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Single inhaler extrafine triple therapy in uncontrolled 
asthma (TRIMARAN and TRIGGER): two double-blind, 
parallel-group, randomised, controlled phase 3 trials
Johann Christian Virchow*, Piotr Kuna, Pierluigi Paggiaro, Alberto Papi, Dave Singh, Sandrine Corre, Florence Zuccaro, Andrea Vele, Maxim Kots, 
George Georges, Stefano Petruzzelli, Giorgio Walter Canonica*

Summary
Background To date, no studies have assessed the efficacy of single-inhaler triple therapy in asthma. Here we report on 
two studies that compared the single-inhaler extrafine combination of beclometasone dipropionate (BDP; inhaled 
corticosteroid), formoterol fumarate (FF; long-acting β2 agonist), and glycopyrronium (G; long-acting muscarinic 
antagonist) with the combination of BDP with FF.

Methods Two parallel-group, double-blind, randomised, active-controlled, phase 3 trials (Triple in Asthma With 
Uncontrolled Patients on Medium Strength of ICS + LABA [TRIMARAN] and Triple in Asthma High Strength 
Versus ICS/LABA HS and Tiotropium [TRIGGER]) recruited patients from 171 sites across 16 countries 
(TRIMARAN), and from 221 sites across 17 countries (TRIGGER). The sites were a mixture of secondary and 
tertiary care centres and specialised investigation units. Eligible patients were adults (aged 18–75 years) with 
uncontrolled asthma, a history of one or more exacerbations in the previous year, and previously treated with 
inhaled corticosteroid (TRIMARAN: medium dose; TRIGGER: high dose) plus a long-acting β2 agonist. Enrolled 
patients were initially treated with BDP/FF (TRIMARAN: 100 μg BDP and 6 µg FF; TRIGGER: 200 μg BDP and 
6 µg FF) for 2 weeks, then randomly assigned to treatment using an interactive response technology system with 
a balanced block randomisation scheme stratified by country. Patients, investigators, site staff, and sponsor staff 
were masked to BDP/FF/G and BDP/FF assignment. In TRIMARAN, patients were randomly assigned (1:1) to 
52 weeks of BDP/FF/G (100 μg BDP, 6 μg FF, and 10 μg G) or BDP/FF (100 μg BDP and 6 µg FF), two inhalations 
twice daily. In TRIGGER, patients were randomly assigned (2:2:1) to 52 weeks of BDP/FF/G (200 μg BDP, 6 μg FF, 
and 10 µg G) or BDP/FF (200 BDP and 6 µg FF), both two inhalations twice daily, or open-label BDP/FF (200 μg BDP 
and 6 µg FF) two inhalations twice daily plus tiotropium 2·5 µg two inhalations once daily. Coprimary endpoints 
for both trials (BDP/FF/G vs BDP/FF) were pre-dose forced expiratory volume in 1 s (FEV1) at week 26 and rate of 
moderate and severe exacerbations over 52 weeks. Safety was assessed in all patients who received at least one 
dose of study treatment. These trials were registered with ClinicalTrials.gov, NCT02676076 (TRIMARAN), 
NCT02676089 (TRIGGER).

Findings Between Feb 17, 2016, and May 17, 2018, 1155 patients in TRIMARAN were given BDP/FF/G (n=579) or 
BDP/FF (n=576). Between April 6, 2016, and May 28, 2018, 1437 patients in TRIGGER were given BDP/FF/G (n=573), 
BDP/FF (n=576), or BDP/FF plus tiotropium (n=288). Compared with the BDP/FF group, week 26 predose FEV1 
improved in the BDP/FF/G group by 57 mL (95% CI 15–99; p=0·0080) in TRIMARAN and by 73 mL (26–120; p=0·0025) 
in TRIGGER, with reductions in the rate of moderate and severe exacerbations of 15% (rate ratio 0·85, 95% CI 
0·73–0·99; p=0·033) in TRIMARAN and 12% (0·88, 0·75–1·03; p=0·11) in TRIGGER. Four patients had treatment-
related serious adverse events, one in TRIMARAN in the BDP/FF/G group and three in TRIGGER—one in the 
BDP/FF/G and two in the BDP/FF group. Three patients in the BDP/FF/G group in TRIMARAN and two patients in 
TRIGGER—one in the BDP/FF/G group and one in the BDP/FF group—had adverse events leading to death. None of 
the deaths were considered as related to treatment.

Interpretation In uncontrolled asthma, addition of a long-acting muscarinic antagonist to inhaled corticosteroid plus 
long-acting β2-agonist therapy improves lung function and reduces exacerbations. 

Funding Chiesi Farmaceutici.

Copyright © 2019 Elsevier Ltd. All rights reserved.

Lancet 2019; 394: 1737–49

Published Online 
September 30, 2019 
https://doi.org/10.1016/ 
S0140-6736(19)32215-9

See Comment page 1690

*Contributed equally

Universitätsmedizin Rostock, 
Zentrum für Innere Medizin, 
Abteilung für Pneumologie, 
Rostock, Germany 
(Prof J C Virchow MD); Division 
of Internal Medicine, Asthma 
and Allergy, Medical University 
of Łódź, Łódź, Poland 
(Prof P Kuna MD); Department 
of Surgery, Medicine, Molecular 
Biology, and Critical Care, 
University of Pisa, Pisa, Italy 
(Prof P Paggiaro MD); Section of 
Cardiorespiratory and Internal 
Medicine, Department of 
Medical Sciences, University of 
Ferrara, Ferrara, Italy 
(Prof A Papi MD); Medicines 
Evaluation Unit, The University 
of Manchester, Manchester 
University NHS Foundation 
Trust, Manchester, UK 
(Prof D Singh MD); Global 
Clinical Development, Chiesi 
Farmaceutici, Parma, Italy 
(S Corre MSc, F Zuccaro MSc, 
A Vele MSc, M Kots MD, 
G Georges MD, S Petruzzelli MD); 
and Humanitas University and 
Research Hospital, Center of 
Personalized Medicine: Asthma 
and Allergy, Milan, Italy 
(Prof G W Canonica MD)

Correspondence to: 
Prof J Christian Virchow, 
Universitätsmedizin Rostock, 
Zentrum für Innere Medizin, 
Medizinische Klinik, 
Abteilung Pneumologie and 
Interdisziplinäre Internistische 
Intensivmedizin, Rostock 18057, 
Germany 
j.c.virchow@med.uni-rostock.de

Introduction
Goals of asthma management are to achieve symptom 
control and avoid future risks, especially risks of 
exacerbations.1 Asthma is characterised by the presence 

of chronic airway inflammation; hence inhaled cortico
steroids are the mainstay of therapy.1 Many patients are 
able to achieve good disease control, especially from 
an inhaled corticosteroid plus longacting β2 agonist 
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combination.2 However, until recently, few options were 
available for patients who could not achieve controlled 
asthma with such combinations.

