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Background: The risk of dying of lung cancer is up to eightfold higher in patients with COPD 

than in age- and gender-matched controls. The aim of this study was to investigate the factors 

associated with lung cancer in a large cohort of COPD patients from primary care centers.

Methods: To analyze whether age, gender, socioeconomic factors, comorbidity, and medi-

cation affect the risk of lung cancer in COPD, we used a COPD cohort of primary care 

patients. Data from primary care medical records and mandatory Swedish national registers 

were collected and linked in this population-based, retrospective observational registry study 

(NCT01146392).

Results: Of the total cohort, 19,894 patients were included in the study. Five hundred and 

ninety-four lung cancer cases were diagnosed, corresponding to 3.0% of the studied population. 

In a multivariate analysis, the risk of lung cancer was lower if the COPD patients had a concur-

rent asthma diagnosis (HR: 0.54, CI: 0.41–0.71), while the risk of lung cancer increased with 

increasing age. A decreased lung cancer risk was observed in an exposure-dependent manner 

in patients who were prescribed inhaled corticosteroids (HR: 0.52, CI: 0.37–0.73), while the 

opposite was found for the use of acetylsalicylic acid (HR: 1.58, CI: 1.15–2.16).

Conclusion: In this large population-based cohort, a concurrent asthma diagnosis and use of 

inhaled corticosteroids were independently related to decreased risk of lung cancer in COPD 

patients, while the use of acetylsalicylic acid was associated with an increased risk. The findings 

of the present study should be seen as hypothesis generating and need to be confirmed in pro-

spective studies.
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Introduction
COPD mainly affects smokers and former smokers.1 The risk of developing COPD 

increases with the amount of cigarette exposure.2 It is known that the prevalence of 

lung cancer is significantly higher in patients with COPD than in the average non-

smoking population, reflecting the impact of cigarette smoking in both diseases.3 As an 

example, we previously showed that COPD patients from Swedish primary health care 

centers have an eight times higher risk of dying of lung cancer compared to a control 

group matched for age and gender.4 In a cohort of smokers or ex-smokers the OR for 

developing lung cancer for patients with moderate or severe COPD was 2.6 compared 

to mild or non-COPD patients matched for smoking habits.5

Both COPD and lung cancer are closely related to the chronic inflammation and 

oxidative stress induced by smoking.6,7 However, it has been shown that patients with 

emphysema who have never smoked also have an increased risk of developing lung 

cancer.8,9 Hence, it is likely that the inflammatory process driving the formation of 

emphysema contributes as a risk factor for lung cancer.10
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Previous studies have indicated that inhaled corticoster-

oids (ICS) reduce the risk of lung cancer in COPD patients 

and that the effect is dose-dependent.11,12 N-acetylcysteine 

(NAC) is widely prescribed to many COPD patients and 

the side effects are generally thought to be limited. Recent 

findings in animal studies have pointed toward a new and 

potentially detrimental role of NAC and an increased risk 

of lung cancer occurrence.13 A negative association between 

acetylsalicylic acid and lung cancer has been found in some 

investigations.14

Many patients with COPD also have a diagnosis of 

asthma.15 To some extent this is related to the difficulty 

distinguishing between these two diseases, but there is also 

increasing evidence that both diseases may coexist. This 

condition has been named asthma COPD overlap (ACO).16 

Other comorbidities are also common in patients suffering 

from COPD.17 According to a study by Vanfleteren et al, the 

five most frequent comorbidities were hyperglycemia, athero-

sclerosis, hypertension, dyslipidemia, and osteoporosis.18 

It has also been shown that a significantly higher proportion 

of COPD patients suffer from depression than non-COPD 

patients.19 Due to the frequent comorbidities, drugs targeting 

cardiovascular disease, osteoporosis, dyslipidemia, and 

depression are often prescribed to COPD patients.

The aim of our study was to investigate the factors associ-

ated with lung cancer in a large cohort of COPD patients in 

a primary care setting, with special emphasis on the role of 

pharmacological treatments and comorbidities.

Methods
To analyze whether comorbidity and continuous use of medi-

cation affect the risk of lung cancer development in COPD, 

we used a large COPD cohort of primary care patients.4

Data collection
Data from primary care medical records and mandatory 

Swedish national registers were collected and linked to form 

a population-based, retrospective, observational registry 

study. The linked database is kept at and maintained by the 

Department of Public Health and Caring Sciences, Uppsala 

University, Sweden. The primary health care centers from 

which patient data were obtained were chosen to reflect a 

mixture of rural and urban areas, public and private health 

care providers, and center sizes. However, no formal strati-

fication of health care providers was performed. Patient data 

were retrieved from 76 centers that together served approxi-

mately 8% of the Swedish population.

