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Pulmonary function is implicated in the prognosis of metastatic
non-small cell lung cancer but not in extended disease small cell
lung cancer
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Background: The impacts of pulmonary function in patients with metastatic non-small cell lung cancer
(NSCLC) and extended disease stage small cell lung cancer (SCLC-ED) treated with palliative chemotherapy
remain to still be determined.

Methods: Results of spirometry performed in 449 patients with either stage IV NSCLC (n=313) or SCLC-
ED (n=136) at diagnosis were reviewed retrospectively. Overall survival (OS) was estimated using the
Kaplan-Meier method and compared via a log-rank test. Multivariate analysis was performed using a Cox
proportional hazards regression model.

Results: The presence of chronic obstructive pulmonary disease (COPD) was not a risk factor for OS in
either NSCLC or SCLC. However, NSCLC patients with COPD with a forced expiratory volume in one
second (FEV1) value of less than 80% predicted were associated with a worse OS in both univariate and
multivariate analyses [hazard ratio (HR): 1.43; 95% confidence interval (CI): 1.04-1.97; P=0.03]. Intriguingly,
only the OS of NSCLC patients treated with chemotherapeutic agents was affected by the airflow limitation
FEV1 value of less than 80% predicted (P=0.02). Patients with an FEV1 value of less than 80% predicted
treated with targeted agents were not associated with OS (P=0.24). On the other hand, NSCLC patients
with COPD were significantly linked to the occurrence of pulmonary complications during palliative therapy
(P=0.01) but not associated with death resulting from pulmonary complications (P=0.22).

Conclusions: Careful attention is required when chemotherapeutic agents are administered to patients
with metastatic NSCLC with accompanying COPD with a FEV1 value of less than 80% predicted.
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most commonly known comorbidities in LC patients, the
prognosis for patients with NSCLC and comorbid COPD

has been examined in several previous studies (2-9). Some

Introduction

Lung cancer (LC) is the leading cause of cancer mortality
worldwide (1). Existing comorbidities are crucial factors to

be considered in planning the treatment for patients with
non-small cell lung cancer (NSCLC). Because chronic
obstructive pulmonary disease (COPD) is one of the
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of these studies reported a worse prognosis in NSCLC
patients with COPD versus in those without COPD (2-5,9),

while other investigations showed the comparable survival
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rates between the two groups (6-8). The inconsistent
results of previous studies could be partly explained by the
heterogeneity of patients evaluated in terms of American
Joint Commission on Cancer staging status (10), histology,
and treatment modalities. A recent meta-analysis examining
the prognosis of LC patients with COPD revealed a poorer
overall survival (OS) for those patients with concomitant
COPD than for those without COPD. The same result
was shown in patients with LC presenting with emphysema
versus without. However, while the presence of COPD in
patients with LC was associated with a worse OS in the
subgroup analysis focusing on stages I to II patients, no
conclusion has been established regarding patients with
advanced LC (11).

In addition, there exists a lack of data to refer to
when choosing therapeutic agents for LC patients with
COPD. Along with extensive research on the molecular
mechanisms of the tumorigenesis of LC, many targeted
agents have been developed so that a variety of treatment
agents including conventional chemotherapeutic agents can
be incorporated into individualized therapy strategies at
present (12-16). Different toxicity profiles between targeted
agents and conventional chemotherapeutic agents made us
think there was a need to address the impact of COPD on
the prognosis of patients with NSCLC according to the
different therapeutic agents.

