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ABSTRACT

Long-acting bronchodilators are the most effective treatments currently available for man-
aging patients with COPD. Long-acting muscarinic antagonists and β2-agonists are equal-
ly effective in producing bronchodilation, reducing symptoms, improving quality of life, 
and preventing exacerbations and are well tolerated. They probably work mainly by 
relaxing smooth muscle of peripheral airways to reduce gas trapping. Although both drug 
classes have non-bronchodilator effects that might be beneficial, this has not been clearly 
established in COPD patients. Remarkably, long-acting β2-agonists and long-acting mus-
carinic antagonists have additive bronchodilator effects, although this has not always 
translated into greater clinical benefit. Nevertheless, long-acting β2-agonist/long-acting 
muscarinic antagonist fixed-dose combinations are more effective than the single compo-
nents and inhaled-corticosteroid/long-acting β2-agonist combinations. Although there is 
some rationale for triple therapy with long-acting β2-agonist/long-acting muscarinic antag-
onist/inhaled-corticosteroid, it remains to be shown that this would be more effective than 
long-acting β2-agonist/long-acting muscarinic antagonist combinations, although may be 
indicated for COPD patients with frequent exacerbations and with overlapping features 
with asthma, including increased blood eosinophils. It is unlikely that new classes of bron-
chodilators will be developed for COPD and what is needed is effective and safe anti-
inflammatory treatments. (BRN Rev. 2016;2:201-14)
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INTRODUCTION

Bronchodilators are the mainstay of current 
drug therapy for COPD, although the degree 
of bronchodilation is less than seen in asth-
ma, typically about 5-10% improvement in 
forced expiratory volume in one second (FEV1), 
although some patients show greater respons-
es. However, bronchodilators may improve 
dyspnoea and exercise tolerance, despite little 
or no effect on spirometry, by reducing lung 
volumes by reducing hyperinflation (gas trap-
ping). In addition, bronchodilators may im-
prove mucociliary clearance. The choice of 
bronchodilator includes short- and long-acting 
b2-agonists, anticholinergics (muscarinic recep-
tor antagonists) and high doses of theophyl-
line, and will partly be determined by patient 
preference and cost. The preferred broncho-
dilators are long-acting inhaled drugs such as 
long-acting β2-agonists (LABA) or long-acting 
muscarinic antagonists (LAMA) and several 
are now available for COPD1 (Table 1).

MECHANISMS OF ACTION

It is likely that the major site of action of long-
acting bronchodilators in COPD is small-air-
way smooth muscle, and that reducing cholin-
ergic tone reduces airway closure on expiration, 
thereby reducing lung volumes and gas 
trapping, particularly on exertion (dynamic 
hyperinflation) and thus improving exercise 
tolerance2. Long-acting bronchodilators are 
more clinically effective than short-acting bron-
chodilators. The LAMA tiotropium bromide 
has a greater bronchodilator effect than ipra-
tropium bromide four times daily, although 
the peak bronchodilator effect is similar. Ip-
ratropium wears off completely before the 

next dose, whereas with tiotropium the bron-
chodilation is maintained over 24 hours3. Sus-
tained bronchodilation is more effective in 
reducing symptoms and improving the qual-
ity of life in COPD patients. Similarly the 
once-daily LABA indacaterol is more effec-
tive than salmeterol and formoterol given 
twice daily4,5 and tiotropium once daily is 
more effective than salmeterol twice daily6, 
whereas once-daily indacaterol, tiotropium, 
and glycopyrrolate have equivalent broncho-
dilator effects7. An unexpected benefit of long-
acting bronchodilators in COPD patients is 
the reduction in exacerbations, which was dis-
covered when long-acting bronchodilators, 
either LABA or LAMA, were given over a 
period of 12 months or more. This was first 
demonstrated with tiotropium by chance3 and 
then confirmed in a study where reduction in 
exacerbations was the primary outcome8. The 
mechanisms for the reduction in exacerba-
tions by long-acting bronchodilator therapy 
was thought to be due to the possible anti-in-
flammatory effects of these medications, but 
this has never been consistently documented 
with either LABA or LAMA in COPD patients1. 
A more likely explanation is that long-acting 
bronchodilators stabilize airways so that when 
exacerbations are induced by viral or bacteri-
al infections, the airways are less likely to 
constrict.

