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Abstract 

Background:  Chronic obstructive pulmonary disease (COPD) is an important risk factor for postoperative complica-
tions and mortality. To determine the effects of perioperative combination therapy, using a long-acting muscarinic 
antagonist (LAMA) and a long-acting β2 agonist (LABA), on preoperative lung function, postoperative morbidity and 
mortality, and long-term outcome in COPD patients.

Methods:  Between January 2005 and October 2019, 130 consecutive patients with newly diagnosed COPD under-
went surgery for lung cancer. We conducted a retrospective review of their medical record to evaluate that LAMA/
LABA might be an optimal regimen for patients with COPD undergoing surgery for lung cancer. All patients were 
received perioperative rehabilitation and divided into 3 groups according to the type of perioperative inhaled therapy 
and management: LAMA/LABA (n = 64), LAMA (n = 23) and rehabilitation only (no bronchodilator) (n = 43). We con-
ducted a retrospective review of their medical records.

Results:  Patients who received preoperative LAMA/LABA therapy showed significant improvement in lung func-
tion before surgery (p < 0.001 for both forced expiratory volume in 1 s (FEV1) and percentage of predicted forced 
expiratory volume in 1 s (FEV1%pred). Compared with patients who received preoperative LAMA therapy, patients 
with LAMA/LABA therapy had significantly improved lung function (ΔFEV1, LAMA/LABA 223.1 mL vs. LAMA 130.0 mL, 
ΔFEV1%pred, LAMA/LABA 10.8% vs. LAMA 6.8%; both p < 0.05). Postoperative complications were lower frequent in 
the LAMA/LABA group than in the LAMA group (p = 0.007). In patients with moderate to severe air flow limitation 
(n = 61), those who received LAMA/LABA therapy had significantly longer overall survival and disease-free survival 
compared with the LAMA (p = 0.049, p = 0.026) and rehabilitation-only groups (p = 0.001, p < 0.001). Perioperative 
LAMA/LABA therapy was also associated with lower recurrence rates (vs. LAMA p = 0.006, vs. rehabilitation-only 
p = 0.008).

Conclusions:  We believe this treatment combination is optimal for patients with lung cancer and COPD.

Keywords:  Lung cancer, COPD, LAMA/LABA therapy, Perioperative management

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Chronic obstructive pulmonary disease (COPD) is a 
chronic inflammatory disease of the airways character-
ized by persistent symptoms such as cough, sputum 
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production, progressive breathlessness, and airflow 
obstruction [1]. Patients with lung cancer have a sixfold 
greater risk of having COPD than do matched smokers 
[2]. Although eligible patients with lung cancer receive 
a survival benefit from surgical resection, COPD is an 
important patient-related risk factor for postoperative 
complications and mortality [3]. Patients with COPD 
often have nonspecific airway hyperactivity, suggesting 
the presence of bronchospasm or latent respiratory tract 
infection. It is important to alleviate peripheral airway 
obstruction and to reduce airway secretions to improve 
surgical outcomes [4–6]. The combination of smoking 
cessation, physical therapy, and the use of bronchodila-
tors reportedly reduces postoperative complications and 
improves surgical outcomes in patients with lung cancer 
and COPD [7, 8].

Long-acting muscarinic antagonists (LAMAs) pre-
vent the neurotransmitter acetylcholine from binding to 
muscarinic receptors, leading to relaxation of the airway 
smooth muscle [9]. Long-acting β2 agonists (LABAs) 
act on β2-adrenergic receptors and cause relaxation 
of the smooth muscle [10]. Patients who receive com-
bined LAMA/LABA therapy for COPD show superior 
improvement in lung function and clinical outcomes 
than those who receive bronchodilator monotherapy 
[11]. Combined LAMA/LABA therapy also leads to a 
lower incidence of pneumonia than the combination of 
inhaled corticosteroids (ICS) and a LABA [11].

Because the prognosis of patients with lung cancer 
complicated by COPD is reportedly poor [7], it is impor-
tant to provide respiratory care for an extended dura-
tion, not just during the perioperative period. The aim of 
this study is to determinate the effects of perioperative 
LAMA/LABA therapy on preoperative lung function, 
postoperative morbidity and mortality, and long-term 
prognosis for patients with COPD and lung cancer. We 
hypothesize that perioperative LAMA/LABA therapy 
will improve surgical outcomes.