In patients with extended disease stage small cell lung
cancer (SCLC-ED), there is no option other than the
systemic administration of chemotherapeutic agents in
the front-line treatment. Several studies have reported an
association between the pulmonary function and prognosis
of patients with SCLC. Cho ez 4l. reported that the low
forced expiratory volume in one second (FEV1)/forced
vital capacity (FVC) ratio was a poor prognostic factor for
patients with limited disease stage (SCLC-LD) (17). Kang
et al. separately noted that low FEV1 was associated with
shorter survival in patients with SCLC, with sub-group
analysis showing that low FEV1 was also a poor prognostic
factor for patients with SCLC-ED (18). However, a
different recent study reported that COPD had no impact
on the OS of patients with SCLC who received first-line
chemotherapy (19). Although these discordant results
could be attributed to several reasons, the heterogeneous
clinical characteristics of the included patients could
be one of main reasons for such. For the lack of studies
involving an analysis of the relationship between COPD
and the prognosis of patients with SCLC-ED who received
palliative chemotherapy, attempt to examine effects of
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COPD on the treatment outcomes of patients with SCLC-
ED who received palliative chemotherapy was made in this
study. In addition, the impacts of COPD on prognosis for
patients with stage IV NSCLC as well as on prognosis of
those patients according to respective therapeutic agents
used in treatment were investigated.

Methods

A total of 449 patients diagnosed with advanced LC
between May 2002 and May 2017 at the Korea University
medical center were retrospectively analyzed. One hundred
and thirty-six patients were diagnosed with SCLC-ED,
while 313 patients had metastatic NSCLC. Both SCLC-
ED and metastatic NSCLC patients with available
spirometry data at diagnosis were included in this study.
Patients with coexisting asthma or a medical history of
asthma were excluded. Spirometric and diffusing capacity
for carbon monoxide (DLCO) norms in Korean pulmonary
function test guideline (2016) were applied (20). This study
was carried out according to the principles in the 1964
Declaration of Helsinki, and an ethical committee approved
the study protocol (2018 GR0219). Because this study was
performed in retrospective manner informed consent was
waived.

LC diagnosis and histological classification were
established by well-experienced pathologists using tumor
tissue acquired via biopsy. COPD was defined in accordance
with the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) guidelines as a post-bronchodilator
FEV1/FVC ratio of less than 0.7 with spirometry. The
severity of airflow limitation was categorized into four
stages considering the percentage of predicted post-
bronchodilator FEV1 according to the GOLD classification,
as follows: GOLD 1: mild (FEV1 >80% predicted); GOLD
2: moderate (50%< FEV1 <80% predicted); GOLD 3:
severe (30%< FEV1 <50% predicted); and GOLD 4:
very severe (FEV1 <30% predicted) (21). The response to
chemotherapy was evaluated using computed tomography
(CT) according to the criteria of the Response Evaluation
Ciriteria in Solid Tumours (RECIST) ver:1.1 (22). Complete
response (CR) is defined as the absence of all target lesions
with any pathologic lymph nodes smaller than 10 mm on
the short axis. A decrease of 30% or more in the sum of
diameters of target lesions from the baseline sum diameters
is defined as partial response (PR). Progressive disease
(PD) is defined as an increase of 20% or more in the sum
of diameters of target lesions from the smallest sum of
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the study with an absolute increase in diameter of 5 mm
with or without the appearance of new lesions. Stable
disease (SD) is any condition that did not meet the criteria
described above. Body mass index (BMI) was calculated
as the individual’s body mass (kg) divided by the square
of height (m’). A BMI >25.0 kg/m’ was defined as obese
based on Asia-Pacific criteria (23). Diabetes mellitus (DM),
hypertension, pulmonary tuberculosis, and cardiovascular
disease were investigated as comorbidities through a review
of patient medical records.

