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1  |  INTRODUC TION

Asthma is an important global health problem that affects all 
age groups.1 Despite effective and safe treatment options, up to 
40% of patients with asthma remain uncontrolled.2 This imposes 
an unacceptable burden on patients' quality of life, healthcare 
systems, and society through loss of productivity that has impli-
cations for economic burden and quality-adjusted life years.1 In 
2012, Kerstjens et al3 showed that in patients with poorly con-
trolled asthma despite the use of inhaled glucocorticoids (ICS) and 
long-acting β2 adrenergic bronchodilators (LABAs), the addition of 
tiotropium (long-acting antimuscarinic agent—LAMA) significantly 
increased the time to the first severe exacerbation and provided 
modest sustained bronchodilation. LAMA cause bronchodilation 

by blocking acetylcholine signalling through airway muscarinic 
receptors.4 This is a different mechanism to LABAs, which act 
through β2 receptors, enabling these different classes of bron-
chodilators to be combined to produce additive bronchodilator ef-
fects. Furthermore, there is also molecular evidence of synergistic 
interactions between ICS, LABA, and LAMA molecules, support-
ing the rationale to combine these three different classes of drugs 
for the treatment of asthma5,6 Recently, several triple therapy 
combinations of ICS-LABA-LAMA in a single inhaler (SITT) have 
been marketed, and the 2021 Global Initiative for Asthma (GINA) 
recommends adding a LAMA in patients aged ≥18 years who, de-
spite being adherent to inhaled LABA combined with medium- or 
high-dose ICS, still experience symptoms or exacerbations.1 Yet, 
different combinations have been approved so far by the Food and 
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Abstract
A significant number of patients with asthma remain uncontrolled despite treatment 
with inhaled corticosteroids (ICS) and long-acting β2 adrenergic bronchodilators 
(LABA). The addition of long-acting antimuscarinic agents (LAMA) can improve the 
management of asthma in these patients. Recently, three novel triple therapy (ICS/
LABA/LAMA) formulations in a single-inhaler device (SITT) have been investigated 
in patients with uncontrolled asthma despite ICS/LABA treatment. Here, we review 
systematically the evidence available to date in relation to SITT in patients with un-
controlled asthma despite ICS-LABA treatment and conclude that SITT is a safe and 
effective therapeutic alternative in these patients. We also discuss how to position 
this new therapeutic alternative in their practical clinical management as well as the 
opportunities and challenges that it may generate for patients, physicians, and payers.
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Drug Administration (FDA) in the US and the European Medicines 
Agency (EMA), as detailed in the online supplement. Here, we re-
view systematically the evidence available to date in relation to 
SITT in patients with uncontrolled asthma despite ICS-LABA treat-
ment, and discuss how to position this new therapeutic alternative 
in their practical clinical management as well as the opportunities 
and challenges that it creates both for patients and clinicians.

2  |  SYSTEMATIC RE VIE W OF AVAIL ABLE 
E VIDENCE

To identify published phase III randomized clinical trials (RCTs) as-
sessing the effects of SITT in patients with asthma, we conducted 
a systematic review according to a predefined protocol compliant 
with the PRISMA guidelines for systematic reviews (online sup-
plement for a detailed methodological explanation).7 To this end, 
a structured search strategy of PubMed and Web of Science was 
developed to identify all phase III clinical trials investigating SITT in 
asthma using the combination of the following keywords “asthma” 
and “single-inhaler” and (“triple therapy” or [beclomethasone or 
budesonide or fluticasone or mometasone] and [formoterol or in-
dacaterol or olodaterol or salmeterol or vilanterol] and [aclidinium 
or glycopyrronium or tiotropium or umeclidinium]) up to February 
1st, 2021. Studies conducted in COPD or non-RCTs were excluded 
upon title review. Conference or poster abstracts of studies already 
included, and reviews and comments were excluded upon full-text 
review. Search results were reviewed independently by two inves-
tigators (LF and LL) to determine the eligibility of potential studies, 
results were compared, and disagreement was resolved to create 
the final list of included studies. Risk of bias was assessed using the 
revised Cochrane risk of bias (RoB) 2 tool for randomized controlled 
trials.8 This tool aids in the assessment of the risk of bias in RCTs 
including the randomization process, deviations from the intended 
interventions, missing outcome data, measurement of the outcome 
and selection of the reported results (online supplement for details).

