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Background: COPD is considered an independent risk factor for lung cancer. COPD and lung 

cancer are both very heterogeneous diseases, and the study herein investigates the link between 

COPD phenotypes and specific histological subtypes of lung cancer.

Methods: This case–control study comprised 2,283 patients with newly diagnosed pathological 

lung cancer and 2,323 non-lung cancer controls. All participants underwent pulmonary function 

tests. The diagnosis of COPD was based on Global Initiative for Chronic Obstructive Lung 

Disease criteria. Subtypes of the two diseases were categorized according to 2015 World Health 

Organization classification of lung cancer and computer quantification of airway collapse on 

maximum expiratory flow volume. ORs were estimated using logistic regression analysis.

Results: The prevalence of COPD was higher (32.8%) in lung cancer patients compared to 

controls (16.0%). After adjustment for age, sex, body-mass index, and smoking status, the 

presence of COPD significantly increased the risk of lung cancer (OR 2.88, 95% CI 2.48–3.34) 

and all common histological subtypes (ORs 2.04–5.26). Both emphysema-predominant and 

non-emphysema-predominant phenotypes of COPD significantly increased the risk of lung 

cancer (OR 4.43, 95% CI 2.85–6.88; OR 2.82, 95% CI 2.40–3.31). Higher risk of squamous-

cell carcinoma and small-cell lung cancer was observed in patients with the emphysema-

predominant than the non-emphysema-predominant phenotype (OR 1.73, 95% CI 1.03–2.89; 

OR 3.74, 95% CI 1.64–8.53).

Conclusion: COPD was an independent risk factor for lung cancer and all common histological 

subtypes. Both emphysema-predominant and non-emphysema-predominant phenotypes of 

COPD significantly increased the risk of lung cancer. Relative to non-emphysema-predominant 

phenotype of COPD, emphysema-predominant phenotype had a higher risk of squamous-cell 

carcinoma and small-cell lung cancer.
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Introduction
Lung cancer and COPD are common pulmonary diseases. Lung cancer is the most 

common cancer and the leading cause of cancer death worldwide. In 2012, an estimated 

1.8 million new cases and 1.5 million lung cancer deaths occurred globally,1,2 among 

which a third occurred in China.3,4 COPD is another devastating disease that causes 

progressive and ultimately fatal deterioration of lung function over time. In 2010, 

the number of COPD cases increased to 384 million worldwide.5 In China, it became 

a topic of increasing concern.6 COPD and lung cancer have become the third- and 

fifth-most common cause of deaths globally, respectively.7 The economic and social 

burdens associated with these diseases have indicated dramatic increases.8,9
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Lung cancer and COPD are interrelated pulmonary 

diseases.10 They share many common risk factors, such 

as cigarette smoking and other inhalation hazards from 

occupational, domestic, or outdoor air pollution.11–15 The 

association between COPD and lung cancer risks has 

been studied extensively over the last 30 years. It has been 

demonstrated that reduction in forced expiratory volume in 

1 second (FEV
1
) is associated with an increase in the risk 

of lung cancer.16,17 Lung cancer incidence among COPD 

patients with smoking history also appears very high (16.7 

per 1,000 person-years).18 Moreover, epidemiological studies 

have found that COPD could increase the risk of lung cancer 

by two- to sixfold, regardless of smoking habits.19–21 Several 

studies have attempted to summarize possible mechanistic 

links between COPD and lung cancer. There are numerous 

arguments supporting a common physiopathology between 

the two diseases, such as inflammation, extracellular matrix 

proteolysis, oxidative stress, telomere shortening, and genetic 

predisposition.22–27 However, the exact mechanism connect-

ing the two pathologies remains unclear and needs to be 

investigated further.

Lung cancer and COPD are heterogeneous diseases with 

different pathological changes. Lung cancer is characterized 

by abnormal cell behavior, such as increased proliferation, 

invasion, and angiogenesis. The World Health Organization 

(WHO) has classified lung cancer into several subtypes.28 

On the other hand, COPD is characterized by persistent 

respiratory symptoms and airflow limitation. The major 

pathological changes in COPD include emphysema and 

airway remodeling.29,30 Researchers have pointed out that 

the heterogeneous nature of the two diseases has largely 

hampered progress toward uncovering this mechanistic 

link.24,31 There is an urgent requirement to clarify the link 

between COPD phenotypes and histological subtypes of 

lung cancer.

