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Purpose: Triple therapy using salmeterol/fluticasone propionate (FP) and tiotropium bromide is 

commonly used to treat chronic obstructive pulmonary disease (COPD), but sparse efficacy data 

exist in COPD patients with fewer symptoms and with a lower dose of inhaled corticosteroid 

in Japanese patients. The effects of of salmeterol/fluticasone propionate 50/250 µg (SFC250) 

twice daily plus tiotropium 18 µg (TIO) once daily and individual treatments on lung function 

were compared.

Patients and methods: Fifty three Japanese COPD patients participated in this randomized, 

double-blind, double-dummy, Williams square design crossover study. Lung function was 

assessed by plethysmography and spirometry.

Results: The primary endpoint of postdose specific airway conductance area under the curve 

(AUC
0–4h

) on day 28 was significantly higher following SFC250 + TIO (0.854) compared with 

TIO (0.737, 15.8%) and SFC250 (0.663, 28.8%) alone. SFC250 + TIO significantly improved 

trough forced expiratory volume in 1 second from baseline versus TIO (0.161 L, P,0.001) and 

SFC250 (0.103 L, P=0.008). SFC250 + TIO significantly improved residual volume compared 

with TIO (P,0.001) and SFC250 (P=0.003) on day 28. Nonsignificant improvements were 

seen in trough inspiratory capacity, total lung capacity, and thoracic gas volume. There was no 

mean change seen in rescue medication.

Conclusion: Triple therapy using SFC250 + TIO was well tolerated and gave a greater 

improvement in bronchodilation compared with TIO and SFC250 alone in Japanese patients 

with COPD. There was improvement in few symptoms, but no mean change was seen in patient-

reported outcomes measured by rescue medication use.

Keywords: COPD, fluticasone propionate, plethysmography, salmeterol, spirometry, triple 

therapy

Introduction
The aims of chronic obstructive pulmonary disease (COPD) pharmacotherapy are to 

reduce symptoms, reduce the frequency and severity of exacerbations, and improve 

health status and exercise tolerance.1 Bronchodilators, such as long-acting β2 agonists 

(LABAs) and long-acting anticholinergics, are often prescribed as monotherapy. 
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However, this strategy is now considered suboptimal, with 

patients remaining symptomatic.2,3

The combination of inhaled corticosteroid (ICS), flutica-

sone propionate (FP), and LABA, salmeterol, controls COPD 

exacerbations better than ICS alone.4–6 Tiotropium bromide 

18 µg (TIO) is also proven to provide effective, 24-hour 

bronchodilation and symptom relief.4,7,8

Salmeterol/fluticasone propionate (SFC) and TIO are fre-

quently coprescribed to treat COPD. Combining long-acting 

anticholinergics with LABA and ICS, the so-called “triple 

therapy”, is commonly used in clinical practice in Japan9 and 

is advocated by current guidelines for the treatment of severe 

COPD.1,3 The combined use of SFC 50/500 µg plus TIO has 

demonstrated a significantly greater effect on lung function 

compared with either of the treatments alone.4,10 However, SFC 

50/500 µg is not licensed for treating COPD in Japan. Signifi-

cantly greater improvements in lung function and changes to 

airway dimensions were seen with the lower FP dose used in 

SFC 50/250 µg (SFC250) when combined with TIO compared 

to TIO, SFC250, and salmeterol alone.11 Other studies have 

shown the same effects, but did not include a SFC alone arm 

to fully evaluate the contribution of TIO to the effect of the 

triple combination.9,12,13 Information about the effects on lung 

function after treatment with SFC250 plus TIO compared 

with either of the individual treatments is sparse.11 This is in 

contrast to the effect with SFC 50/500 µg plus TIO, which was 

demonstrated by Singh et al using both spirometry and body 

plethysmography to measure lung function in COPD.4

This study replicates the design of the Singh study with 

three important differences: 1) we recruited patients with 

a modified Medical Research Council (mMRC) score of 1 

or more, making ours a study in a milder group of COPD 

patients in terms of symptoms, whereas Singh et al4 recruited 

patients with a mMRC score greater than 1; 2) we used 

250 µg FP not 500 µg; and 3) our treatment period was 

28 days not 14 days.

Data regarding the use of SFC250 plus TIO in Japan are 

limited. Therefore, our aim was to compare the effects of 

SFC250 twice daily plus TIO once daily with the individual 

treatments on lung function and volume in Japanese COPD 

patients to provide further evidence to support the effect of 

“triple therapy” for appropriate patients.

