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Abstract: An increasing body of evidence suggests that the long-acting muscarinic antagonist 

(LAMA)/long-acting β
2
-agonist (LABA) combination appears to play an important role in 

maximizing bronchodilation, with studies to date indicating that combining different classes of 

bronchodilators may result in significantly greater improvements in lung function compared to 

the use of a single drug, and that these combinations are well tolerated in patients with moderate-

to-severe chronic obstructive pulmonary disease (COPD). An inhaled, fixed-dose combination 

of two 24-hour bronchodilators, the LAMA umeclidinium and the LABA vilanterol, is under 

development as a once-daily treatment for COPD. The efficacy of both mono-components has 

already been demonstrated. The information currently available suggests that umeclidinium/

vilanterol is an effective once-daily dual bronchodilator fixed-dose combination in the treat-

ment of COPD. However, it remains to be seen if it compares favorably with current therapies. 

Moreover, the question remains whether umeclidinium/vilanterol fixed-dose combination, which 

significantly improves FEV
1
, is also associated with improvements in other outcome measures 

that are important to COPD patients.
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Introduction
Long-acting inhaled bronchodilators feature prominently in the recommended man-

agement strategy for chronic obstructive pulmonary disease (COPD).1,2 Two classes of 

long-acting inhaled bronchodilators are available – long-acting β
2
-agonists (LABAs) 

and long-acting muscarinic antagonists (LAMAs). LABAs directly induce broncho-

dilation by relaxing airway smooth muscle through stimulation of β
2
-adrenoceptors, 

whereas LAMAs prevent acetylcholine-induced bronchoconstriction by acting as 

competitive antagonists on muscarinic receptors.3

Symptomatic treatment with bronchodilators is recommended as the first stage 

of therapy for COPD.1,2 However, experts agree that, in patients not fully controlled 

with one long-acting bronchodilator, maximizing bronchodilation (ie, adding another 

bronchodilator with a different mechanism of action) is the preferable option.4 In effect, 

guidelines recommend combination therapy involving two long-acting bronchodilators 

with differing mechanisms of action in patients whose COPD is not sufficiently con-

trolled with monotherapy.2 In particular, the Global initiative for chronic Obstructive 

Lung Disease (GOLD) report suggests use of LAMA/LABA dual therapy as a treatment 

alternative for patients in groups B (high symptoms/low risk), C (low symptoms/high 

risk), and D (high symptoms/high risk).2
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Clinical evidence supporting  
dual bronchodilation
An increasing body of evidence suggests that the LAMA/

LABA combination appears to play an important role in 

maximizing bronchodilation, with studies to date indicat-

ing that combining different classes of bronchodilators 

may result in significantly greater improvements in lung 

function compared to the use of a single drug, and that 

these combinations are well tolerated in patients with 

moderate-to-severe COPD.5 However, forced expiratory 

volume in 1 second (FEV
1
) alone may not adequately 

reflect the overall health status of the patient. Published 

evidence suggests that LAMA/LABA combination thera-

pies demonstrate greater improvements in patient-centered 

outcomes such as dyspnea, symptoms, rescue medication 

use, and quality of life than individual drugs used alone.6 

Moreover, the LAMA/LABA combination seems to be 

superior in preventing COPD exacerbations compared 

with LAMA alone.7

Moreover, although management of COPD can be 

achieved with a high dose of a single agent, combining 

two or more classes of molecules allows the use of lower 

doses that demonstrate the same efficacy while decreasing 

adverse effects.8

Pharmacological rationale  
for dual bronchodilation
Airway tone is regulated by both the parasympathetic and 

sympathetic nervous systems. The complete nature of 

interactions between the two physiological systems is not 

yet fully understood, but there is enough evidence to suggest 

that combining β
2
-agonists and muscarinic antagonists is 

pharmacologically reasonable for several reasons that have 

been reviewed in detail recently.3,9,10

β
2
-agonists can amplify the bronchial smooth muscle 

relaxation directly induced by the muscarinic antagonist 

by decreasing the release of acetylcholine via a modulation 

of cholinergic neurotransmission that involves calcium-

activated potassium (K
Ca

) channels rather than adenylyl 

cyclase and cyclic adenosine monophosphate. Activation of 

K
Ca

 channels is thought to hyperpolarize the cell membrane, 

thus causing reductions in the concentration of intracellular 

Ca2+ and acetylcholine release in prejunctional cholinergic 

nerves. Therefore, we could assume that the addition of a 

muscarinic antagonist can reduce bronchoconstriction effects 

of acetylcholine, the release of which will have been modified 

by the β
2
-agonist, and thereby amplify the bronchodilation 

elicited by the same β
2
-agonist through the direct stimulation 

of smooth muscle β
2
-adrenoceptors.

