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ABSTRACT

Introduction: Randomized controlled trials
(RCTs) comparing triple therapies (inhaled cor-
ticosteroid [ICS], long-acting b2-agonist [LABA],
and long-acting muscarinic antagonist [LAMA])
for the treatment of chronic obstructive

pulmonary disease (COPD) are limited. This
network meta-analysis (NMA) investigated the
comparative efficacy of single-inhaler fluticas-
one furoate/umeclidinium/vilanterol (FF/
UMEC/VI) versus any triple (ICS/LABA/LAMA)
combinations and dual therapies in patients
with COPD.
Methods: This NMA was conducted on the
basis of a systematic literature review (SLR),
which identified RCTs in adults aged at least
40 years with COPD. The RCTs compared dif-
ferent ICS/LABA/LAMA combinations or an
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ICS/LABA/LAMA combination with any dual
therapy (ICS/LABA or LAMA/LABA). Outcomes
of interest included forced expiratory volume in
1 s (FEV1), annualized rate of combined mod-
erate and severe exacerbations, St George’s Res-
piratory Questionnaire (SGRQ) total score and
SGRQ responders, transition dyspnea index
focal score, and rescue medication use (RMU).
Analyses were conducted at 24 weeks (primary
endpoint), and 12 and 52 weeks (if feasible).
Results: The NMA was informed by five trials
reporting FEV1 at 24 weeks. FF/UMEC/VI was
statistically significantly more effective at
increasing trough FEV1 (based on change from
baseline) than all triple comparators in the
network apart from UMEC ? FF/VI. The NMA
was informed by 17 trials reporting moderate or
severe exacerbation endpoints. FF/UMEC/VI
demonstrated statistically significant improve-
ments in annualized rate of combined moderate
or severe exacerbations versus single-inhaler
budesonide/glycopyrronium bromide/for-
moterol fumarate (BUD/GLY/FOR). At 24 weeks,
the NMA was informed by five trials. FF/UMEC/
VI showed statistically significant improve-
ments in annualized rate of combined moderate
or severe exacerbations versus UMEC ? FF/VI
and BUD/GLY/FOR. FF/UMEC/VI also demon-
strated improvements in mean SGRQ score
versus other triple therapy comparators at
24 weeks, and a significant reduction in RMU
compared with BUD/GLY/FOR (160/18/9.6).
Conclusion: The findings of this NMA suggest
favorable efficacy with single-inhaler triple
therapy comprising FF/UMEC/VI. Further anal-
ysis is required as additional evidence becomes
available.

Keywords: Beclomethasone dipropionate/
formoterol fumarate dihydrate/glycopyrronium
bromide; Budesonide/glycopyrronium bro-
mide/formoterol fumarate; COPD; Fluticasone

furoate/umeclidinium/vilanterol; Indirect
treatment comparison; Network meta-analysis;
Triple therapy

Key Summary Points

Why carry out this study?

Randomized controlled trials comparing
different triple therapy regimens for the
treatment of chronic obstructive
pulmonary disease (COPD) are limited
and there are no head-to-head trials for
single-inhaler triple therapies (SITTs).

This network meta-analysis (NMA)
investigated the comparative efficacy of
SITT with fluticasone furoate,
umeclidinium, and vilanterol (FF/UMEC/
VI; 100/62.5/25 lg) versus other triple and
dual therapies in patients with COPD.

What was learned from the study?

FF/UMEC/VI showed significant
improvement in trough forced expiratory
volume in 1 s, and a significant reduction
in combined annualized moderate and
severe exacerbations, when compared
with other therapies.

As expected, there were some differences
in the study design and inclusion/
exclusion criteria of the trials included in
the analysis, the estimates used as inputs
(due to availability in the publications),
and definitions of events between trials;
however, the similarity assumption held,
confirming that the variability was not
too high to prevent pooling of the data.

The findings of this NMA suggest favorable
efficacy with SITT comprising FF/UMEC/
VI versus long-acting b2-agonist
(LABA)/long-acting muscarinic
antagonist, LABA/inhaled corticosteroid,
multiple-inhaler triple therapy, and other
SITTs. Further analysis should be
conducted as additional evidence
becomes available.

M. K. Han
Division of Pulmonary and Critical Care, University
of Michigan, Ann Arbor, MI, USA

D. M. G. Halpin
University of Exeter Medical School, College of
Medicine and Health, University of Exeter, Exeter,
UK
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INTRODUCTION

Triple therapy with an inhaled corticosteroid
(ICS), a long-acting b2-agonist (LABA), and a
long-acting muscarinic antagonist (LAMA) is
recommended for patients with chronic
obstructive pulmonary disease (COPD) who
remain symptomatic, and at risk of exacerba-
tion, despite dual maintenance therapy (LABA/
LAMA or ICS/LABA) [1]. Previous studies have
demonstrated the benefits of triple therapy
versus dual therapy in improving lung function
and reducing the risk of exacerbation for
patients with COPD [2–4].

