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ARTICLE INFO ABSTRACT

Keywords: Introduction: Static hyperinflation, a hallmark characteristic of some patients with chronic obstructive pul-
Chronic obstructive pulmonary disease monary disease, is related to higher mortality and cardiovascular morbidity. However, information about its
Hyperinflation association with lung cancer is scarce. Our aim was to evaluate whether static hyperinflation is associated with

Lung cancer

future risk of lung cancer in COPD patients.
Risk factors

Methods: A cohort of 848 COPD patients recruited outside the hospital setting was monitored for an average
period of 4.3 years, totaling 2858 person-years, regarding diagnosis of cancer of any origin or lung cancer. Static
hyperinflation was defined by functional residual capacity measured by plethysmography greater than 120% of
the predicted value.

Results: The incidence rates for cancer of any origin and lung cancer were 16.0 (95%CI, 15.1-17.8) and 8.7
(95%ClI, 7.7-9.8) per 1000 patient-years, respectively. Among the patients with lung cancer, non-small cell lung
cancer predominated (88%). In a stepwise multivariate Cox regression model, body mass index (BMI), pack-
years, Charlson index, and postbronchodilator FEV;/FVC ratio were retained as independent predictors of cancer
of any origin. In contrast, features associated with a future risk of lung cancer included older age, low BMI,
increased pack-years and presence of static hyperinflation (adjusted hazard ratio: 4.617, 95%CI: 1.007-21.172,
p = 0.049).

Conclusion: In a general COPD outpatient population, static hyperinflation is an independent risk factor for the
development of lung cancer, which might contribute towards justifying the excess mortality identified in COPD
patients with hyperinflation.

1. Introduction been classically attributed to tobacco consumption, a common etiolo-

gical agent. However, in recent years, it has been extensively demon-

Chronic obstructive pulmonary disease (COPD) is a common re-
spiratory condition characterized by airflow limitation; it is associated
with high morbidity and mortality rates. COPD represents a major
health problem worldwide that affects about 328 million people. It is
the fourth leading cause of death, accounting for 4 million deaths every
year [1-4], mainly due to cardiovascular diseases or cancer [5].

While the relationship between COPD and cancer of any origin has
been less studied, the association between COPD and lung cancer has

strated that COPD could increase the risk of lung cancer when con-
trolled for smoking history [6-11], suggesting the contribution of other
factors, such as genetic or epigenetic alterations [12], inflammation,
oxidative stress or noxious substances [10]. Due to the growing demand
of lung cancer screening programs by COPD patients and as a means to
improve their cost-effectiveness, it is important to have better knowl-
edge of risk factors that are clinically identifiable in order to improve
patient selection. Among these factors, the severity of airflow limitation
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has been extensively related with lung cancer incidence [8,13-17]; the
same is true for the presence of emphysema [11,17-22] or the number
of COPD exacerbations [14].

Due to reduced elastic-recoil pressure of the lungs combined with
expiratory flow limitation [23], lung hyperinflation plays a central role
in the pathophysiology of many clinical consequences of COPD. In fact,
lung hyperinflation is a common functional disorder in these patients
[24], which is closely related to dyspnea degree and exercise tolerance
[25,26] as well as daily physical inactivity [27]. Moreover, in COPD
patients, lung hyperinflation at rest (static hyperinflation), con-
ventionally determined by a functional residual capacity (FRC) >
120% of predicted [28], is related to cardiovascular comorbidity
[29,30] and is also an independent predictor of respiratory and all-
causes mortality [31].

Nonetheless, although one could speculate that the mechanical
stretching of the airway epithelial cells induced by lung hyperinflation
together with the increase of airway inflammation and oxidative stress,
previously reported in patients with hyperinflation [32], might favor
the development of neoplastic transformations in the airways of these
patients, no information is available about the association between
static lung hyperinflation and the development of lung cancer in COPD
patients. The objective of the present study was to evaluate whether
static hyperinflation is an independent risk factor for the development
of lung cancer or cancer of any origin in a clinical cohort of COPD
patients.

