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OBJECTIVES: Chronic obstructive pulmonary disease (COPD) increases the risk of lung cancer. The relationships between COPD and
Asthma COPD Overlap (ACO), and between the histopathological types of lung cancer and driver mutations remain unclear and need
further study. The aim of this retrospective study was to examine the relationships between the histopathological type, frequency of epi-
dermal growth factor receptor (EGFR) driver mutations, and anaplastic lymphoma receptor tyrosine kinase (ALK) rearrangements in the
lung cancers of patients with COPD and ACO.

MATERIALS AND METHODS: Patients with pure COPD (n=198) or ACO (n=318) who were admitted to our hospital were reviewed
retrospectively.

RESULTS: Lung cancers were identified in 43 (21.7%) patients with pure COPD and 54 (17.0%) patients with ACO. The following lung
cancers types were observed: patients with pure COPD had 19 (44.2%) adenocarcinomas, 13 (30.2%) squamous cell lung carcinomas
(SCQC), 8 (18.6%) small cell lung carcinomas (SCLC); patients with ACO had 23 (42.6%) adenocarcinomas, 23 (42.6%) SCC, 2 (3.70%)
SCLC. SCLC was significantly more prevalent in patients with pure COPD (p<0.05) than in those with ACO. Differences between the
numbers of other histological types of lung cancer and the numbers of driver mutations in the 2 groups of patients were not significant.

CONCLUSION: The differences in the rate of lung cancer and prevalence of EGFR driver mutations between the patients with pure
COPD and those with ACO were not significant.
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INTRODUCTION

In Japan, COPD and smoking are the risk factors for the development of lung cancer, especially the squamous cell lung
carcinomas (SCC) histological subtype [1, 2]. Asthma increases the risk of SCC and small cell lung carcinoma (SCLC) [3].
Asthma has an inverse association with lung cancer [4]. Atopic diseases are associated with a reduced risk of cancer [5].
Eosinophils appear to have beneficial effects on colorectal carcinoma, oral squamous carcinoma, pulmonary adenocar-
cinoma, and prostate carcinoma. For example, high eosinophils levels in blood correlate with better outcomes, and
nonmetastatic carcinomas are correlated with high levels of eosinophilic infiltration in tumors [6].

Compared to patients with pure COPD or asthma, those with Asthma COPD Overlap (ACO) are known to experience
accelerated decline in lung function [7], and increases the risk of hospitalization and disease exacerbations in both
asthma and COPD [8]. Few studies have investigated patients with ACO and concomitant lung cancer. The aim of this
retrospective study was to examine the relationships between the histopathological types, frequency of epidermal growth
factor receptor (EGFR) driver mutations, and anaplastic lymphoma receptor tyrosine kinase (ALK) rearrangements in the
lung cancers of patients with COPD and ACO.

MATERIALS AND METHODS

Patients were diagnosed with COPD if they fulfilled the inclusion criteria. In contrast, those who satisfied the exclusion
criteria were excluded.
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Inclusion Criteria

1. Outpatients, 240 years of age, with a smoking history of
>10 pack-year

2. The study period was April 1, 2011, to July 16, 2015.
Patients who underwent bronchodilator reversibility test
at our hospital were reviewed retrospectively.

3. FEV,% (forced expiratory volume in one second)<70%
post-bronchodilator.

Exclusion Criteria

Patients with any of the following condition were excluded
from the study: sinobronchial syndrome, interstitial lung dis-
ease, bronchiectasis, tuberculosis, pneumoconiosis, radiation
pneumonitis, and bronchiolitis obliterans.

Patients were diagnosed with ACO if they fulfilled the selec-
tion criteria stated below, which refers to the “guideline of
diagnosis and treatment of COPD 4% edition” published by
The Japanese Respiratory Society [9]. Briefly, asthma coexist-
ing with COPD was diagnosed in patients with any of the
following conditions: reversible airflow obstruction, elevated
fractional exhaled nitric oxide (FeNO) level, elevated immu-
noglobulin E (IgE) level, and clinical findings.

Selection Criteria

1. FEV, after administration of a short-acting bronchodila-
tor 212% and =200 mL.

2. FeNO 237 ppb [10]; FeNO was measured by a portable
analyzer (NIOX MINO; Aerocrine, Solna, Sweden) or by
a stationary analyzer (CHEST Inc., Tokyo, Japan). The
FeNO values determined by the portable analyzer were
converted as follows [11]: FeNO (NIOX MINO)=(FeNO
(CHEST) - 3.065)/1.278.