Historically, triple therapy was administered
via the use of multiple inhalers. In 2017, once-
daily single-inhaler triple therapy (SITT) with
fluticasone furoate, umeclidinium, and vilan-
terol (FF/UMEC/VI) was approved by the US
Food and Drug Administration (FDA) for the
long-term maintenance of COPD in adult
patients [5]. FF/UMEC/VI was approved for use
by the European Medicines Agency in Novem-
ber 2017 [6], followed by approval in other
major markets. A second SITT comprising
beclomethasone dipropionate, formoterol
fumarate, and glycopyrronium bromide (BDP/
FOR/GLY) was approved for use in Europe in
2017 [7] and a third SITT comprising budes-
onide, glycopyrrolate, and formoterol fumarate
(BUD/GLY/FOR) was approved for use in the
USA and Europe in 2020 [8, 9]. Both of these
SITTs require twice-daily dosing.

There are several randomized controlled tri-
als (RCTs) comparing SITT to dual therapy or
monotherapy but RCTs comparing different
triple therapy regimens are limited and there
are no head-to-head trials for SITT. Further to
this, RCTs are often conducted in strictly
defined patient populations in terms of inclu-
sion criteria and disease severity, and trial par-
ticipation may increase patient adherence to
therapy [10].

A network meta-analysis (NMA) allows
comparison of different therapies in the absence
of head-to-head studies, based on the assump-
tions of similarity, exchangeability, and transi-
tivity of studies [11]. A network of evidence is
linked, allowing both direct and indirect

comparisons (through direct RCT evidence and
indirect evidence via a common comparator).
NMA is a well-established approach for esti-
mating relative treatment effects between mul-
tiple interventions, and many reimbursement
bodies have guidelines/recommendations in
place for conducting an NMA [12]. This NMA
investigated the comparative efficacy of FF/
UMEC/VI (100/62.5/25 lg) versus other triple
and dual therapies in patients with COPD.

METHODS

Data Sources

A systematic literature review (SLR) following
the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) guidelines
[13, 14] was performed to identify published
RCTs comparing selected therapies in patients
with COPD. Electronic database searches
(MEDLINE, MEDLINE In Process, EMBASE,
Cochrane Database of Systematic Reviews, and
Health Technology Assessment [via the OVID
platform]) were performed on March 3, 2017,
and three updated searches were performed on
January 10, 2018, October 5, 2018, and Octo-
ber 16, 2020. The NMA was updated following
the final searches on October 16, 2020.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Inclusion Criteria and Study Selection
Process

The comparators, outcomes, and time points of
interest were identified prior to the study. The
SLR identified RCTs in adults aged at least
40 years with a COPD diagnosis. The RCTs
compared different ICS/LABA/LAMA combina-
tions with each other, and ICS/LABA/LAMA
combinations with any dual treatment regimen
(ICS/LABA or LAMA/LABA). The predefined
selection criteria for the SLR were based on the
PICOS (population, intervention, comparators,
outcomes, and study design) criteria outlined in
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Table 1 PICOS criteria for the SLR

Population Adults aged C 18 years with a COPD diagnosis

Intervention FP/SAL 500/50 lg ? TIO 18 lg

BUD/FOR 400/12 lg ? TIO 18 lg

FF/VI 100/25 lg ? UMEC 62.5 lg

BDP/FOR/GLY 100/6/12.5 lg

BUD/GLY/FOR 320/18/9.6 lg

BUD/GLY/FOR 160/18/9.6 lg

Any other combination of LABA/ICS ? LAMA

Comparator Studies comparing C 1 intervention of interest to any therapy (including combination therapies)

licensed for the treatment of COPD in any country

Outcomes Continuous outcomes:

Trough (pre-dose) FEV1

Post-bronchodilator FEV1 in mL

FVC pre-bronchodilator in mL

FVC post-bronchodilator in mL

FEV1% predicted pre-bronchodilator

FEV1% predicted post-bronchodilator

FEV1/FVC ratio

SGRQ total score

TDI focal score

Rescue medication (e.g., SABA, ICS) allowed in number of puffs

Rescue medication (e.g., SABA, ICS) free in days

Other efficacy, safety, and utility outcomes, e.g., EQ5D

Dichotomous outcomes:

Proportion of patients experiencing C 1 exacerbation at the end of the study

Proportion of patients with an improvement of C 4 units in SGRQ total score

Proportion of patients with an improvement of C 1 unit in TDI score

Proportion of patients with C 1 AE at the end of the study

Proportion of patients with C 1 SAE at the end of the study

Total withdrawals at the end of the study

Withdrawals due to AE rates at the end of the study

Mortality rates at the end of the study

Proportion of patients with pneumonia

Count outcomes:

Exacerbations

Hospitalizations

Time to event outcome

Time to first exacerbation
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Table 1; trials that fulfilled all of the selection
criteria for triple therapies were chosen. Out-
comes of interest were forced expiratory volume
in 1 s (FEV1) inmilliliters at 12, 24, and 52 weeks;
annualized rate of combined moderate and sev-
ere exacerbations; St George’s Respiratory Ques-
tionnaire (SGRQ) total score and SGRQ
responders at 12, 24, and 52 weeks; transition
dyspnea index (TDI) score at 12, 24, and
52 weeks; and rescuemedication use (RMU) at 12
(over weeks 1–12), 24 (over weeks 1–24), and 52
(over weeks 1–52) weeks.