Generally, subtypes of lung cancer are categorized merely 

according to histopathology, while phenotypes of COPD can 

be classified in many ways, such as clinical, pathophysiologic, 

and radiographic methods.32,33 Traditionally, according 

to dominant pathological changes, patients with COPD 

can be divided into two most common phenotypes: 

emphysema-predominant and airway-predominant.34 Quanti-

tative computed tomography (QCT) is a common diagnostic 

method used to derive COPD pathological phenotypes.30 

However, QCT is not routinely available for patients with 

chronic airway disease. Furthermore, the high cost and 

complicated nature of the procedure limits its usage in retro-

spective clinical studies. Computer quantification of airway 

collapse (AC) on maximum expiratory flow volume (MEFV) 

curve is an alternative and reproducible method to predict the 

presence of emphysema that facilitates the identification of 

the emphysema-predominant phenotype of COPD.35–37

We attempted to gain insight into more specific links 

between lung cancer and COPD to gain an understanding of 

the mechanistic link between the two diseases. In this study, 

we validated the relationship between COPD and lung cancer 

risk in larger samples, and further explored the link between 

COPD phenotypes and the risk of specific histological sub-

types of lung cancer.

Methods
subjects
A case–control study was performed using the clinical 

database of Qilu Hospital, Shandong University, Jinan from 

2004 to 2015. Patients with newly pathology-diagnosed 

lung cancer were enrolled. Non-lung cancer controls were 

collected from patients undergoing lung-function screening 

in the corresponding period. All participants underwent 

pulmonary function tests (PFTs) and chest CT scans. Patients 

were excluded if they had a history of asthma, bronchiectasis, 

tuberculosis, pulmonary fibrosis, or other confounding 

diseases. Data on age, sex, body-mass index (BMI), smoking 

history, lung cancer histology, chest CT, and other medical 

information were carefully collected for all subjects in the 

study. Pulmonary function-test data were exported from 

the MasterLab system (Jaeger, Höchberg, Germany). As a 

retrospective study, all data were anonymous. We declare 

that patients’ data were confidential and did not compromise 

patient interests. After the approval of the ethics committee of 

Qilu Hospital of Shandong University (2015091), informed 

consent from participants was not required.

lung cancer diagnosis and histological 
classification
Lung cancer was diagnosed based on preoperative and/or 

postoperative histopathology reports, and was categorized as 

adenocarcinoma, squamous-cell carcinoma (SCC), small-cell 

lung cancer (SCLC), large-cell carcinoma, large-cell neu-

roendocrine carcinoma (LCNC), adenosquamous carcinoma, 

carcinoid tumors, and other histological types. SCLC, LCNC, 

and carcinoid tumors were grouped together into neuroendo-

crine tumor types according to the WHO classification of lung 

cancer.28 The exclusion of lung cancer in the control group 

was done by an experienced radiologist and pulmonologist 

based on chest CT scan and clinical information.
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assessment of COPD and COPD 
severity
All participants (lung cancer and controls) underwent PFTs 

performed by respiratory physicians. The Global Initiative 

for Chronic Obstructive Lung Disease (GOLD; 2005–2015) 

criteria were used to diagnose COPD and assign grades of 

severity: patients with postbronchodilator values of FEV
1
/

forced vital capacity (FVC) ,0.7 were classified as COPD, 

FEV
1
 $0.8 as mild, 0.5# FEV

1
 ,0.8 moderate, 0.3# 

FEV
1
 ,0.5 severe, and FEV

1
 #0.3 extremely severe.29

Identification of COPD phenotypes
AC on MEFV curve of diagnosed COPD patients was evalu-

ated based on Topalovic’s method of computer quantitative 

measurement.36 Raw PFT data points (sampling every 40 mL 

volume) of MEFV curves were exported from the MasterLab 

system and analyzed by the computer model. AC measure-

ments were conducted under standard procedures using a com-

puter model based on MatLab 8.5 (MathWorks, Natick, MA, 

USA). The procedure was performed according to previous 

work.37 A few COPD patients whose raw PFT data were not 

available were excluded from further analysis. Studies have 

demonstrated that sharp AC in the MEFV curve is an indica-

tor of emphysema.35,36 According to our previous study, AC 

137° was chosen as an optimal cutoff point for categorizing 

COPD phenotypes: emphysema-predominant (AC #137°) 

and non-emphysema-predominant (AC .137°).

statistical analysis
Quantitative data are expressed as means ± SD. Qualitative 

data are described using relative frequencies. Statistical 

differences between cases and controls and between-group 

differences were evaluated by χ2 tests or Student’s t-test. 

Multivariable logistic regression was used to estimate ORs 

and 95% CIs for lung cancer and for each histological subtype 

associated with COPD or COPD phenotypes. Univariate 

analysis was performed on age, sex, BMI, smoking status, 

presence of COPD, grade of COPD clinical severity, and 

COPD phenotype as independent variables. These variables 

were subsequently introduced into a multivariate model to 

eliminate the possibility of mutual confounding. P=0.05 was 

considered statistically significant. All statistical analyses 

were performed using SPSS version 19.0.

