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Abstract: Although pharmacological treatment of COPD is codified in different guidelines 
and strategy documents, there is abundant evidence of discrepancy between what they 
suggest and what health professionals prescribe, especially in low-risk groups where there 
is widespread overprescription of triple therapy. It is therefore necessary to clarify when the 
use of triple therapy is indicated in COPD patients and when it is preferable to maintain 
treatment with dual bronchodilation. In this article, we discuss our views based on our 
experience and what is reported in the literature and try to give answers to these two 
questions. The evidence generated by pivotal RCTs supports the use of triple therapy in 
patients who present for the first time and have severe airway obstruction, are symptomatic, 
have had frequent moderate or severe exacerbations in the previous year, and have peripheral 
eosinophilia. However, it is difficult to determine whether step-up is useful in all other cases 
because the available data are quite conflicting. It is likely that the inconsistency in the 
information generated by the various available studies may explain the prescribing behaviour 
of many physicians who do not adhere to recommendations of guidelines and strategies. 
However, it is necessary to establish whether and when the addition of an ICS to the LAMA/ 
LABA combination is effective, to determine whether triple therapy can induce an additional 
clinical benefit over dual bronchodilation, irrespective of a preventive effect on COPD 
exacerbations, to establish its value, and to examine whether cost differences can support 
the use of triple therapy over combined LAMA/LABA therapy in real life. 
Keywords: dual bronchodilation, triple therapy, ICSs, LABs, LAMAs

Introduction
Growing clinical evidence suggesting that triple therapy with an inhaled corticos
teroid (ICS), a long-acting β2-agonist (LABA), and a long-acting muscarinic 
antagonist (LAMA) is effective has made it an attractive combination in COPD, 
but there is evidence that real-world prescribing of triple therapy does not always 
reflect recommendations in guidelines and strategies .1 In fact, there is proof of 
widespread overprescribing of such therapy, especially in lower risk groups.2,3

By using electronic health records, it was shown that in the UK 19% of the 
patients classified as Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) A (GOLD 2013 classification) and 28% of GOLD B were prescribed 
triple therapy.4 In a large US claims database study, one-quarter of all treated COPD 
patients received such therapy.5 Among all patients who received triple therapy, 
approximately 75% had either mild or moderate COPD. In an Italian study, 
a surprising 14.08% of GOLD Group A patients were in triple therapy.6 Another 
extensive study of Italian patients newly diagnosed with COPD in a real-life 

Correspondence: Mario Cazzola  
Email mario.cazzola@uniroma2.it

International Journal of Chronic Obstructive Pulmonary Disease 2022:17 165–180                    165
© 2022 Cazzola et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of Chronic Obstructive Pulmonary Disease           Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 19 October 2021
Accepted: 21 December 2021
Published: 14 January 2022

http://orcid.org/0000-0003-4895-9707
http://orcid.org/0000-0001-7801-5040
http://orcid.org/0000-0003-0456-069X
mailto:mario.cazzola@uniroma2.it
http://www.dovepress.com/permissions.php
https://www.dovepress.com


context of general practitioners showed that 6.3% of 
patients were treated with triple therapy within the 
first year, and 42.3% of these patients had no prior 
treatment.7 Results from the Swedish National Airway 
Register showed that in GOLD Groups A, and 
B patients, 19%, and 34%, respectively, received such 
therapy.8

It is likely that the discrepancy between what is sug
gested by guidelines and strategies and what health profes
sionals prescribe is due to the confidence physicians have 
in initiating comprehensive treatment to ensure the best 
therapy for their patients.9 Nevertheless, it remains surpris
ing that many general practitioners prescribe triple therapy 
shortly after or even before an established COPD 
diagnosis.10,11 Variables associated with ICS/LABA/ 
LAMA therapy initiation in newly diagnosed patients 
with COPD were FEV1, exacerbations, male sex, 
increased age, current or previous smoking, and some 
comorbid lung conditions in US10 and male sex, older 
age, previous exacerbations, asthma-COPD overlap, 
a previous treatment regimen containing an ICS, previous 
pneumonia, and history of lung cancer in Spain.11 

However, the transition to triple therapy in those already 
on regular treatment for COPD, which is not necessarily 
a LABA/LAMA combination, follows pathways that are 
influenced by many different factors that vary both within 
and between countries probably due to differences in pre
scribing practices.12

In this article, we aim to discuss our views on when the 
use of triple therapy is really indicated in patients with 
COPD and when it is preferable not to go beyond dual 
bronchodilation.

Triple Therapy in Guidelines and 
Treatment Strategies
Treatment of COPD is codified in the recommendations of 
the GOLD strategy.13 Triple therapy with ICS/LABA/ 
LAMA should never be considered as initial drug treat
ment but is recommended in patients requiring further 
effective treatment. However, there is a substantial differ
ence if one should aim to treat predominantly dyspnoea 
and exercise limitation rather than COPD exacerbations. 
The dyspnoea algorithm recommends escalation with the 
addition of a second long-acting bronchodilator, while 
triple therapy is recommended for patients treated with 
ICS/LABA who experience dyspnoea and need further 
treatment. Conversely, if therapy must be focused on 

exacerbations, triple therapy is recommended as a step- 
up in patients already treated with LABA/LAMA as well 
as in those treated with ICS/LABA. However, step-up 
should take place after assessment of the risk of exacerba
tion and, in patients treated with dual bronchodilation, 
after measurement of blood eosinophils to predict the like
lihood of clinical benefit with ICS containing 
combinations.

Also, the official American Thoracic Society (ATS) 
clinical practical guideline, which aimed to address speci
fic clinically important questions regarding the pharmaco
logic management of COPD, considered the question of 
whether triple therapy with ICS/LABA/LAMA is more 
effective and safer than dual therapy with LABA/LAMA 
in COPD patients who complain of dyspnoea or exercise 
intolerance despite the use of dual bronchodilation.14 It 
concluded that the benefits of triple therapy do not clearly 
outweigh the risks compared to dual bronchodilation in 
patients with COPD who have experienced zero to less 
than one exacerbation in the past year and suggested its 
use over dual therapy with LABA/LAMA in those patients 
with a history of one or more exacerbations in the 
past year that required antibiotics or oral steroids or 
hospitalisation.

