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A B S T R A C T

Background

Asthma is characterised by chronic inflammation of the airways and recurrent exacerbations with wheezing, chest tightness, and cough.
Treatment with inhaled steroids and bronchodilators can result in good control of symptoms, prevention of further morbidity, and
improved quality of life. However, an increase in serious adverse events with the use of both regular formoterol and regular salmeterol
(long-acting beta2-agonists) compared with placebo for chronic asthma has been demonstrated in previous Cochrane Reviews. This
increase was statistically significant in trials that did not randomise participants to an inhaled corticosteroid, but not when formoterol or
salmeterol was combined with an inhaled corticosteroid. The confidence intervals were found to be too wide to ensure that the addition
of an inhaled corticosteroid renders regular long-acting beta2-agonists completely safe; few participants and insuJicient serious adverse
events in these trials precluded a definitive decision about the safety of combination treatments.

Objectives

To assess risks of mortality and non-fatal serious adverse events in trials that have randomised patients with chronic asthma to regular
formoterol and an inhaled corticosteroid versus regular salmeterol and an inhaled corticosteroid.

Search methods

We searched the Cochrane Airways Register of Trials, CENTRAL, MEDLINE, Embase, and two trial registries to identify reports of randomised
trials for inclusion. We checked manufacturers' websites and clinical trial registers for unpublished trial data, as well as Food and Drug
Administration (FDA) submissions in relation to formoterol and salmeterol. The date of the most recent search was  24 February 2021.

Selection criteria

We included controlled clinical trials with a parallel design, recruiting patients of any age and severity of asthma, if they randomised
patients to treatment with regular formoterol versus regular salmeterol (each with a randomised inhaled corticosteroid) and were of at
least 12 weeks' duration.

Data collection and analysis

Two review authors independently selected trials for inclusion in the review, extracted outcome data from published papers and trial
registries, and applied GRADE rating for the results. We sought unpublished data on mortality and serious adverse events from study
sponsors and authors. The primary outcomes were all cause mortality and non-fatal serious adverse events. We chose not to calculate an
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average result from all the formulations of formoterol and inhaled steroid, as the doses and delivery devices are too diverse to assume
a single class eJect.

Main results

Twenty-one studies in 11,572 adults and adolescents and two studies in 723 children met the eligibility criteria of the review. No data
were available for two studies; therefore these were not included in the analysis. Among adult and adolescent studies, seven compared
formoterol and budesonide to salmeterol and fluticasone (N = 7764), six compared formoterol and beclomethasone to salmeterol and
fluticasone (N = 1923), two compared formoterol and mometasone to salmeterol and fluticasone (N = 1126), two compared formoterol and
fluticasone to salmeterol and fluticasone (N = 790), and one compared formoterol and budesonide to salmeterol and budesonide (N = 229).

In total, five deaths were reported among adults, none of which was thought to be related to asthma. The certainty of evidence for all-
cause mortality was low, as there were not enough deaths to permit any precise conclusions regarding the risk of mortality on combination
formoterol versus combination salmeterol.

In all, 201 adults reported non-fatal serious adverse events. In studies comparing formoterol and budesonide to salmeterol and fluticasone,
there were 77 in the formoterol arm and 68 in the salmeterol arm (Peto odds ratio (OR) 1.14, 95% confidence interval (CI) 0.82 to 1.59;
5935 participants, 7 studies; moderate-certainty evidence). In the formoterol and beclomethasone studies, there were 12 adults in the
formoterol arm and 13 in the salmeterol arm with events (Peto OR 0.94, 95% CI 0.43 to 2.08; 1941 participants, 6 studies; moderate-certainty
evidence). In the formoterol and mometasone studies, there were 18 in the formoterol arm and 11 in the salmeterol arm (Peto OR 1.02,
95% CI 0.47 to 2.20; 1126 participants, 2 studies; moderate-certainty evidence). One adult in the formoterol and fluticasone studies in the
salmeterol arm experienced an event (Peto OR 0.05, 95% CI 0.00 to 3.10; 293 participants, 2 studies; low-certainty evidence). Another adult
in the formoterol and budesonide compared to salmeterol and budesonide study in the formoterol arm had an event (Peto OR 7.45, 95%
CI 0.15 to 375.68; 229 participants, 1 study; low-certainty evidence).

Only 46 adults were reported to have experienced asthma-related serious adverse events. The certainty of the evidence was low to very
low due to the small number of events and the absence of independent assessment of causation.

The two studies in children compared formoterol and fluticasone to salmeterol and fluticasone. No deaths and no asthma-related serious
adverse events were reported in these studies. Four all-cause serious adverse events were reported: three in the formoterol arm, and one
in the salmeterol arm (Peto OR 2.72, 95% CI 0.38 to 19.46; 548 participants, 2 studies; low-certainty evidence).

Authors' conclusions

Overall, for both adults and children, evidence is insuJicient to show whether regular formoterol in combination with budesonide,
beclomethasone, fluticasone, or mometasone has a diJerent safety profile from salmeterol in combination with fluticasone or budesonide.
Five deaths of any cause were reported across all studies and no deaths from asthma; this information is insuJicient to permit any firm
conclusions about the relative risks of mortality on combination formoterol in comparison to combination salmeterol inhalers. Evidence
on all-cause non-fatal serious adverse events indicates that there is probably little to no diJerence between formoterol/budesonide and
salmeterol/fluticasone inhalers. However events for the other formoterol combination inhalers were too few to allow conclusions. Only 46
non-fatal serious adverse events were thought to be asthma related; this small number in addition to the absence of independent outcome
assessment means that we have very low confidence for this outcome.

We found no evidence of safety issues that would aJect the choice between salmeterol and formoterol combination inhalers used for
regular maintenance therapy by adults and children with asthma.

P L A I N   L A N G U A G E   S U M M A R Y

Do people with asthma have fewer serious adverse events when taking formoterol and inhaled corticosteroids compared to
salmeterol and inhaled corticosteroids?

Background

Asthma is a condition that aJects the airways – the small tubes that carry air into and out of the lungs. When a person with asthma
comes into contact with an asthma trigger, the airways become irritated and the muscles around the walls of the airways tighten, so
that the airways become narrower (bronchoconstriction) and the lining of the airways becomes inflamed and starts to swell. Sometimes,
sticky mucus or phlegm builds up, which can further narrow the airways. These reactions cause the airways to become narrower and
irritated - making it diJicult to breathe, and leading to coughing, wheezing, shortness of breath, and tightness in the chest. People with
asthma are generally advised to take inhaled steroids to combat the underlying inflammation, but if asthma is still not controlled, current
clinical guidelines for people with asthma recommend the introduction of an additional medication to help. A common strategy in these
situations is to use a long-acting beta-agonist: formoterol or salmeterol. A long-acting beta-agonist is an inhaled drug that opens the
airways (bronchodilator), making it easier to breathe. Inhaled steroids can be added to these bronchodilators in the same inhaler. A variety
of inhaled steroids are used in combined inhalers with either formoterol or salmeterol.
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We know from previous Cochrane Reviews that there is a small increase in serious adverse events (such as very severe asthma attacks,
as well as other life-threatening events) when regular formoterol or regular salmeterol is taken without inhaled steroids, but this increase
was not seen when these drugs were used with an inhaled steroid in a single combined inhaler. This review sought information from trials
that compared the two treatments (i.e. when people taking salmeterol with an inhaled corticosteroid were compared directly with people
taking formoterol and an inhaled corticosteroid) to see if we could determine which drug was safer.

Study characteristics

We carried out a search for studies in February 2021. In total, we included in this review 23 randomised controlled trials comparing
formoterol and inhaled corticosteroids with salmeterol and inhaled corticosteroids. Twenty-one studies with 11,572 participants included
adults and adolescents. The lower age in these 21 studies varied from 12 to 16 or 18. Eight of these studies (7730 adults) compared
formoterol/budesonide combination inhalers with salmeterol/fluticasone, with smaller numbers (1472, 1126, and 1075 adults) comparing
the other formoterol combinations with salmeterol/fluticasone. Only 229 adults were available in studies comparing formoterol/
budesonide with salmeterol/budesonide. Two studies of 723 participants included children; the age ranges in these studies were 4 to 12
and 5 to 12; both compared formoterol/fluticasone with salmeterol/fluticasone inhalers.

Key results

No certain diJerences could be detected between combination formoterol/inhaled corticosteroids and salmeterol/inhaled corticosteroids
for all-cause mortality nor for all-cause or asthma-related non-fatal adverse events. No deaths from asthma were reported. The included
studies had enough participants to assess the benefits of treatment, but they did not include enough people to determine the comparative
safety of these treatments.

Quality of the evidence

In general, the included studies had low levels of bias, but there was a low incidence of mortality and serious adverse events, which reduced
the certainty of the evidence for diJerent outcomes. The quality of evidence for all-cause mortality and all-cause non-fatal serious adverse
events was graded as low and moderate, respectively. The quality of evidence for asthma-related serious adverse events varied from low
to very low due to small numbers of asthma-related events and lack of independent assessment of the causation of events.

