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Dual bronchodilation for the treatment
of chronic obstructive pulmonary disease:
a review of the latest clinical data

Treating chronic obstructive pulmonary disease with long-acting bronchodilators
improves lung function and patient-reported outcomes such as dyspnea, healthrelated quality of life and exacerbations. Combinations of long-acting β2-agonists
(LABAs) and long-acting muscarinic antagonists (LAMAs) are an alternative
treatment recommendation for patients in GOLD Groups B to D and those who
remain symptomatic when treated with a single bronchodilator. This review
summarizes evidence supporting the efficacy and safety of fixed-dose LABA/LAMAs
glycopyrronium/indacaterol (QVA149) and umeclidinium/vilanterol. Considerable
clinical trial data are available demonstrating improvements in lung function and
patient-reported outcomes with QVA149 and umeclidinium/vilanterol compared
with their monocomponents and other comparators. As data supporting the efficacy
and safety of LABA/LAMA fixed-dose combinations continue to emerge, dual
bronchodilation may feature increasingly in future chronic obstructive pulmonary
disease treatment algorithms.
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Background
Bronchodilators continue to evolve as the core
of therapy in chronic obstructive pulmonary
disease (COPD) treatment strategies and
guidelines, such as the updated Global initiative for chronic Obstructive Lung Disease
(GOLD) strategy document [1] . Long-acting
formulations of both classes of bronchodilators – long-acting muscarinic antagonists
(LAMA) and long-acting β2-agonists (LABA)
– provide improvements in lung function and
the patient-reported outcomes dyspnea and
health-related quality of life (HRQoL), as
well as a reduction in rescue medication use
and the rate of exacerbations [2–4] .
In addition to the improvements observed
with LABAs and LAMAs when administered as monotherapy, free combinations of
LABAs and LAMAs can lead to improvements in lung function measures and dyspnea, and a reduction in rescue medication
use compared with the use of a single bron-
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chodilator (Supplementary Table 1) . The
LAMA component studied in many of these
combinations is the once-daily, long-acting
bronchodilator tiotropium, administered
alongside the LABAs formoterol [5–9] , salmeterol [10] , olodaterol [11] or indacaterol [12] via
separate inhalers. Although combined bronchodilator therapy in free combinations can
improve lung function relative to monocomponents, data regarding the additional benefits on patient-reported outcomes have been
inconclusive in the past [13] . Therefore, combinations of bronchodilators are currently
recommended in the GOLD strategy as an
‘alternative’ therapy for patients in groups B
to D [1] . In particular, the addition of a second bronchodilator is advised for patients
who remain symptomatic when treated with
one bronchodilator alone [1] .
The documented improvements in lung
function measures with free combinations
of bronchodilators over monotherapies pro-
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vide a rationale for developing bronchodilators in
fixed-dose combinations. This rationale is supported
by the clinical efficacy of the fixed-dose combination
of short-acting bronchodilators albuterol and ipratropium (short-acting β2-agonist/muscarinic antagonist)
compared with either drug alone [14,15] . In addition,
the distinct but additive mechanisms of action of β2agonists and muscarinic antagonists (Figure 1) support
the development of fixed-dose combinations of bronchodilators in a single inhaler. β2-agonists stimulate
smooth muscle relaxation directly through stimulation
of adenylyl cyclase, which leads to subsequent increases
in cyclic adenosine monophosphate and activation of
protein kinase A [16] . In contrast, the presence of muscarinic antagonists indirectly leads to bronchodilation
by inhibiting the action of acetylcholine at airway M3
muscarinic receptors, thereby preventing activation of
protein kinase C and increases in intracellular calcium
ions, which cause bronchoconstriction [17] .
Preclinical observations suggest that targeting two
different pathways could produce a greater bronchodi-

latory effect than targeting a single pathway. Hypotheses on how greater bronchodilation may result from
combining LABAs and LAMAs include the varied
distribution of β2-adrenergic receptors [18,19] and M3
receptors (which could lead to an increased coverage of
airways) [18,20] ; the temporal variations in sympathetic
and parasympathetic activities [21–23] ; and interactions
between the LABA and LAMA cellular pathways
[17,24–26] . Thus administration of long-acting bronchodilators in fixed-dose LABA/LAMA combinations is
supported by both scientific rationale and the clinical
efficacy of free combinations of LABAs and LAMAs
and a fixed-dose short-acting β2-agonist/muscarinic
antagonist combination.
Fixed-dose LABA/LAMAs approved or under
investigation for use in the treatment of COPD
include glycopyrronium plus indacaterol (QVA149),
umeclidinium plus vilanterol, glycopyrrolate plus
formoterol, tiotropium plus olodaterol and aclidinium plus formoterol (Table 1) . Recently, considerable
data from Phase III trials evaluating the efficacy and
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Figure 1. Mechanism of action of muscarinic antagonists and β2-agonists. Postganglionic, parasympathetic
cholinergic nerves release acetylcholine (ACh), a neurotransmitter that regulates muscle tone and
bronchoconstriction. ACh binds and activates muscarinic type 1 (M1) and 3 (M3) receptors, leading to
bronchoconstriction, whereas the binding of ACh to M2 receptors inhibits ACh release. ACh-binding at M3
receptors activates protein kinase C and increases intracellular calcium levels, leading to airway smooth muscle
contraction [17] . Muscarinic antagonists prevent contraction through inhibiting ACh action at M3 receptors.
β2-adrenoceptors are activated by β2-agonists, resulting in increased cAMP levels, which in turn leads to the
activation of PKA and subsequent smooth muscle relaxation and bronchodilation [96] .
AC: Adenylyl cyclase; ACh: Acetylcholine; ATP: Adenosine triphosphate; β2-AR: β2 adrenoceptor; Gs: Stimulatory
G-protein; M1/M2 /M3 : Muscarinic receptor types 1/2/3.
Reprinted with permission from [95] © Elsevier (2010).
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Table 1. Summary of fixed-dose long-acting β2-agonist/long-acting muscarinic antagonist
combinations approved or under investigation for use in chronic obstructive pulmonary disease
treatment.
Combination

Dosing

Development stage Approval status of
monocomponents

Manufacturer

Glycopyrronium/
indacaterol

q.d.

Approved (EU,
Japan and Canada)

Novartis

Umeclidinium/
vilanterol

q.d.

Approved (USA and Umeclidinium†×
Canada)
Vilanterol‡×

Theravance/GSK

Aclidinium/formoterol

b.i.d.

Phase III

Aclidinium
Formoterol

Almirall/Forest

Glycopyrrolate/
formoterol

b.i.d.

Phase III

Glycopyrrolate×
Formoterol

Pearl Therapeutics/
AstraZeneca

Phase III

Tiotropium
Olodaterol §

Boehringer
Ingelheim

Tiotropium/olodaterol q.d.

Glycopyrronium
Indacaterol

Received a positive opinion from Committee for Medicinal Products for Human Use for use as monotherapy in the EU to relieve symptoms in
adults with COPD and is currently under review by the US FDA.
‡
Vilanterol 25 μg has been approved in a fixed-dose combination with fluticasone furoate as a treatment for COPD in the USA (BREO™
ELLIPTA™) and EU (RELVAR® ELLIPTA®).
§
Olodaterol 5 μg is approved for use in the treatment of COPD in the UK, Denmark, Iceland, Canada and Russia; approval by health
authorities in the USA and other countries worldwide are pending.
b.i.d.: Twice daily; COPD: Chronic obstructive pulmonary disease; GSK: GlaxoSmithKline; q.d.: Once daily.
†