Patients and methods
Patient population
Figure 1 shows the study design with dosing regimen and 

period. Patients with COPD diagnosed according to current 

guidelines were recruited from February to June 2013 (last 

patient’s last visit: November 2013) by three centers across 

Japan. Patients were aged 40–80 years (inclusive) and had 

a smoking history of .10 pack years, postbronchodila-

tor forced expiratory volume in 1 second (FEV
1
) $30% 

to #75% predicted normal, postbronchodilator FEV
1
/forced 

vital capacity (FVC) ratio ,70%, and mMRC Dyspnoea 

Scale score $1.

Exclusion criteria included a diagnosis of asthma; any 

respiratory disorder other than COPD; previous lung surgery; 

current pulmonary rehabilitation; regular long-term oxygen 

use $12 hours/day; exacerbation; use of parenteral, oral, or 

depot corticosteroids; change in COPD medication; use of 

Figure 1 Study design flow diagram.
Abbreviations: SFC, salmeterol/fluticasone propionate; TIO, tiotropium bromide.
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antibiotics in the 4 weeks before screening; or hospitalization 

within the past year for an exacerbation.

All patients gave written informed consent. The study 

protocol was approved by the appropriate institutional 

review boards (Asahikawa Medical Center Institutional 

Review Board; ID# 12-b-1, Ibarakihigashi National Hospital 

Institutional Review Board, and AMC Nishi-umeda Clinic 

Institutional Review Board), and the study was conducted in 

accordance with good clinical practice guidelines and the 

Declaration of Helsinki 2008.

study design
This was a randomized, double-blind, double-dummy, 

Williams square design crossover study.14 Patients entered 

a 2-week washout period having discontinued all existing 

COPD medications. Eligible patients were then randomized 

to one of six treatment sequences (Figure 1). Each patient 

received all three treatments of SFC250 twice daily plus 

TIO once daily, SFC250 twice daily, or TIO once daily, for 

4 weeks. SFC250 was administered via Diskus™ inhaler 

(GlaxoSmithKline, Middlesex, UK), TIO via HandiHaler® 

(Boehringer Ingelheim, Ingelheim, Germany). Two-week 

washout periods separated each treatment period. After 

randomization, only salbutamol was allowed in addition to 

the study medication.

Lung function measurements were performed on days 1 

and 28 of each treatment period, and salbutamol was with-

held for 6 hours premeasurement. Follow-up was 2 weeks 

after the end of treatment or study withdrawal. Total study 

duration was 20 weeks.

Patients were randomly assigned to a treatment sequence 

by site staff using the randomization schedule from the 

validated GlaxoSmithKline Registration and Medication 

Ordering System. Treatment compliance was assessed at 

each posttreatment visit by recording the number of doses 

remaining in each Diskus™ and the number of capsules 

remaining for each HandiHaler®.

assessments
Pulmonary function
Specific airway conductance (sGaw) and specific airway 

resistance (sRaw) were recorded pre- and postdose (30, 75, 

120, and 240 minutes) on days 1 and 28 of each treatment 

period. FEV
1
, FVC, inspiratory capacity (IC), residual 

volume (RV), total lung capacity (TLC), and thoracic gas 

volume (TGV) were assessed pre- and postdose (120 and 

240 minutes) on days 1 and 28 of each treatment period 

after sGaw was recorded. sGaw, FEV
1
, FVC, IC, and TGV 

were assessed using a constant volume plethysmograph 

(MasterScreen® Body, eResearch Technology GmbH, 

Philadelphia, PA, USA); sRaw, TLC, and RV were calcu-

lated from these parameters. Triplicate measurements were 

recorded and the mean was used for analysis.

Diary cards and symptoms
Patients completed daily record cards to record the number 

of occasions they used rescue medication over a 24-hour 

period between the first dose on that day and the first dose 

on the next day.

safety
Adverse events (AEs) were documented at each visit; vital 

signs and 12-lead electrocardiograms were taken at screen-

ing only.

statistical methods
The treatment comparisons were SFC250 + TIO versus TIO 

and SFC250 + TIO versus SFC250 and were considered of 

equal importance. Based on previous data,15 a 15% decrease 

in sGaw for the individual treatments compared with 

SFC250 + TIO was considered clinically relevant. To detect a 

15% decrease in AUC
0–4h

 sGaw between one individual treat-

ment and SFC250 + TIO with 90% power, a two-sided 0.025 

significance level and a within-patient standard deviation of 

0.1652 (log transformed sGaw) and to ensure $90% power to 

detect 15% difference in sRaw using a standard deviation of 

0.1725, 48 randomized patients were needed; so, 36 patients 

completed $2 treatment periods.

