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Take-home Points

Study Question: Is rapid FEV, decline (annual FEV,
decline rate > 60 mL per year) an independent risk
factor for lung cancer development in the general
population?

Results: Rapid FEV, decliners showed a significantly
higher hazard of lung cancer development than
nonrapid FEV, decliners.

Interpretation: In the general population, the FEV,
decline rate is a potential biomarker for lung cancer
development and may improve accuracy of conven-
tional lung cancer screening.

Internationally, lung cancer is the second most
commonly diagnosed malignancy and was the leading
cause of cancer-related deaths in 2020." The
development of lung cancer is intricately influenced by
sociodemographic, environmental, clinical, and genetic
factors.” Among clinically important factors related to
lung cancer, lung function has been evaluated as a
potentially useful biomarker for the diagnosis or
prognosis of lung cancer.””

Previous studies have reported that a lower FEV; or
airflow limitation is related to a higher risk of lung cancer
development. The risk of lung cancer is higher in patients
with a higher severity of airflow limitation.® The

incidence of lung cancer is reportedly higher in patients
with obstructive airway diseases, including COPD,
emphysema, and asthma.” '’ Systematic reviews and
meta-analyses have shown a strong association between
reduced FEV, and lung cancer.™' The association
between lung function impairment and a higher risk of
lung cancer can be explained by cigarette smoking, which,
as a mediator, aggravates the FEV; decline rate and
increases lung cancer risk.'” In addition, cigarette
smoking causes COPD, another independent risk factor
for lung cancer."” However, even after controlling for
smoking history, reduced FEV; was still found to be an
independent risk factor for lung cancer in both current
and ex-smokers.'* Impaired lung function and lung
cancer may share genetic susceptibility'” or
pathophysiological mechanisms, including impaired
clearance of carcinogens and dysregulation of reactive

: 16,17
oxygen species.

Lung function is a dynamic variable that changes with
aging, health behavior, or environmental factors.
Therefore, to identify the relationship between lung
function and lung cancer development, the longitudinal
changes rather than fixed baseline values of lung
function must be evaluated. We longitudinally observed
and estimated annual FEV; declines and investigated
whether rapid FEV decline is an independent risk factor
for lung cancer development in the general population.

Study Design and Methods

We followed the Strengthening the Reporting of Observational Studies
in Epidemiology statement to report the current study.'®

Study Design and Eligibility Criteria

This longitudinal, observational study was designed by using
epidemiologic data in South Korea obtained from two population-
based studies (the rural Ansung and urban Ansan cohorts) as part
of the Korean Genome Epidemiology Study (KoGES). This project
recruited the general population between 40 and 69 years of age
and followed them wup biannually from 2001 to 2019. The
methodologic information of the rural Ansung and urban Ansan
cohorts has been described in a previous cohort profile report.'’
The eligibility criteria were as follows: (1) no lung cancer history at
baseline questionnaire administration; (2) no suspicious lung
cancer lesion at baseline chest radiograph; (3) underwent
spirometry at baseline examination; and (4) subsequent follow-up
with spirometry prior to diagnosis of lung cancer. Patients with
missing data on smoking history or chronic lung disease at baseline
were excluded from the study.

Variables and Outcomes

At baseline assessment, sociodemographic and anthropometric
information was obtained, including age, sex, BMI, waist circumference,
smoking history and pack-years of smoking, exercise and education

history, and income. Baseline medical information, including
underlying comorbid diseases and medication history, was acquired by
using several questionnaires. For baseline spirometric assessment, we
obtained pre-bronchodilator FEV; and FVC (in liters and percentage of
the predicted value), FEV,/FVC, and forced expiratory flow between
25% and 75% of vital capacity (FEF,ss) (in liters and percentage of
the predicted value). Laboratory test results were acquired to evaluate
baseline general medical conditions. A protocolized and systematic
questionnaire was used to identify patients with newly developed
malignancies at each follow-up. Patients who reported newly developed
lung cancer, as diagnosed by physicians, were investigated further.

Spirometric Data

We estimated the annual FEV; decline (in milliliters per year) for each
subject. A linear model of FEV and years since baseline was fitted for
each subject using all individual spirometric data from baseline to end
of follow-up. The slope of the resulting linear model represents the
subject’s annual rate of FEV; change (in milliliters per year).”**'
Follow-up was terminated by diagnosis of lung cancer, death, or
censoring. After the linear model was fitted in each individual,
annual FEV, change was graphically depicted. Detailed information
is provided in e-Table 1.