Date of birth, gender, diagnoses according to the Inter-

national Classification of Diseases, 10th revision, Clinical 

Modification (ICD-10-CM) codes, number of primary health 

care center contacts, lung function assessments, and collec-

tions of drug prescriptions were retrieved from the primary 

health care centers’ medical records using an established 

software system (Pygargus Customized eXtraction Program, 

CXP; Pygargus AB, Stockholm, Sweden).20 A study iden-

tification number replaced each patient’s personal identifi-

cation number after data were collected to ensure patient 

anonymity.

Additional patient information was collected from man-

datory Swedish national registries. Morbidity and mortality, 

inpatient (admission and discharge dates, and main and 

secondary diagnoses) and outpatient hospital care (number 

of contacts and diagnoses according to ICD-10-CM codes) 

data were collected from the National Patient Register. Date 

and cause(s) of death were obtained from the Cause of Death 

Register. The Swedish Prescribed Drug Register was used to 

acquire data regarding drug prescriptions from hospital and 

primary care during the study period. Population data, such 

as number and gender distribution for each year of birth, as 

well as information regarding income, socioeconomic status, 

and education level were generated by Statistics Sweden 

(Statistiska Centralbyrån, Stockholm, Sweden).

The study was registered at ClinicalTrials.gov (clinical 

trial identifier NCT01146392) and reviewed and approved by 

the regional ethics committee in Uppsala, Sweden (reference 

number 2010/040). Patient consent was not required by the 

committee as all data was anonymized.

Study population and outcome variables
From the chosen primary care centers, men and women 

with physician-diagnosed COPD (ICD-10-CM code J44) in 

medical records or national registers were included in the 

study. Patients who had physician-diagnosed COPD any time 

from January 1, 1999, to December 31, 2009, were eligible 

for inclusion and the index date was defined as date of first 

COPD diagnosis. Patients were followed until December 31, 

2009, emigration or death.

Lung cancer diagnoses (ICD-10 code C34) were obtained 

from medical records, the National Patient Registry, and the 

Cause of Death Register.

Comorbidities were analyzed in regard to ICD-10-CM 

diagnoses registered in medical records or national registers, 

and for patients with lung cancer before this diagnosis appeared 

in the register. The following comorbidities were included: 

asthma, hypertension, congestive heart failure, diabetes, myo-

cardial infarction, osteoporosis, stroke, and depression.

Prescription events were analyzed for pack-size and 

prescribed daily dose related to predefined Anatomical 
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Therapeutic Chemical Classification System groups. Data on 

use of medication were collected from the period 2 years prior 

to COPD diagnosis until the end of the observation period 

(December 31, 2009), emigration or death. To analyze any 

exposure-dependency, a relative exposure was calculated 

as the proportion of days covered of the drug of interest, 

during a time interval of at least 2 years (starting 2 years 

prior to index). Drug exposure was included as a time varying 

covariate updated once every year. The following drugs were 

included (Anatomical Therapeutic Chemical Classification 

System code[s]): ICS (R03BA); long-acting beta-2-agonists 

(LABA) (R03AC12 and R03AC13); long-acting muscarinic 

antagonists (LAMA) (R03BB) (which in all cases were tiotro-

pium, as this was the only LAMA available during the obser-

vation period); NAC (R05CB); oral corticosteroids (H02AB); 

bisphosphonates (M05BA); statins (C10AA); acetylsalicylic 

acid (B01AC06); angiotensin-converting enzyme inhibitors 

(C09A and C09B), beta-blockers (C07); angiotensin II recep-

tor blockers (C09C and C09D); diuretics (C03); and selective 

serotonin reuptake inhibitors (SSRI) (N06AB). Patients using 

fixed combinations of ICS and LABA (R03AK) were clas-

sified as users of both drugs separately. In the multivariable 

analyses, the exposure-dependent association was calculated 

with adjustment for any use of the drug.

Information on smoking habits was only available for 

11.0% and lung function data for 12.0% of the total study 

population. Because of the limited number, no analyses on 

the effects of smoking and lung function are shown.

Statistical analyses
The risk of developing lung cancer was studied in regard to 

baseline covariates (age at COPD diagnosis, gender, asthma, 

education level, marital status, income prior to index, and 

time-dependent covariates medication and comorbidities).

The time to lung cancer was analyzed using a proportional 

hazards Cox model. The analyses were performed in two steps. 