2. Material and methods
2.1. Study design and patients

Between April 2004 and December 2008, a total of 848 outpatients
with COPD were recruited from the Fuenlabrada cohort study. Details
are available elsewhere [33,34]. Briefly, the study included all subjects
aged 40 or older with airflow limitation and a clinical diagnosis of
COPD treated by general practitioners or pulmonologists in the ninth
district of the Madrid Metropolitan Area, Spain.

The diagnosis of COPD was based on the presence of a post-
bronchodilator FEV,;/FVC ratio less than 0.7 and under the lower limit
of normal with clinical confirmation in the patient’s medical files (codes
491.xx or 492.xx of the International Classification of Diseases, Ninth
Revision, Clinical Modification).

Exclusion criteria were: inability to obtain acceptable and re-
producible spirometric and plethysmographic measurements in ac-
cordance with ATS/ERS recommendations [35,36]; previous diagnosis
of asthma, cystic fibrosis, interstitial lung disease, pulmonary throm-
boembolic disease, active tuberculosis, chest wall disease, neuromus-
cular disorder, or malignant tumor; or history of thoracotomy with
pulmonary resection. All included patients were required to be in stable
clinical condition, with no respiratory infection in the previous 6 weeks.
Participants who received antibiotics and/or steroids in the month prior
to enrollment were also excluded. The study was approved by the local
ethics committee (Comité Etico de Investigacién Hospital Universitario
de Fuenlabrada. APR-17/55).

2.2. Procedures

Anthropometric characteristics, smoking habit, current treatment,
moderate-severe COPD exacerbations during last year and comorbid-
ities were recorded for all patients. During a baseline clinical ex-
amination, spirometry and plethysmography were performed with a
MasterScreen Body (Jaeger-Viasys, Wiirtzburg, Germany), following
current guidelines [35,36]. FVC and FEV; were automatically selected
as the best values from three acceptable, reproducible maneuvers [35].
After baseline evaluation, four separate doses of 100 mg of salbutamol
were given by metered dose inhaler using a spacer, and spirometry was
repeated after a 15-min delay. Thoracic gas volume at the level of
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functional residual capacity (FRC) was measured while the subjects
made gentle breathing movements against the shutter at a rate of < 1
s~1. A series of 3-5 technically satisfactory panting maneuvers were
recorded; afterwards, the shutter was opened and subjects performed
an expiratory reserve volume maneuver followed by a vital capacity
maneuver. Corrections for not occluding the airway at a representative
end-expiratory lung volume were made to obtain FRC [37]. FRC was
reported as the mean of three or more measurements that differed less
than 5 percent from the mean. Residual volume (RV) was determined
by subtracting the expiratory reserve volume from the FRC. Similarly,
total lung capacity (TLC) was calculated by adding the mean RV to the
largest inspiratory vital capacity that was within 5% of the mean.

As reference values, Global Lung Function Initiative (GLI) and
European Coal and Steel Community equations were used for spiro-
metric parameters and static lung volumes, respectively [37,38].
Baseline severity of airflow limitation was classified according to the
GOLD guidelines [39], and static lung hyperinflation was defined as
FRC > 120% of predicted [28].

2.3. Follow-up and outcome measurements

Patients were treated by their general practitioner or pulmonologist
following current guidelines [39], and they were checked every 3-6
months during the follow-up period until December 31, 2009. Changes
in smoking habit, comorbidity and current treatment were recorded.

The primary outcome was time until a cancer diagnosis was estab-
lished. The diagnosis of cancer was made by conventional clinical cri-
teria and classified by M alphanumeric codes of ICD-9-CM, considering
both the presence of lung cancer and cancer of any origin. A participant
was considered lost to follow-up if we could not contact the patient or if
she/he had changed residence. Results were reported for patients
within a minimum follow-up of 3 months.

2.4. Statistical analysis

Continuous variables were expressed as mean * SD or median
(interquartile range), depending on their normal distribution.
Categorical variables were reported as absolute numbers and percen-
tages. Comparisons between groups were performed using the chi-
squared test, Student’s t-test or analysis of variance with Bonferroni post
hoc analysis. Standard Cox semiparametric proportional hazard models
were used to study time-to-cancer data. Kaplan-Meier curves and log
rank tests of cancer-free survival were performed after stratifying by
presence or not of static lung hyperinflation. In the multivariate Cox
regression analysis, variables were included if they were independently
associated with both the outcome and the exposure (p < 0.05) or if
they modified the risk ratio estimate for any of the remaining covariates
(> 0.5% change). Survival models were always adjusted for age, sex,
pack-years, body mass index (BMI), Charlson comorbidity index, cur-
rent treatment and airflow limitation severity. All effects were con-
sidered significant with a p value < 0.05. Statistical analyses were
performed using the Statistical Package for the Social Sciences, v20.0
(SPSS Inc, Chicago, IL, USA).

