival rates are low contrasted with other

common tumors at 16.3%. Non-small-cell lung cancers

(NSCLCs) account for 80% of all lung cancers.1

In the US, COPD ranks third in causes of mortality

and accounted for more than 100,000 deaths in 2010.2

According to the 2011 National Health Interview

Survey, an estimated 11.8 million adults (5.5%) had

been diagnosed with COPD.3 Previous studies have

indicated that COPD is underdiagnosed and that up to

24 million Americans have evidence of impaired lung

function.4 The two main subtypes of COPD are chronic

bronchitis and emphysema. Chronic bronchitis is caused

by bronchial inflammation and recurrent infection in the

lungs. The risk of chronic bronchitis increased with

age.2

In 2011, the prevalence rate was lowest among

patients aged 18–44 years at 28.6 per 1,000 persons

and highest among patients over 65 years at 64.2 per

1,000 persons.3 Emphysema is a progressive long-term

obstructive disease of the lung characterized by degra-

dation of the alveoli that promote oxygen exchange

between the air and the bloodstream.2 According to the

American Lung Association, 4.7 million Americans had

emphysema in 2011 with a lifetime prevalence rate of

20.2 per 1,000 persons. More than 90% of patients were

over age 45.3

COPD has been suggested as a risk factor for the

development of lung cancer. The Lung Health Study

Research showed that air flow obstruction among lung

cancer patients was the most common cause of death.5 In

a case-control study, Young et al suggested that impaired

lung function may be more important than age or even

smoking history as a predictor of lung cancer.6 A meta-

analysis conducted in 2005 concluded that even a small

reduction in airflow significantly predicted lung cancer.7

Findings from another study showed that a 10% reduction

in lung function was associated with an almost three times

increase in lung cancer risk.8

Although COPD is consistently associated with lung

cancer, the association between preexisting COPD among

NSCLC across different stages of lung cancer remains

unclear. We investigated the impact of preexisting COPD

as well as its subtypes: chronic bronchitis and emphysema

on survival in different stages of NSCLC among elderly

patients. This knowledge will be useful in better under-

standing of disease progression, survival outcomes in lung

cancer, and treatment selection in early and advanced

cancer.

Methods
Data sources
The source of data for this study was the Surveillance,

Epidemiology, and End Results (SEER)-Medicare linked

database. This database combines information from two

sources, the National Cancer Institute’s (NCI) SEER pro-

gram and the Center for Medicare-Medicaid Services

claims data through a linking process that allows research-

ers to view clinical and administrative data for a single

patient across time and settings of care. The SEER

Program collects information on all patients diagnosed

with cancer within 18 geographically defined areas in the

USA. Altogether, the SEER Program covers approxi-

mately 28% of the US population. Information collected

includes patient demographics, tumor characteristics,

stage, and survival status and the quality of data is con-

sidered highly valid according to the North American

Association of Central Cancer Registries.9,10

Medicare is the primary health insurance program for

97% of the elderly population (65 years and older) in the

US. The beneficiaries become qualified for the covered

health care services beginning with the patient’s program

eligibility and proceeding until death. The Medicare

claims data files included in the current study were: (a)

The Medicare Provider Analysis and Review (MEDPAR)

file, which covers inpatient hospital claims (ie Part A); (b)

the National Claims History (NCH) file, which covers

claims for physicians’ and other medical services; (c) the

Hospital Outpatient Standard Analysis File (SAF), which

covers claims from outpatient providers.11 The study also

included the Patient Entitlement and Diagnosis Summary

File ie the SEER data file. The SEER data was merged

with the Medicare claims data which entailed matching

incident cancer cases for linked analyses.12

Study population
We identified patients with a primary diagnosis of NSCLC

between January 1, 2005 and December 31, 2010. We

included patients who were continuously enrolled in

Medicare Parts A and B in the 12 months prior to diag-

nosis to ensure adequate time for prior diagnosis to be

recorded. This criterion resulted in a minimum age of 66

years for the study participants. We excluded the following

groups: patients diagnosed with NSCLC solely by autopsy

or death certificate, patients diagnosed in an unknown

month, and patients enrolled in Medicare Health

Maintenance Organizations (HMOs) during the study
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period as HMOs are not required to submit claims to

Medicare, resulting in incomplete information for these

patients.