Data Extraction and Quality Assessment

Data extraction was performed with a stan-
dardized data extraction form (DEF). The DEF
was designed in advance in an Excel spread-
sheet. Key data from each eligible trial was
extracted by recording data from original pub-
lications onto the DEF. Extracted details inclu-
ded information on study design, study
population, and efficacy and safety outcomes.
Only key patient baseline characteristics, effi-
cacy outcomes of interest as noted in the PICOS
(Table 1), and key safety data, i.e., incidence of
serious adverse events (AEs) and discontinua-
tion rates (including due to AEs), were extrac-
ted. The Cochrane Collaboration’s tool was
used for assessing risk of bias at study level. The
scored items were extracted in the DEF.

Data Synthesis

An NMA is an extension of a traditional pair-
wise meta-analysis (where all included trials
compare the same intervention with the same
comparator) by including multiple different

pairwise comparisons across a range of different
interventions [15–17]. For the current study, all
analyses were conducted through a frequentist
weighted regression-based approach following
Rücker [18]

Both fixed effects (FE) and random effects
(RE) models were used; in case of absence of
heterogeneity, the results of RE models were
similar to those of FE models. In case hetero-
geneity was present, the RE models automati-
cally accounted for this. Results for the
frequentist approach are presented as a point
estimate along with a 95% confidence interval
(CI). The frequentist regression-based NMA was
conducted with the statistical software R v4.1.2
(www.r-project.org), using the R package net-
meta [19]. Further details on methodology are
presented in the supplementary material.

The primary endpoint was defined as mean
change from baseline in trough FEV1 at
24 weeks. Secondary endpoints of interest (an-
nualized exacerbation rates, improvement in
SGRQ score, improvement in TDI score, and
RMU) were assessed at 24 weeks (where data
were available, and a network of evidence could
be linked). Additional analyses also assessed
outcomes of interest at 12 weeks and 52 weeks
(where feasible). Sensitivity analyses were con-
ducted (excluding open-label trials, pooling
ICS/LABA combinations, and subgroup analyses
by exacerbation history). Networks were strati-
fied by observation time horizon (12, 24, and
52 weeks).

Table 1 continued

Study design RCTs with a duration C 8 weeks

AE adverse event, BUD budesonide, COPD chronic obstructive pulmonary disease, EQ5D Euro-quality of life five dimensions questionnaire, FEV1 forced

expiratory volume in 1 s, FF fluticasone furoate, FOR formoterol, FP fluticasone propionate, FVC forced vital capacity, ICS inhaled corticosteroid, LABA

long-acting b2-agonist, LAMA long-acting muscarinic antagonist, PICOS population, intervention, comparator, outcomes, and study design, RCT ran-

domized controlled trial, SABA short-acting b2-agonist, SAE serious adverse event, SAL salmeterol, SGRQ St George’s Respiratory Questionnaire, SLR

systematic literature review, TDI transitional dyspnea index, TIO tiotropium, UMEC umeclidinium, VI vilanterol
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RESULTS

Literature Searches and Study Selection

Overall, 10,030 citations were identified during
the electronic database searches. After full-text
screening, 80 publications were included in the
review. In parallel, additional internet searches
were performed in trial registries to identify
completed and ongoing trials. In total, 93 pub-
lications (80 journal articles, 11 clinical study
reports, and two trial records) reporting on 31
different trials were included in the SLR (Fig. 1).
Following a feasibility assessment, a total of 23
trials identified from the SLR and internet
searches were included in the NMA.

Study Characteristics

An overview of the trial design, comparators,
outcome of interest, and inclusion criteria of
the included trials is shown in Supplementary
Table S1. Most of the trials included in the NMA
were double blind; three trials were open label.
The total number of randomized patients ran-
ged from 236 to 10,367. FEV1 was the most
commonly reported outcome across trials.