Our search strategy identified 29 studies after removal of du-
plicates (Figure S1). After full-text screening, five original phase III 
RCTs published in four manuscripts investigating SITT in asthma 
(TRIMARAN combined with TRIGGER, IRIDIUM, ARGON and 
CAPTAIN), and all of them were assessed for risk of bias. Besides, 
we identified a very recent network meta-analysis by Rogliani et al9 
which, accordingly to the recently revised table of evidence of GINA, 
is also considered level A of scientific evidence.1 Table 1 summarizes 
the main efficacy data of these five RCTs.

TRIMARAN and TRIGGER compared the efficacy and safety 
of SITT (beclomethasone dipropionate [BDP], formoterol fumarate 
[FF] and glycopyrronium bromide [GLY]) with medium-dose BDP/FF 
(TRIMARAN) or high-dose BDP/FF plus tiotropium (TRIGGER) ther-
apy in adult patients with poorly controlled asthma. All drugs (except 
tiotropium, once-daily) were delivered via a single device (two inha-
lations/12 h), multi-dose, pressurized metered-dose inhaler (pMDI) 
containing an extra-fine inhalation solution formulation (Modulite®) 

during 52  weeks.10 Of note, TRIMARAN and TRIGGER used two 
different SITT doses: 200/12/20 (TRIMARAN) and 400/12/20 
(TRIGGER). Main results (Figure  1, left column) showed that SITT 
was associated with: (1) higher FEV1 at week 26; (2) fewer exacer-
bations, particularly the severe ones, at 12 months; A pre-specified 
pooled analysis showed 23% fewer severe exacerbations with BDP/
FF/GLY versus BDP/FF (p = .008) and a 23.7% reduction in the an-
nual rate of days on systemic steroids (p =  .089)11; (3) no clinically 
relevant impact on asthma control; and, (4) fewer adverse events 
(mostly mild-to-moderate exacerbations).10 Of note, TRIGGER 
showed non-inferiority of fixed triple combination (high-dose BDP/
FF/GLY) versus multiple inhaler devices (Respimat Tiotropium+high-
dose BDP/FF).10 The results of post hoc analysis were only included 
in the qualitative synthesis of our systematic review. Nevertheless, 
they can provide additional information of potential interest: (1) SITT 
was particularly beneficial (in terms of lung function improvement 
and exacerbation reduction) in patients with persistent airflow lim-
itation at screening12; (2) the reduction of moderate-and-severe ex-
acerbations by SITT was particularly seen during winter13; and, (3) 
eosinophil levels did not influence the efficacy of SITT on moderate-
to-severe or severe exacerbations, but SITT effects appeared 
greater in patients with more airflow limitation reversibility to short 
acting β agonists.14

IRIDIUM compared the effects of once-daily SITT (medium- or 
high-dose mometasone furoate (MF), indacaterol acetate (IND), 
and glycopyrronium bromide (GLY) vs. either once-daily ICS-LABA 
(medium- or high-dose MF–IND), delivered via a single device, 
multi-dose dry powder inhaler (DPI, Breezhaler®), or twice-daily 
high-dose fluticasone–salmeterol (FP-SLM) in patients with uncon-
trolled asthma delivered via a different single device, multi-dose 
DPI (Diskus®).15 Main results (Figure 1, right column) showed that 
at week 26: (1) both medium- and high-dose SITT were associated 
with greater improvement in trough FEV1; (2) ACQ-7 score was not 
different in SITT vs. the equivalent MF/IND once-daily dose, but it 
was better than the combination of FP/SLM twice-daily; (3) SITT did 
not significantly reduce the annualized rate of moderate or severe 
exacerbations vs. equivalent MF/IND once-daily doses, but it did 
vs. twice-daily FP-SLM; and, (4) adverse events were similar across 
groups.15 Notably, due to formulation characteristics, the doses of 
mometasone in the MF-IND-GLY combinations were halved com-
pared to the corresponding MF-IND comparators.15,16