Results
Participant characteristics
A total of 4,606 participants were collected from March 

2004 to December 2015: 2,283 lung cancer cases and 2,323 

non-lung cancer controls. The characteristics of participants 

are shown in Table 1. There was no significant difference 

in age, sex, or smoking status between lung cancer patients 

and controls (P=0.110, 0.061, and 0.745, respectively). Sig-

nificantly higher prevalence of COPD was observed in lung 

cancer patients (32.8% [748]) compared to controls (16% 

[371], P,0.001). Furthermore, similar differences between 

lung cancer patients and controls were revealed in each grade 

of COPD. Histological subtypes found were adenocarcinoma 

(1,120 [49.1%]), SCC (792 [34.7%]), neuroendocrine car-

cinoma (192 [8.4%], SCLC 152 [9.6%], LCNC 20 [0.9%], 

and carcinoid tumors 20 [0.9%]), large-cell carcinoma (58 

[2.5%]), adenosquamous carcinoma (46 [2.0%]), and other 

histological types (14 [0.6%]). More than 90% of lung can-

cers were at an early stage (stage IA–IIB).

Computed quantitative measurements of AC were 

performed on a total of 1,008 (90.1%) COPD patients 

Table 1 Characteristics of cases and controls

Lung 
cancer 
cases 
(n=2,283)

Non-lung 
cancer 
controls 
(n=2,323)

P-value

age, years (mean ± sD) 60.3±9.5 59.8±9.7 0.110
sex, n (%) 0.061

Male 1,719 (75.3) 1,804 (77.7)
Female 564 (24.7) 519 (22.3)

BMI, kg/m2 (mean ± sD) 24.2±3.5 23.4±3.4 ,0.001
smoking status, n (%) 0.745

Current and ex-smokers 1,225 (53.7) 1,258 (54.2)
nonsmokers 1,058 (46.3) 1,065 (45.8)

COPD, n (%)
no 1,535 (67.2) 1,952 (84.0) ,0.001
Yes 748 (32.8) 371 (16.0) ,0.001
Mild 554 (24.3) 305 (13.1) ,0.001
Moderate 163 (7.1) 62 (2.7) ,0.001
severe/extremely severe 31 (1.4) 4 (0.2) ,0.001

histologic subtype, n (%)
adenocarcinoma 1,120 (49.1) na
squamous carcinoma 792 (34.7) na
neuroendocrine carcinoma 192 (8.4) na
sClC 152 (6.6) na
lCnC 20 (0.9) na
Carcinoid tumors 20 (0.9) na
large-cell carcinoma 58 (2.5) na
adenosquamous carcinoma 46 (2.0) na
Other subtypes@ 14 (0.6) na
Unclassified carcinoma 61 (2.7) na

lung cancer stage, n (%)
I 1,651 (72.3) na
II 467 (20.5) na
III–IV 165 (7.2) na

Note: @Other subtypes include sarcomatoid carcinoma and pulmonary melanoma.
Abbreviations: BMI, body-mass index; sClC, small-cell lung cancer; lCnC, large-
cell neuroendocrine carcinoma; na, not applicable.
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(including lung cancer patients and controls). Briefly, 110 

emphysema-predominant phenotypes (AC 129.2°±6.9°) 

and 898 non-emphysema-predominant phenotypes (AC 

150.9°±7.1°) in COPD patients were identified. Patients 

with emphysema-predominant phenotypes had worse lung 

function (P,0.001), were older (P=0.024), and more of them 

were male (P=0.028) compared to patients with the non-

emphysema-predominant phenotype. Proportions of SCC and 

SCLC were also significantly higher among patients with the 

emphysema-predominant phenotype. Other characteristics of 

the two phenotypes are shown in Table 2.

associations between COPD and lung 
cancer risk
Lung cancer risk factors are shown in Table 3. In univariate 

analysis, the presence of COPD was associated with an 

increased risk of lung cancer (OR 2.56, 95% CI 2.23–2.95). 

