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Background: Chronic obstructive pulmonary disease (COPD) often coexists with lung cancer (LC) and 
has a detrimental effect on the prognosis of LC patients. Presently, there is a lack of adequate assessment 
regarding the management of COPD in LC patients. This study assessed the screening, prevalence, diagnosis 
and treatment of COPD in hospitalized LC patients and compared the management practices between two 
departments at our hospital.
Methods: We retrospectively assessed the data of 3,578 patients diagnosed with primary LC in the 
Department of Respiratory and Critical Care Medicine and the Department of Thoracic Surgery from 
January 2019 to December 2020. We also compared the rate of spirometry, COPD diagnosis and COPD 
inhalation treatment between the LC patients from both departments, the proportion of patients aware of 
their COPD diagnosis and adhered to inhaled therapy, and analyzed factors influencing COPD diagnosis 
and inhalation treatment.
Results: A total of 2,762 (77.2%) LC patients underwent spirometry, and the observed spirometry-defined 
COPD prevalence was 25.0% (690/2,762). The proportion of spirometry performed in the Department 
of Thoracic Surgery was significantly higher than in the Department of Respiratory and Critical Care 
Medicine (90.5% vs. 62.9%; P<0.001). The overall COPD diagnosis rate recorded in the discharge diagnosis 
in the 690 spirometry-defined COPD patients was 46.5% (321/690), and the COPD treatment rate 
during hospitalization was 45.2% (312/690). In addition, physicians from the Department of Respiratory 
and Critical Care Medicine had a higher diagnostic rate than surgeons from the Department of Thoracic 
Surgery (69.1% vs. 7.5%; P<0.001), as well as a better-standardized COPD treatment rate (60.6% vs. 18.6%; 
P<0.001). Further, the proportion of COPD inhalation treatment was higher among LC patients with 
COPD recorded in discharge diagnosis (74.8% vs. 19.5%; P<0.001), and multivariate logistic regression 
analysis showed that COPD recorded in discharge diagnosis significantly increased the proportion of COPD 
awareness post-hospitalization (P<0.001). 
Conclusions: This study showed that COPD could be a frequently undiagnosed and undertreated 
condition among LC patients, especially those hospitalized in a surgical ward. Additionally, a discharge 
diagnosis of COPD may increase the rate of inhalation treatment and awareness of the condition in LC 
patients.
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Introduction

The economic and medical burden of lung cancer (LC) and 
chronic obstructive pulmonary disease (COPD) is increasing 
dramatically worldwide and has become a significant public 
health problem (1,2). Recent epidemiological data indicate 
that the prevalence of COPD among Chinese adults aged 
20 years and above is 8.6%, reaching up to 13.7% among 
those aged 40 years and above. The estimated number of 
COPD patients in China is around 100 million (3), and 
in 2020, COPD was projected to rank third in mortality 
and fifth in disease burden worldwide (4). LC is one of the 
leading causes of death in several countries (1). According 
to recent statistical data, LC accounted for 787,000 new 
cases and 631,000 deaths in 2015 in China, ranking first in 
incidence and mortality among malignant tumors in the 
country (5). In addition, COPD has been shown to be an 
important factor that may significantly increase the risk and 

severity of LC, especially in those with other accompanying 
factors such as smoking, airflow limitation, and others, but 
it could be significantly reduced if these high-risk patients 
undergo adequate and timely screening (6-8). 

Airflow limitations, especially those resulting from 
cigarette smoke exposure, have been identified as significant 
risk factors for both COPD and LC (9,10). The pathological 
characteristic of COPD is chronic inflammation of the 
alveoli, caused by harmful substances in cigarette smoke 
or other environmental gases that stimulate the activation 
of various cytokines (11,12). Consequently, this chronic 
inflammation disrupts the normal alveolar structure, leading 
to emphysema, stimulating cell proliferation and gene 
mutation, and affecting the development of LC (11). 

Clinical studies indicate that LC patients with COPD 
have a mortality rate of 4–33% (13). Two small sample 
size studies suggested that the prevalence of COPD in 
newly diagnosed LC patients can exceed 50% (14,15), 
which increases the risk of surgery and postoperative 
complications, leading to a worse overall prognosis than 
non-COPD patients (14,16,17). In addition, a meta-
analysis of 14,171 LC patients, among whom 4,975 had 
coexisting COPD, showed that the coexistence of COPD 
in LC patients who had undergone surgical resection was 
associated with poor prognosis (18). Further, it is reported 
that COPD patients often have more respiratory symptoms, 
which decreases the overall quality of life as the severity of 
airway obstruction increases (14). Studies have found that 
approximately one-third of LC patients with COPD are not 
eligible for surgery, and the risk of surgical treatment for 
these patients is six times higher than for patients without 
COPD (4,14).

Given the high prevalence of COPD and the adverse 
prognostic impact of LC, improving and standardizing 
COPD management in LC patients is crucial because 
despite the availability of international treatment 
guidelines (19,20), COPD remains underdiagnosed and 
undertreated in the general population. In addition, as 
COPD is frequently viewed as a secondary health concern 
in comparison to LC, its diagnosis and treatment are often 
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overlooked (21-23). However, current data on the status of 
COPD management in LC patients are limited, as previous 
studies primarily focused on LC patients undergoing 
thoracic surgery or those with early-stage non-small cell 
LC (22,24), thus paid less attention to the coexisting COPD 
condition. In addition, most of the existing literature did not 
elaborately assess and compare the screening, management 
and follow-up of COPD in LC patients treated in surgical 
and non-surgical wards.