The included subjects were classified into two groups based on the
annual FEV; decline rate: the group with annual FEV, decline rate
> 60 mL per year (defined as rapid FEV,; decliners) and the group
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with annual FEV, decline rate = 60 mL per year (defined as nonrapid
FEV, decliners). These definitions were based on the current
operational definition of accelerated FEV, decline.””

Net Reclassification Improvement

We investigated whether adding FEV; decline rate to the National
Lung Screening Trial (NLST) criteria better identifies subjects at high
risk for lung cancer. Because the cohort data lacked information
regarding the duration of smoking cessation, we created modified
NLST (mNLST) criteria to determine subjects at high risk for lung
cancer. The mNLST criteria are as follows: (1) age = 55 years and
< 70 years; (2) current smoker or ex-smoker; and (3) = 30 pack-
years of smoking. Our suggested new criteria that combine mNLST
criteria and FEV,; decline rate (mNLST-D) to identify subjects at
high risk for lung cancer were: (1) high risk based on the mNLST
criteria; or 2) FEV, decline rate > 60 mL per year. To compare the
accuracy between the mNLST and the mNLST-D criteria, categorical
or continuous time dependent net reclassification improvement
(NRI) was estimated.”

Statistics

Continuous variables were analyzed with the Student t test or the
Wilcoxon rank sum test, and categorical variables were analyzed by
using the ¥ test or Fisher’s exact test. The Cochran-Armitage test
for trend was conducted to evaluate lung cancer incidence across

quintiles. Univariate and multivariate analyses with the Cox
proportional hazards model were conducted to identify whether
rapid FEV, decline is an independent risk factor for lung cancer
development. For the multivariable model, we included the
variables with a statistically significant relationship with lung
cancer development in each univariable model. In addition, sex was
included as a variable for the multivariable model,
differences in lung function have been well verified.”* The variance

as  sex

inflation factor for significant multicollinearity was > 4.0. We
estimated categorical and continuous time dependent NRI and
95% CIs to compare two types of risk prediction models based on
time-to-event data using the R package “nricens.” The P value for
statistical significance was set at < .05. R statistical software
version 4.1.0 (R Core Team [2020]) was used for all statistical
analyses.

Ethics

The current study adhered to the principles of the Declaration of
Helsinki. The Korean Centers for Disease Control and Prevention
obtained written informed consent from all patients included in the
study. Ethical approval for the current study was obtained from the
Institutional Review Board Committee of Seoul National University
Seoul Metropolitan Government (SNU-SMG) Boramae Medical
Center (IRB No. 07-2021-24).

Results

Of the total of 10,030 subjects, 9,885 had no history of lung
cancer or no suspicious lung cancer lesion on baseline
chest radiograph. Baseline lung function was measured in
9,638 subjects, and follow-up lung function was measured

FEV, (L)

0 5 10 15
Year

Group
= Rapid FEV, decliner
== Nonrapid FEV, decliner

prior to the diagnosis of lung cancer in 8,713 subjects.
Among the eligible 8,713 subjects, we excluded 160
subjects with no data on smoking history and 4 subjects
with no data on history of chronic lung disease. Ultimately,
8,549 subjects were included in the current study (e-Fig 1).
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Figure 1 — Annual FEV; decline from baseline lung function. Annual FEV decline is graphically compared between rapid FEV decliners and nonrapid Qlﬁo
FEV decliners. Lines represent the mean value of FEV, and the shaded regions represent the SE of FEV. @3
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Figure 2 - Cumulative lung cancer incidence rate measured at 2-year
intervals. Cumulative lung cancer incidence rate is graphically compared
between rapid FEV, decliners and nonrapid FEV, decliners.

During the follow-up, FEV, was measured a median of
seven times (interquartile range, 4-8) in each patient,
and the median annual FEV, decline rate was 37.2 mL
per year (interquartile range, 26.7-50.0 mL per year) (e-
Fig 2). Among the eligible 8,549 subjects, 1,287 (15.1%)
subjects met the definition for rapid FEV, decliners, and
the other 7,262 (84.9%) subjects were classified as
nonrapid FEV; decliners. Rapid FEV; decliners annually
lost 76.8 mL and 2.6% of FEV; relative to their baseline
lung function, whereas nonrapid FEV, decliners
annually lost 28.0 mL and 1.0% of FEV relative to their
baseline lung function (Fig 1).