safety of QVA149 and umeclidinium/vilanterol have
become available. QVA149 110/50 μg, a combination
of the LAMA glycopyrronium and LABA indacaterol,
is the first once-daily fixed-dose LABA/LAMA combination in a single inhaler to be approved for use
in the treatment of COPD [27] . Both components of
QVA149 have been approved as monotherapies for
maintenance treatment of COPD. Glycopyrronium
bromide, a once-daily LAMA, was approved at a dose
of 50 μg, and indacaterol was the first once-daily, fastacting LABA to be approved, at doses of 150 μg and
300 μg. Both glycopyrronium and indacaterol provide
improvements in lung function, health status, dyspnea, rescue medication use, exercise endurance time
and rate of exacerbations [28–32] . Both monocomponents and the QVA149 combination are administered
via the Breezhaler® device. The indacaterol dose in the
QVA149 combination is 110 μg; based on in vitro performance data, the dose of indacaterol delivered to the
lung is expected to be equivalent to the 150 μg dose
delivered in the monotherapy [33] .
Once-daily umeclidinium/vilanterol (62.5/25 μg),
administered using the ELLIPTA™ inhaler, has been
approved for the treatment of COPD by the US FDA
[34] and has received a positive opinion recommending marketing authorization from the European Medicines Agency’s Committee for Medicinal Products for
Human Use (CHMP) [35] . Neither monocomponent
of umeclidinium/vilanterol is currently approved as
monotherapy for the treatment of COPD. However,
umeclidinium, an investigational once-daily LAMA,
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has recently received a positive opinion from the
CHMP [36] . Umeclidinium has demonstrated significant improvements in lung function, health status,
dyspnea, rescue medication use and exacerbations
[37–39] . Vilanterol, a once-daily LABA, has demonstrated statistically significant improvements in lung
function, health status, dyspnea and rescue medication
use [38,40] .
Here, we review the available efficacy and safety data
from the QVA149 and umeclidinium/vilanterol Phase
III clinical trials and discuss the potential impact of
this information on the placement of LABA/LAMA
combinations in the COPD treatment algorithm.
Methods
Relevant medical literature on QVA149 and umeclidinium/vilanterol was identified by searching the
PubMed (Medline) database for articles published in
English since 2009, limited to “randomized controlled
trials”, “meta-analysis” or “review” articles. Search
terms included: “chronic obstructive pulmonary disease” OR “COPD” AND “long-acting β2-agonist”,
“long-acting muscarinic agonist”, “LABA/LAMA”,
“dual bronchodilation”, “QVA149”, “indacaterol/glycopyrronium”, “glycopyrronium”, “NVA237”, “indacaterol”, “QAB149”, “umeclidinium”, “GSK573719”,
“vilanterol”, “GW642444”, “umeclidinium/vilanterol”,
AND “UMEC/VI”. We also manually examined bibliographies from publications identified through the
initial searches for further relevant literature. Similar
searches were applied to congress websites and abstract
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books, clinical trials registries/databases and the websites of the US FDA and European Medicines Agency.
Studies in patients with COPD who received QVA149
or umeclidinium/vilanterol were selected. We focused
on large, well-designed, randomized controlled trials
with appropriate statistical methodology to ensure that
high-quality evidence was considered.
Clinical development programs
The QVA149 Phase III IGNITE (indacaterol and glycopyrronium bromide clinical studies) clinical trial
program consists of 11 studies and involves more than
10,000 patients across 52 countries [27] . Studies in the
IGNITE program were designed to evaluate the efficacy
and safety of QVA149 compared with its monocomponents and current standards of care in the target population (according to the GOLD recommendations at the
time of study initiation). Eight studies in the IGNITE
program were completed in 2012 (SHINE, ILLUMINATE, BRIGHT, ENLIGHTEN, SPARK, ARISE,
BLAZE and BEACON; Supplementary Table 2).
SHINE and ILLUMINATE were 26-week studies,
which investigated the efficacy and safety of QVA149
110/50 μg once daily (q.d.) versus indacaterol 150 μg
q.d., glycopyrronium 50 μg q.d., open-label tiotropium
18 μg q.d. and placebo (SHINE), and versus salmeterol/fluticasone propionate (SFC) 50/500 μg twice
daily (b.i.d.; ILLUMINATE) [41,42] . BRIGHT was a
3-week, three-period crossover study comparing the
effect of QVA149 on exercise endurance against placebo
and blinded tiotropium 18 μg q.d. [43] . ENLIGHTEN
evaluated the long-term safety of QVA149 versus placebo over 52 weeks [44] . SPARK compared the effect
of QVA149 on the rate of exacerbations with glycopyrronium 50 μg q.d. and open-label tiotropium 18 μg q.d.
over 64 weeks [45] . ARISE was a 52-week study that
evaluated the long-term safety of QVA149 versus openlabel tiotropium 18 μg q.d. in Japanese patients [46] .
BLAZE compared the effect of QVA149 on patientreported dyspnea with placebo and blinded tiotropium 18 μg q.d. in a three-period crossover study over
6 weeks [47] . BEACON evaluated the efficacy (noninferiority) and safety of QVA149 compared with the
concurrent administration of indacaterol 150 μg q.d.
and glycopyrronium 50 μg q.d. in free combination
over 4 weeks [48] .
The umeclidinium/vilanterol core Phase III program comprises four primary efficacy studies (two placebo-controlled and two active-controlled), two exercise endurance studies and one long-term safety study
(Supplementary Table 3) . Studies DB2113361 and
DB2113373 were 24-week, placebo-controlled studies
evaluating the efficacy and safety of umeclidinium/
vilanterol compared with placebo and the monocom-
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ponents umeclidinium and vilanterol. The studies were
replicate in design with the exception of the umeclidinium/vilanterol and umeclidinium dose evaluated:
study DB2113361 compared umeclidinium/vilanterol
125/25 μg q.d. with umeclidinium 125 μg q.d. and
vilanterol 25 μg q.d. [49] , whereas study DB2113373
compared umeclidinium/vilanterol 62.5/25 μg q.d.
with umeclidinium 62.5 μg q.d. and vilanterol 25 μg
q.d. [38] . Studies DB2113360 and DB2113374 were
also 24 weeks in duration and evaluated the efficacy
and safety of both doses of umeclidinium/vilanterol
(62.5/25 μg and 125/25 μg) compared with tiotropium
18 μg q.d. and either vilanterol 25 μg q.d. [50] or umeclidinium 125 μg q.d. [51] . They were also replicate in
design with the exception of the choice of monocomponent comparator. Studies DB2114417 and DB2114418
compared the effect of both doses of umeclidinium/
vilanterol on exercise endurance and lung function with
umeclidinium (62.5 μg and 125 μg), vilanterol and placebo using an incomplete block crossover design with
treatment periods of 12 weeks [52] . Study DB2113359
was a long-term safety study that evaluated the safety
and tolerability of umeclidinium/vilanterol 125/25 μg
q.d. and umeclidinium 125 μg q.d. compared with
placebo over 52 weeks [53] .
Two further studies, DB2116133 and ZEP117115,
were recently completed. Study DB2116133, completed in May 2013, used a crossover design to evaluate
the lung function response to umeclidinium/vilanterol
62.5/25 μg q.d. over 2 weeks in patients who demonstrated a response to either umeclidinium 62.5 μg q.d.
or vilanterol 25 μg q.d. to determine whether additional
benefit was provided by umeclidinium/vilanterol [54] .
Study ZEP117115, completed in September 2013, was
a 24-week study that evaluated the efficacy and safety
of umeclidinium/vilanterol 62.5/25 μg q.d. compared
with tiotropium 18 μg q.d. [55] . Results have not yet
been reported.
As the lower dose of umeclidinium/vilanterol
(62.5/25 μg) has been approved by the FDA for use
in the USA and has received a positive opinion from
the CHMP in Europe, we focus on this dose for the
presentation of efficacy data.
Baseline demographics
The mean age of patients receiving QVA149 in the
IGNITE studies ranged from 62 to 64 years in most of
the studies, and all studies enrolled patients with moderate-to-severe COPD, with the exception of SPARK,
in which 79% of patients had severe COPD and 21%
had very severe COPD [41–48] . In SPARK, patients
were required to have experienced at least one moderate or severe exacerbation in the previous year [45] ; in
contrast, patients enrolled in the ILLUMINATE study

future science group

Dual bronchodilation for the treatment of COPD: a review of the latest clinical data

were required to have experienced no moderate or
severe exacerbations in the previous year [42] . In studies
without specific exacerbation-related eligibility criteria,
between 16 and 32% of patients experienced at least
one moderate or severe COPD exacerbation in the year
prior to study entry [41,43,44,46–48] .
The mean age of patients receiving umeclidinium/
vilanterol 62.5/25 μg in a pooled dataset of the primary
efficacy studies was 64 years, and enrolled patients had
moderate-to-very severe COPD (with 11% of patients
in the combined umeclidinium/vilanterol 62.5/25 μg
arms having very severe disease at baseline) [56,57] . In
the year prior to study entry, 27% of patients had at
least one COPD exacerbation [56,57] .
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(FEV1) (Figure 2), peak FEV1 and FEV1 area under
the curve (AUC) 0–12h versus placebo in the SHINE
study (least squares mean [LSM] treatment difference 200 ml [95% CI: 170–240], 330 ml [95% CI:
290–360] and 330 ml [95% CI: 250–420], respectively; all p < 0.001) [41] . Significant improvements
in these measures were also observed with QVA149
versus indacaterol, glycopyrronium and tiotropium in
the SHINE study [41] . In the ILLUMINATE study,
QVA149 significantly improved predose trough FEV1,
peak FEV1 and FEV1 AUC0–12h (Figure 3) versus SFC at
week 26 (LSM treatment difference 103 ml [95% CI:
65–141], 155 ml [95% CI: 115–194] and 138 ml [95%
CI: 100–176], respectively; all p < 0.001) [42] . Predose
trough FEV1 was significantly improved with QVA149
versus glycopyrronium and tiotropium at 64 weeks in
the SPARK study [45] . In the BEACON study, QVA149
demonstrated non-inferiority compared with concurrent administration of a free combination of inda-

Lung function
QVA149 improved lung function over an array of measures (Table 2) . Significant improvements were observed
at 26 weeks in trough forced expiratory volume in 1 s

Table 2. Treatment difference with QVA149 compared with placebo, monocomponents and
standards of care, tiotropium and salmeterol/fluticasone propionate.
Study

Comparator arm† (n) Trough FEV1, ml
(95% CI) ‡

Peak FEV1, ml
(95% CI) ‡

FEV1 AUC0–12h, ml FEV1 AUC0–4h, ml
(95% CI) §
(95% CI) ‡

QVA149 110/50 μg q.d. vs placebo
SHINE

232

200 (170–240)*

330 (290–360)* 330 (250–420)*

340 (300–370)*

BLAZE

218

NR

NR

NR

330 (310–360)*

120 (90–140)*

130 (60–190)*

110 (80–140)*

QVA149 110/50 μg q.d. vs Ind 150 μg q.d.
SHINE

476

70 (50–100)*

QVA149 110/50 μg q.d. vs Gly 50 μg q.d.
SHINE

473

90 (60–110)*

130 (100–160)* 130 (60–190)*

140 (110–170)*

SPARK

739

70 (50–100)*

NR

NR

NR

NR

NR

-12 (-59–34) NS

QVA149 110/50 μg q.d. vs Ind 150 μg + Gly 50 μg q.d.