Conclusions

We found no safety issues that would aJect the choice between salmeterol and formoterol combination inhalers used for regular
maintenance therapy in adults and children with asthma.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   Adults: formoterol/ICS compared to salmeterol/ICS for chronic asthma: all-cause mortality

Adults formoterol/ICS compared to salmeterol/ICS for chronic asthma: all-cause mortality

Patient or population: adults, chronic asthma: all-cause mortality
Setting: community
Intervention: formoterol/ICS
Comparison: salmeterol/ICS

Anticipated absolute effects*
(95% CI)

Outcomes

Risk with sal-
meterol/ICS

Risk with for-
moterol/ICS

Relative effect
(95% CI)

№. of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

All-cause mortality - formoterol/budesonide vs salme-
terol/fluticasone
Follow-up: mean 24 weeks

34 per 100,000 35 per 100,000
(2 to 551)

OR 1.03
(0.06 to 16.44)

5935
(7 RCTs)

⊕⊕⊝⊝

LOWa

 

All-cause mortality - formoterol/beclomethasone vs
salmeterol/fluticasone
Follow-up: mean 21 weeks

No deaths - 1257
(4 RCTs)

N/A  

All-cause mortality - formoterol/mometasone vs sal-
meterol/fluticasone
Follow-up: mean 26 weeks

0 per 100,000 0 per 100,000
(0 to 0)

OR 4.46
(0.23 to 85.40)

1126
(2 RCTs)

⊕⊕⊝⊝

LOWa

Zero events on
salmeterol pre-
vents calculation
of absolute risk 

All-cause mortality - formoterol/fluticasone vs salme-
terol/fluticasone
Follow-up: mean 12 weeks

0 per 100,000 0 per 100,000
(0 to 0)

OR 7.39
(0.15 to 372.38)

270
(2 RCTs)

⊕⊕⊝⊝

LOWa

Zero events on
salmeterol pre-
vents calculation
of absolute risk 

All-cause mortality formoterol/budesonide vs salme-
terol/budesonide

Follow-up: mean 12 weeks

No deaths - 229

(1 RCT)

N/A  

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
CI: confidence interval; ICS: inhaled corticosteroid; N/A: not applicable; OR: odds ratio; RCT: randomised controlled trial.

GRADE Working Group grades of evidence.
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High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aVery wide confidence interval, downgraded by 2 points.
 
 

Summary of findings 2.   Adults: formoterol/ICS compared to salmeterol/ICS for chronic asthma: all-cause serious adverse events

Adults: formoterol/ICS compared to salmeterol/ICS for chronic asthma: all-cause serious adverse events

Patient or population: adults, chronic asthma: serious adverse events
Setting: community
Intervention: formoterol/ICS
Comparison: salmeterol/ICS

Anticipated absolute effects* (95%
CI)

Outcomes

Risk with sal-
meterol/ICS

Risk with for-
moterol/ICS

Relative effect
(95% CI)

№. of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

All-cause non-fatal serious adverse events - for-
moterol/budesonide vs salmeterol/fluticasone
Follow-up: mean 24 weeks

2290 per
100,000

2603 per 100,000
(1886 to 3593)

OR 1.14
(0.82 to 1.59)

5935
(7 RCTs)

⊕⊕⊕⊝

MODERATEa

 

All-cause non-fatal serious adverse events - for-
moterol/beclomethasone vs salmeterol/fluticasone
Follow-up: mean 18 weeks

1325 per
100,000

1247 per 100,000
(574 to 2717)

OR 0.94
(0.43 to 2.08)

1941
(6 RCTs)

⊕⊕⊕⊝

MODERATEa

 

All-cause non-fatal serious adverse events - for-
moterol/mometasone vs salmeterol/fluticasone
Follow-up: mean 26 weeks

2273 per
100,000

2317 per 100,000
(1081 to 4867)

OR 1.02
(0.47 to 2.20)

1126
(2 RCTs)

⊕⊕⊕⊝

MODERATEa

 

All-cause non-fatal serious adverse events - for-
moterol/fluticasone vs salmeterol/fluticasone
Follow-up: mean 12 weeks

935 per 100,000 47 per 100,000
(0 to 2841)

OR 0.05
(0.00 to 3.10)

293
(2 RCTs)

⊕⊕⊝⊝

LOWb

 

All-cause non-fatal serious adverse events - for-
moterol/budesonide vs salmeterol/budesonide
Follow-up: mean 12 weeks

0 per 100,000 0 per 100,000
(0 to 0)

OR 7.45
(0.15 to 375.68)

229
(1 RCT)

⊕⊕⊝⊝

LOWb

Zero events on
salmeterol pre-
vents calcula-
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tion of absolute
risk

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
CI: confidence interval; ICS: inhaled corticosteroid; OR: odds ratio; RCT: randomised controlled trial.

GRADE Working Group grades of evidence.
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aConfidence interval wide, downgraded by 1 point.
bConfidence interval very wide, downgraded by 2 points.
 
 

Summary of findings 3.   Adults: formoterol/ICS compared to salmeterol/ICS for chronic asthma: asthma-related serious adverse events

Adults: formoterol/ICS compared to salmeterol/ICS for chronic asthma: asthma-related serious adverse events

Patient or population: adults, chronic asthma: asthma-related serious adverse events
Setting: community
Intervention: formoterol/ICS
Comparison: salmeterol/ICS

Anticipated absolute effects* (95%
CI)

Outcomes

Risk with sal-
meterol/ICS

Risk with for-
moterol/ICS

Relative effect
(95% CI)

№. of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Asthma-related non-fatal serious adverse events - for-
moterol/budesonide vs salmeterol/fluticasone
Follow-up: mean 24 weeks

842 per 100,000 583 per 100,000
(313 to 1059)

OR 0.69
(0.37 to 1.26)

5935
(7 RCTs)

⊕⊕⊝⊝

LOWa,b

 

Asthma-related non-fatal serious adverse events - for-
moterol/beclomethasone vs salmeterol/fluticasone
Follow-up: mean 19 weeks

131 per 100,000 132 per 100,000
(8 to 2081)

OR 1.01
(0.06 to 16.24)

1510
(5 RCTs)

⊕⊝⊝⊝

VERY LOWb,c

 

Asthma related non-fatal serious adverse events - for-
moterol/mometasone v's salmeterol/fluticasone
Follow-up: mean 12 weeks

0 per 100,000 0 per 100,000
(0 to 0)

OR 7.00
(0.14 to 353.37)

722
(1 RCT)

⊕⊝⊝⊝

VERY LOWb,c

Zero events on
salmeterol pre-
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tion of absolute
risk

Asthma-related non-fatal serious adverse events - for-
moterol/fluticasone vs salmeterol/fluticasone
Follow-up: mean 12 weeks

935 per 100,000 47 per 100,000
(0 to 2841)

OR 0.05
(0.00 to 3.10)

293
(2 RCTs)

⊕⊕⊝⊝

VERY LOWb,c

 

Asthma-related non-fatal serious adverse events - for-
moterol/budesonide vs salmeterol/budesonide
Follow-up: mean 12 weeks

0 per 100,000 0 per 100,000
(0 to 0)

Not estimable 229
(1 RCT)

N/A No events

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
CI: confidence interval; ICS: inhaled corticosteroid; N/A: not applicable; OR: odds ratio; RCT: randomised controlled trial.

GRADE Working Group grades of evidence.
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aConfidence interval wide, downgraded by 1 point.
bNo independent assessment of causation, downgraded by 1 point.
cConfidence interval very wide, downgraded by 2 points.
 
 

Summary of findings 4.   Children: formoterol/fluticasone compared to salmeterol/fluticasone for chronic asthma: serious adverse events

Children: formoterol/fluticasone compared to salmeterol/fluticasone for chronic asthma: serious adverse events

Patient or population: children, chronic asthma: serious adverse events
Setting: community
Intervention: formoterol/fluticasone
Comparison: salmeterol/fluticasone

Anticipated absolute effects* (95% CI)Outcomes

Risk with salme-
terol/fluticasone

Risk with for-
moterol/fluticasone

Relative effect
(95% CI)

№. of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

All-cause mortality
Follow-up: mean 12 weeks

No deaths

 

- 548
(2 RCTs)

N/A  
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All-cause non-fatal serious adverse events
Follow-up: mean 12 weeks

365 per 100,000 987 per 100,000
(139 to 6654)

OR 2.72
(0.38 to 19.46)

548
(2 RCTs)

⊕⊕⊝⊝

LOWa

 

Asthma-related non-fatal serious adverse
events
Follow-up: mean 12 weeks

No asthma-related events
 

- 548
(2 RCTs)

N/A  

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
CI: confidence interval; N/A: not applicable; OR: odds ratio; RCT: randomised controlled trial.

GRADE Working Group grades of evidence.
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aVery wide confidence interval, downgraded by 2 points.
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B A C K G R O U N D

Description of the condition

When asthma is not controlled by low-dose inhaled corticosteroids
alone, many asthma guidelines recommend additional long-
acting beta2-agonists. Several Cochrane Reviews have addressed
the eJicacy of long-acting beta2-agonists given with inhaled
corticosteroids (Ni Chroinin 2009; Ni Chroinin 2010), in comparison
with placebo (Walters 2007), short-acting beta2-agonists (Walters
2002), leukotriene-receptor antagonists (Ducharme 2011), and
increased doses of inhaled corticosteroids (Ducharme 2010). The
beneficial eJects of long-acting beta2-agonists on lung function,
symptoms, quality of life, and exacerbations requiring oral steroids
have been demonstrated, and a rationale has been put forward
for their use in combination with an inhaled corticosteroid (Barnes
2002).

However, a meta-analysis of the eJects of long-acting
beta2-agonists on severe asthma exacerbations and asthma-
related deaths concluded that "long-acting beta-agonists have
been shown to increase severe and life-threatening asthma
exacerbations, as well as asthma-related deaths" (Salpeter 2006).
These review authors considered trials that compared any long-
acting beta2-agonists with placebo and were not able to include
28 trials in the primary analysis (including nearly 6000 patients)
because information on asthma-related deaths was not provided.