Thus, to provide a deeper insight into the current status 
of COPD screening, diagnosis, treatment and follow-up 
in LC patients, we assessed the number of patients who 
underwent COPD screening, the rate of COPD treatment, 
drugs used and missed COPD diagnosis in their hospital 
discharge diagnosis between the Department of Respiratory 
and Critical Care Medicine and the Department of 
Thoracic Surgery. Collectively, our results revealed that 
COPD remains underdiagnosed and undertreated in 
the investigated LC populations, and the diagnosis and 
treatment rates of COPD in LC patients in the non-
surgical ward were significantly higher than those in the 
surgical ward, thus urging the need for increased awareness 
and education among healthcare providers regarding the 
diagnosis and management of COPD in LC patients. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-23-267/rc).

Methods

Patient selection

We retrospectively analyzed the medical records of  
3,578 patients with primary LC admitted to the Department 
of Thoracic Surgery and the Department of Respiratory 
and Critical Care Medicine of our hospital between January 
2019 and December 2020. The study inclusion criteria were: 
(I) patients with primary bronchopulmonary carcinoma 
confirmed by histopathology or cytopathology; (II) the 
LC was diagnosed in accordance with the International 
Clinical Practice Guidelines in Oncology (25,26). The 
exclusion criteria were: (I) patients with malignant tumors 
that did not originate in the lung (e.g., primary metastases 
in the breast, bone, gastrointestinal tract, and genitourinary 
system, among others); (II) presence of precancerous 
lesions such as atypical squamous epithelial hyperplasia 
and atypical adenomatous hyperplasia; (III) benign lesions 
such as granulomatous hyperplasia or non-LC lesions; 

and (IV) primary diagnosis of other diseases, such as the 
heart (i.e., severe congestive heart failure), lungs (i.e., 
active pulmonary tuberculosis, uncontrolled and persistent 
asthma), and others that may affect patients’ lung function 
(i.e., abnormalities in large airways). 

The LC cases were classified according to the “World 
Health Organization’s tissue classification of lung  
tumors” (27) and staged according to the eighth edition of 
the American Joint Committee on Cancer (28). 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the institutional ethics review board of 
the Affiliated Hospital of Xuzhou Medical University (No. 
XYFY2022-KL338-01), and individual consent for this 
retrospective analysis was waived. 

Data collection

Patient data were obtained from our institutional electronic 
medical record system and the Department of Pulmonary 
Function Examination. Two authors independently 
reviewed the medical records of all subjects included in 
the study and extracted relevant data, such as gender, age, 
body mass index (BMI), smoking history, smoking pack-
years (number of cigarettes per day × number of years of 
smoking), COPD-related treatment, previous respiratory 
diseases (i.e., chronic bronchitis, emphysema, bronchial 
asthma), histological type, clinical stage of LC, spirometry 
data, diagnosis at hospital discharge, and presence of other 
common comorbidities. Spirometry data, including actual 
vital capacity (VC) and percent predicted VC (VC%pred), 
actual forced expiratory volume in 1 s (FEV1) and percent 
predicted FEV1 (FEV1%pred), actual forced vital capacity 
(FVC) and percent predicted FVC (FVC%pred), as well 
as post-bronchodilator FEV1, FEV1%pred, FVC and 
FVC%pred, were retrospectively collected from the LC 
patients’ pulmonary function test (PFT) reports or medical 
records.

COPD diagnosis

To ensure an accurate COPD diagnosis, the COPD 
condition was determined for the investigated patients 
in this study only if they underwent spirometry at our 
hospital during this current hospitalization. Spirometry 
was performed according to American Thoracic Society 
and European Respiratory Society recommendations, 
with central quality assurance of spirometry tracings 

https://jtd.amegroups.com/article/view/10.21037/jtd-23-267/rc
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using a calibrated Master Screen pulmonary function test 
system (Jaeger, Co., Germany) performed by experienced 
technicians (29). COPD was defined as a ratio of post-
bronchodilator (salbutamol, 200 µg) FEV1 to FVC of 
less than 0.7, according to the 2019 Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) guidelines (30).  
The degree of obstruction was staged in accordance with 
the predicted FEV1, whereby GOLD stage I (mild) referred 
to FEV1 ≥80% predicted, GOLD stage II (moderate) 
referred to FEV1 ≥50% but <80% of predicted, GOLD 
stage III (severe) referred to FEV1 ≥30% but <50% 
predicted, and GOLD stage IV (very severe) referred to 
FEV1 <30% of predicted. 

In this study, the diagnostic rate of COPD was 
determined as the proportion of LC patients who 
underwent spirometry during hospitalization, were 
spirometry-defined COPD and had COPD mentioned in 
their discharge diagnosis. Treatment rate was determined as 
the percentage of patients with spirometry-defined COPD 
who received inhaled therapy starting from hospitalization 
following spirometry-defined COPD, such as a long-acting 
muscarinic antagonist (LAMA), a combined LAMA and 
long-acting β2 agonist (LABA), a combination of inhaled 
corticosteroids (ICS) and LABA, or triple therapy (ICS/
LABA/LAMA). Further, COPD awareness was defined 
as the proportion of LC patients with spirometry-defined 
COPD who were aware of their underlying COPD 
condition at last follow-up (September 2022), irrespective of 
a COPD diagnosis documented in the discharge diagnosis.

