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Background: A two-phase study (clinical and genomic-based) was conducted to evaluate the effect of
timing of chronic obstructive pulmonary disease (COPD) diagnosis on lung cancer outcomes.

Methods: The prognostic influence of COPD was investigated in a clinical cohort of 1,986 patients who
received surgery for stage I lung cancer; 823 (41.4%) of them also had COPD, including 549 (27.6%) incidental
COPD (diagnosed within 6-months of lung cancer diagnosis) and 274 (13.8%) prior COPD (>6 months before
lung cancer diagnosis). The genomic variations were analyzed from another cohort of 1,549 patients for
association with 384 lung cancer-related single nucleotide polymorphisms (SNPs).

Results: Older age (270 years), smokers, and respiratory symptoms were independent predictors of
incidental COPD in lung cancer (all P<0.05). Similar to prior COPD, incidental COPD increased
postoperative complications and worsened quality-of-life related to dyspnea (both P<0.05). Multivariate
Cox regression analysis showed lung cancer survival decreased significantly in incidental COPD (HR, 1.30;
95% CI, 1.02-1.66), but not in prior COPD (HR, 1.15; 95% CI, 0.87-1.52). Among prior COPD, median
survival showed a trend for being better in those with fewer exacerbations (0-1 vs. 2 exacerbation/year; 6.1
vs. 4.1 years; P=0.10). The SNP-based analysis identified ADCY2:rs52827085 was significantly associated
with risk of incidental COPD (OR, 1.76; 95% CI, 1.30-2.38) and NRXN1:rs1356888 associated with prior
COPD complicated with lung cancer (OR, 1.73; 95% CI, 1.29-2.33).

Conclusions: Different long-term survival and genomic variants were observed between lung cancer
patients with incidental and with prior COPD, suggesting timing of COPD diagnosis should be considered

in lung cancer clinical management and mechanistic research.
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Introduction

Chronic obstructive pulmonary disease (COPD) and lung
cancer are two of the most important smoking-related
diseases worldwide (1), and they are closely linked in terms
of clinical manifestations and genetic susceptibility (2,3).
COPD was associated with 4-10 folds increased risk of
lung cancer (3-5), and a strong association was observed
for proximal diagnosis of COPD (i.e., within 6 months of
lung cancer diagnosis) (6-8). Meanwhile, several genome-
wide association (GWA) studies and candidate gene studies
have identified a variety of putative single nucleotide
polymorphisms (SNPs) involved in the development of both
diseases (9,10). SNPs may lead to an amino acid change
that causes variation in gene regulation and expression, thus
modifying lung cancer risk and/or prognosis.

One recent meta-analysis showed a negative impact of
COPD on lung cancer survival (11); however, prognostic
factors stemming from COPD, i.e., anti-COPD treatment and
COPD acute exacerbation, have not been studied in depth.
Although 40-66% of patients with early-stage non-small cell
lung cancer (NSCLC) have coexisting COPD (12-14), most
of them are unaware of this comorbid condition; COPD is
incidentally diagnosed during preoperative lung cancer work-
up. Compared to previously-recognized COPD, the impact
of incidental COPD in lung cancer is poorly understood.
Therefore, the primary aims of this study was to investigate the
impact of timing of COPD diagnosis on the prognosis of stage
I NSCLC, and the secondary aim was to explore the genomic
SNP variations between lung cancer patients with incidental
and with prior COPD that may contribute to differing
mechanisms leading to both diseases. We present the following
article in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/tler-20-1017).

