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Abstract
Lung cancer and chronic obstructive pulmonary disease (COPD) are two major lung dis-

eases. Epidermal growth factor receptor (EGFR) mutations, v‐Ki‐ras2 Kirsten rat sarcoma

(KRAS) mutations and anaplastic lymphoma kinase (ALK) gene rearrangements represent

driver mutations that are frequently assessed on initial evaluation of non-small-cell lung can-

cer (NSCLC). The present study focused on the expression of driver mutations in NSCLC

patients presenting with COPD and further evaluated the association between NSCLC and

COPD. Data from 501 consecutive patients with histologically proven recurrent or meta-

static NSCLC were analyzed retrospectively. The patients underwent spirometry and geno-

typing of EGFR, ALK, and KRAS in tissue samples. Patient characteristics and expression

of driver mutations were compared between the COPD and non-COPD groups.

Among 350 patients with spirometric results, 106 (30.3%) were diagnosed with COPD,

108 (30.9%) had EGFR mutations, 31 (8.9%) had KRAS mutations, and 34 (9.7%) showed

ALK rearrangements. COPD was independently associated with lower prevalences of

EGFR mutations (95% confidence interval [CI], 0.254–0.931, p = 0.029) and ALK rear-

rangements (95% CI, 0.065–0.600, p = 0.004). The proportions of EGFR mutations and

ALK rearrangements decreased as the severity of airflow obstruction increased (p = 0.001).

In never smokers, the prevalence of EGFR mutations was significantly lower in the COPD

group than in the non-COPD group (12.7% vs. 49.0%, p = 0.002). COPD-related NSCLC

patients exhibited low prevalences of EGFR mutations and ALK rearrangements compared

with the non-COPD group. Further studies are required regarding the molecular mecha-

nisms underlying lung cancer associated with COPD.
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Introduction
Lung cancer and chronic obstructive pulmonary disease (COPD) are two important lung dis-
eases associated with smoking[1]. Lung cancer occurs roughly fivefold more frequently in
COPD patients compared with non-COPD patients, and the presence of COPD is associated
with increased mortality in lung cancer patients [2]. Moreover, 50–70% of lung cancer
patients show spirometric evidence of COPD [3–5]. Tobacco smoking is widely accepted as a
common pathogenic cause of COPD and lung cancer [6]. However, even after considering
the effects of smoking, the presence of COPD is an independent risk factor for lung cancer
development [7]. Furthermore, lung cancer in COPD patients has been associated with wors-
ened regional severity of emphysema [8,9]. Even with strong epidemiological associations
reported in literature, the mechanisms of the link between COPD and lung cancer are not
clearly explained.[10]

The association between COPD and lung cancer can also be evaluated from a molecular per-
spective. Driver mutations—including epidermal growth factor receptor (EGFR) mutations
and anaplastic lymphoma kinase (ALK) rearrangements—have clinical significance in the
treatment of non-small-cell lung cancer (NSCLC). Sensitivity to EGFR tyrosine kinase inhibi-
tors (TKI) depends on the expression of EGFR mutations [11–14]. Mutation of the EGFR sig-
naling pathway has been implicated in the development of NSCLC [15,16]; indeed, several
studies have classified NSCLC into two distinct categories: EGFR-mutated and EGFR-wild
type NSCLC [12,14]. For the treatment of EGFR-mutant lung cancer, EGFR TKIs are recom-
mended as first-line regimens because of their superior efficacy to platinum doublet regimens
in terms of progression-free survival [13]. The roles of EGFR mutations are important because
of their predictive abilities in targeted therapy; however, other driver mutations are also
important in NSCLC [17]. ALK rearrangements have been newly discovered in NSCLC [18],
and crizotinib, a multi-targeted TKI, was shown to be effective in NSCLC harboring ALK rear-
rangements [19]. For advanced-stage lung adenocarcinoma, testing for EGFR mutations and
ALK rearrangements are routinely recommended to select patients for targeted therapy [20].
Additionally, v‐Ki‐ras2 Kirsten rat sarcoma (KRAS) mutations occur in approximately 25% of
NSCLCs, and preclinical and clinical studies of novel therapies targeting KRAS downstream
pathways are under progress [21]. EGFR and KRAS mutations and ALK rearrangements are
major driver mutations to be considered in the initial evaluation of NSCLC.

Previous studies suggest that the pathogenesis of COPD is closely associated with lung carci-
nogenesis, but few have reported the expression of driver mutations and the clinical character-
istics of NSCLC patients with COPD. Suzuki et al. reported that the incidence of EGFR
mutations was lower in NSCLC patients with COPD than in those without COPD [1].

Schiavon et al compared the molecular features of COPD-associated adenocarcinoma
patients to patients with smoke-related adenocarcinoma without COPD. No differences were
found between the two groups concerning EGFR mutation, while KRAS mutation was higher
in smokers compared to COPD patients. [10] To date, large-sized studies investigating differ-
ences in the expression of driver mutations between COPD and non-COPD lung cancer
patients are lacking.

The aim of the present study was to evaluate the expression of the major driver mutations
EGFR and KRAS mutations and ALK rearrangements in NSCLC patients with COPD to deter-
mine the association between the presence of COPD and driver mutations.

