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Background: Tiotropium, a long-acting inhaled anticholinergic drug, has been widely used in 

the treatment of chronic obstructive pulmonary disease (COPD). However, the issue of whether 

perioperative tiotropium improves postoperative outcomes for gastric cancer patients with COPD 

remains unclear. Thus, the aim of this study was to determine the efficacy of perioperative 

tiotropium intervention for gastric cancer patients with COPD.

Patients and methods: Eighty-four gastric cancer patients with mild-to-moderate COPD 

were randomly assigned to receive perioperative pulmonary rehabilitation alone (control 

group) or pulmonary rehabilitation with 18 µg of tiotropium once daily (tiotropium group). The 

patients in the tiotropium group received tiotropium for more than 1 week before surgery and 

for 2 weeks after surgery. Spirometry was performed prior to group assignment and at 2 weeks 

after surgery. Postoperative complications, forced expiratory volume in 1 second, forced vital 

capacity, and the ratio of forced expiratory volume in second to forced vital capacity (%) were 

compared between the two groups.

Results: There were no significant differences between the two groups in terms of age, body 

mass index, smoking, gastrectomy incision, operation time, and bleeding volume (all P0.05). 

Postoperative complications and pulmonary functions did not differ significantly between the 

control and tiotropium groups. A subgroup analysis of gastric cancer patients with moderate 

COPD showed that perioperative tiotropium intervention significantly decreased the rate of 

postoperative complications compared with the control group (P=0.046). However, even after 

gastrectomy, many patients with mild COPD in both the control and tiotropium groups showed 

improved pulmonary function.

Conclusion: Although perioperative tiotropium intervention had no significant effects in gastric 

cancer patients with mild COPD, it may be beneficial in those with moderate COPD. Therefore, 

the next prospective study should further evaluate perioperative tiotropium intervention for 

gastric cancer patients with moderate-to-severe COPD.
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Background
In Japan, a super-aged society, gastric cancer is the second most frequent cause of 

cancer-related death, because it is largely a disease associated with old age.1 Chronic 

obstructive pulmonary disease (COPD) is another major age-related public health 

problem, and its prevalence is increasing worldwide.2,3 COPD is characterized by 

persistent airflow limitation, resulting in cough, productive sputum, and dyspnea 

on exertion.4 It is also one of the major risk factors for postoperative pulmonary 
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complications (POPCs). In gastric cancer patients undergoing 

upper abdominal surgery, including gastrectomy, POPCs are 

an important cause of postoperative morbidity and mortal-

ity because of the impaired wound healing associated with 

tissue hypoxia.5–7 Jeong et al8 reported that the independent 

predictor of postoperative morbidity after gastrectomy was 

abnormal spirometry findings as that of COPD. In the surgi-

cal treatment for gastric cancer, lymph node dissection and 

esophageal transection may lead subphrenic inflammation, 

resulting in pleural effusion. Wound pain, which suppresses 

sufficient respiratory movement and early ambulation, often 

leads to atelectasis. Therefore, in these patients, preoperative 

evaluation of pulmonary function is an important aspect of 

patient management.

Preoperative treatment with bronchodilators, antibiotics, 

and chest physiotherapy, and encouraging patients to quit 

smoking may decrease the incidence of POPCs in COPD 

patients.9 To reduce postoperative morbidities, COPD 

management might be important, and bronchodilators are 

thought to be a central to disease management. However, it 

is unknown whether bronchodilators prevent postoperative 

morbidities. Several reports have shown that tiotropium, a 

long-acting inhaled anticholinergic drug, improves dyspnea 

and lung function compared with placebo in patients with 

COPD.10,11 A significant bronchodilator response was shown 

within 30 minutes after the first dose of tiotropium and 

maintained over 24 hours.12 Therefore, tiotropium is the 

preferred maintenance therapy for patients with moderate-

to-very severe COPD.13

The issue of whether preoperative tiotropium improves 

the postoperative outcome of patients with COPD is unclear. 