The modified intent-to-treat (mITT) population was the 

primary population for the efficacy analysis (Figure 2).

The primary efficacy endpoint was postmorning dose, 

AUC
0–4h

 sGaw on day 28. sGaw AUC
0–4h

 was log transformed 

and analyzed using a mixed model with treatment, period, 

baseline, and mean baseline included as fixed effects, and 

patient fit as a random effect. Analyses were adjusted for 

baseline (log-transformed predose value on day 1 of each 

treatment period) and mean baseline (mean of the three 

baselines for each patient) to account for the patient’s status 

at the beginning of each treatment. Denominator degrees 

of freedom were approximated and bias was corrected 

in the estimated variance–covariance matrix of the fixed 

effects.16

Treatment ratios for the comparison of SFC250 + TIO 

with TIO and SFC250 were calculated from the antilog of the 

difference between least square means. The 97.5% and 95% 

confidence intervals were calculated using pooled estimates 
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of variance for the difference, and the antilog values were 

reported. Adjusted means and differences in logged data were 

converted to geometric mean ratios. An adjusted geometric 

mean ratio =1 indicated no difference between the treatments 

or time points compared; .1 indicated a positive difference, 

and ,1 indicated a negative difference. The 97.5% confi-

dence interval was used to draw conclusions regarding the 

relative efficacy of the treatments to account for the two 

equally important treatment comparisons, with a P-value 

of ,0.025 being significant.

The 2-week washout period between treatment periods 

was considered sufficient to minimize carryover effects, so 

treatment by period interaction and carryover effects were 

not formally investigated.

Secondary end points, FEV
1
, FVC, IC, RV, TLC, TGV, 

and postdose sRaw and sGaw, were analyzed in a similar 

way to the primary efficacy parameter, although FEV
1
 and 

FVC were not log transformed prior to analysis. Analyses 

for days 1 and 28 were performed separately. The number 

of occasions salbutamol was used as rescue medication in 

a 24-hour period was recorded. All on-treatment AEs were 

summarized. Events with onset during the washout and 

follow-up periods were considered to have onset on the 

previously received treatment.

Results
Patient demographics and disposition
Patient demographic and baseline characteristics are sum-

marized in Table 1. Of the 59 patients screened, 53 were 

randomized, of which 50 comprised the mITT population 

(Figure 2). During each treatment period, treatment compli-

ance was .80% or ,120%.

•

Figure 2 CONSORT flow diagram.
Note: aModified intent-to-treat (mITT) population comprised patients who received $1 dose of study medication and completed $2 treatment periods and who had a 
baseline and at least one on treatment sgaw assessment measure.
Abbreviations: AE, adverse event; SFC, salmeterol/fluticasone propionate; sGaw, specific airway conductance; TIO, tiotropium bromide.
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Efficacy
Pulmonary function
sgaw
AUC

0–4h
 sGaw on day 28, following the postmorning dose of 

SFC250 + TIO, showed significant and clinically meaning-

ful improvements over TIO (15.8%) and SFC250 (28.8%) 

alone. Ratios of SFC250 + TIO over TIO and SFC250 were 

statistically significant on days 1 and 28 (Table 2).

SFC250 + TIO also produced improvements in trough 

and postdose mean sGaw on days 1 and 28 at all timepoints 

(Figure 3A; Tables S1 and S2) with significant differences 

versus components on day 28. Changes in sRaw reflected 

those of sGaw (Tables 3, S1, S2).

spirometry
SFC250 + TIO and its individual components improved mean 

FEV
1 
over time on days 1 and 28 (Figure 3B). On day 28, 

SFC250 + TIO provided significantly greater improvements 

in trough FEV
1
 compared with TIO and SFC250 (Table 3) and 

in postdose FEV
1
 (Tables S3 and S4). No significant treatment 

differences were seen on day 1 (Tables S3 and S4).

lung volumes
On day 28, SFC250 + TIO provided a significantly greater 

improvement in trough RV but not in trough IC, TLC, or 

TGV compared with TIO and SFC250 (Table 3). On day 28, 

SFC250 + TIO produced improvements in postdose RV 

compared to both components (Figure 3C). Statistical sig-

nificance was observed for postdose RV immediately after 

dosing (time =0) on day 28 for SFC250 + TIO compared to 

TIO and SFC250 (Tables S3, S4). Improvements on day 28 

were also seen in postdose TGV, IC, and TLC following treat-

ment with SFC250 + TIO compared to each component, but 

none were significant (Table S4). Improvements were seen 

for all parameters for their adjusted mean values on day 1, 

but none were significant (Table S3).