Driver Mutations in Lung Cancer with COPD

PLOSONE | DOI:10.1371/journal.pone.0142306 November 10, 2015 2 / 12



Patients and Methods

Study population
Data from 501 consecutive patients with histologically proven recurrent or metastatic NSCLC,
who were admitted to Seoul St. Mary’s Hospital, Yeouido St. Mary’s Hospital, Incheon
St. Mary’s Hospital and Bucheon St. Mary's Hospital at The Catholic University of Korea
between January 2011 and April 2013, were analyzed retrospectively. All patients signed clini-
cal consent forms. The patients underwent non-sequential, simultaneous panel genotyping of
EGFR, ALK, and KRAS. The patients’ clinicopathological characteristics detailed in medical
records were reviewed, including age, gender, smoking history, tumor histological type, initial
tumor stage, EGFR and KRAS mutations, ALK rearrangements, and presence of COPD.
NSCLC tumor pathology was classified according to the World Health Organization classifica-
tion. Clinical staging of lung cancer was determined according to tumor, node, metastasis
(TNM) staging using the standards of the Union for International Cancer Control (UICC), sev-
enth edition [22]. Smoking status was categorized as “never” if<100 cigarettes were consumed
during a lifetime and “ever” if otherwise. This study was approved by the Institutional Review
Board of each participating hospital.

Definition of COPD
Spirometry screening assessment was performed upon admission of the patients. COPD was
defined as a predicted forced expiratory volume in 1 second (FEV1) /forced vital capacity
(FVC) value� 70% in accordance with the current Global Initiative of Chronic Obstructive
Lung Disease (GOLD) guidelines [23]. Patients whose FEV1/FVC value was lower than 70%
were assigned to the COPD group. Spirometric values were presented as the postbronchodila-
tor results [23]. The severity of airflow obstruction in COPD was determined using the GOLD
grading system: grade 1 (%FEV1>80%), grade 2 (%FEV1 50–80%), grade 3 (%FEV1 30–50%),
and grade 4 (%FEV1<30%). One hundred and fifty-one patients without pulmonary function
test results due to a poor general condition and an inability to undergo the studies were
excluded.

EGFR and KRASmutation testing
EGFR mutations were defined as exon 19 deletion or exon 21 point mutations. We excluded
patients with other more uncommon EGFR mutation profiles. Genotyping of EGFR and KRAS
was performed by peptide nucleic acid (PNA)-mediated PCR clamping methods, such as the
PNAClampTM EGFR MutationDetection Kit and PNAClampTM KRAS Mutation Detection
Kit (PANAGENE, Inc., Daejeon, Korea), using real-time PCR [24]. PCR was performed in a
total reaction volume of 20 μl including the template DNA, primer and PNA probe sets, and
SYBR Green PCR master mix. The PCR control lacked the PNA probe and contained the wild-
type template. The CFX96 PCR detection system was used to perform PCR.

ALK fluorescent in situ hybridization (FISH)
Specimens for FISH obtained from four hospitals were prepared simultaneously using a molec-
ular analysis platform and were analyzed over a 3-day period at Yeouido St. Mary’s Hospital
Central Molecular Laboratory [25]. FISH was performed on formalin-fixed paraffin-embedded
(FFPE) tumor tissues using a break-apart probe specific to the ALK locus, the Vysis LSI ALK
Dual Color Break Apart Probe (Abbott Molecular, Abbott Park, IL, USA). ALK rearrangement
positivity was defined as a split signal or isolated red signal. A minimum two-probe diameter
distance was required for determination of true positive signal splitting. Positive cases were
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defined as those with>15% of counted nuclei within tumor cells exhibiting a split signal or iso-
lated red signal (Fig 1). To minimize technical bias, we used a specimen-specific assessment
approach. In surgical resection specimens, 100 tumor cells were scored. An ALK FISH split sig-
nal rate<15% was interpreted as negative and that�15% as positive.

Statistical analysis
Data are expressed as frequencies with percentages or as means with standard deviations. The
basic characteristics of the study population were compared using the unpaired Student’s t-test
for continuous variables and the chi-squared test for categorical variables. We used logistic
regression analysis to examine the relationship between driver mutations and other clinical
variables. Odds ratios and their 95% confidence intervals (CI) were computed. Goodness of
fit was computed to assess the relevance of the logistic regression model. A linear-by-linear
association test was employed to explore the associations between a decline in FEV1 and the
expression of driver mutations. All statistical analyses were performed using SPSS software
(ver. 15.0.0 for Windows; SPSS Inc., Chicago, IL, USA), and p< 0.05 was taken to reflect
significance.

Results

Overall patient characteristics
After exclusion of 151 patients without pulmonary function test results, 350 patients with
NSCLC were enrolled. Of these, 106 patients were selected for the COPD group and 244 for
the non-COPD group. The mean age of the patients was 65.1 years; 192 (54.9%) were male,
199 (54.9%) were never smokers, and 17 (4.9%) had squamous cell carcinomas. The clinical
stages of 226 patients (64.6%) were III or IV at the time of diagnosis. EGFR mutations were
present in 108 patients (30.9%), KRAS mutations in 31 (8.9%) and ALK rearrangements in
34 (9.7%). The mean %FEV1 predicted value was 90.9%, and the mean FEV1 absolute value in
liters was 2.32 (Table 1).