However, this mechanism seems unlikely, there is docu-

mentation clearly indicating that β
2
-agonists facilitate rather 

than inhibit parasympathetic acetylcholine release in the 

airways.11 Therefore, it has been suggested that crosstalk 

between muscarinic receptors and β
2
-adrenoceptors, caus-

ing functional antagonism at the level of the airway smooth 

muscle itself, seems more likely to be of importance.11,12 

In effect, crosstalk between G
q
-coupled M

3
 receptors and 

G
s
-coupled β

2
-adrenoceptors may have a major influence on 

β-agonist-induced relaxation, presumably by activation of 

protein kinase C (PKC) and subsequent phosphorylation of 

the β
2
-adrenoceptor and/or G

s
 protein. Interestingly, PKC 

activation also enhances β-agonist-induced β
2
-adrenoceptor 

desensitization, which may involve phosphorylation and acti-

vation of G-protein receptor kinase 2.11,12 Both mechanisms 

could contribute to the beneficial bronchodilatory effects of 

dual bronchodilator therapy.11,12

Another possibility is the fact that the antimuscarinic 

agent and not the β
2
-adrenoceptor agonist can suppress 

mucus/fluid secretions; hence, surface tension changes that 

would collapse the airways do not occur.10

Recent findings showed that β
2
-adrenoceptors and mus-

carinic receptors mediate opposing effects on endothelin-1 

expression in human lung fibroblasts.13 Since muscarinic 

upregulation of endothelin-1 contributes to profibrotic 

effects of muscarinic stimuli, inhibition of endothelin-1 

expression could contribute to long-term beneficial effects 

of long-acting β
2
-adrenoceptor agonists and long-acting 

muscarinic antagonists. Moreover, β
2
-agonists and anti-

muscarinic drugs additively control transforming growth 

factor (TGF)-β1-mediated neutrophilic inflammation 

in COPD.14

Development of fixed-dose  
combinations of LAMAs and LABAs
Fixed-dose combinations of LAMAs and LABAs offer the 

potential of improved convenience and compliance over use 

of separate inhalers, and, during their development, the dose 

of each agent to be used in combination can be optimized.15 

Therefore, there is a strong interest in developing a LABA/

LAMA fixed-dose combination therapy.

Glycopyrronium/indacaterol, tiotropium/olodaterol, and 

umeclidinium/vilanterol are in advanced development for the 

treatment of COPD and demonstrate significant broncholytic 

effects.3,10,16–18 Aclidinium or glycopyrronium are combined 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug Design, Development and Therapy 2013:7 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1203

Umeclidinium/vilanterol in COPD

with formoterol, but these combinations have a 12-hour 

duration of action.17–19

Development of umeclidinium/
vilanterol fixed-dose combination
GlaxoSmithKline (London, UK) and Theravance (South San 

Francisco, CA, USA) are developing an inhaled fixed-dose 

combination of two 24-hour bronchodilators, the LAMA 

umeclidinium and the LABA vilanterol, as a once-daily treat-

ment for COPD. The efficacy of both mono-components will 

be discussed, although it should be noted that the results of 

several Phase III clinical trials are not yet available.

Umeclidinium
Umeclidinium bromide (GSK573719) is a novel quinuclidine-

based quaternary ammonium inhaled long-acting muscarinic 

antagonist. Its preclinical pharmacology has been well char-

acterized.20 In vitro, umeclidinium displayed subnanomolar 

affinity for all the cloned human M
1
–M

5
 muscarinic receptors, 

which ranged from 0.05 to 0.16 nM. Umeclidinium showed 

kinetic selectivity for M
3
 receptors over M

2
 and dissociation 

from the M
3
 muscarinic receptors, which was slower than 

that for the M
2
 muscarinic receptors (half-life [t

1/2
] values: 

82 and 9 minutes, respectively). In isolated human bronchial 

strips, umeclidinium was potent and showed competitive 

antagonism (−log pA
2
 = 316 pM) versus carbachol, and 

was slowly reversible in a concentration-dependent manner 

(1–100 nM). The time to 50% restoration of contraction 

at 10 nM was about 381 minutes (versus 413 minutes for 

tiotropium bromide). In conscious guinea pigs, intratracheal 

administration of GSK573719 dose-dependently blocked 

acetylcholine (ACh)-induced bronchoconstriction with long 

duration of action, and was comparable to tiotropium; 2.5 µg 

elicited 50% bronchoprotection for .24 hours.20

A pharmacokinetic study in patients with COPD dem-

onstrated that maximum observed plasma umeclidinium 

concentration (C
max

) was reached rapidly (time to reach 

the maximum plasma concentration [t
max

]: after single 

dose, ∼5–15 minutes; and repeat doses, 5–7 minutes).21 

Following repeat dosing, the geometric mean plasma elimina-

tion t
1/2

 was approximately 27 hours, and statistically signifi-

cant accumulation was observed for the area under the plasma 

concentration–time curve, maximum plasma concentration, 

and cumulative amount of unchanged drug excreted into the 

urine at 24 hours (range 1.5- to 4.5-fold).21,22

In a separate Phase I study in ipratropium bromide-

responsive healthy volunteers, umeclidinium (10–350 µg) 

at doses of 100 µg and above, and tiotropium bromide 18 µg 

demonstrated statistically significant bronchodilatory effects 

relative to placebo at 12 hours post-dosing, which lasted up 

to 24 hours for umeclidinium 350 µg and for tiotropium 

bromide.22 Relative to placebo, these increases in specific 

airway conductance were 24%–34% at 12 hours post-dose 

and 13% at 24 hours post-dose. Increases in FEV
1
 achieved 

statistical significance at 12 and 24 hours for umeclidinium 

100 µg and 350 µg compared with placebo.22

Compared with placebo, umeclidinium (125, 250, 

and 500 µg), once daily, provided statistically signifi-

cant improvements in trough FEV
1
 (from 150–168 mL; 