Methods
This study was approved by the Ethics Com-
mittee of Faculty of Medicine, Toho University 
(A19039_27128_25095_25047).

Study design and population
We performed a retrospective review of the medical 
records of patients who underwent surgical resection of 
lung cancer at Toho University Hospital between January 
2005 and October 2019. We included patients over the 
age of 40 with both airflow limitation (AFL) and a smok-
ing history of greater than 10 pack-years. Patients who 
had characteristics of asthma such as wheezing, short-
ness of breath, chest tightness, or allergic conditions were 

excluded. We defined AFL as a ratio of expiratory volume 
in 1 s (FEV1) to forced vital capacity (FVC) less than 70%, 
as determined by spirometry at the patient’s initial visit. 
We excluded patients with a history of asthma or a his-
tory of inhaled therapy, and those who were missing data.

All patients with newly defined COPD received perio-
perative rehabilitation. The patients were divided into 3 
groups according to their perioperative management: a 
LAMA/LABA group, a LAMA group, and a group that 
did not receive bronchodilators (No-BD group). The 
severity of AFL was classified according to the spiromet-
ric grades outlined by the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) [12].

Classification criteria for the three groups are based on 
changes in perioperative management for COPD patients 
as follows.

In our institute, we have executed perioperative res-
piratory rehabilitation and perioperative LAMA therapy 
for COPD patients with moderate to severe AFL since 
2005 to March 2013. Since April 2013, when LABA have 
been developed for COPD, perioperative inhaled agent 
has been changed to LAMA/LABA. Eventually, thera-
peutic target has been expanded to COPD patients with 
mild AFL since July 2015. From January 2005 to June 
2015, COPD patients with mild AFL, glaucoma, or severe 
benign prostatic hyperplasia were executed perioperative 
respiratory rehabilitation only.

Reassessment of respiratory function is performed on 
patients who received bronchodilators 1 or 2 days before 
surgery during hospitalization. All patients use inhaled 
medication early in the morning and have a respiratory 
function test in the afternoon.

Postoperative complications
Pneumonia was defined as the presence of at least 3 of 
the following: a persistent lung infiltrate on chest radiog-
raphy, chest computed tomography or both; a tempera-
ture of > 37.5  °C; and a leukocyte count > 10,000/mm3. 
Acute respiratory failure was defined as postoperative 
ventilator dependence > 12 h or reintubation for mechan-
ical ventilation. Prolonged air leakage was defined as the 
continuation of air leakage for more than 7 days after sur-
gery. Atrial fibrillation was diagnosed by electrocardiog-
raphy and required to persist for at least 1 h.

Statistical analysis
The data were presented as the mean ± standard devia-
tion (SD) or as the median value with interquartile 
ranges. Categorical variables were shown as the per-
centage of the sample. Comparisons between 2 groups 
were assessed using Student’s t‑test for normally dis-
tributed variables or using the Mann–Whitney U test 
for nonnormally distributed variables. Differences were 
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considered statistically significant when the p value was 
less than 0.05. Survival curves were prepared using the 
Kaplan–Meier method, and univariate comparison was 
performed using the log-rank test. To determine which 
factors were significantly associated with survival, we 
performed multivariate analysis using the Cox propor-
tional hazards model. All statistical analyses were per-
formed using JMP software, version 14.0 (SAS Institute 
Inc., Cary, NC, USA).

Cox hazard regression models were constructed to cal-
culate adjusted 95% confidence intervals (CIs).

Results
Patient characteristics
Between January 2005 and October 2019, a total of 1330 
patients with lung cancer underwent surgical resection 
at our institution. Of these, 192 patients (14.4%) met the 
inclusion criteria. A total of 62 patients had at least 1 
exclusion criterion (Additional file 4: Fig. 1).

