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ABSTRACT 
Background Chronic obstructive pulmonary disease (COPD) is associated with increased 
risk of lung cancer, independently of smoking. However, the relationship between COPD and 
total cancer mortality is less certain. We investigated the association between COPD and 
total cancer mortality and determined whether the use of statins, which have been 
associated with cancer risk in other settings, modified this relationship.  
Methods The study included 3371 patients with peripheral arterial disease who underwent 
vascular surgery between 1990 and 2006; 39% (n=1,310) with COPD and the rest without 
COPD. The primary endpoint was cancer mortality (lung and extra-pulmonary) over a median 
follow-up of 5 years. 
Results COPD was associated with increased risk of both lung cancer mortality (Hazard 
Ratio, HR 2.06; 95%CI 1.32-3.20) and extra-pulmonary cancer mortality (HR 1.43; 95%CI 
1.06-1.94). The excess risk was mostly driven by patients with moderate and severe COPD. 
There was a trend towards lower cancer mortality risk among COPD patients who used 
statins compared to COPD patients without statins (HR 0.57; 95%CI 0.32-1.01). Interestingly, 
the risk of extra-pulmonary cancer mortality was lower among statin users with COPD (HR 
0.49; 95% CI 0.24-0.99). 
Conclusions COPD was associated with increased lung and extra-pulmonary cancer 
mortality in this large cohort of vascular surgery patients with peripheral arterial disease. The 
risk of lung cancer mortality increased with progression of COPD. Statins were associated 
with reduced risk for extra-pulmonary cancer mortality in patients with COPD. 
 
Word count: 233 
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INTRODUCTION 
Chronic obstructive pulmonary disease (COPD) is a worldwide epidemic, affecting 10 to 15% 
of adults 40 years of age and older.[1] Over 80% of these patients have mild to moderate 
severity of COPD (with forced expiratory volume at one second, FEV1 of >50% of predicted) 
and in these patients the leading cause of mortality is cancer, accounting for over 50% of all 
deaths.[2] Previous studies have shown that while smoking is a shared risk factor for both 
COPD and lung carcinomas[3] reduced lung function, independent of smoking, is another 
important risk factor for this type of cancer.[4-10] However, several important questions 
remain unanswered. Firstly, previous studies in this area have focused primarily on the 
incidence of lung cancer rather than on lung cancer mortality per se. Since early stage lung 
cancers are potentially curable and since patients with COPD may have more radiographic 
investigations, ascertainment bias may have confounded the previous studies that have used 
lung cancer incidence rather than mortality as the primary outcome. Secondly, although it is 
known that extra-pulmonary cancers accounts for approximately 20% of all deaths in Stage 1 
and Stage 2 COPD[11], the exact relationship between COPD (and its severity) and these 
cancers are not well known. Thirdly and most importantly from a clinical perspective, it is not 
known whether the risk of COPD and cancer mortality can be modulated by pharmacologic 
treatment. Several studies suggest that statins (HMG-CoA reductase inhibitors) may reduce 
the risk of cancer including those in lungs, pancreas, prostate and colon.[12-15] On the other 
hand, some have suggested that statins may promote the development of new 
malignancies.[16] However, none of these studies have evaluated the effects of statins on 
cancer mortality in patients with COPD. In the present study, we sought to determine 1) the 
relationship between COPD (and its severity) and risk of total cancer mortality and 2) 
whether the use of statins modified this relationship.  
 
METHODS 
Study population 
The patient population for this study has been described previously.[17] We used a cohort of 
3371 patients who underwent elective noncardiac vascular surgery (abdominal aortic surgery 
(AAA), carotid endarterectomy (CEA) or lower limb arterial reconstruction (LLR)) between 
1990 and 2006. COPD was defined according to the guidelines of the Global Initiative for 
Chronic Obstructive Lung Disease (GOLD).[18] The COPD diagnosis was based on a post-
bronchodilator FEV1 to vital capacity ratio of 70% or less on spirometry (which was the case 
in 82% of the COPD patients). In those who did not have this assessment, the diagnosis of 
COPD was based on symptoms (dyspnea, sputum production, and/or cough), use of 
pulmonary medication (bronchodilators and corticosteroids) and abnormal arterial blood 
gases on room air (pCO2 ≥ 6.4 kPa or pO2 ≤10.0 kPa). Patients without spirometry were 
classified based on presence of pulmonary symptoms (dyspnea, sputum production or 
cough) and use of COPD medications based on the GOLD Guidelines for Management of 
stable COPD patients [18]. Mild COPD was defined as those who had symptoms and were 
using a short-acting bronchodilator when needed. Moderate COPD was defined as those 
with symptoms who required regular use with one or more bronchodilators. Severe COPD 
was defined as those with symptoms and were on regular treatment with one or more 
bronchodilators plus inhaled corticosteroids (for repeated exacerbations or persistent 
symptoms) or those patients who required domiciliary long-term oxygen therapy. The 
Medical Ethics Committee of the hospital was informed about the study and no official 
approval was requested per institutional practice. 
 