Description of the intervention

Currently, two long-acting beta2-agonists are available for
treatment of asthma: formoterol (also known as eformoterol) and
salmeterol. These two drugs, which are known to have diJerences
in speed of onset and receptor activity, are used in diJerent
ways (e.g. salmeterol has slower onset of action than formoterol;
Lotvall 2001). For this reason, we have considered salmeterol
and formoterol separately in our previous work. Formoterol
is now available in combination inhalers with budesonide,
beclomethasone, mometasone, or fluticasone, and salmeterol is
available in combination with fluticasone or budesonide.

How the intervention might work

In spite of the benefits noted in people with asthma, concern
remains that regular treatment with long-acting beta2-agonists
might lead to an increase in asthma-related deaths (as seen
in SMART 2006). Regular treatment with beta2-agonists can
lead to tolerance to their bronchodilator eJects with both
long-acting and short-acting compounds (Lipworth 1997); the
pharmacology of beta2-agonists is detailed in Appendix 1. A number
of molecular mechanisms have been proposed to explain the
possible detrimental eJects of long-term beta2-agonist use in
asthma, including receptor down-regulation and desensitisation
(Giembycz 2006), as outlined in detail in Appendix 2.

Why it is important to do this review

Two of our published reviews have assessed the risks of fatal
and non-fatal serious adverse events with regular salmeterol and
formoterol compared to placebo or short-acting beta2-agonists
(Cates 2008; Cates 2008a). In comparison to placebo treatment,
adults on regular salmeterol and children on regular formoterol
demonstrated a significant increase in all-cause non-fatal serious
adverse events. Two additional reviews, in which each drug was

randomised with an inhaled corticosteroid in comparison to the
same dose of the inhaled corticosteroid, have been recently
updated following completion of large trials mandated by the Food
and Drug Administration (FDA) (Cates 2018; Janjua 2019).

These studies did not demonstrate significant increases in serious
adverse events, but even with the addition of new trials, the
confidence intervals are too wide to ensure that adding an
inhaled corticosteroid renders regular long-acting beta2-agonists
completely safe. Moreover, indirect comparisons on the relative
safety of formoterol and salmeterol based on the results of these
existing reviews are subject to confounding due to diJerences
among participants, interventions, comparisons, and outcomes in
the trials in each review.

A review comparing the safety of regular formoterol and salmeterol
without a randomised inhaled corticosteroid has also been carried
out based on trials that have made head-to-head comparisons of
the two products (Cates 2012). The trials that were included in Cates
2012 turned out to have used background inhaled corticosteroids
for all participants. However, no previous review had compared
regular formoterol to regular salmeterol from trials in which an
inhaled corticosteroid was a mandatory part of the randomised
treatment. We have considered this to be a separate question,
as adherence with an inhaled corticosteroid may be better when
it is provided as part of the randomised treatment schedule
(particularly if a combined inhaler is used).

This review set out to compare the safety of regular formoterol
and regular salmeterol when each is used in combination with a
randomised inhaled corticosteroid.

O B J E C T I V E S

To assess risks of mortality and non-fatal serious adverse events in
trials that have randomised patients with chronic asthma to regular
formoterol and an inhaled corticosteroid versus regular salmeterol
and an inhaled corticosteroid.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included controlled, parallel-design clinical trials, with or
without blinding, in which patients with chronic asthma were
randomly assigned to regular treatment with formoterol and
an inhaled corticosteroid versus salmeterol and an inhaled
corticosteroid. We excluded studies on acute asthma and exercise-
induced bronchospasm.

Types of participants

We included patients of any age with a clinical diagnosis of asthma,
unrestricted by disease severity or previous or current treatment.

Types of interventions

We included trials randomising patients to formoterol versus
salmeterol given regularly in combination with an inhaled
corticosteroid at any dose and delivered at a fixed dose by
any single or separate devices (chlorofluorocarbon metered-dose
inhaler (CFC-MDI); hydrofluoroalkane metered-dose inhaler (HFA-
MDI); dry powder inhaler (DPI)) for a period of at least 12 weeks.

Regular treatment with formoterol and an inhaled corticosteroid versus regular treatment with salmeterol and an inhaled corticosteroid
for chronic asthma: serious adverse events (Review)
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We excluded studies that used adjustable maintenance dosing and
single-inhaler therapy (for maintenance and relief of symptoms).

Types of outcome measures

Primary outcomes

• All-cause mortality

• All-cause non-fatal serious adverse events (see definition below)

Secondary outcomes

• Asthma-related mortality

• Asthma-related non-fatal serious adverse events

We did not subdivide outcomes according to whether trial
investigators considered them related to trial medication. We
accepted trial investigators' judgement of whether or not serious
adverse events were asthma-related.

An assessment of eJicacy outcomes (such as exacerbations,
symptoms, and lung function) with these drug combinations
when co-delivered via the same inhaler has been undertaken and
published elsewhere (Lasserson 2008).

Search methods for identification of studies

Electronic searches

The previously published version of this review included searches
up to August 2011. For this update, we re-ran the literature search
from inception to February 2021 using the following databases and
trial registries.

• Cochrane Airways Trials Register (Cochrane Airways 2019), via
the Cochrane Register of Studies (all years to 24 February 2021).

• Cochrane Central Register of Controlled Trials (CENTRAL; 2021
Issue 2), in the Cochrane Library, via the Cochrane Register of
Studies (all years to 24 February 2021).

• MEDLINE (Ovid SP) (ALL 1946 to 23 February 2021; searched 24
February 2021).

• Embase (Ovid SP) (1974 to week 7 2021; searched 24 February
2021).

• US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (www.clinicaltrials.gov; all years to 24
February 2021).

• World Health Organization International Clinical Trials Registry
Platform (apps.who.int/trialsearch; all years to 9 March 2020).
This search was not updated in February 2021 as the platform
was inaccessible at that time.

The initial search was conducted on 9 March 2020, and the
search was updated on 24 February 2021. Search strategies
are presented in Appendix 3. Population search terms were
derived from the standard Cochrane Airways search strategy
for asthma. Study design search terms are based on those
recommended in the Cochrane Handbook for Systematic Reviews
of Interventions (Lefebvre 2020). The search strategies were
developed and searches conducted by the Cochrane Airways
Information Specialist (ES). We did not restrict our searches by
language or type of publication. We searched for conference
abstracts and grey literature using the Cochrane Airways Trials
Register, CENTRAL, and Embase.

Searching other resources

We checked the reference lists of all primary studies and review
articles for additional references. We checked websites of clinical
trial registers for unpublished trial data, and we checked FDA
submissions related to salmeterol and formoterol. We searched for
errata or retractions from included studies published in full text on
PubMed, on 12 October 2020.

Data collection and analysis

Selection of studies

We used Cochrane’s Screen4Me workflow to assess the
search results. Screen4Me comprises three components: known
assessments – a service that matches records in the search results
to records that have already been screened in Cochrane Crowd
and been labelled as 'RCT' or 'not an RCT'; the RCT classifier – a
machine learning model that distinguishes RCTs from non-RCTs;
and if appropriate, Cochrane Crowd – Cochrane’s citizen science
platform whereby the Crowd helps to identify and describe health
evidence.

For more information about Screen4Me and the
evaluations that have been done, please go
to the Screen4Me Web page on the Cochrane
Information Specialist’s portal (https://community.cochrane.org/
organizational-info/resources/resources-groups/information-
specialists-portal). In addition, more detailed information
regarding evaluations of the Screen4Me components can be found
in the following publications: Marshall 2018, Thomas 2017, Noel-
Storr 2018, and McDonald 2017.

ATer completing this initial assessment, we imported the
remaining references into Rayyan (Ouzzani 2016), and two review
authors (OOS and CJC) independently assessed identified studies
by examining titles, abstracts, and keyword fields. We obtained the
full text of studies that potentially fulfilled the inclusion criteria.
Two review authors (OOS and CJC) independently assessed full-
text articles for inclusion. No disagreements occurred.

Data extraction and management

Two review authors (OOS and CJC) extracted data independently
using a prepared checklist and cross-checked all data for
accuracy. Data were entered by OOS into RevMan 5, and CJC
checked entries for accuracy. We extracted data on characteristics
(methods, participants, interventions, outcomes) and results of
the included studies. We contacted study authors and sponsors of
included studies for unpublished adverse event data and searched
manufacturers' websites for further details of adverse events. We
also searched FDA submissions. We recorded all-cause serious
adverse events (fatal and non-fatal), and in view of the diJiculty in
deciding whether events are asthma-related, noted details of the
cause of death. We requested further information when causation
was not clear (particularly in relation to serious adverse events).

Assessment of risk of bias in included studies

Two review authors (OOS and CJC) assessed the included
studies for bias protection (including sequence generation for
randomisation, allocation concealment, blinding of participants
and assessors, loss to follow-up, completeness of outcome
assessment, and independent assessment of causation of serious
adverse events). We judged risk of bias as high, low, or unclear

Regular treatment with formoterol and an inhaled corticosteroid versus regular treatment with salmeterol and an inhaled corticosteroid
for chronic asthma: serious adverse events (Review)
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according to recommendations in the Cochrane Handbook of
Systematic Reviews of Interventions (Higgins 2011).

Measures of treatment e;ect

We used the definition of non-fatal serious adverse events as
provided by study authors, and given that most trials were carried
out for regulatory purposes, we were confident that the following
definitions were used.

Definition of serious adverse events

The Expert Working Group (EJicacy) of the International
Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use (ICH) defines a
serious adverse event as follows (ICHE2A):

"a serious adverse event (experience) or reaction is any untoward
medical occurrence that at any dose:

• results in death;

• is life-threatening;

• requires inpatient hospitalisation or prolongation of existing
hospitalisation;

• results in persistent or significant disability/incapacity; or

• is a congenital anomaly/birth defect.

NOTE: The term "life-threatening" in the definition of "serious"
refers to an event in which the patient was at risk of death at the
time of the event; it does not refer to an event that hypothetically
might have caused death if it were more severe.

