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Background: Only a few studies have evaluated the radiologic features of pre-existing structural
abnormalities where lung cancer may develop. This study aimed to analyze the computed
tomography (CT) images of lung areas where new cancer developed in chronic obstructive
pulmonary disease (COPD) patients.

Patients and methods: We conducted a multicenter, longitudinal cohort study, called the Keio
COPD Comorbidity Research, to assess the incidence of lung cancer. Emphysema and interstitial
abnormalities were evaluated in 240 COPD patients who had baseline CT scans applicable for
further digital analyses. For patients who developed lung cancer during the 3-year follow-up
period, the local spherical lung density of the precancerous area was individually quantified.
Results: Lung cancer was newly diagnosed in 21 participants (2.3% per year). The percent-
age of low attenuation area in patients who developed lung cancer was higher than that of the
other patients (20.0% vs 10.4%, P=0.014). The presence of emphysema (odds ratio [OR] 4.2,
95% confidence interval [CI] 1.0-29.0, P=0.049) or interstitial lung abnormalities (OR 15.6,
95% C1 4.4-65.4, P<<0.0001) independently increased the risk for lung cancer. Compared with
the density of the entire lung, the local density of the precancerous area was almost the same
in patients with heterogeneous emphysema, but it was higher in most patients with interstitial
abnormalities.

Conclusion: The presence of emphysema or interstitial abnormalities or a combination of both
were independent predictors of lung cancer development in COPD patients. Furthermore, lung
cancer most often developed in non-emphysematous areas or in interstitial abnormalities.
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Introduction

The incidence of malignant tumors in patients with COPD was estimated to be
6%—18%.' Lung cancer is thought to be an important complication that accounts
for 5%—38% of COPD deaths.” It is a well-known fact that the risk for lung cancer
increases with the duration of smoking or secondhand smoke exposure.* In addition,
the frequency of lung cancer is higher in smokers with COPD than in those without
COPD,** and COPD itself is an independent risk factor for lung cancer. One study
reported that the risk for lung cancer rises with the progression of airflow limitation
in COPD.® On the other hand, a recent report stated that patients with mild stage of
COPD were at a higher risk for lung cancer than those with moderate or severe COPD.’
So far, the risk for lung cancer according to the severity of airflow limitation has been
controversial. On the other hand, some studies showed that pulmonary emphysema was
arisk factor for lung cancer, independent of smoking history and airflow limitation.””
In a COPD lung, the pattern and distribution of emphysematous changes are hetero-
geneous; interstitial and bullous changes are likewise often observed.'®!!

submit your manuscript
e
in

Dove

http:

International Journal of COPD 2017:12 1613-1624 1613
© 2017 Chubachi et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY NG

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/COPD.S132709
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:tbetsuyaku@z5.keio.jp

Chubachi et al

Dove

There have been studies on the coexistence of COPD
among patients with lung cancer.'>!* Some studies have
investigated the changes on computed tomography (CT)
scans surrounding lung cancer as “background” lung
structure. However, this result may be misleading because
various secondary changes can be due to the development
of cancer.'*!S Therefore, the structure of the lungs before
the development of lung cancer was not always reflected.
To date, few studies have retrospectively investigated the
preexisting structural abnormalities of the lungs before
cancer developed.'®

In this study, we aimed to explore the individual asso-
ciation of quantitative measures of emphysema and visual
analysis of interstitial abnormalities on CT scan with changes
in the entire lung with cancer. Furthermore, we quantitatively
measured the local CT densities of the precancerous sites
and assessed if these may be candidate variables for future
risk models.

Patients and methods

Study population

The overall design of the Keio COPD Comorbidity Research
(K-CCR) has been previously published.!”!* This study
was a 3-year, prospective, observational study that enrolled
572 men and women, aged 40-91 years, who had been diag-
nosed by pulmonary physicians with COPD and at risk for
COPD from April 2010 to December 2012. For this study,
we selected and analyzed data from COPD patients without
any suspicious lung cancer findings at baseline CT (n=435).
Written informed consent to analyze and present their data
was obtained from each patient, and the study (University
Hospital Medical Information Network; UMIN000003470)
was approved by the ethics committees of Keio University
and its affiliated hospitals (20090008). The study conforms in
all respects to the Declaration of Helsinki adopted by the 59th
WMA General Assembly, Seoul, Korea, October 2008.