Study variables
SEER program registries routinely collect data on patient

demographics (age, race/ethnicity, residence, and socio-

economic status, primary tumor site, tumor morphology,

and stage at diagnosis) among other variables. Lung can-

cer diagnosis was based on the International Classification

of Disease for Oncology (3rd edition, ICD-O-3) histology

codes in the SEER data. Tumor stage was classified

according to the sixth edition of the American Joint

Commission on Cancer manual for patients diagnosed

between 2005 and 2010.

We identified prevalent preexisting COPD in lung can-

cer patients using International Classification of Diseases,

Ninth Revision, Clinical Modification (ICD-9-CM) codes

(491, chronic bronchitis; 492, emphysema; 496, chronic

airway obstruction, not elsewhere classified) through the

Medicare claim files. These codes were chosen based on

support from previous literature as successful identifiers of

COPD.13 At least one COPD diagnostic code had to

appear in the hospital claim file in conjunction with an

encounter with a health care provider (physician visit and

outpatient encounters). Patients were categorized as

chronic bronchitis (ICD-9: 491 or 491 and 496) and

emphysema (ICD-9: 492 or 492 and 496). Patients with

chronic airway obstruction, not elsewhere classified with-

out a diagnostic code for chronic bronchitis or emphysema

were excluded from this analysis.

The Deyo modification of Charlson’s index was used to

identify the 15 noncancer comorbidities from the Charlson

Comorbidity Index.14 The index accounts for the number

and seriousness of the conditions and a higher score indi-

cates a greater burden of comorbid disease. These comor-

bidities were defined using criteria provided by the NCI

for use with diagnoses reported within MEDPAR files,

outpatient file, and physician claims data.15,16

Statistical analysis
Demographic and clinical characteristics of lung cancer

patients were summarized descriptively by preexisting

COPD status (COPD vs non-COPD). Further analysis of

COPD subtype was also performed which included lung

cancer patients with preexisting chronic bronchitis and

emphysema. For the subtype analysis, patients identified

with the ICD-9-code 496 (chronic airway obstruction, not

elsewhere specified) were excluded from the analysis.

Population and cohort characteristics were summarized

descriptively using counts, frequencies, and averages. Chi-

squared test for categorical variables and ANOVA for

continuous variables determined differences between

groups.

Overall survival was measured from date of lung can-

cer diagnosis to date of death. The date of death was

assigned by using the Medicare date or SEER date of

death if Medicare date was missing. All other patients

were assumed to be alive at the end of the follow-up

period (December 31, 2010), although they may have

been censored earlier for other reasons. In the overall

survival analysis, comparisons were made between lung

cancer patients with preexisting COPD and non-COPD for

every stage of cancer (Stage I to Stage IV). Similarly, in

the subtype analysis, overall survival was compared in

lung cancer patients with preexisting chronic bronchitis,

emphysema, and non-COPD for every stage of cancer.

Stage IIIA and Stage IIIB for lung cancer were categorized

as Stage III.

The Kaplan–Meier method and corresponding log rank

tests were used to examine overall survival by COPD

status as well as COPD subtype. To assess the risk of

death after cancer diagnosis, multivariable survival analy-

sis was completed by Cox proportional hazards regression

model. In the Cox model, we adjusted for variables that

were statistically significant in Table 1 (age, race,

Charlson’s comorbidity index, tumor grade, and stage).

Statistical significance was established at P≤0.05. SAS

9.4 (SAS Institute Inc, Cary, NC, USA) was used for all

data analyses. The conduct of this study was approved by

NCI and the Institutional Review Board at the University

of North Carolina at Charlotte.