The clinical parameters evaluated to determine an
association with OS were age >70 years, sex (male vs.
female), East Cooperative Oncology Group (ECOG)
performance status (PS) (0-1 vs. 2-3) (24), a BMI >25 kg/m’,
smoking history (current and former smokers vs. never
smokers), tumor histology (adenocarcinoma vs. squamous
cell carcinoma and others), presence of COPD, site of
disease, presence of DM, FEV1 <80% predicted, and
a DLCO <60% (18,25,26). Pulmonary complications
examined to see an association with COPD were
pneumonia, COPD exacerbation, interstitial lung disease
(ILD), radiation pneumonitis, pulmonary embolism, and
pneumothorax. Pneumonia was diagnosed by confirming
acute infection of pulmonary parenchyma. COPD
exacerbation was defined as a sudden worsening of COPD
symptoms which requires additional medications. ILD
was diagnosed when patients had history of exposure to
causative antineoplastic agents, respiratory symptoms
such as fever and dyspnea, and CT findings suggestive
ILD after excluding other conditions causing pulmonary
opacities. Radiation pneumonitis was diagnosed if opacities
are detected alongside the irradiated area with chest CT in
patients who had had previous radiation therapy. Pulmonary
embolism was diagnosed with elevated d-dimer level and a
CT pulmonary angiography finding.

Initially recorded continuous laboratory variables
were dichotomized for ease of statistical analysis. Clinical
characteristics were compared between the COPD and
non-COPD groups using the chi-square test. Results
of spirometry were compared using the Student’s #-test.
OS was defined as the period from the first date of first-
line chemotherapy to the date of any cause of death. The
Kaplan-Meier method was employed to estimate OS and
the log-rank test was used to compare OS according to the
clinical parameters. Multivariate analysis was performed
using the Cox proportional hazards regression model to
address independently associated significant prognostic
factors for OS. ECOG PS and smoking history were not
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included for analyses because of concern on inaccuracy in
the aspect of retrospective data. Stepwise model selection
algorithm was used for the multivariate analysis in the
stage IV NSLCL group. Results were described as the
hazard ratio (HR) and 95% confidence interval (CI).
A P value <0.05 was considered statistically significant.
Associations between COPD and the occurrence of
pulmonary complications during chemotherapy or death
due to pulmonary complications were examined using the
chi-square test. An association between severity of airflow
limitation and tumor histology (adenocarcinoma and other
histological subtypes) was also determined using chi-square
test. Statistical analysis was performed using the Statistical
Package for the Social Sciences version 20 for Windows
(IBM Corp., Armonk, NY, USA).

Results
Patients with SCLC-ED

The characteristics of the 136 patients with SCLC-ED who
performed a pulmonary function test at the time of diagnosis
and who received palliative chemotherapy are summarized
in Table 1. Patients were further classified into the two
groups of non-COPD (n=62) and COPD (n=74). Baseline
characteristics, including age, sex, history of smoking, site
of disease, and ECOG PS status did not differ significantly
between the two groups. The results of spirometry were
also comparable between the two groups except for FEV1/
FVC (P<0.01) and FEV1 (P<0.01). The median age of all
patients was 69 years (range, 45-83 years). One hundred
and eleven (81.6%) patients were male and 119 (87.5%)
patients were current or former smokers. Additionally, 94
(69.1%) patients received palliative chemotherapy only,
while 42 (30.9%) patients received palliative chemotherapy
and palliative radiotherapy irradiated to the bone, lung,
or brain. One hundred and thirty-three (97.8%) patients
received platinum doublets.

The median OS was 8.7 months (95% CI: 8.0-9.4 months)
with a median follow-up of 73.4 months. The median OS
rates between the non-COPD group (8.6 months, 95%
CI: 6.3-11.0) and the COPD group (8.7 months, 95% CI:
8.1-9.3 months) were not significantly different (P=0.80)
in patients with SCLC-ED (Figure 1A4). Separately, the
median OS values for the non-COPD and COPD groups
according to the severity defined per the GOLD criteria
were also not significantly different (P=0.83). Next, we
investigated the prognostic factors for OS in patients with
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Table 1 Characteristics of patients with lung cancer (n=449)
SCLC-ED Stage IV NSCLC

Characteristics
COPD (n=74) Non-COPD (n=62) P value COPD (n=137) Non-COPD (n=176) P value