Patient Characteristics

Patient characteristics from the included trials
are summarized in Supplementary Table S2. The
mean age of patients ranged from 61.0 to
68.2 years, and the percentage of male partici-
pants ranged from 43.0% to 98.7%. Of the trials

Fig. 1 PRISMA flowchart. CSR clinical study report, GSK GlaxoSmithKline, LABA long-acting b2-agonist, LAMA long-
acting muscarinic antagonist, NMA network meta-analysis, SLR systematic literature review
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with available data, the percentage of current
smokers ranged from 24.3% to 61.0%. Across
the included trials, the percentage of patients
receiving ICS at baseline ranged from 0% to
100%. The percentage of patients with severe or
very severe COPD included in the trials ranged
from 31.5% to 100%. The percentage of patients
with at least one exacerbation and at least two

the previous years ranged from 17.5% to
100.0% and 2.5% to 73.0%, respectively.

Frequentist Network Meta-Analysis

Results of the NMA are presented for each of the
individual outcomes of interest.

Mean Change from Baseline in Trough FEV1

The SLR identified 23 trials included in the
NMA reporting data on trough FEV1 at 12 or
24 weeks, but not all of the trials could be linked
in the networks of evidence because of the
absence of a common comparator. The NMA
was informed by five trials reporting FEV1 at
24 weeks (primary endpoint; Supplementary
Fig. S1) and 15 trials reporting FEV1 at
12 weeks (Supplementary Fig. S2). At 24 weeks,
FF/UMEC/VI was statistically significantly more

Fig. 2 Mean change from baseline in trough FEV1 of FF/
UMEC/VI versus a triple therapy comparators at
24 weeks, b dual therapy comparators at 24 weeks,
c triple therapy comparators at 12 weeks, and d dual
therapy comparators/TIO at 12 weeks. BDP beclometha-
sone dipropionate, BUD budesonide, CFB change from
baseline, CI confidence interval, FEV1 forced expiratory
volume in 1 s, FOR formoterol, FP fluticasone propionate,
FF fluticasone furoate, GLY glycopyrronium bromide,
IND indacaterol, SAL salmeterol, TIO tiotropium, UMEC
umeclidinium, VI vilanterol

Fig. 3 Annualized moderate or severe exacerbation rates—
FF/UMEC/VI versus a triple therapy comparators and
b dual therapy comparators (trials with at least 24 weeks
follow-up) comparators (all trials). BUD budesonide, CI

confidence interval, FF fluticasone furoate, FOR for-
moterol fumarate, GLY glycopyrronium bromide, IR
incidence rate, UMEC umeclidinium, VI vilanterol

b
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effective at increasing trough FEV1 (based on
change from baseline) than all triple compara-
tors in the network apart from UMEC ? FF/VI
(Fig. 2a, b). Of note, FF/UMEC/VI showed a
statistically significant and clinically meaning-
ful [20] improvement in change from baseline
FEV1 compared with both doses of single-in-
haler BUD/GLY/FOR. FF/UMEC/VI was also
statistically significantly more effective at
increasing trough FEV1 (change from baseline)
at 12 weeks than all triple comparators apart
from tiotropium (TIO) ? salmeterol/fluticasone
propionate, TIO ? BDP/FOR, and UMEC ?

FF/VI (Fig. 2c, d). No anchored comparisons of
FF/UMEC/VI versus other triple therapies were
feasible at 52 weeks, as these data could not be
linked in a network of evidence because of the
absence of a common comparator. The results
of the test of heterogeneity/inconsistency show
consistencies of FEV1 reporting at 24 weeks

(I2 = 0%; Q = 0.40, p = 0.8183) and at 12 weeks
(I2 = 29.77%; Q = 7.12, p = 0.2119).

Annualized Exacerbation Rates

In total, 17 trials reporting moderate or severe
exacerbation endpoints were included in the
NMA (Supplementary Fig. S3). An analysis of the
annualized rate of combined moderate or severe
exacerbations in studies with at least 24 weeks of
follow-up (n = 10 identified, yet five discon-
nected from the network) was conducted to
account for heterogeneity induced by differ-
ences in length of follow-up (Fig. 3a, b and Sup-
plementary Fig. S4). FF/UMEC/VI showed
statistically significant improvements in
annualized rate of combined moderate or severe
exacerbations versus UMEC (62.5) ? FF/VI
(100/25) and BUD/GLY/FOR (320/18/9.6) and
(160/18/9.6).

Fig. 4 Annualized moderate or severe exacerbation rates—
FF/UMEC/VI versus a triple therapy comparators and
b dual therapy comparators/TIO (all trials). BUD budes-
onide, BDP beclomethasone dipropionate, CI confidence

interval, FF fluticasone furoate, FOR formoterol fumarate,
FP fluticasone propionate, GLY glycopyrronium bromide,
IND indacaterol, IR incidence rate, SAL salmeterol, TIO
tiotropium, UMEC umeclidinium, VI vilanterol
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Fig. 5 Mean change from baseline in total SGRQ score of
FF/UMEC/VI versus a triple therapy comparators at
24 weeks, b dual therapy comparators at 24 weeks, c triple
therapy comparators at 12 weeks, and d dual therapy
comparators/TIO at 12 weeks. BUD budesonide, CFB