Methods
Patients and data collection

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the Mayo Clinic Institutional Review Board
(IRB# 225-99) and informed consent was taken from all the
patients. Detailed procedures of patient enrollment, data
collection, and follow-up have been reported in previous
publications (15,16). In the current study, retrospective
analysis was conducted for lung cancer and COPD in two
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stages (Figure S1). Firstly, we performed a clinical analysis
of 1,986 patients with stage I pathologically-confirmed
NSCLC who underwent complete resection from January
2000 through December 2014 (the clinical cohort). In
parallel, to evaluate different roles in genetic susceptibility
in lung cancer patients with incidental COPD and with
prior COPD, 1,549 patients with data on timing of COPD
diagnosis enrolled in the Mayo Clinic Epidemiology and
Genetic of Lung Cancer constituted the SNP cohort, of
which 432 (27.9%) patients overlapped with the clinical
cohort.

Pulmonary function test was routinely performed in the
pre-operative evaluation. COPD was diagnosed when the
ratio of post-bronchodilator forced expiratory volume in 1
second (FEV1) and forced vital capacity (FVC) was less than
0.7 (17). According to the results by Powell ez al. (6), COPD
diagnosis made within 6 months at lung cancer diagnosis
was associated with the highest odds ratio (OR) of lung
cancer risk. Therefore, in this study, ‘incidental COPD’
was defined if the diagnosis was made within 6-months
at lung cancer diagnosis, while patients with a history of
COPD recorded 6 months or longer preceding lung cancer
diagnosis were defined as ‘prior COPD’. Postoperative
complications were defined as those occurred during
hospitalization or within 30 days after operation. Quality
of life (QOL) was evaluated by the Lung Cancer Symptom
Scale (LCSS) within two years after surgery, and each item
was assessed as scales varying from 0 (worst) to 10 (best) (18).

SNP selection and quality control

A total of 384 SNPs were selected from 332 genes following
a review of the lung cancer literature and based on our
previous unpublished GWA studies (Table S1) (9,10).
Genomic DNA was extracted from peripheral blood using
the QIAmp DNA extraction kit (Qiagen) and genotyped
in the Mayo Clinic Genomics Shared Resource using a
custom-designed Illumina GoldenGate panel.

Quality control was implemented in multiple steps as
described previously (10). In brief, SNPs were excluded
from subsequent analysis if they had Hardy-Weinberg
equilibrium (HWE) P values less than 10™, or minor allele
frequencies (MAF) less than 0.01, or call rates less than 95%
in the SNP cohort. As such, 1 SNP failed genotyping, 10
SNPs deviated from HWE, 4 SNPs had MAF less than 1%,
and 16 SNPs had missing call rates more than 5%, resulting
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in 353 SNPs being included in the further analyses.

Statistical analysis

Data was compared across groups using the chi-square
test for categorical variables, and the unpaired #-test for
continuous variables. Risk factors for an incidental COPD
in newly-diagnosed lung cancer were evaluated by the
multivariate logistic regression via a backward selection
process retaining variables with P values less than 0.05.
The difference in postoperative QOL between groups was
assessed using the #-test and a clinically important difference
was defined as a greater than 1 point (18,19). Survival
curves were generated by the Kaplan-Meier method and
differences were assessed by the log-rank test. Variables
in univariate analyses were all input in multivariate Cox
Proportional Hazard model.

For each SNP that passed quality control thresholds,
genotype and allele frequencies in COPD groups and
non-COPD group were compared separately using the
chi-square test, and corresponding ORs were calculated
by univariate logistic regression. To correct for multiple
comparisons, q values [a false discovery rate (FDR)-adjusted
P value] were computed for each SNP, and an FDR of 10%
was accepted. All statistical analyses were performed by
SAS, v9.3 (SAS Institute).

Results
Patient characteristics

In the clinical cohort (7zble I), the mean age was 68.4=
9.9 years and 1,048 (52.8%) patients were female. The
diagnosis of COPD was identified in 823 (41.4%) patients,
including 549 (27.6%) patients with incidental and 274
(13.8%) with prior COPD. The proportion of incidental
COPD in total COPD patients was stable at around 68.4%
during the past 15 years (Figure S2).