Much more simply and pragmatically, the Canadian 
Thoracic Society Clinical Practice Guideline on pharma
cotherapy in patients with COPD suggests that “step-up” 
to triple therapy should be considered for patients who 
remain symptomatic and have a poor health status despite 
being on LAMA/LABA combination therapy.15 It also 
adds that everyone should be assessed for the risk/benefit 
of adding ICS in these circumstances and, in any case, 
evidence of benefit from triple therapy has been demon
strated mainly in patients who have a high risk of exacer
bation. Therefore, triple therapy with ICS/LABA/LAMA 
is recommended for patients at high risk of exacerbation 
despite the use of LAMA monotherapy or dual therapy 
(ICS/LABA or LABA/LAMA).

Pharmacological and Clinical 
Evidence Supporting Triple Therapy
Pharmacological intervention based on the combination of 
a LABA with a LAMA allows the relaxation/contraction 
imbalance to be shifted towards a relaxed airway smooth 
muscle profile, which is essential in a condition of chronic 
airway obstruction.16 There is also a solid pharmacological 
rationale that supports the combination of an ICS with 
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a LABA in COPD. In fact, there are bidirectional mole
cular interactions between corticosteroids and β2-agonists 
that are responsible for a reciprocal enhancement of the 
pharmacological effects of ICS and LABA.17 Furthermore, 
the combination of an ICS with a LAMA can exert anti- 
remodelling activity in addition to the well-known bronch
odilating and anti-inflammatory activities of these drugs.17

Experimentally, it has been documented that an ICS/ 
LABA/LAMA combination can induce a synergistic 
bronchorelaxant effect of passively sensitised human air
way smooth muscle and tissues from patients with stable 
COPD.18 A medium to strong synergism was detected in 
the small airways, while in the medium calibre bronchi the 
degree of synergistic interaction was consistently very 
strong.

Solid evidence shows that among the various combi
nations, the ICS/LABA/LAMA triple combination is the 
one that induces the strongest synergistic bronchorelaxant 
effect in both the middle bronchi and small airways.19 

However, a translational study suggested that the syner
gistic interaction observed in vitro when adding a LAMA 
to the ICS/LABA combination may lead to maximal 
small airway, but not medium-calibre airway, relaxation 
in vivo.20 When salbutamol was administered on top of 
triple therapy (2 h after the last inhalation of the triple 
combination) in severe COPD patients after two weeks of 
treatment, no significant improvement in peripheral resis
tance, expressed by the difference between resistance at 5 
Hz (R5) and resistance at 19 Hz (R19) was detected 
whereas forced expiratory volume in 1 s (FEV1) 
increased significantly. The synergistic bronchorelaxant 
effect may improve lung hyperinflation in subjects with 
small airway disease and thus explain the substantial 
clinical benefits of triple therapy in patients with severe 
COPD.

It has also been shown that the mechanisms leading to 
the synergism caused by triple therapy are predominantly 
related to the genomic effect of intracellular glucocorticoid 
receptors and partially associated with the activation of the 
Gsα subunit G protein of the β2-adrenoceptors (β2-ARs), 
which leads to the modulation of cyclic AMP-dependent 
protein kinase A pathway.18 However, further preclinical 
research is needed to assess whether the addition of 
a LABA/LAMA combination to an ICS can also synergis
tically improve the anti-inflammatory effect of the ICS 
itself.

To date, several meta-analyses tried to define the role 
of triple therapy in the treatment of COPD.21–27 Overall, 

they showed that triple therapy with ICS/LABA/LAMA 
provides modest clinical benefit in the general COPD 
population, but in patients on LABA/LAMA combination 
therapy, who still experience exacerbations of COPD and 
have blood eosinophil counts ≥300 eosinofili·μL−1 it is of 
clinical relevance.28 Table 1 shows the pivotal RCTs in 
which triple therapy fixed-dose combinations (FDCs) 
approved for maintenance treatment of COPD were com
pared with dual bronchodilation.

A recent network meta-analysis aimed to directly com
pare triple ICS/LABA/LAMA with corresponding either 
dual LABA/LAMA or ICS/LABA therapies administered 
as FDC via the same inhaler device has provided impor
tant information on the possible positioning of triple ther
apy FDC in the treatment of COPD.29 It included ETHOS 
(Efficacy and Safety of Triple Therapy in Obstructive 
Lung Disease), KRONOS (A Randomized, Double- 
Blind, Parallel-Group, 24-Week, Chronic-Dosing, Multi- 
Center Study to Assess the Efficacy and Safety of PT010, 
PT003, and PT009 Compared With Symbicort® 

Turbuhaler®), IMPACT (InforMing the PAthway of 
COPD Treatment), and TRILOGY (Single Inhaler Triple 
Therapy versus Inhaled Corticosteroid plus Long-Acting 
β2 Agonist Therapy for Chronic Obstructive Pulmonary 
Disease) trials, the only that fulfilled the strict inclusion 
criteria. Application of the SUCRA (surface under the 
cumulative ranking curve analysis) method demonstrated 
that ICS/LABA/LAMA was the most effective treatment 
in reducing the risk of moderate to severe COPD exacer
bation, followed by ICS/LABA and LABA/LAMA. This 
degree of efficacy was confirmed in patients with a high 
eosinophil count, whereas in patients with a low eosino
phil count, LABA/LAMA FDC and then ICS/LABA FDC 
followed ICS/LABA/LAMA FDC. The improvement in 
FEV1 achieved the same ranking order but it appeared 
independent of the level of blood eosinophil count at base
line. However, ICS/LABA/LAMA was the worst treatment 
when the risk of pneumonia was considered, followed by 
ICS/LABA. The risk of pneumonia was negligible in 
patients treated with LABA/LAMA. The weighted effi
cacy/safety ratio profile resulting from SUCRA gave the 
following ranking: in patients with low eosinophil count, 
ICS/LABA/LAMA FDC > LABA/LAMA FDC ≫ ICS/ 
LABA FDC; in patients with a high number of eosino
phils, ICS/LABA/LAMA FDC > LABA/LAMA FDC > 
ICS/LABA FDC.