ARGON was a 24-week, open-label RCT that investigated the 
non-inferiority of SITT (MF/IND/GLY) once-daily delivered via the 
DPI Breezhaler® vs. FP/SLM high dose (twice-daily) delivered via 
the DPI Diskus® plus tiotropium (TIO; once-daily) delivered via 
Respimat® in two separate devices on the Asthma Quality of Life 
Questionnaire (AQLQ) in patients with uncontrolled asthma.17 Of 
note, it did not explore other outcomes such as exacerbations. Main 
results (Figure 2, left column) showed that: (1) AQLQ was not inferior 
in SITT vs. FP/SLM+TIO; (2) MF/IND/GLY high dose improved sig-
nificantly other scores of respiratory symptoms (ACQ-7 and SGRQ) 
and lung function (trough FEV1, morning and evening peak expira-
tory flow) vs. FP/SLM high dose via a DPI (Acchuhaler®) plus TIO 
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delivered through a soft mist inhaler (Respimat®); and, (3) adverse 
events were comparable across treatments.17

CAPTAIN compared the safety and efficacy of SITT (flutica-
sone furoate/umeclidinium/ vilanterol [F/UMEC/VI]) vs. F/VI, all 
delivered once-daily through a DPI (Ellipta®). At variance with the 
previous four RCT's, a history of exacerbations in the previous year 
was not an inclusion criterion in CAPTAIN.18 Main results (Figure 2, 
right column) showed that18: (1) at week 24, the change from base-
line in trough FEV1 was significantly higher with SITT; (2) overall, 
SITT did not significantly reduce exacerbation rates but higher ICS 
doses had a greater effect on exacerbations in patients with bio-
markers of type-2 airway inflammation (high blood eosinophil or ex-
haled nitric oxide values), and a similar trend was observed for FEV1 
changes from baseline; (3) there was no clinically relevant impact on 
asthma control; and, (4) adverse events were similar across treat-
ment groups.18

Finally, Rogliani et al9 published a network meta-analysis of 
these same five SITT RCTs (TRIMARAN, TRIGGER, IRIDIUM, 
ARGON and CAPTAIN) that included 9.535 patients. Bayesian 

network meta-analysis allows the comparison of the results of dif-
ferent therapeutic interventions and enables treatment rankings.9 
Results, not unexpectedly, showed that: (1) SITT with high-dose 
ICS were more effective than those with medium-dose ICS in 
terms of lung function improvement and reduction of severe ex-
acerbations; (2) SITT options were similarly effective on asthma 
control; and, (3) there are no safety concerns. These conclusions 
are in keeping with those of a recent narrative review on the role 
of LAMAs in asthma.6

3  |  IMPLIC ATIONS FOR CLINIC AL 
PR AC TICE

The evidence reviewed above indicates that SITT is a safe and 
effective therapeutic alternative in patients with poorly con-
trolled asthma despite treatment with ICS-LABA. There are some 
differences in the results obtained between the three different 
SITT combinations available today due to either the different 

TA B L E  1  Summary of efficacy data of Phase 3 SITT RCTs vs. LABA/ICS in patients with poorly controlled asthma

Study nameref FEV1 improvement for SITT versus ICS/LABA
Reduction of moderate-severe 
exacerbation for SITT versus ICS/LABA

TRIMARAN10

BDP/FF/GLY versus BDP/FF
57 mL (95% CI 15–99; p = .0080) for medium dose 15% (RR 0.85, 95% CI 0.73–0.99; p = .033) 

for medium dose

TRIGGER10

BDP/FF/GLY versus BDP/FF
BDP/FF/GLY versus BDP/FF+TIO

73 mL (95% CI 26–120; p = .0025) for high dose
–45 mL [95% CI–103 to 13; p = .13) for high dose

12% (RR 0.88, 95% CI 0.75–1.03; p = .11) 
for high dose

7% (RR1·07, 95% CI 0·88–1·30; p = .50) for 
high dose

IRIDIUM15

MF/IND/GLY versus MF/IND
MF/IND/GLY versus FP/SLM

•	 76 mL (p < .001) for medium dose
•	 65 mL (p < .001) for high dose
•	 99 mL (p < .001) for medium dose
•	 119 mL (p < .001) for high dose

