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Purpose
In this nationwide 5-year longitudinal population-based study, we aimed at investigating the
incidence of lung cancer among patients with interstitial lung disease.

Materials and Methods
Data was collected from the Korean National Health Insurance Research Database from
49,773,195 Korean residents in 2009. Thirteen thousand six hundred and sixty-six patients
with interstitial lung disease diagnosed January-December 2009. The end of follow-up was
June 30, 2014. Up to four matching chronic obstructive pulmonary disease controls were
selected to compare the lung cancer high-risk group based on age, sex, diagnosis date (within
30 days), and hospital size. The number of patients with newly developed lung cancer was
determined. 

Results
The incidences of lung cancer were 126.98, 156.62, and 370.38 cases per 10,000 per-
son-years (2,732, 809, and 967 cases of cancer, respectively) in the chronic obstructive
pulmonary disease, interstitial lung disease, and chronic obstructive pulmonary disease
with interstitial lung disease groups, respectively. Of the 879 patients with idiopathic pul-
monary fibrosis, 112 developed lung cancer (incidence, 381.00 cases per 10,000 person-
years).  

Conclusion
Incidence of lung cancer among patients with interstitial lung disease was high. Interstitial
lung diseases have a high potential for developing into lung cancer, even when concurrent
with chronic obstructive pulmonary disease. 
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Introduction

Interstitial lung disease (ILD) is characterized continuous
accumulation and rapid proliferation of differentiated fibrob-
lasts in regions of repeated epithelial injury along with 
increased resistance to apoptosis [1]. Repetitive inflammation
can lead to multiple genetic alterations affecting cellular
growth, differentiation, and survival, including mutation of
tumour suppressor genes (e.g., p53), activation of oncogenes,

and transformation of apoptotic genes [2]. Idiopathic pul-
monary fibrosis (IPF) and lung cancer exhibit similar aber-
rant tissue repair responses in relation to injury [3] as well as
fibroblast behaviour [4].

While the findings of previous studies indicating a high
prevalence of lung cancer among patients with IPF [5-9] sup-
port a fibrosis–cancer association, they only reflect an asso-
ciation between IPF and cancer, and not a causal relationship.
A cohort study demonstrated that the cumulative incidence
of lung cancer in patients with IPF increases over time [10].
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Therefore, we suspected that ILD developing from a fibrosis
background would demonstrate similar clinical characteris-
tics as IPF in relation to lung cancer. 

To identify a meaningful number of patients with lung
cancer from among those with orphan ILD, it is necessary to
deal with large-scale epidemiologic data, such as those 
included in a national insurance database. Korea has only
one health insurance system—the National Health Insurance
(NHI) service. Therefore, evaluation of a large number of 
patients with ILD included in the NHI database, along with
their follow-up data, would allow us to investigate the rela-
tionship between ILD and lung cancer. 

To test our hypothesis that ILD would exhibit a greater 
potential for developing into lung cancer than chronic 
obstructive pulmonary disease (COPD), we investigated the
incidence of lung cancer as a surrogate endpoint of lung 
fibrosis, which might be a major characteristic of ILD.

Materials and Methods

1. Study subjects 

This retrospective cohort study included data collected
from the NHI system. Since each citizen in Korea has a
unique resident registration number, data duplication is
avoided. The NHI service—the only public insurance system
operated by the Ministry of Health and Welfare in Korea
[11,12]—is compulsory and covers the entire population,
without exceptions for seasonal or part-time workers or 
unemployed persons.

This study adhered to the Declaration of Helsinki. The
present study was approved by the Institutional Review
Board of Keimyung University Dongsan Hospital, Kei-
myung University School of Medicine (2015-05-006). The
need for written informed consent was waived.

2. Case identification

According to the National Statistical Office of Korea, the
mid-year population size of people  40 years of age in 2009
was 22,280,691. Individuals from the whole population ( 40
years) and patients with COPD were selected as control sub-
jects. Patients with ILD and COPD between January and 
December 2009 were enrolled.