Multivariable logistic regression analysis revealed that after 

age, sex, BMI, and smoking-status adjustment, the presence 

of COPD was an independent risk factor for lung cancer 

(OR 2.88, 95% CI 2.48–3.34). After adjustment for age, sex, 

BMI, and smoking status, with increased COPD severity, the 

risk of lung cancer was significantly increased (OR 2.24, 

95% CI 1.99–2.51). In the same multivariable logistic regres-

sion model, female sex was also a risk factor for lung cancer.

relationships between COPD and risk of 
different lung cancer subtypes
Lung cancer subtypes are presented in Table 4. After adjust-

ment for age, sex, BMI, and smoking status, the presence 

of COPD indicated increased risk by two- to fivefold for 

each histological subtype of lung cancer compared with 

non-COPD. Among the most common subtypes, the odds 

for increased risk of SCLC were extremely high (OR 5.14, 

95% CI 3.58–7.39), followed by LCNC (OR 4.35, 95% CI 

1.68–11.3), SCC (OR 3.51, 95% CI 2.90–4.23), large-cell 

carcinoma (OR 3.41, 95% CI 1.94–5.98), and adenocar-

cinoma (OR 2.11, 95% CI 1.74–2.55); Additionally, the 

presence of COPD increased the risk of neuroendocrine 

lung carcinoma by 4.28-fold (OR 4.28, 95% CI 3.20–5.73). 

Moreover, after adjustment, with increased COPD severity, 

risks of the aforementioned subtypes were also significantly 

increased.

links between COPD phenotypes and 
risk of specific lung cancer histological 
subtypes
In this study, COPD was categorized into two pheno-

types: emphysema-predominant and non-emphysema-

predominant. The presence of emphysema-predominant and 

non-emphysema-predominant COPD indicated increased risk 

of lung cancer by more than fourfold and twofold, respectively 

(OR 4.43, 95% CI 2.85–6.88; OR 2.82, 95% CI 2.40–3.31) 

(Table 3). Additionally, both phenotypes increased the risk 

of most subtypes of lung cancer, including adenocarcinoma, 

SCC, SCLC and large-cell carcinoma. Adjusted ORs for each 

subtype of lung cancer are shown in Table 4.

To clarify the difference of lung cancer risk between the 

two phenotypes, all non-COPD patients were removed from 

further analysis. Logistic regression analysis revealed that 

compared to patients with the non-emphysema-predominant 

phenotype, patients with emphysema-predominant COPD 

had significantly higher risk of lung cancer (adjusted 

OR 1.61, 95% CI 1.02–2.54), especially SCC and SCLC 

(adjusted OR 1.72, 95% CI 1.03–2.89; adjusted OR 3.74, 

95% CI 1.64–8.53). For increased risks of other lung cancer 

subtypes, no significant difference was observed between 

the two phenotypes (Table 5).

Table 2 Characteristics of COPD phenotypes

Emphysema-
predominant 
(n=110)

Non-
emphysema-
predominant 
(n=898)

P-value

age, years (mean ± sD) 64.6±7.8 62.6±8.4 0.024
sex, n (%) 0.028

Male 104 (94.5) 785 (87.4)
Female 6 (5.5) 113 (12.6)

BMI, kg/m2 (mean ± sD) 23.0±3.7 23.3±3.4 0.348
smoking status, n (%) 0.445

Current and ex-smokers 72 (65.5) 622 (69.3)
nonsmokers 38 (34.5) 276 (30.7)

aC (mean ± sD) 129.2±6.9 150.9±7.1 ,0.001
FeV1, l (mean ± sD) 1.4±0.4 2.1±0.6 ,0.001
FVC, l (mean ± sD) 2.9±0.7 3.3±0.8 ,0.001
FeV1/FVC, % (mean ± sD) 50.0±9.6 63.2±5.5 ,0.001
lung cancer subtype, n (%) 82 (74.5) 596 (66.4)

adenocarcinoma 17 (15.5) 229 (25.5) 0.533
squamous carcinoma 41 (37.3) 270 (30.1) 0.033
neuroendocrine carcinoma 12 (10.9) 54 (5.9) 0.027
sClC 11 (10.0) 46 (5.1) 0.028
lCnC 1 (0.9) 4 (0.4) 0.366
Carcinoid tumors na 4 (0.4) na
large-cell carcinoma 3 (2.7) 17 (1.9) 0.404
adenosquamous carcinoma 1 (0.9) 7 (0.8) 0.516
Other subtypes@ 1 (0.9) 4 (0.4) 0.366
Unclassified carcinoma 7 (6.4) 15 (1.7) 0.044
non-lung cancer, n (%) 28 (25.5) 302 (33.6) 0.086

Note: @Other subtypes include sarcomatoid carcinoma and pulmonary melanoma.
Abbreviations: aC, airway collapse; BMI, body-mass index; FeV1, forced expiratory 
volume in 1 second; FVC, forced vital capacity; lCnC, large-cell neuroendocrine 
carcinoma; sClC, small-cell lung cancer; na, not applicable.
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Discussion
The present study investigated the association between COPD 

phenotypes and specific histological lung cancer subtypes. 