Assessment of clinical parameters

At enrollment and annually, full medical history and
smoking history, as well as information about the current
pharmacologic treatment, were obtained.?® Spirometry was
performed in all patients under stable conditions using an
electronic spirometer (CHESTAC-9800; CHEST, Tokyo,
Japan) according to the guidelines of the American Thoracic
Society.?! Predicted values of spirometric measurements
were derived from the guidelines of the Japanese Respiratory
Society.?? For quantitative and qualitative analyses of emphy-
sema and interstitial abnormalities, only 240 COPD patients
had baseline high-resolution CT scans that were applicable

for further digital analyses. CT examination was performed
using five multi-detector CT scanner: 64-detector CT (Light-
Speed VCT and Discovery CT 750 HD; General Electric
Medical Systems, Milwaukee, WI, USA, or Aquilion 64;
Toshiba Medical Systems, Otawara, Japan), 256-detector
CT (Revolution CT; General Electric Medical Systems),
or 320-detector CT (Aquilion One Genesis; Toshiba Medi-
cal Systems). All subjects underwent volumetric CT at full
inspiration and at the end of a normal expiration. Scanning
parameters for each scanner were as follows: the detector
collimation was 0.5-0.625 mm; beam pitch, 0.813—0.984;
reconstruction thickness, 1.0-1.25 mm; reconstruction
interval, 1.0—1.5 mm; rotation time, 0.35-0.5 seconds; tube
voltage, 120 kVp; tube current, Auto mAs (standard devia-
tion [SD] =12-15); and reconstruction kernel, chest for GE
machine or FC 50 for Toshiba machine. For calibration
among five CT scanners, a test object (Multipurpose Chest
Phantom N1; Kyoto Kagaku, Kyoto, Japan) was scanned at
the start of the study using each scanner.?

Assessment of emphysema

The extent of emphysema was quantified as the ratio (%) of
low attenuation area to total lung volume (low attenuation
area [LAA]%) with Hounsfield units of less than —950 (AZE
Ltd., Tokyo, Japan), as previously reported.”* The presence of
emphysema was defined as LAA% =10% and was classified
as mild (=10%—-<20%) or moderate/severe (=20%).%

Assessment of interstitial abnormalities
CT findings were sequentially read by four pulmonologists
and were scored as follows: type 0= no evidence of intersti-
tial lung disease (ILD), type 1= equivocal for ILD, type 2=
suspicious for ILD, and type 3= ILD. Interstitial abnormali-
ties were registered as either absent (0+1) or present (2+3).!"*
In the sequential reading process, the 240 CT scans were
divided among four picture archiving and communication
system workstations. Reader 1 or 2 would review the scans
at his or her station and provide a corresponding score. CT
scans that were scored as types 1, 2, and 3 were provided to
reader 3, who was blinded to the initial interpretation. Finally,
reader 4, who was blinded to the interpretations of readers 1,
2 and 3, contributed to majority opinion on scans that were
discordantly scored by the three readers.

Quantification of local lung density

A 2 cm diameter sphere was arbitrarily created in the site
where lung cancer would develop later on three-dimensional
(3D) image of CT, and the local spherical lung density of the
sphere was measured (AZE Ltd., Tokyo, Japan). The 2 cm
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Figure | CT and 3D CT images of placement of a 2 cm diameter sphere in a lung.

Notes: A 2 cm diameter sphere appears within a red circle in the lung on transverse (A), sagittal (B), and coronal (C) planes. The placements of these three circles are
finely adjusted in a synchronized manner to minimize the involvement of vessels and airways. The enhanced images of the sphere are shown in each inset. The location of

the sphere (red circle) is visualized (D).

Abbreviations: 3D, three dimensional; CT, computed tomography; R, right; L, left.

diameter sphere appears as a circle in the lung on transverse
(Figure 1A), sagittal (Figure 1B), and coronal (Figure 1C)
planes. The placement of these three circles is finely adjusted
in a synchronized manner to minimize the involvement of
vessels and airways. The enhanced images of the sphere are
shown in each inset. The location of the sphere is visualized
on the 3D image of CT (Figure 1D).