Unit of analysis issues

We confined our analysis to patients with one or more serious
adverse events rather than to the number of events that occurred
(as the latter are not independent when one patient suJers multiple
events). Moreover, the same event may be recorded under multiple
categories, leading to risk of double-counting of events.

Dealing with missing data

When serious adverse events were not fully reported in the
published trial results, we contacted study authors and trial
sponsors for further information.

Assessment of heterogeneity

We assessed heterogeneity by using the I2statisticto determine how
much of the total heterogeneity found was between, rather than
within, studies.

Assessment of reporting biases

We inspected funnel plots to assess publication bias for outcomes
that included 10 or more studies with events.

Data synthesis

The outcomes of this review were dichotomous, and we recorded
the numbers of participants with one or more of each outcome
event by allocated treated group. We calculated pooled odds ratios
(ORs). The Peto odds ratio has advantages when events are rare,
as no adjustment for zero cells is required (Higgins 2020). This
property was found in previous reviews to be more important than
potential problems with unbalanced treatment arms; we therefore

calculated the results for serious adverse events in RevMan 5 using
the Peto method (with Mantel-Haenszel methods for sensitivity
analysis). We did not combine risk diJerences for this update,
as this was not recommended in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2019).

We chose not to calculate an average result from all the
formulations of formoterol and inhaled steroid, as the doses and
delivery devices are too diverse to assume a single class eJect

Subgroup analysis and investigation of heterogeneity

We carried out subgroup analyses on the basis of age (adults
versus children) using tests for interaction (Altman 2003). We
did not attempt to combine the results from diJerent formoterol
combinations and did not carry out formal subgroup tests between
them.

Sensitivity analysis

We carried out sensitivity analysis to assess the impact of the
methods used to combine study events (Peto odds ratio and
Mantel-Haenszel odds ratio). We conducted sensitivity analyses on
the degree of bias protection in study designs. When there were
discrepant results between published papers and results published
in trial registers, we used the data from papers in our primary
analysis and carried out a sensitivity analysis using the results
from registers. We also carried out a sensitivity analysis to exclude
studies that used separate inhalers for formoterol and inhaled
corticosteroids.

Summary of findings and assessment of the certainty of the
evidence

We created a 'Summary of findings' table using the following
outcomes: adults given formoterol and inhaled corticosteroid (ICS)
compared to salmeterol and ICS: all-cause mortality; adults given
formoterol and ICS compared to salmeterol and ICS: all-cause
serious adverse events (SAEs); adults given formoterol and ICS
compared to salmeterol and ICS: asthma-related SAEs; and children
given formoterol and fluticasone compared to salmeterol and
fluticasone. We used the five GRADE considerations (risk of bias,
consistency of eJect, imprecision, indirectness, and publication
bias) to assess the quality of a body of evidence as it relates to
studies that contributed data for the pre-specified outcomes. We
used the methods and recommendations described in Section 8.5
and Chapter 12 of the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2011), along with GRADEpro soTware
(GRADEpro GDT). We justified all decisions to downgrade the
quality of studies by using footnotes, and we made comments to
aid the reader's understanding of the review when necessary.

R E S U L T S

Description of studies

Results of the search

We carried out the updated search for relevant studies up
to  February 2021 and identified a total of 1367 search results
aTer duplicates were removed. In assessing these studies, we used
Cochrane’s Screen4Me workflow to help identify potential reports
of randomised trials. The results of Screen4Me assessments can be
seen in Figure 1. We then assessed the remaining 906 records, and

Regular treatment with formoterol and an inhaled corticosteroid versus regular treatment with salmeterol and an inhaled corticosteroid
for chronic asthma: serious adverse events (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

11

http://Higgins%202011
http://GRADEpro%20GDT


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

we obtained 51 abstracts as full articles. See Figure 2 for the PRISMA
study flow diagram.
 

Figure 1.   Screen4Me assessments, March 2020.
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Figure 2.   Study flow diagram.
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Figure 2.   (Continued)

 
We included 34 abstracts related to 13 new studies
(Akamatsu 2014; Bernstein 2011; Emeryk 2016; EUCTR-002587-99-
CZ; EUCTR-003449-17-IT; EUCTR-004833-70-BG; Hsieh 2013;
NCT00901368; Papi 2012; Ploszczuk 2014; Scichilone 2010; Usmani
2017; Woo 2020). We included as additional references 13
abstracts related to five existing studies (Busse 2008; Bodzenta-
Lukaszyk 2011; Kuna 2007; Maspero 2010; Papi 2007). We
excluded three articles and provided reasons for their exclusion
under Characteristics of excluded studies (NCT02491970; Rani
2016; UMIN000006572). We identified one study as ongoing
(NCT03387241).

The review now includes a total of 23 studies. Twenty-one studies
included adults and adolescents; we refer to these hereaTer as
studies in adults. Two studies identified for the update included
children only (Emeryk 2016; Ploszczuk 2014).

Included studies

We consider each combination of formoterol with a diJerent
inhaled corticosteroid in a separate subgroup; the details of dose
and type of medication are summarised in Table 1.

Adults

Overall in eight studies, 7730 adults were randomised to formoterol
and budesonide versus salmeterol and fluticasone (Aalbers 2004;
Akamatsu 2014; Busse 2008; Dahl 2006; Kuna 2007; Ringdal
2002; SAM 40010; SAM 40048); in seven studies, 1472 adults
were randomised to formoterol and extra-fine beclomethasone
versus salmeterol and fluticasone (EUCTR-002587-99-CZ;
EUCTR-003449-17-IT; Hsieh 2013; NCT00901368; Papi 2007; Papi
2012; Scichilone 2010); in three studies, 1015 adults were
randomised to formoterol and fluticasone or salmeterol and
fluticasone (Bodzenta-Lukaszyk 2011; Usmani 2017; Woo 2020);
and in two studies, 1126 adults were randomised to formoterol
and mometasone or salmeterol and fluticasone (Bernstein 2011;
Maspero 2010). One study randomised 229 adults to formoterol and
budesonide versus salmeterol and budesonide (EUCTR-004833-70-
BG).

Children

Two studies randomised 723 children to formoterol and fluticasone
or salmeterol and fluticasone (Emeryk 2016; Ploszczuk 2014).

Doses and delivery devices

Details of delivery devices and doses of medication in each
trial are given in Table 1. All studies used combination inhalers,
except Ringdal 2002, in which formoterol and budesonide were
administered in separate inhalers. We judged the dose of inhaled
corticosteroid in each arm to be equivalent, except in Ringdal 2002
(higher-dose budesonide) and SAM 40048 (higher-dose fluticasone)
(see Table 1). Although most studies compared 12 µg formoterol
twice daily with 50 µg salmeterol twice daily, SAM 40010 and SAM
40048 compared 6 µg formoterol with 50 µg salmeterol twice daily.
Usmani 2017 compared 20 µg formoterol twice daily with 50 µg
salmeterol twice daily.

Run-in period

Most studies continued their previous treatment with ICS alone
during the run-in period (those previously on long-acting beta2-
agonist (LABA) were excluded or discontinued LABA treatment),
and patients were enrolled in the study if they were symptomatic
at the end of run-in. Busse 2008 allowed ICS and LABA/ICS
to be continued during run-in, but participants still had to be
symptomatic to be enrolled into the study. Bodzenta-Lukaszyk
2011 did not specify treatment details for the screening phase
of 4 to 10 days to evaluate eligibility, and Maspero 2010
kept participants on their previous medication during screening.
Akamatsu 2014 and Papi 2012 were step-down studies in which
participants continued combination treatment during the 8-week
run-in.

In the studies included for the 2020 update, nearly all
participants had been using a LABA/ICS before randomisation.
EUCTR-004833-70-BG, Hsieh 2013, Ploszczuk 2014, and Scichilone
2010 did not include a run-in period in which participants used a
LABA nor specify that participants had been using a LABA before
randomisation. In Emeryk 2016, most participants (83.8% and
86.8% in each group) had been using a LABA before randomisation.

Age of participants

In adult studies, the lower age limit varied from 12 years old in
Aalbers 2004, SAM 40010, SAM 40048, Kuna 2007, Busse 2008 and
Maspero 2010, to 16 or 18 years old in Ringdal 2002, Dahl 2006, Papi
2007 and Bodzenta-Lukaszyk 2011.

Regular treatment with formoterol and an inhaled corticosteroid versus regular treatment with salmeterol and an inhaled corticosteroid
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In studies of children, participant age ranged from 4 to 12 years
and from 5 to 12 years, respectively - in Ploszczuk 2014 and Emeryk
2016.

Sponsorship and location

Almost all included studies were sponsored by one of the
manufacturers of combined inhalers, and the duration and
locations of studies are shown in Table 2. Sponsorship for Akamatsu
2014 is not known.

Excluded studies

We listed the excluded studies under Characteristics of excluded
studies along with reasons for exclusion.