change from baseline, CI confidence interval, FF flutica-
sone furoate, FOR formoterol fumarate, GLY glycopyrro-
nium bromide, IND indacaterol, SGRQ St George’s
Respiratory Questionnaire, TIO tiotropium, UMEC ume-
clidinium, VI vilanterol
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When including all studies, FF/UMEC/VI
demonstrated statistically significant improve-
ments in annualized rate of combined moderate
or severe exacerbations versus BUD/GLY/FOR
(160/18/9.6) (incidence rate ratio [IRR] 0.61,
95% CI 0.44–0.85; relative risk reduction
of 39%; P = 0.0034) and BUD/GLY/FOR
(320/18/9.6, licensed dose) (IRR 0.62, 95% CI
0.45–0.86; relative risk reduction of 38%;
p = 0.0044), alongside favorable mean point
estimates of the IRR (and top rankings based on
the p score statistics; not statistically significant)
versus all other triple combinations including
BDP/FOR/GLY (IRR 0.73, 95% CI 0.51–1.04;
p = 0.0774), apart from TIO ? BUD/FOR
(320/9) (not statistically significant [NS]; Fig. 4a,
b). Substantial heterogeneity was observed
across multiple trials in the definition of severe
exacerbations (i.e., with respect to hospitaliza-
tion); as a result of the large amount of
heterogeneity, the results of this analysis are not
deemed robust, show a large amount of uncer-
tainty with unrealistically wide CIs, and are
therefore not published. However, pooling of
moderate and severe exacerbations reduces the
impact of the observed heterogeneity in defini-
tions between the trials. Heterogeneity/incon-
sistency in studies reporting combined
moderate or severe exacerbations with at least
24 weeks follow-up, I2 = 94.93%; in all studies
reporting combined moderate and severe exac-
erbations, I2 = 86.59%.

SGRQ Score

The SGRQ is a self-administered health status
questionnaire, which has an empirically deter-
mined minimum clinically important differ-
ence of a 4-unit reduction from baseline [21]. A
total of 14 trials reporting SGRQ total score were
included in the NMA (five trials were included
in the 24-week network (Supplementary Fig. S5)
and 10 trials were included in the 12-week
network (Supplementary Fig. S6), with one trial
in both networks. Trials reporting only
SGRQ for COPD patients were excluded from
the analysis. At 24 weeks, FF/UMEC/VI resulted
in a greater improvement in SGRQ score com-
pared with all triple therapy comparators (NS;

Fig. 5a, b). At 12 weeks, FF/UMEC/VI resulted in
greater improvement in SGRQ score compared
with all triple therapy comparators except
TIO ? BUD/FOR (320/9) (NS; Fig. 5c, d). No
anchored comparisons of FF/UMEC/VI versus
other triple therapy comparators were feasible
at 52 weeks, as these data could not be linked to
the network of evidence. SGRQ responder
analysis was not feasible at 24 or 52 weeks as
there were insufficient published data for the
trials included in the continuous analysis. At
12 weeks, FF/UMEC/VI was deemed to result in
a clinically important improvement in SGRQ
score (i.e., a 4-unit reduction from baseline)
compared with TIO ? BUD/FOR (320/9) triple
therapy (NS; Fig. 6a, b and Supplementary
Fig. S7). Heterogeneity/inconsistency in studies
reporting SGRQ total score at 24 weeks, I2 = 0%;
and at 12 weeks, I2 = 0%. Heterogeneity/incon-
sistency in studies reporting SGRQ responder
analysis at 12 weeks, I2 = 31.24%.

Transition Dyspnea Index

The TDI is a commonly used instrument to
assess breathlessness; a decrease of at least 1 unit
in TDI score has been reported to be clinically
important [22]. In total, five trials reporting TDI
data were included in the NMA. At 24 weeks
(Supplementary Fig. S8), FF/UMEC/VI resulted
in a greater improvement in TDI compared with
UMEC ? FF/VI and BUD/GLY/FOR (320/18/9.6)
(NS; Fig. 7a, b). No comparisons of FF/UMEC/VI
versus other triple therapies were feasible at
12 weeks or 52 weeks because of a lack of data/
unable to link the available data to the network
of evidence. Heterogeneity/inconsistency in
studies reporting TDI focal score at 24 weeks,
I2 = 7.5%.

Rescue Medication Use

A total of four trials reporting RMU were
included in the NMA. At 24 weeks, FF/UMEC/VI
demonstrated a statistically significant reduc-
tion in the use of rescue medication compared
with BUD/GLY/FOR (160/18/9.6) and a
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reduction in RMU compared with BUD/GLY/
FOR (320/18/9.6) (NS; Fig. 8a, b and Supple-
mentary Fig. S9). At 12 weeks, FF/UMEC/VI
resulted in a statistically significant reduction in
the use of RMU versus BUD/FOR (400/12), FF/VI
(100/25), and UMEC/VI (62.5/25) dual therapies
(Fig. 9a, b and Supplementary Fig. S10). No
comparisons of FF/UMEC/VI and other triple
therapies were feasible at 12 weeks and 52 weeks
because of a lack of data. Heterogeneity/incon-
sistency in studies reporting RMU at 24 weeks,
I2 = 8.75%; and at 12 weeks, I2 = 0%.