3. IgE =100 IU/L [12].

4. Clinically diagnosed bronchial asthma (paroxysmal
apnea, wheezing, and recurrent coughs).

Ethical Consideration

The study was performed in accordance with The Code of
Ethics of the World Medical Association (Declaration of
Helsinki). The study was approved by the Standards of
Official Conduct Committee of our hospital (clinical trial
number, 2016-008). The requirement for informed consent
was waived because the data were examined retrospectively
from medical records.

MAIN POINTS

e The relationships between COPD and ACO remain
unclear.

e The aim of this retrospective study was to examine the
relationships between the histopathological type, frequency
of EGFR driver mutations, and ALK rearrangements in the
lung cancers of patients with COPD and ACO.

e SCLC more commonly occurred in patients with pure
COPD (p<0.05). Differences between the numbers of
other histopathological types of lung cancer and numbers
of driver mutations in the 2 groups of patients were not
significant.

Statistical Analyses

Data of age, smoking history, IgE, FeNO, FEV, %, and %FEV,
were expressed as meanzstandard deviation (SD). The
Wilcoxon test was used to compare age, smoking history, IgE,
FeNO, FEV,%, and %FEV between COPD and ACO patients.
The chi-square test was used to evaluate the histopathologi-
cal type of lung cancer and driver mutations.

RESULTS

Figure 1 shows the Consolidated Standards of Reporting Tri-
als diagram of the study. Among all the patients with COPD,
61.6% had ACO (Table 1). The differences between age and
sex ratio of the patients with pure COPD and ACO were not
significant. The number of pack-years of smoking was higher
in patients with pure COPD than in those with ACO
(54.6+29.0 pack-years vs. 49.9+£31.9 pack-years, respective-
ly; p<0.05). IgE level was higher in patients with ACO than
in those with pure COPD (470.9+912.4 1U/L vs. 29.9+20.2
IU/L, respectively; p<0.01). The FeNO value was higher in
ACO patients than in pure COPD patients (39.7+27.4 ppb vs.
18.0+8.6 ppb, respectively; p<0.01). FEV,% was higher in
pure COPD patients than in ACO patients (60.9+8.5 vs.
57.2+10.8, respectively; p<0.01). %FEV, was higher in pure
COPD patients than in ACO patients (93.9%+40.3% vs.
78.8%+42.7%, respectively; p<0.01). Details of the Global
Initiative for Chronic Obstructive Lung Disease (GOLD) clas-
sification for airflow limitation in COPD are shown in Table
1. The risk of lung cancer among pure COPD and ACO
patients was 21.7% (43/198) and 17.0% (54/318), respec-
tively, which was not significant (Table 2). The following
types of lung cancers were seen: 19 (44.2%) adenocarcino-
mas, 13 (30.2%) SCC, 8 (18.6%) SCLC, and 1 (2.3%) not
otherwise specified (NOS) in 43 patients with pure COPD;
and 23 (42.6%) adenocarcinomas, 23 (42.6%) SCC, 2
(3.70%) SCLC, 1 (3.70%) NOS, 1 (1.9%) large cell neuroen-
docrine carcinoma, 1 (1.9%) large cell carcinoma, and 1
(1.9%) anaplastic carcinoma in 54 patients with ACO. Both
patient groups also had 2 cases with unknown types of lung
cancer. SCLC was significantly more prevalent in the patients
with pure COPD than in those with ACO (p<0.05).

EGFR mutations were identified in 25% [3/12, examined in
12 cases of adenocarcinoma and found positive in 3 cases;
2 with an exon point mutation L858R (L858R) and 1 with
exon 19 deletion (19del)] of pure COPD patients and 22.2%
(4/18; 1 with L858R and 3 with 19del) of ACO patients (Table
2). ALK rearrangements were identified in 0% (0/6), 0%
(0/11) of the patients. Differences between the numbers of
other histological types of lung cancer and numbers of driver
mutations in the 2 groups of lung adenocarcinoma patients
were not significant. The difference between the mortality
rates in the 2 groups of patients up to April 1, 2016, was not
significant (Table 2).