•	 13% (RR 0.87, 95% CI 0.71–1.06; p = .17) 
for medium dose

•	 15% (RR 0.85, 95% CI 0.68–1.04; 
p = .12) for high dose

•	 19% r (RR 0.81, 95% CI 0.66–0.99; 
p = .041) for medium dose

•	 36% (RR 0.64, 95% CI 0.52–0.78; 
p < .001) for high dose

ARGON17

MF/IND/GLY versus FP/SLM+TIO
High-dose and medium-dose MF/IND/GLY were non-

inferior to high-dose FP/SLM+TIO for AQLQ (least 
square mean treatment difference: 0.073 and–
0.038, respectively; both p < .001).

High-dose MF/IND/GLY improved trough FEV1 
at Weeks 8 (Δ: 67 mL; p = .007), 16 (Δ: 66 mL; 
p = .007) and 24 (Δ: 96 mL; p < .001) versus high-
dose FP/SLM+TIO.

Medium-dose MF/IND/GLY medium-dose versus high-
dose FP/SLM+TIO at Weeks 8 (Δ: 3 mL; p = .892), 
16 (Δ: −2 mL; p = .945) and 24 (Δ: 9 mL; p = .713).

Medium-dose MF/IND/GLY versus FP/
SLM high dose+TIO

•	 4% increase (RR 1.04, 95% CI 0.77, 
1.39; p = .798)

High-dose MF/IND/GLY versus FP/SLM 
high dose+TIO

•	 12% reduction (RR 0.88, 95% CI 0.65, 
1.19; p = .414)

CAPTAIN18

F/UMEC/VI 100/62.5/25 versus F/VI 
100/25

F/UMEC/VI 200/62.5/25 versus F/VI 
200/25

110 mL (66, 153; p < .001) for medium dose
92 mL (49, 135; p < .001) for high dose
Adding UMEC 31.25 µg to F/VI produced similar 

improvements.

No statistically significant difference F/
UMEC 62.5 µg/VI versus F/VI (pooled 
analysis)

Abbreviations: BDP, beclomethasone dipropionate; F, fluticasone furoate; FEV1, forced expiratory volume in the first second; FF, formoterol 
fumarate; FP, fluticasone propionate; GLY, glycopyrronium; ICS, inhaled corticosteroids; IND, indacaterol; LABA, long-acting β2-adrenoceptor 
agonist; MF, mometasone furoate; RCT, randomized controlled trial; SITT, single-inhaler device; SLM, salmeterol; TIO, tiotropium bromide; UMEC, 
umeclidinium bromide; VI, vilanterol.
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pharmacologic agents, their combinations and/or delivery sys-
tems, but the overall favorable efficacy/risk ratio has important 
implications in clinical practice, both for patients and prescribing 

physicians. These conclusions are also supported by another very 
recent meta-analysis published during the editorial process of the 
current paper.19

F I G U R E  1  Left column. TRIMARAN and TRIGGER studies. Panel A: Mean (95% CI) pre-dose FEV1 change from baseline to week 26. 
Panel B: Adjusted exacerbation rates per patient per year (95% CI). Right column. IRIDIUM study. Change from baseline in mean (SE) 
trough FEV1 at week 26 (Panel A) and over 52 weeks (Panel B) in the full analysis set. For further explanations, see text. Reproduced with 
permission from references10 and,15 respectively

F I G U R E  2  Left column. ARGON study. Treatment difference (least squares mean) in trough FEV1 at Week 24. Right column. CAPTAIN 
study. Least squares mean (LSM) change from baseline in trough FEV1 at Week 24 in the intention to treat population. For further 
explanations, see text. Reproduced with permission from references17 and,18 respectively
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3.1  |  The patient perspective