Kobayashi et al14 reported that preoperative use of inhaled 

tiotropium facilitated the surgical treatment of lung cancer 

patients with COPD. However, according to a recent report, 

while tiotropium significantly improved the preoperative 

global pulmonary function, there were no differences in 

outcomes, including postoperative complications (POCs) 

and postoperative stay, compared with the control group.15 

Therefore, the aim of the present randomized Phase II study 

was to determine the efficacy of perioperative intervention 

with inhaled tiotropium in gastric cancer patients with COPD 

and to select an appropriate comparison arm for the next 

Phase III study.

Patients and methods
Eligibility
The patients enrolled in this study had histologically con-

firmed gastric adenocarcinoma and mild-to-moderate COPD. 

Before their enrollment in the study, the patients were 

diagnosed with COPD based on clinical symptoms or forced 

expiratory volume after 1 second (FEV
1
)/forced vital capacity 

(FVC) ratio of 0.7 after bronchodilator administration as 

determined by a preoperative pulmonary function test. The 

COPD stages were evaluated according to the FEV
1
 ratio as 

follows: stage I (mild COPD), FEV
1
 ratio 80% of predicted 

value; stage II (moderate COPD), FEV
1
 ratio between 50% 

and 80%; and stage III (severe COPD), FEV
1
 ratio between 

30% and 50%. Other criteria for inclusion were: 1) Eastern 

Cooperative Oncology Group performance status of 0–2; 

2) no significant cardiac failure or arrhythmia; and 3) pre-

operative interval for tiotropium use of 1 week.

The criteria for exclusion were: 1) previous history of 

asthma; 2) moderate-to-severe symptomatic prostatic hyper-

trophy; and 3) narrow-angle glaucoma.

This study was approved by the institutional review 

boards of each of the 15 participating institutions, and the 

procedures were performed in accordance with the Decla-

ration of Helsinki. All patients provided written informed 

consent to participate in the study, in accordance with the 

institutional guidelines.

Study design
This was an open-label, randomized, multicenter Phase II  

study (UMIN 000004496). After checking eligibility, ran-

dom assignment was carried out at the data center using a 

minimization method with the following adjustment fac-

tors: age (75 versus 75 years), body mass index (25 

versus 25 kg/m2), cessation of smoking (yes versus no), 

COPD stage (1 versus 2), and surgical procedure (laparo-

scopic versus open). Patients were randomly assigned at a 

1:1 ratio to receive perioperative pulmonary rehabilitation 

alone (control group) or pulmonary rehabilitation with 18 

µg of tiotropium (Boehringer Ingelheim Pharma, Ingelheim, 

Germany) once daily (tiotropium group). Neither investiga-

tors nor patients were blinded to the allocated treatment. The 

patients in the tiotropium group were treated with tiotropium 

for more than 1 week before surgery and for 2 weeks after 

surgery. Spirometry was performed prior to group assign-

ment and at 2 weeks after surgery. The operable patients with 

gastric cancer usually underwent gastrectomy 1–2 weeks 

after introduction to present participating instructions, and 

the length of postoperative hospital stay after gastrectomy 

is 10–14 days. Furthermore, Vincken et al12 showed that the 

values of both FEV
1
 and FVC improved just 1 week after 

tiotropium intervention, and those values were equivalent to 

the values treated for 1 year. These results support the idea 

that tiotropium given 1 week before and 2 weeks after may be 

sufficient for evaluating its efficacy. Preoperative pulmonary 
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rehabilitation was performed according to Pulmonary Rehab 

Guidelines for COPD as follows: upper-body exercises; 

simple repetitive lifting of the arms against gravity, and exer-

cises for breathing muscles; breathing through a mouthpiece 

against resistance.16

The primary endpoint was the rate of change in postopera-

tive FEV
1
 compared with the preoperative value. The second-

ary endpoints included the number of days for O
2
 support 

after surgery, postoperative morbidity rate, and assessments 

of postoperative FVC and FEV
1
/FVC (%) compared with the 

pretreatment values.