A total of 130 patients with COPD who underwent 
surgical resection of lung cancer and who received peri-
operative rehabilitation were enrolled in this study. The 
patients were divided into 3 subgroups according to their 
perioperative management: the LAMA/LABA group 
(n = 64), the LAMA group (n = 23), and the No-BD 
group (rehabilitation only; n = 43). The main patient 
characteristics are summarized in Table 1. Patients who 
received LAMA/LABA therapy were significantly older 
than patients in the LAMA group (p = 0.045) and those 
in the No-BD group (p = 0.027). There was no significant 
difference between patients in the LAMA/LABA group 
and the other groups with regard to sex, smoking status, 
pack-years of smoking or comorbidities, the type of sur-
gical procedure performed, and histology although there 
was a significant difference between the LAMA/LABA 
group and the LAMA group on pathologic staging. Most 
patients underwent lobectomy (LAMA/LABA, 87.5%; 
LAMA, 100%; No-BD, 93.0%).

Pulmonary function at the initial visit was significantly 
worse in the LAMA group than in the LAMA/LABA 
group, as measured by FEV1, FEV1/FVC, and the percent-
age of predicted FEV1 (FEV1% pred) (p < 0.05 for all). The 
LAMA group had a higher proportion of patients with 
moderate to severe AFL than the LAMA/LABA group 
(p < 0.001), while the No-BD group included a higher pro-
portion of patients with mild AFL (p < 0.001).

Perioperative inhaled therapy
The components of perioperative inhaled therapy are 
provided in Additional file  1: Table  1. In the LAMA/
LABA group, patients received a LAMA plus a LABA 
(n = 11) or a combined LAMA/LABA agent (n = 53). All 
patients in the LAMA group received inhaled tiotropium 

bromide hydrate. The average duration of preoperative 
inhalation therapy in the LAMA/LABA group and the 
LAMA group was 27.7  days and 24.5  days (p = 0.500), 
respectively. The postoperative inhalation period was 
396.6 days and 827.2 days (p = 0.002), respectively (Addi-
tional file 1: Table 1).

Improvement in lung function with preoperative inhaled 
LAMA/LABA therapy
We reassessed lung function 1 or 2  days before sur-
gery. The values for FEV1 and FEV1%pred were sig-
nificantly improved in the LAMA/LABA group (both 
p < 0.001; Fig.  1a, b). In the LAMA/LABA group, the 
treatment response tended to correlate with the sever-
ity of AFL. The patients with severe AFL showed an 
excellent response compared with patients with mild 
or moderate AFL (vs. mild AFL p = 0.023, vs. moderate 
p = 0.048; Fig.  1c). We also compared the improvement 
in lung function between the LAMA/LABA group and 
the LAMA group. The increases in FEV1 and FEV1%pred 
were significantly higher for LAMA/LABA therapy than 
for LAMA therapy (ΔFEV1, 223.1  mL vs. 130.0  mL; 
p = 0.007 ΔFEV1%pred, 10.8% vs. 6.8%; p = 0.019; Fig. 2a, 
b). The proportion of excellent treatment response was 
also higher in the LAMA/LABA group (ΔFEV1 > 200 mL, 
59.4% vs. 17.4%; p < 0.001 ΔFEV1 > 300  mL, 34.4% vs. 
4.3%; p = 0.005; Fig. 2c).

Postoperative morbidity and mortality
Postoperative complications and mortality are sum-
marized in Table  2. Postoperative complications were 
more frequent in the LAMA group than in the LAMA/
LABA group (p = 0.007). The proportion of patients who 
required home oxygen therapy was higher in the LAMA 
group than in the LAMA/LABA group (p = 0.008). Pro-
longed air leakage was more frequent in the No-BD 
group than in the LAMA/LABA group (p = 0.012). Only 
the LAMA/LABA group had no mortality at 90 days.

Survival analysis of all patients
Although a comparable proportion of patients received 
adjuvant chemotherapy or treatment for recurrence 
in all groups (Table  3), the recurrence rate was signifi-
cantly lower in the LAMA/LABA group compared with 
both the LAMA group (p = 0.006) and the No-BD group 
(p = 0.008)(Table 3).