Risk factors for incidental COPD in lung cancer

"To characterize lung cancer patients with incidental COPD,
univariate logistic regression analysis showed 7 significant
predictive factors (Table 2). A subsequent multivariate
logistic regression model revealed that >70 years of age,
male, smokers, presenting dyspnea, cough, and hemoptysis
were independent predictors of incidental COPD in stage I
NSCLC (all P<0.05).
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Subgroup analyses on COPD status

Patients with incidental COPD were more likely to receive
lobectomy as compared to those with prior COPD (64.6%
vs. 50.7%, P<0.01). The rate of postoperative complications
was significantly higher in COPD groups than that in non-
COPD group (27.7% wvs. 16.5%, P<0.01), with a similar
prevalence between the two COPD statuses (incidental
vs. prior: 28.1% wvs. 27.0%, P=0.75). Same pattern of
association was noted when operative procedure was
restricted to lobectomy (Table S2).

Although health-related QOL were not significantly
different in overall QOL score between non-COPD,
incidental COPD, and prior COPD, specific symptom
subscales, i.e., dyspnea symptoms were worse in patients
with incidental and prior COPD (both P<0.05 and difference
>1). The associations remained significant when restricted
to older (age >70 years) patients and smokers (Figure I).

Impact of COPD on survival

Kaplan-Meier curves show that patients with COPD have
worse overall survival than those without (P<0.01, Figure 2A4).
In the multivariate Cox proportional hazard model adjusting
for pulmonary function and tumor characteristics (Zable 3),
incidental COPD was significantly associated with decreased
overall survival [hazard ratio (HR), 1.30; 95% confidence
interval (CI), 1.02-1.66], while prior COPD was not (HR,
1.15; 95% CI, 0.87-1.52).

"To explore the prognostic factors arising from COPD,
survival analyses were limited in prior COPD patients with
treatment information in their medical records (n=235).
Based on the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) (17), 27 (11.5%) patients had mild
(GOLD 1), 157 (66.8%) moderate (GOLD 1II), and 51
(21.7%) severe airflow limitation (GOLD III and IV). Most
patients (n=184, 78.3%) had no history of exacerbation;
only 20 (8.5%) patients had frequent exacerbations (defined
as >2 exacerbations per year). In regard to treatment
regimen, 30 (12.8%) received inhaled corticosteroid
(ICS), 126 (53.6%) were offered bronchodilators (beta2-
agonists and/or muscarinic antagonist), and 25 (10.6%) had
a combination of ICS and bronchodilators. Kaplan-Meier
curves show that there is a more apparent decrease in survival
as severity of airflow limitation increased (P<0.01); patients
with fewer frequencies of exacerbations (P=0.10) and receiving
ICS (P=0.22) had a slight better survival, but not reaching
statistical threshold of significance (Figure 2B,C,D,E,F).
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Table 1 Patient demographics and clinical characteristics (N=1,986)

Characteristics Non-COPD (n=1,163) Total COPD (n=823) p? Incidental COPD (n=549) Prior COPD (n=274) P°
Age (years) 66.8+10.5 70.7+8.6 <0.01 70.1+8.9° 72.0+7.9° <0.01
Sex (female) 669 (57.5) 379 (46.1) <0.01 256 (46.6)° 123 (44.9)°
Body mass index 27.6+5.6 27.2+5.4 0.15 27.0+5.5° 27.7+5.3 0.03
Smoking status <0.01 <0.01
Never 303 (26.1) 38 (4.6) 27 (4.9)° 11 (4.0°
Former 577 (49.6) 497 (60.4) 305 (55.6) 192 (70.1)
Current 283 (24.3) 288 (35.0) 217 (39.5) 71 (25.9)
Pack years 42.3+28.3 56.1+£31.3 <0.01 55.4+30.8° 57.3+32.5° 0.54
Cell type <0.01 0.08
Adenocarcinoma 888 (76.4) 494 (60.0) 343 (62.5)° 151 (55.1)°
Squamous cell 180 (15.5) 278 (33.8) 171 (31.1) 107 (39.1)
Other NSCLC 95 (8.2) 51 (6.2) 35 (6.4) 16 (5.8)
Tumor grade <0.01 0.18
Well 487 (41.9) 220 (26.7) 153 (27.9)° 67 (24.5)°
Moderate 455 (39.1) 437 (53.1) 279 (50.8) 158 (57.7)
Poorly 221 (19.0) 166 (20.2) 117 (21.3) 49 (17.9)
FEV,/FVC (%) 77.6+4.8 58.4+9.8 <0.01 59.1+9.0° 57.0+11.1° 0.01