The addition of the longacting muscarinic antagonist 
tiotropium to inhaled corticosteroid plus longacting 
β2agonist therapy has been shown to improve lung 
func tion and, in longer studies (48week duration), 
reduce the risk of exacerbations in patients with asthma, 
although in a subgroup of patients with persistent 
airflow limita tion.3–5 However, the addition of tiotro
pium requires patients to use two different inhalers 
of different design with different instructions for use, 
and often with different dosing regimens. Such a 
combination is not only inconvenient for patients and 
healthcare providers who instruct on correct inhaler 
use, but can negatively affect treatment adherence 
and persistence.6–9 A singleinhaler triple therapy 
consisting of an extrafine formulation (ie, with mass 
median aerodynamic diameter <2 µm) of the inhaled 
corticosteroid beclometasone dipropionate, the long
acting β2 agonist formoterol fumarate, and the long
acting muscarinic antagonist glycopyrronium (known 
as BDP/FF/G from hereon) delivered via a pressurised 
metereddose inhaler is in development for patients 
with asthma. Such extrafine formulations result in 
improved deposition in the small airways,10 which is 
potentially important given that patients with asthma 
with substantial dysfunction of the small airways tend 
to have worse asthma control and quality of life and are 
at increased exacerbation risk.11

In this Article, we report the results of two phase 3, 
52week studies (Triple in Asthma With Uncontrolled 
Patients on Medium Strength of ICS + LABA [TRIMARAN] 
and Triple in Asthma High Strength Versus ICS/LABA 
HS and Tiotropium [TRIGGER]) comparing the efficacy 
and safety of mediumstrength (TRIMARAN) and high
strength (TRIGGER) BDP/FF/G with that of the medium
strength (TRIMARAN) and highstrength (TRIGGER) 
beclometasone dipropionate plus formoterol fumarate 
(BDP/FF) in patients with asthma that is poorly controlled 
on mediumdose (TRIMARAN) or highdose (TRIGGER) 
inhaled corticosteroid plus longacting β2 agonist therapy. 
These are the first studies to assess singleinhaler triple 
therapy in a broad asthma population not restricted to 
those with persistent airflow limitation.

Methods
Study design and participants
TRIMARAN and TRIGGER were both randomised, paral
lelgroup, doubleblind, activecontrolled phase 3 studies. 
The main difference between the studies was the inhaled 
corticosteroid dose received before and during the study, 
with patients in TRIMARAN receiving a medium dose 
and patients in TRIGGER receiving a high dose.

Patients were recruited for TRIMARAN from 171 sites 
across 16 countries, and for TRIGGER patients were 
recruited from 221 sites across 17 countries (countries  
listed in the appendix [p 2]). The sites were a mixture of 
secondary and tertiary care centres and specialised inves
tigation units, and 126 sites participated in both studies.

Research in context

Evidence before this study
We searched PubMed for articles published from database 
inception until April 4, 2019, using the search term “drug 
therapy, combination" [MeSH terms] OR triple AND asthma 
AND trial NOT theophylline NOT montelukast, with no 
restrictions. Of the 1068 hits, eight articles presented data from 
clinical trials that assessed the efficacy of triple therapy 
comprising an inhaled corticosteroid plus a long-acting 
β2 agonist plus a long-acting muscarinic antagonist. Of these 
articles, six reported data in adults (the other two reported data 
in children or adolescents), of which one article was a 
short-term (4-week) study, one reported pooled safety data, 
and one reported subgroup analyses of studies presented in 
another manuscript. The remaining three articles reported data 
from studies in which the long-acting muscarinic antagonist 
tiotropium was added as a free combination to any inhaled 
corticosteroid and long-acting β2 agonist. The first of these 
articles presented data from two 48-week studies, in which the 
addition of tiotropium to high-dose inhaled corticosteroid plus 
a long-acting β2 agonist delayed the time to first asthma 
exacerbation and reduced the overall risk of these events, 
with improvements in lung function. The second article focused 
on the long-term (52-week) safety profile of the addition of 

tiotropium to inhaled corticosteroid plus a long-acting 
β2 agonist, which was similar to inhaled corticosteroid plus a 
long-acting β2 agonist alone. In the third article, the addition of 
tiotropium improved airflow and reduced airway wall thickness 
after 48 weeks. All three studies assessed the effect of 
tiotropium plus inhaled corticosteroid plus long-acting 
β2-agonist therapy in patients with spirometrically assessed 
persistent airflow limitation (ie, ratio of forced expiratory 
volume in 1 s to forced vital capacity <0·7).

Added value of this study
TRIMARAN and TRIGGER are the first studies to assess the 
efficacy and safety of single-inhaler triple therapy compared 
with inhaled corticosteroid plus a long-acting β2 agonist in 
adults with asthma. Additionally, these are the first long-term 
studies undertaken in patients who had no requirement to show 
persistent airflow limitation after short-acting β2 agonist use.

Implications of all the available evidence
The combination of a long-acting muscarinic antagonist with 
an inhaled corticosteroid plus long-acting β2-agonist therapy in 
adults with uncontrolled asthma results in improved lung 
function. In large, long-term studies, triple therapy has a 
positive effect on severe exacerbations. 

See Online for appendix



Articles

www.thelancet.com   Vol 394   November 9, 2019 1739

Patients were eligible if they were aged 18–75 years, 
with a documented history of asthma for at least 1 year  
before screening and that was diagnosed before age 
40 years, pre bronchodilator forced expiratory volume 
in 1 s (FEV1) of less than 80% predicted normal value, 
and a change in FEV1 of more than 12% and over 200 mL 
at 10–15 min after inhaling salbutamol 400 µg. Further 
inclusion criteria were uncon trolled asthma (Asthma 
Control Questionnaire7 [ACQ7] ≥1·5); at least one 
exacerbation requiring treat ment with sys temic cortico
steroids or an emergency department visit or inpatient 
admission to hospital in the previous 12 months; and 
that the patient was receiving a stable dose of an inhaled 
corticosteroid plus a longacting β2 agonist for at least 
4 weeks before study entry (TRIMARAN medium dose 
and TRIGGER high dose of inhaled corticosteroid; dose 
equivalents are in the appendix [p 2]). Key exclusion 
criteria were a history of near fatal asthma or previous 
admission to an intensive care unit for asthma that might 
place the patient at risk; a severe exacerbation in the 
4 weeks before study entry or during the runin period; 
any other substantial lung disease that could interfere 
with study assessments; current smokers or former 
smokers with 10 or more packyears of exposure or who 
stopped smoking 1 year or less before screening; current 
treatment with monoclonal antibodies or other biological 
drugs; clinically significant cardiovas cular conditions or 
laboratory abnormalities; or unstable concurrent disease 
that could affect efficacy or safety. Full inclusion and 
exclusion criteria and nonpermitted asthma medications 
are listed in the appendix (pp 2–5).

The studies were approved by the ethics committee or 
institutional review board at each site and were under
taken in accordance with the Declaration of Helsinki 
and the International Conference on Harmonization 
Good Clinical Practice (ICH/CPMP/135/95). There 
were no substantial protocol amendments that affected 
any patients who were randomly assigned to treatment. 
The two protocols had one substantial amendment to 
the inclusion criteria: to clarify that any longacting 
β2 agonist was permitted as previous medication, 
providing it was taken at an approved daily dose that 
was clinically comparable to formoterol 24 μg, 
salmeterol 100 μg, or vilanterol 25 μg. All patients 
provided written informed consent before any study
related procedures.

