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Introduction: Patients with COPD who remain symptomatic on long-acting bronchodilator
monotherapy may benefit from step-up therapy to a long-acting bronchodilator combination.
This study evaluated the efficacy and safety of umeclidinium (UMEC)/vilanterol (VI) in patients
with moderate COPD who remained symptomatic on tiotropium (TIO).
Methods: In this randomized, blinded, double-dummy, parallel-group study (NCT01899742),
patients (N=494) who were prescribed TIO for 3 months at screening (forced expiratory
volume in 1 s [FEV1]: 50%–70% of predicted; modified Medical Research Council [mMRC]
score 1) and completed a 4-week run-in with TIO were randomized to UMEC/VI 62.5/25 µg
or TIO 18 µg for 12 weeks. Efficacy assessments included trough FEV1 at Day 85 (primary end
point), 0–3 h serial FEV1, rescue medication use, Transition Dyspnea Index (TDI), St George’s
Respiratory Questionnaire (SGRQ), and COPD Assessment Test (CAT). Safety evaluations
included adverse events (AEs).
Results: Compared with TIO, UMEC/VI produced greater improvements in trough FEV1
(least squares [LS] mean difference: 88 mL at Day 85 [95% confidence interval {CI}: 45–131];
P0.001) and FEV1 after 5 min on Day 1 (50 mL [95% CI: 27–72]; P0.001). Reductions
in rescue medication use over 12 weeks were greater with UMEC/VI versus TIO (LS mean
change: −0.1 puffs/d [95% CI: −0.2–0.0]; P0.05). More patients achieved clinically meaningful improvements in TDI score (1 unit) with UMEC/VI (63%) versus TIO (49%; odds
ratio at Day 84=1.78 [95% CI: 1.21–2.64]; P0.01). Improvements in SGRQ and CAT scores
were similar between treatments. The incidence of AEs was similar with UMEC/VI (30%)
and TIO (31%).
Conclusion: UMEC/VI step-up therapy provides clinical benefit over TIO monotherapy in
patients with moderate COPD who are symptomatic on TIO alone.
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Despite the availability of effective bronchodilator therapies, ~90% of patients with
COPD remain symptomatic on long-acting muscarinic antagonist (LAMA) monotherapy or long-acting β2-agonist (LABA) monotherapy, and step-up therapy to a
long-acting bronchodilator combination may be beneficial.1 Indeed, the Global initiative
for chronic Obstructive Lung Disease (GOLD) guidelines recommend the alternative
use of LAMA and LABA combinations in patients who remain symptomatic on longacting bronchodilator monotherapy.2
The dual long-acting bronchodilator combination of the LAMA umeclidinium
(UMEC) and the LABA vilanterol (VI) is an approved maintenance treatment for COPD
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in the US, Canada, the EU, and several other countries.3–5
Previous clinical trials have shown that UMEC/VI provides
greater improvements in lung function than UMEC, VI, or
the LAMA tiotropium (TIO) monotherapy, with similar or
greater improvements in dyspnea, rescue medication use,
and health-related quality of life in patients with COPD.6–8
However, these studies recruited patients with moderate-tovery severe lung function impairment and high symptomatic
burden (GOLD B/D) and have not specifically evaluated
UMEC/VI in patients with moderate lung function impairment, who remained symptomatic despite regular use of
long-acting bronchodilator monotherapy.
This study evaluated the efficacy and safety of UMEC/VI
treatment compared with TIO in a less severe patient (GOLD
A/B) population than previous evaluations of UMEC/VI.

Methods
Study design
This was a multicenter, randomized, blinded, double-dummy,
parallel-group study (NCT01899742; GSK identifier:
DB2116960) performed from September 2014 to July 2015
at 64 study centers across nine countries (Argentina, Estonia,
Germany, Norway, Russian Federation, South Africa,
Sweden, Ukraine, and the US). Patients who completed a
4-week run-in period on open-label TIO (18 µg once-daily via
HandiHaler®) were randomized to receive blinded UMEC/VI
or TIO for 12 weeks.
Written informed consent was obtained from all patients
who participated in the study. The study was approved
by Ethik-Kommission der Landesaerztekammer Hessen
(Frankfurt-am-Main), as well as each relevant national,
regional, or independent ethics committee or institutional
review boards and was performed in accordance with the
International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for
Human Use Good Clinical Practice (ICH-GCP) guidelines
and all applicable patient privacy requirements and the
ethical principles outlined in the Declaration of Helsinki,
2013.9,10