Diary cards and symptoms
Rescue medication usage was similar across all three groups 

(number of occasions per 24-hour period) for the 70% of 

patients in the mITT population who were mMRC =1; similar 

rescue medication usage was also seen in approximately 30% 

of patients with mMRC $2, although usage was numerically 

higher than that in the milder group (Table 4).

Table 1 summary of demographics and baseline characteristics 
(mITT population)

Characteristics mITT population 
(N=50)

Number of males/females, n (%) 49 (98)/1 (2)
Mean age (range), years 67.3 (49.0–79.0)
Mean height (range), cm 164.0 (151.0–175.0)
Mean weight (range), kg 60.4 (35.0–85.8)
smoking history

Current/former, n (%) 18 (36)/32 (64)
Mean number of pack years (range) 46.6 (15.0–114.0)

Mean COPD history (range), years 3.1 (0.0–13.7)
Mean CAT score (range) 11.5 (2.0–28.0)
mMRC dyspnoea score, n (%)

grade 1 34 (68)
grade 2 15 (30)
grade 3 1 (2)

Postdose mean % predicted normal  
FeV1 (range), %

59.3 (36.7–75.0)

% reversibility FEV1 (range), % 4.1 (-10.0 to 29.0)
Mean number of exacerbations in last year (range)

steroid/antibiotic free 0.0 (0.0–0.0)
With steroids/antibiotics 0.1 (0.0–1.0)
hospitalization 0.0 (0.0–0.0)

Note: n refers to the number of patients in mITT population.
Abbreviations: CaT, COPD assessment test; COPD, chronic obstructive pulmonary 
disease; FeV1, forced expiratory volume in 1 second; mITT, modified intent-to-treat; 
mMRC, modified Medical Research Council.

Table 2 analysis of sgaw aUC0–4h on days 1 and 28 (mITT population)

SGaw AUC0–4h SFC250 + TIO  
(N=50)

TIO (N=50) SFC250  
(N=50)

Day 1
Endpoint adjusted geometric mean (SE log) 0.752 (0.0185) 0.702 (0.0186) 0.704 (0.0185)
ratio of sFC250 + TIO to individual treatment (SE log) 1.071 (0.0263) 1.068 (0.0261)
97.5% CI 1.009, 1.136 1.007, 1.133
P-value 0.011 0.013

Day 28
Endpoint adjusted geometric mean (SE log) 0.854 (0.0183) 0.737 (0.0183) 0.663 (0.0182)
ratio of sFC250 + TIO to individual treatment (SE log) 1.158 (0.0260) 1.288 (0.0258)
97.5% CI 1.092, 1.228 1.215, 1.366
P-value ,0.001 ,0.001

Abbreviations: AUC, area under the curve; CI, confidence interval; h, hours; mITT, modified intent-to-treat; SE, standard error; SFC, salmeterol/fluticasone propionate; 
sGaw, specific airway conductance; TIO, tiotropium bromide.
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⋅

Figure 3 (A) sGaw, (B) FEV1, and (C) RV on days 1 and 28 of treatment.
Abbreviations: mITT, modified intent-to-treat; FEV1, forced expiratory volume in 1 second; sGaw, specific airways conductance; RV, residual volume; SFC, salmeterol/
fluticasone propionate combination; TIO, tiotropium bromide; min, minutes; h, hours.

Table 3 Change from baseline in trough pulmonary function tests on day 28 (mITT population)

SFC250 + TIO vs TIO (n=50) SFC250 + TIO vs SFC250 (n=50)

Differencea 97.5% CI P-value Differencea 97.5% CI P-value

spirometry
FeV1 (L) 0.161 0.075, 0.247 ,0.001 0.103 0.017, 0.189 0.008
FVC (L) 0.104 -0.016, 0.225 0.051 0.148 0.028, 0.268 0.006