LONG-ACTING MUSCARINIC 
ANTAGONISTS

Atropine is a naturally occurring compound 
that was introduced for the treatment of asth-
ma but, because of side effects (particularly 
drying of secretions and central nervous sys-
tem (CNS) effects), less soluble quaternary 
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compounds (e.g. ipratropium bromide) were 
developed. Subsequently, tiotropium was dis-
covered, which, although of similar chemical 
structure to ipratropium, was found to have 

an unexpectedly long duration of action9. An-
ticholinergics are probably the most effective 
bronchodilators in the treatment of COPD, 
and vagal cholinergic tone appears to be the 

Table 1. Inhaled long-acting bronchodilators for COPD

Drug Dose (μg/puff)* Formulation Frequency

LABA

Formoterol 6-12 MDI/DPI bid

Salmeterol 25 MDI/DPI bid

Indacaterol 75 DPI  qd

Vilanterol 25 DPI qd

Olodaterol 2.5 SMI qd

LAMA

Tiotropium 18 DPI/SMI qd

Glycopyrrolate 50 DPI qd

Umeclidinium 62.5 DPI qd

Aclidinium 400 DPI bid

LABA/LAMA FDC

Indacaterol/glycopyrrolate (Ultibro®) 100/50 DPI qd

Vilanterol/umeclidinium (Anoro®) 22/55 DPI bid

Olodaterol/tiotropium (Spiolto®) 2.5/2.5 SMI qd

Formoterol/glycopyrrolate (Bevespi®) 4.8/9 DPI bid

Formoterol/aclidinium (Duaklir®) 12/340 DPI bid

ICS/LABA FDC

Fluticasone propionate/salmeterol (Seretide®/Advair®) 500/50 MDI/DPI bid

Budesonide/formoterol (Symbicort®, DuoResp®) 400/12 MDI/DPI bid

BDP/formoterol (Foster®) 100/6 MDI/DPI bid

Fluticasone propionate/formoterol (Flutiform®) 400/12 MDI bid

Fluticasone furoate/vilanterol (Relvar®/Breo®) 200/25 DPI qd

ICS/LABA/LAMA FDC (Triple)

Budesonide/formoterol/glycopyrrolate (BFG)85 ? MDI bid

BDP/formoterol/glycopyrrolate86 100/6/12.5 MDI/DPI bid

Fluticasone furoate/vilanterol/umeclidinium ? DPI qd

Mometasone/indacaterol/glycopyrrolate (QVM149) ? DPI qd

*Dose of drug base leaving mouthpiece.
BDP: beclomethasone dipropionate; bid: twice daily; DPI: dry powder inhaler; FDC: fixed dose combination; ICS: Inhaled corticosteroid; LABA: long-acting β2-agonist;  
LAMA: long-acting muscarinic antagonist; MDI: metered dose inhaler; qd: once daily; SMI: soft mist inhaler.
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(Fig. 1). Currently available LAMA selectively 
target M3 and M1 muscarinic receptors in the 
airways. The major bronchodilator effect is 
through antagonising M3 receptors, which 
are expressed on smooth muscle cells of all 
airways10. Tiotropium has a prolonged in-
hibitory effect on cholinergic nerve-induced 
contraction of human airways in vitro and, 
after washing, persists for 15 hours com-
pared with ipratropium, which persists for 
only 1-2 hours11. Human airway smooth 

