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ABSTRACT: Idiopathic pulmonary fibrosis (IPF) was reported to be associated with
increased risk of lung cancer as a result of the occurrence of atypical or dysplastic
epithelial changes in fibrosis which progressed to invasive malignancy. In that situation,
the cancer will develop in the area of major fibrosis. To investigate the direct
relationship between fibrosis and cancer development, the real concordance rate of the
two lesions in the chest computed tomography (CT) was analysed and compared to the
histological types of lung cancer.

The subjects included 63 patients with combined lung cancer and IPF (IPF-CA), 218
patients with lone IPF, and 2,660 patients with primary lung cancer. All patients were
diagnosed at Asan Medical Center during the same period.

The age, percentage of smokers, and the male sex were significantly higher in IPF-
CA compared with lone IPF. The odds ratio of smoking was 2.71 compared to
nonsmoking IPF controls. In IPF-CA, 56% of the cancer was located in the periphery
of the lung and 52% in the upper lobe. The majority of the cancers (64%) were found in
the nonfibrotic area at chest CT. The most frequent cell type was squamous cell
carcinoma (35%), and there was no significant difference in the cancer cell type between
IPF-CA and total lung cancer population.

These findings suggest that in combined lung cancer and idiopathic pulmonary
fibrosis patients, the features of the lung cancer are similar to the total lung cancer
population.
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Idiopathic pulmonary fibrosis (IPF) was thought to
be associated with increased risk of lung cancer on the
basis of two reasons. Firstly, autopsy studies showed
that lung cancer was found simultaneously in patients
with IPF [1]. Secondly, there were several epidemiolo-
gical reports of increased incidence of lung cancer
during the follow-up of IPF [2 – 6]. Recently, HUBBARD

et al. [7] reported increased incidence of lung cancer
in IPF patients compared to age- and sex-matched
control population in a large population-based cohort
study. However, not all studies have shown an
increased risk of lung cancer in IPF [8, 9]. Assuming
that IPF is associated with an increased risk of lung
cancer, the mechanism is not certain. Because cigar-
ette smoking itself is also an independent risk factor
for IPF [10], smoking can be a confounding factor for
the association of both diseases. There may also be
other confounding factors for both conditions, like
unknown occupational or environmental exposure
[11, 12]. Another possibility is that fibrosis itself may
contribute to the development of cancer. It was
proposed that fibrosis might be involved in the
carcinogenesis by the occurrence of atypical or
dysplastic epithelial changes in pulmonary fibrosis
which progressed to invasive malignancy [1, 13, 14]. In
that situation, the cancer will develop in the region not

far from the area of major fibrosis. However, there is
no study focusing on the location of the cancer in
relation to the fibrotic lesion. Nowadays, the con-
cordance of two lesions can be easily examined by
chest computed tomography (CT). Also, it may be
helpful to know whether the histological types of the
cancer in IPF are different from the cancer without
fibrosis. This study was performed to investigate
whether the fibrosis is directly related to cancer
development by the analysis of the real concordance
rate of the lesions on the chest CT, and to compare the
histological types of lung cancer in 63 patients with
lung cancer and IPF.

Material and methods

Study subjects and method

This retrospective study was performed at Asan
Medical Center in Seoul, Korea, which is a university
affiliated tertiary referral centre of 2,000 bed-size. All
the patients diagnosed as IPF and lung cancer from
May, 1989 to August, 1998 were enrolled in the study.

IPF was defined as: 1) diffuse interstitial lung
disease without known aetiology such as drug toxicity,
environmental exposures, or collagen vascular diseases;
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2) compatible clinical findings such as inspiratory
crackles (velcro rale) in both lower lung fields; and 3)
pathological confirmation by surgical (open or thor-
acoscopic) lung biopsy, or high-resolution computed
tomography (HRCT) showing typical patterns of IPF
such as subpleural reticular densities or honeycomb-
ing lesions predominantly in lower lobes [15 – 18]. Any
patients who had evidence of localized or focal
pulmonary fibrosis by radiography were excluded
from the patients of the primary lung cancer group.
During the study period, 281 patients were diagnosed
as IPF and 2,660 patients as primary lung cancer at the
same institute. Surgical lung biopsy for the diagnosis of
IPF was performed in 91 patients. Among 281 patients
with IPF, 63 patients (22%) had combined lung cancers
and idiopathic pulmonary fibrosis (IPF-CA). Central
lung cancer was defined as cancer with an endobron-
chial lesion seen by bronchoscopy or with a location
w3 cm from visceral pleura [19].

Methods

A retrospective analysis of histological types of the
cancer and the risk factors of lung cancer such as age,
sex, smoking, and occupational history were per-
formed. All the data were obtained from the medical
records. Detailed smoking history, including total
pack-yrs of smoking, were obtained from the medical
records for all except five patients. On all 63 IPF-CA
patients the chest CT was re-examined and the
patients were divided into two groups according to
the location of the cancer and the fibrotic lesion,
Group 1: the cancer was located inside the fibrotic
area (F-CA), and Group 2: the cancer developed in
the nonfibrotic area (NF-CA).