Follow-up and endpoints 
At time of follow-up the municipal civil registries were contacted to establish the survival 
status of all patients which was completed in 96% of the patients during a median follow-up 
of 5 years (interquartile range 2.0 to 9.1 years). The cause of death was ascertained by 
reviewing medical records, autopsy reports, contacting the referring physician, general 
practitioner or Statistics Netherlands. The primary endpoint of the study was total cancer 
mortality.  
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Statistical analysis 
Cancer mortality rates among the COPD severity groups were compared using a chi-square 
test. Cumulative long-term survival was determined by the Kaplan-Meier method and 
compared using a log-rank test. Univariate and multivariate Cox regression analyses were 
used to determine the association between COPD (severity) and cancer mortality. In these 
analyses, patients without COPD were used as the reference group. Cox regression analysis 
was also used to determine the relationship between statins and cancer mortality. In the 
multivariate analysis we adjusted for age, gender, type of surgery, diabetes, smoking status, 
hypercholesterolemia, corticosteroids, aspirin, statins and propensity score (for the 
association statins and cancer mortality). The proportional hazards assumption was verified 
by visual inspection of the log-log survival curves and by using the Schoefeld residuals. This 
propensity score was developed using a multivariate logistic regression model to adjust for 
the likelihood of receiving statins and included age, gender, COPD severity, hypertension, 
hypercholesterolemia, diabetes mellitus, renal dysfunction, current smoking status, obesity, 
type of surgery, year of surgery, cardiovascular history (Table 1), and pulmonary medications 
(bronchodilators and corticosteroids) and cardiac medications (beta-blockers and aspirin).  
 
RESULTS 
Characteristics of the study cohort 
The baseline characteristics of the cohort are presented in Table 1. The mean (SD) age was 
66(±12) years and 73% were men. There were 1310 (39%) patients with COPD; mild COPD 
(n=578; 17%), moderate COPD (n=579; 17%) and severe COPD (n=153; 5%). Of the current 
smokers, 26% used statins; whereas 23% of the never/ ex-smokers were statin-users 
(p=0.20).   
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Table 1. Patient characteristics  
 
 

Total 
(n=3371) 

Lung cancer 
(n=102) 

Demographics (%)   

 Age (mean ± SD) 66 (12) 68 (7) 

 Males 73 76 

Type of surgery   

 AAA1 36 41 

 CEA2 24 18 

 LLR3 40 41 

COPD   

 Mild COPD 17 19 

 Moderate COPD 17 29 

 Severe COPD 5 9 

Cardiovascular history (%)   

 Myocardial infarction  22 17 

 Coronary revascularization4 16 14 

 Heart failure 5 3 

 Angina pectoris 14 8 

 Stroke or TIA5 30 24 

Clinical characteristics (%)   

 Diabetes Mellitus 15 10 

 Hypercholesterolemia 18 14 

 Smoking status   

     Never/ ex-smoking 72 64 

     Current smoking 28 36 

Medication   

 Corticosteroids 10 15 

 Statins 24 16 

 Aspirin 40 31 
1
 Abdominal aortic surgery 

2
 Carotid endarterectomy 

3
 Lower limb arterial reconstruction 

4
 Coronary artery bypass graft or percutaneous coronary intervention

 

5 
Transient ischemic attack  

 
 