Five patients (7.8%) in the LAMA/LABA group, 14 
patients (60.8%) in the LAMA group, and 20 patients 
(46.5%) in the No-BD group died during the study 
period. The causes of death for these 39 patients are 
given in Additional file 2: Table 2. Lung-cancer related 
death was the most frequent cause in all groups. No 
patients in the LAMA/LABA group died of pneumonia. 
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The cumulative OS at 5 years was 79.8% in the LAMA/
LABA group, 53.2% in the LAMA group, and 51.7% 
in the No-BD group (Fig.  3a). The DFS at 5  years 
was 70.8%, 39.2%, and 39.9%, respectively (Fig.  3b). 
The patients in the LAMA/LABA group had signifi-
cantly longer OS and DFS than patients in the LAMA 
group (p = 0.023, 95%CI: 0.11–0.91; p = 0.015, 95%CI: 

0.16–0.82), and longer DFS than patients in the No-BD 
group (p = 0.020, 95%CI: 0.20–0.89).

Survival analysis of patients with moderate to severe AFL
We assessed the effects of perioperative inhaled 
LAMA/LABA therapy on the prognosis of patients 
with moderate to severe AFL. A total of 51 patients 

Table 1  Patient characteristics in all patients

Data are presented as n (%) or as mean ± SD

COPD Chronic obstructive pulmonary disease; LAMA long-acting muscarinic antagonists; LABA long-acting β2-agonists; BD bronchodilator; FEV1 forced expiratory 
volume in 1 s; FEV1%pred percentage of predicted forced expiratory volume in 1 s; FVC forced vital capacity; AFL airflow limitation
* Significance of LAMA/LABA versus LAMA
** Significance of LAMA/LABA versus No-BD

Patients with COPD (n = 130)

LAMA/LABA LAMA p value* No-BD P value**

n = 64 n = 23 n = 43

Age 73.4 ± 6.7 70.6 ± 6.5 0.045 70.5 ± 6.2 0.027

Sex

 Male 50 (78.1) 19 (82.6) 0.644 39 (90.7) 0.088

 Female 14 (21.9) 4 (17.4) 4 (9.3)

Smoking status

 Current smoker 25 (39.0) 11 (47.8) 0.466 18 (41.9) 0.772

 Ex-smoker 39 (61.0) 12 (52.2) 25 (58.1)

Tobacco, pack-years 53.2 ± 27.3 60.6 ± 29.4 0.301 63.8 ± 40.2 0.052

Pulmonary function

 FEV1 (mL) 1787.5 ± 558.8 1429.5 ± 412.5 0.005 2168.8 ± 535.2  < 0.001

 FEV1/FVC (%) 58.3 ± 9.6 53. 4 ± 11.4 0.049 61.4 ± 10.2 0.106

 FEV1%pred (%) 85.3 ± 22.6 64.3 ± 12.4  < 0.001 94.6 ± 2.9 0.017

Severity of AFL

 Mild 32 (50.0) 1 (4.4)  < 0.001 36 (83.7)  < 0.001

 Moderate to severe 32 (50.0) 22 (95.6) 7 (16.3)

Comorbidities

 Cardiovascular disease 38 (59.4) 13 (56.5) 0.812 33 (76.7) 0.575

 Diabetes mellitus 17 (26.6) 6 (26.1) 0.964 12 (27.9) 0.878

Surgical procedure

 Pneumonectomy 1 (1.6) 0 0.367 0 0.844

 Lobectomy 56 (87.5) 23 (100.0) 40 (93.0)

 Segmentectomy 2 (3.1) 0 1 (2.3)

 Partial resection 5 (7.8) 0 2 (4.7)

Histology

 Adenocarcinoma 31 (48.4) 6 (26.1) 0.172 26 (60.5) 0.450

 Squamous cell carcinoma 28 (43.8) 14 (60.9) 15 (34.9)

 Other 5 (7.8) 3 (13.0) 2 (4.7)

Pathologic staging

 I 50 (78.1) 11 (47.8) 0.014 33 (76.7) 0.411

 II 8 (12.5) 9 (39.1) 3 (7.0)

 III 6 (9.4) 3 (13.0) 7 (16.3)

Recurrence (present) 7 (10.9) 11 (47.8)  < 0.001 15 (34.9) 0.003
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with moderate to severe AFL were included in the 
study. Of these, 32 were in the LAMA/LABA group, 
12 were in the LAMA group, and 7 were in the No-BD 
group. Patient characteristics are given in Table  3. 
There was no significant difference between patients in 
the LAMA/LABA group and the other groups in regard 
to age, sex, smoking status, severity of AFL, surgical 
procedure, preoperative comorbidities or treatment for 
recurrence although there was a significant difference 
between the LAMA/LABA group and the LAMA group 
on pathologic staging. A comparable proportion of 
patients received adjuvant chemotherapy in all groups. 
As seen in the analysis of COPD patients of all severi-
ties, the recurrence rate was significantly lower in the 

LAMA/LABA group compared with the LAMA group 
(p = 0.006) and the No-BD group (p = 0.008; Table 3).