Statistical analysis

Data were presented as mean + SD or as median (inter-
quartile range). Data were compared between two groups
using Student’s #-test, Mann—Whitney U test, and }? test,
as appropriate. Multivariate logistic regression analyses
were performed to assess factors that affected lung cancer
development. Two-sided P-values of <0.05 were consid-
ered significant for all tests. Data were analyzed using JMP
10 software (SAS Institute, Cary, NC, USA).

Results

Prevalence of lung cancer

The clinical characteristics of the 435 study subjects are
listed in Table 1. The mean age of the COPD patients was
72.7£8.0 years. At baseline, 21.4%, 46.2%, 25.1%, and 7.3%
of the COPD patients were diagnosed with Global Initiative for

Chronic Obstructive Lung Disease grades 1, 2, 3, and 4, respec-
tively. Figure 2 shows the prevalence of lung cancer over a
3-year follow-up period. Lung cancer was newly diagnosed in
21 participants during the follow-up period (2.3% per year).
Patients who dropped out from the study were older and had
worse airflow limitation and lower body mass index compared
to those who completed the 3-year follow-up (Table S1).

Characteristics of lung cancer patients
Table 2 shows the comparison of basic demographic char-
acteristics between patients who developed new lung cancer

Table | Baseline characteristics of the study population

Participants (n) 435
Gender, female, n (%) 36 (8.3)
Age, years 72.7+8.0
Pack-years of smoking 56.3129.9
Current smokers, n (%) 46 (11.0)
BMI, kg/m? 224433
FEV /FVC (%) 51.9+12.1
%FEV, (%) 61.6x21.6

COPD grades 1/2/3/4, n (%) 93/201/109/32 (21.4/46.2/25.1/7.3)

Note: Data are presented as n, mean = standard deviation, or n (%).
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary
disease; FEV , forced expiratory volume in | second; FVC, forced vital capacity;
%FEV,, percent predicted forced expiratory volume in | second.
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435 COPD patients confirmed
by spirometry

Year 1

4 lung cancer cases
(4/367, 1.1% person-year)

Year 2

10 lung cancer cases
(10/319, 3.1% person-year)

Year 3

7 lung cancer cases
(7/253, 2.8% person-year)

Figure 2 Flow chart of the study profile over 3 years of follow-up.

within 3 years and those who did not. There was no significant
difference in age, pack-years of smoking, airflow limitation,
and inhaled drugs between the two groups. The histologic
diagnosis of lung cancer was available in 16 of 21 patients.

For the remaining five patients, lung cancer was highly sus-
pected based on the rapid growth of tumor size on serial CT
scans, assessment of the lesion by ['*F]-fluoro-2-deoxy-D-glu-
cose positron emission tomography—CT scan, and/or marked
elevation of serum tumor markers. The most frequent histologic
type was adenocarcinoma, followed by squamous cell carci-
noma and small cell lung cancer. The patient characteristics
stratified by histologic cell type are listed in Table S2.

New lung cancer and emphysema

Emphysema was observed in 129 of 240 (53.7%) COPD
patients, including 62 (25.8%) mild and 67 (27.9%) moderate/
severe emphysema patients. The incidence of emphysema
was higher in subjects who developed lung cancer than those
who did not develop lung cancer (85.7% vs 51.8%, P=0.013;
Figure 3A). The LAA% of patients who developed lung cancer
was higher than the others (20.0% [13.1%—27.0%] vs 10.4%
[5.0%-20.9%], P=0.014; Figure 3B). After adjusting for
gender, age, and pack-year of smoking, multivariate logistic
regression analysis showed an association between develop-
ment lung cancer and the presence of emphysema (odds ratio
[OR] 5.4, 95% confidence interval [CI] 1.4-35.7, P=0.012;
Table 3). There was no difference between mild and moderate/
severe emphysema (P=0.63), implying that the progression of
emphysema did not further increase the risk for lung cancer.