Compared with previous studies, this study has a number 

of strengths, including large sample, participants collected 

without specific selection, confirmed diagnosis of lung cancer 

and COPD, and latest methods for categorizing subtypes or 

phenotypes. We found that after adjustment for age, sex, 

BMI, and smoking status, COPD was an independent risk 

factor for lung cancer and all common histological subtypes. 

Compared to non-COPD, both emphysema-predominant 

and non-emphysema-predominant phenotypes of COPD 

significantly increased the risk of lung cancer. Moreover, 

we demonstrated that there were some differences among 

different COPD phenotypes in relation to lung cancer risk: 

the increased risk of SCC and SCLC was significantly higher 

in patients with the emphysema-predominant phenotype 

compared to patients with the non-emphysema-predominant 

phenotype.

A number of studies have reported that approximately 

40%–70% of lung cancers coexist with COPD.19,38,39 In 

the present study, high COPD prevalence was found in 

Table 3 risk factors for lung cancer

Univariate analysis Logistic regression@

OR 95% CI P-value OR 95% CI P-value

COPD 2.56 2.23–2.95 ,0.001 2.88 2.48–3.34 ,0.001a

COPD grading 2.06 1.84–2.29 ,0.001 2.24 1.99–2.51 ,0.001b

emphysema-predominant COPD 3.72 2.41–5.75 ,0.001 4.43 2.85–6.88 ,0.001c

non-emphysema-predominant COPD 2.51 2.15–2.93 ,0.001 2.82 2.40–3.31 ,0.001d

age 1.01 0.99–1.01 0.110 1.00 0.99–1.00 0.605a

BMI 1.07 1.05–1.09 ,0.001 1.08 1.06–1.11 ,0.001a

sex 1.14 0.99–1.31 0.059 1.32 1.12–1.56 0.001a

smoking status 0.98 0.87–1.10 0.735 1.00 0.87–1.15 0.988a

Notes: @There were four multivariable logistic regression models: COPD (dichotomous, referent non-COPD), COPD grading (continuous, increase), emphysema-
predominant COPD phenotype (dichotomous, referent non-COPD), and non-emphysema-predominant COPD phenotype (dichotomous, referent non-COPD) distributed in 
models 1–4, respectively. age (continuous, increase), BMI (continuous, increase), sex (dichotomous, referent male) and smoking status (dichotomous, referent nonsmoking) 
were common variables of models 1–4,a model 1,b model 2,c model 3,d and model 4.
Abbreviation: BMI, body-mass index.

Table 4 risk factors for different histological subtypes of lung cancer@

Squamous 
carcinoma&

Adenocarcinoma& Neuroendocrine 
carcinoma&

SCLC& LCNC&

COPDa 3.51 (2.90–4.23)# 2.11 (1.74–2.55)# 4.28 (3.20–5.73)# 5.14 (3.58–7.39)# 4.35 (1.68–11.3)#

COPD gradingb 2.53 (2.20–2.29)# 1.72 (1.49–2.00)# 2.92 (2.41–3.61)# 3.32 (2.61–4.22)# 3.69 (2.04–6.68)#

emphysema-predominant phenotypec 5.96 (3.44–9.41)# 2.01 (1.07–3.79)# 8.73 (4.47–17.1)# 11.9 (5.58–25.5)# 9.80 (1.10–82.3)#

non-emphysema-predominant phenotyped 3.40 (2.78–4.17)# 2.26 (1.85–2.77)# 3.68 (2.76–5.08)# 4.31 (2.89–16.8)# 2.80 (0.85–9.18)*
agea 1.02 (1.01–1.03)# 0.99 (0.99–1.00)* 0.97 (0.96–0.98)# 0.96 (0.95–0.98)# 0.99 (0.93–1.01)*
BMIa 1.08 (1.05–1.10)# 1.09 (1.07–1.12)# 1.07 (1.03–1.11)# 1.07 (1.02–1.12)# 0.99 (0.87–1.12)*
sexa 0.45 (0.33–0.61)# 1.78 (1.48–2.16)# 1.27 (0.87–1.87)* 1.59 (0.99–2.55)* 1.20 (0.36–3.98)*
smoking statusa 1.51 (1.23–1.85)# 0.70 (0.58–0.83)# 1.16 (0.84–1.61)* 1.11 (0.73–1.68)* 0.77 (0.27–2.19)*

Carcinoid 
tumors&

Large-cell 
carcinoma&

Adenosquamous 
carcinoma&

Other 
subtypes&

Unclassified&

COPDa 1.75 (0.74–6.16)* 3.41 (1.94–5.98)# 2.04 (1.01–4.11)# 5.26 (1.84–18.1)# 3.09 (1.78–5.35)#