Randomisation and masking
After a runin period of treatment with BDP/FF, 
eligible patients were randomly assigned to treatment. 
In TRIMARAN, patients were randomly assigned (1:1) 
to either BDP/FF or extrafine BDP/FF/G. In TRIGGER, 
patients were randomly assigned (2:2:1) to BDP/FF, 
extrafine BDP/FF/G, or openlabel BDP/FF plus tio
tropium. Randomisation was done according to a ran
domisation list generated by the interactive response 
technology provider, stratified by country. Patients, 

investigators, site staff, and sponsor personnel were 
masked to BDP/FF/G and BDP/FF assignment for the 
duration of the studies, with all patients using pressurised 
metereddose inhalers. In TRIGGER, the BDP/FF plus 
tiotropium group was openlabel.

Procedures
Patients who met the eligibility criteria at screening had 
their asthma maintenance therapy switched to extrafine 
BDP/FF at 100 μg of BDP and 6 µg of FF in TRIMARAN 
and 200 μg of BDP and 6 µg of FF in TRIGGER, at 
two inhalations twice daily via pressurised metered
dose inhaler for a 2week openlabel runin period. At 
the end of the runin period, patients were randomly 
assigned to treatment. In TRIMARAN, patients either 
continued on BDP/FF at the same dose as the runin 
period, at two inhalations twice daily, or received 
extrafine BDP/FF/G at 100 μg of BDP, 6 μg of FF, and 
10 µg of G, two inhalations twice daily via pressurised 
metereddose inhaler. In TRIGGER, patients either 
continued on BDP/FF at the same dose as the runin 
period with two inhalations twice daily via a pressurised 
metereddose inhaler; or received extrafine BDP/FF/G 
at 200 μg of BDP, 6 μg of FF, and 10 µg of G with 
two inhalations twice daily; or openlabel BDP/FF at 
200 μg of BDP and 6 µg of FF at two inhalations 
twice daily via a pressurised metereddose inhaler 
plus tiotropium 2·5 µg at two inhalations once daily via 
a soft mist inhaler (Respimat, Boehringer Ingelheim, 
Ingelheim am Rhein, Germany). Over the 52week 
treatment period, patients attended visits at weeks 4, 12, 
26, 40, and 52. Salbutamol via pressurised metereddose 
inhaler was permitted as rescue medication, but not 
within 6 h before any visit.

At each visit during the treatment period, data were 
collected for spirometry (predose and 15 min, 30 min, 1 h, 
2 h, and 3 h after dose, with centralised spirometry) and 
ACQ7. Asthma exacerbations were captured throughout 
the study. Each day, before treatment in the morning and 
evening, patients recorded their peak expiratory flow 
(PEF), asthma symptoms (on a scale of 0 to 3, where 
0 was no symptoms), and study treatment and rescue 
medication use in an electronic diary.

Treatmentemergent adverse events (defined as events 
starting on or after first intake of randomly assigned 
study medication) were captured by the investigators 
throughout the study, along with severity and association 
with study medication.

Outcomes
The coprimary endpoints for both studies were morning 
predose FEV1 at week 26 and the rate of moderate and 
severe exacerbations over 52 weeks in each study. The 
key secondary objectives were change from baseline in 
peak FEV1 at week 26 and average morning PEF over the 
first 26 weeks in each study, and the rate of severe exac
erbations using data pooled from the two studies.
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Other secondary endpoints were change from baseline 
in peak and predose FEV1 at all other visits; FEV1 area 
under the curve from 0 to 3 h after dose (AUC0–3h) at all 
clinical visits; FEV1 response (change from baseline in 
predose FEV1 ≥100 mL) at weeks 26 and 52; change from 
baseline in ACQ7 at all visits and ACQ7 response 
(decrease from baseline score of at least 0·5 units) at 
weeks 26 and 52; change from baseline in average 
morning and evening PEF over each betweenvisit 
period and over 52 weeks, and average evening PEF over 
the first 26 weeks of treatment; time to first moderate 
exacerbation and first moderate or severe exacerbation; 
rate of moderate exacerbations; and rescue medi cation 
use, days without rescue medication, daily asthma 
symptoms, asthma symptomfree days, and asthma 
control days (ie, days with a total asthma symptoms score 
of 0 and no rescue medication use) over each between
visit period and over the first 26 weeks and 52 weeks of 
treatment. Data were pooled from the two studies to 
compare BDP/FF/G with BDP/FF for the time to first 
moderate, severe, and moderate or severe exacerbation, 
and the rate of moderate exacerbations and combined 
moderate and severe exacerbations. Severe exacerbations 
were pre specified to be analysed only in the pooled 
population because we anticipated that the occurrence of 
these events would be relatively low.

A severe asthma exacerbation was defined as worsening 
of asthma that required treatment with systemic 
corticosteroids for at least 3 days (with any associated 
emergency department visit or admission to hospital 
docu mented). Moderate exacerbations were defined in 
accordance with the American Thoracic Society and 
European Respiratory Society joint statement12 as 
meeting one or more of the following criteria: nocturnal 
awakenings due to asthma requiring a shortacting 
β2 agonist for 2 consecutive nights or an increase of 0·75 
or more from baseline in daily symptom score on 
2 consecutive days; increase from baseline in use of 
shortacting β2 agonist on 2 consecutive days (minimum 
increase 4 puffs per day); 20% or more decrease in PEF 
from baseline on at least 2 consecutive mornings or 
evenings, or 20% or more decrease in FEV1 from baseline; 
or a visit to an emergency department or a study site for 
asthma treatment not requiring systemic corticosteroids.

Safety was assessed throughout the study. Major adverse 
cardio vascular events were adjudicated by an independent 
committee, comprising three cardiologists.

Statistical analysis
To show superiority of BDP/FF/G over BDP/FF in terms 
of the coprimary and key secondary endpoints in both 
studies, 574 patients needed to be randomly assigned to 
each treatment group. Since patients were randomly 
assigned in a ratio of 2:2:1 in TRIGGER, 287 patients were 
needed for the BDP/FF plus tiotropium group. As such, a 
total of 1148 patients in TRIMARAN and 1435 in TRIGGER 
would be needed. Our sample size calculation assumed 

an approximate 13% dropout rate at week 12, 16·5% at 
week 26, and 20% at week 52. Considering a twosided 
significance level of 0·05, these numbers of patients 
would result in an approximately 99% power to detect a 
mean difference of 90 mL in favour of BDP/FF/G over 
BDP/FF in change from baseline in predose FEV1 
at week 26, assuming an SD of 311 mL; approximately 
93% power to detect a rate ratio (RR) of 0·80 between 
BDP/FF/G and BDP/FF using a negative binomial model 
and assuming an annualised rate of 2·70 moderate and 
severe exacerbations per patient in the BDP/FF group and 
an overdispersion parameter of the negative binomial 
distribution of 0·56; approximately 99% power to detect a 
mean difference of 100 mL in favour of BDP/FF/G over 
BDP/FF in peak FEV1 change from baseline at week 26, 
assuming an SD of 338 mL; at least 99% power to detect a 
mean difference of 20 L/min in favour of BDP/FF/G over 
BDP/FF in morning PEF change from baseline over the 
26week treatment period, assuming an SD of 45 L/min; 
and approximately 86% power to detect an RR of 0·80 
between BDP/FF/G and BDP/FF in the pooled analysis, 
using a negative binomial model and assuming an 
annualised rate of 0·60 severe exacerbations per patient in 
the BDP/FF group and an overdispersion parameter of the 
negative binomial distribution of 0·56.