Figure 1. Long-acting bronchodilator mechanisms in chronic obstructive pulmonary disease (COPD).  
Normally there is a certain amount of cholinergic tone. This is exaggerated in COPD because of geometric factors related to the fixed 
narrowing of the airways (airway resistance R is proportional to 1/r4, where r is airway radius), so that airway resistance improves to a 
greater extent than in normal airways with a long-acting muscarinic antagonist, which blocks the effect of acetylcholine on muscarinic 
receptors in airway smooth muscle. Long-acting ß2-agonists block all known bronchoconstriction mechanisms, but have a similar effect 
to long-acting muscarinic antagonists, suggesting that vagal tone is the only reversible component in COPD. 
Ach: acetylcholine; LABA: long-acting ß2-agonist; LAMA: long-acting muscarinic antagonist.

Vagal “tone” 

Vagus nerve  

ACh 

NORMAL

Resistance ∝ 1/r4

ACh 

COPD 

LAMA

LABA

only reversible element in the airflow obstruc-
tion of COPD since muscarinic antagonists are 
equally effective to β2-agonists that reverse any 
bronchoconstrictor tone.

Mode of action

Long-acting muscarinic antagonists are specific 
antagonists of muscarinic receptors and inhibit 
cholinergic nerve-induced bronchoconstriction 

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
.  


©

 P
er

m
an

ye
r 

Pu
b

lic
at

io
n

s 
20

17



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

205

Peter J. Barnes: Long-Acting Inhaled Bronchodilators: The Mainstay of COPD Management

muscle also expresses M2 receptors, which 
inhibit cyclic adenosine monophosphate (AMP) 
accumulation and so antagonise the effects 
of β2-agonists, but these are believed to play 
little functional role in regulating airway 
smooth muscle tone12. The M2 receptors on 
postganglionic nerves in the airways inhibit 
the release of acetylcholine and act as inhib-
itory auto-receptors, so that blocking M2 re-
ceptors increases acetylcholine release and 
reduces the effect of competitive antagonism 
of M3 receptors13. The LAMA, such as tiotro-
pium bromide and glycopyrrolate (glycopy-
rronium bromide), have a long duration of 
action on human M3 receptors, but a much 
shorter duration of action on M2 receptors, 
so that they have a kinetic selectivity9,14-16. 
The M1 receptors are expressed mainly on 
submucosal glands, where they mediate mu-
cus secretion, and on parasympathetic gan-
glia, where they enhance ganglionic transmis-
sion and therefore reflex bronchoconstriction. 
Tiotropium and glycopyrrolate have a rela-
tively long duration at these receptors and 
this may contribute to their favourable effects 
in COPD. 

A small degree of resting bronchomotor tone 
is present because of tonic cholinergic nerve 
impulses, which release acetylcholine in the 
vicinity of airway smooth muscle, and cho-
linergic reflex bronchoconstriction may be 
initiated by irritants, cold air and stress. The 
LAMA reduce gas trapping by acting on small 
airways12 and thereby improve dyspnoea and 
symptoms with improvement in exercise tol-
erance17. In peripheral airways there are few 
cholinergic nerves, which has suggested that 
peripheral cholinergic tone may be due to re-
lease of acetylcholine from extra-neuronal 
sources such as airway epithelial cells and 

even inflammatory cells18. Cholinergic tone 
may be increased in COPD due to increased 
expression of muscarinic receptors19 as well 
as increased release of acetylcholine from 
non-neuronal sources.

Muscarinic receptors, including M3 receptors, 
are expressed on several inflammatory cells, 
including macrophages, neutrophils, and T 
lymphocytes, suggesting that LAMA might 
have anti-inflammatory effects20. For exam-
ple, alveolar macrophages express M2 and M3 
receptors and acetylcholine stimulates the re-
lease of the neutrophil chemotactic factor leu-
kotriene (LT)-B4

