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Long-acting muscarinic antagonist and long-acting
p2-agonist therapy to optimize chronic obstructive
pulmonary disease prior to lung cancer surgery

TAKASHI MAKINO', HAJIME OTSUKA!, YOSHINOBU HATA!, SATOSHI KOEZUKA!, YOKO AZUMA',
KAZUTOSHI ISOBE?, KEISHI SUGINO?, SATORU EBIHARA®, SAKAE HOMMA? and AKIRA IYODA'

'Division of Chest Surgery, “Division of Respiratory Medicine, 3Department of Rehabilitation Medicine,
Toho University School of Medicine, Ota, Tokyo 143-8541, Japan

Received October 24, 2017; Accepted January 17,2018

DOI: 10.3892/mc0.2018.1595

Abstract. Bronchodilators are essential for the perioperative
management of patients with chronic obstructive pulmonary
disease (COPD) undergoing surgery for lung cancer. The objec-
tive of the present study was to examine whether the usage of a
long-acting 2-agonist (LABA) with a long-acting muscarinic
antagonist (LAMA) could optimize preoperative lung function
and reduce the risk for postoperative pulmonary complications.
Thirty-two consecutive patients with moderate-to-severe COPD
who underwent a lobectomy for lung cancer and received
preoperative LAMA (n=19) or LAMA/LABA (n=13) therapy
between January 2005 and December 2015 were enrolled in
this retrospective study. The improvement of preoperative
pulmonary function and the postoperative morbidity were
compared between the patients with preoperative LAMA,
and LAMA/LABA therapy. Increases in the forced expiratory
volume in one second (FEV,) were significantly larger in the
LAMA/LABA group than in the LAMA group (0.26+0.05 1
vs. 0.07+0.05 [; P=0.0145). More patients in the LAMA/LABA
group than in the LAMA group showed a marked improve-
ment of >10% in %FEV, after bronchodilators (85 vs. 32%;
P=0.0046). The incidence of postoperative pneumonia was
significantly lower in the LAMA/LABA group than in the
LAMA group (0 vs. 26%; P=0.044). In conclusion, the present
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study showed that preoperative LAMA/LABA therapy was
associated with larger improvements in preoperative pulmonary
function and less postoperative pneumonia than LAMA therapy.
These results may lead to greater improvements in FEV, and
less postoperative pneumonia by encouraging preoperative
LAMA/LABA therapy in this patient population.

Introduction

Chronic obstructive pulmonary disease (COPD) is the fourth
leading cause of death and results in >2.5 million deaths per
year worldwide (1). Lung cancer is frequently seen in patients
with COPD and has been found to be the most frequent cause
of death in patients with mild COPD (2). In COPD cohort
studies, the incidence ratios for lung cancer ranged from 4.2 (3)
to 16.7 per 1,000 person-years (4). It is crucial to improve the
management of both COPD and lung cancer.

Although lung cancer should be treated appropriately
according to the guidelines, lung cancer patients with COPD
are at high risk when undergoing pulmonary resection
because of their reduced pulmonary function and increased
postoperative morbidity (5,6). The perioperative manage-
ment of patients with COPD and lung cancer, especially with
preoperative rehabilitation and bronchodilators, is important
for the improvement of surgical outcomes. Bronchodilators
are one of the therapeutic options for stable COPD (7). Three
types of bronchodilators are commercially available: inhaled
[2-agonists, anticholinergics, and corticosteroids. Combining
bronchodilators with different mechanisms and durations
of action may increase the degree of bronchodilation while
producing equivalent or lesser side effects (8). Short-term
combination therapy using formoterol and tiotropium has been
shown to have a bigger impact on the forced expiratory volume
in one second (FEV,) than single components for COPD
without lung cancer surgery (9,10). Moreover, a few studies
have shown that combinations of a long-acting $2-agonist
(LABA) and a long-acting muscarinic antagonist (LAMA)
produced a significant increase in lung function (11,12).

Previous studies reported the effectiveness of perioperative
LAMA therapy in patients with COPD requiring lung cancer
surgery (13,14), while the effects of LAMA/LABA combination



648

therapy in patients with COPD requiring lung cancer surgery
are currently unclear. We hypothesized that the addition of
LABA to preoperative treatment with LAMA would optimize
preoperative lung function and reduce the risk for postoperative
pulmonary complications. The objectives of this retrospective
study were the following: i) to compare the effectiveness of
perioperative LAMA/LABA therapy and LAMA therapy on
lung function and the postoperative complications of patients
with moderate-to-very severe COPD requiring lung cancer
surgery, and ii) to examine the impact of the severity of COPD
on overall survival after lung cancer surgery.