3. Results

A total of 848 patients with COPD were included in the analysis,
totaling the experience of 2858 patient-years of follow-up time con-
tributed to the study. Patients had a mean age = SD of 61 * 11 years,
and 73% were males. At study entry, 39.4% of patients were current
smokers and 44.8% former smokers. Based on the GOLD classification,
120 (14.1%) had mild, 443 (52.2%) had moderate, 231 (27.1%) had
severe and 54 (6.6%) had very severe airflow limitation. Baseline pa-
tient characteristics according to COPD severity are presented in
Table 1.
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Table 1
General characteristics of the study subjects.”
Total COPD patients Mild Moderate Severe Very severe p-value
N 848 120 443 231 54 -
Males, % 619 (73.0) 92 (76.7) 312 (70.4) 175 (75.8) 40 (74.1) 0.358
Age, yrs. 61 + 11 61 = 11 63 + 11 61 = 10 61 + 10 0.05
BMI, kg/m2 28.6 =+ 5.8 26.6 = 4.1 29.5 = 5.6 28.7 = 6.5 25.7 = 5.4 < 0.001
Smoking status 0.728
Current smoker, % 315 (39.4) 53 (47.3) 160 (38.6) 83 (37.6) 19 (37.3)
Former smoker, % 358 (44.8) 43 (38.4) 189 (45.5) 103 (46.6) 23 (45.1)
Never smoker, % 126 (15.8) 16 (14.3) 66 (15.9) 35 (15.8) 9(17.6)
Pack-years 47.7 = 259 39.4 = 235 46.8 = 25.5 525 = 27.1 52.0 = 23.8 0.001
Moderate-severe exacerbations last year < 0.001
None, % 558 (65.8) 98 (81.7) 313 (70.7) 119 (51.5) 28 (51.9)
1, % 138 (16.3) 10 (8.3) 73 (16.5) 47 (20.3) 8 (14.8)
2 or more, % 145 (17.1) 12 (10.0) 57 (12.9) 65 (28.1) 18 (33.3)
Comorbidity
Heart ischemic disease, % 53 (6.3) 6 (5.0) 26 (5.9) 18 (7.8) 3 (5.6) 0.713
Congestive heart failure, % 43 (5.1) 1(0.8) 22 (5.0) 18 (7.8) 23.7) 0.043
Peripheral arterial disease, % 158 (18.7) 20 (16.8) 81 (18.4) 50 (21.6) 7 (13) 0.424
Diabetes, % 116 (13.7) 6 (5.0) 69 (15.6) 37 (16.0) 4(7.4) 0.008
Charlson comorbidity index 3.6 =19 34 =19 3.6 = 2.0 3.8 =19 33 =15 0.161
Postbronchodilator spirometry
FEVy, 1 1.67 = 0.67 2.61 = 0.56 1.81 + 0.45 1.13 = 0.29 0.73 = 0.67 < 0.001
FEV;, % pred. 59 + 19 89 £ 8 64 + 8 41 £ 6 26 + 4 < 0.001
FEV,, z-score —-2.61 = 1.16 —7.20 = 0.54 —2.35 = 0.56 —3.64 = 0.51 —4.56 = 0.55 < 0.001
FVG, 1 2.79 = 0.96 3.90 = 0.93 2.90 = 0.79 2.22 = 0.67 1.79 + 0.69 < 0.001
FVC, %pred. 73 = 18 103 = 11 77 = 11 58 + 10 47 + 12 < 0.001
FVC, z-score —1.58 = 1.30 0.30 = .084 -1.34 = 0.78 —2.54 + 0-78 —-3.58 = 1.11 < 0.001
FEV,/FVC 0.60 = 0.10 0.67 = 0.04 0.63 = 0.07 0.52 = 0.10 0.44 = 0.13 < 0.001
FEV,/FVC, z-score —2.32 = 1.08 —1.49 = 0.60 —2.00 = 0.80 —3.00 = 1.03 —-3.77 = 1.15 < 0.001
Lung volumes
TLC, 1 5.81 = 1.99 6.1 = 3.10 5.66 = 1.6 591 = 1.73 6.07 = 2.40 0.08
TLC, % pred. 102 + 29 104 + 48 100 = 24 104 = 25 104 = 35 0.251
FRC, 1 4.18 + 1.42 4.16 = 1.06 3.89 = 1.21 4.55 = 1.62 499 + 2.10 < 0.001
FRC, % pred. 133 + 40 130 = 29 122 + 35 144 = 45 157 = 59 < 0.001
FRC/TLC 0.70 *= 0.46 0.65 = 0.13 0.66 = 0.62 0.76 = 0.10 0.82 = 0.12 0.004
RV, 1 3.06 = 1.78 242 + 295 2.82 = 1.33 3.62 = 1.47 4.08 = 1.90 < 0.001
RV, % pred. 144 + 76 113 = 122 132 + 57 166 = 62 187 += 82 < 0.001
RV/TLC 0.53 = 0.34 0.43 = 0.12 0.51 = 0.45 0.60 = 0.11 0.64 = 0.16 < 0.001
Current treatment
SABA or SAMA % 449 (53.1) 54 (45.4) 234 (53.1) 134 (58.0) 27 (50.0) 0.152
LABA or LAMA, % 239 (28.3) 34 (28.6) 142 (32.2) 51 (22.1) 12 (22.2) 0.034
LAMA and LABA, % 449 (53.1) 34 (28.6) 216 (49.0) 161 (69.7) 38 (70.4) < 0.001
Inhaled corticosteroids, % 586 (69.3) 55 (46.2) 288 (65.3) 198 (85.7) 45 (83.3) < 0.001
Oxygen therapy, % 96 (11.4) 1(0.8) 28 (6.3) 49 (21.2) 18 (33.3) < 0.001