Follow-up

The LC patients with COPD undergo long-term follow-up  
every 3 months in our hospital. In this study, we followed 
up all the included spirometry-defined COPD LC patients 
until September 2022 to obtain information about whether 
they were aware of their underlying COPD condition 
(referred to as COPD awareness in this study) and 
adherence to COPD inhalation therapy after discharge. 
The longest follow-up time was 46 months.

Statistical analysis

All statistical analyses were performed using the Statistical 
Package for the Social Sciences (SPSS, version 21) software. 
Normally distributed data are presented as mean ± 
standard deviation, while non-normally distributed data are 
expressed as median and quartiles. Group comparisons were 

calculated using either an independent t-test (for parametric 
data) or the Mann-Whitney test (for non-parametric data). 
Categorical data were analyzed using the chi-square test 
(χ2) and Fisher’s exact tests. Unpaired t-tests were used to 
compare continuous variables. In addition, we determined 
the difference in COPD awareness between patients with 
and without a COPD discharge diagnosis. Variables that 
showed a significant association (P<0.05) in univariate 
analysis were included in multivariate analysis. A P value 
less than 0.05 was considered statistically significant.

Results

Baseline data and characteristics

This study cohort comprised 3,578 LC patients (2,184 men  
and 1,394 women) admitted to the Department of 
Respiratory and Critical Care Medicine and Thoracic 
Surgery between January 2019 and December 2020. Of 
them, 77.2% (2,762/3,578) underwent spirometry for 
COPD screening (Figure 1). Analysis of lung function 
data revealed that 25.0% (690/2,762) of patients were 
diagnosed with COPD by spirometry, and the overall 
COPD treatment rate was 45.2% (312/690). Of note, all 
the investigated LC patients had no past COPD history and 
had not received related inhalation therapy.

Table  1  presents  a  comparison of  the  base l ine 
demographic and clinical characteristics of LC patients with 
and without COPD. LC patients with coexisting COPD 
were older and had a lower BMI than those from the LC 
alone group (P<0.001). Most LC patients with coexisting 
COPD were male, with a higher number of pack-years and 
a higher percentage of smokers. The clinical tumor stage 
of these patients was significantly more advanced than 
those with LC only (P<0.001). Moreover, LC patients with 
coexisting COPD were more likely to have coronary heart 
disease and cerebrovascular disease and were more prone to 
squamous cell carcinoma than those in the LC alone group 
(P<0.05).

Pulmonary function screening in LC patients

Among the LC patients who underwent spirometry, we 
observed that 90.5% (1,675/1,851) of patients in the 
Department of Thoracic Surgery underwent spirometry, 
while the proportion was only 62.9% (1,087/1,727) in the 
Department of Respiratory and Critical Care Medicine, and 
the difference was significantly different (P<0.001) (Table 2).
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The data of LC spirometry-defined COPD patients in 
the Department of Respiratory Medicine and Thoracic 
Surgery are shown in Table 3. The results showed that those 
from the Department of Respiratory and Critical Care 
Medicine were more likely to be older and have poorer 
FVC and FEV1 than those in the Department of Thoracic 
Surgery (P<0.001). The proportion of males, smoking 
history, small cell carcinoma, hypertension and diabetes in 
the non-surgical department was significantly higher than 
those in the Thoracic Surgery department (P<0.05). In 
addition, we found that the LC clinical stage and COPD 
GOLD stage among the patients in the Department of 
Respiratory and Critical Care Medicine were significantly 
more advanced than those in the Department of Thoracic 
Surgery (P<0.05).

Documentation of COPD diagnosis in LC patients at 
discharge

Of the 2,762 LC patients who underwent spirometry, 25% 
(690/2,762) were confirmed to have COPD, demonstrating 
a prevalence rate of spirometry-defined COPD of 40.2% 
(437/1,087) in the Department of Respiratory and Critical 
Care Medicine and 15.1% (253/1,675) in the Department 
of Thoracic Surgery. Among the 690 spirometry-defined 
COPD patients, only 46.5% (n=321) had a discharge 
diagnosis of COPD, among whom 302 (69.1%) were from 
the Department of Respiratory and Critical Care Medicine, 
while the other 19 (7.5%) were from the Department of 
Thoracic Surgery (χ2, 244.370; P<0.001), suggesting that 
doctors in the non-surgical ward paid significantly more 

Total number of investigated lung cancer patients
(n=3,578)

(RCCM vs. TS, n=1,727 vs. n=1,851)

Total number of lung cancer patients who underwent 
spirometry (n=2,762)

(RCCM vs. TS, n=1,087 vs. n=1,675)

Total number of lung cancer patients with spirometry-
diagnosed COPD (n=690)

[RCCM vs. TS, n=437 (63.3%) vs. n=253 (36.7%)]

No COPD recorded in discharge diagnosis
(n=369)

[RCCM vs. TS, n=135 (53.5%) vs. n=234 (92.5%)]

COPD recorded in discharge diagnosis
(n=321)

[RCCM vs. TS, n=302 (69.1%) vs. n=19 (7.5%)]