P , 0.001), 0–6 hour weighted mean FEV
1
 (from 

113–211 mL; P , 0.001), and serial FEV
1
 at each point in 

time over 24 hours after 28 days in a randomized, double-

blind, placebo-controlled Phase II study.23 In a second ran-

domized, double blind, placebo-controlled Phase II study, 

umeclidinium once daily (62.5–1,000 µg) significantly 

improved trough FEV
1
 compared with placebo after 14 days 

of treatment (P , 0.01).24 Improvements in lung function 

with umeclidinium once daily were comparable to those seen 

with umeclidinium twice daily (62.5–250 µg) and tiotropium 

bromide. Umeclidinium once daily also significantly reduced 

the need for rescue medication compared with placebo.

Umeclidinium is well tolerated; however, the incidence 

of drug-related adverse events was shown to be dose-related 

in a randomized, double-blind, Phase II study in patients with 

COPD.21 Umeclidinium 1,000 µg once daily produced larger 

increases in heart rate in the 4 hours post-dose compared with 

umeclidinium 250 µg once daily or placebo; there was no 

dose effect on heart rate when assessed over 24 hours.

vilanterol
Vilanterol trifenatate (GW642444) is a novel LABA with 

inherent 24-hour activity. It is a highly lipophilic molecule 

partitioning into cell membrane and forming deposits 

of drug, but it is not possible to rule out that vilanterol 

binds directly to an anchored binding site within the 

β
2
-adrenoceptor.25 Vilanterol displays a subnanomolar 

affinity for the β
2
-adrenoceptor (AR) that is comparable 

with that of salmeterol but higher than that of olodaterol, 

formoterol, and indacaterol, and it is highly selective for the 

β
2
-adrenoceptor, with at least 1,000-fold selectivity over both 

β
1
- and β

3
-adrenoceptor subtypes.25 Vilanterol demonstrates 

similar selectivity as salmeterol for β
2
- over β

1
-adrenoceptor 

and β
2
- over β

3
-adrenoceptor, and is significantly more selec-

tive than formoterol, indacaterol, and isoprenaline for β
2
- over 
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β
1
-adrenoceptor and β

2
 over β

3
-adrenoceptor.25 It also shows 

a level of intrinsic efficacy that is comparable to indacaterol 

but significantly greater than that of salmeterol and signifi-

cantly lower than formoterol and isoprenaline.25 In addition, 

vilanterol has been shown in isolated human small airways 

to have a significantly faster onset of action than salmeterol 

(t
1/2

 = 3.1 ± 0.3 minutes vs t
1/2

 = 8.3 ± 0.8 minutes, respec-

tively), but only vilanterol was shown to be significantly 

different from vehicle-treated airways at 22 hours and no 

significant duration was observed at 28 hours for vilanterol 

or salmeterol.25

Oral vilanterol is well absorbed in humans and is subject 

to extensive first-pass metabolism to metabolites, with neg-

ligible β-agonist pharmacologic activity. The metabolism 

of vilanterol is mainly by O-dealkylation, and metabolites 

are excreted via both feces and urine.26 To a large extent, the 

low dose levels often associated with inhalation molecules 

mitigate any metabolite or metabolism safety concerns.26

In Phase I studies, vilanterol (25–100 µg) was rapidly 

absorbed into the plasma of healthy subjects (median t
max

 at 

5–10 minutes), with approximate dose-proportional increases 

in C
max

 across the dose range.27 In subjects with COPD, 

median t
max

 was achieved 10 minutes post-dose following 

the 25 and 50 µg doses.

When administered as a single dose (25–100 µg), 

vilanterol was well tolerated in subjects with COPD. It 

produced increases in FEV
1
 from as early as 5 minutes after 

dosing. There were statistically significant increases in FEV
1
 

at all time points, from 5 minutes to 25 hours post-dose, for 

all doses of vilanterol (25, 50, and 100 µg, compared with 

placebo). Mean FEV
1
 (difference from baseline) 23–24 hours 

after dosing was at least 200 mL greater than placebo for 

all doses, indicating 24-hour duration of action after a 

single dose.27

In a subsequent Phase IIb study, once-daily administration 

of vilanterol in patients with moderate-to-severe COPD 

provided clinically relevant 24-hour improvement in lung 

function with a rapid onset of effect and a safety and toler-

ability profile comparable with placebo at the end of the 

28-day treatment period.28 The 25 µg and 50 µg doses of 

vilanterol appear to offer the greatest clinical benefit without 

any safety concerns. At the 25 µg dose level, the likelihood of 

pharmacologically inactive metabolites causing unexpected 

toxicity is negligible.26

Umeclidinium/vilanterol
A Phase I trial has evaluated the safety and tolerability, 