Adverse Events

AEs reported in the individual trials are sum-
marized in Supplementary Tables S3–8. Across
the included trials, the percentage of patients
with at least one AE and at least one serious AE
ranged from 22.0% to 76.4% and 0% to 23.0%,
respectively. The percentage of patients with
withdrawals and withdrawals due to AEs ranged
from 3.0% to 47.0% and less than 1.0% to 9.0%,
respectively. Mortality was observed in 0%
to 4.0% of patients, and pneumonia ranged
from 0% to 8.0% of patients. No further analy-
ses were carried out based upon difficulties in
different definitions of events, particularly
pneumonia [23]. Mortality was not included as
an endpoint because of insufficient data.

DISCUSSION

This NMA assessed the comparative efficacy of
FF/UMEC/VI versus other triple and dual ther-
apies in patients with COPD. It is important for
clinicians to have evidence regarding the added
benefit of triple therapies versus LABA/LAMA
and LABA/ICS dual therapy, and to be able to
compare the relative efficacy between different
SITTs, and between MITTs and SITTs. Trials
comparing the effectiveness of SITT versus other
triple therapies are limited; given the relatively
recent approval of SITTs for the treatment of
COPD, there are currently no head-to-head tri-
als assessing the comparable efficacy of these
different fixed-dose triple therapies. The

number of patients and the duration of the trial
that would be required to detect differences
between treatment groups make such head-to-
head trials challenging. In addition, head-to-
head trials are rarely conducted because of the
requirement for competing companies to col-
laborate on experimental interventions. NMA
allows the comparison of multiple interven-
tions for which head-to-head studies are not
available, making NMA a useful tool for
addressing these challenges.

The findings of this NMA suggest favorable
efficacy with SITT comprising FF/UMEC/VI
versus LABA/LAMA, LABA/ICS, MITT, and other
SITT. FF/UMEC/VI showed significant and more
effective improvement in trough FEV1, when
compared with alternate therapies as well as a
significant reduction in combined annualized
moderate and severe exacerbations. Improve-
ments in SGRQ score, TDI, and RMU were also
seen with FF/UMEC/VI. The predicted benefits
of SITT comprising FF/UMEC/VI versus other
SITTs are consistent with molecular differences
observed between individual LAMA monother-
apies [24], and ICS/LABA [25] and LAMA/LABA
dual therapies [26]. Although statistically sig-
nificant improvements in change from baseline
in trough FEV1 were observed for FF/UMEC/VI,
not all of these improvements are considered
clinically meaningful; a change in FEV1 of
approximately 100 ml following treatment is a
commonly used threshold to define a clinically
meaningful response [20].

Previous studies have demonstrated the effi-
cacy of fixed-dose triple therapy versus dual or
mono therapy for the treatment of patients
with COPD. In the IMPACT trial, SITT with FF/
UMEC/VI resulted in a lower annualized rate of
moderate or severe exacerbations compared
with dual therapy with FF/VI or UMEC/VI, as
well as greater improvements in lung function
and quality of life [27]. The FULFIL trial repor-
ted statistically significant improvements in
lung function and quality of life for patients
receiving SITT with FF/UMEC/VI versus patients
receiving dual therapy with BUD/FOR [2]. The
TRINITY and the TRIBUTE trials demonstrated
the clinical benefits (significantly lower rate of
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moderate-to-severe exacerbations and greater
improvements in lung function and quality of
life) of SITT with BDP/FOR/GLY versus TIO
monotherapy [28] and indacterol/GLY dual
therapy [3], respectively. The KRONOS and
ETHOS trials demonstrated that SITT with BUD/
GLY/FOR resulted in significantly better
improvement in lung function compared with
dual therapy with BUD/FOR [29] and a lower
rate of moderate or severe COPD exacerbations
compared with patients treated with GLY/FOR
or BUD/FOR [30].

It is important to note that the rate of
moderate-to-severe exacerbations and the
treatment received prior to study enrollment
may influence observed improvements in
annualized exacerbation rate. For example, in
the TRIBUTE, TRINITY, and TRILOGY studies,
100% of participants experienced moderate-to-
severe exacerbations in the year prior to study
enrollment and no participants had received
triple therapy during this time [3, 4, 28]. In the
ETHOS trial, 99% of participants experienced an
exacerbation in the previous year, with over
50% of participants experiencing at least two
moderate or severe exacerbations [30]. In the
FULFIL trial, 65% of participants experienced an
exacerbation in the previous year [2]. In the
KRONOS study, 74% of participants did not
experience an exacerbation in the year prior to
study enrollment; 71.8% were receiving an ICS-
containing regimen [29]. In the IMPACT trial,
100% of participants experienced a moderate-
to-severe exacerbation in the previous year, and
38% of participants were receiving triple ther-
apy upon study entry [27].