21. In an animal model of 
COPD (cigarette smoke-exposed mice) tiotro-
pium reduces neutrophilic inflammation, with 
concomitant reduction of LTB4, IL-6, and KC 
(murine CXCL8)22. Muscarinic receptors are 
also expressed on fibroblasts, and acetylcho-
line has a profibrotic effect that is blocked by 
tiotropium23-25. The M3 receptors on airway 
smooth muscle cells also stimulate prolifera-
tion, suggesting that LAMA may reduce struc-
tural remodelling of airways. Tiotropium also 
has an unexpected inhibitory effect on tran-
sient receptor potential V1 (TRPV1) channels 
that are involved in airway sensory nerve ac-
tivation and this could explain its beneficial 
effect on cough26. Interestingly, tiotropium 
also reduces rhinovirus infection of airway 
epithelial cells via an inhibitory effect on 
intercellular adhesion molecule 1 (ICAM-1), 
which acts as a receptor for this virus, so this 
could contribute to the reduction in infective 
exacerbations by LAMA27. However, despite 
these interesting observations on the non-
bronchodilator effects of tiotropium, there is 
so far no convincing evidence that LAMA 
have significant anti-inflammatory effects in 
COPD patients.
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Clinical studies in COPD

Tiotropium bromide is a very effective once-
daily bronchodilator in COPD patients that 
has minimal side effects at the normally rec-
ommended doses28. It is given by a dry pow-
der inhaler (Handihaler®) or as a soft mist 
inhaler (Respimat®) and gives bronchodilation 
that carries over to the next day, thus provid-
ing persistent bronchodilation3. This results in 
significantly better improvement in the qual-
ity of life (St George’s Respiratory Question-
naire) than ipratropium bromide given four 
times daily. Indeed studies with methacho-
line challenge in asthma patients suggest that 
its duration of action may be up to 72 hours29. 
Unexpectedly, tiotropium also reduced exac-
erbations and hospitalisations in long-term 
studies8, which was confirmed in the large 
UPLIFT study over four years compared to 
placebo, even when added to other treat-
ments, including LABA and inhaled cortico-
steroids (ICS)30. Overall, tiotropium does not 
reduce disease progression, but in patients 
with moderate disease (GOLD2) and in early 
disease, there is a small reduction in annual 
decline of FEV1 and forced vital capacity31,32. 

Several other LAMA have now been devel-
oped. Glycopyrrolate is an old drug used sys-
temically to dry airway secretions before an-
aesthesia and first shown to be a long-acting 
bronchodilator of similar duration to tiotropi-
um in 200533. Glycopyrrolate is usually given 
once daily and has a very similar profile to 
tiotropium in COPD patients34-36. However, 
in low doses, glycopyrrolate should be given 
twice daily37. Umeclidinium is another once-
daily LAMA, very similar in profile to tiotro-
pium and glycopyrrolate38. Aclidinium is also a 
LAMA, but appears to have a shorter duration 

than tiotropium so is given twice daily39,40. 
However, aclidinium has a faster onset of ac-
tion than other LAMA, although this is of no 
clinical relevance as LAMA are given as reg-
ular maintenance therapy rather than for symp-
tom relief as required. 

Side effects

All LAMA have a similar safety profile and are 
well tolerated in elderly patients with COPD. Dry 
mouth is seen in approximately 10% of patients 
and is due to reduced salivary flow, probably a 
local effect due to M1 receptor inhibition, but this 
often disappears with continued use. There are 
occasional reports of urinary retention and there 
is a theoretical risk of glaucoma. Some studies 
were interpreted as showing increased cardio-
vascular mortality with tiotropium, particular-
ly when given by soft mist inhaler (Respimat®)41. 
However, cardiovascular mortality was sig-
nificantly reduced in the UPLIFT study using 
dry powder inhaler, and was not increased in 
a large safety study using Respimat®42.

LONG-ACTING ß2-AGONISTS 

Short-acting β2-agonists are used mainly for 
symptom relief as required, but may be used 
four times a day on a regular basis. However, 
LABA are preferred as they give better con-
trol of symptoms and are used as a mainte-
nance therapy.