COPD and cancer mortality 
Over the follow-up period, 316 (9%) patients died from cancer. Patients with COPD, in a 
severity-dependent manner, had increased risk of cancer mortality. The risk of cancer 
mortality in patients with no, mild, moderate and severe COPD was 8%, 10%, 14% and 12% 
respectively (p<0.001). Overall, 102 (3%) patients died from lung cancer. The risk of lung 
cancer mortality in patients with no, mild, moderate and severe COPD was 2%, 3%, 5% and 
6%, respectively (p<0.001).  
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The cancer free survival curves stratified by COPD severity are depicted in Figure 1 (log-rank p<0.001) (see on-line supplementary 
Figure 1 for lung cancer free survival curves). COPD was independently associated with total cancer mortality (HR 1.61; 95% CI 1.25-2.06) 
(Table 2).  

We tested the robustness of our findings by repeating the analysis following the exclusion of COPD patients without spirometry (see on-
line supplementary Tables 1 and 2). It was reassuring that these data were very similar to the ones from the main analyses. Additionally, in a 
secondary analysis, we created a new category of patients with a restrictive disorder (defined as FEV1/FVC ratio greater than 80% with FEV1 
less than 80% of predicted) and repeated the analysis. Patients with a “restrictive” defect had elevated risk of total cancer mortality as well as 
lung and extrapulmonary cancer mortality (see on-line supplementary Table 3). 
 
 
Table 2. Association between COPD and long-term cancer mortality 
 Total cancer mortality Lung cancer mortality  Extra-pulmonary cancer mortality 

 Univariate Multivariate* Univariate Multivariate* Univariate Multivariate* 

 HR 95%CI HR 95%CI HR 95%CI HR 95%CI HR 95%CI HR 95%CI 

COPD 2.03 1.63-2.53 1.61 1.25-2.06 2.76 1.86-4.08 2.06 1.32-3.20 1.76 1.34-2.30 1.43 1.06-1.94 

             
No COPD 1.00  1.00  1.00  1.00  1.00  1.00  

Mild COPD 1.62 1.20-2.18 1.30 0.95-1.79 1.94 1.13-3.32 1.52 0.87-2.68 1.49 1.04-2.15 1.22 0.83-1.79 

Moderate COPD 2.39 1.83-3.12 1.92 1.43-2.58 3.25 2.04-5.17 2.51 1.50-4.17 2.06 1.48-2.87 1.70 1.19-2.44 

Severe COPD 2.42 1.49-3.95 1.95 1.14-3.31 4.54 2.21-9.34 3.38 1.51-7.55 1.64 0.83-3.25 1.38 0.67-2.86 

*Adjusted for age, gender, type surgery, diabetes, smoking, hypercholestrolemia, corticosteroids, statins and aspirin    
 
 
A non-significant trend was observed for mild COPD (HR 1.30; 95% CI 0.95-1.79), whereas patients with moderate or severe COPD had 
significantly elevated risk of cancer mortality (HR 1.92; 95% CI 1.43-2.58 and HR 1.95; 95% CI 1.14-3.31, respectively). A similar association 
with even higher HR was found between COPD and lung cancer mortality (HR 2.06; 95% CI 1.32-3.20). This association was largely driven by 
the group of patients with moderate and severe COPD, which were both strongly related to lung cancer mortality (HR 2.51; 95% CI 1.50-4.17 
and HR 3.38; 95% CI 1.51-7.55, respectively).  

A sensitivity analysis was performed in which patients who died of lung cancer were excluded from the analysis. COPD was still 
associated with an increased risk for (non-pulmonary) cancer mortality (HR 1.43; 95% CI 1.06-1.94). For mild COPD, the relationship was not 
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significant (HR 1.22; 95% CI 0.83-1.79). However, for moderate COPD it was significant (HR 1.70; 95% CI 1.19-2.44). For severe COPD, we 
did not observe a significant association (HR 1.38; 95% CI 0.67-2.86) likely due to competing risks for mortality. 
 
Statins and cancer mortality in all patients 
At baseline, 810 (24%) patients received statin therapy. Of the patients who received this treatment 6% died from cancer during the follow-up 
period compared with 11% of the patients who did not use statins (p<0.001). Two percent of the patients who used statins died from lung 
cancer whereas 3% of those without statins died from lung cancer (p<0.05). After excluding lung cancer patients, extra-pulmonary cancer was 
the cause of death in 4% of those with and 7% of those without statins (p<0.01). After adjustments for potential confounding factors, statins 
were not significantly associated with total cancer mortality (HR 0.82; 95% CI 0.57-1.20), lung cancer mortality (HR 1.00; 95% CI 0.52-1.92) or  
extra-pulmonary mortality (HR 0.74; 95% CI 0.47-1.17) (Table 3).  
 