Compliance with any chronic treatment is essential for clinical ef-
fectiveness.20 Unfortunately, in asthma there is significant non-
adherence to medication.21 In a survey of over 2000 adult and 
adolescent (aged 12–17  years) patients with asthma in Europe 
(Germany, Italy, Spain and the United Kingdom) and Canada, only 
half (52%) took their controller medication every day, with one in 
four reporting not taking it at all.22 Other sources suggest that 
suboptimal adherence occurs in 75% of patients with asthma.23,24 
There may be a variety of reasons why patients do not take their 
medicine: it may simply be because they unintentionally forget; 
or they have difficulty with the different treatment schedules or 
inhaler(s; once-daily vs. twice-daily dosing, as well as metered-
dose inhalers [MDI] vs. dry powder [DPI] ones); finally, patients 
may intentionally adhere less because they experience side ef-
fects or perceive little benefit. So patient education about the 
purpose of their medicine, how to use it correctly (with appro-
priate follow-up reminders) and what to do about side effects or, 
equally important, a lack of effect, is vital in helping patients gain 
the greatest benefit from their treatment. These considerations 
create an opportunity for the use of SITT, since it has the poten-
tial to improve treatment adherence by reducing the number of 
inhaler devices required for maintenance treatment, with less in-
structions and no differing dosing regimens, and to reduce dosing 
and handling errors as well as selective discontinuation of indi-
vidual anti-asthma therapies.21-23,25-28 Besides, there may also be 
synergistic benefits from triple therapy relating to relaxation of 
medium and small airways.5 As a result, SITT has the potential to 
improve asthma control in patients with poorly controlled asthma 
despite the use of ICS-LABA. On the other hand, patients can be 
reassured that there are no safety concern for the use of SITT.9 
Finally, in some countries the cost of a triple fixed combination 
formulation may be higher than that of dual therapy combination 
inhalers, and this may be relevant for patients depending on the 
specific conditions for reimbursement in their respective health-
care systems. However, a higher cost of triple therapies should 
also be balanced with a higher clinical efficiency, at least in some 
specific outcomes.

3.2  |  The physician perspective

Asthma is a complex and heterogeneous disease that requires per-
sonalized management. A strategy based on so-called treatable 
traits (TTs) has been proposed to implement precision medicine of 
airway diseases, including asthma.29-32 TT's can be identified based 
on their observable clinical characteristics (ie, phenotype) and/or 
through validated biomarkers of underlying biological mechanisms 
(ie, endotypes) in the pulmonary, extra-pulmonary and behavioral/
environmental domains.29-31 Importantly, different TT's can coexist 
in the same patient and they may change with time (spontaneously 
or as a result of treatment).29-31 When considering how to position 

SITT in clinical practice, several TTs need to be considered. First, 
whether or not the patient with uncontrolled asthma complies with 
the prescribed medications and uses them appropriately in terms of 
inhalation technique (behavioral/environment domain of TTs). In this 
setting, the use of a single inhaler can be useful, as discussed above. 
Indeed, the TRIMARAN-TRIGGER,10 IRIDIUM15 and CAPTAIN18 
studies showed that SITT did improve asthma control but changes 
failed to reach statistical significance perhaps because improved 
compliance with the comparator intervention (ICS/LABA) due to a 
Hawthorne effect.33 Second, if the target TT is persistent airflow 
limitation, the studies reviewed above9,10,15,17,18 indicate that SITT 
consistently improves lung function more than any other ICS/LABA 
option.12 Third, if the target TT is the persistence of exacerbations 
(particularly in patients with biomarkers of type-2 airway inflamma-
tion (high blood eosinophil or exhaled nitric oxide values18), high-
dose ICS SITT is more effective than medium-dose ICS SITT. Fourth, 
because small airway disease can also be considered a TT, triple 
therapy targeting small airways (eg, extra-fine BDP/GLY/FF) has the 
potential to reduce lung hyperinflation and perhaps to influence air-
way neuronal plasticity, albeit this is a hypothesis that requires fur-
ther research.34 Finally, the fact that the different SITTs use devices 
with completely different characteristics can have an impact on the 
outcome of the treatment.