The OS in the LAMA/LABA, LAMA, and No-BD 
groups at 5 years was 82.7%, 55.8%, and 28.6%, respectively 
(Fig. 4a). The DFS at 5 years was 75.3%, 41.1%, and 14.3% 
(Fig. 4b). The patients in the LAMA/LABA group had sig-
nificantly better OS and DFS compared with the LAMA 
group (p = 0.049, 95%CI: 0.08–0.98; p = 0.026, 95%CI:0.11–
0.90) and with the No-BD group (p = 0.001, 95%CI: 0.03–
0.53; p < 0.001, 95%CI: 0.04–0.45).

Fig. 1  Changes in lung function with preoperative LAMA/LABA therapy. a Changes in forced expiratory volume in 1 s (FEV1). b Changes in 
percentage of predicted FEV1 (FEV1%pred). c Improvement in FEV1 by severity of airflow limitation (AFL)
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Univariate and multivariate analyses of beneficial factors 
for long‑term mortality
On multivariate analysis of all patients, histology, patho-
logic stage, and lymph nodes metastasis were independ-
ent prognostic factors for OS, and pathologic stage and 
bronchodilator were independent prognostic factors for 

DFS although bronchodilator was not for OS (Additional 
file 3: Table 3A, 3B).

On univariate analysis of patients with moderate to 
severe AFL, a low pathologic stage and perioperative 
LAMA/LABA therapy were beneficial factors for long-
term mortality on univariate analysis. On multivariate 

Fig. 2  Comparison of improvement in lung function between the LAMA/LABA and LAMA groups. a Improvement in FEV1. b Improvement in 
FEV1%pred. c Proportion of patients with excellent FEV1 response to treatment

Table 2  Postoperative complications and mortality

Data are presented as n (%)

COPD chronic obstructive pulmonary disease; LAMA long-acting muscarinic antagonists; LABA long-acting β2-agonists; BD bronchodilator; HOT home oxygen therapy
* Significance of LAMA/LABA versus LAMA
** Significance of LAMA/LABA versus No-BD

Patients with COPD (n = 130)

LAMA/LABA LAMA p value* No-BD p value**

n = 64 n = 23 n = 43

Complications

 Any 14 (21.9) 12 (52.2) 0.007 16 (37.2) 0.083

 Pneumonia 7 (10.9) 6 (26.1) 0.081 7 (16.3) 0.422

 Acute respiratory failure 1 (1.6) 2 (8.7) 0.124 2 (4.7) 0.342

 Prolonged air leakage 6 (9.4) 5 (21.7) 0.126 11 (25.6) 0.012

 Atrial fibrillation 4 (6.3) 2 (8.7) 0.776 4 (9.3) 0.557

 Introduction of HOT 3 (4.7) 3 (13.0) 0.008 0 0.176

30-day mortality 0 0 – 0 –

90-day mortality 0 1 (4.3) 0.093 1 (2.3) 0.246
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analysis, perioperative LAMA/LABA therapy remained a 
beneficial factor (Table 4A). Only perioperative LAMA/
LABA therapy was identified as a beneficial factor for 
recurrence on both univariate and multivariate analyses 
(Table 4B).

Discussion
In patients with lung cancer, COPD is an independent 
risk factor for morbidity and mortality. In the present 
study, we clarified the efficacy of perioperative LAMA/
LABA therapy for pulmonary function, postopera-
tive complications, and long-term prognosis in patients 
with newly diagnosed COPD requiring surgery for lung 
cancer.