Age, n (%) 0.29 <0.01
>70 years 39 (52.7) 27 (43.5) 74 (54.0) 62 (35.2)
<70 years 35 (47.3) 35 (56.5) 63 (46.0) 114 (64.8)

Sex, n (%) 0.48 <0.01
Male 62 (83.8) 49 (79.0) 115 (83.9) 97 (565.1)
Female 12 (16.2) 13(21.0) 22 (16.1) 79 (44.9)

Body mass index, n (%) 0.05 0.02
>25.0 kg/m’ 11 (14.9) 18 (29.0) 25(18.2) 52 (29.5)
<25.0 kg/m? 63 (85.1) 44 (71.0) 112 (81.8) 124 (70.5)

Diabetes mellitus, n (%) 0.01 0.85
Yes 9(12.2) 18 (29.0) 30 (21.9) 37 (21.0)
No 65 (87.8) 44 (71.0) 107 (78.1) 139 (79.0)

Smoking history, n (%) 0.24 <0.01
Current and former 67 (90.5) 52 (83.9) 108 (78.8) 97 (65.1)
Never 7 (9.5) 10 (16.1) 29 (21.2) 79 (44.9)

ECOG PS, n (%) 0.25 <0.01
0-1 65 (87.8) 50 (80.6) 108 (78.8) 158 (89.8)
2-3 9(12.2) 12 (19.4) 29 (21.2) 18 (10.2)

Site of disease, n (%) 0.40 0.64
Central 71 (95.9) 61 (98.4) 54 (39.4) 74 (42.0)
Peripheral 3(4.1) 1(1.6) 83 (60.6) 102 (58.0)

GOLD, n (%) - -

1 19 (25.7) - 35 (25.5) -
2 45 (60.8) - 78 (56.9) -
3 10 (13.5) - 22 (16.1) -
4 0 - 2(1.5) -
FEV1/FVC (mean + SD) (%) 58.11+7.89 84.85+61.80 <0.01 60.42+8.25 78.37+7.08 <0.01
FEV1 (mean + SD) (%) 68.97+18.99 79.42+22.15 <0.01 66.64+17.97 85.93+19.23 <0.01
>80, n (%) 19 (25.7) 32 (51.6) <0.01 39 (28.5) 114 (64.8) <0.01
<80, n (%) 55 (74.3) 30 (48.4) 98 (71.5) 62 (35.2)
DLCO, n (%) n=59 n=45 0.81 n=109 n=133 0.28
=60 42 (71.2) 33 (73.3) 76 (69.7) 101 (75.9)
<60 17 (28.8) 12 (26.7) 33(30.3) 32 (24.1)

Table 1 (continued)
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Table 1 (continued)
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SCLC-ED Stage IV NSCLC
Characteristics
COPD (n=74) Non-COPD (n=62) P value COPD (n=137) Non-COPD (n=176) P value
Histology, n (%) - -
Adenocarcinoma - - 94 (68.6) 152 (86.4)
Squamous cell carcinoma - - 34 (24.8) 17 (9.7)
Large cell carcinoma - - 2(1.5) 1(0.6)
Others - - 7(5.1) 6 (3.4)
Treatment agents (n, %)
Targeted agent - -
Erlotinib - - 2(1.5) 7 (4.0)
Gefitinib - - 5(3.6) 16 (9.1)
Afatinib - - 8 (5.8) 12 (6.8)
Chemotherapeutic agent - -
Pemetrexed + cisplatin - - 31 (22.6) 59 (33.5)
Gemcitabine + carboplatin - - 51(37.2) 28 (15.9)
Gemcitabine + cisplatin - - 12 (8.8) 17 (9.7)
Pulmonary complication, n (%) - - - 41 (29.9) 31(17.6) 0.01
Pneumonia - - 34 (24.8) 30 (17)
COPD exacerbation - - 9 (6.6) 1(0.6)
ILD - - 1(0.7) 1(0.6)
Radiation pneumonitis - - 1(0.7) 1(0.6)
Pulmonary embolism - - 1(0.7) 0
Pneumothorax - - 0 1(0.6)

COPD, chronic obstructive pulmonary disease; DLCO, diffusing capacity for carbon monoxide; ECOG, East Cooperative Oncology Group;
FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; ILD,
interstitial lung disease; NSCLC, non-small cell lung cancer; PS, performance status; SCLC-ED, extended disease stage small cell lung

cancer; SD, standard deviation.