Baseline Characteristics and Clinical Features

At baseline, rapid FEV, decliners were older, comprised
more men, had a lower BMI but a larger waist
circumference, and reported more cigarette smoking
exposure (Table 1). In terms of socioeconomic status,
rapid FEV; decliners exercised less, were less educated,

and had less income. There was no significant difference
in underlying comorbid diseases and medication history
between the rapid and nonrapid FEV, decliners. In the
baseline spirometric assessment, rapid FEV; decliners
exhibited higher FEV, or FVC and a lower FEV,/FVC
than the nonrapid FEV, decliners (Table 2). There were
significant differences in laboratory findings between the
two groups. Inflammatory markers, including WBC and
high-sensitivity C-reactive protein, were significantly
elevated in rapid FEV decliners.

Risk of Lung Cancer Development

During the follow-up period, the cumulative rate of
lung cancer development was significantly higher in
rapid FEV, decliners than in nonrapid FEV, decliners
(P < .001) (Fig 2). Lung cancer incidence linearly
increased with accelerated FEV, decline (Cochran-
Armitage test for trend, P = .005) (e-Fig 3). We
summarized the unadjusted hazard ratios for lung
cancer development according to the different variables
in baseline characteristics and clinical features
(e-Tables 2, 3). Among the evaluated variables, age =
45 years, = 30 pack-years of smoking, low baseline
FEV,/FVC, low FEF,5 75, annual FEV, decline rate >
60 mL per year, and increased WBC count were related
to an increased risk of lung cancer development
(Table 3). Following multivariable adjustment, we
found that an annual FEV, decline rate > 60 mL per
year was independently associated with lung cancer
development (adjusted hazard ratio, 2.44; 95% CI, 1.30-
4.57; P = .006).

Net Reclassification Improvement

A reclassification table for development of lung cancer
was summarized according to mNLST criteria and
mNLST-D criteria (e-Table 4). Categorical time-
dependent NRI at 18 years was 0.32 (95% CI, 0.00-0.64)
and continuous time-dependent NRI at 18 years was
0.83 (95% CI, 0.14-1.25).

Discussion

In this longitudinal observational study, we found a
significant association between lung function change
and lung cancer development in a large, community-
based general population. During the 18 years of
observation, 15% of the general population had a FEV,
decline rate > 60 mL per year. Forty-eight cases of lung
cancer developed in the eligible 8,549 subjects, and the
crude incidence rate was calculated as 35.1 per 100,000
person-years, which is close to the estimated crude
incidence rate (41-42 per 100,000 person-years) of lung
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TABLE 1 | Baseline Characteristics of Rapid and Nonrapid FEV; Decliners
Characteristic Nonrapid FEVy Decliner (n = 7,262) Rapid FEV; Decliner (n = 1,287) P Value
Age, y 51.4 + 8.6 54.7 +£ 9.2 < .001
Male 3,226 (44.4) 890 (69.2) < .001
BMI, kg/cm? 24.7 + 3.1 24.1 + 3.2 < .001
Waist circumference, cm 82.6 +£ 8.7 83.7 £ 8.6 < .001
Smoking history
Never smoker 4,580 (63.1) 514 (39.9) < .001
Ex-smoker 1,106 (15.2) 242 (18.8) < .001
Current smoker 1,576 (21.7) 531 (41.3) < .001
= 30 pack-years 718 (9.9) 310 (24.1) < .001
Exercise history = 2 per week 2,228 (30.7) 318 (24.7) < .001
Education history = 12 y 1,092 (15.0) 137 (10.6) < .001
Income®
< 873 dollars per month 2,294 (32.1) 551 (43.4) < .001
873-1,745 dollars per month 2,137 (29.4) 365 (28.4) .458
1,746 = dollars per month 2,717 (37.4) 353 (27.4) < .001
Underlying comorbid disease
Chronic lung disease 183 (2.5) 31 (2.4) .890
Cardiovascular disease 103 (1.4) 20 (1.6) .803
Congestive heart failure 19 (0.3) 3 (0.2) 1.000
Hypertension 1,228 (16.9) 226 (17.6) .595
Diabetes 1,997 (27.5) 329 (25.6) .160
Dyslipidemia 2,105 (29.0) 380 (29.5) .728
Dementia 2 (0.0) 1(0.1) .938
Cerebrovascular disease 59 (0.8) 18 (1.4) .059
Medication history
Oral corticosteroid 19 (0.3) 2 (0.2) .686
Treatment for asthma 53 (0.7) 10 (0.8) .996

Data are presented as mean =4 SD or No. (%).
@Conversion: 1000 won is converted into 0.873 dollar.

cancer in South Korea from 1999 to 2017.>> More cases
of newly developed lung cancers were noted among the
rapid FEV; decliners group. A rapid FEV; decline was
related to a significantly higher hazard for lung cancer
development in the multivariable Cox regression model.
Considering time-dependent NRIs at 18 years, the FEV;
decline rate may be a potential biomarker for lung
cancer screening.