To account for multiplicity, we did the comparisons 
between BDP/FF/G and BDP/FF in terms of coprimary 
and key secondary efficacy endpoints according to the 
following prespecified hierarchical testing procedure: 
(1) predose FEV1 at week 26, and rate of moderate and 
severe exacerbations over 52 weeks; (2) peak FEV1 at 
week 26; (3) average morning PEF over the first 26 weeks 
of treatment; and (4) rate of severe exacerbations over 
52 weeks in the pooled analysis.

As a first step, we had to show superiority of BDP/FF/G 
over BDP/FF for both coprimary endpoints. Thereafter, 
we could only make confirmatory claims when 
superiority had been shown in all preceding steps. We 
did not apply multiplicity adjustments to the other 
secondary endpoints, and so these p values are 
descriptive, as are the comparisons between BDP/FF/G 
and BDP/FF plus tiotropium.

We analysed predose and peak FEV1 at week 26 and 
average morning PEF over 26 weeks using a linear mixed 
model for repeated measures including treatment, visit, 
treatment by visit interaction, and country as fixed 
effects, and baseline value and baseline by visit inter
action as covariates (visit effect being replaced by 
betweenvisit period effect for PEF), and present these 
data as adjusted means (ie, least squares means) and 
adjusted mean diff erences between treatments, with 
associated 95% CIs and p values. We assumed an 
unstructured covariance matrix. We analysed the number 
of asthma exacerbations over the 52week treatment 
period using a negative binomial model including 
treatment, country, and number of exacerbations (1 or >1)  
in the previous year as fixed effects, and logtime on 
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Figure 1: Study profile for 
TRIMARAN (A) and 
TRIGGER (B)
BDP=beclometasone 
dipropionate. FF=formoterol 
fumarate. G=glycopyrronium. 
TRIGGER=Triple in Asthma 
High Strength Versus 
ICS/LABA HS and Tiotropium. 
TRIMARAN=Triple in Asthma 
With Uncontrolled Patients on 
Medium Strength of 
ICS + LABA study. *One patient 
in TRIMARAN and 
two patients in TRIGGER were 
randomly assigned in error 
(did not meet inclusion 
criteria), and received the first 
dose of study medication 
before being discontinued 
from the study without 
providing any efficacy data 
after the baseline assessment.

A

B

1628 patients assessed for eligibility of TRIMARAN

1155 randomly assigned

542 completed treatment

576 included in safety population
575 included in efficacy population*

579 allocated to the BDP/FF/G group
 576 received allocated intervention
 3 did not receive allocated intervention (randomly assigned in error)

576 allocated to the BDP/FF group
 574 received allocated intervention
 2 did not receive allocated intervention (randomly assigned in error)

473 excluded
 389 did not meet eligibility criteria
 58 withdrew consent 
 4 had adverse events during run-in period
 4 had asthma exacerbations during run-in period
 1 lost to follow-up during run-in period
 17 other

34 discontinued
 22 withdrew consent
 4 protocol violation
 2 lost to follow-up
 3 died
 1 had an asthma exacerbation
 2 other

539 completed treatment

574 included in safety population
574 included in efficacy population

35 discontinued
 26 withdrew consent
 5 had adverse events
 2 protocol violation
 2 lost to follow-up

2100 patients assessed for eligibility of TRIGGER

1437 randomly assigned

534 completed treatment

571 included in safety population
571 included in efficacy population

573 allocated to the BDP/FF/G group
 571 received allocated intervention
 2 did not receive allocated intervention 
  (randomly assigned in error)

576 allocated to the BDP/FF group
 573 received allocated intervention
 3 did not receive allocated intervention 
  (randomly assigned in error)

663 excluded
 579 did not meet inclusion criteria
 63 withdrew consent
 4 had adverse events during run-in period
 3 lost to follow-up during run-in period
 1 had an asthma exacerbation during run-in period
 13 other

37 discontinued
 26 withdrew consent
 3 had adverse events
 2 lack of efficacy
 1 died
 1 protocol violation
 4 other

533 completed treatment

573 included in safety population
571 included in efficacy population*

40 discontinued
 25 withdrew consent
 7 had adverse events
 5 protocol violation 
 1 died
 1 lost to follow up
 1 other

288 allocated to the BDP/FF plus tiotropium group
 287 received allocated intervention
 1 did not receive allocated intervention 
  (randomly assigned in error)

262 completed treatment

287 included in safety population
287 included in efficacy population

25 discontinued
 20 withdrew consent
 2 had adverse events
 1 lost to follow up
 2 other
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study as offset, and present these data as adjusted rate of 
asthma exacerbations, and adjusted RRs with 95% CIs 
and p values.

We analysed most of the secondary efficacy endpoints 
using similar methods to the coprimary and key second
ary endpoints. We compared FEV1 response and ACQ7 

TRIMARAN TRIGGER

BDP/FF/G group 
(n=576)

BDP/FF group 
(n=574)

BDP/FF/G group 
(n=571)

BDP/FF group 
(n=573)

BDP/FF plus tiotropium 
group (n=287)

Sex

Male 221 (38%) 221 (39%) 212 (37%) 245 (43%) 103 (36%)

Female 355 (62%) 353 (61%) 359 (63%) 328 (57%) 184 (64%)

Race

Asian 0 0 2 (<1%) 0 0

White 575 (100%) 574 (100%) 569 (>99%) 573 (100%) 286 (>99%)

Other 1 (<1%) 0 0 0 1 (<1%)

Age, years 52·6 (12·4) 52·5 (12·2) 53·1 (12·2) 54·0 (11·9) 51·6 (12·3)

Body-mass index, kg/m² 28·0 (4·81) 27·9 (5·07) 28·4 (5·14) 28·7 (5·87) 28·5 (5·21)

≥30 173 (30%) 170 (30%) 204 (36%) 205 (36%) 102 (36%)

Smoking status

Former smoker 92 (16%) 76 (13%) 83 (15%) 80 (14%) 42 (15%)

Non-smoker 484 (84%) 498 (87%) 488 (85%) 493 (86%) 245 (85%)

Smoking history (pack-years)* 4·1 (2·4) 4·8 (2·5) 4·9 (2·4) 4·8 (2·3) 5·6 (2·6)

Duration of asthma, years 24·8 (12·9) 25·2 (12·8) 24·8 (12·2) 26·2 (12·6) 24·5 (12·4)

Exacerbations in the previous year

1 474 (82%) 473 (82%) 439 (77%) 452 (79%) 229 (80%)

>1 102 (18%) 101 (18%) 132 (23%) 121 (21%) 58 (20%)

Before-salbutamol FEV1, L† 1·7 (0·56) 1·7 (0·56) 1·6 (0·56) 1·6 (0·57) 1·6 (0·59)

Before-salbutamol FEV1, % of 
predicted normal value†

55·2 (12·3) 55·7 (12·0) 51·9 (13·5) 51·8 (13·5) 52·1 (13·2)