Mode of action

The β2-agonists have several potential benefi-
cial effects on the airways in COPD43. These 
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drugs act directly on β2-adrenoceptors on air-
way smooth muscle, causing a relaxation in 
large and small airways. They act as func-
tional antagonists and reverse bronchocon-
striction, irrespective of cause. They also have 
several non-bronchodilator effects that may 
potentially contribute to their clinical benefit 
in COPD (Fig. 2). Experimentally, they reduce 
plasma exudation and cholinergic reflexes. 
They also increase mucociliary clearance (when 
it is reduced). Evidence suggests that β2-ago-
nists may reduce adherence of bacteria to air-
way epithelial cells and this may contribute 
to their reduction of infective exacerbations44. 
There is some evidence that β2-agonists may 
increase the ventilatory drive to hypercapnia 
(but not to hypoxia). It is still uncertain wheth-
er LABA have long-term anti-inflammatory 

effects in COPD, and any anti-inflammato-
ry effects on inflammatory cells are usually 
rapidly tachyphylactic. However, formoterol 
significantly reduces sputum neutrophils in 
patients with neutrophilic asthma by inhibit-
ing the release of the neutrophil chemoattrac-
tant CXCL8 from airway epithelial cells45. This 
anti-neutrophil effect has not yet been demon-
strated in COPD patients, however.

Clinical use

Salmeterol and formoterol give bronchodi-
lation and protection against bronchoconstric-
tion for over 12 hours. Nebulised formoterol, 
including the active enantiomer (arformoter-
ol) is also effective in COPD, but it is only 

Figure 2. Mechanism of action of long-acting ß2-agonists in COPD.  
Although their primary action is likely to be on airway smooth muscle, there are additional effects of ß2-agonists that may be beneficial. 
LABA: long-acting ß2-agonist.

Bronchodilation 
(large and small airways) 

exudation
↓ Plasma ↑ Mucociliary

clearance
↓ Neutrophil

function
↓ Bacterial
adherence

↓ Cholinergic
neurotransmission

 LABA

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
.  


©

 P
er

m
an

ye
r 

Pu
b

lic
at

io
n

s 
20

17



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

208

BRN Rev. 2016;2

available in the USA46,47. Indacaterol and olo-
daterol are once-daily LABA that are now ap-
proved for use in COPD and have a similar 
efficacy and safety profile48,49. Vilanterol is 
another once-daily LABA, but not yet approved 
as monotherapy. Once-daily LABA are more 
effective than twice-daily LABA, supporting 
the view that maintained bronchodilation is 
beneficial. LABA improve symptoms, quality 
of life, and exercise performance and reduce 
air trapping through relaxant effects on small 
airways50. In long-term studies they reduce 
exacerbations and may reduce mortality51,52. 
They have a similar efficacy to LAMA, al-
though once-daily tiotropium is more effec-
tive than twice-daily salmeterol in preventing 
exacerbations and hospitalisation6. However, 
as discussed above, once-daily tiotropium and 
glycopyrrolate are similar to once-daily inda-
caterol7.

Side effects

Side effects are not usually a problem with 
LABA in COPD, even with hypoxia and car-
diovascular comorbidity50. A large study re-
cently showed that even in COPD patients 
with cardiovascular risk, there was no increase 
in cardiovascular events after treatment with 
once-daily vilanterol54. Muscle tremor (direct 
effect on skeletal muscle β2-receptors) is more 
common in elderly patients, but tends to dis-
appear through development of tolerance with 
time. Tachycardia (direct effect on atrial β2-re-
ceptors and reflex effect from increased pe-
ripheral vasodilatation via β2-receptors) may 
cause palpitations, but tolerance usually devel-
ops. Hypokalaemia is a direct effect on skeletal 
muscle uptake of potassium ions via β2-recep-
tors, but is usually a small effect. Hypoxaemia 

due to increased ventilation/perfusion (V/Q) 
mismatch due to pulmonary vasodilatation is 
not a problem with chronic treatment.