¶

BEACON

97

-5 (-51–40) #

QVA149 110/50 μg q.d. vs tiotropium 18 μg q.d.

††

SHINE

480

80 (50–100)*

130 (100–160)* 120 (60–190)*

130 (110–160)*

BLAZE

220

NR

NR

NR

110 (80–130)*

SPARK

737

60 (30–80)*

NR

NR

NR

155 (115–194)*

138 (100–176)*

NR

QVA149 110/50 μg q.d. vs SFC 50/500 μg b.i.d.
ILLUMINATE 264

103 (65–141)*

Values are mean treatment differences. Bold text indicates primary end points.
*p < 0.001.
†
QVA149 n = 474 (SHINE); 223 (BLAZE); 729 (SPARK); 84 (BEACON); and 258 (ILLUMINATE).
‡
At week 26 in SHINE and ILLUMINATE, at week 6 in BLAZE, at week 64 in SPARK and at week 4 in BEACON.
§
At week 26 in the serial spirometry subset (n = 294) in SHINE and full analysis set in ILLUMINATE.
¶
Free combination.
#
Noninferiority demonstrated.
††
Open-label in SHINE and SPARK, blinded in BLAZE.
b.i.d.: Twice daily; FEV1: Forced expiratory volume in 1 s; Gly: Glycopyrronium; Ind: Indacaterol; NR: Not reported (analysis was not
performed or data have not been published); NS: Not statistically significant; q.d.: Once daily; SFC: Salmeterol/fluticasone propionate.
Data taken from [41,42,45,47,48,97,98,99] and [Novartis, Unpublished Data].
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FEV1: Forced expiratory volume in 1 s; n: Number per treatment group in the full analysis set; q.d.: Once daily.
Reproduced with
1.7permission of the European Respiratory Society from [41] © European Respiratory Society (2013).
∆ = 0.13 l; p < 0.001
∆ = 0.12 l; p < 0.001
∆ = 0.13 l; p < 0.001
1.6

∆ = 0.2 l; p < 0.001
∆ = 0.08 l; p < 0.001
∆ = 0.09 l; p < 0.001
Primary
end point

Trough FEV1 (l)

1.5

∆ = 0.07 l; p < 0.001

1.4

1.3

1.2

0

1.25

1.45

1.38

1.36

1.37

Placebo
(n = 232)

QVA149
110/50 µg q.d.
(n = 474)

Indacaterol
150 µg q.d.
(n = 476)

Glycopyrronium
50 µg q.d.
(n = 473)

Open-label
tiotropium
18 µg q.d.
(n = 480)

Figure 2. Trough forced expiratory volume in 1 s at week 26 in the SHINE study. Data are least-squares mean ± standard error.
One-sided adjusted p-values are presented for comparisons in the statistical gate keeping procedure and two-sided p-values are
presented for all other comparisons.
FEV1: Forced expiratory volume in 1 s; n: Number per treatment group in the full analysis set; q.d.: Once daily.
Reproduced with permission from [41] © European Respiratory Society (2013).

caterol 150 μg and glycopyrronium 50 μg on trough
FEV1 at week 4 [48] .
In the SHINE study, QVA149 significantly improved
trough FEV1 on day 1 versus placebo, monocomponents
and tiotropium, and this improvement was sustained
throughout the study (p < 0.001 at all timepoints) [41] .
In a post hoc analysis, a greater proportion of patients
achieved an increase in trough FEV1 at week 26 from
baseline >100 ml and >200 ml with QVA149 compared with placebo, the monocomponents and tiotropium (Supplementary Table 4) [41] . In the same study,
serial spirometry was conducted in a subpopulation of
294 patients for 12 h at day 1 and for 24 h at week
26 (Figure 4) . Statistically significant improvements in
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FEV1 were observed compared with placebo (p < 0.001)
at all assessed timepoints and compared with indacaterol, glycopyrronium and tiotropium at almost all of
the assessed timepoints (p < 0.05) on day 1 and week
26 [41] . At week 26, QVA149 provided improvements in
peak FEV1 versus placebo, indacaterol, glycopyrronium
and tiotropium, with treatment differences of 400 ml
(95% CI: 310–490), 170 ml (95% CI: 100–240), 150
ml (95% CI: 80–220) and 160 ml (95% CI: 90–230),
respectively (all p < 0.001) [41] . Twelve-hour serial
spirometry was also conducted for all patients in the
ILLUMINATE study, and significant improvements
were observed in FEV1 with QVA149 versus SFC at all
timepoints on day 1 and weeks 12 and 26 [42] .
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QVA149 110/50 μg q.d.
SFC 50/500 μg b.i.d.
1.80
0.073*

0.123*

0.138*

FEV1 AUC0–12h (l)

1.70

1.60

1.50

1.40
0

1.675

1.602

1.708

1.585

1.695

1.557

Day 1

Week 12

Week 26
(primary end point)

(n = 256) (n = 262)

(n = 230) (n = 235)

(n = 212) (n = 216)

Figure 3. Forced expiratory volume in 1 s AUC0–12h at day 1, week 12 and week 26 in the ILLUMINATE study. Data
are least-squares mean ± standard error. Numbers shown represent patient number per treatment group at each
timepoint. *p < 0.0001 for comparisons between QVA149 and SFC.
b.i.d.: Twice daily; FEV1: Forced expiratory volume in 1 s; SFC: Salmeterol/fluticasone propionate; q.d.: Once daily.
Reprinted with permission from [42] © Elsevier (2013).

In the SHINE and ILLUMINATE studies, QVA149
demonstrated a rapid onset of bronchodilator effect compared with placebo, glycopyrronium, tiotropium and
SFC at day 1 (Supplementary Table 5), with treatment
differences in FEV1 at 5 min post-dose of 130 ml (95%
CI: 110–140), 40 ml (95% CI: 30–50), 70 ml (95%
CI: 60–80) and 81 ml (95% CI: 64–98), respectively
(all p < 0.001) and at 30 min post-dose of 200 ml (95%
CI: 180–220), 40 ml (95% CI: 20–50), 68ml (95% CI:
47–88) and 75 ml (95% CI: 54–97), respectively (all
p < 0.001) [41,42] . QVA149 also significantly improved
FEV1 compared with indacaterol at 30 min post-dose
on day 1 (LSM treatment difference 50 ml [95% CI:
30–60]; p < 0.001) [41] . The rapid onset of bronchodilation observed with QVA149 was sustained throughout
the studies; FEV1 significantly improved with QVA149
versus placebo, both monocomponents and tiotropium
(SHINE) and versus SFC (ILLUMINATE) at 5 and 30
min post-dose on weeks 12 and 26 [41,42] . QVA149 also
demonstrated a rapid onset of bronchodilation in the
BLAZE study, with significant improvements in FEV1
versus placebo and tiotropium at 5 and 30 min post-dose
on day 1 and at week 6 (Supplementary Table 5) [47] .
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Lung function improvements have also been
observed with umeclidinium/vilanterol 62.5/25 μg
(Table 3) . Umeclidinium/vilanterol significantly
improved predose trough FEV1, peak FEV1 and FEV1
AUC0–6h at week 24 compared with placebo in study
DB2113373 (LSM treatment difference 167 ml [95%
CI: 128–207], 224 ml [95% CI: 182–267] and 242 ml
[95% CI: 202–282], respectively; all p < 0.001) [38] .
Significant improvements in these measures were also
observed with umeclidinium/vilanterol compared with
umeclidinium and vilanterol in study DB2113373 [38]
and compared with vilanterol and blinded tiotropium
in study DB2113360 [50,56] . In study DB2113373,
umeclidinium/vilanterol
significantly
improved
trough FEV1 on day 2 and improvements were sustained throughout the study versus placebo (p < 0.001
at all timepoints) and monocomponents (p ≤ 0.006
at all timepoints, except versus umeclidinium at day
112, which was not significant) (Figure 5) [38,57] . A
greater proportion of patients achieved an increase in
trough FEV1 at week 24 from baseline >100 ml with
umeclidinium/vilanterol compared with placebo and
vilanterol (Supplementary Table 6) [38] . In the same
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Indacaterol 150 μg q.d. (n = 64)

Placebo (n = 31)
QVA149 110/50 μg q.d. (n = 66)

Glycopyrronium 50 μg q.d. (n = 63)

Open-label tiotropium 18 μg q.d. (n = 70)
1.6

1.5

FEV1 (l)