An NMA of data from ETHOS, KRONOS,
IMPACT, and TRILOGY, comparing the efficacy
and safety of fixed-dose SITT versus fixed-dose
dual therapy with LABA/LAMA or ICS/LABA,
delivered via the same inhaler device, indicated
that SITT was the most effective treatment for
reducing the risk of moderate or severe exacer-
bation followed by ICS/LABA and then LAMA/
LABA [31]. Further NMA has indicated that SITT
and fixed-dose ICS/LABA are more effective at
reducing all-cause mortality in patients with
COPD compared with LAMA/LABA fixed-dose
therapy; however, this is dependent upon the
dose of ICS; low-dose ICS SITT did not

significantly reduce all-cause mortality com-
pared with LAMA/LABA dual therapy [32].

A previous NMA comparing the efficacy of
BUD/GLY/FOR triple therapy with other ICS/
LABA/LAMA triple combinations reported no
significant differences between BUD/GLY/FOR
and other fixed-dose (FF/UMEC/VI and BDP/
FOR/GLY) or open combination triple therapies
(i.e., MITT) for COPD in terms of improvement
in lung function and symptoms [33]. A later
update to this NMA, including additional data
from the ETHOS trial, reported similar findings
[34]. It should be noted that in the first analysis,
all ICS/LABA dual therapies were grouped under
a single treatment class, and similarly in the
updated analysis, all LAMA/LABA dual therapies
were grouped together, meaning that no intra-
class differences were captured. This assump-
tion is not supported by head-to-head evidence
of the LAMA/LABA class [35–37], or the recent
NMA publication by Ismaila et al. [38], which
show differences between different LAMA/LABA
combinations. This highlights the importance
of assumptions made in an NMA; we believe
that using different assumptions based on pub-
lished evidence adds robustness and helps
explain the current findings.

Another NMA assessing the efficacy and
safety among nine different combinations of
ICS, LABA, and LAMA therapies (included fixed-
dose SITT) using data from 21 RCTs reported no
significant differences in clinical outcome
(measured as reduction in the total number of
exacerbations) or all-cause mortality between
therapies in patients with moderate-to-severe
COPD [39].

In the current NMA, we used a frequentist
approach as described by Rücker and colleagues
[40]. According to the underlying theory, the
point estimates from a frequentist NMA are
expected to be identical to the point estimates
of a Bayesian NMA [40]. In contrast to a Baye-
sian NMA, no prior distributions have to be
defined. In case of sparse evidence base, using
standard non-informative prior distributions
might be problematic as a result of insufficient
data available for updating the priors into the
posteriors. Extensive prior elicitation would
have to be conducted to define informative
priors, e.g., through the literature or expert
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clinician opinion. In a frequentist NMA, the
amount of uncertainty in analyses with sparse
evidence base is usually lower than in Bayesian
NMA; therefore, the corresponding results are
more robust.

The differences in efficacy observed between
triple therapies in the present study are likely
attributed to differences in the treatment
molecules themselves, and/or due to other fac-
tors which may affect patient adherence to
therapy, e.g., dosing frequency for SITT (once-
daily for FF/UMEC/VI versus twice-daily for
BUD/GLY/FOR and BDP/FOR/GLY), type of
inhaler device used (dry powder versus pressur-
ized metered dose), or number of devices pre-
scribed for MITT (i.e., two or three inhalers).
Multiple inhaler use is associated with low
patient adherence and persistence to therapy in
a real-world setting [41, 42]. Patients receiving
once-daily SITT with FF/UMEC/VI have been
shown to have significantly higher adherence
compared with patients receiving MITT [43],
which may help to explain the observed differ-
ences in clinical outcomes. Consistent with
this, SITT with FF/UMEC/VI was demonstrated
to lead to greater improvements in quality of
life (assessed using COPD Assessment Test
[CAT] scores) and greater improvements in lung
function compared with MITT in a real-world
setting [44].

Blood eosinophil levels have been suggested
as a promising biomarker for predicting exac-
erbations and treatment response in patients
with COPD [45]. In the current study, data on
eosinophils were only available in two trials;
therefore, the corresponding networks were
very sparse and not included in this analysis.

Percentages of observed AEs, serious AEs,
withdrawals, withdrawals due to AEs, mortality,
and pneumonia tended to be consistent across
treatments within trials, although there were
some differences between trials.