Statistical analysis

All values are given as mean¡SD. Chi-squared tests
and Fisher9s exact tests were used in categorical data
and unpaired t-tests were used in continuous data.
Multivariate analysis was performed using the logistic
regression method. p-Value v0.05 was considered to
be statistically significant.

Results

Compared to the lone IPF patients, age, male sex,
and proportion of smokers were significantly higher in
IPF-CA by univariate (table 1) and multivariate
analysis (table 2). Odds ratio of smoking for the

development of lung cancer was 2.71. Furthermore,
compared to the total lung cancer group, the age, male
sex, and proportion of smokers were also significantly
higher in IPF-CA (table 3). In the IPF-CA group,
squamous cell carcinoma was the most frequent cell
type (35%), followed by adenocarcinoma, small cell
carcinoma, and large cell carcinoma. In one double-
primary cancer, both lesions (small cell and squamous
cell carcinoma) were detected at the same time with
IPF and located in the nonfibrotic area. There was no
significant difference in the distribution of cell types
between the total lung cancer group and IPF-CA
group (table 3). In contrast to previous reports, more
cancers were found in the upper lung, i.e. 20 (31%) in
right upper lobe, 13 (20%) in left upper lobe, 2 (3%)
in right middle lobe, 19 (30%) in right lower lobe, and
8 (13%) in left lower lobe. Among the 63 IPF-CA,
40 patients (56%) had the cancers located in the
periphery of the lung. In the peripheral lung cancer
group, only 23 cancers (37% of all IPF-CA, 66% of
peripheral cancer) showed as F-CA on the chest CT
(table 4). There was a higher tendency to develop
adenocarcinoma (44%) in the F-CA compared to the
NF-CA (23%) group, but the difference was not
statistically significant (p~0.081). All the small cell
carcinomas were located centrally and of the NF-CA
type (table 4). There were no significant differences in
the stage of lung cancer, smoking history, age and sex
between F-CA and NF-CA groups.

Discussion

The presented data show that despite the tendency
for peripheral location of the cancer in IPF-CA, the

Table 1. – Demographic feature of the subjects

Lone IPF IPF with
lung cancer

p-value

Subjects n 218 63
Age yr 62.4¡11.8 66.8¡7.8 0.006
Sex M:F (% M) 129:89 (59) 61:2 (97) v0.001
Smoker % 59 89 v0.001
Smoking pack-yrs 21.3¡22.2 41.5¡22.1 v0.001

IPF: idiopathic pulmonary fibrosis; M: male; F: female.

Table 2. – Multivariate analysis about development of lung
cancer in total idiopathic pulmonary fibrosis group

OR (95% CI) p-value

Age ¢60 yrs 2.41 (1.10 – 5.25) 0.026
Sex (male) 11.04 (2.46 – 49.6) 0.002
Smoker 2.71 (1.91 – 6.21) 0.018

OR: odds ratio; 95% CI: 95% confidence interval.

Table 3. – Comparison between total lung cancer and lung
cancer with idiopathic pulmonary fibrosis (IPF) combined
lung cancer with idiopathic pulmonary fibrosis (IPF-CA)
groups

Total lung cancer IPF-CA p-value

Subjects n 2660 63
Age yr 61.3¡10.7 66.8¡7.8 0.0001
Smoker % 75.6 88.9 0.002
Smoking pack-yrs 30.9¡21.6 41.5¡22.1 0.001
Sex M:F (% M) 2124:536 (80) 61:2 (97) 0.001
Histological type

Squamous cell 1188 (45) 22 (35) 0.151
Adenocarcinoma 909 (34) 19 (30) 0.562
Large cell 40 (2) 4 (6) 0.018
Small cell 390 (15) 12 (19) 0.303
Others 133 (5) 6 (10)

Data presented as n (%) unless otherwise stated. M: male; F:
female.
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real concordance rate of lung cancer with a fibrotic
lesion in IPF was low (37%). Furthermore, the most
frequent histological type of IPF-CA was squamous
cell carcinoma, and age, male sex, and smoking were
risk factors for lung cancer in IPF, similar to lung
cancer in the general population.