Patient characteristics and differences between the COPD and non-
COPD groups: univariate analysis
In the COPD group, the mean age was higher (69.8 vs. 63.0 years, p = 0.001), and male patients
were more common (78.3% vs. 44.7%, p = 0.001). Smokers were more prevalent in the COPD
group (59.4% vs. 36.1%, p = 0.001), while adenocarcinomas were more prevalent in the non-
COPD group (93% vs. 85.8%, p = 0.029). No significant differences in clinical stage were found
between the two groups (Table 1). The proportion of overall patients expressing EGFR muta-
tions was 30.9%, and these mutations were more prevalent in the non-COPD (37.3%) com-
pared with the COPD group (16%) (p = 0.001). ALK rearrangements were significantly less
prevalent in the COPD group (3.8% vs. 12.3%) (p = 0.013). As to KRAS mutation, no signifi-
cant difference was found between two groups (Fig 2).

Multivariate analysis of risk factors associated with EGFRmutations and
ALK rearrangements
We performed multivariate analyses to identify the risk factors associated with EGFR muta-
tions and ALK rearrangements. The variables found to be significant in the univariate analyses
were introduced into a logistic regression model. The effects of age, gender, smoking, and his-
tology were assessed by multivariate analyses. EGFR mutations were more common in females,
never smokers, and patients with adenocarcinomas (Table 2). COPD was independently
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associated with lower prevalences of EGFR mutations (95% CI, 0.254–0.931, p = 0.029) and
ALK rearrangements (95% CI, 0.065–0.600, p = 0.004). The odds ratio was 0.487 for EGFR
mutations (95% CI, 0.254–0.931, p = 0.029) and 0.197 for ALK rearrangements (95% CI,
0.065–0.600, p = 0.004).

Fig 1. Representative photographs of a patient with ALK rearranged adenocarcinoma in pleural fluid cell blocks. (A) Tumor with H&E stain. (B)
Tumor with positive TTF-1 stain. (C) FISH analysis interpreted as positive; 15 ALK rearranged cells in 57 tumor cells (ALK FISH split >15%). Abbreviations
H&E: hematoxylin and eosin; TTF-1; thyroid transcription factor 1.

doi:10.1371/journal.pone.0142306.g001
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Table 1. Characteristics of 350 NSCLC patients and a comparison of the COPD versus non-COPD groups.

Characteristic Overall COPD Non-COPD p-value

(n = 350) (n = 106) (n = 244)

Age (mean) 65.08±10.68 69.78±9.49 63.03±10.54 0.001

Sex

Male 192 (54.9%) 83 (78.3%) 109 (44.7%) 0.001

Female 158 (45.1%) 23 (21.7%) 135 (55.3%)

Smoking History

Never smokera 199 (56.9%) 43 (40.6%) 156 (63.9%) 0.001

Ever smokera 151 (43.1%) 63 (59.4%) 88 (36.1%)

Former smoker 18 (5.1%) 6 (5.7%) 12 (4.9%)

Current smoker 133 (38%) 57 (53.7%) 76 (31.2%)

Histology

Adenocarcinoma 318 (90.9%) 91 (85.8%) 227 (93%) 0.029b

Non-adenocarcinoma 32 (9.1%) 15 (14.2%) 17 (7%)

Squamous carcinoma 17 (4.9%) 9 (8.5%) 8 (3.3%)

Adenosquamous carcinoma 6 (1.7%) 2 (1.9%) 4 (1.6%)

NOSd 9 (2.6%) 4 (3.8%) 5 (2%)

Clinical stage

I 87 (24.9%) 25 (23.6%) 62 (25.4%) 0.808c

II 37 (10.6%) 13 (12.3%) 24 (9.8%)

III 80 (22.9%) 30 (28.3%) 50 (20.5%)

IV 146 (41.7%) 38 (35.8%) 108 (44.3%)

History of pulmonary tuberculosis 33 (9.4%) 11 (10.4%) 22 (9%) 0.693

Mean %FEV1 predicted value 90.85±22.72 77.61±21.2 96.6±20.91 0.001

Mean FEV1 absolute value (liters) 2.32±4.007 1.81±0.623 2.56±4.767 0.001

NSCLC, non-small-cell lung cancer; EGFR, epidermal growth factor receptor; KRAS, v‐Ki‐ras2 Kirsten rat sarcoma viral oncogene homolog; ALK,

anaplastic lymphoma kinase; FEV1, forced expiratory volume in 1 second; COPD, chronic obstructive pulmonary disease
a Smoking status was categorized as “never” if <100 cigarettes were consumed in a lifetime and as “ever” otherwise.
bAdenocarcinoma vs. all others
cStages I and II vs. III and IV
dNOS: Not otherwise specified

doi:10.1371/journal.pone.0142306.t001

Fig 2. Comparison of prevalence of major driver mutations between COPD and non-COPD groups. (A) EGFRmutations (B) KRASmutations and (C)
ALK rearrangements.

doi:10.1371/journal.pone.0142306.g002
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GOLD stages
Among the 106 COPD patients, 47, 48, 11, and 0 were classified as GOLD stages 1, 2, 3, and 4,
respectively. To explore whether or not the severity of airflow obstruction is significantly corre-
lated with the prevalence of gene mutations, we divided the patients of the non-COPD group
into GOLD stages 1, 2, and 3. The proportion of those with EGFR mutations was inversely pro-
portional to the severity of airflow obstruction (p = 0.001). Furthermore, the presence of ALK
rearrangements also decreased as airflow obstruction increased (Fig 3).