SCLC-ED. Univariate analysis showed FEV1 and DLCO
did not predict survival for this patient group. Among the
clinical factors, higher age >70 years, presence of DM, poor
ECOG PS (22), non-responder to first-line chemotherapy
(SD + PD), and short duration of first-line chemotherapy
(less than 4 cycles) significantly predicted poor prognosis
(P<0.05). Multivariate analysis showed that higher age (HR:
2.01; 95% CI: 1.39-2.91; P<0.01), presence of DM (HR:
1.87; 95% CI: 1.17-2.99; P<0.01), non-responder to first-
line chemotherapy (HR: 1.86; 95% CI: 1.19-2.92; P<0.01),
and shorter duration of chemotherapy (HR: 0.22; 95% CI:
0.14-0.36; P<0.01) were independent prognostic factors for
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OS (Tuble 2).

Patients with stage IV NSCLC

The characteristics of 313 patients diagnosed with stage IV
NSCLC with available spirometry results are summarized in
Table 1. The characteristics of patients in the COPD group
(n=137) and the non-COPD group (n=176) were compared.
A larger proportion of patients were younger than 70 years
in the non-COPD group. The ratio of males to females was
5.2:1 in the COPD group. The ECOG PS of most patients
was less than two in both groups. As expected, patients with
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Figure 1 OS did not differ between the COPD and non-COPD groups in patients with (A) SCLC and (B) NSCLC. OS, overall survival;
COPD, chronic obstructive pulmonary disease; SCLC, small cell lung cancer; NSCLC, non-small cell lung cancer.

Table 2 Prognostic factors for OS in patients with SCLC-ED (n=136)

Univariate Multivariate
Variables Death/total, n
P value HR (95% Cl) P value

Age (<70 vs. =70) 68/70 vs. 63/66 <0.01 2.01 (1.39-2.91) <0.01
Sex (male vs. female) 107/111 vs. 24/25 0.62 - -
Diabetes mellitus (no vs. yes) 105/109 vs. 26/27 0.04 1.87 (1.17-2.99) <0.01
ECOG PS (0-1 vs. 2-3) 111/115 vs. 20/21 0.01 - -
Smoking history (never vs. current and former) 16/17 vs. 115/119 0.51 - -
Body mass index (<25 vs. =25 kg/m?) 103/107 vs. 28/29 0.18 - -
Site of disease (central vs. peripheral) 128/132 vs. 3/4 0.98 - -
Response to 1L chemotherapy (CR + PR vs. SD + PD) 78/83 vs. 53/53 <0.01 1.86 (1.19-2.92) <0.01
1L chemotherapy (<4 vs. =4 cycles) 53/53 vs. 78/83 <0.01 0.22 (0.14-0.36) <0.01
COPD (no vs. yes) 61/62 vs. 70/74 0.80 - -
Non-COPD and GOLD 1 vs. GOLD 2-4 79/81 vs. 52/55 0.71 - -
DLCO (<60% vs. 260%) 28/29 vs. 72/75 0.49 - -

SCLC-ED, extended disease stage small cell lung cancer; Cl, confidence interval; ECOG, East Cooperative Oncology Group; PS,
performance status; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; GOLD, Global Initiative
for Chronic Obstructive Lung Disease; HR, hazard ratio; L, line; OS, overall survival; COPD, chronic obstructive pulmonary disease; DLCO,

diffusing capacity for carbon monoxide.