Presenting symptoms

Cough 184 (15.8) 184 (22.4) <0.01 124 (22.6)° 60 (21.9)° 0.82
Dyspnea 103 (8.9) 120 (14.6) <0.01 82 (14.9)° 38 (13.9)° 0.68
Sputum 58 (5.0) 59 (7.2) 0.04 36 (6.6) 13 (8.4)° 0.33
Chest pain 47 (4.0) 24 (2.9) 0.18 16 (2.9) 8(2.9) 0.99
Fatigue 46 (4.0) 33 (4.0) 0.95 21 (3.8) 12 (4.4) 0.70
Back pain 20 (1.7) 4(0.5) 0.01 3(0.5) 1(0.4) 0.72
Hemoptysis 16 (1.4) 29 (3.5) <0.01 20 (3.6)° 9 (3.3 0.79
Comorbidity
Other cancer history 268 (23.0) 284 (22.4) 0.72 114 (20.8) 70 (25.5) 0.12
Previous lung infection 126 (10.8) 142 (17.3) <0.01 79 (14.4)° 63 (23.0)° <0.01
Diabetes mellitus 92 (7.9) 72 (8.7) 0.50 43 (7.8) 29 (10.6) 0.19
Heart disease 183 (15.7) 153 (18.6) 0.10 92 (16.8) 61 (22.3)° 0.06
Hypertension 288 (24.8) 223 (27.1) 0.24 137 (25.0) 86 (31.4)° 0.05

c

2 compared with non-COPD; °, comparison between incidental and prior COPD; °, in comparison to non-COPD with statistically
significance. Values are mean + SD or n (%). NSCLC, non-small cell lung cancer; COPD, chronic obstructive pulmonary disease.
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Table 2 Risk factors for incidentally-diagnosed COPD in lung cancer patients

Univariate analysis

Multivariate analysis®

Factors
OR (95% CI) P OR (95% Cl) P

Age (=70 years) 1.84 (1.50. 2.26) <0.01 2.02 (1.60. 2.56) <0.01
Sex (male) 1.55 (1.26, 1.90) <0.01 1.26 (1.01, 1.59) 0.04
Body mass index (<27 kg/m?) 1.10 (0.89, 1.36) 0.36
Smoking status

Never Reference Reference

Former 5.93 (3.91, 9.01) <0.01 4.99 (3.25, 7.67) <0.01

Current 8.61 (5.59, 13.25) <0.01 9.40 (6.00, 14.71) <0.01
Presenting symptoms

Cough 1.55 (1.20, 2.00) <0.01 1.41 (1.04, 1.90) 0.02

Dyspnea 1.81 (1.33, 2.46) <0.01 1.57 (1.09, 2.27) 0.01

Sputum 1.34 (0.87, 2.05) 0.18

Chest pain 0.71 (0.40, 1.27) 0.25

Fatigue 0.97 (0.57, 1.64) 0.89

Back pain 0.31 (0.09, 1.06) 0.06

Hemoptysis 2.71(1.39, 5.27) <0.01 2.58 (1.22, 5.44) 0.01
Comorbidity

Other cancer history 0.88 (0.68, 1.12) 0.29

Previous lung infection 1.38 (1.02, 1.87) 0.03

Diabetes mellitus 0.99 (0.68, 1.44) 0.95

Heart disease 1.08 (0.82, 1.42) 0.59

Hypertension 1.01(0.80, 1.28) 0.93

¢, multivariate analysis using backward selection to retain variables with P values less than 0.05. OR, odds ratio; Cl, confidence interval;

COPD, chronic obstructive pulmonary disease.