In the first step, all risk factors were analyzed one by one. In the 

second step, all factors with a p-value below 0.2 were entered 

into a multivariate stepwise Cox model, where the final model 

was defined as the one with the lowest Akaike information 

criterion value. Descriptive analyses were also done comparing 

COPD patients who did or did not develop lung cancer.

Results
Cohort characteristics
Of the total cohort, 19,894 patients were included in this 

analysis and of these 594 lung cancer cases were diagnosed 

between 1999 and 2009, corresponding to 3.0% of the studied 

population.

Lung cancer patients had a lower average level of educa-

tion than the non-cancer patients. There was no significant 

age or gender difference between patients who developed or 

did not develop lung cancer (Table 1).

Patients who developed lung cancer had a lower preva-

lence of asthma, hypertension, heart failure, and depression 

before the time of COPD diagnosis than those who did not 

develop lung cancer (Table 1).

Factors influencing lung cancer 
risk – univariate analysis
In univariate Cox regression analysis, age and education 

were the non-medical factors that were statistically signifi-

cantly associated with an effect on the risk of developing 

lung cancer. COPD patients with asthma and depression 

diagnoses showed a reduced risk of lung cancer develop-

ment (Table 2).

Table 1 Demographic details and comorbidities for the patient 
cohort at the time of the COPD diagnosis (n (%) and mean±SD)

Variables Lung cancer No lung cancer p-value

(N=594) (N=19,300)

Women 303 (51.0) 10,139 (52.5) 0.48
Age 68.9±8.5 68.0±11.4 0.08
Single 122 (27.1) 4,931 (31.4) 0.06
Annual income × 1,000 SEK 139±95 145±142 0.44
Higher education level 175 (38.9) 7,259 (46.2) 0.002
Asthma 61 (10.3) 3,536 (18.3) ,0.001
Hypertension 109 (18.4) 4,457 (23.1) 0.006
Heart failure 26 (4.4) 1,860 (9.6) ,0.001
Myocardial infarction 21 (3.5) 896 (4.6) 0.23
Stroke 29 (4.9) 1,177 (6.1) 0.26
Diabetes 45 (7.6) 1,685 (8.7) 0.38
Osteoporosis 15 (2.5) 517 (2.7) .0.99
Depression 27 (4.6) 1,752 (9.1) ,0.001

Abbreviation: SEK, Swedish Krona.

Table 2 The association between demographic variables and 
comorbidities with the risk of developing lung cancer assessed by 
univariate Cox regression

Variables HR 95% CI p-value

Gender 1.10 (0.93–1.29) 0.27
Age per 10 years 1.22 (1.13–1.32) ,0.001
Single 0.90 (0.73–1.11) 0.31
Income* 1.00 (0.93–1.08) 0.98
Education (high vs low)* 0.74 (0.61–0.89) 0.002
Asthma 0.54 (0.41–0.73) ,0.001
Hypertension 1.03 (0.87–1.23) 0.70
Heart failure 0.90 (0.73–1.12) 0.35
Myocardial infarction 1.16 (0.88–1.53) 0.30
Stroke 0.88 (0.66–1.17) 0.38
Diabetes 1.00 (0.79–1.28) 0.96
Osteoporosis 1.16 (0.84–1.60) 0.630
Depression 0.71 (0.54–0.94) 0.014

Note: *Data available for 16,153 patients.
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Use of LAMA, NAC, and acetylsalicylic acid was 

associated with an increased risk of lung cancer. SSRI was 

associated with a decreased risk of lung cancer (Table 3). 

When medication was analyzed in regard to any exposure, 

but not taking accumulated exposure into account, LAMA, 

NAC, oral corticosteroids, acetylsalicylic acid, and diuretics 

had a significant association with an increased risk of lung 

cancer, whereas SSRI was associated with a decreased risk 

of lung cancer (Table 3).

Factors influencing lung cancer 
risk – multivariate analysis
Age was an independent risk factor for lung cancer, whereas 

patients with a concurrent asthma diagnosis had a decreased 

risk (Table 4). An exposure-dependent decreased lung cancer 

risk was seen in patients using ICS and oral corticosteroids, 

whereas the opposite was found for the use of acetylsalicylic 

acid. Any use of LAMA, NAC, and oral corticosteroids was 

associated with a higher independent risk of lung cancer, 

while any use of SSRI and statins was associated with a 

decreased risk.

The exposure-dependent decreased risk of lung cancer 

with the use of ICS was seen regardless of whether the patients 

had a concurrent diagnosis of asthma or not (Figure 1).