DISCUSSION

COPD and smoking are risk factors for the development of
lung cancer, especially the SCC histological subtype in Japan
[1, 2]. Moreover, asthma increases the risk of SCC and SCLC
[3]. Few studies have investigated the risk of lung cancer in
patients with ACO. A cohort study conducted in People’s
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Figure 1. Study design and inclusion and exclusion criteria of ACO and pure COPD
post-BD: post-bronchodilator; line box: ACO; dotted box: pure COPD; ACO: Asthma Chronic obstructive pulmonary disease Overlap; COPD: chronic obstructive

pulmonary disease

Table 1. Differential characteristic of patients of pure COPD and ACO

CcorPD

Characteristics n=516
Age, y 69.2+8.3
Sex Male 466

Female 50
Smoking history (pack-years) 51.7+£30.9
IgE (IU/L) 422.3+871.4
FeNO (ppb) 25.7+23.3
FEV,% (%) 58.6+10.1
%FEV, (%) 86.4+42.4

pure COPD ACO
n=198 (38.4%) n=318 (61.6%) p
69.7+8.0 68.9+8.5 N.S
184 282 N.S
14 36 N.S
54.6+29.0 49.9+31.9 p<0.05
29.9+20.2 470.9+912.4 p<0.01
18.0+8.6 39.7£27.4 p<0.01
60.9+8.5 57.2+10.8 p<0.01
93.9+40.3 78.8+42.7 p<0.01
| n=126 | n=142
1l n=54 Il n=95
1l n=38 Il n=51
vV n=10 vV n=30

NS: not significant; SD: standard deviation; COPD: chronic obstructive pulmonary disease; ACO: asthma chronic obstructive pulmonary disease overlap; y:
years; FeNO: fractional exhaled nitric oxide; FEV1: forced expiratory volume in one second; IgE: immunoglobulin E

Republic of China found that respective men and women
with COPD, asthma, and ACO had hazard ratios (HRs) for
lung cancer of 1.68 and 1.38, 1.57 and 1.35, and 2.21 and
1.64, respectively; HRs of adenocarcinoma were 1.59 and
1.40, 1.31 and 1.40, 1.76 and 2.36, respectively; HRs of SCC
were 1.82 and 1.51, 1.81 and 1.61, 2.21 and 1.64, respec-
tively; HRs of SCLC were 1.57 and 1.61, 1.84 and 1.56, 2.14

and 3.33, respectively [13]. Patients with coexisting pulmo-
nary diseases were more likely to develop any type of lung
cancer. However, in this study, the risk of developing SCLC
was higher in pure COPD patients. In the same People’s
Republic of China study, the respective HRs of SCLC for men
and women aged 60 to 79 years were 7.16 (95% Cl: 6.52-
7.86) and 5.71 (95% Cl: 4.27-7.63). Age had a greater effect
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Table 2. Prevalence of lung cancer and histopathology and genetic assessments in pure COPD and ACO

pure COPD n=198 ACO n=318 p
Prevalence of malignancy 43 (21.7%) 54 (17.0%) N.S.
histopathology SCLC 8 (18.6%) 2 (3.7%) p<0.05
Ad 19 (44.2%) 23 (42.6%) p<0.05
EGFR  3/12 4/18 N.S.
L858R; 2 L858R; 1
19del1; 1 19delt; 3
ALK 0/6 0/11
Sq 13 (30.2%) 23 (42.6%) N.S.
Others NOS 1 (2.3%) NOS 1 (1.9%)
LCNEC 1 (1.9%)
Large cell carcinoma 1 (1.9%) N.S.
Anaplastic carcinoma 1 (1.9%)
Unknown 2 (4.7%) 2 (3.7%) N.S.
Dead 12 (27.9%) 13 (24.1%) N.S.

Ad: adenocarcinoma; ALK: ALK rearrangement; EGFR: EGFR mutations; LCNEC: large cell neuroendocrine carcinoma; NOS: not otherwise specified; NS:
not significant MeanSD; SCLC: small cell carcinoma; Sq: squamous cell carcinoma