Selection was performed automatically by a computer pro-
gram developed by one of the authors using the SAS ver. 9
(SAS Institute Inc., Cary, NC). The International Classifica-
tion of Diseases, 10th revision (ICD-10) is used as a key ref-
erence not only in disease diagnosis but also within the NHI

database.
All of the cases and controls were identified between Jan-

uary and December 2009, and were followed up until June
2014. The diagnostic codes of lung cancer cases diagnosed
before 2009 are maintained on the NHI database. New lung
cancer cases were identified by counting new cases regis-
tered during the calendar year excluding preexisting lung
cancers. We counted newly developed lung cancer cases after
one month of recruiting ILD and COPD cases to exclude
cases simultaneously diagnosed as both ILD and lung cancer.  

3. Definition of ILD

Based on the ICD-10 definition, ILD was defined by the
code J84 for other ILD, excluding drug-induced ILDs, inter-
stitial emphysema, and lung diseases caused by external
agents. In order to select ILD without specific related dis-
eases, connective tissue disease-related ILD, hypersensitivity
pneumonitis, and sarcoidosis were not included in the pres-
ent cohort. The code J84.1 was used to define ILD with fibro-
sis, excluding chronic pulmonary fibrosis due to inhalation
of chemicals, gases, fumes, or vapours or that occurring fol-
lowing radiation therapy during the study period (Fig. 1).
Patients identified with both codes (J84.9 and J84.1) were
classified under J84.1. 

The Korean NHI service introduced a specific code, J84.1A,
for IPF, which has been implemented since 2009. When a 
patient is registered under this code, the physician is 
required to submit the necessary eligibility documents to the
NHI service.

4. General population and patients with COPD as control
subjects

Because COPD mostly develops as a result of cigarette
smoking, patients with COPD classified under codes J43 and
J44 were included as control subjects in order to assess the
effect of smoking on development of lung cancer. Since the
NHI database does not include data regarding smoking his-
tory, COPD was considered a surrogate for smoking in the
present study. 

Of the 567,652 patients diagnosed with COPD between
January and December 2009, 11,256 were excluded for hav-
ing simultaneous ILD. For every patient with ILD, up to four
control subjects with COPD, matched for age (within 1 year),
sex, initiation date (within 30 days), and hospital size, were
included. Index dates for control subjects were defined by
those of the corresponding matched test subjects. Patients
with simultaneous COPD and ILD (COPD+ILD group) were
distinguished from those with COPD alone; patient selection
for these two groups was performed by the same selection
algorithm as that applied for the ILD group (Fig. 1). From
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Fig. 1. Flow chart of the study. Patient selection flow chart for interstitial lung disease (ILD) (A) and chronic obstructive
pulmonary disease (COPD) (B). ICD-10, International Classification of Disease, 10th revision. 

A total of 30,578 cases of ICD-10 codes (J84, J84.1, 
  J84.8, J84.9) during Jan 2009 and Dec 2009

Cases were classified as idiopathic pulmonary 
  fibrosis (n=879)

Cases were included in the study (n=13,666)

Cases were not included due to overlapped with COPD (n=11,256)

Cases were excluded due to less than 40 years old (n=1,647)

Cases were excluded due to exclusion ICD-10 diagnostic codes 
  (J60-J70, J840, D86) during whole study periods (n=150)

Cases were excluded due to connective tissue disorders and vasculitis 
  during whole study periods (n=2,615)

Cases were excluded due to lung cancer diagnosis before index date (n=267)

Cases were excluded due to lung cancer diagnosis within 30 days 
  after index date (n=977)

A

B
A total of 567,652 cases of ICD-10 codes (J43, J44.0, 
  J44.1, J44.8, J44.9) during Jan 2009 and Dec 2009

Cases (COPD matching control) were included in 
  the study (n=54,640)