Difference in genomic SNP distribution

In the SNP cohort (n=1,549) patient demographics
followed a similar pattern as those in the clinical cohort
where patients with COPD were more likely to be male
and smokers (Table S3). The genomic analysis identified
18 SNPs in incidental COPD and 15 in prior COPD, with
P<0.05, when compared to non-COPD; however, only
SNP-rs52827085 in incidental COPD and SNP-rs1356888
in prior COPD passed the FDR <10% threshold. The G
allele of the SNP-rs52827085 was more frequently observed
in patients with incidental COPD (P=2.51E-04, q=0.08),
and the GG+GC genotypes were more common among
incidental COPD patients (P=2.04E-04, q=0.07, Table 4).

© Translational Lung Cancer Research. All rights reserved.

Additionally, genotype distribution (T"T+TC versus CC) for
SNP-rs1356888 between prior COPD and non-COPD was
significantly different (P=2.75E-04, q=0.05, Table 4).

Discussion

Our investigation revealed a consistent high prevalence
of incidental COPD (<6 months of lung cancer diagnosis)
among patients with stage I NSCLC during the past
15 years. Timing of COPD diagnosis was associated with
lung cancer prognosis where only incidental COPD exerted
a significantly negative impact. Two genomic variants (SNPs
rs52827085 and rs1356888) were identified that might
account for the disparate disease mechanisms of two distinct
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non-COPD
incidental COPD

e ¢ prior COPD

non-COPD incidental COPD prior COPD

Appetite 8.411.7 8.0+1.8 8.4+1.6
Fatigue 6.5+2.3 6.2+2.3 6.2+2.5
Cough 8.4+1.8 8.1£1.9 7.9+2.2
Dyspnea 7.8+2.3 6.4+2.4° 6.3+2.5°
Hemoptysis 9.8+0.6 9.8+0.4 9.8+0.2
Pam 8.1+£2.2 8.0+2.3 8.3+2.2
Lung cancer symptom 9.2+1.5 9.1+£1.4 9.4+1.9
Normal activities 8.8+1.7 7.8+2.2 8.3x2.2
Overall 8.2+1.7 7.9+1.9 8.1£1.9
non-COPD

incidental COPD

o o prior COPD

non-COPD incidental COPD prior COPD

Appetite 7.7£1.8 7.6+£1.7 8.0+£2.0
Fatigue 6.2+2.2 6.0+2.4 6.2+2.5
Cough 8.1+1.9 8.0+1.9 7.8£2.1
Dyspnea 7.4£2.4 6.4+2.3% 6.2+2.5%
Hemoptysis 9.6+0.8 9.7+0.4 9.7+0.3
Pam 8.1+2.1 8.1+2.3 8.2+1.9
Lung cancer symptom 9.0+1.3 8.9+1.5 8.9+1.5
Normal activities 8.6+1.6 7.6+2.4 8.4+2.3
Overall 8.0+1.8 7.8+1.7 8.4+2.0
non-COPD

incidental COPD
o o prior COPD

non-COPD incidental COPD prior COPD

Appetite 8.3+1.8 7.9+1.7 8.3+1.8
Fatigue 6.4+2.3 6.2+2.4 6.1£2.5
Cough 8.3+1.9. 8.0+1.9 7.8+2.2
Dyspnea 7.5+2.4 6.4+2.3% 6.3+2.5%
Hemoptysis 9.7+0.6 9.7+0.4 9.8+0.3
Pain 8.0+2.1 8.0+2.3 8.1+2.1
Lung cancer symptom  9,0+1.7 9.0+1.4 8.9+1.7
Normal activities 8.6+1.7 8.0+2.1 8.5+2.0
Overall 8.1+1.8 7.9+1.9 8.0+1.9

Figure 1 Comparison of postoperative quality of life between non-COPD, incidental COPD and prior COPD. (A) Total patients; (B)

patients with age >70 years; (C) smokers. Outer circle representing a higher score and better quality of life; *, comparison with non-COPD:

P<0.05 and difference >1 point.