In previous literature, IPF-CA was reported to be
more frequent in the periphery of the lung and the
lower lobe, where the fibrosis was predominant,
suggesting a direct relationship [5, 6, 19]. The
peripheral location of the lung cancer was reported
as 88% by NAGAI and CHIYOTANI [5], 91% by
MIZUSHIMA and KOBAYASHI [2] and 66% by LEE et al.
[19]. If fibrosis is directly related to the development of
the cancer, cancer will develop inside or in close
proximity to the area of major fibrosis. Having
examined the real concordance of the cancer and the
fibrosis by chest CT it was found that only 37% of
lung cancers (66% of peripheral cancer) were located
inside the fibrotic area. The frequency of the
peripheral cancer in IPF-CA was 55% in the present
study, which was lower than previously reported. The
reason for this discrepancy was not certain, but there
is a possibility that IPF was detected early by the
cancer work-up (including chest CT) in this study9s
patients, especially in whom IPF was diagnosed at the
same time as the cancer (concurrent detection group).
In order to avoid bias, the frequency of peripheral and
central cancer was compared between two groups
(concurrent detection group and nonconcurrent detec-
tion group). No significant difference was found
between these two groups (51% in concurrent group,
67% in nonconcurrent group), suggesting that the low
frequency of peripheral cancer was not due to
concurrent detection. Additionally, no significant
differences were found in other parameters such as

histological types, stage of the lung cancer or the
concordance rate of cancer and fibrosis (33% in
concurrent, 44% in nonconcurrent detection groups)
between the two groups. Another possibility of bias
was a misdiagnosis of usual interstitial pneumonia,
because open or thoracoscopic lung biopsy was done
in only one-third of the IPF patients. However, all of
the patients had compatible clinical features and
typical HRCT findings, which were proposed as
diagnostic criteria of IPF without surgical lung
biopsy by the American Thoracic Society/European
Respiratory Society consensus statement [20].

There have been controversies on the most frequent
cell types of the lung cancer in IPF-CA. Initially,
adenocarcinoma was reported as the most frequent
histological type, and some authors [6, 13] suggested
that high frequency of adenocarcinoma in IPF-CA
was related to the fibrotic scars. Other studies [3, 5, 19]
however, showed that squamous cell carcinoma was
the most frequent type. The presented study also
found that squamous cell carcinoma was the most
common type and the distribution of the histological
types was similar to general lung cancer. The
exception was small cell carcinoma, which is a central
disease, and all the small cell carcinomas were located
in the nonfibrotic area. Even though not statistically
significant, there was a tendency for more adeno-
carcinoma in the F-CA group. However, this can be
explained by the fact that adenocarcinoma is the most
frequent cell type in peripheral lung cancers in general,
and the fibrosis of IPF is characteristically present in
the periphery of the lung.

Because smoking is a known risk factor for the
development of IPF, it can be a serious confounding
factor for IPF and lung cancer. Some of the previous
studies have shown that smoking increased the risk of
lung cancer even in patients with IPF [3, 5, 6]. The
presented data suggest that not only smoking, but also
the male sex was a strong risk factor for lung cancer in
patients with IPF. The odds ratio however, was
unstable due to the small number of female patients
with IPF-CA (only two patients). In Korea, smokers
are predominantly male. According to the reports of
the National Statistical Office of Korea in 1995, 62%
of males were smokers compared to only 6% of
females. Since most of the effect of male sex in the
presented study may actually be due to smoking, this
can explain the relatively low odds ratio for the
smoking data (5.6 by univariate analysis and 2.71 by
multivariate analysis). Other limitations in the present
study include the following: total numbers of subjects
were relatively small, and there is a possibility of
incorrect information, because all the data were
obtained from the medical records, even though the
detailed smoking history was available for 98% of the
subjects. The remote exposures to possible dusts
which might cause both pulmonary fibrosis and lung
cancer [10 – 12], an inherent limitation of all retro-
spective studies, could not be completely excluded in
the subjects.

Despite these limitations, the results presented
suggest that the features of lung cancer in idiopathic
pulmonary fibrosis are similar to general lung cancer.
However, further prospective controlled study using

Table 4. – Comparison of the patients according to the
location of lung cancer

Lung cancer p-value

Fibrotic
area

Nonfibrotic
area

Subjects n 23 (37) 40 (64)
Age yrz 66.5¡8.4 66.9¡7.6 0.846
Sex M:F % M 22:1 (96) 39:1 (98) 1.00
Smoker % 83 93 0.247
Smoking pack-yrsz 40.5¡29.0 42.1¡17.4 0.826
Histology

Squamous cell 9 (39) 13 (33) 0.645
Adenocarcinoma 10 (44) 9 (23) 0.081
Large cell 3 (13) 1 (33)
Not specified 1 (0) 4 (10)
Small cell 0 (0) 12 (30) 0.002
Multiple lung

cancer
1 (33)

Stage 0.119
I 2 (9) 4 (15)
II 0 2 (7)
IIIa 7 (33) 4 (15)
IIIb 7 (33) 12 (44)
IV 6 (27) 5 (19)

Data presented as n (%) unless otherwise stated. M: male; F:
female; z: mean¡SD.
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large numbers of pathologically proven idiopathic
pulmonary fibrosis patients is required.
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