It must be mentioned that at present it is not yet known 
whether there are substantial pharmacological and clinical 
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Table 1 Pivotal Trials with Triple Therapy FDCs Approved for Maintenance Treatment of COPD versus Dual Bronchodilation

Study Patients Study Design Therapy Key Findings

Beclomethasone dipropionate/formoterol fumarate/glycopyrronium bromide

TRIBUTE52 Patients with a post- 

bronchodilator FEV1 <50% of 

the predicted normal value, 
≥1 moderate-to-severe 

COPD exacerbation in the 

previous 12 months, CAT 
total score ≥10 and, who had 

used LABA/ICS, LAMA/ICS, 

LAMA/LABA, or LAMA 
monotherapy, but not triple 

therapy, for at least 2 months 

before screening

Multicentre, randomised, 

parallel-group, double-blind, 

double-dummy study over 52 
weeks

BDP/FF/GB 200/12/25 μg 

twice daily in 764 patients 

IND/GB 85/43 μg once daily 
in 768 patients

Moderate-to-severe exacerbation rates were 0.50 per patient 

per year (95% CI 0.45 to 0.57) for BDP/FF/GB and 0.59 per 

patient per year (95% CI 0.53 to 0.67) for IND/GB 
BDP/FF/GB significantly reduced the rate of moderate or 

severe exacerbations compared with IND/GB (0.848 (95% CI 

0.723 to 0.995; p = 0.043) 
The time to first moderate or severe exacerbation and the time 

to the first severe exacerbation were similar between the two 

treatment groups (hazard ratio 0.901, 95% CI 0.763 to 1.064, 
p = 0. 219; and 0.864, 95% CI 0.613 to 1.219, p = 0.405. 

respectively) 

Change in FEV1 and improvement in mean SGRQ total score 
from baseline were significantly better with BDP/FF/GB than 

with IND/GB 

Pneumonia occurred in 28 (4%) patients receiving BDP/FF/GB 
versus 27 (4%) patients receiving IND/GB

Fluticasone furoate/vilanterol/umeclidinium

IMPACT82 Patients with FEV1 < 50% of 

the predicted normal value 
and CAT ≥ 10 and ≥1 

moderate or severe 

exacerbation in the 
previous year, or patients 

with FEV1 ≥50–<80% and 
CAT ≥10, and ≥2 moderate 

exacerbations in the past year 

or ≥1 severe exacerbation in 
the previous year

Multicentre, randomized, 

double-blind, parallel-group 
trial over 52 weeks

FLF/VI/UMEC 100/25/62.5 μg 

once daily in 4251 patients 
VI/UMEC 25/62.5 μg once 

daily in 2070 patients

Moderate-to-severe exacerbation rates were 0.91 per patient 

per year for FLF/VI/UMEC, and 1.21 per patient per year for VI/ 
UMEC (rate ratio with triple therapy, 0.75; 95% CI 0.70 to 0.81; 

25% difference; p < 0.001) 

The annual rate of moderate or severe exacerbations was 
lower with triple therapy, regardless of eosinophil level 

The annual rate of severe exacerbations was significantly lower 
with triple therapy than with VI/UMEC 

Change in FEV1 and improvement in mean SGRQ total score 

from baseline were significantly better with VI/UMEC 
The risk of clinician-diagnosed pneumonia was significantly 

higher with FLF/VI/UMEC than with VI/UMEC, as assessed in 

a time-to-first event analysis (hazard ratio, 1.53; 95% CI, 1.22 to 
1.92; p < 0.001)

https://doi.org/10.2147/C
O

P
D

.S345263                                                                                                                                                                                                                               

D
o

v
e

P
r
e

s
s
                                                                                              

International Journal of C
hronic O

bstructive Pulm
onary D

isease 2022:17 
168

C
azzola et al                                                                                                                                                         

D
o

v
e

p
r
e

s
s

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Budesonide/formoterol fumarate/glycopyrronium bromide

KRONOS83 Patients with post- 

bronchodilator FEV1 ≥25– 

<80% of the predicted normal 
value, and CAT ≥10 despite 

receiving two or more inhaled 

maintenance therapies for at 
least 6 weeks before 

screening

Multicentre, randomised, 

double-blind, parallel-group 

trial over 24 weeks

BUD/FF/GB 320/9.6/18 μg 

twice daily in 640 patients 

FF/GB 9.6/18 μg twice daily in 
627 patients

BUD/FF/GB did not significantly improve morning pre-dose 

trough FEV1 at week 24 versus FF/GB (13 mL, −9 to 36 mL; 

p=0·2375) 
BUD/FF/GB resulted in nominally significant improvements in 

SGRQ total score but not TDI focal score over 24 weeks 

versus FF/GB 
The rates of moderate or severe exacerbations with BUD/FF/ 

GB were lower than with FF/GB for patients in both eosinophil 

subgroups (<150 cells/mm3 or ≥150 cells/mm3) 
Pneumonia incidence was low (<2%) and similar across 

treatments.

ETHOS51 Patients with post- 

bronchodilator FEV1 ≥25– 

<65% of the predicted normal 
value, CAT ≥10 and history of 

at least one moderate or 

severe COPD exacerbation 
(if their FEV1 was <50% of the 

predicted normal value) or at 

least two moderate or at least 
one severe COPD 

exacerbation (if their FEV1 

was ≥50% of the predicted 
normal value) in the year 

before screening

Multicentre, randomized, 

double-blind, parallel-group 

trial over 52 weeks

BUD/FF/GB 320/9.6/18 μg 

twice daily in 2157 patients or 

160/9.6/18 μg twice daily in 
2137 patients, both using co- 

suspension delivery 

FF/GB 9.6/18 μg twice daily in 
2143 patients using co- 

suspension delivery

The annual rates of moderate or severe exacerbations were 

1.08 with BUD/FF/GB 320/9.6/18 μg, 1.07 BUD/FF/GB 160/9.6/ 

18 μg, 1.42 with FF/GB 
Both triple-therapy regimens significantly prolonged the time to 

the first moderate or severe exacerbation as compared with 

FF/GB 
The incidence of confirmed pneumonia was 3.5% with BUD/FF/ 

GB 160/9.6/18 μg, 4.5% with BUD/FF/GB 320/9.6/18 μg and 

2.3% with FF/GB

Abbreviations: BDP, beclomethasone dipropionate; BUD, budesonide; CAT, COPD assessment test; FEV1, forced expiratory volume in 1 second; FF, formoterol fumarate; FLF, fluticasone furoate; GB, glycopyrronium bromide; IND, 
indacaterol; SGRQ, St George’s Respiratory Questionnaire; TDI, transition dyspnea index; UMEC, umeclidinium; VI, vilanterol.
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differences between the various ICS/LABA/LAMA FDCs 
available or in development. In fact, head-to-head trials 
comparing the different triple therapies have not yet been 
performed. However, the composition of each FDC differs 
from the others in terms of the pharmacodynamic and 
pharmacokinetic characteristics of its molecules, and the 
drug delivery device that it uses (Table 2).