Definition of abbreviations: BMI = body mass index; FVC = forced vital capacity; FEV; = forced expiratory volume in 1s; FRC = functional residual capacity;
LABA = long-acting beta-adrenergic agonists; LAMA = long-acting muscarinic antagonist; RV = residual volume; TLC = total lung capacity.
? Data are mean *+ SD or percentage. p-value by Chi-squared test of analysis of variance.

3.1. Risk of cancer of any origin

After completing the follow-up period, 47 (5.5%) patients were di-
agnosed with cancer of any origin. This represents an overall cancer
rate of 16.0 (15.1-17.8) per 1000 patient-years. The characteristics of
COPD patients who developed cancer of any origin during the follow-up
period compared to those who did not are shown in Table 2.

Risk factors related to a diagnosis of cancer of any origin during the
follow-up period are summarized in Table 3. In the crude model, male
sex, advanced age, low BMI, and high-intensity smoking habit or
Charlson morbidity index were significantly related to a diagnosis of
cancer. Moreover, airflow limitation (assessed by postbronchodilator
FEV; or FEV,/FVC), hyperinflation (FRC) and air trapping (RV) were
identified as risk factors for cancer of any origin. However, in the
stepwise multivariate Cox regression model, only BMI, pack-years,
Charlson index, and postbronchodilator FEV;/FVC ratio were retained
as independent predictors of cancer of any origin (Table 3).

3.2. Risk of lung cancer

25 patients (2.9%) were diagnosed with lung cancer, which re-
presents an overall lung cancer rate of 8.7 (7.7-9.8) per 1000 patient-
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years. Specifically, 22 (88%) patients had non-small cell lung cancer
(NSCLC) and 3 (12%) had small cell lung cancer (SCLC).