Patients
Patients eligible for inclusion in the run-in period
were 40 years of age with a diagnosis of COPD according to the American Thoracic Society/European Respiratory
Society definition,11 had a post-salbutamol forced expiratory
volume in 1 s (FEV1) of 70% and 50% of normal predicted
values (moderate airflow limitation), had a modified Medical
Research Council (mMRC) Dyspnea Scale score of 1 at
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screening, and were prescribed TIO for at least 3 months
prior to screening. Exclusion criteria at screening included the
use of inhaled corticosteroids (ICS) or maintenance COPD
medications other than TIO in the 3 months prior to screening (including other LAMAs, LABAs, LAMA/LABA combinations, ICS/LABA combinations, phosphodiesterase-4
inhibitors, theophyllines, and oral β2-agonists), a current
diagnosis of asthma, respiratory diseases other than COPD
considered clinically significant by the study investigator,
and more than one moderate-to-severe COPD exacerbation
in the past 12 months (defined as worsening symptoms of
COPD requiring treatment with oral/systemic corticosteroids,
antibiotics, or in-patient hospitalization).
Patients were eligible for randomization after the 4-week
run-in period if they had an mMRC score 1 at randomization (mMRC scores range from 0 to 4, with higher scores
indicating greater impairment; an mMRC score of 1 refers to
patients reporting that “I get short of breath when hurrying
on the level or walking up a slight hill”), did not experience
moderate-to-severe exacerbations or lower respiratory tract
infections requiring antibiotic treatment between screening
and randomization, and had treatment compliance with TIO
of 80% and 120% during the run-in period.

Treatments
Patients were randomized in a 1:1 ratio using a random code
generator (RandAll) and assigned to treatment group via
an interactive voice/web recognition system. All patients
and physicians were masked to assigned treatment during
the studies. Patients received either once-daily UMEC/VI
62.5/25 µg via ELLIPTA® dry powder inhaler (DPI; delivering
55/22 µg4,5) and once-daily placebo via HandiHaler® or oncedaily TIO 18 µg (delivering 10 µg12,13) via the HandiHaler®
and once-daily placebo via ELLIPTA® DPI for 12 weeks.
As UMEC/VI and TIO are delivered via different inhaler
devices; a double-dummy design was used for dosing, where
patients received two inhalers, one containing active drug and
the other placebo. However, the TIO capsules had trade markings not present on the placebo capsules, although they were
closely matched in color. As the study had a parallel-group
design, the capsule type was consistent for each patient for
the duration of the study. Both the TIO and placebo blister
packages were covered with opaque overlabels to hide the
information on the TIO packaging. The HandiHaler® DPIs,
which were used with both TIO and placebo blisters, were
covered with labels to mask identifying marks on the inhaler.
Staff involved with safety and efficacy assessments were not
present during dosing in the clinic to maintain blinding.
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Outcomes and assessments
The primary end point was trough FEV1 on Day 85. The
secondary end point was FEV1 at 3 h postdose on Day 84.
Other lung function end points included trough FEV1 on
Days 2, 28, 56, and 84; serial FEV1 on Days 1, 28, and 56;
weighted mean FEV1 over 3 h on Days 1, 28, 56, and 84;
and trough forced vital capacity (FVC) on Days 2, 28, 56,
84, and 85. In a subset of patients, termed the 24-h population, serial FEV1 over 24 h postdose on Days 1 and 84 was
performed. Other efficacy end points included the percentage of rescue-free days and the number of puffs of rescue
medication during the study. Patient-reported outcomes
(PROs) included Transition Dyspnea Index (TDI) focal
score and the proportion of responders (defined as patients
with a TDI focal score of 1 unit14) on Days 28, 56, and 84;
St George’s Respiratory Questionnaire (SGRQ) total score
and the proportion of responders (defined as patients with
a reduction from baseline in SGRQ score of 4 units15) on
Days 28 and 84; and COPD Assessment Test (CAT) score
and the proportion of responders on Days 28 and 84 (patients
with a 2-unit reduction from baseline16). Safety assessments included monitoring the incidence of adverse events
(AEs), AEs considered to be drug-related by the investigator, vital signs, and the incidence of moderate-to-severe
COPD exacerbations.