Materials and methods

Study design and population. From January 2005 to
December 2015, 920 consecutive patients with primary lung
cancer underwent surgical resection at our institution. Of
these patients, 82 patients with moderate-to-severe COPD who
required lobectomy were enrolled in a retrospective study.
The severity of COPD was classified according to the Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
criteria (7). We started preoperative LAMA/LABA therapy
for all patients with COPD from 2013 and have performed
this treatment for thirteen patients. Patients received LAMA
therapy, as historical control according to the same inclusion and
exclusion criteria, are 19 patients from 2005 to 2012. Patients
meeting the following exclusion criteria were eliminated from
the present analysis: No preoperative inhaled therapy (n=25);
a medical history of previous treatment for COPD (n=10); a
medical history of inhaled steroids (n=6); no lung function
test after inhaled therapy (n=5); preoperative LAMA therapy
from 2013 (n=3) and no perioperative rehabilitation (n=1). The
improvement of preoperative pulmonary function and the
postoperative morbidity were compared between the patients
with preoperative LAMA and LAMA/LABA therapy. All
patients underwent chest and abdominal computed tomog-
raphy (CT) scans, brain magnetic resonance imaging and
fluoro-2-deoxyglucose positron emission tomography/CT for
clinical staging for lung cancer. The following parameters
were assessed from the medical records: Patient age, gender,
pathological stage, histology, surgical procedure, pulmonary
function, GOLD COPD stages, and prognosis. This study was
reviewed and approved by the Institutional Review Board
(M16021).

Smoking cessation. All patients in this study were confirmed
to have ceased smoking more than 2 weeks before surgery.

Preoperative bronchodilators. In the LAMA group, the
patients received inhaled tiotropium bromide (n=19) from
>2 weeks before surgery to at least 1 month after surgery
without interruption.

In the LAMA/LABA group, the patients received inhaled
tiotropium bromide and LABA [formoterol (n=8), indacaterol
(n=4)] or combined LABA/LAMA [indacaterol/glycopyrro-
late (n=1)] from >2 weeks before surgery to at least 1 month
after surgery without interruption.

Postoperative complications. Postoperative pulmonary
complications were defined as: i) pneumonia, defined by the
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presence of at least three of the following criteria: persistent
lung infiltrate on chest X-ray, fever >38.3°C, white blood
cell count >10,000 mm? or <3,000 mm?; ii) acute respira-
tory failure, defined as postoperative ventilator dependence
>12 h or reintubation for mechanical ventilation; iii) chronic
respiratory failure, defined as the need for continuous oxygen
therapy for more than 1 month after discharge. Postoperative
cardiovascular complications were defined as arrhythmias
(atrial fibrillation, paroxysmal supraventricular tachycardia,
ventricular tachycardia), angina pectoris, myocardial infarc-
tion, congestive heart failure and thromboembolic events.
Finally, surgical mortality was defined as death within 30 days
following surgery.

Statistical analysis. The data are presented as the
mean + standard deviation (SD) or as medians with interquartile
ranges. Categorical variables are shown as the percentage of the
sample. Comparisons between the two groups were assessed
by Student's t-test for normally distributed variables or by the
Mann-Whitney U test for non-normally distributed variables.
Differences were considered to be statistically significant when
the P-value<0.05. Overall survival (OS) was defined as the time
from the date of surgery until the date of the last follow-up for
living patients or until death. Survival curves were prepared
using the Kaplan-Meier method and were compared univari-
ately using the log-rank test. To determine which factors were
significantly associated with survival, a multivariate analysis
using a Cox proportional hazards model was performed. All
statistical analyses were performed using JMP version 11.0
(SAS Institute Inc., Cary, NC, USA).

Results

Patient characteristics. The clinical characteristics of patients
are shown in Table I. There was no significant difference
between patients in the LAMA group and the LAMA/LABA
group with regard to age, sex, pathological stage (AJCC 8th),
Charlson index, histology, SpO,, PaO,, pulmonary function,
and GOLD COPD stages.

Efficacy after bronchodilators. The treatment effects after
LAMA therapy or LAMA/LABA therapy are shown in
Table II. LAMA therapies resulted in the improvement
of FEV, (post-therapy FEV, 1.41£0.09 1) and %FEV,
(post-therapy %FEV, 63.7+2.95%). LAMA/LABA thera-
pies resulted in the improvement of FEV, (post-therapy
FEV, 1.73+0.12 1) and %FEV, (post-therapy %FEV,
78.3+£3.74%). The increases in FEV, and %FEV, were
significantly higher for LAMA/LABA therapy than LAMA
(post-therapy-pre-therapy FEV, 0.26+0.05 vs. 0.07+0.05 1,
P=0.0145; post-therapy-pre-therapy %FEV, 12.2+2.53
vs. 4.21+£2.16%, P=0.0251, respectively) (Fig. 1). More patients
in the LAMA/LABA group had a marked improvement of
>10% in %FEV, after bronchodilators than patients in the
LAMA group (85 vs. 32%, P=0.0046).