ICSs approved for clinical use exhibit a range of glu
cocorticoid receptor selectivity, potency, physicochemical 
properties, and pharmacokinetic parameters.30,31 More 
potent molecules can be administered at much lower 
doses to achieve similar clinical efficacy. Among the 
approved ICSs, flunisolide is the least and fluticasone 
furoate the most potent. Lipophilicity is also very impor
tant because it results in slower dissolution and pulmonary 
absorption of inhaled drug particles with longer retention 
times in the airways, longer duration of action, and the 
possibility of less frequent dosing. The following order of 
pulmonary retention times has been reported: fluticasone 
furoate ≫ mometasone furoate ≥ fluticasone propionate > 
triamcinolone acetonide ≫ budesonide ≥ desisobutyryl 
ciclesonide > flunisolide ≥ beclomethasone dipropionate. 
More potent ICSs as well exhibit greater binding to plasma 
proteins in the systemic circulation and thus are not avail
able for binding to extrapulmonary glucocorticoid recep
tors, limiting the possibility of systemic side effects. Also 
very important is the relationship between the terminal 
half-lives after inhalation and the elimination half-lives 
after intravenous administration of the various ICSs 
because a terminal half-life after inhalation that is greater 
than that after intravenous administration may reflect slow 
absorption from lung tissue. Differences in dissolution 
rates affect the time to reach the maximum plasma con
centration, and the area under the time profile of the 
plasma concentration. An ICS with a long half-life but 
present at low plasma concentrations may have a better 
safety profile than an ICS with a shorter half-life that is 
present at high concentrations.

LABAs differ substantially in key pharmacological 
parameters, such as selectivity for and residence time on 
the β2-AR, potency, intrinsic efficacy (namely the extent to 
which they activate the receptor), and lipophilicity.32,33 

These differences are critical in characterizing the pharma
cological profile (primarily the onset and duration of 
action, but also the loss of responsiveness to chronic 
LABA therapy) and, consequently, the clinical effect of 
each LABA. It should be noted, however, that apparently, 
slow receptor dissociation is not a key factor in the 

duration of action of LABAs whereas partitioning of the 
drug into lipophilic compartments after inhalation is the 
key determinant of their long duration of action. LABAs 
with high intrinsic efficacy, ie, full, or nearly full agonists, 
such as formoterol, indacaterol, or olodaterol may cause 
greater loss of β2-ARs than low efficacy agonists, or 
partial agonists, such as salmeterol or vilanterol, but need 
to activate a lower number of β2-ARs, ie, they induce the 
same maximal response occupying fewer β2-ARs than 
partial agonists to cause a given ASM relaxant effect. 
However, it is possible that partial agonists could provide 
greater benefit for the treatment of COPD by minimizing 
overstimulation and desensitization of β2-ARs surface 
cells than full agonists.

Regarding LAMAs, there are substantial differences in 
their pharmacological profiles.33,34 Their onset of action 
probably differs somewhat in the different time taken to 
reach equilibrium at the M3 mAChR. Their offsets of 
action duration and potency also differ significantly. The 
documentation that glycopyrronium has a shorter resi
dence time at the M3 mAChR than other LAMAs but is 
effective even if administered once daily suggests that 
other underlying processes within the airway could con
tribute. In any case, a translational study has shown that 
doses of LAMA approved for the treatment of COPD are 
not delivered into the lung at iso-effective 
concentrations.35

In any case, in the absence of direct comparisons, 
a recent systematic review of the literature and a network 
meta-analysis found that there was no substantial differ
ence between budesonide/formoterol/glycopyrronium 320/ 
9.6/18 μg twice daily, beclomethasone dipropionate/for
moterol/glycopyrronium 200/12/25 μg twice daily, and 
fluticasone furoate/vilanterol/umeclidinium 100/25/62.5 
μg once daily regarding reduction in exacerbation rates 
and use of rescue medications, and improvement in lung 
function, quality of life, and symptoms at or over 24 and 
52 weeks.36

Blood Eosinophil Count as 
a Biomarker for the Use of Triple 
Therapy
Since meta-analyses also indicated that the protective 
effect of triple therapy against the risk of moderate or 
severe COPD exacerbations was greater in patients with 
a high number of eosinophils in blood, it is worth clarify
ing the role of increased blood eosinophil count as 
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Table 2 Pharmacological Characteristics of the ICSs, LABAs and LAMAs Included in Triple Therapy FDCs Approved for Maintenance Treatment of COPD

ICSs

Relative Glucocorticoid Receptor Binding Affinity* Lipophilicity (log P**) Aqueous Solubility (μg mL–1) PPB (%) Vss l CL h–1 F (%)

Beclomethasone dipropionate 53 (1345) 4.59 (3.27) 0.13 (15.5) 95.9 424 120 62CFC 

82HFA 

41°ral

Budesonide 935 2.32 16 91.4 180 84 39DPI 

11°ral

Fluticasone furoate 2989 4.17 0.03 99.7 608 65 15DPI 

1°ral

LABAs

β2-AR β1-AR β2/β1 ratio

pKi IA (% isoprenaline) Onset of action (t1/2, min) Duration of action (h)

Formoterol 8.06 95.0 5.9 0.93 6.10 130

Vilanterol 9.42 70.0 3.45 NA NA 2400

LAMAs

M3 mAChR M1 mAChR M2 mAChR M3/M2 ratio

pKi Koff (h
−1) Onset of action (t1/2, min) Duration of action (h) pKi Koff (h

−1) pKi Koff (h
−1)