COPD gradingb 1.47 (0.63–3.45)* 2.27 (1.53–2.71)# 1.69 (1.03–2.79)# 2.44 (1.17–5.09)# 2.52 (1.78–3.59)#

emphysema-predominant phenotypec na 5.56 (1.55–19.9)# 2.45 (0.27–16.8)* 8.29 (0.88–78.5)* 9.03 (3.16–25.8)#

non-emphysema-predominant phenotyped 2.10 (0.67–6.63)* 3.37 (1.84–6.17)# 1.51 (0.65–3.54)* 3.26 (0.90–11.8)* 2.74 (1.48–5.04)#

agea 0.98 (0.94–1.02)* 0.99 (0.96–1.02)* 1.01 (0.98–1.05)* 0.99 (0.94–1.05)* 1.02 (0.99–1.05)*
BMIa 1.06 (0.94–1.19)* 1.07 (1.00–1.16)# 1.12 (1.03–1.21)# 0.87 (0.74–1.03)* 1.00 (0.93–1.08)*
sexa na 0.66 (0.25–1.72)* 3.03 (1.34–6.86)# 2.17 (0.41–11.5)* 1.20 (0.56–2.55)*
smoking statusa 0.86 (0.31–2.45)* 1.73 (0.89–3.35)* 1.97 (0.90–4.33)* 2.35 (0.52–10.6)* 1.30 (0.70–2.43)*

Notes: @There were four multivariable logistic regression models, and each lung cancer subtype was analyzed respectively. COPD (dichotomous, referent non-COPD), 
COPD grading (continuous, increase), emphysema-predominant COPD phenotype (dichotomous, referent non-COPD), and non-emphysema-predominant COPD phenotype 
(dichotomous, referent non-COPD) distributed in models 1–4, respectively. age (continuous, increase), BMI (continuous, increase), sex (dichotomous, referent male) and 
smoking status (dichotomous, referent non-smoking) were common variables of models 1–4,a model 1,b model 2,c model 3,d and model 4. &adjusted Or (95% CI); #P,0.05; 
*P.0.05.
Abbreviations: BMI, body-mass index; sClC, small-cell lung cancer; lCnC, large-cell neuroendocrine carcinoma; na, not applicable.
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2,283 patients with lung cancer (32.8%). Even though our 

data appear to reveal the lowest percentages published thus 

far,19–21,38,39 they also appear to be very accurate. Briefly, in a 

previous study COPD was diagnosed using different criteria, 

including self-report evaluation,20 which might have led to 

overdiagnosis. Moreover, certain studies were performed 

only on smokers.19,21,40 Our lung cancer cases were not specifi-

cally selected (such as targeting population at higher risk). 

During subgroup analysis, we found that the prevalence of 

COPD in lung cancer cases was 42.4% in smokers compared 

to 21.8% in nonsmokers (data not shown). This was con-

sistent with previous results. In order to avoid the potential 

impact of resection on lung function,41 PFTs were performed 

after lung cancer diagnosis but before surgery. Young et al 

reported that there were no significant changes in lung func-

tion before and after lung cancer diagnosis.19 As such, the 

results from this study should be more comparable to the 

prevalence of COPD in the overall lung cancer population. 

Besides, the prevalence of COPD in matched hospital-based 

controls was 16%, somewhat higher but still in line with 

recently published studies on COPD prevalence.6

Previous prospective studies have provided evidence 

for increased risk of lung cancer in the presence of COPD. 

Wasswa-Kintu et al demonstrated that there was an inverse 

relationship between lung function and lung cancer inci-

dence in smokers.17 Furthermore, a cohort of 2,507 COPD 

outpatients without lung cancer was followed for a 5-year 

period, during which time 215 patients had developed cancer 

(incidence density of 16.7 per 1,000 person-years).18 More-

over, Turner et al strengthened the evidence of increased risk 

of COPD for lung cancer in nonsmokers.42 In the present 

study, we found that the presence of COPD increased the 

risk of lung cancer by 2.88-fold, after adjusting for age, 

sex, BMI, and smoking status. COPD has been reported to 

increase the risk of lung cancer by two to sixfold in some 

small case–control studies.19,38 de Torres et al observed an 

inverse relationship between the incidence of lung cancer 

and the severity of COPD.18 On the contrary, we observed 

that the risk of lung cancer was significantly increased fol-

lowing increased GOLD grade. A potential explanation is 

that patients with more severe COPD died at an early point 

during the study, revealing a decrease in the number of severe 

COPD patients at risk as the prospective study progressed. 

Nevertheless, the “survival bias” can be effectively avoided 

in case–control study. Besides, in this study, the same rela-

tionships were also observed in nonsmokers and female 

subgroups, and were consistent with the results reported by 

two specific population studies.40,42 The results were not in 

line with another study conducted in southern China in that 

they reported no significant relationship between previous 

COPD (including COPD, emphysema and chronic bronchitis) 

and the risk of lung cancer in nonsmokers.43 This requires a 

larger multicenter study to verify.