1.4

1.3

1.2

1.1

1.0
0
-0.75

1

2

4

8

12

16

22

23.75

Time (h)
Figure 4. Serial spirometry at week 26 in the SHINE study. Data are least-squares mean. Analysis was conducted in a subset of patients
(n = 294).
FEV1: Forced expiratory volume in 1 s; n: Number per treatment group in the serial spirometry subset of the full analysis set;
q.d.: Once daily.
Reproduced with permission from [41] © European Respiratory Society (2013).

study, serial spirometry was conducted in a subpopulation of 197 patients for 24 h at day 1 and week 24
(Figure 6) [38] . Umeclidinium/vilanterol treatment
resulted in sustained improvements in FEV1 over 24 h
compared with placebo, and increases in FEV1 were
numerically greater with umeclidinium/vilanterol
compared with its monocomponents at almost all
timepoints, with the exception of some of the earliest
timepoints on day 1 [38,57] .
In the umeclidinium/vilanterol primary efficacy
and exercise endurance studies, a closed statistical testing hierarchy was used to control multiplicity across
treatment comparisons and primary and secondary
end points; statistical tests were performed in a predefined order and statistical significance was required
in each test to draw inference from subsequent comparisons [57] . Statistical significance was not achieved
at all points in the hierarchy for one of the primary
efficacy studies (DB2113374) and one of the exercise
endurance studies (DB2114417). In study DB2113374,
comparisons of umeclidinium/vilanterol 125/25 μg
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and 62.5/25 μg were not significant versus umeclidinium 125 μg for trough FEV1 [51] . This meant that
although comparisons of umeclidinium/vilanterol
with tiotropium for trough FEV1 and comparisons
of umeclidinium/vilanterol with umeclidinium 125
μg and tiotropium for FEV1 AUC0–6h and peak FEV1
achieved p-values of < 0.01 and < 0.05, respectively, the
p-values for these comparisons were nominal [51,56,57] .
In study DB214417, comparisons of umeclidinium/
vilanterol with placebo, umeclidinium and vilanterol
for trough FEV1 at week 12 achieved p-values < 0.001;
however, these were considered nominal because the
first comparison in the testing hierarchy (3-h post-dose
exercise endurance time at week 12 for umeclidinium/
vilanterol versus placebo) did not achieve statistical
significance [57] . However, trough FEV1 improved
significantly with umeclidinium/vilanterol versus placebo, umeclidinium and vilanterol at week 12 in the
exercise endurance study DB2114418 [52,57] .
Study DB2116133 evaluated lung function with
umeclidinium/vilanterol 62.5/25 μg in patients
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Table 3. Treatment difference with umeclidinium/vilanterol compared with placebo,
monocomponents and standard of care, tiotropium: lung function.
Study Comparator arm† (n)

Trough FEV1, ml
(95% CI) ‡

Peak FEV1, ml, week 24
(95% CI)

FEV1 AUC0–6h , ml, week 24
(95% CI)

UMEC/VI 62.5/25 μg q.d. vs placebo
3373

280

167 (128–207)*

224 (182–267)*

242 (202–282)*

4417

170

211 (172–249)*

NR

NR

4418

151

243 (202–284)*

NR

NR

,§

UMEC/VI 62.5/25 μg q.d. vs UMEC 62.5 μg q.d.
3373

418

52 (17–87)**

94 (57–132)*

92 (56–127)*

4417

49

124 (67–181)*,§

NR

NR

4418

40

99 (41–157)*

NR

NR

67 (18–117)**,§

70 (24–117)**,§

116 (78–153)*

120 (84–155)*

88 (35–142)**

77 (25–128)**

UMEC/VI 62.5/25 μg q.d. vs UMEC 125 μg q.d.
3374

222

22 (-27–72) NS

UMEC/VI 62.5/25 μg q.d. vs VI 25 μg q.d.
3373

421

95 (60–130)*

3360

205

90 (39–142)*

4417

76

111 (62–161)*

NR

NR

4418

64

132 (81–183)*

NR

NR

,§

UMEC/VI 62.5/25 μg q.d. vs tiotropium 18 μg q.d.
3360

203

90 (39–141)*

72 (19–125)**

74 (22–125)**

3374

215

60 (10–109)***,§

93 (44–142)*,§

96 (50–142)*,§

Values are mean treatment differences. Bold text indicates primary end points.
*p < 0.001; **p < 0.01; ***p < 0.05.
†
UMEC/VI n = 413 (3373), 207 (3360), 217 (3374), 152 (4417) and 130 (4418).
‡
At week 24 in 3373, 3374 and 3360, at week 12 in 4417 and 4418.
§
p-values are nominal for this comparison according to the terms of the testing hierarchy for the study.
FEV1: Forced expiratory volume in 1 s; NR: Not reported (analysis was not performed or data have not been published); NS: Not statistically
significant; OR: Odds ratio; q.d.: Once daily; UMEC/VI: Umeclidinium/vilanterol.
Data taken from [38,50,51,52,56,57].

who respond to either umeclidinium 62.5 μg or
vilanterol 25 μg to determine whether umeclidinium/
vilanterol provided additional benefit [54] . Significantly greater improvements in FEV1 AUC0–6h were
observed in responders to umeclidinium or vilanterol
with UMEC/VI compared with umeclidinium or
vilanterol alone [54] . Nonresponders to umeclidinium
or vilanterol and the overall intent-to-treat population
also showed significant improvements in FEV1 AUC0–
with umeclidinium/vilanterol compared with either
6h
monocomponent alone [54] .
Umeclidinium/vilanterol demonstrated rapid onset
of efficacy compared with placebo at 15 min post-dose
on day 1 and at all subsequent timepoints (30 min
and 1, 3 and 6 h) in study DB2113373 [38,57] ; similar
results were obtained at days 28, 84, and 168 [57] . Statistically significant improvements were also observed
with umeclidinium/vilanterol versus umeclidinium
and vilanterol after 3 h on day 1, and at all timepoints
on day 28, day 84 and day 168 [57] . The median time

future science group

to onset (defined as a post-dose FEV1 ≥100 ml above
baseline) was 27 min during 0–6 h post dose on day 1
with umeclidinium/vilanterol, 31 min with vilanterol
and 56 min with umeclidinium [38] .
Lung volumes
Lung volume measurements can provide information
on hyperinflation and airway resistance in patients
with COPD. In the BRIGHT study, secondary end
points included dynamic inspiratory capacity (IC)
during exercise (at isotime) and trough IC, as well as
functional residual capacity (FRC), residual volume
(RV), slow vital capacity (SVC) and specific airway
conductance (SGaw), determined by body plethysmo
graphy [43] . QVA149 was associated with significant
improvements in dynamic IC and trough IC versus
placebo (LSM treatment differences 320 ml [95% CI:
230–400] and 190 ml [95% CI: 90–290], respectively;
p < 0.001) and tiotropium (140 ml [95% CI: 50–220]
and 150 ml [95% CI: 60–250]; p < 0.01) at day 21 [43] .
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Placebo (n = 280)

Vilanterol 25 µg q.d. (n = 421)

Umeclidinium 62.5 µg q.d. (n = 418)

Umeclidinium/vilanterol 62.5/25 µg q.d. (n = 413)

Change from baseline in trough FEV1 (l)

0.25

0.20
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-0.05
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Time (days)
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168 169

Figure 5. Change from baseline in trough forced expiratory volume in 1 s over the 24-week treatment period in
study DB2113373. Data are least-squares mean ± 95% CI.
FEV1: Forced expiratory volume in 1 s; q.d.: Once daily.
Reprinted with permission from [38] © Elsevier (2013).