No COPD inhaled therapy [n=297 (80.5%)]
[RCCM vs. TS, n=101 (74.8%) vs. n=196 (83.8%)]

No COPD inhaled therapy [n=81 (25.2%)]
[RCCM vs. TS, n=71 (23.5%) vs. n=10 (52.6%)]

COPD inhaled therapy [n=240 (74.8%)]
[RCCM vs. TS, n=231 (76.5%) vs. n=9 (47.4%)]

COPD inhaled therapy [n=72 (19.5%)]
[RCCM vs. TS, n=34 (25.2%) vs. n=38 (16.2%)]

FEV1/FVC ≥0.70 (n=2,072) containing 
Well-controlled bronchial asthma (n=6) 
Positive bronchodilation test (n=6)

Unable/decline spirometry 
(n=816)

Figure 1 Flow diagram of the study. COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; FVC, forced 
vital capacity; RCCM, Department of Respiratory and Critical Care Medicine; TS, Department of Thoracic Surgery.
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Table 1 Comparison of the demographic and clinical characteristics of LC + COPD and LC only

Variables Total (n=2,762) LC (n=2,072) LC + COPD (n=690) t/Z/χ2 P

Gender 228.455 <0.001

Male 1,673 (60.6) 1,087 (52.5) 586 (84.9)

Female 1,089 (39.4) 985 (47.5) 104 (15.1)

Age (years) 62.57±10.14 60.73±10.13 68.11±7.90 19.747 <0.001

BMI (kg/m²) 24.12±3.37 24.32±3.27 23.51±3.61 5.240 <0.001

Smoking history 970 (35.1) 553 (26.7) 417 (60.4) 258.694 <0.001

Smoking pack-years 40.00 (25.00, 60.00) 33.00 (20.00, 50.00) 40.00 (30.00, 60.00) −5.747 <0.001

Histology 244.748 <0.001

AC 1,836 (66.5) 1,541 (74.4) 295 (42.8)

SCC 513 (18.6) 271 (13.1) 242 (35.1)

SCLC 244 (8.8) 153 (7.4) 91 (13.2)

Others 169 (6.1) 107 (5.2) 62 (9.0)

Clinical stage −10.461 <0.001

0 23 (0.8) 21 (1.0) 2 (0.3)

I 1,206 (43.7) 1,024 (49.4) 182 (26.4)

II 329 (11.9) 240 (11.6) 89 (12.9)

III 628 (22.7) 400 (19.3) 228 (33.0)

IV 576 (20.9) 387 (18.7) 189 (27.4)

Comorbidity

Hypertension 494 (17.9) 364 (17.6) 130 (18.8) 0.571 0.450

CHD 158 (5.7) 104 (5.0) 54 (7.8) 7.561 0.006

Cardiac failure 12 (0.4) 7 (0.3) 5 (0.7) 1.790 0.181

Diabetes 241 (8.7) 181 (8.7) 60 (8.7) 0.001 0.974

Cerebrovascular disease 238 (8.6) 149 (7.2) 89 (12.9) 21.413 <0.001

Other tumors 81 (2.9) 63 (3.0) 18 (2.6) 0.339 0.560

Data are expressed as median (interquartile range), mean ± standard deviation, or n (%). LC, lung cancer; COPD, chronic obstructive 
pulmonary disease; LC + COPD, lung cancer complicated with COPD; BMI, body mass index; AC, adenocarcinoma; SCC, squamous cell 
carcinoma; SCLC, small cell lung cancer; CHD, coronary heart disease.

Table 2 The proportion of pulmonary function screening in LC patients

Subject Total (n=3,578) RCCM (n=1,727) TS (n=1,851) χ2 P

With PFT 2,762 (77.2) 1,087 (62.9) 1,675 (90.5) 385.187 <0.001

Without PFT 816 (22.8) 640 (37.1) 176 (9.5)

Data are expressed as n (%). LC, lung cancer; PFT, pulmonary function test; RCCM, Department of Respiratory and Critical Care 
Medicine; TS, Department of Thoracic Surgery.
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Table 3 Comparison clinical characteristics of LC + COPD patients in the RCCM versus TS

Subject Total (n=690) RCCM (n=437) TS (n=253) t/Z/χ2 P

Gender 21.229 <0.001

Male 586 (84.9) 392 (89.7) 194 (76.7)

Female 104 (15.1) 45 (10.3) 59 (23.3)

Age (years) 68.11±7.9 69.32±8.03 66.04±7.23 5.363 <0.001

BMI (kg/m²) 23.50±3.61 23.19±3.65 24.03±3.48 2.960 0.003

Smoking history 417 (60.4) 322 (73.7) 95 (37.5) 87.499 <0.001

Smoking pack-years 40.00 (30.00, 60.00) 40.00 (30.00, 60.00) 40.00 (30.00, 67.50) −0.340 0.734

Histology 57.386 <0.001

AC 295 (42.8) 151 (34.6) 144 (56.9)

SCC 242 (35.1) 155 (35.5) 87 (34.4)

SCLC 91 (13.2) 85 (19.5) 6 (2.4)

Others 62 (9.0) 46 (10.5) 16 (6.3)

Clinical stage −15.896 <0.001

0 2 (0.3) 0 (0.0) 2 (0.8)