Results
Based on the inclusion and exclusion criteria, we identified

66,963 lung cancer patients. Of these, 22,497 (33.60%)

had COPD prior to NSCLC diagnosis. The distribution of

clinical and demographic characteristics between preexist-

ing COPD and non-COPD lung cancer patients are pre-

sented in our previous study.17 The majority of patients in

the COPD (51.68%) and non-COPD (51.08%) groups

were males. The most common comorbid conditions

among COPD and non-COPD groups were congestive

heart failure (12% and 9%), diabetes mellitus (10% and

12%), peripheral vascular failure (6% and 4%) and cere-

brovascular disease (4% and 5%). Among patients with
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Table 1 Characteristics of non-small-cell lung cancer patients with preexisting COPD by COPD subtype

Covariate Chronic bronchitis, n
(%)

Emphysema, n
(%)

No COPD, n
(%)

Total, n
(%)

P-value

No of patients 11,221 (18.97) 3,475 (5.87) 44,466 (75.15) 59,162

Sex 0.45

Males 5,809 (51.77) 1,787 (51.42) 22,715 (51.08) 30,311 (51.23)

Females 5,412 (48.23) 1,688 (48.58) 21,751 (48.92) 28,851 (48.76)

Race <0.0001

White 10,315 (91.93) 3,024 (87.02) 38,447 (86.46) 51,786 (87.53)

Black 720 (6.42) 343 (9.87) 3,692 (8.30) 4,755 (8.03)

American Indian 36 (0.32) 3 (0.09) 126 (0.28) 165 (0.27)

Asian 137 (1.22) 96 (2.76) 2,128 (4.79) 2,361 (3.99)

Other 15 (0.13) 13 (0.37) 73 (0.16) 101 (0.17)

Age mean (SD) 74.73 (6.39) 74.71 (6.35) 75.42 (6.94) <0.0001

Age group (years) <0.0001

66–69 2,449 (21.83) 743 (21.38) 9,461 (21.28) 12,653 (21.38)

70–73 2,411 (21.49) 633 (18.22) 8,429 (18.96) 11,473 (19.39)

74–79 3,314 (29.53) 1,098 (31.60) 12,389 (27.86) 16,801 (28.39)

80+ 3,047 (27.15) 1,001 (28.81) 14,187 (31.91) 18,235 (30.82)