a smoking history composed a larger proportion of both
groups. Adenocarcinoma was the most frequently diagnosed
histology type in both groups. The results of spirometry for
FEV1/FVC and FEV1 were significantly different between
the COPD and non-COPD groups (P<0.01). Pemetrexed

© Journal of Thoracic Disease. All rights reserved.

and cisplatin combination chemotherapy and combined
gemcitabine and carboplatin chemotherapy were the most
frequently applied regimens to patients in the non-COPD
and the COPD group, respectively. A total of 72 patients
with NSCLC experienced pulmonary complications
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Table 3 Prognostic factors for OS in patients with stage IV NSCLC (n=313)

Univariate Multivariate
Variables Death/total, n
P value HR (95% ClI) P value

Age (<70 vs. =70) 105/177 vs. 70/136 0.38 - -
Sex (male vs. female) 123/212 vs. 52/101 <0.01 - -
Co-morbidities (no vs. yes) 59/105 vs. 115/207 0.34 - -
ECOG PS (0-1 vs. 2-3) 147/266 vs. 28/47 <0.01 - -
Smoking history (never vs. current and former) 56/102 vs. 117/205 0.01 - -
Body mass index (<25 vs. =25 kg/m?) 133/236 vs. 42/77 0.19 - -
Site of disease (central vs. peripheral) 75/128 vs. 100/185 0.12 - -
Histology (adenocarcinoma vs. other histology) 134/246 vs. 41/67 <0.01 1.69 (1.17-2.43) <0.01
Treatment agent (targeted agent vs. chemotherapy) 14/52 vs. 161/261 <0.01 2.70 (1.55-4.70) <0.01
COPD (no vs. yes) 95/176 vs. 80/137 0.13 - -
Non-COPD and GOLD 1 vs. GOLD 2-4 113/211 vs. 62/102 <0.01 1.43 (1.04-1.97) 0.03
DLCO (<60% vs. 260%) 20/65 vs. 43/177 0.01 - -

0S8, Overall survival; NSCLC, Non-small cell lung cancer; HR, Hazard ratio; Cl, Confidence interval; ECOG, East Cooperative Oncology
Group; PS, Performance status; COPD, Chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung

Disease; DLCO, diffusing capacity for carbon monoxide.

during the course of treatment. Pneumonia was the most
frequently recorded pulmonary complication in both
groups. COPD exacerbation was the second most common
pulmonary complication in the COPD group. One patient
whose FEV1/FVC ratio had been within the normal range
at the time of diagnosis developed COPD and COPD
exacerbation during the course of chemotherapy.

With a median follow-up of 56.6 months, the median OS
was 22.6 months (95% CI: 17.8-27.3 months). The median
OS between the two groups was not significantly different
in patients with NSCLC (non-COPD group: 23.5 months,
95% CI: 18.1-28.8 months; COPD group: 21.3 months,
95% CI: 13.7-28.8 months; P=0.13) (Figure 1B). However,
the severity of COPD airflow limitation defined according
to the GOLD classification was found to affect on prognosis
in terms of OS. The OS for patients with FEV1/FVC >0.7
and those classified GOLD 1 was significantly different
from that of patients classified GOLD 2-4 (P<0.01). A
univariate analysis showed patients with a DLCO less
than 60% also had significantly worse OS (P=0.01).
Univariate analyses showed that clinical parameters
significantly associated with OS were sex, ECOG PS (0-1
vs. 2-3), current or past history of smoking, histology type
(adenocarcinoma vs. other histology types), and treatment

© Journal of Thoracic Disease. All rights reserved.

agent (P<0.05). Multivariate analysis showed NSCLC
patients with FEV1/FVC >0.7 and those classified GOLD
1 (HR: 1.43; 95% CI: 1.04-1.97; P=0.03), those harboring
tumors classified as adenocarcinoma (HR: 1.69; 95% CI:
1.17-2.43; P<0.01), and those treated with targeted agents
(HR: 2.70; 95% CI: 1.55-4.70; P<0.01) had favorable OS
(1able 3). Larger numbers in patients with adenocarcinoma
(178 of 246 patients) were classified GOLD 1 or had no
airflow limitation (P<0.01).

