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Background: The aim of the study was to investigate if first-line chemotherapy improves 

total survival time in non-small-cell lung cancer (NSCLC) patients complicated with severe 

to very severe COPD.

Materials and methods: This retrospective observational clinical study included 267 consecu-

tive NSCLC patients with COPD complications at the Department of Respiratory and Critical 

Care Medicine of Tianjin Chest Hospital between January 2009 and January 2018. Sixty-nine 

evaluable patients were included. The clinical characteristics, toxicity profile, objective response 

rate, and prognosis were analyzed and compared between patients receiving and those not 

receiving chemotherapy.

Results: Forty-five and 24 patients received first-line chemotherapy plus supportive care and 

supportive care alone, respectively. Kaplan–Meier curves showed that patients receiving che-

motherapy had a statistically significant 6-month longer median overall survival (OS) than that 

of patients receiving supportive care alone (14.0, 95% CI: 8.5–19.5 vs 8.0, 95% CI: 6.4–9.6, 

respectively) (chi2=8.857, P=0.003). In the multivariate Cox proportional hazard model adjusted 

for the most relevant variables, the adjusted hazard ratio (HRadj) differed significantly for 

the receipt of chemotherapy (HRadj=0.4464, 95% CI: 0.2495–0.7988; P=0.0066) but not for 

gender (HRadj=0.8527, 95% CI: 0.4461–1.6298; P=0.6297), age (HRadj=1.0021, 95% CI: 

0.9609–1.0451; P=0.9214), histology (HRadj=1.4422, 95% CI: 0.6959–2.9889; P=0.3247), 

cancer stage (HRadj=1.9098, 95% CI: 0.8607–4.2375; P=0.1116), performance status score 

(HRadj=1.5155, 95% CI: 0.7523–3.0529; P=0.2446), lung function (HRadj=1.3856, 95% CI: 

0.7149–2.6857; P=0.3341), or respiratory symptoms (HRadj=1.0518, 95% CI: 0.6032–1.8342; 

P=0.8586). Patients with grade 3/4 adverse reactions accounted for 29% (13/45) of the che-

motherapy group.

Conclusion: The results indicated that chemotherapy may improve the OS of NSCLC patients 

with severe to very severe COPD.
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Introduction
Lung cancer is the most common type of malignant tumor, accounting for over 12.7% 

of cancer cases worldwide. It is estimated to become the fifth leading cause of deaths 

globally by 2020.1 COPD is a frequent comorbidity of lung cancer; a large propor-

tion (40%–70%) of lung cancer patients also have COPD.2,3 This comorbidity greatly 

increases the incidence of death. Kiri et al reported that the 3-year survival rate of 

cancer patients without COPD is twice that of patients complicated with COPD.4 Non-

small-cell lung cancer (NSCLC) is the major type of cancer in these patients.
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According to the China Pulmonary Health study, a recent 

national cross-sectional survey, public awareness of COPD 

is low even though a large proportion of the population 

is affected.5 This may partly explain the phenomenon in 

People’s Republic of China that most COPD patients have 

progressed to a severe or very severe disease stage at their 

first hospital visit. Patients with poorer lung function have 

a higher risk of developing lung cancer.6 For lung cancer 

sufferers complicated with severe to very severe COPD, 

chemotherapy rather than surgery may benefit them more.7 

However, the National Comprehensive Cancer Network 

guideline uses performance status (PS) score rather than 

COPD severity as a criterion for recommending chemo-

therapy to lung cancer patients.8

Previous clinical studies have indicated that comorbidi-

ties such as mild to moderate COPD had no evident adverse 

impact on the prognosis of patients with NSCLC receiving 

first-line chemotherapy.9,10 However, the same may not be 

true for those complicated with severe to very severe COPD 

who present with serious cough, dyspnea, sputum, and other 

respiratory symptoms and who often also have cardiovas-

cular or cerebrovascular complications.11–14 Chemotherapy 

may have significant hazardous effects on these patients.15,16 

Therefore, it is unclear if the therapeutic benefits of chemo-

therapy outweigh the accompanying adverse effects.