There are a few limitations of this NMA
which should be considered. First, there were
some differences in the study design and
inclusion/exclusion criteria of the trials inclu-
ded in the analysis, and clinical heterogeneity
between the participants included in each
study. Second, some comparisons (e.g., 52-week
analyses) were not possible because of the lack

of a common comparator in the network. Also,
modelled estimates were used as input if avail-
able in the publications. If these were not
available, these were estimated by raw data.
Further to this, there were some differences in
definitions of events between trials (e.g., severe
exacerbation and pneumonia). Therefore, these
analyses were not deemed feasible; the similar-
ity assumption did not hold. Finally, there was a
lack of trials reporting CAT scores; therefore,
CAT score analysis is not included in this NMA.

CONCLUSIONS

Results from this NMA suggest favorable effi-
cacy with SITT comprising FF/UMEC/VI com-
pared with other SITTs and MITT. Updated
analyses will be required as additional evidence
becomes available.
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19. Rücker G, Krahn U, König J, et al. Package ‘net-
meta’. Network meta-analysis using frequentist
methods. https://cran.r-project.org/web/packages/
netmeta/netmeta.pdf. Accessed 8 Feb 2022.

20. Donohue JF. Minimal clinically important differ-
ences in COPD lung function. COPD. 2005;2(1):
111–24.

21. Jones PW. St. George’s Respiratory Questionnaire:
MCID. COPD. 2005;2(1):75–9.

22. Witek TJ Jr, Mahler DA. Minimal important differ-
ence of the transition dyspnoea index in a multi-
national clinical trial. Eur Respir J. 2003;21(2):
267–72.

23. Wise RA, Bafadhel M, Crim C, et al. Discordant
diagnostic criteria for pneumonia in COPD trials: a
review. Eur Respir Rev. 2021;30(162):210124.

24. Feldman G, Maltais F, Khindri S, et al. A random-
ized, blinded study to evaluate the efficacy and
safety of umeclidinium 62.5 lg compared with
tiotropium 18 lg in patients with COPD. Int J
Chron Obstruct Pulmon Dis. 2016;11:719–30.

25. Bakerly ND, Woodcock A, Collier S, et al. Benefit
and safety of fluticasone furoate/vilanterol in the
Salford Lung Study in chronic obstructive pul-
monary disease (SLS COPD) according to baseline
patient characteristics and treatment subgroups.
Respir Med. 2019;147:58–65.

26. Sion KYJ, Huisman EL, Punekar YS, Naya I, Ismaila
AS. A network meta-analysis of long-acting mus-
carinic antagonist (LAMA) and long-acting b(2)-
agonist (LABA) combinations in COPD. Pulm Ther.
2017;3(2):297–316.

27. Lipson DA, Barnhart F, Brealey N, et al. Once-daily
single-inhaler triple versus dual therapy in patients
with COPD. N Engl J Med. 2018;378(18):1671–80.

28. Vestbo J, Papi A, Corradi M, et al. Single inhaler
extrafine triple therapy versus long-acting mus-
carinic antagonist therapy for chronic obstructive
pulmonary disease (TRINITY): a double-blind, par-
allel group, randomised controlled trial. Lancet.
2017;389(10082):1919–29.

29. Ferguson GT, Rabe KF, Martinez FJ, et al. Triple
therapy with budesonide/glycopyrrolate/for-
moterol fumarate with co-suspension delivery

technology versus dual therapies in chronic
obstructive pulmonary disease (KRONOS): a dou-
ble-blind, parallel-group, multicentre, phase 3 ran-
domised controlled trial. Lancet Respir Med.
2018;6(10):747–58.

30. Rabe KF, Martinez FJ, Ferguson GT, et al. Triple
inhaled therapy at two glucocorticoid doses in
moderate-to-very-severe COPD. N Engl J Med.
2020;383(1):35–48.

31. Calzetta L, Ritondo BL, de Marco P, Cazzola M,
Rogliani P. Evaluating triple ICS/LABA/LAMA ther-
apies for COPD patients: a network meta-analysis of
ETHOS, KRONOS, IMPACT, and TRILOGY studies.
Expert Rev Respir Med. 2021;15(1):143–52.

32. Calzetta L, Ritondo BL, Matera MG, Chetta A,
Rogliani P. Medium-dose ICS-containing FDCs
reduce all-cause mortality in COPD patients: an in-
depth analysis of dual and triple therapies. Expert
Rev Respir Med. 2022;16(3):357–65.

33. Ferguson GT, Darken P, Ballal S, et al. Efficacy of
budesonide/glycopyrronium/formoterol fumarate
metered dose inhaler (BGF MDI) versus other
inhaled corticosteroid/long-acting muscarinic
antagonist/long-acting b(2)-agonist (ICS/LAMA/
LABA) triple combinations in COPD: a systematic
literature review and network meta-analysis. Adv
Ther. 2020;37(6):2956–75.

34. Bourdin A, Molinari N, Ferguson GT, et al. Efficacy
and safety of budesonide/glycopyrronium/for-
moterol fumarate versus other triple combinations
in COPD: a systematic literature review and net-
work meta-analysis. Adv Ther. 2021;38(6):
3089–112.
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