Comorbidities

Myocardial infarction 410 (3.65) 143 (4.12) 1,878 (4.22) 2,431 0.027

Congestive heart failure 1,527 (13.61) 344 (9.90) 3,829 (8.61) 5,700 <0.0001

Peripheral vascular disease 599 (5.34) 202 (5.81) 2,014 (4.53) 2,815 <0.0001

Cerebrovascular disease 445 (3.97) 162 (4.66) 2,263 (5.09) 2,870 <0.0001

Dementia 104 (0.93) 27 (0.78) 650 (1.46) 781 <0.0001

Asthma 278 (2.48) 110 (3.17) 1,287 (2.98) 1,675 0.03

Connective tissue disease 132 (1.18) 48 (1.38) 643 (1.45) 823 0.09

Peptic ulcer 89 (0.79) 29 (0.83) 419 (0.94) 537 0.31

Mild liver disease 81 (0.72) 29 (0.83) 529 (1.19) 639 <0.0001

Diabetes mellitus 1,170 (10.43) 320 (9.21) 5,207 (11.71) 6,697 <0.0001

Diabetes mellitus with

complications

85 (0.76) 30 (0.86) 366 (0.82) 481 0.76

Hemiplegia 49 (0.44) 18 (0.52) 373 (0.84) 440 <0.0001

Renal disease 486 (4.33) 127 (3.65) 1,713 (3.85) 2,326 0.04

Severe liver disease 19 (0.17) 13 (0.37) 130 (0.29) 162 0.009

Charlson’s comorbidity score <0.0001

0 to 2 10,676 (95.14) 3,306 (95.13) 42,785 (96.22) 56,787

3 to 5 529 (4.71) 155 (4.46) 1,650 (3.71) 2,334

>5 16 (0.14) 14 (0.40) 31 (0.07) 61

Tumor grade <0.0001

Well differentiated 340 (3.03) 147 (4.23) 1,847 (4.15) 2,334

Moderately differentiated 1,476 (13.15) 529 (15.22) 6,122 (13.77) 8,127

Poorly differentiated 2,420 (21.57) 789 (22.71) 9,665 (21.74) 12,874

Undifferentiated 567 (5.05) 182 (5.24) 2,126 (4.78) 2,875

Unknown 6,418 (57.19) 1,828 (52.61) 24,706 (55.80) 32,952

Stage (TNM) <0.0001

Stage I 2,402 (21.41) 766 (22.04) 7,184 (16.16) 10,352

Stage II 539 (4.80) 171 (4.92) 2,282 (5.13) 2,992

Stage IIIA 986 (8.79) 284 (8.17) 3,417 (7.68) 4,687

(Continued)
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Stage I/II NSCLC, there were no significant differences in

receipt of surgery among the COPD and Non-COPD

groups (52% vs 55% respectively, P=0.06).

For COPD subtype analysis, among 22,497 lung cancer

patients with preexisting COPD, 11,221 (18.97%) had chronic

bronchitis and 3,475 (5.87%) patients had emphysema. We

excluded 7,801 patients that were identified with the ICD-

9-code 496 (chronic airway obstruction, not elsewhere speci-

fied). The demographic and clinical characteristics for the

COPD subtype and the non-COPD group are presented in

Table 1. The mean age of patients with chronic bronchitis

and emphysema (75 years) was similar to non-COPD patients.

More than 50% of patients in the three groups weremales. The

highest proportion of patients among the three groups were

Caucasians (92% vs 87% vs 86%) followed by African-

Americans (6% vs 10% vs 8%). The most frequent comorbid

conditions observed across the three groups were congestive

heart failure (14% vs 10% vs 9%), diabetes mellitus (11% vs

Table 1 (Continued).

Covariate Chronic bronchitis, n
(%)

Emphysema, n
(%)

No COPD, n
(%)

Total, n
(%)

P-value

Stage IIIB 1,731 (15.43) 505 (14.53) 6,680 (15.02) 8,916

Stage IV 4,116 (36.68) 1,398 (40.23) 19,675 (44.25) 25,189

Unknown 1,447 (12.90) 351 (10.10) 5,228 (11.76) 7,026
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Figure 1 Kaplan–Meier survival analysis of COPD versus non-COPD among elderly patients with NSCLC.Notes: (A) Stage I NSCLC. (B) Stage II NSCLC. (C) Stage III

NSCLC. (D) Stage IV NSCLC.

Abbreviations: NSCLC, non-small cell lung cancer.
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9% vs 12%), peripheral vascular disease (5% vs 6% vs 4%),

and cerebrovascular disease (4% vs 5% vs 5%). The

Charlson’s Comorbidity Index (CCI) score, an indicator of

comorbidity status, was statistically significantly different

across all groups (P<0.001).

Among patients with preexisting chronic bronchitis,

36.68% had Stage IV lung cancer compared with 40.23%

in patients with preexisting emphysema.