 
Table 3. Association between statins and cancer mortality 
 Cancer mortality Lung cancer mortality  Extrapulmonary cancer mortality 

 Univariate Multivariate* Univariate Multivariate* Univariate Multivariate* 

 HR 95%CI HR 95%CI HR 95%CI HR 95%CI HR 95%CI HR 95%CI 

All patients             

   Statins 0.70 0.52-0.96 0.82 0.57-1.20 0.74 0.43-1.27 1.00 0.52-1.92 0.69 0.47-1.00 0.74 0.47-1.17 

COPD patients             

   Statins 0.52 0.32-0.84 0.57 0.32-1.01 0.46 0.20-1.07 0.75 0.28-2.05 0.56 0.31-1.00 0.49 0.24-0.99 

*Adjusted for age, gender, type surgery, diabetes, smoking, hypercholestrolemia, corticosteroids, aspirin and propensity score 

 
Statins and cancer mortality in COPD patients 
Of the 1310 patients with COPD, 330 (25%) used statins at baseline. More patients who did not use statins died from cancer than those who 
used statins (14% versus 6%; p<0.001). Similar differences were noted when only lung cancer mortality was considered (5% versus 2%; 
p<0.01) or extra-pulmonary cancer mortality (9% versus 4%; p<0.01). Figure 2 presents the long-term cancer free survival curves of COPD 
patients with and without statins use (see on-line supplementary Figure 2 for lung cancer free survival curves). Of the patients who used a 
statin, 87% survived during the follow-up period compared to 72% of those who did not use statins at baseline (log-rank <0.01). After 
adjustments the relationship was attenuated with borderline significance between statins and total cancer mortality (HR 0.57; 95% CI 0.32-1.01) 
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and non-significance between statins and lung cancer mortality (HR 0.75; 95% CI 0.28-2.05) 
(Table 3). However, in this sub-analysis including only patients with COPD, statins were 
associated with reduced cancer mortality from sites other than the lungs (HR 0.49; 95% CI 
0.24-0.99).    
 
DISCUSSION 

This large study of patients with peripheral arterial disease demonstrates a significant 
relationship between COPD and cancer mortality. The risk rises sharply when patients 
demonstrate moderate to severe airflow obstruction (FEV1 less than 80% of predicted). 
Interestingly, in moderate COPD, both lung and extra-pulmonary cancer deaths increased 
while, in severe COPD, lung cancer mortality predominated.  

Our results confirm the findings of prior studies which investigated the association 
between COPD and lung cancer mortality. A severity dependent association was found 
between the FEV1 quintiles and risk for lung cancer mortality.[19-22] A similar relationship 
was observed in our study, however for the assessment of COPD severity we used the 
classifications as defined by the GOLD guidelines instead of FEV1 quintiles. We found in 
particular moderate and severe COPD as independent risk factors for lung cancer mortality. 
These findings are also in line with the results of three other studies which investigated the 
relationship between the GOLD classifications of COPD severity and lung cancer as well. 
However our results could not completely be compared with these studies as they examined 
the association with lung cancer incidence rather than lung cancer mortality.[7, 9, 23] 
Although the relationship between COPD and lung cancer is well known [19-22], the 
association of COPD with extra-pulmonary cancers is less well established. A study by 
Purdue et al. of construction workers failed to demonstrate a significant association between 
COPD and the risk of non-pulmonary carcinomas.[7] However, the study was limited owing 
to small number of cancer events (3.7%) and the overwhelming predominance of men (96% 
of the cohort). By evaluating a group of high-risk patients (i.e. older, smoking history, co-
morbidities, mix of men and women, etc.), our study had sufficient power to demonstrate an 
independent association of COPD with extra-pulmonary cancer mortality. On average, COPD 
increased extra-pulmonary cancer mortality by more than 40%. Our study also suggests that 
extra-pulmonary cancers are particularly important causes of death in patients with moderate 
(but not mild or severe) COPD.[19-21, 24]  