Lung cancer and interstitial abnormality
Interstitial lung abnormalities were observed in 30 of 240
(12.5%) COPD patients, including 22 (9.2%) type 2 and

Table 2 Comparison of baseline characteristics between patients according to lung cancer development

COPD patients who did COPD patients who P-value
not develop lung cancer developed lung cancer
Patients, n 414 21
Gender, female, n (%) 34 (82) 2 (9.5) 0.83
Age, years 72.618.1 73.417.2 0.65
Pack-years of smoking 55.8+29.9 64.4129.6 0.16
Current smokers, n (%) 45 (11.4) | (4.8) 0.62
Extra-pulmonary cancer, n (%) 77 (19.4) 5(23.8) 0.62
BMI, kg/m? 224433 22.8+4.0 0.69
FEV /FVC (%) 51.8%12.1 54.4%11.3 0.35
FEV, L 1.6+0.6 1.7+0.5 0.71
%FEV, (%) 61.4+21.6 66.2+22.0 0.25
COPD grades 1/2/3/4, n (%) 86/193/104/31 718/5/1 0.57
(20.8/46.6/25.1/7.5) (33.3/38.1/23.8/4.8)
Inhaled drugs
ICS, n (%) 135 (33.1) 7(33.3) 0.98
LABA, n (%) 181 (44.9) 10 (47.6) 0.8l
LAMA, n (%) 246 (60.4) 12 (57.1) 0.76

Notes: Data are presented as n, mean * standard deviation, or n (%). P-values from chi-square test (for categorical variables) or t-test (for continuous variables).
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEVI, forced expiratory volume in | second; FVC, forced vital capacity; %FEV‘,
percent predicted forced expiratory volume in | second; ICS, inhaled corticosteroids; LABA, long-acting beta agonist; LAMA, long-acting muscarinic antagonist.
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Figure 3 (A) Frequency of emphysema at enrollment between the COPD patients who developed lung cancer and those who did not. (B) LAA% at enrollment between
COPD patients who developed lung cancer afterward and those who did not. Median, 25th and 75th percentile values are displayed. P-values from chi-square tests (A) or

Mann-Whitney U tests (B).

Abbreviations: COPD, chronic obstructive pulmonary disease; LAA, low attenuation area.

eight (3.3%) type 3 patients. The incidence of interstitial
lung abnormalities was higher in subjects who developed
lung cancer than those who did not (64.3% vs 9.3%,
P<0.0001; Figure 4). In other words, 30% of COPD
patients with interstitial abnormalities (nine of 30) devel-
oped new lung cancer within 3 years. The presence of
interstitial lung abnormalities was associated with the
development of lung cancer (OR 17.7, 95% CI 5.1-72.5,
P<<0.0001). This risk was further increased when interstitial
lung abnormalities were accompanied by emphysema (OR
32.2,95% CI 8.9-138.2, P<<0.0001; Table 4). Emphysema
and interstitial lung abnormalities independently raised the
lung cancer risk according to multivariate logistic regres-
sion (Table S3).

Histogram of CT density distribution

As previously reported, the distribution of emphysema and
interstitial abnormalities is heterogeneous and may vary

Table 3 Emphysema as a predictor of lung cancer in COPD

patients
OR (95% CI) P-value
Emphysema
Present vs none 5.4 (1.4-35.7) 0.012
Mild vs none 4.6 (0.9-33.3) 0.063
Moderate/severe vs none 6.1 (1.4-42.7) 0.015
Moderate/severe vs mild 1.3 (0.44.9) 0.63

Note: Analyses used multivariate logistic analysis adjusted by gender, age, and
pack-years.

Abbreviations: COPD, chronic obstructive pulmonary disease; OR, odds ratio;
Cl, confidence interval.

among patients.?*? We wondered whether lung cancer
would likely develop in severe structural disease, relatively
mild emphysematous lesions, areas of interstitial abnormali-
ties, or even in normal-density areas. Figures 5 and 6 show
two examples of chest CT findings before and after the
appearance of malignant lesions, as well as the histograms
of lung density distribution in each patient. The area under
the curve of the histogram was considered as total lung
volume. The median lung density and local spherical lung
density of the precancerous site in the lung were indicated.

Type of interstitial
abnormalities

100 M Type 3 O Type 2
S 801
- Q P<0.0001
3 ~
ES 604
[Te X
s
> E
7 h
2 s 40
g c
o3
2 20
L

0
COPD patients who did
not develop lung cancer

COPD patients who
developed lung cancer

Figure 4 Frequency of interstitial abnormalities at enrollment between COPD
patients who developed lung cancer and those who did not.

Note: P-values from chi-square test.