Statistical analysis
Sample size calculations used a two-sided 5% significance
level and an estimate of residual standard deviation (SD)
for trough FEV1 of 220 mL. For the primary analysis, it was
estimated that 208 evaluable patients per treatment group
would have 90% power to detect a 70 mL difference in FEV1
between treatments. The primary end point was analyzed
using a mixed model repeated measures analysis, including trough FEV1 at Days 2, 28, 56, 84, and 85. Covariates
included baseline FEV1 (mean values at 23 h and 24 h after
the last TIO dose prior to randomization), inclusion in the
24-h population (yes/no), day, treatment, center group, day
by baseline interaction, where day was nominal, and day by
treatment interaction. The proportion of patients achieving
an increase of 100 mL above baseline in trough FEV1 was
analyzed using a logistic regression model with treatment
as an explanatory variable. Baseline FEV1, inclusion in the
24-h population (yes/no), and center group were included as
covariates in the model.
The intent-to-treat (ITT) population (all randomized
patients receiving at least one dose of study medication)
was the primary analysis for all study end points. The 24-h
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population comprised all patients for whom 24-h data were
collected. The sample size (~200 patients) of the 24-h population was chosen to provide a sufficient number of patients
for a descriptive evaluation of bronchodilator response over
24 h. For reporting, patients were grouped into different
GOLD categories based on their mMRC score, lung function
impairment, and exacerbation history.2

Results
Patients
Of the 739 patients enrolled, 494 met all eligibility criteria
at screening, remained symptomatic on TIO monotherapy
at the end of the run-in period, and were eligible to be
included in the ITT population (n=247 in each group;
Figure 1). The majority of patients in the UMEC/VI (93%)
and TIO (94%) groups completed the study. Overall,
the most common reasons for study withdrawal in the
UMEC/VI and TIO groups were withdrawal of consent
accounting for nine (4%) and five (2%) of withdrawals,
and AEs accounting for five (2%) and four (2%) patient
withdrawals, respectively. AEs leading to withdrawal
in the UMEC/VI group were individual events (1%)
of cerebrovascular accident, sciatica, pneumothorax,
pneumonia, and gastrointestinal pain and in the TIO
group were individual events of COPD exacerbation
(reported for two patients), cervical vertebral fracture, and
events of influenza and aphonia (both events reported in
a single patient). Patient demographics and baseline characteristics were similar across treatment groups (Table 1).
At screening, patients in the ITT population had moderate
airflow obstruction (GOLD stage II) and were primarily
GOLD group A (25%) or B (62%; Table 1). At randomization, the mean mMRC dyspnea score was 1.8 in both
groups, with 73% of patients having an mMRC score 2.
Mean rescue albuterol use was 1.1 to 1.2 puffs/d during
the run-in period. Overall mean patient treatment compliance during the 12-week treatment period was high among
patients in both groups (UMEC/VI: 99%, TIO: 98%) for
both delivery devices (ELLIPTA®: UMEC/VI 99%, TIO:
98% and HandiHaler®: UMEC/VI: 99%, TIO: 98%).

Efficacy

Lung function
Primary end point
For the primary end point of trough FEV 1 at Day 85,
UMEC/VI treatment resulted in an 88 mL improvement
over TIO (95% confidence interval [CI]: 45–131; P0.001;
Table 2).

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

747

Dovepress

Kerwin et al
3UHVFUHHQLQJVFUHHQLQJRUUXQLQIDLOXUHV
1 

$OOVXEMHFWVHQUROOHG
1 

3UHVFUHHQIDLOXUHQ 
VFUHHQIDLOXUHVGLGQRWPHHW
LQFOXVLRQH[FOXVLRQFULWHULDQ 
ZLWKGUHZFRQVHQWQ 
UXQLQIDLOXUHVZLWKGUHZFRQVHQWQ 
GLGQRWPHHWFRQWLQXDWLRQFULWHULDQ 
VWXG\FORVHGWHUPLQDWHGQ 
ORVWWRIROORZXSQ 

5DQGRPL]HG
1 

,QWHQWWRWUHDW ,77
1 

7,2
1 

80(&9,
1 
&RPSOHWHGQ  
:LWKGUHZQ  
 :LWKGUHZFRQVHQW 
 $GYHUVHHYHQW 
 3URWRFROGHYLDWLRQ 
 /DFNRIHIILFDF\ 

&RPSOHWHGQ  
:LWKGUHZQ  
 :LWKGUHZFRQVHQW 
 $GYHUVHHYHQW 
 3URWRFROGHYLDWLRQ 
 /DFNRIHIILFDF\ 

Figure 1 Summary of patient disposition.
Notes: *Percentages may not add up due to rounding.
Abbreviations: TIO, tiotropium; UMEC, umeclidinium; VI, vilanterol.