Glycopyrronium 9.28 0.11 8.72 6.1 9.77 NA 9.09 1.84 16.5

Umeclidinium 9.80 0.53 9.0 1.37 9.80 NA 9.82 4.44 8.7

Notes: *Glucocorticoid receptor binding affinity is relative to dexamethasone with dexamethasone affinity = 100. **Log P values are defined as the log10 of the octanol/water partition coefficient. Sources16 and 30. 
Abbreviations: CL, plasma clearance; F, absolute bioavailability determined in healthy subjects; IA, intrinsic activity; Koff, dissociation rate; NA, not available in human tissue; pKi, the negative logarithm to base 10 of the equilibrium 
dissociation constant of a ligand determined in inhibition studies; PPB, plasma protein binding; Vss, volume of distribution at steady state; t1/2, residence half-life.
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a predictive biomarker of COPD exacerbation risk and 
response to ICS.37

The use of cut-off thresholds for blood eosinophil 
counts to determine the pharmacological approach in 
COPD has been already recommended in the GOLD 
report.13

The GOLD report gives great emphasis to the use of 
combinations containing ICS in patients with ≥300 
eosinophils·μL−1 in the blood as this value would allow 
identification of patients more likely to benefit from ICS 
treatment, and in high-risk patients with a history of two or 
more moderate exacerbations or one severe exacerbation 
in the previous year and >100 eosinophils·μL−1.13 Patients 
with < 100 eosinophils·μL−1 in their blood should not 
receive ICS unless they are also asthmatic, as this value 
suggests that such drugs are unlikely to prevent COPD 
exacerbations. The real problem is the group of patients 
with 100–300 eosinophils·μL−1, for whom there is still no 
solid evidence to make a consistent recommendation.38,39 

The decision whether to add an ICS should be based on 
individual considerations of likely benefits and possible 
risks.

Daiana Stolz and Marc Miravittles, using data of the 
IMPACT study, came up with an interesting scheme that 
can help decide the use of ICSs in COPD not only based 
on the number of eosinophils in the blood but also on other 
factors.40 According to this scheme, ICSs are indicated for 
the prevention of exacerbations in patients with >300 
eosinophils·μL−1 in blood and not indicated in those with 
< 100 cells·μL−1. For patients with blood eosinophils in 
the range of 100–300 cells·μL−1, the use of ICS may vary 
depending on the presence of other response-modulating 
factors. Being an ex-smoker, having suffered oral corticos
teroid-treated exacerbations or >2 moderate or 1 severe 
exacerbations increase the response to ICSs and decrease 
the blood eosinophil count cut-off while being a current 
smoker, having suffered antibiotic-treated exacerbations or 
1 or 2 moderate exacerbations decrease the response to 
ICSs and increase the blood eosinophil count cut-off.

We strongly believe that the step-up approach from 
dual bronchodilation to triple therapy proposed by the 
GOLD strategy and focused on the number of eosinophils 
in the blood does not reflect the important differences in 
COPD exacerbations and is therefore not tailored to the 
specific needs of the patient to be treated.28 In fact, COPD 
exacerbations are classified according to severity, which 
considers the use of healthcare resources, and therefore 
into mild, characterised by an increase in respiratory 

symptoms controlled by the patient with an increase in 
usual medication, moderate when they require treatment 
with systemic corticosteroids and/or antibiotics, and severe 
when they require hospitalisation.41 In any case, COPD 
exacerbations vary in frequency and in intensity.42 

Furthermore, they differ in their nature, presenting 
a phenotypic heterogeneity with biological phenotypes 
characterised by different clinical biomarker.43 Sputum 
interleukin-1β, serum C-X-C motif chemokine ligand 10, 
and peripheral eosinophils are biomarkers of bacteria-, 
virus-, or eosinophil-associated exacerbations of COPD, 
but there is also a pauciinflammatory phenotype.

A recent systematic review of post-hoc analyses of 
randomized controlled trials (RCTs) and observational 
studies that examined three classic blood eosinophil 
thresholds (2%, 150 cells·μL−1and 300 cells·μL−1) and 
the independent role of ICS showed that the strength of 
the positive association between ICS and the risk of COPD 
exacerbation was lower if the contribution of bronchodi
lators was excluded, and in any case of poor quality.44 

Considering the results of their study, the authors con
cluded that data from post-hoc analyses of RCTs cannot 
be extrapolated to the entire COPD population and, in any 
case, the lack of association between ICS prescription and 
reduced exacerbation risk found in observational studies 
suggests that it may not be present within the “real world” 
COPD population.

Our extensive review of the literature has allowed us to 
reach some conclusions on the role of blood eosinophil 
count as a biomarker in COPD.45 First, the replicability of 
peripheral blood eosinophil counts is modest and, in any 
case, when patients are stratified into groups with persis
tently low, variable, and persistently high eosinophils, no 
significant differences in baseline characteristics are found 
between the groups. In addition, there is no consensus on 
the use of absolute or relative eosinophil counts or circu
lating eosinophil counts as indicator of important clinical 
outcomes. Another critical issue is that we still do not 
know whether the blood eosinophil count predicts the 
risk of exacerbation independently of the exacerbation 
phenotype and its treatment and what factors confound 
the interpretation of the eosinophil count. The evidence 
generated by several recent studies of the presence of clear 
differences between eosinophil populations in different 
patients and disease states and the phenotypic diversity 
of eosinophils (they may be normodense or hypodense, 
resident or recruited, naïve or activated) in the individual 
organism46,47 is another critical aspect. In fact, it is almost 
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impossible to exclude that there are substantial differences 
between eosinophils after different interventions and 
between different subjects, and that there are possible 
associations between these differences and disease activity. 
For all these reasons, we believe that it is still premature to 
consider eosinophils as a valid biomarker in the context of 
COPD.