Discussion
The main results of the present study in this large population-

based cohort of COPD patients were that COPD patients 

with coexistent asthma have a lower risk of developing 

lung cancer. The study also indicates that the patient’s 

Table 3 The association between use of medication and the risk of developing lung cancer assessed by univariate Cox regression

Variables Any use Relative exposure*

HR 95% CI p-value HR 95% CI p-value

Inhaled corticosteroids** 1.06 (0.89–1.26) 0.54 0.75 (0.56–1.01) 0.06
Long-acting beta-2-agonists*** 1.14 (0.96–1.35) 0.12 0.84 (0.61–1.15) 0.27
Long-acting muscarinic antagonists 1.60 (1.35–1.91) ,0.001 1.62 (1.22–2.15) 0.001
N-acetylcysteine 1.48 (1.24–1.77) ,0.001 1.59 (1.15–2.19) 0.005
Oral corticosteroids 1.88 (1.59–2.22) ,0.001 1.49 (0.92–2.43) 0.11
Statins 0.87 (1.59–2.22) 0.18 0.96 (0.66–1.39) 0.83
Bisphosphonates 1.19 (0.87–1.64) 0.27 1.32 (0.60–2.88) 0.49
ACE inhibitors 0.90 (0.73–1.12) 0.36 0.88 (0.57–1.35) 0.55
Beta-blockers 1.04 (0.87–1.25) 0.63 1.02 (0.75–1.39) 0.90
ARB 1.00 (0.78–1.27) 0.98 0.97 (0.62–1.50) 0.88
SSRI 0.79 (0.63–0.99) 0.05 0.57 (0.34–0.97) 0.04
Acetylsalicylic acid 1.37 (1.15–1.63) 0.02 1.68 (1.27–2.24) ,0.001
Diuretics 1.21 (1.03–1.44) 0.02 1.00 (0.74–1.35) 0.99

Notes: *Calculated as the proportion of days covered of the drug, during the study period. **Alone or together with long-acting beta-2-agonists. ***Alone or together with 
inhaled corticosteroids.
Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blockers; SSRI, selective serotonin reuptake inhibitors.

Table 4 The independent association between demographic 
variables, comorbidities, and medication with the risk of developing 
lung cancer assessed by step wise Cox regression

Variables HR 95% CI p-value

Age per 10 years 1.18 (1.09–1.28) ,0.001
Asthma 0.54 (0.41–0.71) ,0.001
Inhaled corticosteroids, relative exposure* 0.52 (0.37–0.73) ,0.001
Oral corticosteroids, relative exposure* 0.45 (0.22–0.90) 0.02
Acetylsalicylic acid, relative exposure* 1.58 (1.15–2.16) 0.005
LAMA, any use 1.41 (1.17–1.70) ,0.001
N-acetylcysteine, any use 1.31 (1.09–1.59) 0.005
Oral corticosteroids, any use 2.33 (1.89–2.87) ,0.001
SSRI, any use
Statins, any use

0.74
0.76

(0.59–0.96)
(0.61–0.96)

0.008
0.02

Note: *Calculated as the proportion of days covered of the drug, during the study 
period.
Abbreviations: LAMA, long-acting muscarinic antagonists; SSRI, selective serotonin 
reuptake inhibitors.

Figure 1 The independent association between the relative exposure (calculated 
as the proportion of days covered of the drug, during the study period) of inhaled 
corticosteroids and the risk of developing lung cancer assessed by step wise Cox 
regression in relation to having or not having concurrent asthma.
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pharmacological treatment may influence the risk of devel-

oping lung cancer, with ICS having a protective effect, and 

acetylsalicylic acid use increased the risk.

COPD patients, who were also diagnosed with asthma, 

had a lower risk of developing lung cancer. Data concerning 

lung cancer risk in asthma patients are contradictory. It has 

been suggested that an atopic constitution including asthma 

is linked to an increased risk of lung cancer.21,22 However, 

there is also evidence of a decreased risk,23 as well as studies 

where no relationship is confirmed.24 Our finding of a lower 

incidence of lung cancer in patients with COPD and asthma, 

compared to those with COPD only, is partly in accordance 

with a recent study where patients with ACO were found 

to have a similar prevalence of lung cancer as patients with 

asthma, despite an increased exposure to cigarette smoke 

in the ACO group.25 It is, however, possible that the group 

with both asthma and COPD in our study had smoked less 

than the group with only COPD. As we have no data on 

pack-years of smoking, this is something we cannot control 

for in this study.