Secondary end point
For the secondary end point of FEV1 at 3 h postdose on
Day 84, UMEC/VI treatment produced a 73 mL improvement
over TIO (95% CI: 24–122; P0.01; Table 2).
Other lung function end points
Greater improvements in trough FEV1 with UMEC/VI over
TIO were also observed at all other assessments from Day 2
onward (P0.01; Figure 2). Additionally, a greater proportion of patients achieved a 100 mL improvement in trough
FEV1 at Day 85 with UMEC/VI (44%) compared with TIO
(30%), with UMEC/VI versus TIO resulting in a higher odds
of achieving a 100 mL improvement in trough FEV1 (odds
ratio: 1.89 [95% CI: 1.27–2.81]; P0.01) at Day 85. Mean
serial FEV1 values demonstrated improvements favoring
UMEC/VI over TIO as early as 5 min postdose on Day 1
(Figure 3A; difference of 50 mL [95% CI: 27–72]; P0.001),
which was maintained for all serial FEV1 time points up to
3 h (P0.05; Day 28: Figure S1A, Day 56: Figure S1B,
and Day 84: Figure 3B). Additionally, UMEC/VI treatment
resulted in statistically significant improvements over TIO
in weighted mean FEV1 0–3 h postdose (Table 2) and trough
FVC (Table S1).
In the subset of patients with serial spirometry data
over 24 h (UMEC/VI, n=94 and TIO, n=92), improvements in serial FEV1 values were obtained at all time points
measured with UMEC/VI compared with TIO (Day 1:
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Figure 4A and Day 84: Figure 4B). UMEC/VI resulted in
greater improvements in 0–24 h weighted mean FEV1 over
TIO at Days 1 and 84 (treatment differences of 69 mL [95%
CI: 20–118] and 102 mL [95% CI: 28–176], respectively,
P0.01).

Patient-reported outcomes
UMEC/VI resulted in a greater improvement in the number of
rescue-free days over 12 weeks compared with TIO (median
estimated difference 2.3 days [95% CI: 0.0–4.8; P0.01]).
There was also a greater reduction in rescue medication use
over 12 weeks, favoring UMEC/VI over TIO (least squares
mean change difference: −0.1 puffs/d [95% CI: −0.2–0.0];
P0.05). TDI focal scores were improved with UMEC/VI
compared with TIO at Day 28 but not at Days 56 and 84
(Table 3). The odds of being a responder versus a nonresponder according to TDI score were significantly higher
for patients receiving UMEC/VI compared with TIO at
Day 84 (Figure 5A; Table S2). Improvements in SGRQ and
CAT scores on Days 28 and 84 were similar between treatment groups (Table 3). The proportion of SGRQ and CAT
responders was similar between groups (Figure 5B and C;
Table S2).

Safety
The incidence of AEs was similar between the UMEC/VI
(30%) and TIO (31%) groups, with the most common AEs
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Table 1 Demographics and clinical characteristics (ITT population)

Table 2 Lung function outcomes (ITT population)

Characteristics

UMEC/VI
(N=247)

TIO
(N=247)

Outcome measure

Age (years), mean (SD)
Male, n (%)
Ethnicity, Caucasian, n (%)
Current smoker at screening, n (%)a
Smoking pack-years at screening, mean (SD)b
Lung function
Post-salbutamol FEV1 at screening,
L, mean (SD)
Post-salbutamol FEV1/FVC at screening,
mean (SD)
Post-salbutamol % predicted FEV1,
mean (SD)
Reversible to salbutamol at screening,
n (%)c,d
% reversibility to salbutamol at screening,
mean (SD)c,d
GOLD grade II at screening, n (%)
Baseline symptomatology/risk, mean (SD)
mMRC dyspnea score at screening
mMRC dyspnea score at randomization
BDI focal score at Day 1e
SGRQ score at baselinef
CAT score at baseline
% rescue-free days at baselineg
Rescue medication use, puffs/d at baselineg
Number of moderate-to-severe COPD
exacerbationsh 12 months prior to
screening, n (%)
GOLD category at screening, n (%)i
A
B
C
D

64.5 (8.7)
163 (66)
244 (99)
129 (52)
38.6 (20.5)

64.3 (8.7)
160 (65)
242 (98)
118 (48)
40.4 (20.2)

1.79 (0.42)

1.75 (0.38)

53.1 (8.2)

52.9 (8.4)

59.8 (5.5)

59.4 (5.3)

60 (24)

62 (25)

8.2 (12.2)

7.7 (10.0)

247 (100)

247 (100)

1.9 (0.6)
1.8 (0.6)
6.5 (1.3)
41.3 (14.4)
16.7 (6.2)
48.8 (40.4)
1.1 (1.4)
86 (35)