pharmacodynamics, and pharmacokinetics of umeclidinium 

and vilanterol as inhaled therapies and administered 

concurrently from separate novel dry-powder inhaler devices 

in 16 healthy Japanese males.29 Pharmacokinetic assessments 

showed rapid absorption for both drugs (T
max

  =  5 minutes 

for both umeclidinium and vilanterol) followed by rapid 

elimination with median time to the last measurable 

concentration(tlast) of 4–5 hours for umeclidinium and 

median tlast of 1.5–2.0 hours for vilanterol. The concurrent 

administration of umeclidinium and vilanterol resulted in 

a 30% higher umeclidinium C
max

 than with umeclidinium 

alone, although the treatment ratio for area under the curve 

(AUC) parameters, with the exception of AUC
0–0.25

, showed 

no difference. There was no difference in vilanterol C
max

 

when delivered concurrently with umeclidinium or when 

administered alone. However, AUC parameters indicated 

that the concurrent administration of umeclidinium and 

vilanterol resulted in an up to 39% higher systemic exposure 

to vilanterol when compared to vilanterol alone. Nonetheless, 

single inhaled doses of umeclidinium 500 µg, vilanterol 

50 µg, and the combination were safe and well tolerated, 

and no trends between individual maximum heart rate and 

umeclidinium C
max

 or vilanterol C
max

 when administered as 

umeclidinium/vilanterol combination or as umeclidinium or 

vilanterol monotherapy were noted.

Another Phase I study estimated the effect of 10 days of 

inhaled umeclidinium bromide/vilanterol combination and 

umeclidinium bromide monotherapy on the QT interval 

using Fridericia’s correction (QTcF) in at least 103 healthy 

subjects compared with placebo, with moxifloxacin as a 

positive control.30 Moxifloxacin demonstrated a clinically 

significant increase in QTcF, whereas no difference in QTcF 

was observed between umeclidinium/vilanterol 125/25 µg or 

umeclidinium 500 µg and placebo. Umeclidinium/vilanterol 

500/100 µg increased QTcF, on average, by 8.2 milliseconds 

(90% confidence interval [CI]: 6.2, 10.2) at 30 minutes 

only. Both umeclidinium/vilanterol dosages increased heart 

rate compared with placebo, with the maximum increase 

occurring 10 minutes post-dose (umeclidinium/vilanterol 

125/25 µg: 8.4 bpm [90% CI: 7.0, 9.8]; umeclidinium/

vilanterol 500/100 µg: 20.3 bpm [90% CI: 18.9, 21.7]), fol-

lowed by a rapid decline. Umeclidinium systemic exposure 

following umeclidinium 500 µg was higher than exposure 

following umeclidinium/vilanterol 500/100 µg; umecli-

dinium and vilanterol exposure following umeclidinium/

vilanterol 500/100 µg was ∼4-fold higher than exposure 

following umeclidinium/vilanterol 125/25 µg. Exploratory 

analysis suggested a relationship between vilanterol plasma 

C
max

 concentrations and heart rate for umeclidinium/
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vilanterol 500/100 µg. Twenty percent of subjects under the 

supratherapeutic dose, umeclidinium/vilanterol 500/100 µg, 

reported mild palpitations with no electrocardiograph (ECG) 

abnormalities.

A Phase II study that has assessed the safety, tolerability, 

pharmacokinetics, and pharmacodynamics of the inhaled 

combination of umeclidinium bromide 500 µg and vilanterol 

25 µg administered once daily via a novel dry powder inhaler 

over 28 days compared to placebo in subjects with COPD 

has been completed.31 Umeclidinium bromide/vilanterol 

was shown to be non-inferior to placebo for the primary end 

point, which was the mean change from baseline in 0–6 hours 

post-dose weighted mean pulse rate after 28 days of treatment 

(difference of −0.5 bpm; 95% CI: −5.5, 4.5). No clinically 

significant differences were noted for evaluations of blood 

pressure, minimum and maximum heart rate, and QTcF. 

There was no apparent difference between treatments for 

abnormal ECG findings or ventricular and supraventricular 

ectopic beats during Holter monitoring. A total of eleven 

(26%) umeclidinium/vilanterol-treated patients reported 

adverse events with no single adverse event reported for 

more than one patient; none of the adverse events were 

serious. Raw mean change from baseline in trough FEV
1
 on 

day 29 with umeclidinium/vilanterol was 163 mL, and with 

placebo, 9 mL. Pharmacokinetic results suggested rapid 

absorption (median t
max

 ∼6 minutes for both drugs). The 

rapid absorption of umeclidinium/vilanterol was followed 

by a rapid decline in plasma concentrations, indicating rapid 

distribution and elimination of both drugs, with no evidence 

of accumulation on day 28 versus day 1.