The patients who developed lung cancer were more often older men
who had lower BMI, more accumulated intensity of smoking and more
comorbidity. In turn, these patients had lower FEV; and FEV;/FVC and
higher FRC than patients with COPD who did not develop lung cancer
(Table 4). In the univariate survival analysis, significant hazard ratios
(HR) were observed for male sex, age, BMI, smoking history, Charlson
morbidity index, postbronchodilator FEV; and FEV;/FVC, and FRC
(Table 5). Last of all, in the stepwise multivariate Cox regression model,
age, BMI and pack-years were retained as independent predictors.
Moreover, the presence of static hyperinflation, defined by an FRC
greater than 120% predicted, was also identified as an independent risk
factor for lung cancer (adjusted hazard ratio: 4.617, 95%CI:
1.007-21.172, p = 0.049). Fig. 1 shows the crude and adjusted Kaplan-
Meier curves for free-lung cancer survival according the presence or
absence of static hyperinflation, in which it is demonstrated that pa-
tients with static hyperinflation have a higher risk of developing lung
cancer.
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Table 2
Comparison of the baseline characteristics of COPD patients according to the
development of cancer of any origin.”
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Table 4
Comparison of the baseline characteristics of COPD patients according to the
development of lung cancer.”

COPD patients COPD patients with  p

COPD patients COPD patients with  p

without cancer cancer without lung cancer  lung cancer
N 801 47 N 823 25
Males, % 578 (72.2) 41 (87.2) 0.014 Males, % 595 (72.3) 24 (96) 0.004
Age, yrs. 61 + 11 66 = 10 0.003 Age, yrs. 61 = 11 67 £ 8 0.002
BMI, kg/m2 28.8 = 5.8 26 = 5.0 0.002 BMI, kg/rn2 29 = 6 25 =5 0.001
Smoking status 0.058 Smoking status 0.089
Current smoker, % 298 (39.5) 17 (37.8) Current smoker, % 303 (39.1) 12 (48.0)
Former smoker, % 332 (44.0) 26 (57.8) Former smoker, % 345 (44.6) 13 (52.0)
Never smoker, % 124 (16.4) 2 (4.4) Never smoker, % 126 (16.3) 0 (0.0)
Pack-years 46.8 = 25.5 59.7 = 285 0.002 Pack-years 47.0 = 255 65.4 = 30.5 < 0.001
Charlson comorbidity 3.6 = 1.9 46 = 1.9 < 0.001 Charlson comorbidity 36 =19 4.9 = 2.0 0.001
index index
Moderate-severe 0.848 Moderate-severe 0.166
exacerbations last exacerbations last
year year
None, % 530 (95.0) 28 (5.0) None, % 545 (97.7) 13 (2.3)
1, % 128 (93.4) 10 (7.3) 1, % 133 (97.1) 4 (2.9
2 or more, % 143 (94.1) 9 (5.9) 2 or more, % 144 (94.7) 8 (5.3)
Lung function Lung function
FEV;, % pred. 59 + 19 52 = 19 0.011 FEV;, % pred. 59 = 19 51 = 19 0.001
FEV,, z-score —-2.59 * 117 —-2.89 + 1.15 0.09 FEV,, z-score —-2.60 = 1.17 —-291 = 1.10 0.194
FVC, % pred. 77 + 19 76 = 17 0.716 FVC, % pred. 77 = 19 76 + 17 0.893
FVC, z-score -1.58 + 1.31 -1.60 = 1.13 0.899 FVC, z-score -1.57 = 1.30 -1.56 = 1.11 0.951
FEV,/FVC 0.60 = 0.10 0.52 + 0.11 < 0.001 FEV,/FVC 0.60 = 0.10 0.50 + 0.10 < 0.001
FEV,/FVC, z-score —2.28 * 1.06 —2.90 * 1-19 < 0.001 FEV,/FVC, z-score —2.30 = 1.08 —3.07 = 1.04 < 0.001
TLC, % pred. 102 = 30 106 = 24 0.318 TLC, % pred. 102 = 30 109 + 15 0.195
FRC, % pred. 132 * 40 149 + 44 0.004 FRC, % pred. 132 + 40 154 = 29 0.008
FRC/TLC 0.69 + 0.47 0.77 + 0.15 0.223 FRC/TLC 0.69 = 0.46 0.78 = 0.79 0.358
RV, % pred. 141 = 76 163 = 66 0.049 RV, % pred. 142 = 76 166 + 47 0.107
Static lung hyperinflation, 476 (59.5) 38 (80.9) 0.002 Static lung 491 (59.7) 23 (92) < 0.001

%

hyperinflation, %

Definition of abbreviations: BMI = body mass index; FVC = forced vital capa-
city; FEV; = forced expiratory volume in 1s; FRC = functional residual capa-
city; GOLD = Global Obstructive Lung Disease; RV = residual volume; TLC =
total lung capacity.