Body plethysmography measurements also indicated a
reduction in lung hyperinflation and airway resistance
with QVA149: at days 1 and 21 significant improvements in FRC, RV, SVC and SGaw at 5, 15 and 60 min
post dose were observed with QVA149 versus placebo.
Significant improvements in SVC and SGaw were also
observed for QVA149 versus tiotropium at some of the
timepoints [43] .
In the two umeclidinium/vilanterol exercise endurance studies, secondary end points included measures
of lung volume: IC, FRC and RV [52] . Umeclidinium/
vilanterol demonstrated significant improvements
in trough and 3-h post-dose IC, FRC and RV compared with placebo at week 12 in study DB2114418
but not DB2114417 [52] . There are currently no data
available on the effect of umeclidinium/vilanterol on
dynamic hyperinflation; all reported measurements of
hyperinflation were taken at rest.
Dyspnea
In the SHINE and ILLUMINATE studies, QVA149
significantly improved the Transition Dyspnea Index
(TDI) total score and significantly increased the
proportion of patients achieving the minimal clinically important difference (MCID) of at least 1 unit
improvement in TDI score [58] from baseline compared with placebo, open-label tiotropium and SFC
at week 26 (Table 4 & Supplementary Table 4) [41,42] .
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In the SHINE study, significantly greater proportions
of patients also achieved improvements in TDI total
score ≥2 units and ≥3 units at week 26 with QVA149
compared with placebo and tiotropium [41] . Improvements in TDI total score observed with QVA149 versus
the monocomponents were not statistically significant
at week 26; however, a significant improvement was
observed with QVA149 compared with glycopyrronium at week 12 [41] . In the BLAZE study, QVA149
significantly improved the self-administered computerized TDI total score (the primary end point) and the
proportion of patients who achieved the MCID with
QVA149 versus placebo and blinded tiotropium [47] .
Umeclidinium/vilanterol 62.5/25 μg significantly improved TDI total score and increased the
proportion of patients who achieved the MCID
compared with placebo in study DB2113373
(Table 5 & Supplementary Table 6) [38] . Improvements in TDI total score were not significant with
umeclidinium/vilanterol versus the monocomponents; however, the proportion of patients who
achieved the MCID was significantly increased with
umeclidinium/vilanterol compared with vilanterol
[38] . TDI total score did not improve with umeclidinium/vilanterol compared with either monocomponent
or tiotropium in a pooled analysis of the active comparator studies DB2113360 and DB2113374 [59] , nor
were there improvements in the proportion of patients
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who achieved the MCID in TDI total score in the
individual studies [50,51] .
Health status
In the SHINE study, QVA149 significantly improved
the St George’s Respiratory Questionnaire (SGRQ)
total score versus placebo and tiotropium at week
26 (Table 4) [41] . SGRQ score was also significantly
improved with QVA149 versus glycopyrronium and
tiotropium at each timepoint assessed over 64 weeks
in the SPARK study [45] . In the ILLUMINATE study,
both QVA149 and SFC showed an improvement in
SGRQ total score at week 26; the between-treatment
group difference was not statistically significant [42] .
The proportion of patients achieving the MCID of at
least 4 units improvement in SGRQ total score [60]
from baseline was significantly greater with QVA149
versus tiotropium at week 26 in the SHINE study
(Supplementary Table 4) [41] . In addition, a significantly
greater proportion of patients achieved an improvement in SGRQ total score ≥8 units with QVA149
compared with placebo, glycopyrronium and tiotropium at week 26 [41] . In the SPARK study, the proportion of patients achieving the MCID was significantly
higher with QVA149 compared with glycopyrronium
and tiotropium up to week 52; however, the difference
just failed to achieve statistical significance at week
64 (p = 0.055 and p = 0.051 vs glycopyrronium and
tiotropium, respectively) [45] .
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SGRQ total score significantly improved and
the proportion of patients who achieved the MCID
increased with umeclidinium/vilanterol compared
with placebo at week 24 in study DB2113373 (Table 5
& Supplementary Table 6) [38] . However, no significant
improvements in health status were observed versus the
monocomponents or tiotropium in any study [38,50,51] .
Cross study comparisons need to be viewed with caution owing to differences between the statistical modeling utilized. For example, when SGRQ data from the
SHINE study are analyzed using the statistical model
employed in the DB2113373 study (with covariates for
treatment, baseline SGRQ score, baseline smoking status, baseline inhaled corticosteroid [ICS] use, region,
visit, visit–baseline interaction and visit–treatment
interaction) the treatment difference with QVA149
versus placebo increases from -3.99 to -4.61 at week 12
and from -3.01 to -3.55 at week 26 [Novartis, Unpublished
Data] . It should also be noted that the improvement in
SGRQ in the placebo-treated patients in the SHINE
study was much greater than that in study DB2113373,
reducing the difference measured versus placebo.
Patient symptoms
COPD symptoms were improved with QVA149
treatment (Table 4 & Supplementary Table 7) . In the
SHINE study, significant increases over 26 weeks were
observed with QVA149 in nights with no night-time
awakenings (versus placebo and glycopyrronium), in

0.40

Placebo

Vilanterol 25 µg q.d.

0.35

Umeclidinium 62.5 µg q.d.

Umeclidinium/vilanterol 62.5/25 µg q.d.

Change from baseline in FEV1 (l)

0.30
0.25
0.20
0.15
0.10
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Time (h)
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Figure 6. Serial spirometry at week 24 in study DB2113373. Data are least-squares mean ± 95% CI. Analysis was
conducted in a subset of patients (n = 197).
FEV1: Forced expiratory volume in 1 s; q.d.: Once daily.
Reproduced with permission from [38] © Elsevier (2013).
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218

BLAZE

1.37 (0.95–1.79)*

1.09 (0.61–1.57)*

476

0.26 (-0.11–0.63)NS

739

SPARK

NR

0.21 (-0.17–0.58)NS

97

NR

NR

737

SPARK

0.07 (-0.24–0.39)NS

NR

0.76 (0.26–1.26)**

-1.24 (-3.33–0.85)NS

-2.69 (-4.17 to -1.21)*
-0.05 (-0.29–0.2)NS

-0.44 (-0.62 to -0.26)*

QVA149 n = 474 (SHINE), 223 (BLAZE), 729 (SPARK), 84 (BEACON) and 258 (ILLUMINATE).

0.90 (0.79–1.02)NS

NR
NR

0.69 (0.44–1.07)NS‡‡

0.86 (0.78–0.94)**

NR
NR

NR

0.85 (0.77–0.94)**

0.88 (0.77–0.99)***
NR

NR

NR

-0.39 (-0.71 to -0.06)*** 0.80 (0.41–1.56)NS‡‡

-0.76 (-1.01 to -0.5)*

-0.54 (-0.81 to -0.27)*
-0.45 (-0.74 to -0.16)**

-0.04 (-0.35–0.28)NS

-0.81 (-1.07 to -0.56)*

-0.66 (-0.93 to -0.39)*

NR

NR

NR

‡‡

Post hoc analysis.
b.i.d.: Twice daily; Gly: Glycopyrronium; Ind: Indacaterol; NR: Not reported (analysis was not performed or data have not been published); NS: Not statistically significant; q.d.: Once daily; SGRQ: St George’s respiratory
questionnaire; SFC: Salmeterol/fluticasone propionate; TDI: Transition Dyspnea Index.
Data taken from [41,42,45,47,48,99,100] and [Novartis, Unpublished Data].

Open-label in SHINE and SPARK, blinded in BLAZE.

Free combination.

††

Self-administered computerized total score.

#

NR

-0.30 (-0.57 to -0.03)*** NR

Over treatment period (26 weeks in SHINE and ILLUMINATE, 6 weeks in BLAZE, 64–76 weeks in SPARK and 4 weeks in BEACON).

¶

§

‡

At week 26 in SHINE and ILLUMINATE, at week 6 in BLAZE and at week 64 in SPARK.

†

Values are mean treatment differences with the exception of rate ratios. Bold text indicates primary end points.
*p < 0.001; **p < 0.01; ***p < 0.05.

ILLUMINATE 264

#

0.51 (0.14–0.88)** -2.13 (-3.72 to -0.54)** -0.24 (-0.46 to -0.01)***
-0.03 (-0.26–0.19)NS
0.49 (0.07–0.91)***,¶ NR

QVA149 110/50 μg q.d. vs SFC 50/500 μg b.i.d.

480
220

SHINE
BLAZE

††

QVA149 110/50 μg q.d. vs tiotropium 18 μg q.d.

BEACON

-0.26 (-0.49 to -0.03)***

-0.13 (-0.36–0.1)NS

-2.07 (-3.57 to -0.58)** -0.37 (-0.55 to -0.19)*

-1.18 (-2.78–0.42)NS

-1.09 (-2.68–0.5)NS

-1.43 (-1.72 to -1.13)*

-0.72 (-0.94 to -0.49)*

NR

0.57 (0.41–0.79)*

Rescue medication use,
Exacerbations (annual rate ratio) §
puffs/day (95% CI) §
All exacerbations
Moderate or severe
exacerbations (95% CI) (95% CI)
-0.96 (-1.29 to -0.62)*

Daily total symptom
score (95% CI) §

-3.01 (-5.05 to -0.97)** -0.67 (-0.96 to -0.39)*

QVA149 110/50 μg q.d. vs Ind 150 μg + Gly 50 μg q.d.

473

SHINE

QVA149 110/50 μg q.d. vs Gly 50 μg q.d.

SHINE

QVA149 110/50 μg q.d. vs Ind 150 μg q.d.