I 182 (26.4) 38 (8.7) 144 (56.9)

II 89 (12.9) 39 (8.9) 50 (19.8)

III 228 (33.0) 180 (41.2) 48 (19.0)

IV 189 (27.4) 180 (41.2) 9 (3.6)

Comorbidity

Hypertension 130 (18.8) 94 (21.5) 36 (14.2) 5.555 0.018

CHD 54 (7.8) 36 (8.2) 18 (7.1) 0.280 0.596

Cardiac failure 5 (0.7) 4 (0.9) 1 (0.4) 0.096 0.756

Diabetes 60 (8.7) 51 (11.7) 9 (3.6) 13.284 <0.001

Cerebrovascular disease 89 (12.9) 63 (14.4) 26 (10.3) 2.444 0.118

Other tumors 18 (2.6) 10 (2.3) 8 (3.2) 0.481 0.488

GOLD stage −5.104 <0.001

I 212 (30.7) 112 (25.6) 100 (39.5)

II 367 (53.2) 233 (53.3) 134 (53.0)

III 98 (14.2) 81 (18.5) 17 (6.7)

IV 13 (1.9) 11 (2.5) 2 (0.8)

Table 3 (continued)
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attention to the underlying COPD condition than those in 
the surgical ward.

Missed COPD diagnosis in LC patients at discharge

Although COPD was confirmed in 690 patients by 
spirometry, patients who did not have COPD recorded 
in their hospital discharge diagnosis (i.e., LC only as 
discharge diagnosis rather than LC and COPD) were 
considered as missed COPD diagnosis in this study. Thus, 
the overall missed COPD diagnosis in this study was 53.5% 
(369/690). Further, the missed COPD diagnosis rate in the 

Department of Respiratory and Critical Care Medicine 
was significantly lower than that in the Department of 
Thoracic Surgery (30.9% vs. 92.5%, χ2, 244.370, P<0.001). 
Additionally, the missed diagnosis rate of COPD GOLD II, 
III and IV stage was significantly lower than that of GOLD 
I stage, and the missed diagnosis rate of COPD GOLD III 
and IV stage was significantly lower than that of GOLD II 
stage (P<0.001) (Table 4).

COPD inhalation treatment

As shown in Table 5, the rate of COPD inhalation treatment 

Table 3 (continued)

Subject Total (n=690) RCCM (n=437) TS (n=253) t/Z/χ2 P

Spirometry

VC (L) 2.76±0.76 2.66±0.77 2.91±0.71 4.223 <0.001

VC %pred 83.42±19.07 80.01±18.96 89.33±17.83 6.359 <0.001

FVC (L) 2.81±0.76 2.72±0.77 2.96±0.73 4.095 <0.001

FVC %pred 87.53±19.15 84.08±18.88 93.48±18.16 6.386 <0.001

FEV
1
 (L) 1.73±0.55 1.67±0.56 1.85±0.51 4.375 <0.001

FEV
1 
%pred 69.49±19.12 66.5±19.42 74.63±17.46 5.654 <0.001

Data are expressed as median (interquartile range), mean ± standard deviation, or n (%). LC, lung cancer; COPD, chronic obstructive 
pulmonary disease; LC + COPD, lung cancer complicated with COPD; BMI, body mass index; AC, adenocarcinoma; SCC, squamous 
cell carcinoma; SCLC, small cell lung cancer; CHD, coronary heart disease; GOLD, global initiative for chronic obstructive lung disease; 
VC, vital capacity; VC %pred, percent predicted VC; FVC, forced vital capacity; FVC %pred, percent predicted FVC; FEV1, forced 
expiratory volume in 1 s. FEV1%pred, percent predicted FEV1; L, liters; RCCM, Department of Respiratory and Critical Care Medicine; TS, 
Department of Thoracic Surgery.

Table 4 Characteristics of missed diagnosis COPD patients

GOLD classification of 
COPD severity

Total (n=690) RCCM (n=437) TS (n=253)

Missed diagnosis Diagnosed Missed diagnosis Diagnosed Missed diagnosis Diagnosed

I 140 (66.0) 72 (34.0) 48 (42.9) 64 (57.1) 92 (92.0) 8 (8.0)

II 193 (52.6)a 174 (47.4) 68 (29.2) 165 (70.8) 125 (93.3) 9 (6.7)

III 34 (34.7)a,b 64 (65.3) 19 (23.5) 62 (76.5) 15 (88.2) 2 (11.8)

IV 2 (15.4)a,b 11 (84.6) 0 (0.0)a 11 (100.0) 2 (100.0) 0 (0.0)

χ2 35.040 14.843 1.462

P <0.001 0.002 0.700

Data are expressed as n (%). a, compared with grade 1; b, compared with grade 2; both P<0.05. GOLD, global initiative for chronic 
obstructive lung disease; COPD, chronic obstructive pulmonary disease; RCCM, Department of Respiratory and Critical Care Medicine; 
TS, Department of Thoracic Surgery.
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Table 5 Inhaled therapy on COPD of LC + COPD patients in RCCM and TS

Subject Total (n=690) RCCM (n=437) TS (n=253) χ2 P

Total 114.451 <0.001

Inhaled 312 (45.2) 265 (60.6) 47 (18.6)

No inhaled 378 (54.8) 172 (39.4) 206 (81.4)