Risk of bias in included studies

Figure 3 shows an overview of the potential risks of bias in each
study.
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Figure 3.   Methodological quality summary: review authors' judgements about each methodological quality item
for each included study.
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Aalbers 2004 + + - + ? + -
Akamatsu 2014 ? ? - + + - -
Bernstein 2011 + ? - + - + -

Bodzenta-Lukaszyk 2011 + + - + + + -
Busse 2008 + + - + + + -
Dahl 2006 + + + + + + -

Emeryk 2016 + ? - + + + -
EUCTR-002587-99-CZ ? ? + + + + -
EUCTR-003449-17-IT ? ? + + + + -

EUCTR-004833-70-BG ? ? - + + + -
Hsieh 2013 ? ? + + + - -
Kuna 2007 + + + + + + -

Maspero 2010 ? ? - + + + -
NCT00901368 ? ? + + + - -

Papi 2007 + + + + + + -
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Figure 3.   (Continued)

NCT00901368 ? ? + + + - -
Papi 2007 + + + + + + -
Papi 2012 + + - + + + -

Ploszczuk 2014 + ? - + + + -
Ringdal 2002 + + + + + + -
SAM 40010 + + + + + + -
SAM 40048 + + + + + + -

Scichilone 2010 ? ? + + ? - -
Usmani 2017 + ? - + - + -

Woo 2020 + ? - + + + -

 
Allocation

We judged sequence generation and allocation concealment to be
adequate in 10 studies (Aalbers 2004; Bodzenta-Lukaszyk 2011;
Busse 2008; Dahl 2006; Emeryk 2016; Kuna 2007; Papi 2007; Papi
2012; Ploszczuk 2014; Ringdal 2002). Methods used were not clearly
reported in the other studies, but we regarded it as likely that this
was a reporting issue, as sponsored studies tended to be at low risk
of selection bias.

Blinding

Eleven studies had well-reported methods of blinding (Dahl 2006;
EUCTR-002587-99-CZ; EUCTR-003449-17-IT; Hsieh 2013; Kuna 2007;
NCT00901368; Papi 2007; Ringdal 2002; SAM 40010; SAM 40048;
Scichilone 2010), and 12 studies were open-label (Aalbers 2004;
Akamatsu 2014; Bernstein 2011; Bodzenta-Lukaszyk 2011; Busse
2008; Emeryk 2016; EUCTR-004833-70-BG; Maspero 2010; Papi
2012; Ploszczuk 2014; Usmani 2017; Woo 2020), but one study
reported evaluator blinding (Maspero 2010). All studies were judged
to be at low risk of bias with regard to detection bias for all-cause
events, regardless of blinding, because blinding did not impact the
assessment of all-cause outcomes.

Incomplete outcome data

All studies, with the exception of Aalbers 2004 Bernstein 2011,
and Scichilone 2010, reported that at least 80% of participants
completed the study, and in most cases, the completion rate was
90% or above (see Characteristics of included studies for details
of individual studies). Usmani 2017 was judged to have high risk
of bias with regard to attrition bias due to the discrepancy in
dropouts between the two groups (88.7% and 98.6% completion,
respectively). Bernstein 2011 was also judged to have high risk of
bias with regard to attrition bias, as > 40% dropouts were reported
across the two groups (41% and 42%, respectively).

Selective reporting

Following correspondence with study authors and funders, we
obtained full data on all-cause SAEs from all studies, with the
exception of Akamatsu 2014, Scichilone 2010, Hsieh 2013, and
NCT00901368.

Other potential sources of bias

Almost all studies have been sponsored by manufacturers of
combined long-acting beta2-agonists and ICS inhalers. None of the
studies had an independent assessment of the cause of SAEs, which
we regard as having high risk of bias when asthma-related events
(rather than all-cause events) are considered.

E;ects of interventions

See: Summary of findings 1 Adults: formoterol/ICS compared to
salmeterol/ICS for chronic asthma: all-cause mortality; Summary
of findings 2 Adults: formoterol/ICS compared to salmeterol/ICS
for chronic asthma: all-cause serious adverse events; Summary of
findings 3 Adults: formoterol/ICS compared to salmeterol/ICS for
chronic asthma: asthma-related serious adverse events; Summary
of findings 4 Children: formoterol/fluticasone compared to
salmeterol/fluticasone for chronic asthma: serious adverse events

Adults

No asthma-related deaths were reported in any of the included
studies, and not enough deaths were considered as cardiovascular-
related mortality (which was a secondary outcome in our protocol).
Therefore, we analysed all-cause mortality and listed the recorded
causation of each death narratively in the text.

Formoterol/budesonide versus salmeterol/fluticasone

Mortality

Two deaths were reported in 5935 adult and adolescent
participants; neither was asthma-related. In SAM 40010, there
was one death in the formoterol/budesonide group due to
gastrointestinal obstruction, cardiac failure, and septic shock. In
Kuna 2007, one death in the salmeterol/fluticasone group was due
to cardiac failure. Pooled results show there may be little to no
diJerence in all-cause mortality between groups (Peto odds ratio
(OR) 1.03; 95% confidence interval (CI) 0.06 to 16.44; I2 = 50%; see
Figure 4); however this is low-certainty evidence, as the confidence
intervals are very wide.
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Figure 4.   Forest plot of comparison: 1 Fixed-dose formoterol/ICS versus salmeterol/fluticasone, outcome: 1.1 All-
cause mortality.
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All-cause non-fatal serious adverse events

In all, 77 out of 2966 adults and adolescents on formoterol and
budesonide suJered one or more SAEs, compared to 68 out of 2969

patients on salmeterol and fluticasone. There is probably little to
no diJerence in SAEs between groups (Peto OR 1.14, 95% CI 0.82 to
1.59; I2 = 26%; see Figure 5); however the confidence interval is too
wide to conclude that risks are the same for each treatment.
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Figure 5.   Forest plot of comparison: 1 Fixed-dose formoterol/ICS versus salmeterol/fluticasone, outcome: 1.2 All-
cause non-fatal serious adverse events.
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Busse 2008 reported that nine participants suJered an SAE in
each arm of the trial (Table S4 of the paper), but one additional
participant on formoterol/budesonide was admitted to hospital
on treatment for an episode that was judged to have started

during run-in. Another participant had an SAE aTer the last dose
of randomised treatment, but correspondence with the sponsors
revealed that this participant had already suJered an SAE on
treatment, and so was already included. We therefore decided to
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enter 10 participants for the formoterol/budesonide arm of this
trial. We carried out a sensitivity analysis to assess the impact of
excluding the additional patient in the formoterol/budesonide arm,

and results show very little diJerence in the odds ratio (Peto OR
1.08, 95% CI 0.80 to 1.46; see Figure 6).

 

Figure 6.   Forest plot of comparison: 3 Sensitivity analysis, outcome: 3.1 Busse SAE sensitivity analysis.
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Asthma-related non-fatal serious adverse events

For two studies, we were not able to find published reports on
the number of patients who had experienced one or more asthma-
related SAEs, but we were able to obtain this information from the
sponsor (Busse 2008; Kuna 2007). Overall 17 adults and adolescents
out of 2966 on formoterol and budesonide had asthma-related

SAEs, as did 25 out of 2969 on salmeterol and fluticasone. Risk of
asthma-related events may be numerically lower with formoterol/
budesonide (Peto OR 0.69, 95% CI 0.37 to 1.26; I2 = 33%; see Figure
7), but no independent outcome assessment was performed and
the confidence interval is wide, so we regard this as low-certainty
evidence.
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Figure 7.   Forest plot of comparison: 1 Fixed-dose formoterol/ICS versus salmeterol/fluticasone, outcome: 1.3
Asthma-related non-fatal serious adverse events.
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The number of patients in Dahl 2006 admitted to hospital on
salmeterol and fluticasone was recorded as four, which is lower
than the six patients recorded as having asthma-related SAEs in this
review. The reason for this diJerence has been clarified following
correspondence with GlaxoSmithKline and is related to one patient
who experienced acute bronchospasm but was not admitted to

hospital, and a second patient who was admitted to hospital but
had an exacerbation that had started during the run-in period.
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Formoterol/beclomethasone versus salmeterol/fluticasone

Mortality

No deaths were reported in four studies; Scichilone 2010,
NCT00901368, and Hsieh 2013 did not provide any data on
mortality.

All-cause non-fatal serious adverse events

A total of 12 all-cause non-fatal SAEs were reported among 960
adolescent and adult participants in the formoterol group, and
13 all-cause non-fatal SAEs among 981 adolescent and adult
participants in the salmeterol group. In the formoterol arm,
there was one all-cause non-fatal SAE in EUCTR-003449-17-IT
(bronchopneumonia), one in Papi 2012, two in NCT00901368,
three in Hsieh 2013, and five in EUCTR-002587-99-CZ (fractured
neck of femur, atrial fibrillation, anaemia, calculus urinary, and
one asthma-related). In the salmeterol arm, there were three all-
cause non-fatal SAEs in Papi 2012, four in Hsieh 2013, and four in
EUCTR-002587-99-CZ. Scichilone 2010 did not provide any data on
all-cause non-fatal SAEs. There is probably little to no diJerence in
SAEs between groups (Peto OR 0.94, 95% CI 0.43 to 2.08; see Figure
5), but again, the confidence interval is too wide to conclude that
risks are same for each treatment.

Asthma-related non-fatal serious adverse events

There were two asthma-related SAEs: one in 533 adolescent and
adult participants in the formoterol arm, and one in 537 adolescent
and adult participants the salmeterol arm. Both of these occurred
in EUCTR-002587-99-CZ. NCT00901368 and Scichilone 2010 did not
provide any data on asthma-related SAEs. There may be little to no

diJerence in non-fatal SAEs between groups (Peto OR 1.01, 95% CI
0.06 to 16.24; see Figure 7), but as there were only two events and no
independent outcome assessment, the evidence is very uncertain.

Formoterol/mometasone versus salmeterol/fluticasone

Mortality

Two deaths occurred in the formoterol/mometasone arm of
Maspero 2010 (see Figure 4). One death was due to electrocution,
and one due to gastric cancer. No deaths occurred in Bernstein
2011. Treatment with formoterol/mometasone may involve greater
risk (Peto OR 4.46, 95% CI 0.23 to 85.40; see Figure 4), but with only
two deaths in total, this is low-certainty evidence with a very wide
confidence interval.