The association between lung function and lung cancer
has been investigated internationally. In the United
States, prospective studies clarified the significant
relationship between COPD and lung cancer
development.**® This relationship was evident in high-
risk populations, including asbestos-exposed heavy
smokers”” and construction workers.® In particular,

FEV, < 80% with airway obstruction was reported as an
independent risk factor for lung cancer development
among the 5,402 subjects who participated in a National
Health and Nutrition Examination Survey.” A cohort
study in Italy showed that FEV; < 90% was related to
lung cancer development in 3,806 heavy smokers,
regardless of COPD status.'* In the United Kingdom,
performance of a lung cancer prediction model for never
smokers improved following the addition of lung
function as a covariable.”® A systematic review and
meta-analysis concluded that low FEV; is strongly
associated with lung cancer."' However, previous studies
were mostly conducted in Western countries, and only
baseline lung function data were evaluated in those
studies. Compared with previous studies, the current
study was conducted in the South Korean general
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TABLE 2 | Spirometric and Laboratory Findings at Initi

al Assessment

Variable Nonrapid FEV; Decliner (n = 7,262) | Rapid FEV; Decliner (n = 1,287) P Value

Spirometry
FEVy, L 2.87 +£0.67 3.19 +£0.78 < .001
FEV;, % of the predicted value 111.4 + 16.9 116.9 + 18.7 < .001
FVC, L 3.59 + 0.86 4.09 + 0.95 < .001
FVC, % of the predicted value 104.2 + 14.2 110.5 + 14.9 < .001
FEV,/FVC 80.3+7.4 78.2 +£8.1 < .001
FEF3s.75, L 3.05 £+ 2.19 3.11 +£1.26 431
FEF25-75, % 103.1 + 32.7 104.2 + 36.1 312

Blood test
WBC, /uL® 6,490 + 1,770 6,680 + 1,880 < .001
Hemoglobin, g/dL 13.5+ 1.6 140+ 1.4 < .001
Platelet, 103/uL 266 + 63 262 + 64 .036
hs-CRP, mg/L 0.14 (0.06-0.24) 0.16 (0.09-0.26) .008
AST, IU/L 25.0 (21.0-30.0) 25.0 (21.0-31.0) .032
ALT, IU/L 21.4 (16.1-30.0) 22.0 (16.1-31.0) .094
GGT, IU/L 19.0 (13.0-35.0) 24.0 (15.0-45.2) < .001
Total protein, g/dL 6.1+1.4 6.3+1.3 < .001
Albumin, g/dL 43+04 44 +04 .003
BUN, mg/dL 14.2 + 3.6 14.4 + 3.8 .094
Creatinine, mg/dL 0.83 +0.20 0.85 + 0.20 .002
Total cholesterol, mg/dL 194.5 + 35.4 191.1 + 36.7 .002
HDL cholesterol, mg/dL 46.1 + 10.6 47.2 + 11.6 < .001
LDL cholesterol, mg/dL 119.9 £+ 34.0 115.4 + 39.1 < .001
Triglyceride, mg/dL 156.7 + 97.2 164.7 + 117.9 .008

Data are expressed as mean + SD, median (interquartile range), or number (percentage). ALT = alanine aminotransferase; AST = aspartate amino- Q12
transferase; FEF,s.75 = forced expiratory flow between 25% and 75% of vital capacity; GGT = gamma-glutamy! transpeptidase; HDL = high-density

lipoprotein; hs-CRP = high-sensitivity C-reactive protein; LDL = low-density lipoprotein.

population and revealed the association between lung
cancer development and dynamic changes in lung
function, rather than baseline lung function.

Lung cancer development and accelerated FEV; decline
rate may share common pathogenic mechanisms for
chronic airway inflammation and genetic
alterations.”””" Previous studies have reported that
smoking or environmental exposure may induce the
production of pro-inflammatory cytokines that provoke
airway inflammation and increase the risk of lung cancer
development.”" Single nucleotide polymorphisms in
inflammatory cytokine genes, including IL-1A and
IL-1B polymorphisms, are associated with an elevated
risk of lung cancer.” Cigarette smoking can activate
nuclear factor kappa B, an important cytokine in lung
inflammation and lung carcinogenesis.”* In addition,
chronic exposure to reactive oxygen species can induce

chronic airway inflammation, DNA alteration, and lung

cancer development.” Airway inflammation with

impaired lung function in conjunction with KRAS

mutation has been shown to increase the risk of lung

cancer through the tumor-promoting functions of

hypoxia-inducible factor-1.