than the coexistence of asthma or COPD. In this study, we
selected patients with a history of smoking, but the smoking
history of the patients was not reported in the study from the
People’s Republic of China. The study populations of our
study and that of the People’s Republic of China are different,
and therefore, comparing the results is difficult. In a retrospec-
tive Japanese study [14], 23/474 (4.8%) patients with asthma
and 15/176 (8.5%) patients with ACO developed lung cancer.
The following histopathological types of lung cancer were
identified: adenocarcinoma in 78.3%, SCC in 13.0%, and
SCLC in 8.7% of asthma patients; SCC in 46.7%, adenocarci-
noma in 40.0%, SCLC in 6.7%, and unknown in 6.7% of
ACO patients. In Japanese patients with COPD or ACO, a
larger study cohort comprising patients with pure asthma is
needed to evaluate the risk of lung cancer and histological
type. Lim et al. [15] reported that lung cancers in patients
with COPD were associated with prevalence of EGFR muta-
tions and ALK rearrangements. The proportions of EGFR
mutations and ALK rearrangements decreased as the severity
of airflow obstruction increased. Interestingly, in patients with
no history of smoking, the prevalence of EGFR mutations was
significantly lower in the those with COPD than in those
without COPD [15]. In our study, we mainly selected patients
with a smoking history longer than a specific duration. We
did not examine patients who never smoked.

The Global Initiative for Asthma and GOLD provided the
following joint statement. ACO was defined as a syndrome
characterized by persistent airflow limitation with several
features usually associated with asthma and COPD. A review
of the literature on ACO [16] could not find established diag-
nostic criteria for ACO. For example, reversibility of airflow
obstruction and eosinophilia of sputum were used as refer-
ences [17]. In this study, the prevalence of asthma in patients
with COPD was 61.6%. The prevalence was higher than that

reported previously. There were three possible explanations
for the high prevalence of asthma. First, because of the com-
paratively older mean age of our study population (69.2+8.3
years). The frequency of ACO increases with age [7, 18]. The
prevalence of ACO is higher than 50% in elderly COPD
patients. Second, differences between the ACO diagnostic
criteria used in our study and those used previously might
have resulted an increased prevalence of ACO in our study.
With 35 ppb as the cutoff value of FeNO, the prevalence rate
of ACO was 16.3% in our COPD population [19]. With both
FeNO and IgE > 173 IU/mL, the prevalence rate of ACO was
7.8% [19]. Lastly, during the enrolment of our study patients,
we initially evaluated 2390 patients who underwent the
bronchodilator reversibility test (Figure 1); moreover, the
increased prevalence of ACO in our study cohort might be
attributable to selection bias of patients.

This study has several limitations. The first limitation was that
we did not examine patients who never smoked. The second
limitation was the potential selection bias because we select-
ed patients who had been identified with reversible airflow
obstruction.

In conclusion, the difference between patients with pure
COPD and those with ACO for the risk of lung cancer was
not significant. SCLC more commonly occurred in patients
with pure COPD (p<0.05). Differences between the numbers
of other histopathological types of lung cancer and numbers
of driver mutations in the 2 groups of patients were not sig-
nificant. This was a small retrospective study, and therefore,
an additional prospective study containing patients with pure
bronchial asthma is needed to assess the risk of lung cancer
and histopathological type. The concept of ACO should be
further evaluated and diagnostic criteria for ACO should be
established.



Ethics Committee Approval: Ethics committee approval was received
for this study from the ethics committee of Kanazawa University
Hospital (clinical trial number, 2016-008).

Informed Consent: The requirement for informed consent was
waived because the data were examined retrospectively from medi-
cal records.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - T.S., J.H.; Design - TS., J.H., K.K.;
Data Collection and/or Processing - T.S., J.H.; Analysis and/or
Interpretation - TS., J.H.; Literature Search - TS., J.H.; Writing
Manuscript - TS., J.H.; Critical Review - TS., J.H., K.Y., M.A., A.O,,
N.O., K.K.

Conflict of Interest: The authors have no conflicts of interest to
declare.

Financial Disclosure: The authors declared that this study has
received no financial support.

REFERENCES

1. Miyamoto H, Motoo, Hiraga T, et al. Clinical and pathologi-
cal characteristics of lung cancer with chronic obstructive
pulmonary disease. Nihon Kyobu Shikkan Gakkai Zasshi
1990;28:736-40.