Surgical treatments. The surgical procedures performed were
thoracotomy in 6 (19%) and video-assisted thoracic surgery in
26 (81%). Mean lengths of surgery were 306 min, and mean
perioperative blood loss was 309 ml.
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Table I. Patients characteristics.

Variables LABA + LAMA group (n=13) LAMA group (n=19) P-value
Age, years 70.9+1.8 70.8+1.5 0.97
Sex
Male 12 (92%) 17 (89%) 0.79
Female 1 (8%) 2 (11%)
Pathological stage (AJCC 8th), (I/II/II) 7/3/3 11/3/5 0.87
Charlson index 3.30+0.2 3.47+0.1 042
Histology, (Sq/Ad/LCNEC) 7/5/1 11/6/2 091
SpO,, % 96.2+0.3 96.3+0.3 0.85
PaO,, Torr 82.8+2.4 81.3+2.0 0.64
Pulmonary function
FEV,/FVC, % 53.843.5 52.3+2.5 0.71
FEV,,1 1.47+0.11 1.33+£0.09 0.34
FEV,, % predicted 66.1£3.26 59.5+2.63 0.12
% DLCO 81.2+£7.20 79.3+£5.71 0.84
COPD-GOLD stages, (II/IIT) 12/1 15/4 0.31

Values are shown as numbers (%) or mean + standard deviation. LAMA, long-acting muscarinic antagonist; LABA, long-acting
[2-agonist; Sq, squamous cell carcinoma; Ad, adenocarcinoma; LCNEC, large cell neuroendocrine carcinoma; SpO,, oxygen saturation of periph-
eral artery; PaO,, arterial oxygen blood partial pressure; FEV |, forced expiratory ventilation in 1 sec; FVC, forced vital capacity; DLCO, diffuse
capacity of the lung for carbon monoxide; COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Obstructive Lung Disease.

Table II. Measurements after bronchodilators.

Measurement LAMA + LABA group (n=13) LAMA group (n=19) P-value
FEV,,1 1.73+0.12 1.41+0.09 0.0310
FEV,, % predicted 78.3+£3.74 63.7£2.95 0.0037
Increased FEV,, 1 0.2620.05 0.07+£0.05 0.0145
Increased %FEV, (% predicted) 12.2+2.53 421£2.16 0.0251
Improvement of >10% in FEV, (% predicted)

Yes 11 (85%) 6 (32%)

No 2 (15%) 13 (68%) 0.0046

Values are shown as numbers (%) or mean + standard deviation. LAMA, long-acting muscarinic antagonist; LABA, long-acting $2-agonist;
FEV,, forced expiratory ventilation in 1 sec; FVC, forced vital capacity.

surgery was 20 months (range, 1 to 121). The 5-year survival
rate in this study was 57%. There was no significant differ-

Postoperative cardiopulmonary complications and mortality.
Postoperative cardiopulmonary complications are shown

in Table III. The incidence of postoperative pneumonia was
significantly lower in the LAMA/LABA group than in the
LAMA group (0 vs. 26%, P=0.044). There was no significant
difference between patients in the LAMA/LABA group and
the LAMA group with regard to pulmonary complications
(15 vs. 42%, P=0.109), acute respiratory failure (0 vs. 11%,
P=0.227), chronic respiratory failure (15 vs. 32%, P=0.299),
cardiovascular complications (23 vs. 16%, P=0.604), atrial
fibrillation (15 vs. 16%, P=0.975). The overall surgical
mortality was 0%.

Overall survival in patients with moderate-to-severe COPD
requiring lung cancer surgery. The median follow-up after

ence between patients in the LAMA/LABA group and the
LAMA group with regard to overall survival (P=0.844)
(Fig. 2).

Discussion

The present study had two main findings. First, in this retro-
spective study of patients with moderate-to-severe COPD
requiring lung cancer surgery, inhaled LAMA/LABA therapy
was associated with greater improvements in preoperative
pulmonary function than LAMA therapy. Second,
LAMA/LABA therapy significantly reduced the incidence of
postoperative pneumonia compared with LAMA therapy.
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Table III. The postoperative complications.
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Complications LABA + LAMA group (n=13) (%) LAMA (n=19) (%) P-value

Pulmonary complications 2 (15) 8 (42) 0.109
Pneumonia 0 (0) 5 (26) 0.044
Acute respiratory failure 0(0) 2(11) 0.227
Chronic respiratory failure 2(15) 6 (32) 0.299

Cardiovascular complications 3(23) 3(16) 0.604
Atrial fibrillation 2 (15) 3(16) 0.975