Differences in driver mutations between the COPD and non-COPD
groups among never smokers
Excluding the effect of smoking, we determined the association between COPD and EGFR
mutations in 199 never-smoker NSCLC patients. The proportion of patients with EGFR muta-
tions was significantly lower in the COPD group than the non-COPD group (12.7% vs. 49.0%,
p = 0.002). No statistically significant difference in the prevalence of ALK rearrangements was
found between the two groups (Fig 4).

Discussion
The aim of our study was to evaluate the prevalence of driver mutations in patients with
NSCLC and COPD according to the severity of airway obstruction. Patients with COPD-
related NSCLC had low prevalences of EGFR mutations and ALK rearrangements, which were
proportional to the decline in FEV1. Furthermore, COPD was also significantly correlated with
low prevalences of EGFR mutations and ALK rearrangements in non-smoker NSCLC patients.
However no significant difference between the COPD and non-COPD group in expression of
KRAS mutation was found.

Our study results are consistent with previous findings that EGFR mutations were less prev-
alent in males and smokers and more prevalent in adenocarcinomas [26–29]. However, there
are few data clarifying the correlation between COPD and major driver mutations in NSCLC
patients. A recent study byHashimoto et al. showed that EGFR mutations were more prevalent
in a non-COPD group compared with a COPD group [30]. A previous study showed that the
expression of EGFR mutations was proportionally correlated with a decline in FEV1; however,
the association was not valid in multivariate analysis [1]. Our study demonstrated that COPD
was independently associated with a lower prevalence of EGFR mutations among NSCLC
patients, after taking age, gender, smoking, and histology into account, and the number of sub-
jects enrolled was larger. In addition, our study showed that the prevalence of ALK rearrange-
ments in NSCLC was lower in the COPD than the non-COPD group.

Table 2. Multivariate analysis of patient characteristics associated with EGFR and ALKmutation statuses.

EGFR ALK

Odds Ratio 95% CI p-value Odds Ratio 95% CI p-value

COPD 0.197 0.065–0.600 0.004 0.487 0.254–0.931 0.029

Age 0.992 0.959–1.025 0.616 1.005 0.981–1.030 0.678

Male 4.217 1.478–12.030 0.007 0.453 0.236–0.868 0.017

Smoking 1.188 0.470–3.004 0.716 0.468 0.234–0.937 0.032

Adenocarcinoma 3.113 0.686–14.117 0.141 3.662 1.062–12.624 0.040

COPD, chronic obstructive pulmonary disease; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase.

doi:10.1371/journal.pone.0142306.t002
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Airflow obstruction severity defined by %FEV1 was proportional to the prevalences of
EGFR mutations and ALK rearrangements in our study. Smoking is a possible reason for the
correlation. Smoking also induces bronchial epithelial changes in COPD patients [31]. Adeno-
carcinoma development may involve different pathways between smokers and never smokers.
In smokers, smoking-related carcinogens favor KRAS mutations; on the other hand, EGFR
mutations are more prevalent in never smokers [32]. Smoking is major cause of COPD, and its
effect may be attributed to a lower incidence of EGFR mutations; however, we also considered
the intrinsic influence of COPD.

Fig 3. The proportion of patients with EGFRmutations or ALK rearrangements decreased with the severity of airflow obstruction, as assessed by
the GOLD stage. (A) EGFRmutations and (B) ALK rearrangements. ap-values were calculated by linear-by-linear association test.

doi:10.1371/journal.pone.0142306.g003

Driver Mutations in Lung Cancer with COPD

PLOSONE | DOI:10.1371/journal.pone.0142306 November 10, 2015 8 / 12



In multivariate analysis, the presence of COPD was an independent risk factor for a low
prevalence of driver mutations. Furthermore, the analysis of never-smoker patients in our
study showed that the prevalence of EGFR mutations was lower in NSCLC patients with
COPD, after excluding the effect of smoking. Constant inflammation in the microenvironment
and the repair process involved in COPD may be crucial components for the development of
cancer related to COPD [33]. Previous studies suggest that inflammation induced by neutro-
phil elastase or matrix metalloproteinases further contributes to carcinogenesis [34]. Moreover
EGFR activation mediates mucus hypersecretion preceded by neutrophil elastase and oxidative
stress, thus linking airway inflammation to carcinogenesis [3]. It has been suggested that
inflammatory mediators involved in airway chronic inflammation promote malignant
transformation of bronchioalveolar stem cells [35,36]. Other possible common pathogenic
mechanisms involved in the development of lung cancer in COPD patients include free
radical damage of DNA and genetic mutations and polymorphisms [37]. Oxidants that are
not balanced by antioxidants lead to DNA damage [38]. Genetic mutation of glutathione S-
transferase μ1 (GSTM1), a protective enzyme against tissue damage-inducing substances
found in tobacco, was more prevalent in lung cancer patients with COPD than in healthy
patients [39]. We suggest that the roles of driver mutations such as EGFR mutations or ALK
rearrangements are limited in carcinogenesis in COPD patients.