2. Shimizu H, Hisamichi S, Motomiya M, et al. Risk of lung cancer
by histologic type among smokers in Miyagi Prefecture. Jpn J
Clin Oncol 1986;16:117-21. [CrossRef]

3. Rosenberger A, Bickeboller H, McCormack V, et al. Asthma and
lung cancer risk: a systematic investigation by the International
Lung Cancer Consortium. Carcinogenesis 2012;33:587-97.
[CrossRef]

4.  Denholm R, Schiiz J, Straif K, et al. Is previous respiratory dis-
ease a risk factor for lung cancer? Am J Respir Crit Care Med
2014;190:549-59. [CrossRef]

5. Wang H, Diepgen TL. Is atopy a protective or a risk fac-
tor for cancer? A review of epidemiological studies. Allergy
2005;60:1098-111. [CrossRef]

6. Sakkal S, Miller S, Apostolopoulos V, et al. Eosinophils in Can-
cer: favourable or unfavourable? Curr Med Chem 2016;23:650-
66. [CrossRef]

Sakai et al. Type of Lung Cancer: COPD versus ACO

Gibson PG, Simpson JL. The overlap syndrome of asthma and
COPD: what are its features and how important is it? Thorax
2009;64:728-35. [CrossRef]

Sin DD. Asthma-COPD overlap syndrome: what we know and what
we don't. Tuberc Respir Dis (Seoul) 2017;80:11-20. [CrossRef]
Nagai A. Complications of the lung. In: Committee for the Third
Edition of the COPD Guidelines of The Japanese Respiratory
Society. Guidelines for the Diagnosis and Treatment of COPD.
4th ed. Tokyo: The Japanese Respiratory Society 2013:24.

. Matsunaga K, Hirano T, Kawayama T, et al. Reference ranges for

exhaled nitric oxide fraction in healthy Japanese adult popula-
tion. Allergol Int 2010;59:363-7. [CrossRef]

. Junpei Saito AE Yasuko Sato, Suguru Sato, et al. Differences of

fractional exhaled nitric oxide (FeNO) levels performed us-
ing two different analyzers. Nihon Kokyuki Gakkai Zasshi
2010;48:17-22.

Cosio BG, Soriano JB, Lopez-Campos JL, et al. Defining the
asthma-COPD overlap syndrome in a COPD cohort. Chest
2016;149:45-52. [CrossRef]

. Jian ZH, Lung CC, Huang JY, et al. The coexistence of common

pulmonary diseases on the histologic type of lung cancer in
both genders in Taiwan: a STROBE-compliant article. Medicine
(Baltimore) 2014;93:e127. [CrossRef]

Harada T, Yamasaki A, Fukushima T, et al. Causes of death in
patients with asthma and asthma-chronic obstructive pulmo-
nary disease overlap syndrome. Int J Chron Obstruct Pulmon
Dis 2015;10:595-602. [CrossRef]

Lim JU, Yeo CD, Rhee CK, et al. Chronic obstructive pulmo-
nary disease-related non-small-cell lung cancer exhibits a
low prevalence of EGFR and ALK driver mutations. PLoS One
2015;10:€0142306. [CrossRef]

Papaiwannou A, Zarogoulidis P Porpodis K, et al. Asthma-
chronic obstructive pulmonary disease overlap syndrome
(ACOS): current literature review. ] Thorac Dis 2014;6:146-51.
Bujarski S, Parulekar AD, Sharafkhaneh A, et al. The asthma
COPD overlap syndrome (ACOS). Curr Allergy Asthma Rep
2015;15:509. [CrossRef]

Soriano JB, Davis K], Coleman B, et al. The proportional Venn diagram
of obstructive lung disease: two approximations from the United States
and the United Kingdom. Chest 2003;124:474-81. [CrossRef]

. Tamada T, Sugiura H, Takahashi T, et al. Biomarker-based detec-

tion of asthma-COPD overlap syndrome in COPD populations.
Int ] Chron Obstruct Pulmon Dis 2015;10:2169-76. [CrossRef]

79


https://doi.org/10.1093/oxfordjournals.jjco.a039126
https://doi.org/10.1093/carcin/bgr307
https://doi.org/10.1164/rccm.201402-0338OC
https://doi.org/10.1111/j.1398-9995.2005.00813.x
https://doi.org/10.2174/0929867323666160119094313
https://doi.org/10.1136/thx.2008.108027
https://doi.org/10.4046/trd.2017.80.1.11
https://doi.org/10.2332/allergolint.10-OA-0197
https://doi.org/10.1378/chest.15-1055
https://doi.org/10.1097/MD.0000000000000127
https://doi.org/10.2147/COPD.S77491
https://doi.org/10.1371/journal.pone.0142306
https://doi.org/10.1007/s11882-014-0509-6
https://doi.org/10.1378/chest.124.2.474
https://doi.org/10.2147/COPD.S88274