Abbreviation: COPD, chronic obstructive pulmonary disease.
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Table 4 Association of interstitial lung abnormality as a predictor
of lung cancer in COPD patients

OR (95% CI) P-value

Interstitial lung abnormality
Present vs none 17.7 (5.1-72.5) <0.0001
With emphysema vs others 32.2 (8.9-1382) <0.0001

Note: Analyses used multivariate logistic analysis adjusted by gender, age, and
pack-years.

Abbreviations: COPD, chronic obstructive pulmonary disease; OR, odds ratio;
Cl, confidence interval.

Comparison of median total lung density and local spherical
lung density is shown in Table 5. It should be noted that
one patient (Patient ID 6) seemed to develop lung cancer
in the wall of the pre-existing bullae. The histograms of the
lung density in all 14 individuals are shown in Figure S1.
In most COPD patients without interstitial abnormalities
(four of five), the local spherical density was almost similar
to the median of whole lung density distribution. On the

= X

40,000

30,000

20,000

10,000

Lung volume (mm?3)

0

1,000 —-800
Lung density (HU)

-1.200

—600

other hand, the sphere of six of nine patients with interstitial
abnormalities was located within far high attenuation area
from median of whole lung density, implying interstitial
abnormalities. In the remaining three patients, spherical
density was almost similar to the median distribution of
whole lung density.

Discussion

In this cohort, we found 21 patients newly diagnosed with
lung cancer within 3 years (2.3% per year); this is a
relatively higher ratio compared to the previously reported
0.8%—1.7% of COPD patients developing lung cancer per
year.”*?” It might be because the age of our study popula-
tion was higher®® than that of other COPD clinical studies
conducted in Western countries.??” If we could follow up
patients who dropped out, the incidence of lung cancer
would be even higher. When no suspicious nodular shadow
was detectable, the CT images taken at enrollment were

Figure 5 Chest CT scans before and after the appearance of a malignant lesion and the histogram of lung density distribution in a patient who had emphysema, but no

interstitial abnormalities.

Notes: (A) A transverse CT image at enrollment with superimposed LAA (<-95 HU: green). The red circle indicates the precancerous sphere. (B) The location of the sphere
is visualized on 3D CT image (red circle). (C) Histogram of CT density distribution of the entire lungs. The area under the curve of the histogram is total lung volume. The
median of whole lung density is indicated as a dotted line. The solid line indicates the local lung density of precancerous sphere. (D) A transverse CT image when a suspicious

lesion (arrow) was detected at the same level of A.

Abbreviations: CT, computed tomography; LAA, low attenuation area; HU, Hounsfield unit; 3D, three dimensional; A, anterior; R, right; L, left; P, posterior.
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Figure 6 Chest CT scans before and after the appearance of a malignant lesion and the histogram of lung density distribution in a patient who had emphysema and interstitial
abnormalities.

Notes: (A) A transverse CT image at enrollment with superimposed LAA (<950 HU: green). The red circle indicates the precancerous sphere. (B) The location of
the sphere (red circle) is visualized on 3D CT image. (C) The histogram of CT density distribution of the entire lungs. The area under the curve of the histogram is total
lung volume. The median of lung attenuation is indicated as a dotted line. LAA (—950 HU) is shown as a shaded area. The solid line indicates the local lung density of the
precancerous sphere. (D) Transverse CT image when a suspicious lesion (arrow) was detected at the same level of A.

Abbreviations: CT, computed tomography; LAA, low attenuation area; HU, Hounsfield unit; 3D, three dimensional; R, right; L, left.

Table 5 Comparison of lung densities between the whole lung and the precancerous sphere

Patient Pathology of Interstitial lung LAA% of Median whole lung Sphere Difference between the
ID lung cancer abnormalities whole lung density (HU) density (HU) two densities (HU)
| Unknown None 40.0 -932.5 -944.0 1.5

2 Adeno None 59 —898.0 —885.2 —-12.8

3 Adeno None 22.1 -902.0 —880.8 -21.2

4 Adeno None 53 —858.8 -832.7 -26.1

5 Adeno None 14.9 —896.2 -764.4 —131.8

6 Unknown Present 26.7 —902.1 -769.1 —133.0

7 Small cell Present 34.0 -930.9 —674.2 -256.7

8 Small cell Present 10.7 -823.2 —664.5 —158.8

9 Squamous Present 16.1 —868.1 -702.4 —165.7

10 Unknown Present 1.4 —843.9 —-698.5 —145.4

I Squamous Present 13.8 —904.4 —803.8 —100.5

12 Unknown Present 27.6 -907.3 —905.1 -2.2

13 Adeno Present 19.7 -899.9 -910.9 1.0

14 Squamous Present 17.7 —906.9 -901.4 —55

Abbreviations: LAA, low attenuation area; HU, Hounsfield unit; Adeno, adenocarcinoma; Small cell, small cell carcinoma; Squamous; squamous carcinoma.
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evaluated for characteristics of the whole lungs and further
focused on the local density of the legion where lung cancer
developed later.