In a randomized, double-blind, placebo-controlled, 

parallel-group study that evaluated efficacy and safety of 

24-week treatment with once-daily umeclidinium/vilanterol 

62.5/25 µg in 1,532 patients with moderate-to-severe COPD, 

the combination was well tolerated and resulted in improve-

ments in lung function, dyspnea, and health-related quality 

of life, compared with placebo.32 It also provided improve-

ments in lung function when comparing umeclidinium/

vilanterol  versus umeclidinium alone and vilanterol alone 

(improvements in trough FEV
1
 vs umeclidinium 62.5 µg and 

vilanterol 25 µg: 52–95 mL; all P # 0.004). Interestingly, the 

active therapies were not associated with treatment-related 

changes in Holter assessments.

In another 24-week study, once-daily umeclidinium/

vilanterol 125/25 µg was compared with umeclidinium 

125 µg and vilanterol 25 µg in 1,489 patients suffering 

from moderate-to-severe COPD.33 All active treatments 

produced statistically significant improvements in trough 

FEV
1
 versus placebo (124–238 mL; all P , 0.001), and 

improvements with umeclidinium/vilanterol 125/25 µg 

were statistically significantly greater than umeclidinium 

125 µg or vilanterol 25 µg (79–114 mL; all P , 0.001). 

Clinical benefits with umeclidinium/vilanterol 125/25 µg 

versus placebo, umeclidinium 125 µg, and vilanterol 25 µg 

were also observed for salbutamol rescue use and mea-

sures of health-related quality of life (P # 0.004). Active 

treatments were not associated with any treatment-related 

changes in vital signs, ECG assessments, or clinical labo-

ratory parameters.

Umeclidinium/vilanterol 62.5/25 µg and umeclidinium/

vilanterol 125/25 µg were also compared with tiotro-

pium 18 µg or vilanterol 25 µg over 24 weeks in subjects 

with COPD.34 The intent-to-treat population comprised 

843 patients. Least squares mean change from baseline trough 

FEV
1
 and 0–6-hour weighted mean FEV

1
 showed statistically 

significant improvements with both umeclidinium/vilanterol 

dosages compared with tiotropium 18 µg or vilanterol 25 µg 

alone (P # 0.005).

The positioning of umeclidinium/ 
vilanterol in the treatment  
of COPD
We are convinced that monotherapy should be the first choice 

for maintenance treatment in patients with stable COPD, 

whereas LAMA/LABA combination therapy should be rec-

ommended in patients with COPD who remain breathless 

or have exacerbations despite treatment with a LAMA or 

LABA or for whom treatment with an inhaled corticosteroid 

is not possible. The great interest within the pharmaceutical 

industry in the discovery of novel bronchodilators that can 

be used as single agents and also as a part of a combination 

therapy for the therapy of COPD is not surprising.

Discussion
The currently available information suggests that 

umeclidinium/vilanterol is an effective once-daily dual 

bronchodilator fixed-dose combination in the treatment of 

COPD. However, it remains to be known if it compares 

favorably with current therapies, and more information on its 

safety profile is needed before we can surmise its real benefit 

in the treatment of COPD. The results of several clinical trials 

that are ongoing, or finished but not yet communicated to the 

scientific community, can be expected to be of great help. 

In the meantime, we must point out that the information on 

umeclidinium and vilanterol as monotherapies also remains 

relatively scarce.
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We consider it critical to know whether and how umecli-

dinium differs not only from tiotropium bromide but also, 

and above all, from aclidinium bromide and glycopyr-

ronium bromide. These novel LAMAs achieve maximal 

bronchodilation on the first day of dosing or have a faster 

onset of action than tiotropium bromide, which may offer 

advantages in terms of improving symptom control.35 

A comparison of umeclidinium with these two LAMAs is, 

therefore, imperative.

Further, the substantial differences in key pharmacologic 

parameters, such as β
2
-adrenoceptor selectivity, potency, 

intrinsic efficacy, and lipophilicity, among available LABAs 

or those under development, must be considered.10,18 These 

differences are fundamental in characterizing the pharma-

cological profile (mainly onset and duration of action, but 

also loss of responsiveness to chronic LABA therapy)36 

and, consequently, the clinical effect of each LABA. The 

clinical implications of these differences cannot be known 

with certainty until the drugs are directly compared in con-

trolled trials. For this reason, we believe that comparison of 

vilanterol with indacaterol and olodaterol, two once-daily 

LABAs approved for use in monotherapy in COPD, is 

also now mandatory, as is a comparison of vilanterol with 

formoterol.

In effect, we must understand if there are differences in 

LABAs that could elicit a greater response when combined 

with a specific antimuscarinic agent. For example, it has 

been documented that, in patients with moderate-to-severe 

COPD, treatment with the combination of formoterol and 

ipratropium was more effective than the combination of 

salbutamol and ipratropium,37 and it is well known that 

formoterol is a stronger agonist with a longer duration of 

action.3 Obviously, it could also be possible that differences 

in the characteristics of each LAMA could influence the 

broncholytic response when combined with a specific LABA. 

Good preclinical studies using isolated human airways will 

likely clarify the probable differences of the potential dual 

bronchodilator combinations, and will allow us to translate 

this information in vivo. We must design appropriate clinical 

trials to confirm preclinical data.