Although the aforementioned studies have confirmed 

that the presence of COPD increases the risk of lung cancer, 

they were neither designed nor powered to detect differential 

links between COPD and risks of histological subtypes. The 

most important limitation in reported studies was the small 

number of recorded lung cancer, insufficient to provide 

enough histological subtypes. A prospective study has just 

found SCC was the most frequent histological subtype.18 

In other studies, obtaining the histological types of lung 

cancer was very challenging.19,42,43 Herein, lung cancer was 

proven by biopsy or operative histology, avoiding possible 

bias resulting from inaccurate diagnosis. The cases included 

in the study were collected over more than a decade, and they 

included all common lung cancer subtypes. Some subtypes 

are very recent, and have rarely been mentioned in similar 

studies, such as LCNC and neuroendocrine carcinoma, 

which was an important update in the latest WHO classifica-

tion of lung tumors.28 Consequently, the proportion of each 

subtype was very close to the epidemiological distribution 

of lung cancer subtypes.44 We revealed that the presence of 

COPD indicated an increased risk of two- to five-fold for 

all histological subtypes, except for carcinoid tumors. The 

risk odds for SCLC were highest, followed by LCNC, SCC, 

Table 5 Risk of specific lung cancer subtypes in the presence of 
emphysema-predominant phenotype of COPD relative to non-
emphysema-predominant phenotype

Emphysema-predominant 
phenotype of COPD@

OR 95% CI P-value

all subtypes 1.61 1.02–2.54 0.043
adenocarcinoma 0.89 0.46–1.71 0.721
squamous carcinoma 1.73 1.03–2.89 0.038
neuroendocrine carcinoma 3.09 1.50–6.35 0.002

sClC 3.74 1.64–8.53 0.002
lCnC 2.94 0.31–28.1 0.349
Carcinoid tumors na na na

large-cell carcinoma 2.24 0.60–8.37 0.230
adenosquamous carcinoma 1.89 0.21–16.7 0.567
Other subtypes 3.28 0.29–37.6 0.340
Unclassified carcinoma 2.54 0.85–7.61 0.096

Notes: @each lung cancer subtype was analyzed separately. Multivariable logistic 
regression model variables: emphysema-predominant phenotype of COPD 
(dichotomous, referent non-emphysema-predominant phenotype), age (continuous, 
increase), BMI (continuous, increase), sex (dichotomous, referent male), and 
smoking status (dichotomous, referent nonsmoking).
Abbreviations: BMI, body-mass index; sClC, small cell-lung cancer; lCnC, large-
cell neuroendocrine carcinoma; na, not applicable.
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large cell-carcinoma, and adenocarcinoma. Furthermore, the 

association between the risk of neuroendocrine carcinoma 

and COPD was studied for the first time, and the presence 

of COPD was found to increase the risk of neuroendocrine 

lung carcinoma by 4.28-fold.

Only one previous study, conducted in Taiwan, has 

mentioned that male and female patients with COPD had 

increased risks for SCC, adenocarcinoma, and SCLC. 

Contrary to our results, the HRs of the three subtypes were 

lower and very similar.45 Moreover, Papi et al reported that 

among smokers with NSCLC, COPD was a risk factor for 

SCC,21 which was also observed in our study. Besides, our 

results showed that female sex was also a risk factor for lung 

cancer. This would be mostly due to the high prevalence of 

adenocarcinoma in this study. Subgroup analysis showed 

that female sex was an independent risk factor for adeno-

carcinoma, not other histological subtypes. We believe ours 

is the first well-designed case–control study to provide ORs 

for risk of all histological subtypes of lung cancer according 

to the presence or absence of COPD.

As is well known, COPD is a very heterogeneous dis-

ease, and so the question arises: Is there any link between 

COPD phenotypes and the risk related to specific histological 

subtype of lung cancer? Previous studies have suggested 

that lung cancer is associated with a history of emphysema 

and chronic bronchitis,46–51 and emphysema and chronic 

bronchitis are considered traditional clinical phenotypes 

of COPD.32 In most studies, the diagnosis of emphysema 

and chronic bronchitis relied on self-report and was subject 

to recall bias and misclassification. In order to reduce the 

potential for disease misclassification, researchers have 

attempted to evaluate the association between computed 

CT evidence of emphysema and/or airflow obstruction and 

the risk of lung cancer. They indicated that the presence of 

CT evidence of emphysema could increase the risk of lung 

cancer by two to fourfold, but there was no or lower risk of 

lung cancer associated with airflow obstruction.46–49 Recently, 

two studies have attempted to explore the impact of COPD 

phenotypes categorized by QCT on lung cancer risk.51,52 Their 

results were inconsistent with previous studies reporting that 

QCT measurements of emphysema and airway dimensions 

were not significantly associated with lung cancer risk. This 

implies that methods used to determine COPD phenotypes 

might be very important.