COPD complicated with lung cancer.

Case-control studies have demonstrated that the
association between COPD and lung cancer risk was more
significant when a diagnosis of COPD was chronologically
close to lung cancer diagnosis (6,7). However, the effect
of timing difference on prognosis remains unclear. Our
results showed that incidental COPD negatively impacted

© Translational Lung Cancer Research. All rights reserved.

survival while prior COPD did not. We hypothesized
that uncontrolled inflammation and tendency to continue
smoking among incidental COPD patients might lead to a
decreased survival. Zhang and colleagues found that lung
cancer patients with incidental COPD were often under-
treated, leaving them at higher risks of having persistent
uncontrolled inflammation (20). Our analysis revealed that
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)

(B) severity of airflow limitation; (C) history of exacerbations per year; (D) inhaled corticosteroid; (E) bronchodilators; (F) both inhaled

corticosteroid and bronchodilators. COPD, chronic obstructive pulmonary disease; MST, median survival time.
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Table 3 Cox proportional hazard model for overall survival
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Univariate analysis

Multivariate analysis®

Variables
HR (95% CI) P value HR (95% ClI) P value

Age 1.04 (1.04, 1.05) <0.01 1.05 (1.04, 1.06) <0.01
Sex (female) 0.63 (0.55, 0.71) <0.01 0.71 (0.60, 0.83) <0.01
Body mass index 0.99 (0.98, 1.00) 0.07 0.98 (0.97, 1.00) 0.05
Smoking status

Never Reference Reference

Former 1.92 (1.56, 2.38) <0.01 1.35(1.03, 1.77) 0.03

Current 2.23(1.78, 2.78) <0.01 1.85(1.38, 2.49) <0.01
Cell type

Adenocarcinoma Reference Reference

Squamous cell 1.62 (1.43, 1.91) <0.01 1.07 (0.89, 1.28) 0.35

Other NSCLC 1.88 (1.51, 2.35) <0.01 1.51 (1.12, 2.03) <0.01
Tumor grade

Well Reference Reference

Moderate 1.92 (1.64, 2.24) <0.01 1.53 (1.26, 1.86) <0.01

Poorly 2.11 (1.76, 2.54) <0.01 1.64 (1.28, 2.10) <0.01
Surgical types

Lobectomy Reference Reference

Segmentectomy 1.67 (1.43, 1.96) <0.01 1.52 (1.19, 1.94) <0.01

Wedge resection 1.84 (1.48, 2.28) <0.01 1.58 (1.31, 1.91) <0.01

FEV,/FVC (%) 0.97 (0.97, 0.98) <0.01 1.00 (0.99, 1.01) 0.88
COPD status

Non-COPD Reference Reference

Incidental COPD 1.65 (1.37,1.97) <0.01 1.30 (1.02, 1.66) 0.03

Prior COPD 1.58 (1.34, 1.81) <0.01 1.15(0.87, 1.52) 0.30

¢, all variables in univariate analyses were included in multivariate Cox model. HR, hazard ratio; Cl, confidence interval; NSCLC, non-small

cell lung cancer; COPD, chronic obstructive pulmonary disease.

fewer COPD exacerbations, a surrogate for decreased
airway inflammation, and administration of ICS, which
could reduce exacerbation risk and improve lung functional
status (17), were associated with a slightly better survival.
Several previous studies have also demonstrated a protective
effect of ICS on the risk of lung cancer (21); however, these
findings should be interpreted with caution, given the small
sample size. With respect to smoking habit modification,
early COPD diagnosis can help motivate smoking cessation (22),
the most effective measure to improve future prospects for the
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patients (1). As shown in our study, current smokers were more
often seen in patients with incidental COPD compared to both
non-COPD and prior COPD, which could pose an additional
risk of death from lung cancer (23).