The objective of the present study was to investigate if 

first-line chemotherapy improved the total survival time in 

NSCLC patients complicated with severe to very severe 

COPD.

Materials and methods
study subjects
This retrospective observational clinical study was conducted 

at a single site in Tianjin, People’s Republic of China. The 

medical records of 267 consecutive NSCLC patients with 

COPD complications visiting the Department of Respira-

tory and Critical Care Medicine of Tianjin Chest Hospital 

between January 2009 and January 2018 were retrieved from 

the institutional hospital information system and were dis-

criminatively reviewed. This study received ethical approval 

from the Ethics Review Committee of Tianjin Chest Hospital 

(Approval No. 2018LW-001). The conduct of the study was 

in compliance with the principles stated in the Declaration 

of Helsinki. The subjects’ privacy and personal identity 

information in this study have been fully protected. All data 

have been anonymized. The need for individual consent 

was waived by the committee because of the retrospective 

nature of the study.

A total of 198 patient records were eliminated based on 

the following pre-defined exclusion criteria: 1) receiving che-

motherapy after lung cancer surgery (16 cases); 2) unavail-

ability of lung function test information (130 cases); 3) mild 

to moderate COPD (44 cases); and 4) unavailability of infor-

mation on follow-up visits (eight cases). A total of 69 patients 

were eligible for inclusion. The process of patient screening 

and inclusion is shown in a flowchart in Figure 1.

Among the 69 patients, 45 and 24 received first-line che-

motherapy together with supportive care and supportive care 

alone, respectively. Supportive care for NSCLC patients with 

COPD included anti-infectives, hemostatics, pain-killers, 

and nutrition support.

The diagnostic criteria for lung cancer were as described 

in the 2004 World Health Organization classification of lung 

tumors.17

COPD was diagnosed according to the spirometric criteria 

of the Global Initiative for Chronic Obstructive Lung Disease 

as follow: 1) non-COPD was defined as FEV
1
/FVC $70%, 

2) mild COPD was defined as FEV
1
/FVC ,70% and 

FEV
1
 $80% of the predicted, 3) moderate COPD was 

defined as FEV
1
/FVC ,70% and 50% #FEV

1
 ,80% of 

the predicted, 4) severe COPD was defined as FEV
1
/FVC 

of ,70% and 30% #FEV
1
 ,50% of the predicted, and 

5) very severe COPD was defined as an FEV
1
/FVC ,70% 

and FEV
1
 ,30%.18

Data collection
A self-designed data collection form was used to gather 

information on patient age, gender, smoking history and 

status (pack-years), symptoms related to COPD, PS score, 

pulmonary function, laboratory test results, histology, cancer 

Figure 1 Patient screening and inclusion flow chart.
Abbreviation: nsClC, non-small-cell lung cancer.
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stage, treatment intervention, chemotherapy toxicity, and 

survival status, if available.

Outcome and toxicity measurement
The clinical benefits of chemotherapy were measured using 

the Response Evaluation Criteria in Solid Tumors. Accord-

ing to these criteria, the patient response was classified as 

complete response (CR), partial response (PR), stable disease 

(SD), or progressive disease (PD). Based on these measure-

ments, composite outcomes including disease control rate 

(DCR, CR + PR + SD) and objective response rate (ORR, 

CR + PR) were determined.

Overall survival (OS), defined as the time from lung cancer 

diagnosis to death, was measured as an endpoint outcome.

Any adverse events were graded according to the Com-

mon Terminology Criteria for Adverse Events version 4.0.

statistical analysis
SPSS for Windows, version 16.0, was used for statistical 

analysis. Continuous data were described as mean and stan-

dard deviation. Student’s t-tests were used to test differences 

between the chemotherapy and the non-chemotherapy groups 

if the original data followed a normal distribution; otherwise, 

Mann–Whitney U tests were used.