In our opinion, a more tailored approach to the 
patient’s needs might be to try to prevent exacerbations 
by treating him or her according to the severity of exacer
bation he or she has presented.48 If this has been mild or 
moderate treated with antibiotics, a treatment with LABA/ 
LAMA is probably most appropriate, whereas if it has 
been an oral corticosteroid-treated moderate exacerbation 
our suggested therapy is ICS/LABA. Patients who have 
suffered severe exacerbations should be treated with ICS/ 
LABA/LAMA. This view was later echoed by Vanfleteren 
et al who suggested that triple therapy should be consid
ered the first choice in patients discharged from hospital 
after a COPD exacerbation and in those in whom COPD 
was first diagnosed following a severe exacerbation.49

Pneumonia and Triple Therapy
We have already mentioned that the systematic review of 
the literature indicates that ICS/LABA/LAMA seems to be 
the worst treatment when considering the risk of pneumo
nia, whereas this risk is negligible in patients treated with 
LABA/LAMA.29

It is well known that COPD is associated with 
increased bacterial colonisation in the large airways, 
reduced macrophage phagocytosis and cytokine 
production.50 These findings explain why there is 
a pneumonia risk in patients with COPD. However, 
chronic treatment with ICS further increases this risk. In 
fact, administration of an ICS could induce a reduction in 
bacterial adherence and promote the movement of bacteria 
to the distal airways, increasing bacterial load and modify
ing the respiratory microbiome, and further impair macro
phage function. In such conditions, it is likely that the 
superimposition of a viral infection could produce addi
tional acute impairment of host immune function, resulting 
in increased bacterial growth and pneumonia.50

The risk of pneumonia appears to be dependent on the 
dose of ICS used, as demonstrated by the ETHOS study in 
which budesonide 320 μg BID (medium dose ICS) 
resulted in a higher incidence of pneumonia than budeso
nide 160 μg BID (low dose ICS).51 In contrast, in the 
TRIBUTE (Extrafine Inhaled Triple Therapy versus Dual 

Bronchodilator Therapy in Chronic Obstructive 
Pulmonary Disease) study beclomethasone dipropionate 
200 μg BID (medium dose ICS) produced the same inci
dence of pneumonia compared to the LABA/LAMA treat
ment group.52 However, although the ICS fluticasone 
furoate and budesonide were both administered at medium 
doses in the FULFIL (Lung Function and Quality of Life 
Assessment in Chronic Obstructive Pulmonary Disease 
with Closed Triple Therapy) study, the incidence of pneu
monia was 2.2% in the fluticasone furoate/umeclidinium/ 
vilanterol group and 0.8% in the budesonide/formoterol 
group.53 All this makes us believe that the risk of pneu
monia is likely to be correlated not only with the equiva
lent dose of ICS, but also with the specific 
pharmacological characteristics of each molecule.37 It has 
been suggested that ICSs that remain longer in the airways 
induce greater local immunosuppression that may make 
patients more susceptible to respiratory infectious risk.54 

Therefore, ICS should be prescribed carefully in patients 
with risk factors for pneumonia while considering the 
cumulative doses and subtypes of ICS.55

A detailed analysis of pneumonia data from replicate 
yearlong exacerbation studies suggested that risk factors 
for developing pneumonia are being a current smoker, 
being ≥55 years of age, having a history of pneumonia, 
having a body mass index < 25 kg/m2, and suffering from 
severe airflow limitation.56

However, Bourbeau et al reviewed evidence from 
RCTs showing the benefits of single-inhaler triple therapy 
and weighed these against the reported risk of pneumonia 
with ICS use and concluded that disease severity and 
history of exacerbations are strongly correlated with the 
risk of pneumonia, while ICS adds only a small additional 
risk.57 Furthermore, a joint analysis of the RCTs with 
a total of 53 940 patients (31 396 ICS and 22, 544 non- 
ICS) showed that pneumonia-related deaths are very rare 
in randomised trials.58 In fact, in this analysis, pneumonia 
mortality was 58/31,396 (1.84 cases per 1000) for ICS 
users, and 33/22,544 (1.46 cases per 1000) for non-users. 
Given the number of patients included, the clinical rele
vance of ICSs in pneumonia mortality is therefore 
doubtful.

Mortality and Triple Therapy
As COPD is the third leading cause of death worldwide, 
some recent studies have also focused on mortality, 
although mortality has never been a primary outcome in 
RCTs on triple therapy in COPD.59 A stratified safety 
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pooled analysis of the time to death in the TRINITY 
(Single Inhaler Extrafine Triple Therapy versus Long- 
Acting Muscarinic Antagonist Therapy for Chronic 
Obstructive Pulmonary Disease), TRILOGY, and 
TRIBUTE RCTs showed a numerical, but not statistically 
significant reduction when comparing triple therapy vs 
LABA/LAMA treatments, although the risk of non- 
respiratory fatal events was significantly reduced with 
ICS-containing treatments versus ICS-free treatments.60 

In contrast, in the IMPACT61 and ETHOS62 RCTs, triple 
therapy reduced the risk of all-cause mortality compared 
with dual bronchodilation, although in the ETHOS study 
this was only observed when budesonide was present at 
a dose of 320 mcg BID.62 However, it has been high
lighted that the sample size in the ETHOS study was not 
selected based on considerations of power for mortality.63

It was hypothesized that survival gains obtainable with 
triple therapy compared with dual bronchodilation is 
related to the greater reduction in COPD exacerbations, 
which are known to increase the risk of myocardial infarc
tion, stroke, and death.59 Conversely, a pooled analysis of 
data from over 6000 patients who participated in six Phase 
3/4 RCTs, TONADO (A Randomised, Double-blind, 
Parallel Group Study to Assess the Efficacy and Safety 
of 52 Weeks of Once Daily Treatment of Orally Inhaled 
Tiotropium + Olodaterol Fixed Dose Combination (2.5 µg/ 
5 µg; 5 µg/5 µg) Delivered by the Respimat® Inhaler 
Compared With the Individual Components (2.5 µg and 
5 µg Tiotropium, 5 µg Olodaterol) Delivered by the 
Respimat® Inhaler in Patients With Chronic Obstructive 
Pulmonary Disease) 1/2, DYNAGITO (A Randomised, 
Double-blind, Active-controlled Parallel Group Study to 
Evaluate the Effect of 52 Weeks of Once Daily Treatment 
of Orally Inhaled Tiotropium + Olodaterol Fixed Dose 
Combination Compared With Tiotropium on COPD 
Exacerbation in Patients With Severe to Very Severe 
COPD), WISDOM (Withdrawal of Inhaled Steroids 
During Optimised bronchodilator Management), UPLIFT 
(The Understanding Potential Long-term Impacts on 
Function with Tiotropium) and TIOSPIR (Tiotropium 
Safety and Performance in Respimat), and received treat
ment with either ICS/LABA/LAMA or LABA/LAMA, 
showed no difference in mortality between triple therapy 
and LABA/LAMA in patients with moderate to very 
severe COPD and predominantly low risk of 
exacerbations.64

Triple Therapy and Step-Down 
Approach
It has been proposed that patients in whom triple therapy is 
considered the first choice should be placed on mainte
nance therapy for at least the first 1–3 months but then 
step-down could be considered.49 However, step-down is 
always recommended if after 1–3 months patients do not 
report an improvement in symptoms.