232

SHINE
,¶

Comparator Dyspnea, TDI total Health status, SGRQ
arm (n)†
score (95% CI) ‡
total score (95% CI) ‡

QVA149 110/50 μg q.d. vs placebo

Study

Table 4. Treatment difference with QVA149 compared with placebo, monocomponents and standards of care, tiotropium and salmeterol/fluticasone
propionate: patient-reported outcomes.
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percentage of days with no daytime symptoms (versus placebo), in percentage of days patients were able
to perform usual daily activities (versus placebo, the
monocomponents and tiotropium) and daily total
symptom score (versus placebo, glycopyrronium and
tiotropium) [41] . In the SPARK study, significant
improvements were observed over 64–76 weeks in
the percentage of nights with no night-time awakenings, percentage of days with no daytime symptoms
and daily total symptom score with QVA149 versus
glycopyrronium and tiotropium [Novartis, Unpublished
Data] . QVA149 also significantly improved the percentage of days patients were able to perform usual
daily activities versus tiotropium in SPARK [Novartis,
Unpublished Data] . QVA149 significantly increased the
percentage of days with no daytime symptoms versus
SFC over 26 weeks (ILLUMINATE) [42] . Changes
in patient symptoms (including daily total symptom
score) during 6 weeks of treatment with QVA149
were significant versus placebo but not compared
with tiotropium in the BLAZE study [47] . In the
BEACON study, patients treated with QVA149 and
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those treated with the free combination of indacaterol
and glycopyrronium experienced similar changes in
daily total symptom score during 4 weeks of treatment [48] . No symptom score data are available for the
umeclidinium/vilanterol combination.
Rescue medication use
Daily rescue medication use was significantly reduced
with QVA149 versus placebo, monocomponents, tiotropium and SFC (Table 4) [41,42,45,47] . The percentage of
days with no rescue medication use also significantly
increased with QVA149 compared with placebo, glycopyrronium and tiotropium (Supplementary Table 7)
[41,45,47] . In addition, the reductions in use of rescue
medication observed with QVA149 were similar to
those observed with the free combination of indacaterol
and glycopyrronium in the BEACON study [48] .
Umeclidinium/vilanterol
treatment
also
led to improvements in rescue medication use
(Table 5) . Daily use of rescue medication was significantly reduced compared with placebo and umeclidinium in study DB2113373 [38] , and compared with

Table 5. Treatment difference with umeclidinium/vilanterol compared with placebo, monocomponents and standard
of care, tiotropium: patient-reported outcomes.
Study Comparator Dyspnea, TDI
Dyspnea, SOBDA Health status,
arm (n) †
total score, week score, week 24
SGRQ total score,
24 (95% CI)
(95% CI)
week 24 (95% CI)

Rescue medication
use, puffs/day, over
24 weeks (95% CI)

Time to first
exacerbation, hazard
ratio (95% CI)

-0.8 (-1.3 to -0.3)**

0.5 (0.3–0.8)**

UMEC/VI 62.5/25 μg q.d. vs placebo
3373

280

1.2 (0.7–1.7)*

-0.17
(-0.26 to -0.08)*

-5.51
(-7.88 to -3.13)*

UMEC/VI 62.5/25 μg q.d. vs UMEC 62.5 μg q.d.
3373

418

0.3 (-0.2–0.7) NS

-0.08
(-0.16–0.01) NS

-0.82 (-2.90–1.27) NS -0.6 (-1.0 to -0.1)***

NR

-1.55 (-4.25–1.16) NS -0.6 (-1.2–0.0) NS

NR

UMEC/VI 62.5/25 μg q.d. vs UMEC 125 μg q.d.
3374

222

0.4 (-0.2–1.0) NS‡

-0.10
(-0.21–0.01) NS

UMEC/VI 62.5/25 μg q.d. vs VI 25 μg q.d.
3373

421

0.4 (-1.0–0.8) NS

-0.03
(-0.11–0.05) NS

-0.32 (-2.41–1.78) NS 0.1 (-0.3–0.5) NS

NR

3360

205

0.2 (-0.4–0.8) NS‡

-0.02
(-0.14–0.10) NS

1.42 (-1.46–4.30) NS -0.3 (-0.8–0.3) NS

NR

NR

UMEC/VI 62.5/25 μg q.d. vs tiotropium 18 μg q.d.
3360

203

0.1 (-0.4–0.5) NS‡

0 (-0.12–0.12) NS

0.75 (-2.12–3.63) NS

3374

215

0.1 (-0.4–0.5)

-0.08
(-0.20–0.03) NS

-0.17 (-2.85–2.52) NS -0.6NS

NS‡

-0.7 (-1.2 to -0.1)***

NR

Values are mean treatment differences with the exception of hazard ratios.
*p < 0.001; **p < 0.01; ***p < 0.05.
†
UMEC/VI n = 413 (3373), 207 (3360) and 217 (3374).
‡
Pooled analysis of studies DB2113360 and DB2113374.
NR: Not reported (analysis was not performed or data have not been published); NS: Not statistically significant; q.d.: Once daily; SGRQ: St George’s respiratory
questionnaire; SOBDA: Shortness of breath with daily activity; TDI: Transitional Dyspnea Index; UMEC/VI: Umeclidinium/vilanterol.
Data taken from [38,50,51,56,57,59]

future science group

www.future-science.com

523

Review: Clinical Trial Outcomes

Banerji, Fogel & Beeh

tiotropium in study DB2113360 [50] .
Exacerbations
In the SPARK study, QVA149 significantly reduced
the rate of moderate (treated with systemic corticosteroids or antibiotics or both) or severe exacerbations
(requiring hospital admission or emergency treatment) during the 64–76-week treatment period (the
primary end point) by 12% compared with glycopyrronium (rate ratio 0.88 [95% CI: 0.77–0.99]; p =
0.038; Table 4 ) [45] . Compared with tiotropium, the
rate of moderate or severe exacerbations was reduced
by 10% with QVA149, although this difference was
not statistically significant (rate ratio: 0.90 [95% CI:
0.79–1.02]; p = 0.096) [45] . The rate of all COPD
exacerbations (mild [self-managed by the patient],
moderate and severe) was also reduced with QVA149
by 15% compared with glycopyrronium (rate ratio:
0.85 [95% CI: 0.77–0.94]; p = 0.0012) and by 14%
compared with tiotropium (rate ratio: 0.86 [95% CI:
0.78–0.94]; p = 0.0017) [45] . The rates of exacerbations
that led to hospitalization or emergency treatment
(classified as severe) in the SPARK study were low
in all treatment groups with no significant difference
observed between QVA149 and either comparator
(Supplementary Table 7) [45] .
In a post hoc analysis of the ILLUMINATE study,
the rate of moderate or severe exacerbations and the
rate of all exacerbations were comparable in patients
treated with QVA149 and in those treated with SFC
during the 26-week treatment period [42] .
The impact of umeclidinium/vilanterol on COPD
exacerbations was explored as an additional end point
in the 24-week primary efficacy studies, although these
studies were not specifically designed to evaluate the
effect of treatments on exacerbations, and patients were
withdrawn if an exacerbation occurred [57] . According to analysis of time to first exacerbation (defined
as an acute worsening of symptoms of COPD requiring emergency treatment, hospitalization, or the use
of systemic corticosteroids or antibiotics), umeclidinium/vilanterol significantly reduced the risk of
exacerbation by 50% compared with placebo (hazard
ratio: 0.5 [95% CI: 0.3–0.8]; p < 0.001; Table 5) [38] .
In the active comparator studies, COPD exacerbations were observed in 7, 8 and 5% of patients treated
with umeclidinium/vilanterol, vilanterol and tiotropium, respectively (study DB2113360) [50] , and in 12,
12 and 7% of patients treated with umeclidinium/
vilanterol, umeclidinium 125 μg and tiotropium,
respectively (study DB2113374) [51] . An integrated
analysis of the four primary efficacy studies showed
that the risk of exacerbations was not different with
umeclidinium/vilanterol versus tiotropium [56] .
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Exercise measurements
The effect of combining bronchodilators on exercise
performance was investigated in both the QVA149 and
umeclidinium/vilanterol clinical trial programs. Exercise endurance time (EET) during a sub-maximal exercise tolerance test via constant load cycle ergometry at
day 21 was the primary end point of the BRIGHT trial
[43] . EET was significantly increased by 59.5 s (95% CI:
17.7–101.3) with QVA149 versus placebo (p = 0.006);
this improvement was of a similar magnitude to that
observed with tiotropium versus placebo (66.3 s [95%
CI: 24.8–107.7]; p = 0.002) [43] .
In studies DB2114417 and DB2114418, the effects
of UMEC/VI on EET were evaluated using the endurance shuttle walk test 3 h after dosing (the co-primary
end point of both studies) [52] . EET was significantly
improved with umeclidinium/vilanterol 62.5/25 μg
compared with placebo in study DB2114418 (by
69.4 s; [95% CI: 24.5–114.4] p < 0.01) but not in
study DB2114417 (treatment difference of 21.9 s [95%
CI: -14.2–58.0]) [52] .
Safety
The potential association between bronchodilators
and cardio- and cerebro-vascular (CCV) morbidity
and mortality is of concern; the use of anticholinergics
and β2-agonists has been linked with CCV events in
patients with COPD [61,62] . In addition, an independent systematic review and meta-analysis of 12-month
randomized controlled trials found a 52% increase in
mortality risk associated with tiotropium delivered
using a mist inhaler (Respimat®) [63] . However, in the
recently completed large TIOSPIR® trial, tiotropium
Respimat (2.5 or 5 μg) was found to be noninferior to
tiotropium (18 μg) administered via the HandiHaler®
device for risk of death [64] . When combining bronchodilators, therefore, not only does the efficacy of the
combination have to be taken into consideration, but
also the associated safety profile.
The monocomponents of QVA149, glycopyrronium and indacaterol, are approved for use as monotherapy in COPD and have well-characterized safety
profiles. Glycopyrronium showed no evidence of
being associated with adverse cardiovascular effects
[65] and indacaterol has an overall CCV safety profile similar to that of placebo [66,67] . The eligibility
criteria used in the QVA149 IGNITE studies were
comparable to the criteria used in the pivotal studies for glycopyrronium and indacaterol, resulting in
similar patient populations across the three clinical
development programs [28–30,68–73] .
In the SHINE study, the overall incidence of adverse
events (AEs) over 26 weeks was similar between QVA149
(55.1%), placebo (57.8%), indacaterol (61.1%), glyco-
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pyrronium (61.3%) and tiotropium (57.3%) groups,
with COPD worsening reported most frequently [41] .
The rate of treatment discontinuation as a result of
AEs in the QVA149 group was 1.3%, lower than placebo (4.3%) and the active comparators (2.1–5.0%)
[41] . Serious AEs (SAEs) also occurred less frequently
in the QVA149 group compared with placebo (4.6 and
5.6%, respectively) [41] . Seven deaths occurred during
the SHINE study, none of which were considered by
the investigator to be related to the study drug [41] . The
occurrence of CCV SAEs was low across treatment
groups; no CCV SAEs were reported in the QVA149
group and few were reported and adjudicated in the
other treatment groups (0.4–1.5%) [41] .
The long-term safety of QVA149 was investigated
for 52 weeks in the ENLIGHTEN study [44] . The
overall incidence of AEs was comparable between
QVA149 and placebo groups (57.8 and 56.6%, respectively), and COPD worsening was the most frequently
reported AE (28.0 and 25.7%) [44] . AEs that led to
study drug discontinuation were also reported in similar proportions in the QVA149 and placebo groups
(5.8 and 6.2%, respectively) [44] . SAEs occurred in
16.4% of patients in the QVA149 group and 10.6%
of the placebo group [44] . CCV AEs were reported by
5.3% of patients in the QVA149 group and 2.7% of
patients in the placebo group. The incidence of CCV
SAEs, reported in five patients in the QVA149 group
(2.2%) and none in the placebo group, was not significantly different between the two groups (odds ratio:
3.43 [95% CI: 0.46–Inf]; p = 0.258) [44] . There were
five deaths during the treatment period and within 30
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days of the last treatment (four in the QVA149 group
and one in the placebo group) [44] . None of the deaths
were thought to be related to the study drug, as determined by the investigator, and the difference in time
to death between treatment groups was not statistically
significant (hazard ratio: 1.7 [95% CI: 0.19–15.36];
p = 0.638). The numerical imbalance in the rates of
SAEs and deaths between the QVA149 and placebo
groups is likely to be owing to demographic imbalance between the groups; at baseline, more patients
had severe COPD, used ICS and had a history of myocardial infarction, stroke and diabetes mellitus in the
QVA149 group [44] . Long-term safety data for QVA149
are also available from the SPARK study, in which 729
patients with severe-to-very severe COPD were treated
with QVA149 for up to 76 weeks [45] . The overall safety
profile of QVA149 was found to be similar to that of
glycopyrronium and tiotropium, and all treatments
were well tolerated [45] .
In a pooled analysis of 6-month safety data from
three pivotal Phase III studies (SHINE, ILLUMINATE and ENLIGHTEN) and a safety study in
Japanese patients (ARISE), the overall proportion of
patients with any AE in the QVA149 group (51.5%)
was lower compared with the indacaterol, glycopyrronium, open-label tiotropium and SFC groups (56.8–
61.3%; Table 6) [74] . The incidence of any SAE was
similar between the QVA149 and all other active treatment groups (5.3–6.1%) apart from the tiotropium
group, in which the rate of SAEs was slightly lower
(3.9%) [74] . CCV events occurred in 1.8% of patients
in the QVA149 group, similar to the tiotropium group