Statistical analysis
This study was designed to assess the efficacy of preoperative 

pulmonary rehabilitation with and without perioperative tiotro-

pium intervention. To simultaneously estimate the efficacy of 

these two treatments, and to minimize patient selection bias, 

we designed the study as a randomized Phase II study, rather 

than a comparative study. Sample size was calculated with 

an assumed reduction rate of more than 20% in postoperative 

FEV
1
, based on the results from a previous study.17 The tiotro-

pium intervention would be regarded as a promising candidate 

for further evaluation, if a reduction rate in postoperative FEV
1
 

could be achieved. Assuming a dropout rate of 5%, the target 

recruitment was 84 patients (42 per arm).

SPSS 16.0 software (SPSS Inc., Chicago, IL, USA) 

was used for the statistical analyses. Quantitative data were 

calculated as means and standard deviations, and compared 

between the groups using Mann–Whitney U test. Other quan-

titative data were reported as proportion, and analyzed using 

the χ2 test. Values of P0.05 were considered to indicate 

statistical significance.

Results
Flow diagram and patient demographics
Between December 2010 and May 2013, 84 patients were 

enrolled in this randomized study carried out in 15 hospitals 

in Japan. Of these, 42 patients were assigned to the control 

arm and 42 to the tiotropium arm. A flow diagram of the 

84 enrolled patients is shown in Figure 1. One patient refused 

to undergo surgical treatment and another patient completed 

treatment with endoscopic submucosal dissection. The 

demographic characteristics of the remaining 82 patients are 

presented in Table 1. There were no significant differences in 

the characteristics of the two groups. After surgical treatment, 

spirometry could not be performed in two patients because 

of reoperation and unforced errors. Finally, 80  patients 

(38 patients in the control arm and 42 patients in the tiotro-

pium arm) were evaluated.

Postoperative versus preoperative 
pulmonary function
Postoperative pulmonary function parameters, including  

FEV
1
, FVC, and FEV

1
/FVC (%), were evaluated in 

comparison with their preoperative values. Mean decreased 

rate of FEV
1
 was 1.12% in the control group and -0.73% in 

Figure 1 Flow diagram of the 84 enrolled patients.
Abbreviations: Pt, patient; ESD, endoscopic submucosal dissection; Reope, performed reoperation; Spiro, spirometry.
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the tiotropium group. A decrease in FEV
1
 of more than 20% 

was seen in only three patients (7.9%) in the control group 

and four patients (9.5%) in the tiotropium group (Figure 2). 

There was no significant difference in FEV
1
 between the 

two groups. Mean rate of FVC compared with preoperative 

value was 93.1% in the control group and 92.1% in the 

tiotropium group. A reduction in FVC of more than 20% 

was seen in three patients (7.9%) in the control group and 

in nine patients (21.4%) in the tiotropium group (Figure 3). 

No significant difference was found in FVC between the 

two groups. Mean changed FEV
1
/FVC (%) was 4.7% in the 

control group and 6.7% in the tiotropium group. Although 

there was no significant difference in FEV
1
/FVC among 

two groups (Figure 4), the COPD severity decreased in 

18 patients in the control group and in 24 patients in the 

tiotropium group. None of these patients had spirometry 

results that indicated COPD (Table 2). The mean length 

O
2
 support after surgery was 3 (range: 1–10) days in the 

control group and 3 (range: 1–16) days in the tiotropium 

group. There was no significant difference between the 

two groups.

Postoperative complications
As shown in Table 3, 19 patients (23.2%) developed POCs 

according to the Clavien–Dindo classification (grade II and 

above), including five cases of pneumonia. There were no 

significant differences between the patients with and with-

out perioperative tiotropium intervention. Table 4 lists the 

POCs in the two groups according to risk factors for POCs. 