It is important to establish whether and when it is 
possible to de-escalate triple therapy. The panel of expert 
COPD clinicians and researchers involved in the ATS 
clinical practical guideline wondered whether ICSs could 
be discontinued in COPD patients receiving triple 
therapy.14 The conclusion was that they could be discon
tinued if the patient has had no exacerbations in the 
last year. However, there is some doubt that de-escalation 
of triple therapy is an appropriate approach because each 
subsequent COPD exacerbation increases in intensity and 
significantly accelerates the course of the disease.48 It has 
been shown that the risk of a subsequent severe COPD 
exacerbation is tripled after the second severe exacerba
tion, and an extremely high mortality risk follows each 
severe COPD exacerbation.65

We conducted a meta-analysis on ICS withdrawal in 
COPD.66 Our findings were that this practice did not 
significantly increase the overall rate of COPD exacerba
tions, although a clinically important increase in the risk of 
severe exacerbations was found and the time to first 
exacerbation was significantly shorter in patients disconti
nuing ICS. However, discontinuation of ICS significantly 
impaired both lung function and quality of life, although 
not in a clinically important manner.

An official document reporting the European 
Respiratory Society recommendations regarding ICS with
drawal in patients with COPD concluded that in COPD 
patients without a history of frequent exacerbations ICS 
withdrawal is feasible (conditional recommendation which 
indicates that well-informed patients may make different 
choices regarding whether to have or not to have the 
intervention).67 However, the recommendations not to dis
continue ICS in patients with ≥ 300 eosinophils·μL−1 in 
blood and to treat the patient with one or two long-acting 
bronchodilators if ICS is discontinued are strong.

Triple Therapy in Real-World
Patients treated in real life differ from those enrolled in 
studies and this is a cause for concern about the external 
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validity of RCT data and the ability to broadly extrapolate 
these data to real-world patients.68

A real-life, single-centre, 24-week observational study 
suggested that triple therapy, when administered to 
patients with COPD and frequent exacerbations, can have 
a positive impact on dyspnoea and overall health status, as 
well as significantly decrease COPD exacerbations and 
improve airflow limitation and lung hyperinflation.69 The 
documentation of a significant improvement in the diffus
ing capacity of the lung for carbon monoxide (DLCO) in 
a substantial number of patients probably because of an 
improvement in small airway diameter due to reduced 
inflammation of bronchioles and alveoli is very interesting. 
Possibly, deflation resulting from triple therapy may have 
improved cardiac function, and this, together with 
increased alveolar ventilation, enhanced the perfusion/ven
tilation ratio, but this information is not available.68

In a real-world population of patients with COPD and 
a history of exacerbations, initiation of triple therapy was 
associated with a greater reduction in the risk of future 
exacerbations, acute respiratory events, and treatment fail
ure than dual bronchodilation.70 The risk reduction of 
acute respiratory events with triple therapy was greater 
than with dual bronchodilation for patients with higher 
rates of previous exacerbations and higher blood eosino
phil counts. However, there was no significant difference 
in the benefit of triple therapy by GOLD severity and risk 
group.

A multicentre prospective longitudinal study that was 
carried out in 12 hospitals in China showed that patients 
treated with LABA/LAMA had a higher incidence of 
severe exacerbations than with ICS/LABA/LAMA.71

In a British real-world setting (patients with COPD 
present in the UK’s Clinical Practice Research Datalink) 
of triple-therapy initiators matched to LAMA/LABA 
initiators, the risk of COPD exacerbation was similar for 
each group over the first year of use; however, the triple 
therapy combination was more effective for patients with 
significant eosinophilia (blood eosinophil counts >6%) or 
frequent exacerbations (history of ≥2 COPD exacerbations 
in the prior year).72

In contrast, the DACCORD (Die ambulante Versorgung 
mit langwirksamen Bronchodilatatoren: COPD-Register in 
Deutschland) study, a non-interventional, observational 
clinical study that recruited patients following COPD main
tenance therapy initiation or change in maintenance therapy 
between or within therapeutic class, showed that within 
1 year, fewer patients receiving dual bronchodilation 

exacerbated compared to those receiving triple therapy 
(15.5% vs 26.6%).73 The highest rate of exacerbations 
was observed in patients who were on triple therapy before 
the study and remained on triple therapy. However, it must 
be mentioned that >70% patients in DACCORD had no 
exacerbation 6 months prior to study entry.

In a “real-world” cohort of patients hospitalised for 
COPD in France, open triple therapy was not associated 
with better outcomes than dual therapy that, in any case, 
included free or fixed combinations of LABA/LAMA, 
LABA and ICS in FDCs or in free combinations, and 
free combinations of LAMA and ICS.74 Patients on triple 
therapy had higher healthcare resource use and COPD- 
related costs than patients on dual therapy, mainly due to 
hospitalisations and, to a lesser extent, drug costs, which 
suggests that they were more severe than those on dual 
therapy. It should be noted that persistence rate was low 
in both groups. However, results of a recent meta-analy
sis indicate that triple therapy is more cost-effective than 
dual bronchodilation in patients with moderate to severe 
COPD because it provides more quality-adjusted life 
years and life years albeit at an additional cost.75 In any 
case, it must be mentioned in all pivotal RCTs there were 
fewer moderate to severe COPD exacerbations with triple 
therapy than dual bronchodilation,24 and as mentioned 
exacerbations leading to hospitalization contributes to 
a significant portion of the cost of total COPD 
expenditure.76 This suggests that the higher acquisition 
cost of triple therapy would be offset by health service 
savings elsewhere.