In our analyses we interpreted that an exposure-dependent 

association between a pharmacological treatment and lung 

cancer may indicate a true association. On the other hand we 

assume that the association between any use of a drug, eg, 

NAC and LAMA, and lung cancer is probably related to the 

disease phenotype or comorbidities. In the present analyses 

there was an exposure-dependent association between use 

of ICS and a lower risk of lung cancer. This study therefore 

indicates that COPD patients using ICS had a decreased 

risk of developing lung cancer. That is in accordance with 

data from Parimon et al, who found that ICS were linked 

to a decreased risk of lung cancer in a COPD cohort. They 

hypothesized that this finding was associated with reduced 

airway inflammation resulting in decreased cell turnover, 

which in turn lowered the risk for propagation of genetic 

errors.11 A recent study showed that the airway remodeling 

of COPD patients was suppressed by ICS inhalations. Even 

though the study was only a small proof-of-concept study, the 

epithelial–mesenchymal transition was significantly reduced 

in the ICS group, indicating that the pro-malignant process 

was at least delayed.26 It is important to note that the nega-

tive association between the use of ICS and lung cancer in 

the present study was seen regardless of whether the patients 

were diagnosed with concurrent asthma or not.

We found a significant exposure-related association 

between the use of acetylsalicylic acid and increased lung 

cancer risk. In a large, recently published meta-analysis, 

including almost 20,000 lung cancer cases, no explicit 

association between acetylsalicylic acid and lung cancer risk 

was found.14 In previous studies, acetylsalicylic acid has been 

shown to reduce risk in a variety of non-lung cancers,27–29 

but reports on lung cancer risk per se have varied from no 

significant correlation27 to a reduction,30–32 as well as an 

increased risk.33,34 We included only COPD patients in our 

study, which is not the case in other studies. Whether COPD 

affects the suggested mechanism of acetylsalicylic acid risk 

reduction or not is still to be determined, and further studies 

are needed to answer that question.

There was no significant exposure–response relationship 

between the use of NAC and lung cancer risk in the present 

study. NAC has anti-oxidative features that are used in the 

treatment of interstitial pulmonary fibrosis.35 Recent research 

has pointed toward a new and potentially detrimental role for 

anti-oxidants in cancer development. The previously widely 

adopted view that reactive oxygen species were linked to 

cancer development and progression, has been questioned by 

findings that the treatment of mice with anti-oxidants actu-

ally increases the risk for lung cancer development.13 The 

present study, however, does not support such association in 

humans. Further, there was no significant exposure–response 

relationship between the use of LAMA and lung cancer risk. 

This result is in accordance with that of the UPLIFT trial, 

which reported no additive risk of lung cancer for patients 

using tiotropium.36

The risk-reducing effect of statins in multiple tumors 

was confirmed by a recent meta-analysis,37 although the 

authors agree that there is significant heterogeneity among 

the studies they included. We found no exposure-dependent 

risk reduction in our study related to statins. It is likely that 

the reduced non-exposure-dependent risk seen in our study 

for patients who are exposed to statins is due to confounding 

factors we did not adjust for, such as higher rates of smoking 

cessation or more frequent health assessments in relation to 

cardiovascular disease.

Limitations
Our study has several limitations. The most important limi-

tations were that smoking and lung function could not be 

assessed in more than a small proportion of the cohort, and 

was therefore not included in the analyses. Another is that we 

lack data on pharmacological treatment before 2005 and that 

the observational period does not cover recent years, thereby 

not capturing potential changes in COPD management. 

However, the present study is based on large population-

based COPD data likely to reflect most western populations 

in its constitution of socioeconomic and educational levels. 
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The Swedish health care and social system with personal 

identification number enables a unique cross-matching of 

registries providing in-depth knowledge of individual data 

with almost complete coverage of many parameters such as 

comorbidity, medication, cause of hospital visits and stays, 

socioeconomic factors, and survival data.

Conclusion
This study shows that a concurrent diagnosis of asthma 

and the use of ICS was independently related to decreased 

risk of lung cancer risk in COPD patients, while the use of 

acetylsalicylic acid was associated with an increased risk. 

COPD represents the third most common cause of death 

and lung cancer the most common cancer-related death 

globally. While there is strong inter-correlation between 

these two diseases, the need to understand additive risks, as 

well as protective factors, is important. The finding in the 

present study that pharmacological treatment may modify 

the risk relation between these two diseases should be seen 

as hypothesis generating and needs to be confirmed in pro-

spective studies.
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