LONG-ACTING ß2-AGONIST/ 
LONG-ACTING MUSCARINIC 
ANTAGONIST FIXED-DOSE 
COMBINATION INHALERS

The bronchodilator effects of LABA and LAMA 
appear to be additive, at least as measured by 
FEV1. This was demonstrated initially with 
an additive bronchodilator effect of either for-
moterol or salmeterol twice daily added to 
tiotropium once daily55,56. Adding indacaterol 
in patients also treated with tiotropium also 
shows an add-on bronchodilator effect57. In 
one study, a maximally effective bronchodi-
lator dose of indacaterol was given and, since 
LABA inhibit all bronchoconstrictor mecha-
nisms, including cholinergic tone, no further 
bronchodilation should be possible58. Howev-
er, the addition of glycopyrrolate in combina-
tion with indacaterol (Ultibro®) almost dou-
bled the bronchodilator response. It is possible 
that this is achieved through some effect in 
addition to reduction in cholinergic tone, such 
as an effect on mucus hypersecretion, al-
though this is unlikely as the additive effect 
is seen immediately. Another possibility is 
that there is some cross-talk between cholin-
ergic and adrenergic signalling pathways in 
airway smooth muscle cells. Cholinergic tone 
is mediated via an effect of acetylcholine on 
M3 receptors on airway smooth muscle cells, 
which are coupled to phospholipase Cβ (PLCβ), 
which generates the second messenger inosi-
tol 3,4,5 trisphosphate (IP3) that is responsible 
for the release of calcium ions from internal 
stored, resulting in muscle contraction. The 

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
.  


©

 P
er

m
an

ye
r 

Pu
b

lic
at

io
n

s 
20

17



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

209

Peter J. Barnes: Long-Acting Inhaled Bronchodilators: The Mainstay of COPD Management

PLCβ also generates another second mes-
senger, diacylglycerol, which activates mem-
brane-bound protein kinase C (PKC), which 
is able to phosphorylate both β2-receptors and 
the stimulatory G-protein (Gs), resulting in 
uncoupling of β2-receptors with reduction 
in cyclic AMP, which is a braking mecha-
nism for β2-agonist induced bronchodila-
tion59. By adding an M3 antagonist, this brak-
ing effect would be relieved, thus giving a 
larger bronchodilator effect of the β2-agonist 
(Fig. 3). 

The additive bronchodilator effect is also seen 
after chronic dosing, with a reduction in 
symptoms and improved quality of life7,57,60,61, 
but far less than additive effects in preventing 
exacerbations60. Recently, several other LABA/
LAMA combination inhalers have been de-
veloped, including once-daily vilanterol/
umeclidinium (Anoro) and olodaterol/tiotro-
pium (Spiolto), and twice-daily formoterol/
glycopyrrolate (Bevespi) and formoterol/acli-
dinium (Duaklir)62-64. The LABA/LAMA fixed-
dose combinations have similar effects in terms 

Figure 3. Possible mechanism for additive bronchodilation with long-acting ß2-agonists plus long-acting muscarinic antagonist.  
Cholinergic tone activates muscarinic M3 receptors in airway smooth muscle cells, leading to activation of phospholipase Cß via  
the coupling G-protein Gq, which generates inositol trisphosphate that releases calcium ions (Ca2+) from intracellular stores, leading  
to bronchoconstriction. Phospholipase Cß also generates the lipid mediator diacylglycerol, which activates protein kinase C in the cell 
membrane, which phosphorylates ß2-adrenergic receptors and Gs, thus uncoupling them from adenylyl cyclase, thus reducing cyclic 
adenosine monophosphate and the bronchodilator response to long-acting ß2-agonists. Giving a long-acting muscarinic antagonist  
at the same time as a long-acting ß2-agonist prevents the braking effect of the cholinergic pathway, resulting in a greater overall 
bronchodilator response. 
AC: adenylyl cyclase; Ach: acetylcholine; AMP: adenosine monophosphate; Ca: calcium; cAMP: cyclic adenosine monophosphate;  
IP3: inositol trisphosphate; LABA: long-acting ß2-agonist; PKC: protein kinase C; PLCß: phospholipase Cß.
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of efficacy and prevention of exacerbations, as 
shown by a recent network meta-analysis, in 
the absence of direct head-to-head compari-
sons65. It is likely that LABA/LAMA combi-
nation inhalers will become first-line therapy, 
especially as they appear more effective in 
reducing symptoms than an ICS/LABA com-
bination66-68. Indacaterol/glycopyrrolate once 
daily is more effective in preventing exacer-
bations than twice-daily fluticasone propio-
nate/salmeterol, which has been widely used 
in the initial treatment of COPD in conflict 
with guideline recommendations69. 