Cases were not included due to overlapped with ILD (n=11,256)

Cases were classified as COPD with ILD (≥ 40 years old) (n=8,012)

Cases were excluded due to less than 40 years old (n=32,035)

Cases were excluded due to lung cancer diagnosis before index date (n=8,535)

Cases were excluded due to lung cancer diagnosis within 30 days after index 
  date (n=19,188)

For each ILD case, up to four COPD control cases matched for age 
  (within 1 year), sex, initiation date (within 30 days), and hospital size
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among the 11,256 patients with concomitant COPD and ILD,
8,012 were included in the present study. 

In order to determine the baseline incidence of lung cancer
in Korea, incidence of lung cancer during the study period
was calculated in a random sample (n=343,684) derived from
the general population ( 40 years of age) provided by NHI,
accounting for approximately 2.2% of the entire population
[13]. 

5. Data validation

For a patient to be registered as having lung cancer (C34)
and be eligible for subsidized care, physicians are required
to submit the necessary documents to the Health Insurance
Review and Assessment (HIRA) database. All patients with
cancer are registered in a separate national cancer database
maintained by the National Cancer Center and strictly vali-
dated before final registration. Patients who change their
lung cancer diagnosis status are excluded from the cancer
registry. 

6. Statistical analysis

Incidence rates of lung cancer per 10,000 person-years and
the corresponding 95% confidence intervals were calculated
for patients with ILD and COPD with and without ILD 
according to age group [14]. Incidence rates were compared
with relative risk of lung cancer among different age groups,
with the 50- to 59-year-old group of patients as reference. 
Kaplan-Meier curves were used to compare incidences of
lung cancer among patients with ILD, IPF and COPD with
and without ILD. The Kaplan-Meier curve for incidence of
lung cancer in the general population ( 40 years of age) was
calculated for comparison. All analyses were performed
using SAS ver. 9. 

Table 1. Demographic and clinical characteristics of patients with ILD, COPD (matching control), IPF, COPD with ILD, and
general population

General COPD COPD  
Characteristic population  ILD (matching control, IPF (n=879) with ILD 

(n=343,684) (n=13,666) n=54,640) (n=8,012)
Sex

Male 58,275 (46.0) 7,524 (55.0) 30,089 (55.0) 555 (63.1) 5,699 (71.1)
Female 85,409 (53.9) 6,142 (45.0) 24,551 (45.0) 324 (46.9) 2313 (28.9)

Age (yr)
Median (Q1-Q3) 53 (48-63) 66 (56-74) 66 (56-74) 68 (61-74) 71 (64-77)
40-49 140,940 (41.0) 1,707 (12.5) 6,421 (11.7) 40 (4.6) 292 (3.6)
50-59 88,883 (25.8) 2,830 (20.7) 10,900 (19.9) 151 (17.2) 972 (12.1)
60-69 69,604 (20.2) 3,829 (28.0) 15,557 (28.4) 294 (33.4) 2,410 (30.1)
70-79 33,520 (9.7) 3,765 (27.6) 15,553 (28.4) 319 (36.3) 3,112 (38.8)
 80 10,737 (3.1) 1,535 (11.2) 6,209 (11.3) 75 (8.5) 1,226 (15.3)

Other baseline cormobidities
Malignancy (C00-C97) except 9,543 (2.7) 791 (2.8) 4,134 (7.6) 24 (2.7) 591 (7.4)
lung cancer (C34)

Diabetes (E10-E14) 39,485 (11.4) 2,709 (19.8) 10,162 (18.6) 157 (17.9) 1,950 (24.3)
Chronic renal failure (N17-N19) 1,679 (0.5) 255 (1.9) 884 (1.6) 8 (0.9) 175 (2.2)
Hypertension (I10) 69,290 (20.1) 4,372 (32.0) 18,414 (33.7) 202 (23.0) 3,021 (37.7)
Previous thromboembolism 470 (0.1) 63 (0.5) 276 (0.5) 1 (0.1) 70 (0.9)
(I80.2, I80.3, I26, I26.0, I26.9, I81, 
I82, I82.0, I82.8, I82.9)