Plethysmography
sGaw (L/kPa⋅s) 0.116 0.055, 0.177 ,0.001 0.147 0.086, 0.208 ,0.001
sRaw (kPa/[L/s]) -0.374 -0.600, -0.148 ,0.001 -0.413 -0.638, -0.187 ,0.001
RV (L) -0.229 -0.374, -0.085 ,0.001 -0.189 -0.332, -0.046 0.003
TGV (L) -0.092 -0.213, -0.029 0.085 -0.091 -0.211, -0.028 0.083
IC (L) -0.008 -0.136, 0.121 0.890 -0.008 -0.135, 0.119 0.890
TLC (L) -0.101 -0.219, 0.017 0.055 -0.105 -0.221, 0.012 0.044

Note: aDifference between sFC + TIO and individual treatment.
Abbreviations: CI, confidence interval; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; IC, inspiratory capacity; mITT, modified intent-to-treat;  
RV, residual volume; SFC, salmeterol/fluticasone propionate; sGaw, specific airway conductance; sRaw, specific airway resistance; TGV, thoracic gas volume; TIO, tiotropium 
bromide; TlC, total lung capacity.
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Table 4 Use of rescue medication presented as the mean number 
of occasions per 24-hour period

Treatment SFC250 + TIO TIO SFC250

mITT population
n 50 50 50
Mean (SD) 0.2 (0.62) 0.3 (0.82) 0.2 (0.55)

mMrC =1
n 34 34 34
Mean (SD) 0.1 (0.54) 0.2 (0.71) 0.1 (0.40)

mMrC $2
n 16 16 16
Mean (SD) 0.4 (0.74) 0.6 (0.95) 0.4 (0.73)

Note: n, number of patients in the mITT population.
Abbreviations: mITT, modified intent-to-treat; mMRC, modified Medical Research 
Council; SFC, salmeterol/fluticasone propionate; SD, standard deviation; TIO, 
tiotropium bromide.

safety
All treatments were well tolerated, with AEs reported by 

33% (SFC + TIO), 16% (TIO), and 22% (SFC) of patients 

(Table 5). Two serious AEs were reported, both following 

SFC250 + TIO treatment, and were considered unrelated to 

the study treatment: prinzmetal angina (one patient) was of 

moderate intensity and lumbar spinal stenosis (one patient) 

was of mild intensity.

Discussion
Repeat-dose SFC250 + TIO was more effective in improv-

ing sGaw compared to TIO or SFC250, with significant 

improvements observed on days 1 and 28 up to 4 hours 

postdose. These improvements were considered clinically 

relevant and met the primary aim of the study to increase 

sGaw AUC
0–4h

 by 15%.

This was the first statistically powered study to be per-

formed in Japanese patients with mild COPD investigating 

the effects of triple therapy on lung function using SFC250. 

The improvements we saw in sGaw were comparable with 

those observed in the Western population (22% improvement 

over TIO and 27% over SFC 50/500 µg alone) studied by 

Singh et al4 over 14 days.

Although previous studies have investigated the benefits 

of triple therapy in a Japanese COPD population,9 this study 

Table 5 Adverse events occurring in greater than 3% patients (safety population)

System order class Preferred term SFC250 + TIO (N=52) TIO (N=51) SFC250 (N=51)

any event 17 (33%) 8 (16%) 11 (22%)
Infections and infestations nasopharyngitis 3 (6%) 1 (2%) 1 (2%)
respiratory, thoracic, and mediastinal disorders Dysphonia 5 (10%) 1 (2%) 3 (6%)
Musculoskeletal and connective tissue disorders arthralgia 2 (4%) 0 0

Abbreviations: SFC, salmeterol/fluticasone propionate; TIO, tiotropium bromide.

was the first to use whole-body plethysmography and to 

include an SFC250 arm to fully evaluate the contribution 

of TIO under blinded conditions. sGaw is a more sensitive 

measurement for detecting lung function changes in COPD 

patients than the more commonly used FEV
1
,
 
therefore, 

a smaller sample size can be used in clinical trials.4,15,17,18 

Plethysmography is not routinely used in clinical practice or 

studies due to its complexity, however, as it was used in the 

study conducted by Singh et al4 it was important to include it 

in our study to provide a comparison. It has been postulated 

that sGaw provides data on the large central airways.19–21 

Therefore, to give a comprehensive assessment of lung func-

tion and lung volumes, we also included the more traditional 

measurements of FEV
1
 and FVC; these describe the more 

clinically relevant small airways. Improvements in these 

parameters reflected those of sGaw on day 28 and concurred 

with previous data using SFC25011 and SFC 50/500.4 This is 

consistent with our finding of a nonsignificant trend in the 

difference in sGaw between TIO and SFC250 by day 28 (but 

not day 1), although FEV
1
 changes were similar.