Side effects do not appear to be a problem with 
LABA/LAMA combinations as the two class-
es of drug have different off target effects.

INHALED CORTICOSTEROID/ 
LONG-ACTING ß2-AGONIST  
FIXED-DOSE COMBINATION INHALERS

Several fixed-dose ICS/LABA combination 
inhalers have been used in COPD patients, 
including twice-daily fluticasone propionate/ 
salmeterol (Seretide®, Advair®), budesonide/
formoterol (Symbicort®), and beclomethasone 
dipropionate/formoterol (Foster®), and once-
daily fluticasone furoate/vilanterol (Relvar®, 
Breo®) and these combinations are more con-
venient and may improve adherence. Several 
studies have demonstrated a benefit of combi-
nation inhalers containing a corticosteroid and 
a LABA in COPD patients70. However, most of 
the benefit seems to be provided by the LABA 
component52. Patients with severe COPD at risk 
of exacerbations could be withdrawn from 
ICS therapy without risk of increased exacer-
bations, suggesting that ICS were not provid-
ing any additional value71. In the Withdrawal 

of Inhaled Steroids during Optimized Bron-
chodilator Management (WISDOM) study, ICS 
were slowly withdrawn from patients with a 
history of exacerbations in the previous year 
without evidence of increased exacerbations, 
although there was a small fall in FEV1

71. In 
some patients it may be possible to gradual-
ly decrease the ICS because the incidence of 
subsequent exacerbations of patients contin-
ued on double bronchodilator therapy is not 
increased. However, patients with poor lung 
function should be monitored because some 
may have significant decrease in lung func-
tion that may signal a benefit from the ICS 
therapy. 

Any superiority of combination inhalers over 
LABA alone in reducing exacerbations may 
be counteracted by the higher risk of side 
effects due to the corticosteroid component72. 
The ICS/LABA combination inhalers improve 
symptoms and reduce exacerbations with a 
reduction in all-cause mortality, although this 
does not quite reach statistical significance70. 
The reduction in exacerbation between twice-
daily fluticasone/salmeterol is similar to that 
seen with tiotropium73. The ICS/LABA com-
bination inhalers may be useful when pa-
tients with FEV1 < 50% predicted and with 
frequent exacerbations (≥ 2/year) who are al-
ready on tiotropium need further treatment. 
The once-daily ICS/LABA combination inhaler 
(fluticasone furoate/vilanterol, Relvar®) has 
been approved for use in COPD, although there 
appears little difference in comparison with 
vilanterol alone74 and its effects are similar to 
twice-daily fluticasone propionate/salmeterol 
with a similar side effect profile (including 
increased risk of pneumonia)75. However, the 
fluticasone furoate/vilanterol combination is 
more effective in reducing exacerbations than 
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vilanterol alone if blood eosinophils are ≥ 2% 
and particularly > 6%. 