The overall median survival was longer in the non-

COPD group (206 days) compared to the COPD group

(192 days; log rank P<0.05). When the data was stratified

by stage, median survival decreased in the COPD group for

each stage compared to the non-COPD group (Figure 1 and

Table 2) (Stage I: 692 days vs 1,130 days, P<0.0001; Stage

II: 473 days vs 627 days, P<0.0001; Stage III: 224 days vs

255 days; P<0.0001; Stage IV: 106 days vs 112 days,

P<0.0001). In the multivariable Cox proportional hazard

model, COPD patients exhibited an 11% higher risk of

death than non-COPD patients (95%CI: 1.09–1.13) (Table

3). Increasing age, gender, race, comorbidity score, and

tumor grade were significantly associated with higher mor-

tality risks. COPD patients were associated with an elevated

risk of death, decreasing with each stage of lung cancer as

compared to the non-COPD group. Stage I patients had 39%

higher risk of death (HR: 1.39, 95%CI: 1.33–1.46); Stage II

patients had 20% higher risk of death (HR: 1.20, 95%CI:

1.11–1.30); Stage III patients had 9% higher risk of death

(HR: 1.09, 95%CI: 1.05–1.32); and Stage IV patients had

4% higher risk of death (HR: 1.04, 95%CI: 1.02–1.07).

For COPD subtype, lung cancer patients with preexist-

ing chronic bronchitis had shorter median survival com-

pared to emphysema across all stages of lung cancer

[Figure 2 and Table 2] (Stage I: 672 days vs 811 days,

P<0.0001; Stage II 445 days vs 582 days, P<0.0001;
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Figure 2 Kaplan–Meier survival analysis of COPD subtype: chronic bronchitis versus emphysema versus Non-COPD among elderly patients with NSCLC.Notes: (A) Stage

I NSCLC. (B) Stage II NSCLC. (C) Stage III NSCLC. (D) Stage IV NSCLC.

Abbreviations: NSCLC, non-small-cell lung cancer; ChrBronchitis, chronic bronchitis.
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Stage III: 222 days vs 229 days, P<0.0001; Stage IV: 105

days vs 110 days, P<0.0001). In the multivariable analysis,

preexisting chronic bronchitis was associated with a higher

risk of death compared to the non-COPD group and the

differences between both groups decreased with each stage

of lung cancer (Table 3). Stage I patients had 40% higher

risk of death (HR: 1.40, 95%CI: 1.32–1.49); Stage II

patients had 28% higher risk of death (HR: 1.28, 95%CI:

1.15–1.43); Stage III patients had 10% higher risk of death

(HR: 1.10, 95%CI: 1.05–1.15); Stage IV patients had 6%

higher risk of death (HR: 1.06, 95%CI: 1.02–1.10).

Patients with preexisting emphysema also had a higher risk

of death compared to the non-COPD group. However, mor-

tality risks for emphysema were lower than chronic bronchitis

when compared to the non-COPD group. Stage I patients had

22% higher risk of death (HR: 1.22, 95%CI: 1.11–1.35); Stage

II patients had 7% higher risk of death (HR: 1.07, 95%CI:

1.02–1.28), Stage III patients had 2% higher risk of death (HR:

1.02, 95%CI: 1.01–1.08); and Stage IV patients had 1% higher

risk of death (HR: 1.01, 95%CI: 0.91–1.06).

Discussion
Our study showed that elderly NSCLC patients with pre-

existing COPD had shorter survival compared to the non-

COPD group. There were marked differences in early

stage lung cancer, with a decrease in survival from Stage

I to Stage IV in the COPD group compared to the non-

COPD group. Additionally, patients with chronic bronchi-

tis subtype of COPD had shorter survival at every stage of

lung cancer compared to emphysema. In Stage I and II

NSCLC, there was a substantial difference in median

survival between COPD and non-COPD groups.

However, the difference in median survival between

Stage III and IV NSCLC between COPD and non-COPD

groups is much smaller. The prognosis of the lung cancer

in Stage III/IV is poor regardless of the presence of COPD

as indicated by Provencio et al18 and Cetin et al19 Patients

in Stage III NSCLC experienced a median survival of

270–330 days18 and patients in Stage IV NSCLC had

a median survival of 120 days,19 which is consistent with

the findings of our study.