Table 6. Pooled 6-month safety data for placebo, QVA149, monocomponents and standards of care, tiotropium and
salmeterol/fluticasone propionate†.
Regimen

Patients Total AEs
(n)

AEs leading
Total
to permanent
SAEs
discontinuation
of study drug

Deaths

CCV AEs

CCV SAEs MACE,
total

Atrial
fibrillation/
flutter events

QVA149
110/50 μg q.d.

1076

593 (55.1)

37 (3.4)

59 (5.5)

3 (0.3)

19 (1.8)

6 (0.6)

3 (0.3)

9 (0.8)

Placebo

345

190 (55.1)

16 (4.6)

19 (5.5)

0

9 (2.6)

1 (0.3)

0

2 (0.6)

Indacaterol
150 μg q.d.

476

291 (61.1)

24 (5.0)

26 (5.5)

2 (0.4)

12 (2.5)

4 (0.8)

2 (0.4)

7 (1.5)

Glycopyrronium
50 μg q.d.

473

290 (61.3)

14 (3.0)

29 (6.1)

1 (0.2)

14 (3.0)

6 (1.3)

3 (0.6)

10 (2.1)

Tiotropium
18 μg q.d.

519

295 (56.8)

10 (1.9)

20 (3.9)

3 (0.6)

9 (1.7)

3 (0.6)

3 (0.6)

7 (1.3)

SFC
50/500 μg b.i.d.

264

159 (60.2)

27 (10.2)

14 (5.3)

1 (0.4)

6 (2.3)

3 (1.1)

1 (0.4)

7 (2.7)

Pooled 6-month safety data from SHINE, ILLUMINATE, ENLIGHTEN and ARISE studies. All values are n (%).
AE: Adverse event; b.i.d.: Twice daily; CCV: Cardio- and cerebro-vascular; MACE: Major adverse cardiac event; q.d.: Once daily; SAE: Serious adverse event;
SFC: Salmeterol/fluticasone propionate.
Data taken from [74,75]. Adapted with permission from [74] © European Respiratory Society (2013).
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(1.7%) and lower than that in the placebo and other
active comparator groups (2.3–3.0%) [74] . The incidence of CCV SAEs was low in the QVA149 group
(0.6%) and similar to that observed in the other active
treatment groups (0.6–1.3%) [74] .
Umeclidinium 62.5 μg monotherapy was well tolerated in a 12-week study, compared with placebo,
and there were no notable differences in safety profile
between the 62.5 and 125 μg doses [39] . Vilanterol 25 μg
was also found to have a favorable safety profile [40] .
However, neither monocomponent is currently approved
as a monotherapy.
In study DB2113373, the incidences of AEs over 24
weeks in the umeclidinium/vilanterol, placebo, umeclidinium and vilanterol groups were 51, 46, 52 and 48%,
respectively (Table 7) [38] . AEs that led to study withdrawal were reported in slightly fewer patients in the
placebo group (3%) compared with the active treatment
groups (6–8%), as were SAEs (3% vs 5–6%, respectively) [38] . The only SAE or AE (including both on- and
post-treatment AEs) that led to withdrawal from the
study in ≥1% of patients was related to COPD worsening. Nine deaths occurred in the DB2113373 study;
three patients in the umeclidinium/vilanterol group
(COPD exacerbation/respiratory failure, myocardial
infarction and unknown cause), three in the umeclidinium group (COPD/acute respiratory failure, sudden
death, and cholecystitis and peritonitis) and three in the
vilanterol group (sudden death, COPD exacerbation
and COPD exacerbation/renal failure) [38] . No clinically
significant changes were observed for blood pressure,
heart rate or QT interval [38] . In addition, no apparent treatment differences were observed for abnormal
12-lead electrocardiogram findings for any of the active
treatments [38] .
Long-term safety data for umeclidinium/vilanterol
are only available for patients who received the higher
125/25 μg dose combination; in study DB2113359, 146

patients received umeclidinium/vilanterol 125/25 μg for
at least 48 weeks [53,56] . Umeclidinium/vilanterol 125/25
μg was well tolerated during 12 months of treatment, and
the incidence of AEs and SAEs in the active treatment
groups (umeclidinium/vilanterol 125/25 μg and umeclidinium 125 μg) was similar to placebo (AEs: 52–58%,
SAEs: 6–7%) [53] . The most common AE in all treatment groups was headache (8–11%), and fewer AEs
leading to permanent discontinuation or withdrawal
occurred in the umeclidinium/vilanterol 125/25 μg
(8%) and umeclidinium 125 μg (9%) treatment groups
compared with placebo (11%) [53] . Five deaths occurred
during the study (four in the umeclidinium/vilanterol
125/25 μg group and one in the placebo group). None of
the deaths were thought to be related to the study drug
by the investigator.
In a pooled safety analysis of the 24-week primary
efficacy trials, reported in the FDA briefing document,
there was a slight imbalance in the overall proportion
of patients with any AE between the umeclidinium/
vilanterol treatment groups (53%) and placebo (48%)
[56] . The proportion of patients with an SAE was 4% in
the placebo group and 5–6% across all active treatment
groups [56] . A MACE analysis, performed on the pooled
intent-to-treat population from all COPD studies with a
treatment duration of at least 12 weeks, and an analysis
of cardiovascular AEs of special interest performed on
the pooled population from the primary efficacy trials
both indicated a numerical imbalance favoring placebo
over umeclidinium/vilanterol for events related to cardiovascular ischemia [56] . However, similar patterns were
not observed for the long-term safety trial.
In conclusion, both QVA149 and umeclidinium/
vilanterol were generally well tolerated. QVA149
had a favorable AE profile compared with placebo,
the individual components and current standards of
care, tiotropium and SFC [41,42,45,47] . No additional
safety signals were observed with QVA149 compared

Table 7. 24-week safety data for placebo, umeclidinium/vilanterol, umeclidinium and vilanterol
(study DB2113373).
Regimen

Patients
(n)

On-treatment
AEs

AEs leading to withdrawal/
discontinuation of study drug†

On-treatment
SAEs

Fatal
SAEs

UMEC/VI
413
62.5/25 μg q.d

212 (51)

23 (6)

21 (5)

3 (<1)

Placebo

280

130 (46)

9 (3)

9 (3)

0

Umeclidinium
62.5 μg q.d.