Table 1 Characteristics of the 82 patients enrolled in the study

Parameter Control (n=40) Tiotropium (n=42)

Age (years)
75 12 11
75 28 31

Body mass index (kg/m2) 22.6±2.7 22.4±2.6
Cessation of smoking

Yes 26 26
No 14 16

Gastrectomy
Laparoscopic 12 14
Open 28 28

Anesthesia time (minutes) 320±104 341±103
Operation time (minutes) 250±86 264±88
Bleeding volume (mL) 340±382 335±314

Note: Data presented as mean ± standard deviation.

Figure 2 Reduction rates of postoperative FEV1 compared with the preoperative values (waterfall plot).
Notes: In comparisons with the preoperative values, FEV1 was reduced by 1.12% on average in the control group and increased by 0.73% on average in the tiotropium group. 
There was no significant difference between the two groups (red bars: patient worsened; blue bars: patient improved).
Abbreviation: FEV1, forced expiratory volume after 1 second.
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Perioperative tiotropium intervention significantly decreased 

the rate of POCs in patients who are smokers (P=0.044) and 

moderate COPD (P=0.046). Also, there were no significant 

differences in incidence of POCs among surgical sites. The 

incidence of POCs in patients who underwent total gastrec-

tomy or proximal gastrectomy was considered to be higher 

than in those who underwent distal gastrectomy, because left 

diaphragm inflammation associated with surgical procedures 

resulted in pleural effusion or atelectasis.

Discussion
This study is the first multicenter, prospective, randomized 

Phase II study to evaluate the efficacy of perioperative 

tiotropium treatment for gastric cancer patients with 

COPD. Multiple factors, including advanced age, obesity, 

smoking, incision site, and operation time, are responsible 

for the genesis of POPCs.18 In this study, the patients were 

randomized after stratification for these risk factors, allow-

ing the efficacy of tiotropium intervention to be rigorously 

evaluated (Table 1).

Following upper abdominal surgery, including gast-

rectomy, pulmonary function usually decreases because 

Figure 3 Postoperative relative ratios in FVC compared with the preoperative values.
Notes: In comparison with the preoperative values, postoperative FVC was 93.1% on average in the control group and 92.0% on average in the tiotropium group. There 
was no significant difference between the two groups.
Abbreviation: FVC, forced vital capacity.

of reduced diaphragmatic activity and microatelectasis, 

which in turn may result in POPCs. Based on the literature, 

we expected that postoperative pulmonary function would 

be better in the tiotropium group than in the control group. 

Casaburi et al19 found that the combination of tiotropium and 

pulmonary rehabilitation resulted in greater improvement 

in exercise tolerance compared with pulmonary rehabilita-

tion alone. However, in our study, there were no significant 

differences in postoperative pulmonary function between 

the control and tiotropium groups (Figures 2–4). In a meta-

analysis study, the values of FEV
1
 and FVC were found 

to be reduced by almost 50% after open cholecystectomy 

and by 19%–27% after laparoscopic cholecystectomy.17 It 

is not thought to be necessary to treat patients with mild 

COPD. However, we expected that tiotropium interven-

tion might be useful for patients who received gastrectomy 

combined with lymph node dissection, because of its high 

invasiveness compared with cholecystectomy. Although 

the postoperative values of FEV
1
 and FVC were initially 

expected to decrease by more than 20% in the control group, 

only a few patients showed the expected values. Spirometry 

should be performed three times: before randomization, just 
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Table 2 COPD severity by preoperative spirometry and 
postoperative spirometry in two groups

Control Tiotropium

Pre Post Pre Post

Non-COPD 0 18 0 24
COPD

Stage I (mild) 32 17 36 13
Stage II (moderate) 6 3 6 5
Stage III (severe) 0 0 0 0

Table 3 Postoperative complications after gastrectomy

Event Control (%) Tiotropium (%)

Pneumonia 3 (7.5) 2 (4.8)
Pancreas fistula 4 (10.0) 3 (7.1)
Anastomotic leakage 1 (2.5) 2 (4.8)
Chylorrhea 1 (2.5) 1 (2.4)
Skin necrosis 1 (2.5) 0 (0.0)
Catheter fever 0 (0.0) 2 (4.8)
Sepsis 1 (2.5) 0 (0.0)
Bleeding 1 (2.5) 0 (0.0)
PAF 0 (0.0) 1 (2.4)
Heart failure 1 (2.5) 0 (0.0)

Abbreviation: PAF, paroxysmal atrial fibrillation.