There were several limitations to our study. First, the percentage of never smokers was dis-
proportionately high in the COPD group, and the predominant overall histological type
among the patients enrolled in our study was adenocarcinoma. We routinely test driver muta-
tions associated with non-squamous type NSCLC, and patient data were collected consecu-
tively from the multiple centers. Therefore, we assume that the enrolled patients represent the
overall lung cancer patient population. Second, we defined COPD only by spirometric results,
such that a disparity may exist between the COPD group in our study and COPD patients on
average. However, previous studies regarding lung cancer presenting with COPD also defined

Fig 4. Association between EGFRmutations and the presence of COPD in non-smokers (n = 199).

doi:10.1371/journal.pone.0142306.g004
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COPD by spirometric results alone [30,40,41]. Lung function might be affected by the anatomi-
cal location of the lung cancer; however, no significant difference in clinical stage between the
COPD group and non-COPD group was detected.

In the present study, lower proportions of EGFR mutations and ALK rearrangements were
found in the COPD group compared with the non-COPD group. Moreover, the prevalence of
the driver mutations decreased as the severity of airway obstruction increased. The low preva-
lence of EGFR mutations among COPD patients without a smoking history suggests that
NSCLC presenting with COPD may be a separate phenotype of lung cancer. Further studies
are required regarding the molecular mechanisms of lung cancer associated with COPD.

Supporting Information
S1 Dataset. Dataset_COPD_drivermutation.xlsx. This is the minimal dataset.
(XLSX)

Author Contributions
Conceived and designed the experiments: CKR TK SHL HKY JWK. Performed the experi-
ments: JUL CDY JWK. Analyzed the data: JUL CDY YHK CKP JSK JWK SHL SJK HKY. Con-
tributed reagents/materials/analysis tools: TK KYL YHK CKP JSK. Wrote the paper: JUL CDY
CKR JWK.

References
1. Suzuki M, Wada H, Yoshino M, Tian L, Shigematsu H, Suzuki H, et al. Molecular characterization of

chronic obstructive pulmonary disease-related non-small cell lung cancer through aberrant methylation
and alterations of EGFR signaling. Ann Surg Oncol. 2010; 17:878–888. doi: 10.1245/s10434-009-
0739-3 PMID: 19841986

2. Skillrud DM, Offord KP, Miller RD. Higher risk of lung cancer in chronic obstructive pulmonary disease.
A prospective, matched, controlled study. Ann Intern Med. 1986; 105:503–507. PMID: 3752756

3. Adcock IM, Caramori G, Barnes PJ. Chronic obstructive pulmonary disease and lung cancer: new
molecular insights. Respiration. 2011; 81:265–284. doi: 10.1159/000324601 PMID: 21430413

4. Lopez-Encuentra A, Astudillo J, Cerezal J, Gonzalez-Aragoneses F, Novoa N, Sanchez-Palencia A,
et al. Prognostic value of chronic obstructive pulmonary disease in 2994 cases of lung cancer. Eur J
Cardiothorac Surg. 2005; 27:8–13. PMID: 15736303

5. Sekine Y, Behnia M, Fujisawa T. Impact of COPD on pulmonary complications and on long-term sur-
vival of patients undergoing surgery for NSCLC. Lung Cancer. 2002; 37:95–101. PMID: 12057873

6. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ. Cancer statistics, 2009. CA Cancer J Clin. 2009;
59:225–249. doi: 10.3322/caac.20006 PMID: 19474385

7. Takiguchi Y, Sekine I, Iwasawa S, Kurimoto R, Tatsumi K. Chronic obstructive pulmonary disease as a
risk factor for lung cancer. World J Clin Oncol. 2014; 5:660–666. doi: 10.5306/wjco.v5.i4.660 PMID:
25300704

8. Wilson DO, Weissfeld JL, Balkan A, Schragin JG, Fuhrman CR, Fisher SN, et al. Association of radio-
graphic emphysema and airflow obstruction with lung cancer. Am J Respir Crit Care Med. 2008;
178:738–744. doi: 10.1164/rccm.200803-435OC PMID: 18565949

9. de-Torres JP, Wilson DO, Sanchez-Salcedo P, Weissfeld JL, Berto J, Campo A, et al. Lung cancer in
patients with chronic obstructive pulmonary disease. Development and validation of the COPD Lung
Cancer Screening Score. Am J Respir Crit Care Med. 2015; 191:285–291. doi: 10.1164/rccm.201407-
1210OC PMID: 25522175

10. Schiavon M, Marulli G, Nannini N, Pasello G, Lunardi F, Balestro E, et al. COPD-related adenocarci-
noma presents low aggressiveness morphological and molecular features compared to smoker
tumours. Lung Cancer. 2014; 86:311–317. doi: 10.1016/j.lungcan.2014.10.004 PMID: 25454198

11. Kim HR, Cho BC, Shim HS, Lim SM, Kim SK, Chang J, et al. Prediction for response duration to epider-
mal growth factor receptor-tyrosine kinase inhibitors in EGFRmutated never smoker lung adenocarci-
noma. Lung Cancer. 2014; 83:374–382. doi: 10.1016/j.lungcan.2013.12.011 PMID: 24468202