1.8 (0.6)
1.8 (0.6)
6.5 (1.4)
42.3 (14.8)
16.4 (6.5)
51.9 (40.6)
1.2 (1.8)
81 (33)

58 (23)
161 (65)
1 (1)
27 (11)

67 (27)
146 (59)
3 (1)
31 (13)

Change from baseline in trough FEV1, mL
Day 2
na
238
238
−9 (12.7)
LS mean (SE)
91 (12.7)
Difference (95% CI)
101 (65–136)***
Day 28
na
237
230
LS mean (SE)
64 (14.6)
0 (14.7)
Difference (95% CI)
64 (23–105)**
Day 56
na
232
226
−9 (14.2)
LS mean (SE)
63 (14.0)
Difference (95% CI)
72 (33–112)***
Day 84
na
226
229
−25 (15.4)
LS mean (SE)
65 (15.5)
Difference (95% CI)
90 (47–113)***
Day 85
na
224
225
−14 (15.5)
LS mean change (SE)
74 (15.5)
Difference (95% CI)
88 (45–131)***
Change from baseline in FEV1 at 3 h postdose, mL
Day 84
na
225
228
LS mean (SE)
164 (17.8)
91 (17.7)
Difference (95% CI)
73 (24–122)**
Change from baseline in weighted mean FEV1 at 0–3 h
postdose, mL
Day 1
na
239
240
LS mean (SE)
141 (9.5)
87 (9.5)
Difference (95% CI)
55 (28–81)***
Day 28
na
221
218
LS mean (SE)
161 (15.2)
81 (15.3)
Difference (95% CI)
80 (37–122)***
Day 56
na
219
218
LS mean (SE)
148 (15.6)
92 (15.7)
Difference (95% CI)
56 (12–100)*
Day 84
na
225
228
LS mean (SE)
151 (16.4)
79 (16.4)
Difference (95% CI)
72 (26–118)**

Notes: aReclassified: patient reclassified as current smoker if they had smoked
within 6 months of screening. bSmoking pack-years = (number of cigarettes smoked
per day/20) × number of years smoked. cReversibility was defined as an increase in
FEV1 of 12% and 200 mL following administration of albuterol. dTIO, n=246.
e
UMEC/VI, n=240; TIO, n=245. fUMEC/VI, n=242; TIO, n=245. gUMEC/VI, n=246.
h
Defined as worsening symptoms of COPD requiring treatment with oral/systemic
corticosteroids, antibiotics, or in-patient hospitalization. iAccording to mMRC score,
lung function impairment, and exacerbation history.
Abbreviations: BDI, baseline dyspnea index; CAT, COPD Assessment Test; FEV1,
forced expiratory volume in 1 s; FVC, forced vital capacity; GOLD, Global initiative
for chronic Obstructive Lung Disease; ITT, intent-to-treat; mMRC, modified
Medical Research Council; SD, standard deviation; SGRQ, St George’s Respiratory
Questionnaire; TIO, tiotropium; UMEC, umeclidinium; VI, vilanterol.

(ie, an incidence of 3% patients in either treatment arm)
being nasopharyngitis and headache (Table 4). In total,
six (2%) patients experienced on-treatment, nonfatal, serious
AEs (SAEs) in each of the UMEC/VI and TIO groups.
SAEs reported with UMEC/VI were pneumothorax, atrial
flutter, myocardial infarction, appendicitis, pneumonia, and
worsening of benign prostatic hyperplasia; with TIO there
were two separate events of worsening of COPD, and events

International Journal of COPD 2017:12

UMEC/VI
(N=247)

TIO
(N=247)

Notes: *P0.05. **P0.01. ***P0.001. aNumber of subjects with analyzable data
at the current time point.
Abbreviations: CI, confidence interval; FEV1, forced expiratory volume in 1 s;
ITT, intent-to-treat; LS, least squares; SE, standard error; TIO, tiotropium; UMEC,
umeclidinium; VI, vilanterol.

of dehydration, hypotension, worsening of benign prostatic
hyperplasia, cervical vertebral fracture, and pancreatic
cancer. One death occurred on-treatment during the study
due to a cerebrovascular accident in the UMEC/VI group
and was identified as not treatment related by the reporting
investigator.
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Figure 2 LS mean (SE) change from baseline in trough FEV1 (ITT population).
Abbreviations: CI, confidence interval; FEV1, forced expiratory volume in 1 s;
ITT, intent-to-treat; LS, least squares; SE, standard error; TIO, tiotropium; UMEC,
umeclidinium; VI, vilanterol.