Table 4 Postoperative complications according to various factors

Risk factor Number of patients POC (+) POC (-) P-value

Age 75 years
Control 28 7 21 0.601
Tiotropium 31 6 25

Age 75 years
Control 12 4 8 0.409
Tiotropium 11 2 9

BMI 25 kg/m2

Control 34 8 26 0.947
Tiotropium 35 8 27

BMI 25 kg/m2

Control 7 3 4 0.051
Tiotropium 7 0 7

Smoking (-)
Control 26 6 20 0.749
Tiotropium 26 7 19

Smoking (+)
Control 14 5 9 0.044
Tiotropium 16 1 15

Mild COPD
Control 34 8 26 0.896
Tiotropium 36 8 28

Mode COPD
Control 6 3 3 0.046
Tiotropium 6 0 6

Open surgery
Control 28 8 20 0.763
Tiotropium 28 7 21

Laparoscopic surgery
Control 12 3 9 0.208
Tiotropium 14 1 13

DG
Control 19 4 15 0.545
Tiotropium 28 4 24

TG or PG
Control 21 7 14 0.766
Tiotropium 14 4 10

Abbreviations: POC, postoperative complication; BMI, body mass index; DG, distal 
gastrectomy; TG, total gastrectomy; PG, proximal gastrectomy.

Figure 4 Changed percentage of postoperative FEV1/FVC compared with 
preoperative values.
Notes: In comparison with the preoperative values, postoperative FEV1/FVC was 
4.7% in the control group and 6.7% in the tiotropium group. There was also no 
significant difference in FEV1/FVC among the two groups.
Abbreviation: FEV1/FVC, ratio of forced expiratory volume after 1 second to 
forced vital capacity.

before surgery, and at 2 weeks postoperatively. However, 

conduction of three spirometry tests for gastrectomy is not 

allowed by health insurance schemes. The reduction rate for 

FEV
1
 might be large, if the values just before surgery and 

after surgery are compared. Interestingly, the postoperative 

spirometry results in many of our patients with mild COPD 

were the same as those of non-COPD gastric cancer patients 

(Table 2). This implies that, in gastric cancer patients with 

mild COPD, pulmonary rehabilitation alone can result in 

sufficient improvement even within the limited preopera-

tive period.
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Unfortunately, our results did not provide any evidence 

for differences in the frequency of POCs, including POPCs, 

between the control and tiotropium-treated patients. However, 

this study had important limitations: the number of patients with 

moderate COPD was small and patients with severe COPD 

were not included. Nonetheless, by stratifying patients accord-

ing to risk factors for POPCs, the effects of tiotropium interven-

tion could be evaluated accurately. Thus, a subgroup analysis 

showed that perioperative tiotropium intervention significantly 

decreased the rate of POCs in patients who are smokers and 

with moderate COPD. Kobayashi et al14 also reported that 

the response to tiotropium was more effective in lung cancer 

patients in accordance with the severity of COPD.

In conclusion, although patients undergoing upper 

abdominal surgery are prone to respiratory complications, 

among those with mild COPD, simple pulmonary rehabili-

tation alone may be sufficient to avoid such complications. 

Despite the absence of differences in postoperative out-

comes between our control and tiotropium-treated patients, 

perioperative tiotropium intervention may still be beneficial 

for gastric cancer patients with moderate-to-severe COPD.  

A study based on a larger sample size of gastric cancer patients 

with moderate-to-severe COPD is needed to further evaluate 

the efficacy of perioperative tiotropium intervention.
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