We first demonstrated that the frequency of emphysema
and LAA% of whole lungs at enrollment were higher in
subjects who developed lung cancer than in those who did
not during 3 years. Taken together with the other studies,””
our study supported the association between emphysema
and lung cancer. Our new finding was that lung cancer did
not develop in severe emphysematous lesions, but it devel-
oped in non-emphysematous areas. Common mechanisms,
such as chronic inflammation and oxidative stress, have
been suspected in cigarette smoke-induced lung cancer and
emphysema.?*! Qur finding of lung cancer development
in non-emphysematous areas suggested that a different
mechanism may instantaneously exist upon lung cancer
development, whereas emphysema progresses in temporally
and spatially heterogeneous manner for decades.

Combined pulmonary fibrosis and emphysema is a
relatively new entity that is diagnosed by high-resolution
CT imaging findings of the coexistence of emphysema and
pulmonary fibrosis in varying extents.*? Genetic alterations,
response to growth and inhibitory signals, resistance to
apoptosis, myofibroblast origin and behavior, altered cellular
communications, and intracellular signaling pathways are
all fundamental pathogenic hallmarks of both interstitial
abnormalities and cancer.*® Our data were in line with the
results of several previous reports demonstrating a high
prevalence of lung cancer in combined pulmonary fibrosis
and emphysema patients, which appeared to be more frequent
than in idiopathic pulmonary fibrosis and COPD patients.** 3¢
However, our local density analysis demonstrated that lung
cancer developed not only in high-density areas but also in
relatively normal-density areas.

The advantage of this method was that it was objective
and quantitative, but the inevitable limitation is lack of
pathologic assessment of the abnormality in lung density. The
technical challenge is to set an arbitrarily matched spherical
lesion on CT image taken at different time points from the
same patient; manual fine tuning is needed to avoid existing
vessels and airways, as described in Figure 1.

Our study had some limitations. First, the size of the study
population that underwent digital CT analyses was relatively
small. We could not follow up the patients who dropped out
from this study; therefore, the incidence of lung cancer might
be underestimated. This is an inherent problem of all longi-
tudinal studies.’”*® Further studies involving larger number
of nested patients and longer follow-up are necessary.

Conclusion

The presence of emphysema, interstitial abnormalities, and both
are significant risk factors for future lung cancer development
in COPD patients. Furthermore, lung cancer likely develops
in non-emphysematous areas or in interstitial abnormalities,
if any, but not in emphysematous lesions. Our findings might
help identify imaging-based measurements of risk, detection,
subtype, and progression of lung cancer in COPD patients.
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Supplementary materials

Table S1 Comparison of baseline characteristics between patients with 3-year follow-up and those who dropped out

Patients with Patients who P-value
3-year follow-up dropped out
Patients, n 253 182
Gender, female, n (%) 17 (6.7) 19 (10.4) 0.16
Age, years 71.817.6 74.0£8.4 0.0046
Pack-years of smoking 56.9+30.8 55.3+28.7 0.60
BMI, kg/m? 22.9+3.0 21.74£3.6 0.00020
FEV /FVC (%) 52.7+12.0 50.8+12.1 0.11
%FEV 63.7+20.7 58.7422.6 0.018

Notes: Data are presented as n, mean + SD, or n (%). P-values from chi-square test (for categorical variables) or t-test (for continuous variables).
Abbreviations: BMI, body mass index; FEV,, forced expiratory volume in | second; FVC, forced vital capacity; %FEV , percent predicted forced expiratory volume in
| second; SD, standard deviation.