@ Data are mean * SD or percentage. p-value by t-Student or Chi-squared
tests.

4. Discussion

The main result of our study is the identification of static hyperin-
flation as an independent risk factor for the development of lung cancer

Definition of abbreviations: BMI = body mass index; FVC = forced vital capa-
city; FEV; =forced expiratory volume in 1s; FRC = functional residual capa-
city; GOLD = Global Obstructive Lung Disease; RV = residual volume;
TLC = total lung capacity.

@ Data are mean * SD or percentage. p-value by t-Student or Chi-squared
tests.

in patients with COPD; meanwhile, it is not associated with the de-
velopment of cancer of any origin. Identification of risk factors for lung
cancer in groups of patients with higher incidence of this neoplasm is
particularly important, given that this disorder is the leading cause of

Table 3
Risk factors for cancer of any origin in COPD patients.
Crude hazard ratio p Multivariate analysis®
(95% CI)

Adjusted hazard ratio (95%CI) p
Males (vs. females) 2.515 (1.064-5.943) 0.036 - -
Age, yrs. 1.049 (1.020-1.080) 0.001 - -
BMI, Kg/m? 0.901 (0.850-0.955) < 0.001 0.905 (0.847-0.967) 0.003
Pack-years 1.017 (1.007-1.028) 0.001 1.012 (1.001-1.023) 0.039
Charlson comorbidity index 1.308 (1.157-1.479) < 0.001 1.287 (1.138-1.456) < 0.001
Moderate-severe exacerbations last year 1.003 (0.734-1.301) 0.765
FEV;, % pred. 0.982 (0.966-0.998) 0.024 - -
FEV,, z-score 0.842 (0.653-1.087) 0.187 - -
FVC, % pred. 0.995 (0.980-1.011) 0.556
FVC, z-score 0.963 (0.766-1.211) 0.747
FEV,/FVC 0.951 (0.928-0.974) < 0.001 0.970 (0.944-0.997) 0.031
FEV,/FVC, z-score 0.688 (0.535-0.885) 0.004 - -
TLC, % pred. 1.004 (0.994-1.014) 0.413
FRC, % pred. 1.007 (1.002-1.003) 0.012 - -
FRC > 120% pred. 2.721 (1.311-5.619) 0.007 - -
RV, % pred. 1.003 (1.000-1.007) 0.057

Definition of abbreviations: BMI = body mass index; FVC = forced vital capacity; FEV, = forced expiratory volume in 1s; FRC = functional residual capacity;

RV = residual volume; TLC = total lung capacity.

@ Stepwise multivariate model including age, sex, body mass index, smoking intensity (pack-years), Charlson comorbidity index, current treatment, post-
bronchodilator FEV,/FVC, airflow limitation severity and functional residual capacity.
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Table 5

Risk factors for lung cancer in COPD patients.
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Crude hazard ratio (95% CI)

p Multivariate analysis®
Adjusted hazard ratio (95%CI) P

Males (vs. females)

Age, yrs.

BMI, kg/m?

Pack-years

Charlson comorbidity index
Moderate-severe exacerbations last year
FEV;, % pred.

FEV,, z-score

FVC, % pred.

FVC, z-score

FEV,/FVC

FEV,/FVC, z-score

TLC, % pred.

FRC, % pred.

FRC > 120% pred.

RV, % pred.