This information is fundamental because, in addition 

to umeclidinium/vilanterol, other once-daily LABA and 

LAMA fixed-dose combinations, including QVA149 (the 

combination of indacaterol and glycopyrronium bromide) 

and olodaterol plus tiotropium bromide, are in clinical devel-

opment as fixed combinations.3,10,18 Moreover, as already 

mentioned, some new combinations, such as formoterol plus 

glycopyrronium bromide and formoterol plus aclidinium 

bromide, are under development, with an expected twice-

daily dosing regimen.17,19

Adherence to inhaled agents is required for the manage-

ment of COPD but, unfortunately, suboptimal adherence is 

common among patients suffering from COPD.38 Adherence 

could be improved by using simplified treatment regi-

mens.3,10,16 Incorporation of once-daily dosing is an important 

strategy by which to improve adherence, since it is a regimen 

preferred by most patients.3,10,16 Therefore, there is a factual 

interest in developing once-daily dual bronchodilator com-

binations in an attempt to simplify treatment. In this regard, 

umeclidinium/vilanterol fixed-dose combination fully meets 

such a requirement.

Nonetheless, it has been documented recently that, with 

the same total daily dose of a new LAMA, a twice-daily 

regimen provides higher bronchodilation at trough than the 

once-daily regimen.39 For the maximum bronchodilation, 

there is a small difference between the two regimens, with 

the once-daily regimen being slightly better than the twice-

daily regimen. For the overall bronchodilation response, as 

quantified by the FEV
1
 response 24-hour AUC, the difference 

between the two regimens becomes even smaller.

If the aim of the dual bronchodilation is to “maximize” 

bronchodilation, it is obvious that it is necessary to compare 

the efficacy of the combination administered once daily with 

that obtained when it is administered twice daily. An analysis 

of the dose response of umeclidinium administered once 

or twice daily in patients with COPD documented that all 

once-daily doses of umeclidinium significantly (P , 0.001) 

increased 0–24-hour weighted mean FEV
1
 at the end of 

treatment by 105 to 152 mL compared with placebo and 

were similar to increases observed with twice-daily dosing 

(123–145 mL).40 On the other hand, in patients suffering from 

persistent asthma, the vilanterol 6.25 µg twice-daily dose 

showed the greatest change in trough FEV
1
; however, simi-

lar changes in weighted mean 24-hour FEV
1
 with vilanterol 

12.5 µg once daily were also observed.41 Nonetheless, it 

still remains to be documented that umeclidinium/vilanterol 

fixed-dose combination administered once daily can induce 

the same bronchodilation, expressed as both peak FEV
1
 and 

0–24-hour weighted mean FEV
1
, as the same total daily dose 

administered twice daily.

Conclusion
We have focused our entire discussion on maximizing bron-

chodilation, but the question remains whether umeclidinium/

vilanterol fixed-dose combination, which significantly 

improves FEV
1
, is also associated with improvements in other 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug Design, Development and Therapy 2013:7 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1207

Umeclidinium/vilanterol in COPD

outcome measures. In fact, other elements of importance 

to COPD patients, such as exercise capacity, hospitaliza-

tions, depression, and pain must be explored. Both the EU 

Clinical Trials Register and the ClinicalTrials.gov register 

show that these outcomes have been studied or are being 

evaluated in clinical trials that are ongoing. The presentation 

of the data generated by these clinical trials will allow us to 

establish the importance of umeclidinium/vilanterol fixed-

dose combination in the maintenance treatment of COPD. 

However, we strongly believe that Phase III trials comparing 

umeclidinium/vilanterol fixed-dose combination with other 

dual bronchodilator fixed-dose combinations, and also with 

inhaled corticosteroid/LABA combination, are needed to 

assess the real advantages of umeclidinium/vilanterol over 

other therapies.

Disclosure
The authors report no conflicts of interest in this work.

References
 1. Qaseem A, Wilt TJ, Weinberger SE, et al; American College of 

Physicians; American College of Chest Physicians; American Thoracic 
Society; European Respiratory Society. Diagnosis and management 
of stable chronic obstructive pulmonary disease: a clinical practice 
guideline update from the American College of Physicians, American 
College of Chest Physicians, American Thoracic Society, and European 
Respiratory Society. Ann Intern Med. 2011;155:179–191.

 2. Global Strategy for the Diagnosis, Management, and Prevention of 
Chronic Obstructive Pulmonary Disease. Global Initiative for Chronic 
Obstructive Lung Disease (GOLD); 2013. Available from: http://www.
goldcopd.org/guidelines-global-strategy-for-diagnosis-management.
html. Accessed June 20, 2013.

 3. Cazzola M, Page CP, Calzetta L, Matera MG. Pharmacology and 
therapeutics of bronchodilators. Pharmacol Rev. 2012;64:450–504.

 4. Cazzola M, Brusasco V, Centanni S, et al. Project PriMo: sharing prin-
ciples and practices of bronchodilator therapy monitoring in COPD: 
a consensus initiative for optimizing therapeutic appropriateness among 
Italian specialists. Pulm Pharmacol Ther. 2013;26:218–228.