Day 28 trough RV, TGV IC, and TLC confirmed that 

triple therapy was more effective in enhancing lung volume 

and reducing lung hyperinflation than each individual 

component, and this was in agreement with previous data.4 

SFC250 + TIO significantly improved trough RV compared 

to each component, which concurred with other data.4 

TGV represented a novel aspect of our study not measured 

previously.4

Improvements were seen in all parameters on day 1 

postdose, but significant differences between SFC250 + TIO 

and SFC250 or TIO alone were only observed for sGaw and 

its derivative, sRaw.

The majority of patients in this study were mMRC =1 

(70%) and did not use rescue medication during the study 

while on active treatment. Although SFC250 + TIO is widely 

used, there is limited evidence to support this approach, 

particularly using FP 250 µg in milder COPD patients of 

Japanese origin. Published data largely advocate the use of 

triple therapy in Western COPD populations and using SFC 

50/500.4,10,22–24 A parallel group, 16-week study compared 
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the effects of SFC250 + TIO on lung function (FEV
1
, FVC, 

RV, TLC, IC, and functional residual capacity) with SFC250, 

TIO, and salmeterol. Triple therapy produced significantly 

greater improvements in FEV
1
, FVC, RV, and TLC versus 

TIO, salmeterol, and SFC250 (except FVC).11 However, the 

study was open label, which may have introduced bias, with a 

small sample size per arm, (range: 14–16) and body plethys-

mography was not utilized to measure lung function.11

Our study had limitations. It was powered to explore the 

effect of triple therapy on lung function rather than symptoms 

and was not designed to look at the effect on exacerbations. 

Adequately powered studies are now needed to explore the 

longer term effects of triple therapy, including the impact 

on symptoms and exacerbation rates. Our observations are 

relevant to a Japanese population with milder COPD rather 

than a particular subgroup or phenotype. ICS + LABA is 

recommended for patients who have risk of exacerbation 

(GOLD Group C/D); triple therapy is recommended for 

GOLD group D.1 However, our study was conducted in 

patients with a low risk of exacerbation to assess pulmonary 

function parameters as efficiently as possible: exacerbations 

can cause daily variation in COPD symptoms, including lung 

function. Furthermore, exacerbations may increase the risk 

of patient withdrawal from the study, which would impact 

outcome validity in a crossover study. The crossover design 

may also make the safety analysis of each treatment more 

difficult due to the possibility of carryover effects. Carryover 

effects on efficacy endpoints were considered unlikely and 

negligible, so a crossover design had the advantage that 

each patient was their own control. The study design could 

not establish when and how symptoms and exacerbations 

should be used to optimize treatment. A study to answer this 

question is ongoing.2

Conclusion
SFC250 + TIO treatment for 28 days led to greater improve-

ments in bronchodilation compared with TIO or SFC250 

and was well tolerated in Japanese COPD patients. The 

advantages of triple therapy were observed across a range 

of physiologically important parameters. Therefore, our 

study substantiates current knowledge that SFC250 + TIO 

is more effective than either TIO or SFC250 in improving 

lung function.
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Table S3 Change from baseline pulmonary function tests (mITT population)

Time (minutes) Day 1 Day 28

0 120 240 0 120 240

FeV1

sFC250 + TIO 0.203 (0.0147) 0.216 (0.0147) 0.237 (0.0269) 0.328 (0.0176) 0.326 (0.0176)
TIO 0.170 (0.0147)

0.085
0.192 (0.0147)
0.222

0.076 (0.0269)
,0.001

0.174 (0.0176)
,0.001

0.170 (0.0176)
,0.001

sFC250 0.194 (0.0147)
0.645

0.209 (0.0147)
0.728

0.134 (0.0269)
0.008

0.195 (0.0176)
,0.001

0.189 (0.0177)
,0.001

FVC
sFC250 + TIO 0.269 (0.0290) 0.281 (0.0290) 0.265 (0.0403) 0.345 (0.0258) 0.319 (0.0258)
TIO 0.255 (0.0290)

0.727
0.233 (0.0290)
0.224

0.161 (0.0403)
0.051

0.253 (0.0258)
0.012

0.256 (0.0258)
0.082

sFC250 0.291 (0.0290)
0.578

0.276 (0.0290)
0.902

0.117 (0.0403)
0.006

0.227 (0.0258)
0.001

0.153 (0.0261)
,0.001

FeV1/FVC ratio
sFC250 + TIO 0.025 (0.0033) 0.026 (0.0033) 0.030 (0.0052) 0.049 (0.0039) 0.050 (0.0039)
TIO 0.016 (0.0033)