Discharge diagnosis of COPD 8.035 0.005

Inhaled 240 (74.8) 231 (76.5) 9 (47.4)

No inhaled 81 (25.2) 71 (23.5) 10 (52.6)

Discharge no diagnosis of COPD 4.362 0.037

Inhaled 72 (19.5) 34 (25.2) 38 (16.2)

No inhaled 297 (80.5) 101 (74.8) 196 (83.8)

χ2 211.575 102.888 9.294

P <0.001 <0.001 0.002

Data are expressed as n (%). LC, lung cancer; COPD, chronic obstructive pulmonary disease; LC + COPD, lung cancer complicated with 
COPD; RCCM, Department of Respiratory and Critical Care Medicine; TS, Department of Thoracic Surgery.

in patients at the Department of Respiratory and Critical 
Care Medicine during hospitalization was significantly 
higher than that in the Department of Thoracic Surgery 
[60.6% (265/437) vs. 18.6% (47/253); P<0.001]. In addition, 
the proportion of COPD inhalation treatment among 
LC patients with a discharge diagnosis of COPD was 
significantly higher than those undiagnosed at discharge 
(74.8% vs. 19.5%; P<0.001).

Furthermore, 45.2% (312/690) of LC patients with 
coexisting COPD received inhalation treatment, among 
whom triple therapy (ICS/LABA/LAMA) was the most 
commonly used regimen (101/312, 32.3%), followed by 
LAMA alone (100/312, 32.1%) and ICS/LABA combination 
(74/312, 23.7%). Comparatively, dual bronchodilator 
therapy (LAMA/LABA) was the least commonly used 
(37/312, 11.9%). 

Awareness of COPD and adherence to inhaled therapy

Follow-up was performed for all the 690 spirometry-
defined COPD patients; however, only 300 were successfully 
contacted because 285 had died and 105 were lost to follow-
up and their contacted patients’ relatives could not provide 
accurate follow-up information. The results showed that 
26.3% (79/300) of the patients with COPD in discharge 
diagnosis were aware of their underlying COPD condition, 
and 12.3% (37/300) adhered to COPD inhalation therapy. 
Notably, all patients adhering to inhaled therapy were from 

the 79 patients with COPD in discharge diagnosis (Figure 2).

Factors influencing COPD awareness and adherence to 
inhaled therapy

Univariate analysis of LC patients who were aware 
or unaware of COPD is presented in Table 6. Patients 
who were aware of COPD were slightly older, and the 
proportion of patients with a smoking history and discharge 
diagnosis of COPD was higher than those unaware of 
COPD. The COPD GOLD stage in the patients who 
were aware of COPD was significantly more advanced than 
those in the unawareness group. Comparison of the VC, 
FEV1 and FEV1%pred between the two groups showed 
that the lung function index of the COPD-aware group was 
significantly lower than that in the COPD-unaware group 
(P<0.05). Multivariate analysis (Figure 3) indicated that 
discharge diagnosis of COPD could significantly increase 
the proportion of COPD awareness [odds ratio (OR), 4.858; 
95% confidence interval (CI): 2.526–9.344; P<0.001].

Discussion

The principal finding of our observational retrospective 
study is that COPD remains considerably underdiagnosed 
and undertreated in LC patients  despite specif ic 
recommendations in treatment guidelines. The prevalence 
of spirometry-defined COPD in hospitalized LC patients 
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was 25.0%, the overall COPD diagnostic rate (at hospital 
discharge) was low (46.5%), and the COPD treatment rate 
was 45.2%. 

In our study, we observed that the prevalence of COPD 
was in line with some previous research and also notably 
lower than others, which reported a much wider prevalence 
range, varying from 36.7% to 62.9% (14,15,24,31). These 
differences in prevalence may be due to the small sample 
size, the inclusion of a high proportion of LC patients 
who were treated in a surgical ward (surgeons might have 
focused more on treating the more severe disease, such as 
LC), and limitations such as only assessing patients with 
early or late-stage tumors. Our study, which included  
3,578 LC patients, comprising 1,851 patients in the 
Department of Thoracic Surgery and 1,727 patients in the 
Department of Respiratory and Critical Care Medicine, 
covered various tumor stages and pathological types, thus 
largely overcoming the limitations in the present literature. 

According to a previous study, pulmonary function 
testing showed that 40% to 70% of newly diagnosed LC 
patients had varying degrees of COPD (32). However, it 
is noteworthy that a large proportion of COPD cases in 
LC patients (72% to 93%) remained undiagnosed because 
most patients are usually asymptomatic until their FEV1 
drops significantly (23). In a retrospective study comprising 
102 newly diagnosed LC patients, 37 had LC and COPD. 
It was observed that 36 of these patients had not been 

previously diagnosed with COPD, and 21 patients (25%) 
had not received standardized COPD treatment (33). A 
multicenter study comprising 602 LC patients reported 
that their reported prevalence of COPD was 51.5%, and 
the underdiagnosis rate was 71.6%, indicating that COPD 
is commonly underdiagnosed in LC patients (31). In our 
study, the overall underdiagnosis rate in the investigated LC 
population was 53.5%, which was consistent with data from 
other surveys (22,34,35). 