Driver Mutations in Lung Cancer with COPD

PLOSONE | DOI:10.1371/journal.pone.0142306 November 10, 2015 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0142306.s001
http://dx.doi.org/10.1245/s10434-009-0739-3
http://dx.doi.org/10.1245/s10434-009-0739-3
http://www.ncbi.nlm.nih.gov/pubmed/19841986
http://www.ncbi.nlm.nih.gov/pubmed/3752756
http://dx.doi.org/10.1159/000324601
http://www.ncbi.nlm.nih.gov/pubmed/21430413
http://www.ncbi.nlm.nih.gov/pubmed/15736303
http://www.ncbi.nlm.nih.gov/pubmed/12057873
http://dx.doi.org/10.3322/caac.20006
http://www.ncbi.nlm.nih.gov/pubmed/19474385
http://dx.doi.org/10.5306/wjco.v5.i4.660
http://www.ncbi.nlm.nih.gov/pubmed/25300704
http://dx.doi.org/10.1164/rccm.200803-435OC
http://www.ncbi.nlm.nih.gov/pubmed/18565949
http://dx.doi.org/10.1164/rccm.201407-1210OC
http://dx.doi.org/10.1164/rccm.201407-1210OC
http://www.ncbi.nlm.nih.gov/pubmed/25522175
http://dx.doi.org/10.1016/j.lungcan.2014.10.004
http://www.ncbi.nlm.nih.gov/pubmed/25454198
http://dx.doi.org/10.1016/j.lungcan.2013.12.011
http://www.ncbi.nlm.nih.gov/pubmed/24468202


12. Paez JG, Janne PA, Lee JC, Tracy S, Greulich H, Gabriel S, et al. EGFRmutations in lung cancer: cor-
relation with clinical response to gefitinib therapy. Science. 2004; 304:1497–1500. doi: 10.1126/
science.1099314 PMID: 15118125

13. Mok TS, Wu YL, Thongprasert S, Yang CH, Chu DT, Saijo N, et al. Gefitinib or carboplatin-paclitaxel in
pulmonary adenocarcinoma. N Engl J Med. 2009; 361:947–957. doi: 10.1056/NEJMoa0810699 PMID:
19692680

14. Lynch TJ, Bell DW, Sordella R, Gurubhagavatula S, Okimoto RA, Brannigan BW, et al. Activating muta-
tions in the epidermal growth factor receptor underlying responsiveness of non-small-cell lung cancer
to gefitinib. N Engl J Med. 2004; 350:2129–2139. doi: 10.1056/NEJMoa040938 PMID: 15118073

15. Scagliotti GV, Selvaggi G, Novello S, Hirsch FR. The biology of epidermal growth factor receptor in lung
cancer. Clin Cancer Res. 2004; 10:4227s–4232s. doi: 10.1158/1078-0432.CCR-040007 PMID:
15217963

16. Arteaga CL. Overview of epidermal growth factor receptor biology and its role as a therapeutic target in
human neoplasia. Semin Oncol. 2002; 29:3–9. doi: 10.1053/sonc.2002.35642 PMID: 12422308

17. Maki-Nevala S, Ronty M, Morel M, Gomez M, Dawson Z, Sarhadi VK, et al. Epidermal growth factor
receptor mutations in 510 Finnish non—small-cell lung cancer patients. J Thorac Oncol. 2014; 9:886–
891. doi: 10.1097/JTO.0000000000000132 PMID: 24828666

18. Soda M, Choi YL, Enomoto M, Takada S, Yamashita Y, Ishikawa S, et al. Identification of the transform-
ing EML4-ALK fusion gene in non-small-cell lung cancer. Nature. 2007; 448:561–566. doi: 10.1038/
nature05945 PMID: 17625570

19. Gridelli C, Peters S, Sgambato A, Casaluce F, Adjei AA, Ciardiello F. ALK inhibitors in the treatment of
advanced NSCLC. Cancer Treat Rev. 2014; 40:300–306. doi: 10.1016/j.ctrv.2013.07.002 PMID:
23931927

20. Leighl NB, Rekhtman N, BiermannWA, Huang J, Mino-Kenudson M, Ramalingam SS, et al. Molecular
testing for selection of patients with lung cancer for epidermal growth factor receptor and anaplastic
lymphoma kinase tyrosine kinase inhibitors: American Society of Clinical Oncology endorsement of the
College of American Pathologists/International Association for the study of lung cancer/association for
molecular pathology guideline. J Clin Oncol. 2014; 32:3673–3679. doi: 10.1200/JCO.2014.57.3055
PMID: 25311215

21. Roberts PJ, Stinchcombe TE. KRASmutation: should we test for it, and does it matter? J Clin Oncol.
2013; 31:1112–1121. doi: 10.1200/JCO.2012.43.0454 PMID: 23401440

22. Maeda R, Yoshida J, Ishii G, Hishida T, Nishimura M, Nagai K. The prognostic impact of cigarette
smoking on patients with non-small cell lung cancer. J Thorac Oncol. 2011; 6:735–742. doi: 10.1097/
JTO.0b013e318208e963 PMID: 21258254