We further explore possible molecular mechanistic
explanations; the difference in genomic variations was noted
between lung cancer patients with incidental and prior
COPD, where SNP-rs52827085 was associated with risk of
incidental COPD. SNP-rs52827085, located on the intron
of adenylate cyclase 2 (ADCY?2), is a member of the adenylyl
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Table 4 Genotype and allele frequency for significant single nucleotide polymorphisms
Incidental COPD Prior COPD
Variables Non-COPD
COPD OR (95% CI)* q’ COPD OR (95% CI)* p? q*

ADCY2: rs52827085
Gvs.C
GG+GC vs. CC
NRXN1: rs1356888
Tvs.C
TT+TCvs. CC

525vs. 1,743 129 vs. 277 1.55(1.23,1.95) 2.51E-04 0.08
472vs. 662 113vs. 90 1.76(1.30,2.38) 2.04E-04 0.07

406 vs. 1,862 79vs. 327 1.11(0.85,1.45) 4.53E-01 0.93
362vs. 772 70vs. 133 1.12(0.82,1.54) 4.73E-01 0.97

111vs. 313 1.18(0.93, 1.49) 1.77E-01 0.96

102 vs. 110 1.30 (0.96, 1.75) 7.94E-02 0.97
105vs. 319 1.51(1.18, 1.93) 9.41E-04 0.20

95vs. 117 1.73(1.29,2.33)  2.75E-04 0.05

@, compared to non-COPD group. Underlined numbers denote significant association at g<0.10. OR, odds ratio; Cl, confidence interval.

cyclase family. Previous GWA studies have identified that
ADCY?2 was associated with pulmonary function and the
ability to quit smoking (24,25), which were concordant to
our clinical findings that smoking status and lung function
were significantly different between incidental COPD
and non-COPD. Furthermore, mutations of ADCY?2
were frequently reported in metastatic colorectal cancer,
indicating its promoting effect on cancer progression (26).
Therefore, it is possible to speculate that ADCY2 gene
polymorphism is characterized in incidental COPD and
influences lung cancer outcome.

On the other hand, SNP-rs1356888 was significantly
associated with prior COPD. It is located on the
intron region of NRXNI gene at chromosome 2p16.3.
The short isoform of NRXN1 could interact with
nicotinic acetylcholine receptors (27), and the NRXNI1
polymorphism was reportedly associated with lung cancer
risk in non-smokers (28). Our findings of these two genes
(ADCY2 and NRXN1) indicate their different roles in the
development of lung cancer with incidental COPD and
with prior COPD, and further functional and mechanistic
investigations were needed.

Health-related QOL assessment revealed that COPD
was not associated with overall QOL score but with worse
postoperative dyspnea, independent of COPD status. Our
results corroborate previous works that did not find any
association between the presence of COPD and QOL in
lung cancer (29,30), indicating that overall QOL level may
be mainly affected by lung cancer per se. Dyspnea was
the only symptom scored significantly higher in patients
with COPD, which is in line with previous knowledge
on an obstructive pattern of ventilatory defect in COPD.
Moreover, in the present study, patients with COPD
tended to be older and smokers, both of which might
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predispose them to poorer dyspnea (31). Thus, we further
did sensitivity analyses in old and smoking patients, and
confirmed a similar pattern of difference.