Range 17–79 20–79 15–79 16–79 22–79

Reversibility, % 32·5 (24·72) 30·8 (20·53) 33·2 (20·21) 33·9 (21·87) 34·9 (26·99)

Range 12·1–419·2 12·1–163·0 12·1–147·9 12·0–152·5 12·2–234·5

Before-salbutamol FEV1/FVC ratio† 0·60 (0·12) 0·61 (0·12) 0·59 (0·12) 0·59 (0·13) 0·59 (0·12)

Range 0·26–0·96 0·27–0·94 0·23–0·95 0·27–0·94 0·29–0·88

After-salbutamol FEV1/FVC ratio‡ 0·65 (0·11) 0·65 (0·11) 0·63 (0·12)§ 0·63 (0·12) 0·63 (0·12)

Range 0·31–0·97 0·32–0·91 0·27–0·93 0·26–0·92 0·34–0·96

Previous inhaled corticosteroid or long-acting β2-agonist therapy¶

Inhaled corticosteroid 61 (11%) 72 (13%) 153 (27%) 144 (25%) 67 (23%)

Inhaled corticosteroid plus 
long-acting β2 agonist

531 (92%) 515 (90%) 525 (92%) 520 (91%) 267 (93%)

Long-acting β2 agonist 55 (10%) 66 (11%) 74 (13%) 71 (12%) 35 (12%)

ACQ-7 score|| 2·3 (0·52) 2·3 (0·53) 2·5 (0·53)§ 2·4 (0·54)** 2·4 (0·53)

Peak expiratory flow, L/min††

Morning 297 (107·5)‡‡ 299 (106·0)‡‡ 279 (104·2)§§ 275 (101·2)¶¶ 287 (106·4)

Evening 310 (108·2)|||| 314 (107·6)‡‡ 292 (104·7)¶¶ 287 (103·1)|||| 299 (107·6)

Daily asthma symptom scores†† 0·76 (0·49) 0·77 (0·50) 0·81 (0·52) 0·83 (0·51) 0·84 (0·50)

Percentage of asthma symptom-free 
days††

9·9% (22·78) 11·0% (24·19) 10·2% (23·09) 9·5% (23·14) 10·8% (26·58)

Percentage of asthma control days†† 9·1% (21·45) 10·4% (23·48) 9·9% (22·66) 8·9% (22·24) 10·1% (26·22)

Data are n (%), mean (SD), or range. TRIMARAN=Triple in Asthma With Uncontrolled Patients on Medium Strength of ICS + LABA study. TRIGGER=Triple in Asthma High 
Strength Versus ICS/LABA HS and Tiotropium study. BDP=beclometasone dipropionate. FF=formoterol fumarate. G=glycopyrronium. FEV1=forced expiratory volume in 1 s. 
FVC=forced vital capacity. ACQ-7=Asthma Control Questionnaire-7. *Calculated in former smokers only. †Measured at screening before administration of salbutamol. ‡Measured 
at screening 10–15 min after administration of salbutamol. §Data available for 570 patients. ¶Calculated from asthma therapies being given before study entry (might add up to 
more than 100% because of changes in asthma therapy in the 3 months before study or multiple therapies reported for the same patient). ||Measured at the randomisation visit 
in the intention-to-treat population. **Data available for 568 patients. ††Measured during the run-in period in the intention-to-treat population; the intention-to-treat 
populations were TRIMARAN n=575 in the BDP/FF/G group, n=574 in the BDP/FF group; TRIGGER n=571 in the BDP/FF/G group, n=571 in the BDP/FF group, and n=287 in the 
BDP/FF plus tiotropium group. ‡‡Data available for 569 patients. §§Data available for 564 patients. ¶¶Data available for 565 patients. ||||Data available for 566 patients.

Table 1: Baseline characteristics of the safety population
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response between treatment groups using a logistic 
model including treatment and country as factors and 
the respective baseline values for these measures as a 
covariate. We analysed time to first exacerbation using a 
Cox proportional hazards model including treatment, 
country, and number of exacerbations (1 or >1) in the 
previous year as factors. Estimation of the logistic and 
Cox proportional hazards models was based on events 
per variable values well above the suggested thresholds, 
confirming the reliability of the study results.13–15 All 
analyses reported in this Article were prespecified  in the 
statistical analysis plan.

Additionally, we did a number needed to treat analysis 
for the number of patients who would need to be treated 
with BDP/FF/G rather than BDP/FF for 1 year to prevent 
one moderate or severe exacerbation, one moderate 
exacerbation, or one severe exacerbation.

We analysed all efficacy endpoints in the intention
totreat population, defined as all patients randomly 
assigned to treatment who received at least one dose of 
the study treatment and with at least one available 
evaluation of efficacy (primary or secondary efficacy 
variables) after baseline. Safety data were analysed in 
the safety population, which comprised all patients 
randomly assigned to treatment who received at least 
one dose of study treatment. An independent Data 
Safety Monitoring Board composed of three independent 
clinicians and one independent biostatistician provided 
a quarterly independent scru tiny of the study.

We did all analyses presented in this manuscript using 
SAS software, version 9.4. The studies are registered with 
ClinicalTrials.gov: TRIMARAN, NCT02676076; TRIGGER, 
NCT02676089.

Role of the funding source
The funder of the study had a role in the study design 
and data analysis, oversaw study conduct, and was 
responsible for study report preparation. All authors 
had full access to all data and the corresponding author 
had final responsibility for the decision to submit for 
publication.

Results
TRIMARAN was undertaken between Feb 17, 2016, and 
May 17, 2018, during which time 1628 patients were 
assessed for eligibility, of whom 1155 patients were 
randomly assigned to the BDP/FF/G group (n=579) or 
the BDP/FF group (n=576); 542 (94%) patients in the 
BDP/FF/G group and 539 (94%) in the BDP/FF group 
completed treatment (figure 1A). TRIGGER was 
undertaken between April 6, 2016, and May 28, 2018, 
during which time 2100 patients were assessed for 
eligibility, of whom 1437 were randomly assigned to the 
BDP/FF/G group (n=573), BDP/FF group (n=576), or 
BDP/FF plus tiotropium group (n=288); 534 (93%) 
patients in the BDP/FF/G group, 533 (93%) in the 
BDP/FF group, and 262 (91%) in the BDP/FF plus 

tiotropium group completed treatment (figure 1B). 
Baseline demographic charac teristics were similar 
across the five groups (table 1). Patients in TRIGGER 
had a slightly worse lung function (as measured by 
beforesalbutamol FEV1) and higher reversibility than 
those in TRIMARAN.