Values are shown as numbers (%). LAMA, long-acting muscarinic antagonist; LABA, long-acting 32-agonist.
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Figure 1. Significantly greater increases in FEV, and %FEV, (% predicted) in the LAMA/LABA group compared with the LAMA group. Data are presented as
box-and-whisker plots. P-values were determined using Wilcoxon rank-sum tests. LAMA, long-acting muscarinic antagonist; LABA, long-acting $2-agonist.
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Figure 2. Five-year overall survival rates in the LAMA/LABA group and the
LAMA group. Differences in overall survival between the two groups were
analyzed using log-rank tests. LAMA, long-acting muscarinic antagonist;
LABA, long-acting $2-agonist.

In patients with COPD requiring lung cancer surgery, the
improvement of perioperative lung function is very crucial. In
a retrospective study of patients with mild-to-severe COPD
requiring lung cancer surgery, 2 weeks of preoperative treat-
ment with tiotropium significantly improved respiratory
symptoms and pulmonary function as reflected by a 226-ml

increase in FEV, (13,14). In a prospective study of patients
with COPD requiring lung cancer surgery, 1 week of preopera-
tive treatment with inhaled tiotropium/formoterol/budenoside
improved pulmonary function significantly more than
tiotropium/formoterol (an increase in FEV, of 310 vs.100 ml,
respectively) (15). In the present study, 2-4 weeks of preop-
erative treatment with LAMA/LABA therapy improved
pulmonary function significantly more than LAMA
(an increase in FEV, of 260 vs. 90 ml, respectively). Moreover,
in 85% of the LAMA/LABA group, an improvement of >10%
in %FEV, (% predicted) after treatment was achieved. These
results suggest that perioperative LAMA/LABA therapy
would help to achieve more curative resections in patients with
COPD requiring lung cancer surgery.

COPD is an independent risk factor for morbidity and
mortality in patients with lung cancer. Furthermore, patients
with COPD have a fourfold increased risk of developing
postoperative complications, mainly pulmonary complica-
tions (15,16). Leo et al reported that up to 50% of patients
with COPD develop postoperative COPD exacerbations after
lung resection (17). Therefore, the perioperative management
of patients with COPD and lung cancer is an important issue.
Recently, several studies have reported that preoperative bron-
chodilators prevented postoperative complications in patients
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with COPD requiring lung cancer surgery. Bolukbas er al
reported that adding budenoside to tiotropium and formoterol
led to less respiratory complications (11 vs. 43%, P=0.044) in
the postoperative period (15). Nojiri et al reported that tiotro-
pium prevented not only respiratory complications (2 vs. 18%,
P=0.018) but also cardiovascular complications (16 vs. 33%,
P=0.030) in patients with COPD requiring lung cancer
surgery (14) because tiotropium improved the left ventricular
diastolic function in the chronic phase after pulmonary resec-
tion (18). However, Ueda et al reported that preoperative
treatment with tiotropium for =7 days improved lung function
prior to thoracic surgery, but no effect on respiratory compli-
cations was seen (19). In the present study, adding LABA to
LAMA significantly reduced the incidence of postoperative
pneumonia compared with LAMA alone (0 vs. 26%, P=0.044)
and was not associated with more cardiovascular complica-
tions in the postoperative period (23 vs. 16%, P=0.604). We
suspected that LAMA/LABA therapy improved the lung func-
tion and, therefore, reduced sputum retention, which accounts
for the reduction in postoperative pneumonia.

This study had several limitations. Because our data were
collected in a single center including a very limited number
of patients for a long period and reviewed retrospectively,
the study population consisted of a heterogeneous group of
subjects. LABA became commercially available later than
LAMA, therefore LABA/LAMA group patients distributed
later than LAMA group patients. In the future, a multicenter
prospective study is required for conclusion. In addition, this
study is limited by the use of pre-bronchodilator spirometry.
Although the diagnosis and staging of COPD should be based
on post-bronchodilator spirometry as the gold standard, some
guidelines recommend pre-bronchodilator spirometry because
the reversibility testing is considered impractical (20).

In conclusions, our study showed that preoperative
LAMA/LABA therapy was associated with greater improve-
ments in preoperative pulmonary function than LAMA; thus,
more patients with COPD who required lung cancer surgery
received optimal oncological therapy. These improvements
in preoperative function tended to reduce the incidence of
pneumonia in the postoperative period. These results may lead
to not only larger improvements in FEV, but also less post-
operative pneumonia by encouraging the addition of inhaled
LABA to LAMA in this patient population. Perioperative
LAMA/LABA therapy would help to achieve more curative
resections and improve the surgical outcomes in patients with
COPD requiring lung cancer surgery.
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