Although the use of a single inhaler (SITT) is generally viewed as 
a better alternative than the use of several devices to deliver triple 
therapy, it may be argued that using fixed-dose combinations may 
reduce the flexibility to adjust the dose of each drug independently 
of the other components of the combination, particularly ICS or 
LAMA. Indeed, the network meta-analysis by Rogliani et al9 indi-
cates that the ICS dose used in the SITT has an impact. However, the 
risk of discontinuing ICS/LABA while continuing treatment with off-
label LAMA monotherapy without an anti-inflammatory controller 
also exists.35 Besides, several available SITT formulations with dif-
ferent drug dosages have already been marketed to provide added 
flexibility to patients and healthcare providers, and to enable a more 
personalized treatment.

3.3  |  Recommendations for positioning of SITT in 
asthma management

Considering all of the above, and acknowledging that research is still 
needed, we would like to offer our opinion on to the positioning of 
SITT in the management of asthma. Thus, we would propose that: 
(1) in patients with uncontrolled asthma despite medium-dose ICS/
LABA, adherence should be evaluated, and medium ICS dose in a 
SITT should be considered particularly for exacerbation prevention 
in subjects with low T2 markers18 as an alternative to high-dose ICS-
LABA, which increases the risk of local (oral thrush and dysphonia) 
and systemic (easy bruising, cataracts glaucoma, osteoporosis and 
adrenal suppression) side effects with little efficacy gain1,36; (2) in 
patients with uncontrolled asthma despite high-dose ICS/LABA, 
we propose to evaluate adherence and consider high ICS dose SITT 
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1110  |    AGUSTI et al.

before using oral corticosteroids or a biologic, particularly if there 
is persistent airflow limitation12 and/or history of severe exacerba-
tions, or certainly in patients not eligible for biologic treatment; and, 
(3) in patients who are well-controlled on high-dose ICS/LABA or 
high ICS dose SITT but at risk for or experiencing ICS-related side 
effects, we suggest to consider a medium ICS dose in SITT.

3.4  |  Single inhaler triple therapy: unresolved 
questions in clinical management

We also acknowledge that several questions remain unresolved: (1) 
additional evidence is required to firmly establish the indication of 
SITT in some specific asthma phenotypes; (2) it is unclear which pa-
tients can benefit more from SITT as compared with a biologic treat-
ment because the population examined in the SITT studies (Table 2) 
was on average older, more obstructed and with a lower frequency 
of exacerbations as compared to patients' examined in the studies 
using biologics where most trials included patients with a proven his-
tory of exacerbations or high blood eosinophils levels.37 On the one 
hand, therefore, it is possible that patients who continue to have im-
paired lung function despite ICS/LABA will profit preferentially from 
SITT,12 while those with normal pulmonary function but who might 
suffer from frequent moderate-to-severe exacerbations, particularly 
if they exhibit a high T2 profile, may profit preferentially from bio-
logics. On the other, however, a higher dose of ICS (or a switch to an 

ICS with higher potency) can be a reasonable choice in patients with 
normal pulmonary function who suffer from exacerbations (before 
biologics prescription) and SITT could be effective even in patients 
with “normal pulmonary function”, because they could still be able 
to significantly improve FEV1 and to reach the “maximum personal 
value”. These questions are clinically relevant and deserve specific 
investigation; (3) both GINA1 and NAEP38 recommend Maintenance 
and Reliever Treatment (MART) strategy for step 3 and 4, particu-
larly to prevent exacerbations.39 This recommendation is supported 
by several adequate randomized clinical trials for mild-moderate 
patients (GINA step 2–3) treated with low-dose ICS/formoterol 
given both as maintenance and reliever,39 with level of evidence 
A, whereas for more severe asthma patients (steps 4 and 5) it is 
supported only by three 6-month studies (one positive40 and two 
negative for the primary outcome41-43), and by one post hoc analy-
sis of five large RCTs44 (level of evidence D according to GINA).1 
Also, the MART studies were all conducted in asthma patients who 
were younger and less severe (Table 2) and none recruited patients 
because they were not controlled by maintenance treatment with 
regular LABA/ICS, but only patients uncontrolled by ICS only. The 
bottom line is that for patients with the characteristics examined 
in the SITT trials (older, more obstructed, possibly more severe, 
Table 2) there is weak, if any, evidence of the efficacy of MART, sug-
gesting that properly designed and powered RCTs comparing MART 
with SITT should be performed to address this issue. Thus, while the 
magnitude of the effects of SITT on moderate-severe exacerbations 