These data are consistent with previous reports by the Lung Health Study (LHS)[11] 
and TORCH (Towards a Revolution in COPD Health) groups.[25] LHS evaluated patients 
with mild to moderate COPD (average FEV1 of 75% of predicted); whereas the TORCH trial 
studied patients with more severe diseases (FEV1 44% of predicted). In LHS, 21% of deaths 
were from extra-pulmonary cancers. On the other hand, in TORCH, extra-pulmonary cancers 
only accounted for 7% of the total deaths. Thus, in severe COPD, other competing causes of 
mortality such as lung cancer and respiratory failure may be important.   

The mechanism by which COPD increases cancer risk is largely unknown. Cigarette 
smoking is a shared risk factor for both COPD and solid organ cancers including lung, breast 
and colorectal cancer. However, in our analysis, we adjusted for smoking and still found a 
significant relationship between COPD and cancer. Moreover, a recent study of lifelong 
never smokers found a significant relationship between COPD and lung cancer mortality.[8]  
Collectively, these data suggest that, in addition to cigarette smoking, other potential 
explanations should be considered. These include: 1) shared genetic susceptibility[26, 27], 2) 
delayed clearance of inhaled carcinogens because of airflow limitation[28]; and 3) chronic 
low-grade lung and systemic inflammation associated with COPD.[29] We have found 
previously that in COPD patients, systemic levels of C-reactive protein, a biomarker of 
systemic inflammation, is associated with future risk of cancer mortality including those 
related to extra-pulmonary cancers.[30] Similarly, in the largest meta-analysis of its kind, 
Danesh and colleagues demonstrated that plasma fibrinogen, another non-specific marker of 
systemic inflammation, is associated with both pulmonary and extra-pulmonary cancers in 
smokers and in never smokers.[31]   
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Statins are lipid lowering drugs that also possess significant anti-inflammatory 
properties which may have beneficial effects not only on cardiovascular disease but on other 
comorbidities associated with COPD as well. The findings from the present study suggest 
that in COPD patients statins may be effective in reducing deaths from especially extra-
pulmonary cancers. The results of our study are consistent with previous epidemiologic 
studies which have suggested that statins may lower cancer risk.[12-15, 32, 33] A study by 
Blais and collegues[34] found patients using statins were less likely to be diagnosed with 
cancer compared to patients using bile acid-binding resins which indicates that the protective 
effect of statins is unlikely due to their lipid-lowering effect but likely from other effects. The 
increased risk of cancer conferred by COPD might explain the increased benefit of statins 
observed in patients with COPD compared to patients with normal pulmonary function. 
Randomised controlled trials are needed to confirm our findings. 

There are several limitations to this study. First, as the data are collected 
retrospectively, residual confounding by measured and unmeasured variables is possible. 
The results of this study should thus be interpreted cautiously and conservatively. Second, 
the study population consisted of patients who underwent vascular surgery. Since such 
patients are more likely to be smokers and to have additional risk factors for cancer than 
those of the general population, the findings of the present study may not be generalisable to 
the total population. Third, we did not have complete data on the primary site of the extra-
pulmonary cancer deaths. Of the 214 patients who died from extra-pulmonary cancers, we 
were able to specify the site in 124 (58%) patients (see on-line supplementary Figure 1 for 
details). Thus, the impact of statins on different types and sources of extra-pulmonary 
cancers remains unknown. Fourth, statin use was categorised based on whether or not 
patients were treated with statins at the start of follow-up period. We did not consider change 
in statin status during the follow-up period. This may have caused misclassification of statin 
status, which would have diluted the relationship. Thus, our estimate of the potential statin 
effect on cancer mortality is likely to be conservative.   
 In conclusion, COPD was associated with increased lung and extra-pulmonary cancer 
mortality in this large cohort of vascular surgery patients with peripheral arterial disease. The 
risk of lung cancer mortality increased with severity of COPD; whereas, the risk of extra-
pulmonary cancer was significant only in moderate COPD possibly owing to competing risks 
of mortality in patients with severe COPD. Statins may modulate the risk of extra-pulmonary 
cancer mortality in patients with COPD.  
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 Figure legend 
 