All-cause non-fatal serious adverse events

Similar proportions of participants with non-fatal SAEs of any
cause were reported for both formoterol/mometasone (n = 18
participants) and salmeterol/fluticasone (n = 11 participants).
Available evidence shows there is probably little to no diJerence in
non-fatal SAEs between formoterol and salmeterol (Peto OR 1.02,
95% CI 0.47 to 2.20; see Figure 5), but the confidence intervals
are too wide to conclude that the safety of the two products is
equivalent. Similarly, Bernstein 2011 reported five non-fatal SAEs in
each arm of the trial; however EU Clinical Trials (EUCT) and National
Clinical Trial (NCT) websites report six and eight SAEs per group. We
carried out a sensitivity analysis to assess the impact of excluding
the additional SAEs reported at EUCT and NCT websites, which
showed a similar odds ratio (Peto OR 0.88, 95% CI 0.43 to 1.81; see
Figure 8).

 

Figure 8.   Forest plot of comparison: 3 Sensitivity analysis, outcome: 3.2 Bernstein SAE sensitivity analysis.
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Asthma-related serious adverse events

One asthma-related SAE was reported in Bernstein 2011 among
371 participants in the formoterol arm (Peto OR 7.00, 95% CI 0.14
to 353.37; see Figure 7). With only one event, the evidence on

diJerences between groups in risk of asthma-related SAEs is very
uncertain.
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Formoterol/fluticasone versus salmeterol/fluticasone

Mortality

One death from haemorrhagic stroke and cardiac arrest occurred
in the formoterol arm with 101 participants in Bodzenta-Lukaszyk
2011. No deaths occurred in Woo 2020, and Usmani 2017 did not
provide any data on mortality. With only a single death, evidence
on diJerences between groups in risk of death is uncertain (Peto OR
7.39, 95% CI 0.15 to 372.38; see Figure 4).

All-cause non-fatal serious adverse events

One all-cause non-fatal SAE (pneumonia) was reported in the
salmeterol arm of Usmani 2017, with 74 participants. None
occurred in Woo 2020, and Bodzenta-Lukaszyk 2011 did not provide
any data on this. Again with a single event, the evidence on
diJerences between groups in risk of all-cause non-fatal SAEs is
uncertain (Peto OR 0.05, 95% CI 0.00 to 3.10; see Figure 5).

Asthma-related serious adverse events

One asthma non-fatal SAE (pneumonia) was reported in the
salmeterol arm of Usmani 2017, with 74 participants. None
occurred in Woo 2020, and Bodzenta-Lukaszyk 2011 did not provide
any data on this. With a single event and no independent outcome
assessment, the evidence on diJerences in risk between groups is
very uncertain (Peto OR 0.05, 95% CI 0.00 to 3.10; see Figure 7).

Formoterol/budesonide versus salmeterol/budesonide

No deaths occurred and one all-cause non-fatal SAE was reported
in the formoterol arm among 114 participants (EUCTR-004833-70-
BG). This non-fatal SAE was not thought to be asthma-related (Peto
OR 7.45, 95% CI 0.15 to 375.68; see Figure 5). As only a single event
was reported, we are unable to make any meaningful comparison
of the relative safety of the two treatments.

Children

Formoterol/fluticasone versus salmeterol/fluticasone

Mortality

No deaths were reported in either of the children's studies (Emeryk
2016; Ploszczuk 2014).

All-cause non-fatal serious adverse events

Three all-cause non-fatal SAEs were reported in the formoterol
arm among 274 participants: two appendicitis (Emeryk 2016), and
one bronchitis (Ploszczuk 2014). One all-cause non-fatal SAE was
reported in the salmeterol group among 274 participants. One case
of pneumonia occurred in Emeryk 2016. Although risk of SAE may
be higher in children on formoterol/fluticasone (Peto OR 2.72, 95%
CI 0.38 to 19.46; 548 participants, 2 studies; I2 = 0%; see Figure 9),
the very wide confidence intervals mean that this is low-certainty
evidence.

 

Figure 9.   Forest plot of comparison: 2 Children formoterol/fluticasone versus salmeterol/fluticasone, outcome: 2.2
All-cause non-fatal serious adverse events.
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Asthma-related serious adverse events

No asthma-related SAEs were reported in either of the children's
studies (Emeryk 2016; Ploszczuk 2014).

Sensitivity analysis

We carried out sensitivity analysis while excluding the single study
that used separate inhalers for formoterol and ICS (Ringdal 2002);
this made little diJerence in all-cause non-fatal SAEs (Peto OR 1.08,
95% CI 0.80 to 1.47; 6633 participants, 8 studies).

We carried out sensitivity analysis while excluding the two
unblinded studies in the formoterol/budesonide versus salmeterol/
fluticasone comparison (Aalbers 2004; Busse 2008). Restricting the
analysis to blinded studies had no impact on mortality (as no
deaths were reported in either of the open studies). All-cause SAEs
in the blinded studies showed no important change (OR 1.05, 95%
CI 0.72 to 1.53; I2 = 20%; see Figure 10), and similarly, asthma-
related events were not much altered (OR 0.74, 95% CI 0.39 to 1.40;
I2 = 0%; see Figure 11).

 

Regular treatment with formoterol and an inhaled corticosteroid versus regular treatment with salmeterol and an inhaled corticosteroid
for chronic asthma: serious adverse events (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

23



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 10.   Forest plot of comparison: 3 Sensitivity analysis, outcome: 3.3 All-cause non-fatal SAE blinding.
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Figure 11.   Forest plot of comparison: 3 Sensitivity analysis, outcome: 3.4 Asthma-related non-fatal SAE blinding.
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We conducted a sensitivity analysis while excluding one unblinded
study in the formoterol/beclomethasone versus salmeterol/
fluticasone comparison (Papi 2012). This analysis was restricted to
all SAEs and asthma-related SAEs (as there were no deaths in this
study). All-cause SAEs in the blinded studies showed little change
from the analysis of all studies (OR 1.11, 95% CI 0.48 to 2.59; I2 = 0%;
see Figure 8), and similarly, asthma-related events were not much
changed (OR 1.01, 95% CI 0.06 to 16.28; I2 = 0%; Figure 11).

We conducted another sensitivity analysis while excluding
one unblinded study from the formoterol/mometasone versus
salmeterol/fluticasone comparison  (Maspero 2010). This analysis
was restricted to all-cause SAEs, as this study did not report any
asthma-related SAEs, and no deaths were reported in the remaining
study in the subgroup (Bernstein 2011). These analyses showed
little change (OR 0.95, 95% CI 0.27 to 3.29; I2 = 0%; Figure 5).

Subgroup analysis

We conducted subgroup analysis to compare the studies in
adults and children for all-cause non-fatal SAEs with formoterol/
fluticasone versus salmeterol/fluticasone. The test for subgroup
diJerence was negative (Chi2 = 2.95; df = 1 (P = 0.09); I2 = 66.1%; see
Analysis 2.4).

We did not attempt to conduct subgroup analysis on the basis of
dose equivalence of ICS or long-acting beta2-agonists, as the data
were too sparse.

Publication bias

A funnel plot is shown for all-cause SAEs in Figure 12, suggesting no
small-study eJects nor publication bias.
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Figure 12.   Funnel plot of comparison: 1 Adults formoterol/ICS versus salmeterol/ICS, outcome: 1.2 All-cause non-
fatal serious adverse events.
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D I S C U S S I O N

Summary of main results

We identified 13 new studies in the updated search; in total, we
included 23 studies in this review. Two studies were not included
in the analysis, as results were not available. Nineteen studies
contributing to the analysis involved adults and adolescents. Seven
of these (N = 5935) compared formoterol and budesonide to
salmeterol and fluticasone. Four studies (N = 1239) compared
formoterol and beclomethasone to salmeterol and fluticasone;
two (N = 1126) compared formoterol and mometasone to
salmeterol and fluticasone; three (N = 1015) compared formoterol
and fluticasone with salmeterol and fluticasone; and one (N =
229) compared formoterol and budesonide to salmeterol and
budesonide. We identified two studies in children (N = 723),
both of which compared formoterol and fluticasone to salmeterol
and fluticasone. These studies recruited participants who were
previously treated with moderate to high doses of inhaled steroids

(with or without salmeterol or formoterol). All studies except
Ringdal 2002 used combination inhalers.

We did not identify any certain diJerences between combination
treatment on formoterol with inhaled corticosteroids (ICS) and
salmeterol with fluticasone or budesonide for all-cause mortality,
non-fatal adverse events of any cause, or events related to asthma.
However the confidence intervals are wide, so we cannot rule
out diJerences between formoterol and salmeterol combination
inhalers.

Overall completeness and applicability of evidence

Although the included studies were suJiciently powered for
equivalence in terms of the primary eJicacy outcomes (e.g.
Papi 2007), they remain underpowered to detect possible
important diJerences in serious adverse events (SAEs) (Cates
2008). Therefore, although no certain diJerences have been found
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between combination inhalers, the confidence intervals are too
wide to indicate equivalence of safety.

Quality of the evidence

The included studies were generally well protected against bias
(see Figure 3). Allocation concealment and sequence generation did
not present undue risk of bias in the included studies, and results
on SAEs have been obtained from all studies except Akamatsu
2014 and Scichilone 2010 (total of 96 participants). Aalbers 2004,
Busse 2008, Bodzenta-Lukaszyk 2011, and Maspero 2010 were open
studies, and Aalbers 2004 had a withdrawal rate of over 20%.
We carried out sensitivity analysis using only blinded studies and
found little change in the results. Consideration of asthma-related
adverse events was at higher risk of bias, as none of the trials used
independent outcome assessment for causation of adverse events.