In the present study, computer quantification of AC on 

the MEFV curve was used to categorize phenotypes: emphy-

sema-predominant and non-emphysema-predominant.35–37 

The results obtained showed that compared to non-COPD, 

both phenotypes independently increased the risk of over-

all lung cancer and most lung cancer subtypes (including 

adenocarcinoma, SCC, SCLC, and large-cell carcinoma). A 

previous cross-sectional study reported that the risk odds of 

SCC were significantly increased among lung cancer patients 

with emphysema.53 Further analysis in our study found that 

patients with the emphysema-predominant phenotype of 

COPD had higher risk of SCC and small-cell carcinoma com-

pared with patients with the non-emphysema-predominant 

phenotype of COPD. Increased risk for other subtypes of 

lung cancer was not significantly different between the two 

phenotypes. To the best of our knowledge, this study is the 

first to successfully compare differences between the impacts 

of COPD phenotypes on risks related to specific histological 

subtypes of lung cancer.

With this study, we have presented a comprehensive 

evaluation of the relationship between COPD phenotypes 

and histological subtypes of lung cancer. Though our results 

would not clarify directly the specific mechanistic link 

between COPD and lung cancer, they can certainly provide 

important implications and guidance for research into the 

mechanism between the two diseases. On one hand, we 

found differences among links between COPD phenotypes 

and specific lung cancer histological subtypes. The strong 

association between SCC and emphysema-predominant 

phenotype of COPD can be partly explained by smoking-

induced upregulated matrix metalloproteinase and excessive 

inflammatory and oxidative stress responses.19,21,54 SCLC 

is also strongly related to smoking and emphysema.13,49 

As such, whether there is shared genetic susceptibility to 

chronic smoking-induced inflammation between SCLC and 

emphysema or other common mechanisms still requires more 

concrete research. On the other hand, COPD and its pheno-

types can significantly increase the risk of almost all lung 

cancer subtypes. Therefore, we believe there must be some 

common mechanism between the pathogenesis of lung cancer 

and COPD that is not affected by disease heterogeneity. This 

hypothesis requires further studies and confirmation.

Limitations
We recognize that there were several limitations in this 

study. Firstly, computed quantitative measurement of AC is 

a reliable method to identify the emphysema-predominant 

phenotype of COPD, but non-emphysema-predominant phe-

notype may include airway-dominant and mixed phenotypes. 

A more precise link between the airway-dominant phenotype 

of COPD and lung cancer still needs further study. Secondly, 

PFTs of all lung cancers in this study were performed after 
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lung cancer diagnosis. We were not able to assess the effect of 

lung cancer itself on lung function and the MEFV curve form, 

although most lung cancers in this study were at an early stage 

and previous research has shown no significant changes in 

lung function before and after lung cancer diagnosis.19 SCC 

and SCLC tend toward more central localization. Though 

Papi et al indicated that central lung cancer did not represent 

an increased risk of airflow limitation,21 it remains to be seen 

whether central lung cancer can affect the occurrence and 

development of emphysema. Thirdly, inhaled corticosteroids 

(ICSs) are commonly prescribed to COPD patients. We did 

not get the relevant information regarding the use of ICSs. 

However, several studies have demonstrated that regular 

ICS use in COPD patients was significantly associated with 

decreased lung cancer risk, especially the use of higher ICS 

doses ($1,200 μg/day).55–57 Their potential role in cancer 

prevention should not be ignored. In addition, according to 

the latest classification of lung tumors, many lung SCCs of 

the past are now classified as adenocarcinoma.28 This study 

could not assess the impact of this update on the relationship 

between COPD and lung cancer risk. Lastly, we could not 

provide the lung cancer-incidence rate in the presence of 

COPD in this case–control study, and this remains uncertain 

in Chinese populations. Further well-designed prospective 

studies are necessary to solve these problems.

Conclusion
This study provides more evidence on the links between 

COPD and lung cancer. COPD is an independent risk factor 

for lung cancer and all common histologic subtypes. Both 

emphysema-predominant and non-emphysema-predominant 

phenotypes of COPD significantly increased the risk of lung 

cancer. Compared to the non-emphysema-predominant phe-

notype of COPD, the emphysema-predominant phenotype 

had a higher risk of SCC and SCLC, but not other histologic 

subtypes.
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