There is an absolute need for further real-world studies 
that attempt to answer the question “does this intervention 
work under normal conditions?” to confirm the efficacy 
and safety of drugs that have been previously evaluated in 
RCTs. It has been suggested that the difference in the 
results of the studies conducted in the real world and, 
especially, the discrepancy between the conclusions of 
some of them and those obtained in the pivotal studies 
reflects the different patient populations in the studies in 
terms of previous exacerbations,77 and/or influence of pre- 
treatment status.78

Conclusion
The current available evidence from pivotal RCTs appears 
to be sufficient to identify triple therapy as an immediate 
choice in patients who present for the first time, and have 
severe airway obstruction (FEV1 <50%), are symptomatic, 
have had frequent (≥2) moderate or severe exacerbations 
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(≥1 hospitalisation) in the previous year, and have periph
eral eosinophilia (>300 cells·μL−1)37,49 (Table 3). It must 
also be prescribed as first choice in in patients discharged 
from hospital after a COPD exacerbation48,49 and in those 
who present a significant decline in lung function.49 In all 
other cases, it is difficult to establish whether it is useful to 
go beyond dual bronchodilation because the available data 
are quite contradictory.39 It is likely that this inconsistency 
in the information from the various studies available may 
explain the prescribing behaviour of many doctors who do 
not adhere to guideline recommendations and strategies.

We strongly believe that those involved in writing 
guidelines or recommendations for the management of 
COPD should consider the discrepancy between the guide
lines and everyday clinical practice, try to understand 
whether and why the guidelines do not reflect what is 
found in the real world, and then improve them.3

In our opinion, there is a need for further studies, 
especially in the real world to determine if and when the 
addition of an ICS to the LAMA/LABA combination is 
truly beneficial (Table 4). It is mandatory to establish 
whether and when it is effective in preventing 
exacerbations,1 considering the already mentioned funda
mental differences in aetiology, severity, and biological 
substrate of COPDs exacerbations.31 We also believe that 
it is important to determine whether triple therapy is cap
able of truly inducing an additional clinical benefit over 
dual bronchodilation, independently of a preventive effect 
on COPD exacerbations, and to establish the value of this 
benefit.1,39 In addition, at a time of great contraction in 
healthcare investment, it is necessary to examine whether 
cost differences can support the use of triple therapy over 
LAMA/LABA combination therapy in real world across 
a variety of payer systems internationally.

In other words, even considering the well-known hetero
geneity of COPD and the increasing emphasis on 

personalised medicine, it will be important to define which 
patients might benefit most from the different drug combina
tions (ICS/LABA/LAMA/ vs LABA/LAMA vs ICS/LABA). 
This requires appropriately designed studies and analysis 
plans to investigate the relative advantages and disadvantages 
of these different combinations in different subgroups of 
COPD patients defined by clinical criteria, preferably in 
combination with validated biomarkers.79

Unfortunately, we have not yet understood whether the 
eosinophil is causally related in the pathogenesis of 
a patient’s AECOPD risk, or whether it is just an epimar
ker of other biological processes that predispose patients to 
increased exacerbation risk.

Consequently, switching from dual bronchodilation to 
triple therapy considering the blood eosinophil count as 
a valid biomarker to predict the risk of exacerbations and 
the clinical response to ICS cannot yet be considered an 
established practice. In fact, evidence demonstrating 
a better response to ICS with increased blood eosinophils 
comes from post hoc, pre-specified secondary and data mod
elling analyses, whereas no consistent relationship has been 
found in observational studies.1,80 Moreover, neither the 
Food and Drug Administration nor the European Medicines 
Agency recommend the use of blood eosinophils in patients 
with COPD.45

However, we would like to reiterate the concept that each 
LABA/LAMA combination and the addition of each specific 

Table 3 When to Prefer Triple Therapy FDCs Over Dual 
Bronchodilation

Immediate choice in
• Patients who present for the first time, and have severe airway 

obstruction (FEV1 <50%) and are symptomatic

• Patients who have had frequent (≥2) moderate or severe 
exacerbations (≥1 hospitalisation) in the previous year

• Patients who have peripheral eosinophilia (>300 cells·μL−1)

• Patients with significant lung function decline
• Patients discharged from hospital after a COPD exacerbation.

Table 4 Future Research to Determine in Which Other 
Circumstances Triple Therapy is Preferable to Dual 
Bronchodilation

It must be determined

• Whether and when addition of an ICS to the LABA/LAMA 

combination provides real additional clinical value, regardless of 
a preventive effect on exacerbations;

• What kind of benefit it is;

• Which patients might benefit most from dual bronchodilation or 
triple therapy;

• Whether triple therapy may affect mortality in patients with COPD;

• Whether and when it is possible to de-escalate triple therapy 
maintaining the patient on dual bronchodilation therapy;

• Whether the blood eosinophil count is a real biomarker to be used 

when choosing triple therapy or dual bronchodilation or the increase 
in the eosinophil count is just an epimarker of other biological 

processes or even is causally related in the pathogenesis of a patient’s 

AECOPD risk;
• Whether LAMA/LABA combination therapy is preferred over triple 

therapy also because of the cost differences between the two 

treatments in real-life.
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ICS have a unique efficacy/safety profile that must be con
sidered for individualised therapy in COPD. Unfortunately, 
the treatment algorithms recommended in COPD guidelines/ 
strategies always refer to classes of drugs to be used rather 
than individual molecules with unique pharmacological char
acteristics. They do not consider that the pharmacodynamics 
and pharmacokinetics of any LABA, LAMA or ICS included 
in a specific FDC may make this combination more effective 
than others of the same type and even different types of FDC, 
regardless of what is expected from the application of the 
COPD guideline/strategy algorithms. We firmly believe that 
individual molecules, regardless of whether they are bronch
odilators or ICS, should be chosen for their pharmacological 
characteristics rather than for their belonging to a specific 
drug class. This obviously also applies to all combinations.81
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