Figure 1. Long-term cancer free survival according to COPD severity 
Figure 2. Long-term cancer free survival according to statin use in COPD patients 
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On-line Supplementary Table 1. Association between COPD and long-term cancer mortality (excluding COPD patients without 
spirometry) 
 
 Total cancer mortality Lung cancer mortality  Extra-pulmonary cancer mortality 

 Univariate Multivariate* Univariate Multivariate* Univariate Multivariate* 

 HR 95%CI HR 95%CI HR 95%CI HR 95%CI HR 95%CI HR 95%CI 

COPD 2.38 1.88-3.00 1.86 1.41-2.45 3.42 2.27-5.13 2.59 1.59-4.22 1.98 1.49-2.65 1.58 1.13-2.23 

             

No COPD 1.00  1.00  1.00  1.00  1.00  1.00  

Mild COPD 1.85 1.33-2.58 1.43 1.00-2.05 2.11 1.16-3.86 1.63 0.85-3.10 1.75 1.18-2.60 1.36 0.88-2.09 

Moderate COPD 2.85 2.14-3.79 2.31 1.67-3.20 4.17 2.58-6.75 3.45 2.00-5.95 2.35 1.64-3.36 1.90 1.26-2.85 

Severe COPD 2.67 1.57-4.54 2.36 1.30-4.27 6.03 2.93-12.40 5.55 2.39-12.89 1.44 0.63-3.29 1.26 0.52-3.06 

*Adjusted for age, gender, type surgery, diabetes, smoking, hypercholestrolemia, corticosteroids, statins and aspirin   
 

On-line Supplementary Table 2. The association between statins and cancer mortality (exclusion of COPD patients without 
spirometry) 
 
 Cancer mortality Lung cancer mortality  Extrapulmonary cancer mortality 

 Univariate Multivariate* Univariate Multivariate* Univariate Multivariate* 

 HR 95%CI HR 95%CI HR 95%CI HR 95%CI HR 95%CI HR 95%CI 

All patients             

   Statins 0.58 0.39-0.87 0.79 0.48-1.31 0.61 0.32-1.17 0.95 0.42-2.16 0.57 0.34-0.95 0.71 0.38-1.35 

COPD patients             

   Statins 0.53 0.32-0.89 0.63 0.33-1.21 0.50 0.21-1.18 0.79 0.27-2.30 0.55 0.29-1.05 0.55 0.24-1.24 

*Adjusted for age, gender, type surgery, diabetes, smoking, hypercholestrolemia, corticosteroids, aspirin and propensity score 
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On-line Supplementary Table 3. The association between lung function and long-term cancer mortality including individuals with a 
“restrictive” defect on spirometry (defined as FEV1/FVC >80% and FEV1 less than 80% of predicted) 
 
 Total cancer mortality Lung cancer mortality  Extra-pulmonary cancer mortality 

 Univariate Multivariate* Univariate Multivariate* Univariate Multivariate* 

 HR 95%CI HR 95%CI HR 95%CI HR 95%CI HR 95%CI HR 95%CI 

COPD 2.28 1.81-2.86 1.81 1.38-2.36 3.15 2.13-4.67 2.41 1.51-3.83 1.76 1.34-2.30 1.57 1.13-2.18 

             

No COPD 1.00  1.00  1.00  1.00  1.00  1.00  

Mild COPD 1.84 1.31-2.58 1.45 1.01-2.08 2.04 1.08-3.84 1.58 0.81-3.09 1.76 1.18-2.63 1.40 0.91-2.15 

Moderate COPD 2.77 2.08-3.67 2.34 1.70-3.22 4.17 2.58-6.73 3.64 2.14-6.20 2.26 1.59-3.23 1.89 1.26-2.82 

Severe COPD 2.72 1.60-4.61 2.47 1.37-4.45 6.42 3.14-13.13 6.25 2.74-14.23 1.45 0.64-3.29 1.27 0.52-3.07 

“Restrictive” lung disease 2.40 1.31-4.42 2.56 1.38-4.75 5.02 2.15-11.75 5.38 2.27-12.77 1.47 0.60-3.60 1.56 0.63-3.85 

*Adjusted for age, gender, type surgery, diabetes, smoking, hypercholestrolemia, corticosteroids, statins and aspirin   
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