0.036
0.024 (0.0033)
0.674

0.003 (0.0052)
,0.001

0.020 (0.0039)
,0.001

0.016 (0.0039)
,0.001

sFC250 0.021 (0.0033)
0.327

0.027 (0.0033)
0.870

0.022 (0.0052)
0.223

0.027 (0.0039)
,0.001

0.032 (0.0039)
0.001

rV
sFC250 + TIO -0.368 (0.0300) -0.407 (0.0306) -0.382 (0.0543) -0.428 (0.0360) -0.443 (0.0360)
TIO -0.348 (0.0312)

0.634
-0.346 (0.0315)
0.155

-0.153 (0.0542)
,0.001

-0.360 (0.0366)
0.183

-0.370 (0.0366)
0.158

sFC250 -0.373 (0.0303)
0.906

-0.466 (0.0299)
0.158

-0.193 (0.0533)
0.003

-0.326 (0.0355)
0.045

-0.355 (0.0355)
0.082

TgV
sFC250 + TIO -0.274 (0.0259) -0.333 (0.0265) -0.210 (0.0414) -0.317 (0.0262) -0.396 (0.0262)
TIO -0.307 (0.0270)

0.384
-0.291 (0.0273)
0.268

-0.118 (0.0414)
0.085

-0.274 (0.0267)
0.249

-0.319 (0.0267)
0.039

sFC250 -0.296 (0.0262)
0.559

-0.424 (0.0259)
0.014

-0.119 (0.0405)
0.083

-0.242 (0.0259)
0.043

-0.314 (0.0259)
0.026

IC
sFC250 + TIO 0.142 (0.0239) 0.189 (0.0244) 0.043 (0.0415) 0.176 (0.0257) 0.241 (0.0257)
TIO 0.180 (0.0250)

0.269
0.176 (0.0253)
0.714

0.051 (0.0414)
0.890

0.120 (0.0262)
0.133

0.158 (0.0262)
0.025

sFC250 0.174 (0.0242)
0.347

0.229 (0.0239)
0.249

0.051 (0.0405)
0.890

0.118 (0.0254)
0.112

0.144 (0.0254)
0.008

TlC
sFC250 + TIO -0.140 (0.0226) -0.149 (0.0230) -0.168 (0.0395) -0.142 (0.0250) -0.156 (0.0250)
TIO -0.125 (0.0235)

0.637
-0.113 (0.0238)
0.275

-0.068 (0.0394)
0.055

-0.152 (0.0255)
0.763

-0.160 (0.0255)
0.919

sFC250 -0.115 (0.0228)
0.426

-0.191 (0.0225)
0.195

-0.064 (0.0386)
0.044

-0.121 (0.0247)
0.554

-0.170 (0.0247)
0.706

IC/TlC ratio
sFC250 + TIO 0.028 (0.0032) 0.036 (0.0033) 0.015 (0.0052) 0.033 (0.0033) 0.044 (0.0033)
TIO 0.033 (0.0033)

0.248
0.032 (0.0034)
0.357

0.010 (0.0052)
0.475

0.027 (0.0034)
0.213

0.033 (0.0034)
0.017

sFC250 0.032 (0.0032)
0.370

0.045 (0.0032)
0.040

0.010 (0.0051)
0.462

0.024 (0.0033)
0.063

0.031 (0.0033)
0.005

Notes: Values in the table are given as adjusted mean (standard error). P-values (if present) represent treatment difference.
Abbreviations: FeV1, forced expiratory volume in 1 second; FVC, forced vital capacity; IC, inspiratory capacity; rV, residual volume; TgV, thoracic gas volume;  
TIO, tiotropium; TLC, total lung capacity; mITT, modified intent-to-treat.
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Table S4 Postdose raw mean (standard deviation) pulmonary function test values (mITT population)

Time (minutes) Day 1 Day 28

0 120 240 0 120 240

FeV1

sFC250 + TIO 1.522 (0.4462) 1.728 (0.4553) 1.741 (0.4582) 1.760 (0.5244) 1.856 (0.5040) 1.854 (0.5286)
TIO 1.523 (0.4750) 1.696 (0.4912) 1.718 (0.5029) 1.599 (0.4709) 1.703 (0.4614) 1.698 (0.4888)
sFC250 1.542 (0.4989) 1.731 (0.4859) 1.746 (0.4820) 1.676 (0.5301) 1.723 (0.5198) 1.712 (0.5248)