COPD may be undiagnosed in LC populations due to 
the following reasons: (I) the COPD symptoms might be 
mistakenly regarded as cancer presentations (36); (II) the 
primary treatment priority in LC patients is to treat the 
underlying cancer condition, which may have a greater 
threat to the patient’s survival, leading to a lack of attention 
towards COPD management; (III) LC patients may have 
multiple coexisting conditions that can complicate the 
diagnosis and treatment of COPD; and (IV) some surgeons 
may not always be aware of the high prevalence of COPD 
in LC patients, and may not have the necessary knowledge 
and training to diagnose and treat COPD appropriately. 
Our study demonstrated that the discharge diagnosis of 
COPD could significantly increase the proportion of LC 
patients with COPD who are treated with inhaled drugs. 
Additionally, we observed that diagnosing and treating 
patients with mild to moderate COPD were more likely to 
be overlooked. These findings align with previous research, 
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Figure 2 The proportion of COPD awareness and adherence to inhaled therapy. COPD, chronic obstructive pulmonary disease.
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Table 6 Univariate analysis comparing LC patients with aware or unaware of COPD

Subject Unaware COPD (n=221) Aware COPD (n=79) t/Z/χ2 P

Gender 3.508 0.061

Male 168 (76.0) 68 (86.1)

Female 53 (24.0) 11 (13.9)

Age (years) 66.14±7.45 68.32±7.10 2.251 0.025

Smoking history 99 (44.8) 46 (58.2) 4.204 0.040

Smoking pack-years 50.00 (30.00, 75.00) 40.00 (28.75, 62.50) −1.185 0.236

Histology 5.448 0.142

AC 125 (56.6) 33 (41.8)

SCC 69 (31.2) 35 (44.3)

SCLC 13 (5.9) 5 (6.3)

Others 14 (6.3) 6 (7.6)

Clinical stage −1.529 0.126

0 2 (0.9) 0 (0.0)

I 108 (48.9) 33 (41.8)

II 40 (18.1) 15 (19.0)

III 54 (24.4) 20 (25.3)

IV 17 (7.7) 11 (13.9)

COPD diagnosis 38.292 <0.001

Discharge diagnosis of COPD 44 (19.9) 45 (57.0)

Discharge no diagnosis of COPD 177 (80.1) 34 (43.0)

GOLD stage −4.239 <0.001

I 96 (43.4) 20 (25.3)

II 109 (49.3) 36 (45.6)

III 15 (6.8) 21 (26.6)

IV 1 (0.5) 2 (2.5)

Spirometry

VC (L) 2.91±0.76 2.62±0.74 2.955 0.003

FEV
1
 (L) 1.87±0.53 1.58±0.54 4.188 <0.001

FEV
1
%pred 75.76±17.84 63.73±20.02 4.976 <0.001

Data are expressed as median (interquartile range), mean ± standard deviation, or n (%). LC, lung cancer; COPD, chronic obstructive 
pulmonary disease; AC, adenocarcinoma; SCC, squamous cell carcinoma; SCLC, small cell lung cancer; GOLD, global initiative for 
chronic obstructive lung disease; VC, vital capacity; FEV1, forced expiratory volume in 1 s; FEV1%pred, percent predicted FEV1.
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which has also reported a substantial number of COPD 
patients who remain undiagnosed and, therefore, not treated 
according to guidelines (19,20). The reasons for missed 
diagnosis of mild and moderate COPD patients could be 
due to the subtle nature of respiratory symptoms, such as 
chest tightness and wheezing, which may not be readily 
apparent (17). Another significant factor contributing to the 
neglect of COPD diagnosis is that LC is a highly malignant 
and life-threatening disease, and clinicians may prioritize 
diagnosing and treating LC over screening and treating 
underlying airway diseases.

In our study, we found that respiratory physicians had 
significantly higher rates of diagnosing and treating COPD 
with inhaled drugs compared to thoracic surgeons. However, 
the screening rate for COPD was significantly lower among 
thoracic surgeons. The primary reason for these differences 
is that the clinical focus and attention of thoracic surgeons 
are mainly on preoperative diagnosis, surgical indications, 
choice of surgical methods, surgical safety, postoperative 
pathology, wound healing, and rehabilitation. Therefore, 
their awareness and familiarity with COPD guidelines 
might be limited, as is the case with many non-respiratory 
physicians (32). The higher screening rate for COPD in 
the Department of Thoracic Surgery may be attributed to 
the preoperative routine lung function tests required for 
thoracic surgery. However, insufficient attention has been 
given to diagnosing (discharge diagnosis) and treating LC 
patients with COPD; thus, it is recommended that thoracic 
surgeons pay more attention to LC patients with COPD, 
and patients with LC should undergo a bronchodilation test 
in addition to routine pulmonary function measurement 
after admission. Once the results are available, respiratory 
physicians should be consulted for a clear diagnosis and the 

formulation of standard treatment plans. After discharge, 
follow-up visits should be conducted in patients from both 
departments.