The coprimary endpoint of change in predose FEV1 at 
week 26 was met in both studies, with significant dif
ferences between the BDP/FF/G and BDP/FF groups of 
57 mL (95% CI 15 to 99; p=0·0080) in TRIMARAN and 
73 mL (26 to 120; p=0·0025) in TRIGGER (figure 2A; 

Figure 2: Coprimary endpoints
(A) Predose FEV1 change from baseline to week 26. (B) Annualised rate of moderate and severe exacerbations. 
Results are from the intention-to-treat population. In panel A, data are adjusted means with 95% CIs shown as 
error bars and in parentheses, and adjusted mean differences with 95% CIs in parentheses. In panel B, data are 
adjusted exacerbation rates per patient per year with 95% CIs shown as error bars and in parentheses, and 
adjusted rate ratios with 95% CIs in parentheses. BDP=beclometasone dipropionate. FEV1=forced expiratory 
volume in 1 s. FF=formoterol fumarate. G=glycopyrronium. TRIGGER=Triple in Asthma High Strength Versus 
ICS/LABA HS and Tiotropium study. TRIMARAN=Triple in Asthma With Uncontrolled Patients on Medium 
Strength of ICS + LABA study. *Coprimary endpoints.
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absolute values are in the appendix [pp 19–20]). In 
TRIGGER, the predose FEV1 at week 26 was not different 
between the BDP/FF/G and the BDP/FF plus tiotropium 
groups (–45 mL, –103 to 13; p=0·13). The rate of moderate 
and severe exacerbations in the BDP/FF/G group was 
significantly reduced by 15% compared with the BDP/FF 
group in TRIMARAN (RR 0·85, 95% CI 0·73–0·99; 
p=0·033; figure 2B; appendix pp 19–20). The reduction in 
TRIGGER was 12% but was not significant (0·88, 95% CI 
0·75–1·03; p=0·11). No difference was seen between the 
BDP/FF/G group and BDP/FF plus tiotropium group in 
TRIGGER (1·07, 0·88–1·30; p=0·50). Since this coprimary 
endpoint was not significantly reduced in TRIGGER, in 
accordance with the prespecified hierarchical testing 
procedure, no formal claim of supe riority can be made, 
either in this study or for the key secondary endpoint of 
rate of severe exacerbations (pooled analysis). Therefore, 
the corresponding p values should be interpreted 
descriptively.

For the key secondary endpoints of peak FEV1 at week 26 
and average morning PEF over 26 weeks, the change 
from baseline was higher in the BDP/FF/G group than in 
the BDP/FF group in both studies (p=0·0002 for peak 
FEV1 and p=0·0006 for morning PEF in TRIMARAN, and 
p<0·0001 for peak FEV1 and p=0·0014 for morning PEF 
in TRIGGER), with no differences between the BDP/FF/G 
group and the BDP/FF plus tiotropium group in 
TRIGGER (p=0·27 for peak FEV1 and p=0·95 for morning 
PEF; figure 3A and 3B; absolute values are in the appendix 
[pp 19–20]). In the pooled analysis, patients in the 
BDP/FF/G groups had a reduced rate of severe exacer
bations compared with those in the BDP/FF groups (23%; 
p=0·0076; figure 3C; appendix pp 19–20).

For the other secondary end points, patients in the 
BDP/FF/G group had a reduced rate of moderate exac
erbations (12%; p=0·043), and combined moderate and 
severe exacer bations (14%; p=0·0083) compared with 
those in the BDP/FF group (pooled analysis, figure 3C; 
appendix pp 19–20). In the individual studies, the same 
trend for the reduced rate of exacerbations in the 
BDP/FF/G group was observed for moderate exacer
bations (p=0·086 in TRIMARAN and p=0·25 in 
TRIGGER; appendix p 6).

Figure 3: Key secondary endpoints
(A) Peak FEV1 change from baseline at week 26. (B) Average morning PEF 
change from baseline over 26 weeks. (C) Annualised rate of severe, moderate, 
and moderate and severe exacerbations (pooled analysis). Results are from 
the intention-to-treat population. Data in panels A and B are adjusted means 
with 95% CI shown as error bars and in parentheses, and adjusted mean 
differences with 95% CIs in parentheses. Data in panel C are adjusted annualised 
rate of exacerbations per patient, with 95% CIs as error bars and in parentheses, 
and adjusted rate ratios with 95% CIs in parentheses. BDP=beclometasone 
dipropionate. FEV1=forced expiratory volume in 1 s. FF=formoterol fumarate. 
G=glycopyrronium. PEF=peak expiratory flow. TRIGGER=Triple in Asthma High 
Strength Versus ICS/LABA HS and Tiotropium study. TRIMARAN=Triple in 
Asthma With Uncontrolled Patients on Medium Strength of ICS + LABA study. 
*Key secondary endpoints.
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The time to first moderate or severe exacerbation was 
longer in the BDP/FF/G group than in the BDP/FF group 
in both TRIMARAN (hazard ratio [HR] 0·84, 95% CI 
0·73–0·98; p=0·022; figure 4A) and TRIGGER (0·80, 
0·69–0·93; p=0·0035), and was similar for the BDP/FF/G 
and BDP/FF plus tiotropium groups in TRIGGER (0·97, 
0·81–1·18; p=0·78; figure 4B). Likewise, the time to first 
moderate exacerbation was longer in the BDP/FF/G 
group than in the BDP/FF group in both studies 
(TRIMARAN HR 0·86, 95% CI 0·73–1·0; p=0·048; 
TRIGGER 0·81, 0·69–0·95; p=0·0089) and was similar 
for the BDP/FF/G group and BDP/FF plus tiotropium 
group in TRIGGER (0·89, 0·73–1·09; p=0·27). In the 
pooled analysis, time to first moderate or severe 
exacerbation was longer in the BDP/FF/G group than 
in the BDP/FF group (HR 0·82, 95% CI 0·74–0·91; 
p=0·0002), as was time to first moderate exacerbation 
(0·83, 0·74–0·93; p=0·0010), and time to first severe 
exacerbation (0·79, 0·66–0·95; p=0·011; figure 4C). 
Median times to first exacerbation are in the appendix 
(p 21). In the pooled analyses, the numbers needed to 
treat for 1 year with BDP/FF/G rather than BDP/FF to 
prevent one moderate or severe exacer bation was three, 
to prevent one severe exacerbation was 14, and to prevent 
one moderate exacerbation was five.

The results for the FEV1 secondary endpoints in 
TRIMARAN were consistent with the coprimary and 
key secondary FEV1 endpoints, with improvements seen 
in the BDP/FF/G group compared with the BDP/FF 
group in predose FEV1 at most visits, peak FEV1 and 
FEV1 AUC0–3h at all visits, and FEV1 response at week 26 
(appendix pp 7–9, 22–26). In TRIGGER, improvements 
were seen in the BDP/FF/G group for predose FEV1, 
peak FEV1, and FEV1 AUC0–3h at all visits, and FEV1 
response at weeks 26 and 52 compared with the BDP/FF 
group, with no differences between the BDP/FF/G 
group and BDP/FF plus tiotropium group (appendix 
pp 7–9, 22–26).

All PEFbased secondary endpoints improved in the 
BDP/FF/G group compared with the BDP/FF group in 
both studies (appendix pp 10–12). We saw no clinically 
relevant differences between the BDP/FF/G group and 
the BDP/FF or BDP/FF plus tiotropium group in 
TRIGGER in terms of ACQ7 total score or response 
(appendix pp 13, 22–26), or in the rescue medication use 
endpoints (appendix pp 14–15, 22–26). Notably, we saw 
an improvement from baseline in asthma symptoms, 
asthma control, and rescue medication use in all five 
groups over the duration of the studies, with similar 
improvements seen in TRIMARAN for both the 
BDP/FF/G and BDP/FF groups and an improvement 
seen in TRIGGER for the BDP/FF/G group compared 
with the BDP/FF group in terms of asthma symptom
free days and asthma control days from week 13 onwards 
(appendix pp 16–18, 22–26). 