Although stage IV NSCLC patients with COPD had
pulmonary complications more frequently than those
without COPD during the course of chemotherapy
(P=0.01), deaths resulting from pulmonary complications
were comparable between the two groups (P=0.22).
Therapeutic agents were also found to exert an effect upon
the prognosis of stage IV NSCLC patients with COPD.
Patients treated with targeted agents showed no significant
difference in OS according to airflow limitation severity
(patients with FEV1/FVC >0.7 and those GOLD 1 vs.
patients GOLD 2-4, P=0.24) (Figure 2A). Meanwhile, the
OS of stage IV NSCLC patients treated with conventional
chemotherapeutic agents was significantly different
according to the severity of airflow limitation. Stage IV
NSCLC patients classified GOLD 1 showed a significantly
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Figure 2 The OS of patients with stage IV NSCLC. (A) The OS of patients treated with targeted agents was not affected by the severity

of airflow limitation; (B) the OS of patients treated with conventional chemotherapy was significantly different according to the severity of

airflow limitation. OS, overall survival; NSCLC, non-small cell lung cancer; GOLD, chronic obstructive lung disease.

better OS compared to those classified GOLD 2-4 upon
chemotherapy treatment (P=0.02) (Figure 2B).

Discussion

Although several previous studies have investigated the
impacts of COPD on the prognosis of patients with LC, no
consistent results have been reported to date. In order to
exclude confusing factors attributed to the heterogeneous
characteristics of patients, only patients with advanced
LC, specifically stage IV NSCLC and SCLC-ED, were
analyzed in this study. The results of our analyses indicate
that COPD is not significantly associated with the survival
of patients with metastatic NSCLC or SCLC-ED.

The results of previous studies that investigated the
effects of pulmonary function on survival of SCLC patients
suggested there was an adverse prognosis for SCLC
patients with airflow limitation, though inconsistent
indicators for airway limitation such as FEV1 or FEV1/
FVC were used (17,18). As a matter of fact, treatment is
recommended to be tailored according to the results of
preoperative pulmonary function tests in patients with LC
who are required to undergo surgical resection for the risk
resulting from lung resection (27). It is also known that the
adoption of treatment modalities is influenced by coexisting
COPD in NSCLC patients. A previous study reported
that NSCLC patients with COPD underwent surgery and
chemotherapy less frequently than those without COPD
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despite the lack of data regarding the adverse effects of
COPD on the prognosis of patients receiving palliative
chemotherapy (28). One recent investigation that addressed
the impact of COPD on the OS of patients with SCLC
receiving chemotherapy reported coexisting COPD had no
association with survival in those patients (19). Our study,
which involved only SCLC-ED patients, also showed no
association between COPD or severity of air flow limitation
and prognosis in terms of OS, consistent to results of
the previous study (19), suggesting that treatment with
chemotherapy could be considered as a prior treatment
option in patients with SCLC-ED.