COPD is considered as an independent risk factor for
postoperative complications (3). Our results demonstrated
that even patients with incidental COPD had a higher
incidence of overall postoperative complications than those
without, with significant differences in atrial fibrillation,
pneumonia, and prolonged air leak (Table S2), and
the associations were not influenced by surgical types.
Therefore, it behooves surgeons to pay at least as much
attention to incidental COPD as to prior COPD during
lung cancer work-up.

Since patients with COPD are at higher risk for lung
cancer development, early detection of COPD is important
for lung cancer surveillance (4,5). We explored the factors
for an incidental diagnosis of COPD; patient smoking
history and respiratory symptoms (i.e., cough, dyspnea, and
hemoptysis) were the most important risk determinants. Of
note, dyspnea and cough are the most frequent symptoms
of COPD. Since screening for COPD is not recommended
in asymptomatic adults (32), our study characterized lung
cancer patients who may have incidental (i.e., under-
diagnosed) COPD, which in turn may help better estimate
COPD burden and select optimal treatment for lung cancer.

To our knowledge, the current study is the first to
comprehensively examine the association between timing of
COPD diagnosis and lung cancer prognosis with respect to
postoperative complications, long-term QOL, and overall
survival, and to assess genomic DNA variations between
incidental and prior COPD implicated in lung cancer. A
high but underappreciated prevalence of COPD, associated
with increased risks of postoperative complications,
dyspnea, and mortality in lung cancer, underscores the
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importance of correct diagnosis of COPD to improve lung
cancer outcomes. However, several limitations should be
acknowledged. First, this study was retrospective in nature,
though our patient cohort was prospectively followed;
thus, the potential bias could not be completely eliminated.
Second, the ‘incidental COPD’ was defined based on
previous case-control study of lung cancer risk (6), since
there is no acknowledged definition at present. Third, it
is difficult to distinguish between COPD and lung cancer
as the cause of death, which limits the ability of the study
to assess the effects of COPD on lung cancer disease-free
survival. Forth, in order to increase the sample size and
statistical power, the SNP analysis was not performed on the
cohort of patients in the preliminary clinical analysis (only
432 patients overlapped). Therefore, further investigation
from larger-scale cohorts is needed to address these issues.

Clinical practice points

COPD is often concomitant with primary lung cancer and
negatively affects lung cancer survival. However, in clinical
practice, majority of patients with lung cancer do not
recognize their comorbid COPD, and COPD is commonly
identified by lung cancer check-ups. It is unclear whether
such incidentally-diagnosed COPD plays a different role
in lung cancer prognosis, as compared to previously-
recognized COPD. Focusing on patients with stage I lung
cancer, our study has demonstrated that timing of COPD
diagnosis matters with respect to lung cancer overall
survival, and only incidental COPD exerted a significantly
negative impact. Furthermore, a trend was noted for
better lung cancer survival in patients with fewer COPD
exacerbations and receiving ICS. Meanwhile, an incidental
COPD increases the risk of postoperative complications by
12% and worsens the QOL related to dyspnea. In addition,
we further explored the possible genetic mechanisms
and found two significant SNP variations between lung
cancer with incidental and with prior COPD, where
ADCY2:rs52827085 was significantly associated with risk
of incidental COPD while NRXN1:rs1356888 associated
with prior COPD complicated with lung cancer. These
findings indicated that timing of COPD diagnosis should
be considered in lung cancer clinical management and
mechanistic research.

Conclusions

In summary, our study demonstrated that timing of COPD

© Translational Lung Cancer Research. All rights reserved.
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diagnosis mattered in the association between COPD
and lung cancer prognosis where only incidental COPD
was detrimental to the overall survival of lung cancer. In
addition, different genomic variants were observed between
lung cancer with incidental and with prior COPD, where
ADCY2:rs52827085 was associated with incidental COPD
while NRXN1:rs1356888 with prior COPD. Further
prospective studies with larger numbers of patients and
functional analysis are needed to clarify the association of
timing of COPD diagnosis with lung cancer prognosis.
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