Table 2 Survival associated with preexisting COPD among elderly patients with NSCLC

Group Total Dead Alive censored Percent Median

Alive (Days)

Stage I NSCLC

Non-COPD 7,184 3,726 3,458 48.13 1,130

COPD 4,835 3,220 1,615 33.4 692

Emphysema 766 473 293 38.25 811

Chronic bronchitis 2,402 1,640 762 31.72 672

Stage II NSCLC

Non-COPD 2,282 1,701 581 25.46 627

COPD 1,123 916 207 18.43 473

Emphysema 171 125 46 26.9 582

Chronic bronchitis 539 446 93 17.25 445

Stage III NSCLC

Non-COPD 10,097 9,029 1,068 10.58 255

COPD 5,315 4,889 426 8.02 224

Emphysema 789 719 70 8.87 229

Chronic bronchitis 2,717 2,522 195 7.18 222

Stage IV NSCLC

Non-COPD 19,675 19,134 541 2.75 112

COPD 8,176 8,003 173 2.12 106

Emphysema 1,398 1,365 33 2.36 110

Chronic bronchitis 4,116 4,041 75 1.82 105

Abbreviation: NSCLC, non-small-cell lung cancer
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One potential explanation for worse prognosis of lung

cancer patients with COPD could be because of inadequate

cancer treatments, poor pulmonary function, and lower quality

of life.20 Sekine et al found that the five-year survival rate of

patients with normal pulmonary function was significantly

higher than patients with COPD due to a higher rate of tumor-

recurrence in COPD patients (91.6% versus 77.0%, respec-

tively; P<0.0001).21 Their study also suggested that the lung

cancers developing in COPD patients tended to be higher

grade malignancies, with well-differentiated

adenocarcinoma.21 Lopez-Encuentra et al highlighted that

survival in Stage I lung cancer patients after lung cancer

surgery at two and three years was significantly worse in

COPD patients than in non-COPD patients.22 Studies have

also shown that COPD was an important predisposing factor

for the development of respiratory-related complications and

poorer long-term survival outcomes.23,24 In the current study,

decreased time to death associated with preexisting COPD, is

consistent with the findings of these studies.