Previous myocardial infarction 2,659 (0.8) 222 (1.6) 931 (1.7) 9 (1.0) 246 (3.1)
(I21, I22, I23, I25.2)

Values are presented as number (%) unless otherwise indicated. Summarized based on the diagnosis at the top of the lists of
International Statistical Classification of Diseases and Related Health Problems, 10th edition (ICD-10) codes of respiratory
diseases. ILD, interstitial lung disease; COPD, chronic obstructive pulmonary disease; IPF, idiopathic pulmonary fibrosis.
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Results

1. Patients with ILD and control subjects

A total of 55% of patients with ILD and COPD controls were
men. The median ages of the patients with ILD and those of
the COPD controls were 68 years. Nineteen point eight percent

of patients with ILD and 18.6% of COPD controls had diabetes
(Table 1).

2. Incidence of lung cancer among patients with ILD and
COPD  

Frequency of lung cancer among the different groups varied
according to the definition of ILD (Table 2). 

Table 2. Age distribution of lung cancer incidence per 10,000 person-years in general population and patients with ILD,
IPF, COPD (matching control), COPD with ILD

No. of  lung Person-yearsNo. cancer cases of follow-up Incidence 95% CI

General population (yr)
40-49 140,940 567 685,094 8.28 16.05-18.93
50-59 88,883 878 444,041 19.77 39.42-45.00
60-69 69,604 1,375 346,584 39.67 84.79-94.25
70-79 33,520 1,104 157,990 69.88 179.96-202.53
 80 10,737 368 41,778 88.08 259.48-318.53
Total 343,684 4,292 1,675,489 25.62 55.05-58.45

ILD (yr)
0-49 1,707 30 7,086 42.34 27.19-57.49
50-59 2,830 111 11,701 94.86 77.21-112.51
60-69 3,829 262 15,069 173.86 152.81-194.92
70-79 3,765 303 13,343 227.09 201.52-252.66
 80 1,535 103 4,452 231.33 186.66-276.01
Total 13,666 809 51,652 156.62 145.83-167.42

COPD (yr)
40-49 6,421 100 26,816 37.29 29.98-44.60
50-59 10,900 331 45,923 72.08 64.31-79.84
60-69 15,557 822 64,015 128.41 119.63-137.18
70-79 15,553 1,123 58,909 190.63 179.48-201.78
 80 6,209 356 19,483 182.73 163.74-201.71
Total 54,640 2,732 215,146 126.98 122.22-131.75

IPF (yr)
40-49 40 2 157 127.25 0.00-303.60
50-59 151 16 584 273.82 139.65-408.00
60-69 294 42 1,018 412.71 287.89-537.53
70-79 319 45 963 467.21 330.70-603.72
 80 75 7 217 322.14 83.49-560.78
Total 879 112 2,940 381.00 310.44-451.56

COPD with ILD (yr)
40-49 292 12 1,136 105.64 45.87-165.41
50-59 972 90 3,686 244.19 193.74-294.64
60-69 2,410 303 8,587 352.84 313.11-392.57
70-79 3,112 420 9,676 434.06 392.55-475.57
 80 1,226 142 3,024 469.64 392.40-546.89
Total 8,012 967 26,109 370.38 347.03-393.72

ILD, interstitial lung disease; IPF, idiopathic pulmonary fibrosis; COPD, chronic obstructive pulmonary disease; CI, confidence
interval. 
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While patients with ILD exhibited 156.62 cases per 10,000
person-years incidence of lung cancer, those with IPF showed
381.00 cases per 10,000 person-years (Fig. 2). The incidence of
lung cancer increased according to age within each definition
of ILD, with the exception of IPF, in which, the incidence of
lung cancer decreased after 70-79 years of age. 