Categorical data were expressed as proportions or inci-

dence rates. For inter-group comparisons of most outcomes, 

chi-squared or Fisher’s exact tests were used. To compare OS 

between groups, log-rank tests were used. A multivariate sur-

vival analysis using a Cox regression model was performed 

to investigate the impact of chemotherapy on patient survival. 

The “enter” method was used to select variables. P-values 

less than 0.05 indicated statistically significant differences.

Results
Patient characteristics
The patient characteristics and baseline data are presented 

in Table 1.

Compared to patients in the non-chemotherapy group, 

patients in the chemotherapy group were younger; how-

ever, this difference was not statistically significant. 

The two patient groups also differed in terms of histo-

logical subtypes. In the chemotherapy group, squamous 

cell carcinoma was the most dominant subtype (22/45) 

and cases of adenosquamous carcinoma were present. 

Adenocarcinoma was the most dominant subtype (12/24) 

in the non-chemotherapy group, and no cases of ade-

nosquamous carcinoma were present. This difference was 

not statistically significant. Furthermore, in terms of cancer 

stage, stage III dominated in the chemotherapy group 

(22/45), while stage IV dominated in the non-chemotherapy 

group (11/24), a difference that was also not statistically 

different. In summary, no statistically significant variation 

was present between the two groups with respect to gender; 

smoking status; PS; COPD-relevant symptoms; pulmonary 

function; or laboratory data including creatinine, alanyl 

transferase, aspartate transaminase, r-glutamyltransferase, 

and albumin concentrations.

Treatment and response
All patients received first-line platinum-based doublet 

chemotherapy including pemetrexed in combination with 

platinum (nine cases), gemcitabine plus platinum (16 cases), 

vinorelbine plus platinum (six cases), paclitaxel plus plati-

num (four cases), or docetaxel plus platinum (ten cases).

Fourteen patients were treated for one or two cycles, 15 

were treated for three or four cycles, and 16 were treated for 

five or six cycles.

After treatment, patient response was classified as PR, 

SD, PD, and not evaluated for five, 16, 19, and five patients, 

respectively. The resulting ORR and DCR in the chemo-

therapy group were 12.5% and 45%, respectively.

Prognosis
The Kaplan–Meier curves for patients in the chemotherapy 

and non-chemotherapy groups are presented in Figure 2.

Four of the 45 patients in the chemotherapy group sur-

vived during our follow-up visits, whereas only one of the 

24 patients in the non-chemotherapy group survived. The 

Kaplan–Meier curves showed that patients having received 

chemotherapy had a 6-month longer median OS than that 

of patients having only received supportive care (14.0, 95% 

CI: 8.5–19.5 in the chemotherapy group vs 8.0, 95% CI: 

6.4–9.6 in the non-chemotherapy group), a difference that 

was statistically significance (chi2=8.857, P=0.003).

Survival analysis was also performed using a multivari-

ate Cox proportional hazard model adjusted for potentially 

relevant variables. The adjusted hazard ratio (HRadj) was 

statistically significant only for the receipt of chemotherapy 

(HRadj=0.4464, 95% CI: 0.2495–0.7988; P=0.0066) and 

not for gender (HRadj=0.8527, 95% CI: 0.4461–1.6298; 

P=0.6297), age (HRadj=1.0021, 95% CI: 0.9609–1.0451; 

P=0.9214), histology (HRadj=1.4422, 95% CI: 0.6959–

2.9889; P=0.3247), cancer stage (HRadj=1.9098, 95% CI: 

0.8607–4.2375; P=0.1116), PS score (HRadj=1.5155, 95% 

CI:0.7523–3.0529; P=0.2446), lung function (HRadj=1.3856, 

95% CI:0.7149–2.6857; P=0.3341), or respiratory symptoms 
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Table 1 Patient characteristics and baseline physiological data