The incidence of any cardiovascular AEs of special interest (ie, those related cardiac arrhythmias, cardiac failure,
ischemic heart disease, and cerebrovascular conditions) was
low and similar between the UMEC/VI (n=4 [1.6%]) and
TIO (n=3 [1.2%]) groups. On-treatment COPD exacerbations
were reported for two (1%) and eight (3%) patients in the
UMEC/VI and TIO groups, respectively.

Discussion
This randomized, parallel-group study of the once-daily combination of UMEC/VI delivered via the ELLIPTA® inhaler
demonstrated statistically significant improvements in lung
function, as measured by the primary and secondary end
points of trough FEV1 and 3 h post-dose FEV1, respectively,
over 12 weeks compared with TIO in patients with moderate COPD who remained symptomatic, despite the regular
use of TIO. These findings were supported by the additional
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lung function end points of 0–3 h weighted mean FEV1, 24-h
weighted mean FEV1, and trough FVC.
The current study evaluated patients with moderate
COPD based on a postbronchodilator FEV1 of 50%–70% of
predicted normal values and enrolled patients with an mMRC
score 1, despite at least 3 months treatment with TIO before
the study. Based on mMRC GOLD criteria,2 most patients
were either GOLD group A (25%) or B (62%) at screening,
although 1% and 12% of patients were identified as GOLD
groups C and D, respectively. After a further month of TIO
treatment during the run-in period, the vast majority (73%)
of patients reported an mMRC score of 2. This indicated
the potential for further optimization of treatment with dual
bronchodilator step-up therapy in the enrolled population.
Two previous studies comparing UMEC/VI with TIO in
COPD,6,7 which evaluated patients with moderate-to-very
severe airflow obstruction (ie, FEV1 70% of normal predicted values), showed 60–112 mL improvements in trough
FEV1 with UMEC/VI over TIO after 6 months of treatment.6,7
These findings are consistent with the 88 mL improvement in
trough FEV1 for UMEC/VI over TIO observed in this study
of patients with moderate airflow obstruction. However,
this is the first study to demonstrate these improvements in
patients with GOLD A classification of COPD.
Generally, improvements in the patient-reported measures were similar with UMEC/VI and TIO and met the
1.0 unit minimal clinically important difference (MCID).14–16
Although treatment differences for TDI score were numerically larger for UMEC/VI compared with TIO, mean differences were modest, ie, #0.5 difference in score at all
time points and a statistically significant difference was
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Figure 3 Serial LS mean change (95% CI) from baseline in FEV1 over 0–3 h on Day 1 (A) and Day 84 (B; ITT population).
Abbreviations: CI, confidence interval; FEV1, forced expiratory volume in 1 s; ITT, intent-to-treat; LS, least squares; TIO, tiotropium; UMEC, umeclidinium; VI, vilanterol.
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Figure 4 Serial LS mean change (95% CI) from baseline in FEV1 over 0–24 h on Day 1 (A) and Day 84 (B; 24-h population).
Abbreviations: CI, confidence interval; FEV1, forced expiratory volume in 1 s; LS, least squares; TIO, tiotropium; UMEC, umeclidinium; VI, vilanterol.

Table 3 Patient-reported outcomes (ITT population)
Outcome measure
TDI score
Day 28
na
LS mean (SE)
Difference (95% CI)
Day 56
na
LS mean (SE)
Difference (95% CI)
Day 84
na
LS mean (SE)
Difference (95% CI)
SGRQ total score
Day 28
na
LS mean change (SE)
Difference (95% CI)
Day 84
na
LS mean change (SE)
Difference (95% CI)
CAT score
Day 28
na
LS mean change (SE)
Difference (95% CI)
Day 84
na
LS mean change (SE)
Difference (95% CI)

UMEC/VI
(N=247)

TIO
(N=247)

235
1.8 (0.16)
0.5 (0.0–0.9)*

238
1.3 (0.16)

232
1.9 (0.15)
0.1 (−0.3–0.5)

235
1.8 (0.15)

226
2.3 (0.16)
0.4 (−0.1–0.8)

233
1.9 (0.16)

232
−3.23 (0.59)
−0.55 (−2.20–1.09)

237
−2.67 (0.59)

225
−4.41 (0.68)
−0.20 (−2.09–1.68)

232
−4.21 (0.67)

242
−1.56 (0.31)
−0.39 (−1.25–0.48)

240
−1.17 (0.31)

233
−2.10 (0.36)
−0.26 (−1.25–0.72)

235
−1.84 (0.35)