9.014 (1.219-66.636)
1.051 (1.011-1.093)
0.866 (0.798-0.940)
1.023 (1.010-1.037)
1.348 (1.150-1.580)
1.012 (0.734-1.316)
0.978 (0.957-1.000)
0.821 (0.582-1.158)
1.000 (0.979-1.021)
1.033 (0.759-1.405)
0.935 (0.905-0.965)
0.573 (0.408-0.805)
1.009 (0.997-1.020)
1.009 (1.003-1.016)
7.791 (1.837-33.046)
1.004 (1.000-1.008)

0.031 - -
0.011 1.066 (1.023-1.112) 0.003
0.001 0.890 (0.811-0.976) 0.013
< 0.001 1.018 (1.004-1.031) 0.010
< 0.001 - -
0.217
0.045
0.261
0.998
0.837
< 0.001 - -
0.001 - -
0.130

0.007 - -
0.005 4.617 (1.007-21.172) 0.049
0.068

Definition of abbreviations: BMI = body mass index; FVC = forced vital capacity; FEV; = forced expiratory volume in 1s; FRC = functional residual capacity;
GOLD = Global Obstructive Lung Disease; RV = residual volume; TLC = total lung capacity.

@ Stepwise multivariate model including age, sex, body mass index, smoking intensity (pack-years), Charlson comorbidity index, current treatment, post-
bronchodilator FEV;/FVC, airflow limitation severity and functional residual capacity.

cancer deaths worldwide in men, and second most common in women,
with an estimated 1.6 million deaths per year [40], and screening
programs need to have risk predictors to improve patient selection and
increase their efficiency.

The incidence rate of both cancer of any origin and lung cancer
obtained in our cohort is consistent with previous studies. With respect
to cancer of any origin, our incidence rate (16.0 per 1000 patient-years)
is even slightly higher than that detected in another study conducted in
our country with 308 outpatients with COPD who had been followed
for 3 years, in which a incidence rate of 10.3 per 1000 patient-years was
reported [41]. In turn, the incidence rate of lung cancer detected in our
series was higher than those reported by studies including COPD pa-
tients from primary care settings or population-based cohorts, in which
incidence rates ranging from 1.58 to 6.5 per 1000 patient-years have
been described [41-46]. In fact, we believe that the rigorous and de-
tailed clinical monitoring of our patients has allowed us to identify a
lung cancer incidence rate of 8.7 per 1000 patient-years, which is si-
milar to reports in high-risk patients by some lung cancer screening
programs, such as the National Lung Screening Trial-American College
of Radiology Imaging Network (NLST-ACRIN) cohort (7.96-8.11/1000
person-years in 6436 high-risk cigarette smokers with airflow limita-
tion) [47] or the Pittsburg Lung Cancer Screening Study (PLuSS) (9.07/
1000 patient-years in 1553 patients with airflow limitation followed for
3 years) [18], although clearly lower than that achieved in the
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Pamplone prospective cohort study of 2588 COPD patients followed for
a median of 60 months (16.6/1000 patient-years) [48]. In addition,
regarding histological types of lung cancer, 88% of lung cancers in
COPD patients from our cohort were non-small cell lung cancer, coin-
ciding with descriptions by other authors [49].

In our patients, advanced age, low BMI, elevated pack-years index,
and the presence of static hyperinflation were identified as risk factors
for lung cancer. The first three are concordant with large prospective
studies that report age [45,46,48,50-55], pack-years [46,50-54] and
low BMI [48,50] as the strongest risk variables for lung cancer in COPD
patients. In contrast, some features associated with a future risk of lung
cancer in other studies have not been identified in the analysis of our
cohort. In a recent case-control analysis from the COPDGene cohort,
respiratory exacerbations in the last year have been directly associated
with an increased risk of lung cancer [17]. However, in our COPD pa-
tients, exacerbations were not related to risk of lung cancer, neither in
the crude analysis nor in the multivariate analysis. Although the sample
size might have been insufficient to detect a significant association, it
seems more likely that this apparent discrepancy is due to the profile of
patients selected in both studies. Unlike the COPDGene cohort, our
patients were younger, mostly men, with less severity of airflow lim-
itation and with fewer exacerbations in the previous 12 months
(0.26 *= 0.60 in our cohort vs. 0.60 + 1.1 in the COPDGene cohort)
[17]. On the other hand, the controversy about the role of the severity
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Fig. 1. Risk for lung cancer in COPD patients classified according to static lung hyperinflation. (A) Kaplan-Meier five-year crude curves. (B) Kaplan-Meier five-year
curves adjusted for sex, age, BMI, packs x year, Charlson comorbidity index, current treatment and airflow limitation.
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of airflow limitation as a risk factor for lung cancer also remains. While
the NLST-ACRIN and PLuSS cohorts show that increasing severity of
airflow limitation is directly associated with a higher risk of lung cancer
[18,47], de Torres et al. [48] have reported an inverse relationship
between incidence of lung cancer and FEV;. In addition to the FEV;, a
decreased FEV,/FVC ratio was also associated with a higher risk of lung
cancer in the COPDGene study [17]. Interestingly, in our univariate
analysis, the FEV;/FVC ratio proved to be a stronger predictor of lung
cancer risk than FEV;, although it disappeared from the multivariate
model when static hyperinflation was introduced.