Table S2 Comparison of baseline characteristics according to pathology of lung cancer

Adenocarcinoma Squamous cell Small cell Undiagnosed
carcinoma carcinoma

Patients, n 9 4 3 5
Gender, female, n (%) I (I1.1) 0(0) I (33.3) 0(0)
Age, years 70.8+8.4 76.5+6.2 72.0£7.5 76.614.6
Smoking index, pack-years 61.6120.0 65.9128.5 48.2+14.0 78.1149.2
Current smokers, n (%) 0(0) 1 (25.0) 0(0) 0(0)
Previous history of extra-pulmonary cancer, n (%) I (I1.1) 1 (25.0) 1 (33.3) 2 (40.0)
%FEV, 73.9+194 49.1+£19.4 64.8125.7 66.9125.1
COPD grades 1/2/3/4, n 4/3/2/0 0/3/0/1 I/1/1/0 2/1/2/0
Blood examination

Leukocytes, x10°/L 7.3t1.6 6.812.1 9.240.3 6.4+0.7

CRP, mg/dL 0.4+0.3 0.6+0.8 0.5+0.5 0.140.1

SAA/ug/mL 12.0+1 1.1 16.3£12.4 33.4+23.8 75.6£129.1

CEA/ng/mL 28.3157.6 4.1£0.8 4.4+0.4 53135

Pro-GRP/pg/mL 45.5+9.9 51.8+19.2 734473 102.7£32.7

CYFRA/ng/mL 22+14 2.5+2.0 32423 3.9+2.8
Clinical stage of NSCLC

I/1/IV/unknown, n 6/0/2/1/0 171717110 3/0/0/0/2
Clinical stage of SCLC LD/ED 12
Location of primary mass

Upper/middle/lower lobes, n 6/0/3 1/0/3 0/1/2 11212
Diagnosis and annual follow-up

Chest CT/other extra causes, n 8/l 4/0 112 4/1
Treatment

Operation/radiation/chemotherapy + radiation/ 5/0/1/2/1 0/1/0/2/1 0/0/0/3/0 0/1/0/0/4

chemotherapy/best supportive care, n

Note: Data are presented as n, mean + SD, or n (%).

Abbreviations: %FEV, percent predicted forced expiratory volume in | second; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; SAA, serum
amyloid A; CEA, carcinoembryonic antigen; pro-GRP, pro-gastrin-releasing peptide; CYFRA, cytokeratin-19 fragments; NSCLC, non-small cell lung cancer; SCLC, small cell
lung cancer; LD, limited disease; ED, extensive disease; CT, computed tomography; SD, standard deviation.

Table S3 Emphysema and interstitial lung abnormalities as an independent risk factor for future lung cancer in COPD patients

OR (95% CI) P-value
Emphysema
Present vs none 4.2 (1.0-29.0) 0.049
Interstitial lung abnormality
Present vs none 15.6 (4.4-65.4) <0.0001

Note: Multivariate logistic analysis adjusted by gender, age, and pack-years.
Abbreviations: COPD, chronic obstructive pulmonary disease; OR, odds ratio; Cl, confidence interval.

1622 submit your manuscript International Journal of COPD 2017:12

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Radiologic features of pre-lung cancerous areas in COPD

40,000 :
= 1 ]
H
E 30,000
ry :
E 20,000 ]
o i
> E
2 10,000 i
S i
a H
:
() S — .
-1,200 -1,000  —800 —600
Lung density (HU)
30,000 4
Fa
£
£
= 20,000
o
£
3
5]
> 10,000
o
[=
=]
|
-1,200 -1,000  -800 -600
Lung density (HU)
40,000 7
T
£ 30,000 1
(]
£ 20,000
3
o
>
o 10,000
c
=]
] -
0‘
21200 1,000  -800  —600
Lung density (HU)
20,000 :
— 10 i
£
E
[
£
3 10,0001
5]
>
o
c \
3
3
0.
—-1,200 -1,000  -800 —600
Lung density (HU)
30,000 13 .
=
£
E 200004
[
£
3
2 10,000
o
c
=
-
0
1200 1,000 -800  —600

Lung density (HU)

Figure SI The histograms of the lung density of all 14 individuals.
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Notes: There are five individuals without interstitial lung abnormalities (ID |-5) and nine individuals with interstitial lung abnormalities (ID 6—14). The area under the curve
of the histogram is total lung volume. The median of lung attenuation is indicated as a dotted line. The solid line indicates the local lung density of the precancerous sphere.

Abbreviation: HU, Hounsfield unit.
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