Notes: *P0.05. aNumber of subjects with analyzable data at the current time
point.
Abbreviations: CAT, COPD Assessment Test; CI, confidence interval; ITT, intentto-treat; LS, least squares; SE, standard error; SGRQ, St George’s Respiratory
Questionnaire; TDI, Transition Dyspnea Index; TIO, tiotropium; UMEC,
umeclidinium; VI, vilanterol.
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only demonstrated on Day 28. This magnitude of response,
although small, is consistent with the size of response seen
previously when comparing dual bronchodilators versus
their own mono bronchodilator components.17 Moreover,
the TDI responder analysis indicated a greater odds of having a clinically meaningful improvement in dyspnea with
UMEC/VI compared with TIO at Day 84. This incremental
increase in response rate with dual bronchodilation over TIO
is consistent with greater reductions in rescue medication
use with UMEC/VI compared with TIO, despite very low
baseline usage (1.1–1.2 puffs/d) relative to a previous trial
of patients with moderate-to-very severe disease (baseline
usage: 3.2–3.3 puffs/d).7 This suggests that despite the overall modest symptom burden, more patients demonstrated
reductions in symptoms, in addition to improvements in lung
function with UMEC/VI compared with TIO.14
Previous studies have not consistently demonstrated
greater improvements in subjectively assessed PROs with
long-acting bronchodilator combination therapy compared
with monotherapy.6–8,18,19 In the current study, improvements
in SGRQ and CAT scores from baseline that met MCID
thresholds were seen in the UMEC/VI and TIO groups,
despite the enrollment of patients who remained symptomatic as defined by mMRC score 1, while receiving
TIO for 4 weeks during the run-in period and for at least
3 months prior to screening. This suggests subjective PROs
are strongly influenced by clinical trial participation, that
is, the Hawthorne effect, which may impair the ability to
differentiate treatment-related effects on these outcomes.20
This phenomenon has also been consistently seen with all
LAMA and LABA monotherapies compared with placebo,
as demonstrated in a recent meta-analysis of 40 randomized
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Figure 5 Responder analysis of clinically relevant change from baseline in breathlessness assessed by (A) TDI focal score, and health status assessed by either (B) SGRQ
total score or (C) CAT score (ITT population).
Notes: TDI responder defined as a 1-unit improvement from baseline; SGRQ total score responder defined as a 4-unit reduction from baseline; and CAT score defined
as a 2-unit reduction from baseline.
Abbreviations: CAT, COPD Assessment Test; CI, confidence interval; ITT, intent-to-treat; OR, odds ratio; SGRQ, St George’s Respiratory Questionnaire; TDI, Transition
Dyspnea Index; TIO, tiotropium; UMEC, umeclidinium; VI, vilanterol.

controlled trials.21 As a result, new PROs may need to be
developed to overcome the Hawthorne effect and distinguish
between active treatments.
The safety and tolerability profiles of both treatments
were similar. Consistent with previous studies of UMEC/VI
versus UMEC, VI, and TIO alone, the most common AEs
in the current study were headache and nasopharyngitis.6–8
No difference in the incidence of cardiovascular AEs was
observed between UMEC/VI and TIO. A small numerical
difference in exacerbations favoring UMEC/VI over
TIO (two vs eight events, respectively) was seen despite
86%–89% of the study population having COPD of moderate severity and an infrequent history of exacerbations
(GOLD A/B). Both reductions and no change in the number
Table 4 Summary of AEs and COPD exacerbations (ITT population)
n (%)

UMEC/VI
(N=247)

TIO
(N=247)

On-treatment AEs
On-treatment drug-related AEs
Any AEs leading to withdrawal/
discontinuation of medication
On-treatment nonfatal SAE
On-treatment fatal SAE

75 (30)
3 (1)
5 (2)

77 (31)
8 (3)
4 (2)

6 (2)
1 (1)

6 (2)
0

AEs reported in 3% patients in either treatment arm
Nasopharyngitis
18 (7)
Headache
16 (6)
Patients experiencing a COPD exacerbation 2 (1)
Cardiovascular events of special interesta
4 (1.6)

17 (7)
18 (7)
8 (3)
3 (1.2)