The utility of perioperative bronchodilator therapy 
has been validated in several previous reports, but the 
most suitable agent has not been clarified. We previously 

analyzed the data of 32 patients with moderate to severe 
COPD and lung cancer and reported that periopera-
tive LAMA/LABA therapy improves lung function and 
reduces postoperative complications to a greater degree 
than LAMA therapy [13]. In the present study, we 
assessed 130 patients with COPD of all severity levels, 
with similar results.

Some previous studies reported that preoperative 
LAMA monotherapy improves lung function or pre-
vents postoperative respiratory complications, but 
other reports do not [14, 15]. Bolukbas et  al. reported 
that adding ICS to LAMA and LABA led to improve-
ment in lung function and fewer respiratory compli-
cations [8]. However, the use of ICS is associated with 
severe pneumonia [16], and steroid use is a significant 
risk factor for bronchopleural fistula formation [17]. 
Therefore, the use of perioperative ICS is controversial. 

Table 3  Characteristics of patients with moderate to severe airflow limitation

Data are presented as n (%) or as mean ± SD

COPD chronic obstructive pulmonary disease; LAMA long-acting muscarinic antagonists; LABA long-acting β2-agonists; BD bronchodilator; AFL airflow limitation

Patients with moderate to severe AFL (n = 61)

LAMA/LABA LAMA p value* No-BD p value**

n = 32 n = 22 n = 7

Age 72. 2 ± 6.7 70.8 ± 6.6 0.236 69.9 ± 5.6 0.406

Sex 0.804 0.929

 Male 27 (84.4) 18 (81.8) 6 (85.7)

 Female 5 (15.6) 4 (18.2) 1 (14.3)

Smoking status 0.412 0.262

 Current smoker 11 (34.4) 10 (45.5) 4 (57.1)

 Ex-smoker 21 (65.6) 12 (54.5) 3 (42.9)

Severity of AFL 0.344 0.399

 Moderate 29 (90.6) 18 (81.8) 7 (100)

 Severe 3 (9.4) 4 (18.2) 0

Comorbidities

 Cardiovascular disease 16 (50.0) 13 (59.1) 0.510 6 (85.7) 0.084

 Diabetes mellitus 6 (18.8) 6 (27.3) 0.459 3 (42.9) 0.170

Surgical procedure 0.098 0.887

 Lobectomy 26 (81.3) 22 (100) 6 (85.7)

 Segmentectomy 1 (3.1) 0 0

 Partial resection 5 (15.6) 0 1 (14.3)

Pathologic staging 0.016 0.148

 I 26 (81.3) 11 (50.0) 4 (57.1)

 II 2 (6.3) 8 (36.4) 0

 III 4 (12,5) 3 (13.6) 3 (42.9)

Adjuvant chemotherapy 4 (12.5) 5 (22.7) 0.322 2 (28.6) 0.286

Recurrence (present) 4 (12.5) 10 (45.5) 0.006 4 (57.1) 0.008

 Treatment for recurrence

 Anticancer drug 2 7 3

 Molecular targeted drug 0 1 1

 None 2 2 0
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Combined LAMA/LABA therapy during the periop-
erative period may provide a rapid and powerful bron-
chodilating effect, by the dual action of LAMA and 
LABA without adverse events such as pneumonia.

The effect of perioperative bronchodilator use on 
postoperative long-term prognosis in COPD patients 
with lung cancer has not been reported. We found that 
perioperative LAMA/LABA therapy is associated with 
a favorable prognosis compared with LAMA therapy or 

rehabilitation alone, especially in patients with moder-
ate to severe COPD.

COPD is a strong promoting factor for lung cancer, 
and patients with COPD have poorer postoperative 
long-term survival due to a higher recurrence rate and 
poor health status [18]. Chronic inflammation of the 
bronchial and alveolar mucosa [19], direct effects to 
DNA restoration by oxidative stress [20], and genetic 
mutation or variation [21] are associated with COPD 

Fig. 3  Long-term prognosis in all patients. a Postoperative overall survival. b Postoperative disease-free survival