On the other hand, although the presence of COPD itself
was not a poor prognostic factor in patients with metastatic
NSCLGC, the severity of airflow limitation exerted an effect
on the survival of those patients in our study. Intriguingly,
survival did not differ according to the severity of airflow
limitation in patients who received targeted agents such as
tyrosine kinase inhibitors; meanwhile, the OS of patients
given conventional chemotherapeutic agents was affected
by the COPD airflow limitation severity. Whether the
observed difference in survival was attributable to death
resulting from pulmonary complications was examined,
but the proportion of patients who died due to pulmonary
complications was not significantly different between
the COPD and non-COPD groups in NSCLC patients
given chemotherapy (P=0.14, data not shown), suggesting
compromised lung function is not the only medical problem
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to be taken care of during treatment with chemotherapy. A
previous study on treatment outcomes for NSCLC patients
with COPD who received chemotherapy reported positive
effects of chemotherapy compared with supportive care
(8,29), but results from our study indicated that COPD
classified as GOLD 2 or worse had an unfavorable impact
on treatment outcomes of chemotherapy. A previous
study reported that the OS of patients with NSCLC who
have an effective host DNA repair system is significantly
worse than that of NSCLC patients with a suboptimal
DNA repair system in conjunction with chemotherapy
treatment (30). Therefore, the different individual repair
capabilities of DNA damage caused by oxidative stress
during the development of COPD (31) might have
contributed to the differences in OS according to the
severity of airway limitation in patients with NSCLC
treated with chemotherapy. In addition, in our study
patients with COPD were shown to be associated with
many other comorbidities such as DM or cardiovascular
disease (P=0.02). This could lead to complications brought
on by chemotherapy, resulting in a discontinuation of
treatment, which consequently might affect the prognosis
of patients receiving chemotherapy. Taken together,
because a poor treatment outcome is anticipated in NSCLC
patients with a FEV1 value of less than 80% predicted,
especially when these people are treated with conventional
chemotherapeutic agents, careful attention should be paid
to such individuals when they are given chemotherapy.

A low DLCO has been reported to be associated with
poor survival in patients with LC including NSCLC and
SCLC (25,26). This was also the case in patients with
SCLC-ED and stage IV NSCLC in univariate analyses,
but the multivariate analysis has not been performed in
this study because results of DLCO were available in only
parts of patients (n=242). For lack of data on relationship
between DLCO and prognosis of advanced LC, further
investigation with larger number of patients is necessary.
Adenocarcinoma histology type was one of the independent
favorable prognostic factors, a finding consistent with
previous studies (32). On the other hand, a previous study
that addressed the impact of COPD on the prognosis of
patients with LC according to histology subtype reported
that the coexistence of COPD as well as its severity were
not significantly associated with the prognosis for patients
harboring the adenocarcinoma subtype (33). In our study,
the OS of NSCLC patients with adenocarcinoma did not
differ significantly according to the presence of COPD
(P=0.46, data not shown); meanwhile, the severity of airflow
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limitation affected the prognosis of those patients (FEV1
<80% predicted; P=0.03, data not shown). Intriguingly,
larger numbers in patients harboring adenocarcinoma were
found to be classified GOLD 1 or had no COPD, and this
might have been one of explanations for better prognosis of
those patients comparing to NSCLC patients with histology
subtypes other than adenocarcinoma.

The results in this study revealed that there was no
impact of COPD on the OS of SCLC-ED patients who
received palliative chemotherapy, while poor prognosis
in stage IV NSCLC patients with GOLD 2-4 was
observed, suggesting the presence of COPD should not
be a contraindication for palliative chemotherapy in
patients with SCLC-ED or NSCLC classified GOLD 1.
Although efforts to overcome limitations of previous studies
attributing to heterogeneity of patients characteristics were
poured by evaluating LC patients consisted with those only
in the advanced stage, some issues still remains unsolved.
First, OS differences according to the presence of COPD
in patients with squamous cell carcinoma or large-cell
LC have not been analyzed due to the small number of
patients in each of these conditions. Second, prognosis of
patients treated with immune-checkpoint inhibitors has not
been analyzed. Therefore, further studies including larger
numbers of patients treated with homogeneous modalities
are necessary to better elucidate the effects of COPD on
LC patient prognosis.

Conclusions

Although no significant difference of OS according to
the presence of COPD in patients with SCLC-ED and
metastatic NSCLC was observed, adverse effects on
metastatic NSCLC patients with moderate to very severe
airflow limitation treated with chemotherapy were observed.
Therefore, chemotherapy could be considered as a prior
option in treatment of patients with SCLC-ED regardless
of severity of airflow limitation and metastatic NSCLC
classified GOLD 1.
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