The Kaplan-Meier curves demonstrated that the increase in
incidence of lung cancer among patients with ILD was greater
compared to that among patients with COPD without or with
ILD (Fig. 2).

Incidence of lung cancer among patients with COPD with-
out ILD (126.98 cases per 10,000 person-years) was lower com-
pared to that among patients with ILD (156.62 cases per 10,000
person-years) (Table 2). However, the incidence of lung cancer
among patients with concomitant COPD and ILD (370.38 cases
per 10,000 person-years) was nearly 3 times that among 
patients with COPD alone (Table 2). The Kaplan-Meier curves
demonstrated that patients with concomitant COPD and ILD
exhibited the greatest potential for developing lung cancer
over the follow-up period, which corresponded with the find-
ings of the IPF group (Fig. 2).

Standard incidence ratios for lung cancer in the ILD, COPD,

Table 3. Incidence rates (per 10,000) and RRs for lung cancer in interstitial lung diseases and COPD by age compared to
general population
Age group General ILD RR (95% CI) COPD RR (95% CI)(yr) population
40-49 8.28 42.34 5.11 (3.54-7.38) 37.29 4.50 (3.64-5.57)
50-59 19.77 94.86 4.80 (3.94-5.85) 72.08 3.65 (3.21-4.14)
60-69 39.67 173.86 4.38 (3.84-5.00) 128.41 3.24 (2.97-3.53)
70-79 69.88 227.09 3.25 (2.86-3.69) 190.63 2.73 (2.51-2.96)
 80 88.08 231.33 2.63 (2.11-3.27) 182.73 2.07 (1.79-2.40)
Total 25.62 156.62 6.11 (5.67-6.59) 126.98 4.96 (4.72-5.20)

RR, relative risk; COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease; CI, confidence interval. 

Table 4. Incidence rates (per 10,000) and RR for lung cancer in interstitial lung diseases compared to COPD
Age group (yr) COPD ILD RR (95% CI)
40-49 37.29 42.34 1.14 (0.76-1.71)
50-59 72.08 94.86 1.32 (1.06-1.63)
60-69 128.41 173.86 1.35 (1.18-1.56)
70-79 190.63 227.09 1.19 (1.05-1.35)
 80 182.73 231.33 1.27 (1.02-1.58)
Total 126.98 156.62 1.23 (1.14-1.33) 

RR, relative risk; COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease; CI, confidence interval.
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Fig. 2. Cumulative incidence curve of lung cancer by 
Kaplan-Meier analysis. General population (blue line),
ILD (red line), COPD (green line), IPF (orange line), and
COPD with ILD (gray line). ILD, interstitial lung disease;
COPD, chronic obstructive pulmonary disease;  IPF, idio-
pathic pulmonary fibrosis.
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IPF, and COPD with ILD groups relative to that among the
general population were 3.6, 2.8, 8.0, and 7.0, respectively
(Table 3). 

Regardless of age, the relative risk of lung cancer among 
patients with ILD was greater compared to that among 
patients with COPD alone (Table 4). 

Discussion

In the present study, incidence of lung cancer among 
patients with ILD was found to be 1.2 times that among 
patients with COPD. Incidences of lung cancer among 
patients with concomitant COPD with ILD and IPF were 2.9
and 2.4 times those among patients with COPD alone and
ILD, respectively. These findings demonstrate that ILD have
a high potential for the development of lung cancer. The
greater incidence of lung cancer among patients with con-
comitant COPD with ILD in comparison with that among 
patients with COPD alone suggests that ILD might con-
tribute to the development of lung cancer. 

In Korea, the proportion of smokers among patients with
COPD (68%) [15] is comparable to that among patients with
IPF (64%) [16]. Although it is not appropriate to directly com-
pare these values with the present findings, these data sug-
gest that IPF might have a relatively high potential for
progressing to lung cancer.