Chemotherapy group Non-chemotherapy group P-value

n 45 24  

Male sex 37 18 0.6919

age, years 67.89±7.18 69.50±6.82 0.2668

smoking history, never smoker 6 1 0.4339

smoking status, pack-years 46.78±26.52 50.11±34.76 0.854

symptoms related to COPD   0.8678

no symptom, n 18 8  

Cough and sputum, n 6 2  

Dyspnea, n 2 1  

Cough, sputum, and dyspnea, n 19 13

Ps score   0.2044

1 11 4  

2 34 18  

3 0 2  

histology   0.1134

adenocarcinoma 16 12  

squamous cell carcinoma 22 10  

large cell carcinoma 1 2  

adenosquamous carcinoma 6 0  

stage   0.7925

Ia 2 0  

IIa 0 1  

IIB 3 2  

IIIa 11 4  

IIIB 11 6  

IV 18 11  

lung function test    

FeV1, l 1.06±0.31 1.02±0.25 0.8353

FeV1, % 39.38±8.28 41.71±8.87 0.1776

FVC, l 2.20±0.58 1.99±0.40 0.0876

FVC, % 63.14±12.49 63.80±11.76 0.9598

gOlD grade   0.8163

severe, n 35 20  

Very severe, n 10 4  

laboratory test    

alB, g/l 38.33±4.31 37.13±3.59 0.2468

asT, U/l 20.05±16.29 19.17±9.41 0.5164

alT, U/l 17.97±12.84 17.32±12.81 0.6276

r-gT, U/l 48.47±97.56 31.29±23.44 0.2867

Cr, umol/l 70.14±16.10 65.15±14.92 0.3225

Abbreviations: alB, albumin; alT, alanyl transferase; asT, aspartate transaminase; Cr, creatinine; gOlD, global Initiative for Chronic Obstructive lung Disease; Ps, 
performance status; r-gT, r-glutamyltransferase.

(HRadj=1.0518, 95% CI: 0.6032–1.8342; P=0.8586; 

Table 2).

Toxicity
The administered chemotherapies were generally tolerable. 

Gastrointestinal reactions were the most frequently reported 

adverse responses, affecting 38% (17/45) of patients, but only 

one (2%) patient experienced serious (grade 3) gastrointesti-

nal adverse reactions. Myelosuppression was another com-

monly reported adverse drug reaction. In this study, patients 

presenting grade 3/4 leukopenia, neutropenia, or anemia 

together accounted for 24% (11/45) of the chemotherapy 
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group. The incidence rates of grade 3/4 adverse reactions 

for leukopenia, neutropenia, anemia, and thrombocytopenia 

were 9% (4/45), 11% (5/45), 9% (4/45), and 9% (4/45), 

respectively. The complete chemotherapy toxicity profiles 

are shown in Table 3.

Discussion
To our knowledge, this is the first clinical report on the 

benefit of chemotherapy in NSCLC patients with severe to 

very severe COPD. In the present study, the median OS was 

14 months in the chemotherapy group and 8 months in the 

non-chemotherapy group. This finding suggests that che-

motherapy prolonged the OS time of NSCLC patients with 

severe to very severe COPD. In other words, the severity of 

COPD may not be an important factor when determining 

whether to administer chemotherapy.

Idiopathic pulmonary fibrosis and COPD are chronic 

respiratory diseases characterized by evident respiratory 

symptoms, progressive loss of lung function, and the 

degeneration of functional abilities. They are also associ-

ated with increased risks of developing lung cancer.6,19 

Previous studies have found chemotherapy to be beneficial 

for late-stage NSCLC patients complicated with idiopathic 

pulmonary fibrosis, with a reported median OS of 10.6–11.4 

months.20,21 Similarly, reports suggest the positive effects 

of first-line chemotherapy on the prognosis and safety 

of patients with NSCLC and mild to moderate COPD.9 

However, little attention has been paid to NSCLC patients 

with severe to very severe COPD. A 2014 study found that 

advanced COPD did not have a significant deleterious impact 

on OS following tyrosine kinase inhibitors (TKI) therapy or 

first-line chemotherapy. The study concluded that these thera-

pies could benefit late-stage NSCLC patients despite their 

advanced COPD comorbidities.10 However, this previous 

study had some limitations. It included both small cell lung 

cancer and NSCLC patients, who have different prognoses or 

toxicities related to chemotherapy. Moreover, the treatment 

interventions involved chemotherapy and epidermal growth 

factor receptor-TKI therapy. These interventions may have 

variant response rates and different adverse reactions.6,22 By 

contrast, the present study focused solely on NSCLC and 

first-line platinum-based doublet chemotherapy that yielded 

more accurate and reliable results.