36

It is therefore speculated

that the FEV, decline rate may be an environmental

. . 14 .
biomarker for exposure to carcinogens, = or a genetic

biomarker for susceptibility to carcinogens.”” To verify
the utility of FEV; decline rate as an auxiliary biomarker
for lung cancer screening, the inflammatory pathway or
the gene expression profiles related to FEV; change need

to be further investigated.

Our multivariable analysis showed that the FEV, decline
rate may be an independent biomarker for lung cancer,

regardless of baseline lung function impairment. The

natural course of lung function change has been

reported to be heterogeneous and difficult to predict

based on baseline conditions.”® Indeed, impaired
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661 TABLE 3 ] Independent Risk Factors for Lung Cancer Development 716

662 Univariable Analysis Multivariable Analysis 77
663 718
664 Variable Hazard Ratio P Value Hazard Ratio P Value 719
665 Age = 45 y 2.87 (1.29-6.39) .010 2.30 (1.01-5.22) .047 720
666 Male 1.42 (0.80-1.24) 226 1.78 (0.88-3.62) 110 721
667 = 30 pack-years of smoking 3.63 (2.04-6.45) < .001 2.44 (1.30-4.57) .006 722
668 FEV,/FVC, % 0.96 (0.93-0.99) .004 0.97 (0.94-1.01) 126 723
269 FEFss.75, % 0.99 (0.98-1.00) 044 724
70 725
671 FEV; decline rate > 60 mL per year 3.40 (1.88-6.13) < .001 2.34 (1.28-4.28) .006 726
672 WBC, /uL 1.17 (1.03-1.32) .014 1.13 (0.99-1.28) .068 727
673 Forced expiratory flow between 25% and 75% of vital capacity (FEF,s-75) percentage was not included in this multivariable analysis due to multicollinearity 728
674 with FEVy/FVC percentage. 729
675 730
676 731
677 . . . . 732
baseline FEV,; was not necessarily related to subsequent occupational or environmental exposure was not
678 . 39 . . . . 733
679 changes in FEV;.”” Therefore, the FEV; decline rate has analyzed as a covariable because information on 34
630 recently been studied as a potential biomarker that individual addresses was not available. In this study, ..
681 provides additional information on clinical outcomes indirect indicators of occupational exposure, such as -3¢
682 such as health status and exacerbation rate."” Moreover,  income or education history, were associated with rapid 737
683 since the acceleration of FEV, decline has already FEV, decline but were not significantly associated with 738
684 occurred prior to the detection of lung function lung cancer incidence. Third, the prevalence of 739
685 impairment,”' individual risk evaluation is necessary underlying chronic lung disease (at 2.5%) was most 740
686 even in patients in the pre-COPD stage.”” The current likely underestimated. In the Korean population aged 741
687 study suggests that even subjects without comorbid > 40 years, the prevalence of COPD was reported to be 742
688 chronic lung disease may have a high risk of lung cancer 13.4%." In fact, approximately 9% of our study 743
689 if the FEV, decline rate is accelerated. patients had FEV,/FVC < 0.7. This finding suggests 744
690 . . . 745
o . that more than one-half of the patients with chronic
691 The current study has several limitations. First, we ) ) 746
. . ) . lung disease were unaware that they had chronic lung
692 could not specify which histologic type of lung cancer i A i 747
6 . . disease. To supplement this limitation, we included
93 was more related to lung function decline because there ) T ) 748
694 . . . . . . FEV,/FVC as a variable for multivariable analysis. 749
was no available information on histologic findings. ) o
695 . . ¥ Fourth, a relatively small number of lung cancers limit 50
Previous studies have shown that the association o
696 the generalization of our results. A larger scale cohort 9%;
between FEV, and lung cancer development was ) . A
697 oo . o . study is needed in which the results of our study are 752
significant in a composite histologic type other than
698 . 14 . . . reproduced. 753
699 adenocarcinoma. © COPD is an independent risk factor 754
700 for squamous cell carcinoma.*’ Squamous cell 755
701 carcinoma of the lung originates from cellular Interpretation 756
702 transformation of the bronchial epithelium, which is The FEV, decline rate is an easily obtainable potential -5
703 mainly caused by environmental or occupational biomarker to detect lung cancer development. Further 758
704 carcinogens such as cigarette smoking.** Therefore, it is study is needed to identify whether rapid FEV; decliners 759
705 speculated that the FEV, decline rate is associated with ~ benefit from lung cancer assessment or screening in 760
706 the development of squamous cell carcinoma. Second, general population. 761
707 762
708 763
709 764
710 765
711 766
712 767
713 768
714 769
715 770
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