In a U.S. lung cancer screening trial, the 5-year cumulative
incidence of lung cancer among former/current smokers
with a smoking history of over 30 pack-years was found to
be approximately 64.5 per 10,000 person-years [17]. Among
patients with COPD, the incidence of cancer among a mean
58-pack-year smoker cohort was 167 cases per 10,000 person-
years [18]. In the present study, over a follow-up period of
approximately 5 years, the incidences of lung cancer among
patients with ILD and IPF were 156 and 381 per 10,000 per-
son-years, respectively. The incidence of lung cancer among
patients with ILD in the present study was 2 times that 
reported among the 30-pack-year smoker cohort in the U.S.
lung cancer screening and similar to that reported among the
58-pack-year smoker cohort of patients with COPD. The 
median age of COPD in the present study was 66, which is
similar to COPD cohort study [18]. We hope that these find-
ings encourage future screening studies among patients with
ILD to ensure early detection of lung cancer, thus eventually
decreasing the mortality rate. 

In the present study, patients with COPD alone developed
lung cancer at a rate of 126 per 10,000 person-years, while the
corresponding value among patients with concomitant
COPD and ILD was 370 per 10,000 person-years—an almost

3-fold higher chance of developing lung cancer in compari-
son with that in patients with COPD alone. In a cohort study
of smokers, interstitial lung abnormalities, accompanied by
reduced total lung capacity, were observed in 12.5% of par-
ticipants [19]. In the COPD cohort study, lung cancer diag-
nosis exhibited a greater association with decline in diffusion
capacity than with decline in lung volume [18]. In patients
with combined pulmonary fibrosis and emphysema (CPFE),
cancer arises in fibrotic areas rather than emphysematous
spaces [20,21]. The risk of lung cancer among patients with
CPFE and IPF was reported to be comparable and greater in
comparison with that among patients with emphysema [22].
Since CPFE is now considered a distinctive disease entity
[23], it is important to evaluate the incidence of lung fibrosis
among patients with COPD in relation to lung cancer diag-
nosis. Taken together, these findings suggest that fibrosis—
regardless of whether the diagnosis is based on computed
tomography findings, lung volume or diffusion capacity, or
diagnostic codes—might contribute to development of lung
cancer.

The most important limitation of this study is that, because
the HIRA database does not include data regarding smoking
history, we could not control for the confounding effects of
smoking on development of lung cancer. We did not take
into consideration of some potential co-morbidities that may
influence on the incidence of lung cancer. However, we com-
pared the incidence of lung cancer between patients with ILD
and COPD, for which smoking is a major contributor. 

Another limitation of the present study is that the diag-
noses of ILD and other co-morbidities were defined based
on ICD codes, which may be inaccurate compared with the
diagnoses obtained from a medical chart, and underreport-
ing of asymptomatic ILD or misclassification was also possi-
ble. This database of national insurance claim data does not
have identification numbers. Therefore, it was impossible to
validate individual cases through a chart review. We may
have underestimated the ILD incidence because of inaccurate
ILD data. However, the prevalence rate of ILD (> 40 years)
in the present study was 61.3 cases per 100,000 per year,
which is quite a similar to the previous ILD prevalence study
[24] as well as broad definition of ILD with fibrosis when age
is adjusted [25].

The present study may be affected by selection bias 
because the controls were also identified based on medical
claims. Thus, the controls were more likely to have comor-
bidities than controls selected from the general population.
Although we excluded patients with a diagnosis of lung can-
cer before and 1 month after index date, patients with lung
cancer could be miscounted as new cases in the early period
of cohort. In addition, other risk factors, such as pulmonary
function and high-resolution computed tomography find-
ings for ILD, could not be evaluated because of the NHI pri-
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marily included medical claims. 
ILD has a significant relationship with lung cancer, even

in patients with underlying COPD. Greater attention must
be paid to the possibility of development of lung cancer in
patients with ILD. 
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