FVC
sFC250 + TIO 3.253 (0.6491) 3.532 (0.7369) 3.544 (0.7266) 3.520 (0.7388) 3.613 (0.7303) 3.588 (0.7214)
TIO 3.271 (0.6856) 3.526 (0.7176) 3.503 (0.7085) 3.431 (0.7062) 3.521 (0.6966) 3.524 (0.6929)
sFC250 3.284 (0.7293) 3.566 (0.7420) 3.550 (0.7273) 3.400 (0.7011) 3.496 (0.7395) 3.428 (0.7010)

FeV1/FVC ratio
sFC250 + TIO 0.471 (0.1139) 0.496 (0.1139) 0.497 (0.1134) 0.501 (0.1148) 0.519 (0.1154) 0.519 (0.1129)
TIO 0.467 (0.1174) 0.485 (0.1151) 0.493 (0.1162) 0.470 (0.1178) 0.489 (0.1168) 0.485 (0.1183)
sFC250 0.470 (0.1137) 0.491 (0.1165) 0.497 (0.1165) 0.492 (0.1159) 0.497 (0.1208) 0.499 (0.1122)

rV
sFC250 + TIO 3.477 (0.6932) 3.088 (0.5778) 3.035 (0.5362) 3.095 (0.6857) 2.989 (0.5587) 2.988 (0.5713)
TIO 3.421 (0.7140) 3.069 (0.5537) 3.032 (0.6173) 3.268 (0.6212) 3.051 (0.6197) 3.041 (0.6020)
sFC250 3.366 (0.7503) 3.021 (0.6078) 2.930 (0.5694) 3.200 (0.6806) 3.096 (0.6485) 3.068 (0.6568)

TgV
sFC250 + TIO 4.373 (0.7405) 4.084 (0.6667) 4.029 (0.7164) 4.141 (0.7349) 4.021 (0.7128) 3.954 (0.6936)
TIO 4.354 (0.8071) 4.033 (0.7088) 4.053 (0.7017) 4.239 (0.7256) 4.069 (0.7296) 4.024 (0.6820)
sFC250 4.336 (0.8103) 4.031 (0.6854) 3.918 (0.6980) 4.236 (0.7495) 4.111 (0.7311) 4.039 (0.7502)

IC
sFC250 + TIO 2.301 (0.5075) 2.441 (0.5534) 2.489 (0.5678) 2.378 (0.5455) 2.479 (0.6204) 2.532 (0.5926)
TIO 2.300 (0.5304) 2.459 (0.5717) 2.453 (0.6691) 2.341 (0.5843) 2.411 (0.5163) 2.461 (0.5153)
sFC250 2.274 (0.5455) 2.455 (0.5519) 2.510 (0.5604) 2.333 (0.5376) 2.414 (0.5339) 2.440 (0.5609)

TlC
sFC250 + TIO 6.673 (0.8505) 6.524 (0.8505) 6.517 (0.9140) 6.519 (0.9129) 6.500 (0.9169) 6.486 (0.9131)
TIO 6.653 (0.9622) 6.491 (0.9433) 6.505 (0.9839) 6.580 (0.9397) 6.479 (0.8901) 6.484 (0.8858)
sFC250 6.608 (0.9389) 6.486 (0.9174) 6.427 (0.8924) 6.569 (0.9356) 6.526 (0.9358) 6.477 (0.9443)

IC/TlC ratio
sFC250 + TIO 0.345 (0.0675) 0.374 (0.0675) 0.382 (0.0696) 0.365 (0.0672) 0.380 (0.0744) 0.390 (0.0699)
TIO 0.346 (0.0694) 0.378 (0.0671) 0.374 (0.0826) 0.355 (0.0686) 0.373 (0.0652) 0.380 (0.0609)
sFC250 0.345 (0.0716) 0.378 (0.0649) 0.390 (0.0681) 0.355 (0.0667) 0.370 (0.0643) 0.377 (0.0685)

Abbreviations: FeV1, forced expiratory volume in 1 second; FVC, forced vital capacity; IC, inspiratory capacity; rV, residual volume; TgV, thoracic gas volume;  
SFC, salmeterol/fluticasone propionate; TIO, tiotropium; TLC, total lung capacity; mITT, modified intent-to-treat.
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