Notes: AEs with onset during the follow-up period were considered on-treatment
and were assigned to the treatment previously received. aStandardized MedDRA
terms included cardiac arrhythmias, cardiac failure, ischemic heart disease, central
nervous system hemorrhages, and cerebrovascular conditions.
Abbreviations: AEs, adverse events; ITT, intent-to-treat; MedDRA, Medical
Dictionary for Regulatory Activities; SAE, serious adverse event; TIO, tiotropium;
UMEC, umeclidinium; VI, vilanterol.
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of COPD exacerbations have been demonstrated with
UMEC/VI and LAMA or LABA monotherapies compared
with placebo,8,22–24 but the current study was not designed
to compare the treatment effects on COPD exacerbations.
The safety findings of the current study are consistent with
the favorable efficacy/safety profile reported for the LABA/
LAMA combinations versus monotherapy in a network metaanalysis including 27,000 patients.25 Overall, the results of
the current study suggest that step-up therapy from TIO to
UMEC/VI improves lung function and increases the odds
of experiencing a clinically meaningful improvement in
dyspnea, without increasing the risk of AEs and provides an
overall positive risk-benefit. As the duration of this study was
relatively short (12 weeks) compared with previous trials,
longer-term studies are required to confirm the durability of
these results in a similar population. The GOLD guidelines
on the management of COPD recommend LAMA/LABA
combinations as an alternative treatment option to LAMA
monotherapy across a range of disease severities (GOLD B,
C, and D). This was the first study to demonstrate that patients
with moderate COPD (predominantly GOLD A and B)
who remained symptomatic on TIO monotherapy obtained
incremental benefit from step-up therapy with a long-acting
bronchodilator combination.
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Trough FVC (L)
Day 2
na
LS mean (SE)
Difference (95% CI)
Day 28
na
LS mean (SE)
Difference (95% CI)
Day 56
na
LS mean (SE)
Difference (95% CI)
Day 84
na
LS mean (SE)
Difference (95% CI)
Day 85
na
LS mean change (SE)
Difference (95% CI)

UMEC/VI
(N=247)

TIO
(N=247)

238
131 (18.3)
125 (74–176)***

238
6 (18.3)

237
56 (20.5)
59 (2–116)*

230
−4 (20.7)

232
36 (20.6)
59 (2–117)*

226
−23 (20.8)

226
47 (22.7)
97 (34–160)**

229
−50 (22.7)

224
63 (22.6)
104 (41–166)**

225
−41 (22.6)

Notes: *P0.05. **P0.01. ***P0.001. aNumber of subjects with analyzable data
at the current time point.
Abbreviations: CI, confidence interval; FVC, forced vital capacity; ITT, intent-totreat; LS, least squares; SE, standard error; TIO, tiotropium; UMEC, umeclidinium;
VI, vilanterol.

Figure S1 Serial LS mean change (95% CI) from baseline in FEV1 over 0–3 h on
Day 28 (A) and Day 56 (B; ITT population).
Abbreviations: CI, confidence interval; FEV1, forced expiratory volume in 1 s;
ITT, intent-to-treat; LS, least squares; TIO, tiotropium; UMEC, umeclidinium; VI,
vilanterol.
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Table S2 Patient reported outcome responder analyses (ITT
population)
Outcome measure

UMEC/VI
(N=247)

TDI score responder analysis
Day 28
na
240
Responder,b n (%)
139 (58)
Odds ratio (95% CI)
1.67 (1.14–2.45)**
Day 56
na
240
Responder,b n (%)
136 (57)
Odds ratio (95% CI)
1.25 (0.85–1.84)
Day 84
na
240
Responder,b n (%)
151 (63)
Odds ratio (95% CI)
1.78 (1.21–2.64)**
SGRQ total score responder analysis
Day 28
na
237
Responder,c n (%)
99 (42)
Odds ratio (95% CI)
1.05 (0.73–1.53)
Day 84
na
242
Responder,c n (%)
104 (43)
Odds ratio (95% CI)
0.83 (0.58–1.19)
CAT score responder analysis
Day 28
na
247
Responder,d n (%)
118 (48)
Odds ratio (95% CI)
1.40 (0.96–2.04)
Day 84
na
247
Responder,d n (%)
121 (49)
Odds ratio (95% CI)
1.17 (0.81–1.70)

TIO
(N=247)

245
112 (46)

245
124 (51)

245
121 (49)

244
100 (41)

245
117 (48)

247
99 (40)

247
111 (45)

Notes: **P0.01. aNumber of subjects with analyzable data at the current time
point. bDefined as a 1-unit improvement from baseline. cDefined as a 4-unit
improvement from baseline. dDefined as a 2-unit improvement from baseline.
Abbreviations: CAT, COPD Assessment Test; ITT, intent-to-treat; LS, least squares;
SE, standard error; SGRQ, St George’s Respiratory Questionnaire; TDI, Transition
Dyspnea Index; TIO, tiotropium; UMEC, umeclidinium; VI, vilanterol.
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