Compared to previous prospective, randomized clinical 

research on late-stage NSCLC patients, the median survival 

time was slightly longer in our study (14 months in the 

present study vs 10.1–13.9 months).23–25 There are several 

possible explanations. First, 64% (29/45) of patients in the 

present study were categorized as having stage IIIB or IV 

disease, with other patients having milder stages, whereas 

all patients in the previous studies were stage IIIB or IV. 

Second, 36% (16/45) of patients in the chemotherapy group 

in our study had adenocarcinoma, and more than half (9/16, 

56%) of the patients received pemetrexed plus platinum 

treatment.26

Figure 2 Kaplan–Meier curves for chemotherapy and non-chemotherapy patients.

Table 2 summary of the results of multivariate analysis of independent risk factors related to the prognosis of lung cancer patients

HR 95% CI P-value

Chemotherapy 0.4464 0.2495–0.7988 0.0066

Male 0.8527 0.4461–1.6298 0.6297

age 1.0021 0.9609–1.0451 0.9214

histologya 1.4422 0.6959–2.9889 0.3247

stageb 1.9098 0.8607–4.2375 0.1116

Ps score 1.5155 0.7523–3.0529 0.2446

gOlD gradec 1.3856 0.7149–2.6857 0.3341

respiratory symptoms 1.0518 0.6032–1.8342 0.8586

Notes: aadenocarcinoma and squamous cell carcinoma vs adenosquamous carcinoma + large cell carcinoma. bstage Ia + IIa + IIB vs IIIa + IIIB + IV. cgrade 3 vs grade 4.
Abbreviation: gOlD, global Initiative for Chronic Obstructive lung Disease; Ps, performance status.
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Moreover, we observed lower ORR and DCR in the 

chemotherapy group (12.5% and 45%, respectively) than 

in previous studies of NSCLC patients (38.9% and 58.3%, 

respectively) complicated with mild to moderate COPD 

who also received first-line chemotherapy.9 Two reasons 

have been proposed to explain this difference. According 

to a review study, people with squamous cell carcinoma are 

more likely to develop tolerance to chemotherapy than those 

with adenocarcinoma.27 In our study, over half of the patients 

in the chemotherapy group had squamous cell carcinoma 

and may have been more likely to have a poorer outcome; 

however, most patients in the previous study were histologi-

cally diagnosed with adenocarcinoma. Furthermore, NSCLC 

patients are more likely to develop chemotherapy tolerance if 

they experience signs or symptoms of hypoxia.28 Therefore, 

it makes sense that the patients with severe to very severe 

COPD in our study probably had more severe hypoxia and 

poorer outcomes than those with mild or moderate COPD 

in the previous study.

Myelosuppression and gastrointestinal reactions are 

among the most commonly reported adverse effects of 

chemotherapy. Patients suffering from grade 3/4 adverse 

reactions accounted for 29% (13/45) of the chemotherapy 

group and 11% (5/45) had neutropenia. The incidence rate 

of adverse reactions was lower than that (40%) reported in a 

previous study.29 There are two possible explanations. First, 

patients in the present study received fewer treatment cycles 

than those in the previous study. In the present study, 31% 

(14/45) of patients received one or two cycles of chemo-

therapy. Second, 20% (9/45) of patients received pemetrexed 

plus platinum treatment, which has a better safety profile than 

the other types of chemotherapy.26

Infection is a leading cause of acute exacerbation of 

COPD (AECOPD).30,31 Leukopenia following chemotherapy 

increases the risk of infection, and infections could be life-

threatening for patients with severe to very severe COPD. 