TA B L E  2  Characteristics of the populations of asthmatics examined in the most relevant SITT or MART studies

Age 
(years)

Duration of asthma 
(years) FEV1 (% reference)

No. exacerbations 
previous years

Duration of 
study (months)

SITT studies

Virchow et al. TRIMARAN10 53 25 55 ≥1 12

Virchow et al. TRIGGER10 53 25 52 ≥1 12

Kerstjens et al. IRIDIUM15 52 18 54 ≥1 12

Gessner et al. ARGON17 52 20 63 ≥1 12

Lee et al. CAPTAIN18 53 20 58 ≥1a  12

MART studies

Scicchitano et al, 200448 43 12 70 ≥1 12

O'Byrne et al, 200549 36 9 73 ≥1 12

Rabe et al, 200650 43 10 72 ≥1 12

Bousquet et al, 200741 40 14 70 ≥1b  6

Kuna et al, 200740 38 10 73 ≥1b  6

Papi et al, 201351 48 9 75 ≥1c  12

Patel et al, 201343 42 26 80 ≥1b  6

Papi et al, 201552 42 11 94 ≥1c  12

Note: The Table shows that SITT studies were conducted only in adult asthmatics as compared to the MART studies that included both adolescent 
and adults, so patients of SITT studies were older, had longer duration of asthma, and had lower % predicted FEV1. Both SITT and MART studies 
included patients with ≥1 moderate or severe exacerbations in the year before the study, except for the CAPTAIN study.18

aOnly documented healthcare contact or documented temporary change in asthma therapy for acute asthma symptoms within 1 year before 
screening were also required, not moderate-to-severe exacerbations.
bAdolescent+adults, 200 μg budesonide/6 μg formoterol.
cAdults only, 100 mcg BDP/6 μg formoterol MART.
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appears less effective compared to the MART studies,39 the efficacy 
of SITT cannot be directly compared with an overall >30% reduc-
tion obtained with MART in younger and milder patients (Table 2)39; 
(4) future studies will have to explore also if medium or even lower 
dose ICS SITT may constitute a valid treatment alternative to low-
dose ICS/LABA therapy in milder forms of asthma, such as GINA 
step 3 patients; (5) high-dose SITT might be a therapeutic option 
for patients on high-dose ICS/LABA, particularly to avoid mainte-
nance therapy with oral corticosteroids (OCS). A post hoc analy-
ses of TRIMARAN-TRIGGER studies published in abstract form,45 
reported 24% less days of treatment with systemic corticosteroids 
with high-dose BDP/FF/GLY vs high-dose BDP/FF. However, this 
observation remains unconfirmed, and the potential OCS-sparing 
effect of SITT deserves further properly designed prospective re-
search; (6) because of the high economic cost of biologics, many 
countries require a failed triple inhalation therapy approach before 
biologics can be added. This may be the correct approach in those 
with persistent airflow limitation12 but probably not for those who 
achieve normal pulmonary function with high-dose ICS/LABA but 
continue to suffer frequent exacerbations. Again, this alternative 
requires research; and, finally, (7) it has been recently established 
that SITT improves survival in patients with chronic obstructive pul-
monary disease (COPD) with FEV1<50% of predicted and a history 
of >1 moderate or severe (hospitalized) exacerbation, or FEV1 50%–
80% of predicted and >2 moderate or 1 severe exacerbation in the 
previous year.46 Because mortality is lower in patients with asthma 
than in those with COPD, this limits the possibility of exploring the 
effects of SITT on mortality in patients with asthma,47 but indeed 
might be considered for future research in severe asthma with per-
sistent airflow limitation and increased risk of exacerbations.

4  |  CONCLUSIONS

Single-inhaler triple therapy offers a novel safe and effective thera-
peutic option for patients with asthma uncontrolled on medium- to 
high-dose ICS/LABA. In clinical practice, however, several important 
patient-related factors, including compliance, need to be considered 
carefully, and the optimum place for these treatments within exist-
ing treatment guidelines needs to be properly established.
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