Several mechanisms have been proposed to explain the

association between COPD and lung cancer, including

genetic risk factors, chronic local and systemic inflamma-

tory processes, decreased immune surveillance, uncon-

trolled stimulation of bronchioalveolar stem cells, and

common epigenetic processes, including oxidative stress

leading to DNA damage, suppressed DNA repair and cel-

lular proliferation.25–28 The association between COPD and

lung cancer has been largely attributed to smoking history.29

However, additional evidence also indicates that factors

other than smoking may play a role in the link between

COPD and lung cancer. Increased risk of lung cancer is

associated with a family history of chronic bronchitis and

emphysema.30 In addition, there is an association between

COPD and lung cancer even among nonsmokers.31 In their

study, Yang et al showed that COPD accounted for 10% of

lung cancer cases among those who had never smoked and

12% among heavy smokers.32 COPD remained strongly

associated with lung cancer among adenocarcinoma,

which is more prevalent among nonsmokers.32

Koshiol et al highlighted that chronic bronchitis was

strongly associated with lung cancer in patients who were

diagnosed with chronic bronchitis over 15 years before the

diagnosis of lung cancer.33 Their study suggested that

chronic bronchitis may act in an early stage of lung carci-

nogenesis is consistent with the findings of our study. One

potential reason for increased risk of mortality among lung

cancer patients with preexisting chronic bronchitis could

be chronic mucus hypersecretion (CMH). CMH is one of

the cardinal features of chronic bronchitis. Prescott et al

found that CMH increased mortality risk related to lung

function by 3.5 times.34 CMH has been associated with

lower forced expiratory volume 1, higher rates of hospita-

lizations, and a decline in lung health and quality of life.35

Studies have indicated that CMH and lung cancer may

have some shared molecular pathology.36,37 Bruse et al

demonstrated a significant association between CMH and the

prevalence of altered DNA methylation of lung cancer-

predictive genes in the sputum of smokers. The total methyla-

tion was higher in those with CMH than those without

CMH.38 As COPD patients have decreased cilia motility,

DNA hypermethylation may be mediated in these patients

due to gene silencing caused by pulmonary inflammation

and oxidative damage to DNA.39,40 Altered DNAmethylation

of tumor suppressor genes promotes lung carcinogenesis.38

Another study showed that epigenetic mediated silencing of

tumor suppressor genes during development of COPD may

contribute to the development of malignant NSCLC.41

Table 3 Multivariable analysis of time to death associated with

preexisting COPD among elderly patients with NSCLC

Group HR LCI UCI

Overall

COPD 1.11 1.09 1.13

Chronic bronchitis 1.13 1.11 1.16

Emphysema 1.03 1.01 1.07

Stage I NSCLC

COPD 1.39 1.33 1.46

Chronic bronchitis 1.4 1.32 1.49

Emphysema 1.22 1.11 1.35

Stage II NSCLC

COPD 1.2 1.11 1.3

Chronic bronchitis 1.28 1.15 1.43

Emphysema 1.07 1.02 1.28

Stage III NSCLC

COPD 1.09 1.05 1.32

Chronic bronchitis 1.1 1.05 1.15

Emphysema 1.02 1.01 1.08

Stage IV NSCLC

COPD 1.04 1.02 1.07

Chronic bronchitis 1.06 1.02 1.1

Emphysema 1.01 0.91 1.06

Notes: P<0.0001. non-COPD=Reference.

Abbreviations: LCI, lower confidence interval; UCI, upper confidence interval;

NSCLC, non-small-cell lung cancer.
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Prior studies have established that methylation of genes

associated with cancer could be identified in sputum samples

from high risk smokers before the determination of lung

cancer risk.42,43 Detection of abnormalities in sputum samples

of smokers with COPD may lead to the identification of new

biomarkers for COPD progression.41 From our study, patients

with preexisting COPD had higher risk of mortality and

decreased survival across all stages. Additionally, among

COPD subtype, patients with preexisting chronic bronchitis

had highest risk of mortality compared to emphysema and the

non-COPD group.

The main strengths of the present study are the analysis of

COPD subtype: chronic bronchitis and emphysema. As per

our knowledge, the present study is the first in the literature

that examined the impact of COPD subtype individually on

elderly NSCLC. The study also has limitations. First, our

results reflect Medicare populations of patients who are at

least 66 years of age and above. Second, data on patients

enrolled in HMOs or fee-for-service plans was not available

as HMOs are not required to submit claims to Medicare. Due

to these reasons, the results of our study may not be general-

izable to younger populations and patients enrolled in com-

mercial insurance. Third, there is potential for

misclassification of patients due to the use of ICD-9 coding

errors in the data. Due to this, COPDmay be underrepresented

and underdocumented in our study. Fourth, information on

factors such as smoking history, COPD disease severity, and

health-related quality of life were not available in the data. We

were therefore not able to assess the influence of these factors

on survival. As Part D was included in Medicare from 2007

onwards, we could not assess treatment information due to

incomplete claims for Part D during our study period. The

rapidly evolving landscape in oncology makes it challenging

to obtain the most current data for research purposes. As

SEER-Medicare data availability is associated with a time-

lag, the most current data available during our study initiation

period (2014) was from 2006 to 2010.

Conclusion
These retrospective analyses illustrated the impact of pre-

existing COPD and its subtypes: chronic bronchitis and

emphysema on overall survival using a population-based,

nationally validated claims dataset of patients over age 65,

a group that is typically underrepresented in clinical trials.

Elderly NSCLC patients with preexisting COPD had

shorter survival, especially in the early stages of lung

cancer, with a decrease in survival from Stage I to Stage

IV. Among COPD subtypes, chronic bronchitis had shorter

survival at every stage of lung cancer compared to emphy-

sema. Further research should include prospective cohort

studies on COPD patients who develop lung cancer includ-

ing COPD disease severity and smoking history.
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