Our study also found that squamous cell carcinoma was 
more prevalent among the LC patients with coexisting 
COPD compared to those with LC alone, which is 
consistent with the results of a foreign study (14). The 
main reason for this association is that COPD and LC 
share many common etiological or risk factors, such as 
long-term smoking, exposure to air pollution, engaging in 
harmful occupations (such as coal and silica dust exposure), 
and systemic inflammation (10). As previously mentioned, 
LC patients with coexisting COPD are typically older, 
with a higher proportion of men, and more than 60.4% 
have a smoking history. The degree of airway obstruction 
is also more severe in this group, consistent with previous 
reports (37,38). In our study, we compared the clinical 
characteristics of LC patients with coexisting COPD 
treated at a non-surgical and surgical ward and found that 
most patients in the Department of Respiratory and Critical 
Care Medicine had a more advanced clinical stage and a 
higher COPD grade, with a decrease in FEV1, FEV1%pred, 
VC and VC%pred, as well as decreased FVC%pred. The 
38 patients with early LC were admitted to the Department 
of Respiratory and Critical Care Medicine due to poor 
lung function, resulting in a loss of surgical opportunities. 
Previous studies have shown that even in early COPD 
patients, the incidence of postoperative lung complications 
is higher than that in non-small cell lung cancer (NSCLC) 
patients with normal lung function (39). In addition, when 
NSCLC patients have moderate to severe airflow restriction 
and emphysema, the risk of postoperative pulmonary 
complications significantly increases after complete 
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Figure 3 Multivariate analysis on the proportion of COPD awareness. COPD, chronic obstructive pulmonary disease; GOLD, global 
initiative for chronic obstructive lung disease; VC, vital capacity; FEV1, forced expiratory volume in 1 s; FEV1%pred, percent predicted 
FEV1; OR, odds ratio; CI, confidence interval.
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resection (40). Due to their poor physical function, they 
may be unable to tolerate radical surgical resection and may 
need to consider other local treatment methods (16,41).

Inhalation therapy is a common treatment option 
for LC patients with coexisting COPD. The rationale 
behind this therapy is to deliver medication directly to the 
lungs, allowing for maximum therapeutic benefit while 
minimizing potential systemic side effects and increasing 
treatment adherence, as well as being more practical and 
easier to use (42,43). Our results showed that triple therapy 
(ICS/LABA/LAMA) was the most commonly used, while 
dual bronchodilator therapy (LAMA/LABA) was the least 
commonly used. The potential reasons could be due to the 
severity of the disease as a large proportion of the treated 
patients had moderate to very severe COPD (GOLD stage 
II to IV), coexisting conditions with lung cancer, which 
may also be complicated with respiratory infections, and to 
a certain extent, cost of medications as some triple therapy 
regimens might be more cost-effective.

This present study also revealed several factors associated 
with a diagnosis of COPD in LC patients, including being 
male, older age, a history of smoking, recorded COPD 
in discharge diagnosis, a high COPD GOLD stage, and 
decreased VC, FEV1, and FEV1%pred. Furthermore, 
our multivariate analysis demonstrated that patients who 
received a discharge diagnosis of COPD were significantly 
more likely to receive guideline-consistent treatment. This 
finding is consistent with a previous survey conducted by 
Fudan University (Shanghai, China) and underscores the 
importance of timely and accurate diagnosis of COPD in 
improving patient outcomes (22). Based on our study results, 
we propose that the following steps could be taken in the 
future to improve the diagnosis and treatment of COPD 
in LC patients: (I) more emphasis should be placed on the 
routine screening for COPD, such as spirometry testing 
or other PFTs, in this population to identify early-stage 
COPD before it progresses; (II) improved communication 
between oncologists and pulmonologists could help ensure 
that COPD is accurately screened, diagnosed and treated 
appropriately in LC patients; (III) considering that patients 
with COPD may not always recognize their symptoms or 
seek medical attention for them, particularly if they are 
focused on their cancer diagnosis and treatment, which can 
lead to underdiagnosis; therefore increasing awareness and 
education about COPD symptoms and risk factors could 
help improve early detection and treatment of COPD, 
as well as treatment adherence in LC patients; and (IV) 
healthcare providers should take steps such as routine 

screening, increasing awareness and education about 
COPD, improving communication between departments 
and specialties, and providing access to specialized 
pulmonary care. 

Our study has several limitations that must be considered 
when interpreting the results. First, it was a single-center 
and retrospective investigation, with data collection 
based on medical records. This could have introduced 
selection bias, and the findings may not be generalizable 
to other populations or healthcare settings. Second, the 
study included hospitalized patients admitted to different 
departments, leading to heterogeneity in patients’ 
characteristics. Specifically, about 51.7% and 60.6% of the 
subjects were from the Department of Thoracic Surgery in 
the stage of lung function screening analysis and analysis of 
prevalence, respectively. Patients admitted to the surgical 
ward may have better lung function, which could explain the 
low prevalence of COPD in the LC subjects in our study. 
Third, we only included patients with spirometry, which 
could have led to an underestimation of the prevalence 
of COPD in our study. Fourth, since the patients did not 
undergo diffusing capacity of lung for carbon monoxide 
(DLCO) testing, this might have affected the evaluation of 
LC combined with emphysema.

Conclusions

Our study highlights the feasibility of screening for and 
treating COPD in LC patients in both the Department 
of Respiratory and Critical Care Medicine and the 
Department of Thoracic Surgery. We confirmed that 
COPD remains underdiagnosed and under-treated in 
this patient population. Thus, respiratory physicians and 
thoracic surgeons should collaborate to develop airway 
disease management programs for LC patients to improve 
their treatment outcomes, quality of life and prognosis by 
more accurate and timely diagnosing COPD in LC patients 
and implementing appropriate treatment.
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