Potential biases in the review process

Given that the included studies were designed to assess eJicacy,
it seems unlikely that publication bias would take the form of
whole studies remaining unreported. However, it is apparent that
reporting of SAEs in medical journals is sub-optimal (Cates 2008).
For this review, it has been possible to obtain SAE data from all
but two studies, following correspondence with trial sponsors. We
therefore believe there is low risk of publication bias for this review,
and the funnel plot was unremarkable (Figure 12).

Agreements and disagreements with other studies or
reviews

Previous reviews have identified increased risk of SAEs with
regular salmeterol (Cates 2008), and with regular formoterol (Cates
2008a), when compared to placebo. In contrast, in studies that
used randomised inhaled corticosteroids, no significant increase in
SAEs has been shown with regular combination salmeterol (Cates
2018), nor with regular combination formoterol (Janjua 2019).
However, the confidence intervals in the latter reviews are too
wide to conclude that adding an ICS renders regular combination
formoterol or salmeterol completely safe, even with with the
recent inclusion of four very large trials (Peters 2016; Stempel
2016; Stempel 2016a; Weinstein 2019). It is in keeping with these
latter reviews that we have found no certain diJerences between
regular combination formoterol and salmeterol. The results of
this review are similar to those of Cates 2012, which found no
significant diJerences between formoterol and salmeterol when all
participants used background (rather than randomised) ICS.

The negative findings may be due in part to statistical power, as very
large numbers of patients would need to be randomised to identify
small diJerences between combination formoterol and salmeterol.
We do not have enough information to make meaningful safety
comparisons between the diJerent formoterol/salmeterol and ICS
combinations.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Overall, for both adults and children, evidence is insuJicient to
show whether regular formoterol in combination with budesonide,
beclomethasone, fluticasone, or mometasone has a diJerent
safety profile from salmeterol in combination with fluticasone or
budesonide. Five deaths of any cause were reported across all

studies, and no deaths from asthma; this information is insuJicient
to permit any firm conclusions about the relative risks of mortality
with combination formoterol in comparison to combination
salmeterol inhalers. Evidence on all-cause non-fatal SAEs indicates
there is probably little to no diJerence between formoterol/
budesonide and salmeterol/fluticasone inhalers. However, the
number of events for the other formoterol combination inhalers
was too small to allow conclusions. Only 46 non-fatal SAEs were
thought to be asthma-related; this small number in addition to
absence of independent outcome assessment means that we have
very low confidence for this outcome.

We found no evidence of safety issues that would aJect the choice
between salmeterol and formoterol combination inhalers used for
regular maintenance therapy for adults and children with asthma.

Implications for research

The original review included a publication with more than 3000
participants, and a further two studies with more than 1000
participants. The median number of participants in the studies
included in the updated review is 229 (ranging from 30 to 722).
Furthermore, five diJerent combinations are now compared in this
review. To truly assess the safety of combination formoterol versus
combination salmeterol, very large-scale randomised controlled
trials would be needed. In view of the lack of any safety concerns
from the large trials recently mandated by the FDA (Peters
2016; Stempel 2016; Stempel 2016a; Weinstein 2019|), head-to-
head randomised comparisons of combination formoterol and
salmeterol of suJicient size may involve prohibitive costs. Post-
marketing surveillance may provide a viable way of collecting these
data.
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Study characteristics

Methods A  randomised, double-blind/open-extension, double-dummy, multi-centre, parallel-group study over
4 weeks from October 2001 to December 2002 at outpatient clinics in 93 centres in 6 countries (Den-
mark (9), Finland (10), Germany (11), The Netherlands (12), Norway (41), and Sweden (10)). Open run-in
10 to 14 days

Open-extension period was 6 months, in which 2 arms of the study continued on fixed-dose BDF and
FPS
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Participants 658 adolescents and adults (12 to 85 years) with perennial asthma

Baseline characteristics: mean age 46 years. FEV1 84% predicted. Concomitant ICS used by 100% of
participants, mean dose 735 µg/d. Run-in on previous dose of ICS alone (LABA discontinued in the 28%
of participants taking it previously)

Inclusion criteria: aged 12 years or over with diagnosis of perennial asthma and using 500 to 1200 µg
daily of inhaled GCS. FEV1 % predicted 50% or greater. Must have had a total asthma symptom score ≥ 1
on at least 4 of the last 7 days of the run-in period and a mean morning PEF during the last 7 days of the
run-in period of between 50% and 85% of post-bronchodilatory PEF measured at Visit 1 or 2. Run-in on
previous ICS alone

Exclusion criteria: respiratory infection affecting asthma within 1 month of study entry, smoking his-
tory of > 10 pack-years, use of systemic corticosteroids within 1 month of study entry, and any signifi-
cant disorder that, in the opinion of the investigator, may have put the patient at risk or influenced the
study

Interventions • Salmeterol/fluticasone 50/250 µg twice daily × 1 DPI

• Budesonide/formoterol 160/4.5 µg twice daily × 2 DPI

• Third arm was on adjustable maintenance dose and not included in this review

Outcomes Primary efficacy endpoint was the odds of having a well-controlled asthma week during the ran-
domised treatment period. SAEs reported in the paper for each group. No deaths occurred in the study
(Web report)

Notes Sponsored by AstraZeneca

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation schedule was generated via a computer programme by a sta-
tistician independent of the study team

Allocation concealment
(selection bias)

Low risk Patients were consecutively allocated to the lowest available patient number
and were randomised strictly sequentially in blocks

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk No blinding in the 6-month open-extension period

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk No impact on all-cause outcomes

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 575/658 (76%) completed the study, with similar loss in all groups

Selective reporting (re-
porting bias)

Low risk SAEs reported in paper for each group

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment reported

Aalbers 2004  (Continued)
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Study characteristics

Methods A prospective, multi-centre, randomised, open-label study. Patients with asthma who attended out-
patient clinics at Hamamatsu University School of Medicine and Shizuoka General Hospital for routine
check-ups between January and August 2011 were enrolled in this study

There was an 8-week run-in period, after which eligible subjects were randomised to the 2 treatment
groups for 12 weeks

Participants Population: 66 adult patients (18+ years) with asthma (as per GINA definition)

Baseline characteristics: N = 31 were randomised to the FBC group; mean age 61.6 (SD 12.1) years,
14:17 (M:F), FEV1 1.97 (SD 0.60) L; N = 30 to the SFC group; mean age 57.1 (SD 14.6), 17:13 (M:F), FEV1
2.25 (SD 0.72) L. Duration of treatment with SFC (months): FBC group mean 10.3 (SD 7.9), SFC group
mean 12.9 (SD 8.4)

Inclusion criteria: age over 18 years; ability to perform an adequate forced expiratory manoeuvre;
asthma duration longer than 6 months; receiving SFC 50/250 mg 1 inhalation bid with or without other
medications for asthma, including leukotriene receptor antagonists, or sustained-release theophylline
for at least 8 weeks

Exclusion criteria: any acute viral infection within at least 1 month before the study; chronic obstruc-
tive pulmonary disease; cardiovascular disease; pregnant

Interventions • Salmeterol/fluticasone combination (SFC) 50/250 µg twice daily × 1 DPI

• Formoterol/budesonide combination (FBC) 4.5/160 µg twice daily × 2 DPI

Outcomes ACQ5 score, PEF, spirometry, FeNO, alveolar NO concentration (CANO), maximal NO flux in the conduc-
tive airways (J’awNO) measured

Notes Funding details not included

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk No impact on all-cause outcomes

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 8.9% (n = 3/34) in the FBC group and 6.3% (n = 2/32) in the SFC group

Akamatsu 2014 
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Selective reporting (re-
porting bias)

High risk No safety data reported

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment reported

Akamatsu 2014  (Continued)

 
 

Study characteristics

Methods A multi-centre, 12-week, open-label, evaluator-blinded, active-controlled, non-inferiority efficacy and
safety trial in subjects (aged ≥ 12 years) with uncontrolled persistent asthma previously treated with
medium-dose ICS with or without a LABA

Participants Population: A total of 722 subjects were randomised to receive formoterol/mometasone MDI 200/10
μg twice daily (n = 371) or salmeterol/fluticasone DPI 250/50 μg twice daily (n = 351)

Baseline characteristics: mean age 44.8 (12 to 82) years on formoterol/mometasone and 45.1 (12 to
80) years on salmeterol/fluticasone propionate. Baseline FEV1 73.8% and 74.1% predicted; 44% and
51% of participants were previously on LABA/ICS (respectively). Subjects had moderate persistent asth-
ma that was uncontrolled after the MF 200 μg twice daily run-in period, based on FEV1 (i.e. 60% to 80%
predicted) and ACQ (i.e. score ≥ 1.5) findings as related to definitions from the NAEPP

Inclusion criteria: ≥ 12 years of age; asthma diagnosis for ≥ 12 months; previous treatment with medi-
um-dose ICS, alone or with a LABA, for ≥ 12 weeks before screening; stable asthma treatment regimen
(daily dose unchanged) for ≥ 2 weeks before screening; history of ≥ 2 unscheduled asthma-related vis-
its to a physician or emergency department within the past year or ≥ 3 unscheduled asthma-related vis-
its within the past 2 years; forced expiratory volume in 1 second (FEV1) 60% to 90% predicted at screen-
ing and at baseline; increase in absolute FEV1 ≥ 12% and ≥ 200 mL within 15 to 20 minutes after admin-
istration of short-acting β2-agonist (SABA) rescue medication or peak expiratory flow (PEF) variability >
20%; use of ≥ 12 inhalations of rescue medication in the final 10 days of the run-in period