23. Vestbo J, Hurd SS, Agusti AG, Jones PW, Vogelmeier C, Anzueto A, et al. Global strategy for the diag-
nosis, management, and prevention of chronic obstructive pulmonary disease: GOLD executive sum-
mary. Am J Respir Crit Care Med. 2013; 187:347–365. doi: 10.1164/rccm.201204-0596PP PMID:
22878278

24. Yeo CD, Kim JW, Kim KH, Ha JH, Rhee CK, Kim SJ, et al. Detection and comparison of EGFRmuta-
tions in matched tumor tissues, cell blocks, pleural effusions, and sera from patients with NSCLCwith
malignant pleural effusion, by PNA clamping and direct sequencing. Lung Cancer. 2013; 81:207–212.
doi: 10.1016/j.lungcan.2013.04.023 PMID: 23726527

25. Kim TJ, Park CK, Yeo CD, Park K, Rhee CK, Kim J, et al. Simultaneous diagnostic platform of genotyp-
ing EGFR, KRAS, and ALK in 510 Korean patients with non-small-cell lung cancer highlights signifi-
cantly higher ALK rearrangement rate in advanced stage. J Surg Oncol. 2014; 110:245–251. doi: 10.
1002/jso.23646 PMID: 24888607

26. Tsao AS, Tang XM, Sabloff B, Xiao L, Shigematsu H, Roth J, et al. Clinicopathologic characteristics of
the EGFR gene mutation in non-small cell lung cancer. J Thorac Oncol. 2006; 1:231–239. PMID:
17409862

27. Miller VA, Kris MG, Shah N, Patel J, Azzoli C, Gomez J, et al. Bronchioloalveolar pathologic subtype
and smoking history predict sensitivity to gefitinib in advanced non-small-cell lung cancer. J Clin Oncol.
2004; 22:1103–1109. doi: 10.1200/JCO.2004.08.158 PMID: 15020612

28. Shigematsu H, Lin L, Takahashi T, Nomura M, Suzuki M, Wistuba II, et al. Clinical and biological fea-
tures associated with epidermal growth factor receptor gene mutations in lung cancers. J Natl Cancer
Inst. 2005; 97:339–346. doi: 10.1093/jnci/dji055 PMID: 15741570

29. Li Y, Li Y, Yang T, Wei S, Wang J, Wang M, et al. Clinical significance of EML4-ALK fusion gene and
association with EGFR and KRAS gene mutations in 208 Chinese patients with non-small cell lung can-
cer. PLoS One. 2013; 8:e52093. doi: 10.1371/journal.pone.0052093 PMID: 23341890

Driver Mutations in Lung Cancer with COPD

PLOSONE | DOI:10.1371/journal.pone.0142306 November 10, 2015 11 / 12

http://dx.doi.org/10.1126/science.1099314
http://dx.doi.org/10.1126/science.1099314
http://www.ncbi.nlm.nih.gov/pubmed/15118125
http://dx.doi.org/10.1056/NEJMoa0810699
http://www.ncbi.nlm.nih.gov/pubmed/19692680
http://dx.doi.org/10.1056/NEJMoa040938
http://www.ncbi.nlm.nih.gov/pubmed/15118073
http://dx.doi.org/10.1158/1078-0432.CCR-040007
http://www.ncbi.nlm.nih.gov/pubmed/15217963
http://dx.doi.org/10.1053/sonc.2002.35642
http://www.ncbi.nlm.nih.gov/pubmed/12422308
http://dx.doi.org/10.1097/JTO.0000000000000132
http://www.ncbi.nlm.nih.gov/pubmed/24828666
http://dx.doi.org/10.1038/nature05945
http://dx.doi.org/10.1038/nature05945
http://www.ncbi.nlm.nih.gov/pubmed/17625570
http://dx.doi.org/10.1016/j.ctrv.2013.07.002
http://www.ncbi.nlm.nih.gov/pubmed/23931927
http://dx.doi.org/10.1200/JCO.2014.57.3055
http://www.ncbi.nlm.nih.gov/pubmed/25311215
http://dx.doi.org/10.1200/JCO.2012.43.0454
http://www.ncbi.nlm.nih.gov/pubmed/23401440
http://dx.doi.org/10.1097/JTO.0b013e318208e963
http://dx.doi.org/10.1097/JTO.0b013e318208e963
http://www.ncbi.nlm.nih.gov/pubmed/21258254
http://dx.doi.org/10.1164/rccm.201204-0596PP
http://www.ncbi.nlm.nih.gov/pubmed/22878278
http://dx.doi.org/10.1016/j.lungcan.2013.04.023
http://www.ncbi.nlm.nih.gov/pubmed/23726527
http://dx.doi.org/10.1002/jso.23646
http://dx.doi.org/10.1002/jso.23646
http://www.ncbi.nlm.nih.gov/pubmed/24888607
http://www.ncbi.nlm.nih.gov/pubmed/17409862
http://dx.doi.org/10.1200/JCO.2004.08.158
http://www.ncbi.nlm.nih.gov/pubmed/15020612
http://dx.doi.org/10.1093/jnci/dji055
http://www.ncbi.nlm.nih.gov/pubmed/15741570
http://dx.doi.org/10.1371/journal.pone.0052093
http://www.ncbi.nlm.nih.gov/pubmed/23341890