Overall, a similar proportion of patients had adverse 
events in all five groups (table 2). Most events were mild 

or moderate in severity, and few were considered to be 
related to treatment. The most common adverse event in 
all groups was asthma exacerbation, the occurrence of 
which was lower with triple therapy than with BDP/FF in 
both studies. Four patients had treatmentrelated serious 
adverse events: atrial fibrillation in a patient given 

Figure 4: Time to first moderate or severe exacerbation in TRIMARAN (A) and 
TRIGGER (B; intention-to-treat populations), and pooled analysis of time to 
first severe exacerbation (C)
BDP=beclometasone dipropionate; FF=formoterol fumarate. G=glycopyrronium. 
HR=hazard ratio. TRIGGER=Triple in Asthma High Strength Versus ICS/LABA HS 
and Tiotropium study. TRIMARAN=Triple in Asthma With Uncontrolled Patients 
on Medium Strength of ICS + LABA study.
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BDP/FF/G in TRIMARAN and who had hypertension; 
oesophageal candidiasis in a patient given BDP/FF/G in 
TRIGGER that resolved after therapy; pneumonia in a 
patient given BDP/FF in TRIGGER that resolved after 
therapy; and angle closure glaucoma in a patient given 
BDP/FF in TRIGGER that had not resolved by the time 
they completed the study. All these treatmentrelated 
serious adverse events were moderate in severity and did 
not require a change in study treatment. Five patients in 
TRIMARAN and six in TRIGGER had major adverse 
cardiovascular events, although none of the events in 
either study were considered as related to study treatment 
(table 2; appendix p 27). Three patients in the BDP/FF/G 
group in TRIMARAN had an adverse event or events 
leading to death (one patient with left ventricular failure, 
one with acute pancreatitis, and one with gastric cancer 

and acute cardiac failure). In TRIGGER, two patients had 
an adverse event leading to death, one in the BDP/FF/G 
group (cerebral haemor rhage) and one in the BDP/FF 
group (sudden death). None of the deaths in either study 
was considered as related to study treatment.

Discussion
TRIMARAN and TRIGGER are the first studies to assess 
the efficacy and safety of singleinhaler triple therapy in 
the management of asthma. The lung function (predose 
FEV1) coprimary endpoint was met in both studies, with a 
slightly larger effect size in TRIGGER. Furthermore, the 
rate of moderate and severe exacer bations coprimary 
endpoint was met in TRIMARAN, with a significant 
15% reduction for BDP/FF/G versus BDP/FF, and 
although a similar effect size was seen in TRIGGER, with 
a 12% reduction, it was not significant. In the key 
secondary endpoint analysis of data pooled from the 
two studies, BDP/FF/G reduced the rate of the more 
clinically relevant severe exacerbations by 23%. Further
more, for the other secondary exacerbation endpoints, in 
the pooled analyses, BDP/FF/G reduced the rate of 
moderate exacerbations by 12% and combined moderate 
and severe exacer bations by 14% and the time to 
first moderate or severe exacerbation, first moderate 
exacerbation, and first severe exacerbation was longer 
with BDP/FF/G than with BDP/FF. Overall, these exacer
bation data therefore suggest that BDP/FF/G prevents 
these events to a greater degree than BDP/FF.

Although care should be taken when comparing 
studies, the 23% reduction in the rate of severe 
exacerbations along with the 21% reduction in risk (time 
to first severe exacerbation HR 0·79) are consistent 
with the results of two longterm studies3 in which 
tiotropium was added as a free combination to any 
inhaled corticosteroid and longacting β2 agonist (with a 
20% rate reduction and a 21% risk reduction for 
tiotropium vs placebo on severe exacerbations).3 Impor
tantly, however, TRIMARAN and TRIGGER had less 
strict exclusion criteria than these studies and so enrolled 
broader patient populations. Specifically, the tiotropium 
studies were limited to a subgroup of patients with post
bronchodilator FEV1 of 80% or less and FEV1 to forced 
vital capacity (FVC) ratio of 70% or less,3 compared 
with prebronchodilator FEV1 of less than 80% in 
TRIMARAN and TRIGGER and no limitation on the 
FEV1 to FVC ratio. Another key difference is that in 
the longterm tiotro pium studies triple therapy was 
administered via multiple inhalers and they did not 
supply or monitor the daily concomitant use of inhaled 
corticosteroids or longacting β2 agonists.3 The use of 
singleinhaler triple therapy in TRIMARAN and 
TRIGGER ensured the delivery of all three components 
and should poten tially optimise treatment adherence 
and persistence. However, we acknowledge that in 
TRIGGER for FEV1 and moderatetosevere exacer
bations, patients in the BDP/FF plus tiotropium group 

TRIMARAN TRIGGER

BDP/FF/G 
group 
(n=576)

BDP/FF 
group 
(n=574)

BDP/FF/G 
group 
(n=571)

BDP/FF 
group 
(n=573)

BDP/FF plus 
tiotropium 
(n=287)

Adverse events 431 (75%) 455 (79%) 410 (72%) 443 (77%) 210 (73%)

Asthma exacerbation 337 (59%) 379 (66%) 323 (57%) 364 (64%) 162 (56%)

Nasopharyngitis 71 (12%) 79 (14%) 46 (8%) 63 (11%) 34 (12%)

Headache 38 (7%) 46 (8%) 25 (4%) 27 (5%) 13 (5%)

Respiratory tract infection viral 15 (3%) 26 (5%) 17 (3%) 28 (5%) 14 (5%)

Bronchitis 18 (3%) 22 (4%) 18 (3%) 18 (3%) 12 (4%)

Pharyngitis 12 (2%) 16 (3%) 10 (2%) 12 (2%) 4 (1%)

Viral upper respiratory tract 
infection

12 (2%) 16 (3%) 4 (1%) 8 (1%) 3 (1%)

Hypertension 16 (3%) 9 (2%) 10 (2%) 7 (1%) 7 (2%)

Upper respiratory tract infection 11 (2%) 10 (2%) 9 (2%) 15 (3%) 7 (2%)

Treatment-related adverse events 22 (4%) 19 (3%) 28 (5%) 24 (4%) 16 (6%)

Dysphonia 9 (2%) 1 (<1%) 10 (2%) 8 (1%) 2 (1%)

Cough 1 (<1%) 0 0 1 (<1%) 2 (1%)

Oral candidiasis 1 (<1%) 4 (1%) 3 (1%) 3 (1%) 3 (1%)

Dry mouth 4 (1%) 0 3 (1%) 1 (<1%) 2 (1%)

Electrocardiogram QT prolonged 1 (<1%) 3 (1%) 1 (<1%) 1 (<1%) 0

Muscle spasms 0 0 3 (1%) 3 (1%) 0

Serious adverse events 28 (5%) 22 (4%) 28 (5%) 33 (6%) 15 (5%)

Asthma exacerbation 7 (1%) 4 (1%) 11 (2%) 11 (2%) 6 (2%)