 5. Cazzola M, Tashkin DP. Combination of formoterol and tiotro-
pium in the treatment of COPD: effects on lung function. COPD. 
2009;6:404–415.

 6. van der Molen T, Cazzola M. Beyond lung function in COPD 
management: effectiveness of LABA/LAMA combination therapy on 
patient-centred outcomes. Prim Care Respir J. 2012;21:101–108.

 7. Wedzicha JA, Decramer M, Ficker JH, et al. Analysis of chronic 
obstructive pulmonary disease exacerbations with the dual bronchodila-
tor QVA149 compared with glycopyrronium and tiotropium (SPARK): 
a randomised, double-blind, parallel-group study. Lancet Respir Med. 
2013;1:199–209.

 8. Donohue JF. Combination therapy for chronic obstructive pulmonary 
disease: clinical aspects. Proc Am Thorac Soc. 2005;2:272–281.

 9. Cazzola M, Molimard M. The scientific rationale for combining 
long-acting β

2
-agonists and muscarinic antagonists in COPD. Pulm 

Pharmacol Ther. 2010;23:257–267.
 10. Cazzola M, Calzetta L, Matera MG. β

2
-adrenoceptor agonists: current 

and future direction. Br J Pharmacol. 2011;163:4–17.
 11. Meurs H, Oenema TA, Kistemaker LE, Gosens R. A new perspective 

on muscarinic receptor antagonism in obstructive airways diseases. 
Curr Opin Pharmacol. 2013;13:316–323.

 12. Meurs H, Dekkers BG, Maarsingh H, Halayko AJ, Zaagsma J, Gosens R. 
Muscarinic receptors on airway mesenchymal cells: novel findings for 
an ancient target. Pulm Pharmacol Ther. 2013;26:145–155.

 13. Ahmedat AS, Warnken M, Juergens UR, Paul Pieper M, Racké K. 
β

2
-adrenoceptors and muscarinic receptors mediate opposing effects on 

endothelin-1 expression in human lung fibroblasts. Eur J Pharmacol. 
2012;691:218–224.

 14. Profita M, Bonanno A, Montalbano AM, et al. β
2
 long-acting and 

anticholinergic drugs control TGF-β1-mediated neutrophilic inflammation 
in COPD. Biochim Biophys Acta. 2012;1822:1079–1089.

 15. Tashkin DP, Ferguson GT. Combination bronchodilator therapy in the 
management of chronic obstructive pulmonary disease. Respir Res. 
2013;14:49.

 16. Matera MG, Page CP, Cazzola M. Novel bronchodilators for the treat-
ment of chronic obstructive pulmonary disease. Trends Pharmacol Sci. 
2011;32:495–506.

 17. Cazzola M, Rogliani P, Segreti A, Matera MG. An update on broncho-
dilators in Phase I and II clinical trials. Expert Opin Investig Drugs. 
2012;21:1489–1501.

 18. Cazzola M, Page CP, Rogliani P, Matera MG. β
2
-agonist therapy in 

lung disease. Am J Respir Crit Care Med. 2013;187:690–696.
 19. Cazzola M, Rogliani P, Matera MG. Aclidinium bromide/formot-

erol fumarate fixed-dose combination for the treatment of chronic 
obstructive pulmonary disease. Expert Opin Pharmacother. 2013;14: 
775–781.

 20. Salmon M, Luttmann MA, Foley JJ, et al. Pharmacological 
characterization of GSK573719 (umeclidinium): a novel, long-acting, 
inhaled antagonist of the muscarinic cholinergic receptors for treatment 
of pulmonary diseases. J Pharmacol Exp Ther. 2013;345:260–270.

 21. Tal-Singer R, Cahn A, Mehta R, et al. Initial assessment of single 
and repeat doses of inhaled umeclidinium in patients with chronic 
obstructive pulmonary disease: two randomised studies. Eur J 
Pharmacol. 2013;701:40–48 .

 22. Cahn A, Tal-Singer R, Pouliquen IJ, et al. Safety, tolerability, pharma-
cokinetics and pharmacodynamics of single and repeat inhaled doses of 
umeclidinium in healthy subjects: two randomized studies. Clin Drug 
Investig. 2013;33:477–488.

 23. Decramer M, Maltais F, Feldman G, et al. Bronchodilation of 
umeclidinium, a new long-acting muscarinic antagonist, in COPD 
patients. Respir Physiol Neurobiol. 2013;185:393–399.

 24. Donohue JF, Anzueto A, Brooks J, Mehta R, Kalberg C, 
Crater G. A randomized, double-blind dose-ranging study of the novel 
LAMA GSK573719 in patients with COPD. Respir Med. 2012;106: 
970–979.

 25. Slack RJ, Barrett VJ, Morrison VS, et al. In vitro pharmacological char-
acterization of vilanterol, a novel long-acting β

2
-adrenoceptor agonist 

with 24-hour duration of action. J Pharmacol Exp Ther. 2013;344: 
218–230.