Fig. 4  Long-term prognosis in patients with moderate to severe AFL. a Postoperative overall survival. b Postoperative disease-free survival
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and the development of lung cancer. Recent reports 
propose that bronchodilators are able to inhibit inflam-
mation and oxidative stress in mouse model [22]. Mus-
carinic receptors expressed on lung cancer cells can 
reportedly stimulate tumor growth via acetylcholine 
[23]. The M3 muscarinic receptor subtype is associ-
ated with cell proliferation [23], and LAMAs have the 
potential to inhibit the growth of lung cancer cells as 
M3 receptor antagonists. Li et  al. reported that inda-
caterol induces apoptosis in lung cancer cells harboring 
the epidermal growth factor receptor T790M mutation 
and may be a novel candidate for treatment of gefitinib-
resistant lung cancer [24]. Our results and these previ-
ous in  vitro studies suggest the possibility of the dual 
anticancer effects of LAMA/LABA—prevention of can-
cer development and inhibition of proliferation signals 
of lung cancer—may contribute to a favorable prognosis 

and inhibition of recurrence. On the other hand, high 
proportion of stage I in patients who received LAMA/
LABA therapy may also affect lung cancer prognosis. 
Randomized controlled trials would be necessary to 
prove the anticancer effect by LAMA/LABA therapy.

This retrospective study has limitations and biases. 
The duration of bronchodilator use and the individual 
bronchodilators employed was inconsistent. This dis-
crepancy about selection of bronchodilators was due 
to the different study periods. Differences in the study 
period or severely of AFL between LAMA/LABA and 
the other groups may have affected the postoperative 
complications and survival rate. Finally, changes in sur-
gical technique, surgical methods, or anesthetic agents 
over the years of the study period may have affected the 
incidence of postoperative complications.

Table 4  Univariate and multivariate analysis of favorable factors for postoperative prognosis in patients with moderate to severe AFL

COPD chronic obstructive pulmonary disease; LAMA long-acting muscarinic antagonists; LABA long-acting β2-agonists; BD bronchodilator; RR relative risk; CI 
confidence interval

Clinicopathologic variable Univariate analysis Multivariate analysis

RR 95%CI p value RR 95%CI p value

A. Analysis of favorable factors for overall survival

Age (< 75 year) 0.88 0.29–2.25 0.798 – – –

Histology: 0.083 – – –

 Squamous cell carcinoma 1.00 Reference – – –

 Adenocarcinoma 0.47 0.18–1.14 0.094 – – –

 Other 0.18 0.01–1.01 0.051 – – –

Lymph node metastasis (absent) 0.61 0.26–1.55 0.290 – – –

Pathologic stage: 0.027 0.106

 I 1.00 Reference 1.00 Reference

 II 2.96 0.99–8.25 0.052 2.14 0.70–6.16 0.176

 III 3.66 1.20–10.49 0.024 3.11 1.00–9.13 0.107

Bronchodilator 0.010 0.048

 LAMA/LABA 1.00 Reference 1.00 Reference

 LAMA or No-BD 4.16 1.37–11.1 3.21 1.01–14.20

B. Analysis of favorable factors for disease-free survival

Age (< 75 year) 0.59 0.69–5.12 0.266 – – –

Histology: 0.038 0.350

 Squamous cell carcinoma 1.00 Reference 1.00 Reference

 Adenocarcinoma 0.42 0.17–0.96 0.040 0.68 0.23–2.05 0.311

 Other 0.16 0.01–0.90 0.035 0.23 0.01–1.59 0.148

Lymph node metastasis (absent) 0.49 0.22–1.13 0.091 – – –

Pathologic stage 0.007 0.233

 I 1.00 Reference 1.00 Reference

 II 3.21 1.18–8.17 0.024 1.35 0.39–4.90 0.635

 III 4.13 1.47–11.0 0.009 2.70 0.83–8.37 0.278

Bronchodilator 0.003 0.018

 LAMA/LABA 1.00 Reference 1.00 Reference

 LAMA or No-BD 3.90 1.55–11.8 3.29 1.22–10.43 0.120
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Conclusions
Our data demonstrate that LAMA/LABA therapy 
improves not only short-term outcomes such as res-
piratory function and postoperative complications, but 
also long-term prognosis in patients with lung cancer 
and COPD. Perioperative combined LAMA/LABA 
therapy is the optimal bronchodilator for patients with 
COPD who require surgery for lung cancer.
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