Pneumonia 0 3 (1%) 3 (1%) 5 (1%) 2 (1%)

Treatment-related serious adverse 
events

1 (<1%) 0 1 (<1%) 2 (<1%) 0

Severe adverse events 34 (6%) 38 (7%) 35 (6%) 55 (10%) 13 (5%)

Major adverse cardiovascular 
events

4 (1%) 1 (<1%) 3 (1%) 3 (1%) 0

Adverse events leading to study 
treatment discontinuation

4 (1%) 5 (1%) 4 (1%) 8 (1%) 2 (1%)

Adverse events leading to death 3 (1%) 0 1 (<1%) 1 (<1%) 0

Data are n (%). Preferred terms are listed when occurrence was 2·5% or higher in any treatment group for adverse events 
and when occurrence was 0·5% or higher in any group for serious adverse events and treatment-related adverse events. 
TRIMARAN=Triple in Asthma With Uncontrolled Patients on Medium Strength of ICS + LABA study. TRIGGER=Triple in 
Asthma High Strength Versus ICS/LABA HS and Tiotropium study. BDP=beclometasone dipropionate. FF=formoterol 
fumarate. G=glycopyrronium.

Table 2: Treatment-emergent adverse events and serious adverse events in the safety population
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(treatment admin istered openlabel via separate inhalers) 
had nonsignificant, numerically greater improvements 
than those in the single inhaler (doublebind) BDP/FF/G 
group.

Most exacerbations in TRIMARAN and TRIGGER 
were moderate in severity, and hence were predominantly 
selfmanaged by patients. To our knowledge, this is the 
first study to assess the effect of inhaled therapy on 
such exacerbations by applying the American Thoracic 
Society and European Respiratory Society joint state
ment definition.12 Although we saw a consistent trend in 
favour of triple therapy, we saw no significant treatment 
effect on the rate of moderate exacerbations in the 
individual studies, yet the time to first moderate 
exacerbation was longer in the BDP/FF/G group than in 
the BDP/FF group, both in the pooled analysis and in 
each individual study. The reasons for this finding are 
unclear, although it might be due to the variability of 
symptoms in asthma (the worsening of which defines a 
moderate exacerbation episode), so making precise 
assessment of this outcome is a challenge. Additionally, 
neither study was powered to assess the effect of treat
ment on moderate exacer bations. The effect of triple 
therapy on the objective lung function endpoints of FEV1 
and PEF was consistent, within and between studies, 
with both BDP/FF/G doses improving these endpoints 
compared with BDP/FF for the duration of the studies.

Asthma control, symptom endpoints, and rescue 
medication use improved from baseline with all treat
ments. In TRIMARAN, both the BDP/FF/G and BDP/FF 
groups had similar improvements in symptomfree days 
and asthma control days, whereas in TRIGGER we saw a 
separation between the BDP/FF/G and BDP/FF groups, 
particularly over the second half of the study. These 
results are similar to those of the previous tiotropium 
studies, in which tiotropium administered separately to 
an inhaled corticosteroid plus a longacting β2 agonist 
resulted in consistent improvements in lung function, 
but less consistent improvements in ACQ7 score,3,4 and 
with a dissociation in effect between severe exacer
bations and asthma control.3 For the populations that 
we recruited (who had uncontrolled disease despite 
mediumdose or highdose inhaled corticosteroid plus a 
longacting β2 agonist), the prevention of future exacer
bations (especially severe exacerbations) is arguably the 
more important treatment goal.

We acknowledge that the improvement in asthma con
trol and decrease in symptoms in all groups, including in 
those patients who continued BDP/FF therapy from the 
runin period across the 52week trial period, suggests a 
clinical trial effect in both studies, which can occur at 
least in part because of improved adherence. This clinical 
trial effect also appeared to affect severe exacerbations, 
with a low rate observed during the trial (0·31 in the 
pooled BDP/FF group), despite all patients being 
required to have a history of at least one exacer bation in 
the previous year requiring treatment with systemic 

corticosteroids, emergency department visit, or inpatient 
admission to hospital. In this context, the much lower 
rate of severe exacerbations observed during the studies 
than reported in historical data (ie, the patient’s history 
of at least one exacerbation in the previous year) is 
similar to what has been found in several clinical trials 
that recruited similar populations,16–20 potentially also 
reflecting increased adherence to therapy or improved 
care as a result of clinical trial participation. Importantly, 
when TRIMARAN and TRIGGER were designed, the 
rate of these more clinically relevant exacerbations 
was antici pated to be lower than that of moderate 
exacerbations, which is why the only pre specified 
analysis of rate of severe exacerbations was in the pooled 
population. Therefore, despite this low rate, a notable 
23% reduction in severe exacerbations was seen with 
BDP/FF/G compared with BDP/FF.

Interpreting the clinical relevance of results when 
assessing the additive effect of a therapy on top of 
therapies that are known to be effective is challenging. 
The differences that we observed between the BDP/FF/G 
group and BDP/FF group for some of the endpoints 
could be argued to be numerically small (with the 
differences in predose FEV1 at week 26 and morning PEF 
over 26 weeks being lower than those included in the 
powering assumptions), and indicate only a moderate 
effect of triple therapy. However, the populations that we 
studied have few treatment options available, and so even 
moderate incremental improve ments can be valuable. 
Uncontrolled asthma is associated with a substantial 
(and increasing) economic and health burden,21 especially 
because of exacerbations, and so additional therapies are 
needed. In this context, a key finding is that all treat
ments were similarly well tolerated. This finding is again 
consistent with the results of several other triple therapy 
studies in asthma, in which the addition of a longacting 
muscarinic antagonist did not affect the overall adverse 
event profile.3–5,22

Given the broad inclusion criteria of TRIMARAN 
and TRIGGER, the results should be generalisable to 
adults with asthma that is uncontrolled by an inhaled 
corticosteroid plus a longacting β2 agonist, although 
we recognise that the recruited populations were 
predominantly of white race. The Global Initiative for 
Asthma report already includes recommendations 
for addon longacting muscarinic antagonist use for 
patients whose asthma is not well controlled on inhaled 
corticosteroid plus longacting β2agonist therapy.1 For 
such patients, escalation of therapy to inhaled triple 
therapy has been shown to be costeffective compared with 
an inhaled corticosteroid plus a longacting β2 agonist,23–27 
and is likely to be costeffective compared with the addition 
of systemic biological therapy.25 Since BDP/FF/G delivers 
the three molecules via one device, and based on the 
magnitude of reduction in the annual rate of severe asthma 
exacer bations observed in the pre specified pooled analysis 
of TRIMARAN and TRIGGER, we expect that BDP/FF/G 
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will provide an attractive treatment option and fulfil a 
substantial unmet need at both the individualpatient and 
the overall health system level.

Taken together, these data indicate that in adults with 
uncontrolled asthma treated with a mediumtohigh dose 
of inhaled corticosteroid plus a longacting β2 agonist the 
addition of a longacting muscarinic antagonist in a 
single inhaler BDP/FF/G triple therapy mainly improves 
lung function with an associated positive effect on severe 
exacerbations and some benefit in terms of asthma 
symptoms and control.
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