Recently, there has been considerable interest 
in predicting which COPD patients may ben-
efit from ICS added to LABA. There is some 
evidence that increased blood eosinophils may 
predict a better clinical response to ICS/LABA 
in terms of reduced exacerbations. A post hoc 
analysis of a study that compared fluticasone 
furoate/vilanterol with vilanterol alone showed 
a greater effect of the combination in patients 
with blood eosinophils ≥ 2% (200/µl) than 
those with < 2%, and the difference was great-
er the higher the blood eosinophils76. How-
ever, the absolute number of exacerbations on 
the combination was unchanged at differing 
blood eosinophil counts, suggesting that vilan-
terol may even increase exacerbations. In ad-
dition, there were no differences in lung func-
tion of symptoms between these treatments 
at different eosinophil cut-off points. This was 
supported by three other studies that com-
pared ICS/LABA with tiotropium77, but not by 
a further analysis of the fluticasone furoate/
vilanterol versus vilanterol data78. However, 
a more recent study showed that blood eosin-
ophils did not predict any better responses to 
fluticasone/salmeterol compared to indacater-
ol/glycopyrrolate69. When ICS are withdrawn, 
only patients with blood eosinophils ≥ 4% ap-
pear to be at greater risk of increased exacer-
bations79. The importance of blood eosinophils 
as a marker is uncertain and there may be little 
relationship to sputum or lung eosinophils.

TRIPLE INHALERS

Addition of a LAMA to an ICS/LABA inhaler 
appears to give further improvement in lung 

function and reduction in exacerbations80-84. 
This has suggested that a triple fixed-dose 
combination of ICS/LABA/LAMA may be 
useful and several triple combinations are 
now in development for COPD86,87. Many pa-
tients with COPD now end up on triple ther-
apy since their symptoms persist whatever 
treatment is given. The introduction of triple 
fixed-dose combination inhalers may there-
fore be popular, although relatively few pa-
tients with COPD benefit from ICS therapy. 
If patients are started on a LAMA and then 
proceed to a fixed-dose LABA/LAMA com-
bination, it might be better to then switch to 
a triple inhaler if there is indication (frequent 
exacerbations, high blood eosinophil count, 
clinical features of asthma-COPD overlap) rath-
er than adding an ICS alone as this is unlike-
ly to be used by patients consistently. Triple 
inhalers may be more expensive, may lead 
to long-term steroid side effects, and may be 
difficult to develop because of physical and 
chemical interactions between the three com-
ponents. It will be necessary to show that the 
triple inhalers are significantly more effective 
than LABA/LAMA combinations and this is 
likely to be a difficult barrier to overcome.

CONCLUSIONS

There is no doubt that long-acting bronchodi-
lators are now the mainstay of treatment for 
COPD patients, providing clinically meaning-
ful improvements in symptoms, quality of life 
and prevention of exacerbations. There do not 
appear to be significant differences between 
individual LAMA and LABA, although a lon-
ger duration of action (once daily) is prefera-
ble in terms of stabilizing airway function. 
What is still unclear is whether some patients 
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respond better to LAMA and others to LABA, 
and if so, how this can be predicted. What is 
also uncertain is whether there are any non-
bronchodilator effects of these drugs that may 
be clinically relevant, such as reduced mucus 
secretion, increased mucociliary clearance, or 
anti-inflammatory or neural inhibitory effects, 
and this deserves further study. The value of 
adding an ICS to LABA/LAMA combinations 
is not yet clear, but some patients, such as 
those with increased eosinophils and asth-
ma-COPD overlap features, may benefit from 
triple therapy. More research is needed to 
understand whether bronchodilation may be 
even greater with new classes of bronchodi-
lator. It has proved very difficult to identify 
new classes of bronchodilator that are close 
to the cost-benefit provided by LABA and 
LAMA. Bitter taste receptor (TAS2R) agonists 
have been shown to relax human airways, but 
are less effective than β2-agonists88,89. Phos-
phodiesterase-3 inhibition may provide bron-
chodilation, but has been linked to cardiovas-
cular side effects90. What is most needed in 
COPD are new anti-inflammatory therapies 
that are effective and safe, but this has proved 
to be a major challenge, and a better under-
standing of the underlying disease proves the 
need to identify new promising therapeutic 
targets91.
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