30. Hashimoto N, Matsuzaki A, Okada Y, Imai N, Iwano S, Wakai K, et al. Clinical impact of prevalence and
severity of COPD on the decision-making process for therapeutic management of lung cancer patients.
BMC PulmMed. 2014; 14:14. doi: 10.1186/1471-2466-14-14 PMID: 24498965

31. Lapperre TS, Sont JK, van Schadewijk A, GosmanMM, Postma DS, Bajema IM, et al. Smoking cessa-
tion and bronchial epithelial remodelling in COPD: a cross-sectional study. Respir Res. 2007; 8:85. doi:
10.1186/1465-9921-8-85 PMID: 18039368

32. Gazdar AF, Shigematsu H, Herz J, Minna JD. Mutations and addiction to EGFR: the Achilles 'heal' of
lung cancers? Trends Mol Med. 2004; 10:481–486. doi: 10.1016/j.molmed.2004.08.008 PMID:
15464447

33. de Torres JP, Marin JM, Casanova C, Cote C, Carrizo S, Cordoba-Lanus E, et al. Lung cancer in
patients with chronic obstructive pulmonary disease—incidence and predicting factors. Am J Respir
Crit Care Med. 2011; 184:913–919. doi: 10.1164/rccm.201103-0430OC PMID: 21799072

34. Hohberger LA, Schroeder DR, Bartholmai BJ, Yang P, Wendt CH, Bitterman PB, et al. Correlation of
regional emphysema and lung cancer: a lung tissue research consortium-based study. J Thorac Oncol.
2014; 9:639–645. doi: 10.1097/JTO.0000000000000144 PMID: 24662456

35. Houghton AM, Mouded M, Shapiro SD. Common origins of lung cancer and COPD. Nat Med. 2008;
14:1023–1024. doi: 10.1038/nm1008-1023 PMID: 18841139

36. Kim CF, Jackson EL, Woolfenden AE, Lawrence S, Babar I, Vogel S, et al. Identification of bronchioal-
veolar stem cells in normal lung and lung cancer. Cell. 2005; 121:823–835. doi: 10.1016/j.cell.2005.03.
032 PMID: 15960971

37. Sekine Y, Katsura H, Koh E, Hiroshima K, Fujisawa T. Early detection of COPD is important for lung
cancer surveillance. Eur Respir J. 2012; 39:1230–1240. doi: 10.1183/09031936.00126011 PMID:
22088970

38. Cerda S, Weitzman SA. Influence of oxygen radical injury on DNAmethylation. Mutat Res. 1997;
386:141–152. PMID: 9113115

39. Dialyna IA, Miyakis S, Georgatou N, Spandidos DA. Genetic polymorphisms of CYP1A1, GSTM1 and
GSTT1 genes and lung cancer risk. Oncol Rep. 2003; 10:1829–1835. PMID: 14534704

40. Fukuchi Y, Nishimura M, Ichinose M, Adachi M, Nagai A, Kuriyama T, et al. COPD in Japan: the Nippon
COPD Epidemiology study. Respirology. 2004; 9:458–465. doi: 10.1111/j.1440-1843.2004.00637.x
PMID: 15612956

41. Loganathan RS, Stover DE, Shi W, Venkatraman E. Prevalence of COPD in women compared to men
around the time of diagnosis of primary lung cancer. Chest. 2006; 129:1305–1312. doi: 10.1378/chest.
129.5.1305 PMID: 16685023

Driver Mutations in Lung Cancer with COPD

PLOSONE | DOI:10.1371/journal.pone.0142306 November 10, 2015 12 / 12

http://dx.doi.org/10.1186/1471-2466-14-14
http://www.ncbi.nlm.nih.gov/pubmed/24498965
http://dx.doi.org/10.1186/1465-9921-8-85
http://www.ncbi.nlm.nih.gov/pubmed/18039368
http://dx.doi.org/10.1016/j.molmed.2004.08.008
http://www.ncbi.nlm.nih.gov/pubmed/15464447
http://dx.doi.org/10.1164/rccm.201103-0430OC
http://www.ncbi.nlm.nih.gov/pubmed/21799072
http://dx.doi.org/10.1097/JTO.0000000000000144
http://www.ncbi.nlm.nih.gov/pubmed/24662456
http://dx.doi.org/10.1038/nm1008-1023
http://www.ncbi.nlm.nih.gov/pubmed/18841139
http://dx.doi.org/10.1016/j.cell.2005.03.032
http://dx.doi.org/10.1016/j.cell.2005.03.032
http://www.ncbi.nlm.nih.gov/pubmed/15960971
http://dx.doi.org/10.1183/09031936.00126011
http://www.ncbi.nlm.nih.gov/pubmed/22088970
http://www.ncbi.nlm.nih.gov/pubmed/9113115
http://www.ncbi.nlm.nih.gov/pubmed/14534704
http://dx.doi.org/10.1111/j.1440-1843.2004.00637.x
http://www.ncbi.nlm.nih.gov/pubmed/15612956
http://dx.doi.org/10.1378/chest.129.5.1305
http://dx.doi.org/10.1378/chest.129.5.1305
http://www.ncbi.nlm.nih.gov/pubmed/16685023