 26. Harrell AW, Siederer SK, Bal J, et al. Metabolism and disposition of 
vilanterol, a long-acting β

2
-adrenoceptor agonist for inhalation use in 

humans. Drug Metab Dispos. 2013;41:89–100.
 27. Kempsford R, Norris V, Siederer S. Vilanterol trifenatate, a novel 

inhaled long-acting beta2 adrenoceptor agonist, is well tolerated 
in healthy subjects and demonstrates prolonged bronchodilation in 
subjects with asthma and COPD. Pulm Pharmacol Ther. 2013;26: 
256–264.

 28. Hanania NA, Feldman G, Zachgo W, et al. The efficacy and safety 
of the novel long-acting β

2
 agonist vilanterol in patients with COPD: 

a randomized placebo-controlled trial. Chest. 2012;142:119–127.
 29. Kelleher DL, Mehta RS, Jean-Francois BM, et al. Safety, tolerability, 

pharmacodynamics and pharmacokinetics of umeclidinium and 
vilanterol alone and in combination: a randomized crossover trial. 
PLoS One. 2012;7:e50716.

 30. Kelleher D, Tombs L, Crater G, Preece A, Brealey N, Mehta R. 
A placebo- and moxifloxacin-controlled thorough QT study of umecli-
dinium monotherapy and umeclidinium/vilanterol combination in 
healthy subjects. Am J Respir Crit Care Med. 2013;187:A1487.

www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.goldcopd.org/guidelines-global-strategy-for-diagnosis-management.html
http://www.goldcopd.org/guidelines-global-strategy-for-diagnosis-management.html
http://www.goldcopd.org/guidelines-global-strategy-for-diagnosis-management.html


Drug Design, Development and Therapy

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/drug-design-development-and-therapy-journal

Drug Design, Development and Therapy is an international, peer-
reviewed open-access journal that spans the spectrum of drug design 
and development through to clinical applications. Clinical outcomes, 
patient safety, and programs for the development and effective, safe, 
and sustained use of medicines are a feature of the journal, which 

has also been accepted for indexing on PubMed Central. The manu-
script management system is completely online and includes a very 
quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.

Drug Design, Development and Therapy 2013:7submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

1208

Cazzola et al

 31. Feldman G, Walker RR, Brooks J, Mehta R, Crater G. 28-day safety 
and tolerability of umeclidinium in combination with vilanterol in 
COPD: a randomized placebo-controlled trial. Pulm Pharmacol Ther. 
2012;25:465–471.

 32. Donohue JF, Maleki-Yazdi M, Kilbride S, Mehta R, Kalberg CJ, 
Church A. ride S, Mehta R, Kalberg C, Church A. Efficacy and safety 
of once-daily umeclidinium/vilanterol 62.5/25 mcg in COPD. Respir 
Med. 2013 Jul 2. [Epub ahead of print].

 33. Celli BR, Crater G, Kilbride S, et al. A 24-week randomized, double-
blind, placebo-controlled study of the efficacy and safety of once-daily 
umeclidinium/vilanterol 125/25 mcg in COPD. Am J Respir Crit Care 
Med. 2013;187:A2435.

 34. Anzueto A, Decramer M, Kaelin T, et al. The efficacy and safety 
of umeclidinium/vilanterol compared with tiotropium or vilanterol 
over 24 weeks in subjects with COPD. Am J Respir Crit Care Med. 
2013;187:A4268.

 35. Cazzola M, Page C, Matera MG. Long-acting muscarinic receptor 
antagonists for the treatment of respiratory disease. Pulm Pharmacol 
Ther. 2013;26:307–317.

 36. Charlton SJ. Agonist efficacy and receptor desensitization: from partial 
truths to a fuller picture. Br J Pharmacol. 2009;158:165–168.

 37. D’Urzo AD, De Salvo MC, Ramirez-Rivera A, et al. In patients with 
COPD, treatment with a combination of formoterol and ipratropium 
is more effective than a combination of salbutamol and ipratropium: 
a 3-week, randomized, double-blind, within-patient, multicenter study. 
Chest. 2001;119:1347–1356.

 38. Restrepo RD, Alvarez MT, Wittnebel LD, et al. Medication adherence 
issues in patients treated for COPD. Int J Chron Obstruct Pulmon Dis. 
2008;3:371–384.

 39. Wu K, Looby M, Pillai G, Pinault G, Drollman AF, Pascoe S. Population 
pharmacodynamic model of the longitudinal FEV

1
 response to an 

inhaled long-acting anti-muscarinic in COPD patients. J Pharmacokinet 
Pharmacodyn. 2011;38:105–119.

 40. Church A, Kalberg C, Shah P, Beerahee M, Donohue J. An analysis of 
the dose response of umeclidinium (GSK573719) administered once 
or twice daily in patients with COPD. Chest. 2012;142:672A.

 41. Sterling R, Lim J, Frith L, Snowise NG, Jacques L, Haumann B. Efficacy 
and optimal dosing interval of the long-acting beta

2
 agonist, vilanterol, 

in persistent asthma: a randomised trial. Respir Med. 2012;106: 
1110–1115.

http://www.dovepress.com/drug-design-development-and-therapy-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