A previous study reported that chemotherapy did not 

adversely impact the safety of patients with mild to moderate 

COPD.9 However, the effect of severe to very severe COPD 

on the prognosis and safety of NSCLC patients requires 

further investigation.

Inhaled corticosteroid (ICS), long-acting beta-agonists 

(LABAs), and long-acting muscarinic antagonists (LAMAs) 

are standard therapeutic agents for COPD that lower the 

risk of the development of AECOPD, delay lung function 

deterioration, and improve patient quality of life. In a retro-

spective analysis of the medical records of 174 NSCLC plus 

COPD patients undergoing surgical resection, Yamanashi 

et al reported that the perioperative administration of ICSs 

had no impact on the incidence of postoperative respiratory 

complications.32 In a retrospective study on COPD patients 

who underwent surgical resection for primary lung cancer, 

Takegahara et al reported that preoperative management 

with LABAs or LAMAs not only reduced postoperative lung 

complications but also improved long-term survival.33 How-

ever, the possible effect of the regular use of ICS, LABA, 

or LAMA on chemotherapy side effects and prognosis has 

scarcely been discussed and requires further investigation.

Chemotherapy-related adverse reactions and drug resis-

tance greatly affect the prognosis of lung cancer patients with 

COPD complications. With the advancement of radiological 

technology and development of therapeutic equipment, the 

indications for radiotherapy have gradually expanded and 

the adverse reactions have been better controlled. However, 

radiation pneumonitis may present a fatal complication for 

lung cancer patients with COPD, especially in those with 

severe to very severe COPD. It is critical to recommend 

radiotherapy to the right population to maximize patient 

benefits. Studies have investigated the relationship between 

the size of lung cancer masses or tumor shrinkage rate dur-

ing radiotherapy and patient prognosis34,35 to identify the 

characteristics of the target patient population for radio-

therapy. Moreover, emerging immunotherapy methods have 

brought new hope for lung cancer treatment. A randomized, 

double-blind prospective study found that among patients 

with stage III unresectable NSCLC who received chemora-

diotherapy, those in the durvalumab group had significantly 

longer progression-free survival than those in the placebo 

Table 3 Toxicity profile of patients in the chemotherapy group (unit: cases)

 Grade 1 Grade 2 Grade 3 Grade 4 Total

leukopenia 5 6 3 1 15

neutropenia 5 4 4 1 14

anemia 7 3 4 0 14

Thrombocytopenia 2 0 4 0 6

gastrointestinal reaction 12 4 1 0 17

Fatigue 9 5 2 0 16
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group (16.8 vs 5.6 months) with no difference with respect 

to adverse events.36 The results of that study suggested that 

durvalumab could be a potentially effective complementary 

treatment for stage III NSCLC patients receiving standard 

treatment. Our study findings suggested that first-line che-

motherapy improved the prognosis of patients with severe 

to very severe COPD and lung cancer. However, the role 

of radiotherapy and immunotherapy in this patient group 

requires investigation.

Our study has several limitations. First, we only inves-

tigated prognostic factors that are both important and easily 

accessible (including age, gender, histology, stage, PS score, 

treatment, and complication severity) and may have excluded 

other relevant factors such as patient immune, patient psy-

chological health, and family economic statuses. Second, 

patients in the non-chemotherapy group may have received 

supportive care at hospitals other than the study site. This 

may cause inaccuracy in our analysis of patient prognosis 

due to differences in supportive care administered in differ-

ent hospitals. Finally, the findings of this retrospective study 

require cautious interpretation, and future studies with larger 

sample sizes are warranted.

Conclusion
The results of the present study indicate that chemotherapy 

may improve the OS of NSCLC patients with severe to 

very severe COPD. Moreover, the COPD severity or lung 

function status may not be important factors for decision-

making regarding chemotherapy; however, further studies 

are required for validation.
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