418

216 (52)

34 (8)

27 (6)

3 (<1)

Vilanterol
25 μg q.d.

421

204 (48)

24 (6)

24 (6)

3 (<1)

†
Includes both on- and post-treatment AEs. All values are n (%).
AE: Adverse event; q.d.: Once daily; SAE: Serious adverse event; UMEC/VI: Umeclidinium/vilanterol.
Adapted with permission from [38] © Elsevier (2013).
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with the monocomponents [74,75] . The safety profile
of umeclidinium/vilanterol was consistent with that
of the individual components with no evidence of
additive adverse effects for the combination over the
monocomponents [57] .
Ongoing studies
There are several ongoing trials, which will provide further data on the safety and efficacy of combining bronchodilators in the treatment of COPD. For QVA149,
these include three further trials in the IGNITE program: a long-term safety study versus blinded tiotropium and placebo over 52 weeks (RADIATE, formerly GLISTEN; NCT01610037) [76] ; a comparison
of the effect of QVA149 on exacerbations versus SFC
over 52 weeks (FLAME; NCT01782326) [77] ; and a
26-week study, which will investigate the efficacy
(noninferiority) and safety of QVA149 versus SFC
in patients from Argentina, Brazil, Chile, China and
Taiwan (LANTERN; NCT01709903) [78] . Additionally, preliminary results from a post hoc analysis of the
SHINE data suggest that QVA149 can have a ‘super
bronchodilatory’ effect, with a change from baseline in
trough FEV1 at week 26 of >300 ml in approximately
one in four patients treated with QVA149 [Novartis,
Unpublished Data] . Further analyses of such patients may
be informative.
Data from a number of umeclidinium/vilanterol
investigations are awaiting full publication;
DB2113373 and DB2113361 are the only studies
published in full [38,49] . A 24-week study was recently
completed comparing the efficacy and safety of umeclidinium/vilanterol with tiotropium (NCT01777334;
data are yet to be published) [55] , and a 12-week study
is ongoing, which will evaluate the effect of umeclidinium/vilanterol on lung function versus tiotropium
in patients with COPD who remain symptomatic
while treated with tiotropium (NCT01899742) [79] .
In addition, three clinical trials are ongoing, which
will compare the efficacy and safety of umeclidinium/
vilanterol with SFC (NCT01817764, NCT01822899
and NCT01879410) [80–82] . The effect of umeclidinium/vilanterol on exacerbations as a primary end
point in a long-term study in patients with a history
of exacerbations is currently not under investigation.
Conclusions
QVA149 and umeclidinium/vilanterol have both demonstrated positive effects on bronchodilation compared with their respective monocomponents. Superior bronchodilation and improvements in clinical
outcomes were observed with QVA149 compared with
the monocomponents and current standards of care,
tiotropium and SFC, as well as placebo [41–43,45,47] .
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Umeclidinium/vilanterol also demonstrated superior
bronchodilation compared with placebo and tiotropium, and improvements in clinical outcomes were
noted for umeclidinium/vilanterol compared with
placebo [38,50–52] . Furthermore, there were no additional safety concerns observed with combinations of
long-acting bronchodilators compared with the monocomponents [56,74,75] . QVA149 and umeclidinium/
vilanterol are both administered once daily via a single
inhaler; both once-daily dosing [83] and single-inhaler
use [84] have been shown to result in higher adherence
in patients with COPD, compared with other daily
dosing schedules and the use of multiple inhalers.
Although benefits of QVA149 and umeclidinium/
vilanterol compared with monocomponents and current standards of care were observed, few mean treatment differences in trough FEV1, and none of the mean
differences in TDI score or SGRQ score, achieved the
MCID versus active comparators. However, experience
with MCIDs has most often been in the context of
placebo-controlled trials, where treatment differences
can be large. A more appropriate method to assess the
minimum worthwhile incremental advantage between
active treatment regimens may therefore be to use a
responder analysis to identify the additional proportion of patients who experience improvement at or
above the MCID [85] .
It is important to note that improvements in FEV1 do
not necessarily translate into improvements in symptoms, such as dyspnea, and an individual may experience a clinically important benefit based on one outcome but not others. In an analysis of the relationship
between FEV1 and patient-reported outcomes, a 100
ml increase in FEV1 was associated with an improvement in TDI total score of 0.5, which falls short of
the 1 unit MCID [86] . A similar result was found in a
pooled analysis of three indacaterol studies: although a
change in FEV1 was significantly correlated with TDI
score, the model-predicted increase in TDI total score
for a 100 ml increase in FEV1 was 0.46 [87] . Equally,
not all dyspnea experienced by patients with COPD is
caused by reduced FEV1. Alternative potential causes
of dyspnea include concomitant cardiac disease, pulmonary vascular disease, anemia, deconditioning,
environmental hypoxia and behavioral factors such as
anxiety disorders [88] .
Given the positive results from clinical investigations with QVA149 and umeclidinium/vilanterol
in patients with COPD, the positioning of LABA/
LAMA fixed-dose combinations in current treatment
guidelines and algorithms is a point of discussion. For
patients who remain symptomatic with a single bronchodilator, should prescription of a LABA/LAMA be
the next step? Many patients who are receiving treat-

www.future-science.com

527

Review: Clinical Trial Outcomes

Banerji, Fogel & Beeh

ment continue to experience symptoms. For instance,
most GOLD stage 2 patients in an analysis of the
Optimum Patient Care Research Database remained
symptomatic; 91.4% of patients had a Medical
Research Council dyspnea scale score ≥2 and 95.0%
had a COPD Assessment Test score ≥11 [89] . As demonstrated in the QVA149 trials, a LABA/LAMA can
provide improvements in patient symptoms compared
with a single bronchodilator alone [41,45] . In addition,
the choice between a LABA/LAMA and a LABA/
ICS should also be considered. LABA/ICS are recommended for use in patients who are at high risk of
exacerbations (Groups C and D) in the GOLD 2014
strategy document [1] . There are concerns surrounding the use of LABA/ICS in the treatment of COPD,
namely the uncertainty around the contribution of
ICS to the clinical efficacy of the combination [90,91]
and risks associated with ICS use [91–93] . Combined
bronchodilators can be at least as effective as LABA/
ICS in the treatment of patients equivalent to GOLD
Group B, as data from the ILLUMINATE study
demonstrate [42] . QVA149 provided significant and
clinically meaningful improvements in lung function
and significant symptomatic benefits versus SFC in
patients who were at low risk of exacerbation but had a
high symptom burden [94] . The FLAME study, which
will compare the effect of QVA149 on exacerbations
versus SFC, will potentially help to clarify whether a
dual bronchodilator can provide benefits to those who
are at high risk [77] .

Further data on the efficacy and safety of dual
bronchodilators are required before changes in treatment recommendations can be considered. For
instance, there is currently little information on the
effects of dual bronchodilators on hospitalization rates
and mortality, and the SPARK trial is presently the
only study to have evaluated the effect of a LABA/
LAMA compared with two marketed LAMAs (glycopyrronium and tiotropium) on exacerbations as the
primary end point. Long-term studies are therefore
required to explore the impact of dual bronchodilators on these outcomes in patients with COPD. It
seems likely, however, that if bronchodilation can be
optimized through combining bronchodilators, leading to improvements in patient symptoms and morbidity, dual bronchodilators will feature prominently
in COPD treatment strategies and guidelines in the
future.
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Executive summary
Background
• The administration of long-acting β2-agonists (LABAs) and long-acting muscarinic antagonists (LAMAs) in
fixed-dose combinations is supported by both scientific rationale and the clinical efficacy of free combinations
of LABAs and LAMAs and a fixed-dose combination of short-acting bronchodilators.
• Two LABA/LAMA fixed-dose combinations have recently been approved for use in the treatment of chronic
obstructive pulmonary disease (COPD): QVA149 in Europe, Japan and a number of other countries, and
umeclidinium/vilanterol in the USA.

Efficacy
• Considerable data from Phase III trials evaluating the efficacy and safety of QVA149 and umeclidinium/
vilanterol have become available, which demonstrate improvements in lung function measures and patientreported outcomes with the LABA/LAMA combinations.
• Superior bronchodilation and improvements in clinical outcomes were observed with QVA149 compared with
placebo, its monocomponents and current standards of care tiotropium and salmeterol/fluticasone.
• Umeclidinium/vilanterol demonstrated superior bronchodilation compared with placebo, the
monocomponents and tiotropium, and improvements in clinical outcomes were noted for umeclidinium/
vilanterol compared with placebo.

Safety
• No additional safety concerns were observed with either QVA149 or umeclidinium/vilanterol compared with
the monocomponents.

Conclusion
• If combining bronchodilators can optimize bronchodilation and lead to improvements in patient symptoms
and morbidity, dual bronchodilators will likely feature prominently in COPD treatment strategies and
guidelines in the near future.
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