Undoubtedly, the most striking finding of our study is that patients
with static hyperinflation have a 4.6-fold increased risk for lung cancer,
while their risk for cancer of any origin is not increased. Thus, it may be
hypothesized that the potential effects have mainly a local impact at the
airway level. Although static hyperinflation is characteristic of em-
physema, whose severity assessed by computed tomography is asso-
ciated with a higher incidence of lung cancer [17,50], it is important to
note that this functional disorder is not exclusive of emphysema and
may be present in patients with other COPD phenotypes [56].

While our data do not enable us to evaluate the mechanisms by
which static hyperinflation might favor the development of lung cancer
in COPD patients, there is enough previous evidence that allows us to
speculate about certain possibilities. Firstly, it has been reported that
stable COPD patients with hyperinflation present higher airway oxi-
dative stress, probably due to a higher production of reactive oxygen
species caused by mechanical stretching of the airway epithelial cells, a
reduced free-radical scavenging capacity in the airways, or a combi-
nation of both circumstances [32]. In any case, airway oxidative stress
is associated with oncogenic DNA mutation as well as cell injury, which
can lead to the replication of tumor cells and the development of lung
cancer in the event that cell damage is not adequately repaired [57-59].
Secondly, lung hyperinflation is related to reduced elastic recoil, loss of
alveolar attachments and increased airway resistance, which can favor
hypoxia through ventilation/perfusion inequalities, and hypoxia has a
recognized role in the development and progression of cancer [60-63].
Finally, it is also feasible that hyperinflation and lung cancer share a
genetic pathogenic pathway independent of smoking history. For ex-
ample, it has been reported that a single nucleotide polymorphism in
dynein axonemal heavy chain (DNAHS5) could be related to hyperin-
flation in COPD patients [64]. In turn, other authors have described
that the oncogenic driver originated by the association of DNAH5 and
TRA2B genes might have a role in the development of squamous cell
lung cancer [65].

Our study has several strengths and limitations. Among the former
is the larger number of subjects included and the long follow-up period,
including more than 2858 person-years with a broad spectrum of COPD
severity. Second, because of recruitment outside a hospital setting
without any specific selection, it is likely that our cohort is highly re-
presentative of the general population of patients with COPD. Third, the
entire cohort was recruited in the same geographical area, and all
clinicians followed the same COPD clinical guidelines for pharmaco-
logic and non-pharmacologic management. Finally, the follow-up in-
formation is very accurate, with few participants lost to follow-up.
Several limitations, however, also need to be acknowledged. Firstly, we
only have computed tomography scans and lung diffusing capacity
measurements for a small group of patients, since they were not routine
diagnostic procedures in all COPD patients at the time of cohort gen-
eration. Therefore, our study does not reach the sample size required to
assess the influence of these variables in the prediction model of lung
cancer risk and more information will be required to elucidate whether
lung cancer is more strongly associated with functional or morpholo-
gical impairment. Secondly, all participants were white persons with a
clear predominance of males, reflecting the epidemiology of COPD in
Spain [66]. Therefore, our results should be extrapolated with caution
to other populations. Finally, it was not possible to make an analysis of
time-dependent variables to assess changes in medication and other
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factors. Even in the long-term, our analysis assumed that the patients’
condition did not change from baseline, which may not be so for some
variables.

In conclusion, this study demonstrates that static hyperinflation is
an independent risk factor for the development of lung cancer in pa-
tients with COPD, which highlights the relevance of this functional
alteration and could contribute to justify the higher mortality asso-
ciated with hyperinflation, beyond its repercussions on the cardiovas-
cular system.
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