Exclusion criteria: > 20% change in absolute FEV1 between screening and baseline; use of > 8 inhala-
tions per day of a SABA-MDI or ≥ 2 nebulised treatments per day of 2.5 mg SABA on any 2 consecutive
days between screening and baseline; 2 consecutive days before randomisation with decrease in PEF
below the run-in stability limit, calculated over the preceding 7 days; clinical deterioration of asthma
between screening and baseline that resulted in emergency treatment or hospitalisation, or treatment
with asthma medications other than a SABA; asthma-related emergency department visit or hospital
admission in the past 3 months; current smoker or ex-smoker (i.e. smoked in the previous year or had a
cumulative smoking history > 10 pack-years)

Interventions • Formoterol/mometasone furoate 5/100 µg twice daily × 2 pMDI

• Salmeterol/fluticasone propionate 50/250 µg twice daily × 1 DPI

Outcomes Primary outcome was lung function as measured by change from baseline in AUC in FEV1 measured se-
rially over 0 to 12 hours post dose

Notes This study was funded by Merck Sharp & Dohme Corp

Risk of bias

Bias Authors' judgement Support for judgement
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Random sequence genera-
tion (selection bias)

Low risk Eligible subjects were randomised in a 1:1 ratio according to a computer-gen-
erated randomisation schedule

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk No impact on all-cause outcomes

Incomplete outcome data
(attrition bias)
All outcomes

High risk Percentages of participants who discontinued the trial through Week 12 were
42% and 41% in the MF/F-MDI 200/10 μg BID and FP/S-DPI 250/50 μg BID treat-
ment groups, respectively

Selective reporting (re-
porting bias)

Low risk SAE data from NCT site

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment reported

Bernstein 2011  (Continued)

 
 

Study characteristics

Methods A 12-week, open-label, randomised, active-controlled, parallel-group, phase 3 study, conducted at 25
centres across 5 European countries (Germany, Hungary, Poland, Romania, and the UK; clinicaltrial-
s.gov identifier: NCT00476073)

Participants Population: 202 adults (18+ years) with mild to moderate to severe persistent asthma

Baseline characteristics: mean age 47 years; FEV1  67% predicted; concomitant ICS used by 93% of
participants

Inclusion criteria: required to demonstrate FEV1 ≥ 40% and ≤ 85% of predicted normal values (17) dur-
ing the screening phase following appropriate withholding of asthma medications (if applicable); al-
so required to show reversibility of ≥ 15% in FEV1 after salbutamol inhalation (2 actuations, 100 μg per
actuation) to be eligible for randomisation. Only patients who could demonstrate correct inhaler tech-
nique were entered into the study

Exclusion criteria: life-threatening asthma within the past year; hospitalisation or emergency depart-
ment visit for asthma in the 4 weeks before screening; systemic corticosteroid use in the month before
screening; omalizumab use in the past 6 months; use of a leukotriene receptor antagonist in the week
before screening; a smoking history that was recent (in the 12 months before screening) or equivalent
to ≥ 10 pack-years (e.g. ≥ 20 cigarettes/d for 10 years); significant non-reversible active pulmonary dis-
ease; clinically significant respiratory tract infection in the 4 weeks before screening. Also prohibited
was recent use (in the past week) of β-blocking agents, tricyclic antidepressants, monoamine oxidase
inhibitors, astemizole, quinidine-type antiarrhythmics or potent CYP3A4 inhibitors. Current use of med-
ications that would have an effect on bronchospasm and/or lung function was also a criterion for exclu-
sion

Bodzenta-Lukaszyk 2011 
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Interventions Patients randomised to receive fluticasone/formoterol were to take 2 actuations of 50/5 μg or 125/5 μg
every 12 hours (i.e. 100/10 μg or 250/10 μg twice daily)
Patients randomised to receive fluticasone/salmeterol were to take 2 actuations of 50/25 μg or 125/25
μg every 12 hours (i.e. 100/50 μg or 250/50 μg twice daily)
Both study treatments were administered via a hydrofluoroalkane pressurised metered-dose inhaler
with an AeroChamber Plus spacer device

Patients receiving the low dose of study medication were permitted to switch to the high dose during
the treatment period if their asthma was not controlled, at the investigator’s discretion

Outcomes Primary outcome: FEV1

SAE results reported in the paper: "serious AEs (SAEs) were also reported for one patient in each treat-
ment group. The SAEs experienced by the patient in the fluticasone/formoterol group (haemorrhag-
ic stroke and cardiac arrest, approximately 2 months after randomisation) led to withdrawal from the
study, and had a fatal outcome. The SAE reported in the fluticasone/ salmeterol group was pneumo-
coccal pneumonia"

Notes Sponsored by Mundipharma Research Limited

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random permuted block design

Allocation concealment
(selection bias)

Low risk Eligible patients were assigned a unique randomisation number selected se-
quentially from a randomisation list via an interactive voice randomisation
system

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk No impact on all-cause outcomes

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 7% and 6% withdrawn from each arm

Selective reporting (re-
porting bias)

Low risk SAE events reported in the paper for each group

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment reported

Bodzenta-Lukaszyk 2011  (Continued)
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Methods A randomised, open-label, multi-centre, parallel-group, phase 3 study over 7 months at 145 centres in
the United States. Run-in 10 to 14 days 

The study comprised 3 phases: run-in (10 to 14 days), treatment period 1 (1 month, fixed-dose regi-
mens), treatment period 2 (6 months, adjustable-dose or fixed-dose regimen)

Participants Population: 1225 adolescents and adults (12 to 87 years) with moderate to severe persistent asthma

Baseline characteristics: mean age 39 years; FEV1 78.7% predicted; concomitant ICS used by 100% of
participants; mean dose 550 µg/d; run-in on previous asthma therapy (ICS or LABA/ICS)

Inclusion criteria: 12 years and older with a documented diagnosis of asthma, as defined by the Amer-
ican Thoracic Society, for 6 months or longer before screening and in stable condition; had to be main-
tained on a daily medium-dose ICS or ICS/LABA combination for 12 weeks or longer before screening;
FEV1 % predicted ≥ 50% 6 or more hours after short-acting beta2-adrenergic agonist use and 24 or more
hours after LABA use; had received ≥ 8 inhalations of albuterol during the last 10 days of the run-in pe-
riod and demonstrated a mean morning peak expiratory flow (PEF) between 50% and 85% of the PEF
value obtained 15 minutes after albuterol pMDI (2 to 4 inhalations (90 µg per inhalation)) during the last
7 days of the run-in period 

Exclusion criteria: systemic corticosteroid use within 30 days before screening; ≥ 20 pack-year smok-
ing history at screening, or significant disease, respiratory tract infection, or illness that might interfere
with lung function or participation in the study

Interventions • Fluticasone/salmeterol 250/50 µg twice daily DPI 

• Budesonide/formoterol 320/9  µg twice daily pMDI

The AMD treatment arm was not included in this review

Outcomes Primary efficacy variable was asthma control, as assessed by asthma exacerbations

SAE results reported on the sponsor's website. Uncertainty over the 2 participants mentioned in the
footnotes to Table S4 in the report from the trial register was resolved after correspondence with the
sponsors. The participant who suffered an SAE after finishing treatment had already been counted in
the formoterol/budesonide arm due to another SAE while on treatment, but the patient who was ad-
mitted to hospital for an episode that was judged to have started during run-in had not been included
in the 9 participants on formoterol/budesonide. After discussion, we therefore used 10 for this arm in
our primary analysis

Notes Sponsored by AstraZeneca

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation schedule was computer-generated

Allocation concealment
(selection bias)

Low risk The site called in to an IVRS, which assigned participants the next lowest avail-
able randomisation number

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk No blinding in 6-month study extension

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk No impact on all-cause outcomes

Busse 2008  (Continued)
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Incomplete outcome data
(attrition bias)
All outcomes

Low risk 1052/1225 (86%) completed the study

Selective reporting (re-
porting bias)

Low risk SAE data found on website

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment reported

Busse 2008  (Continued)

 
 

Study characteristics

Methods A randomised, double-blind, double-dummy, multi-centre, parallel-group study over 24 weeks from
November 2001 to January 2003 at 178 centres in 18 European countries. Run-in 2 weeks

Participants Population: 1397 adults (18 to 91 years) with moderate to severe asthma

Baseline characteristics: mean age 46 years; FEV1 78.6% predicted; concomitant ICS used by 100% of
participants; run-in on previous dose of ICS alone; LABA (if previously used) was withdrawn during the
run-in period

Inclusion criteria: aged 18 years or over, with documented clinical history of asthma of at least 6
months and receiving 1000 to 2000 µg/d of beclomethasone dipropionate or equivalent. Combination
therapy, if used, was discontinued and was replaced by ICS alone, at least 4 weeks before the study
start (screening visit). Bronchodilator reversibility by an increase of ≥ 12% in FEV1 15 minutes after in-
haling salbutamol 200 to 400 µg

For the randomised treatment period (baseline), bronchodilator reversibility by an increase of ≥ 12% in
FEV1 (and ≥ 200 mL) 15 minutes after inhaling salbutamol 200 to 400 µg, and an asthma symptom score
(day and night combined) of ≥ 2 (≥ 2 episodes of symptoms during the day/night) on at least 4 of the
last 7 evaluable days of the run-in period 

Exclusion criteria: suffered an upper or lower respiratory tract infection or an acute asthma exacer-
bation (requiring emergency treatment or hospitalisation) within 4 weeks of Visit 1; used oral corti-
costeroids within 4 weeks or depot steroids within 12 weeks of Visit 1; pre-bronchodilator FEV1 % pre-
dicted of < 50%, smoking history of ≥ 10 pack-years

Interventions • Salmeterol/fluticasone 50/250 µg 1 inhalation twice daily DPI

• Formoterol/budesonide  6/200 µg 2 inhalations twice daily DPI

Outcomes Primary efficacy measure was the number of exacerbations, expressed as a rate over the 24-week treat-
ment period

SAE data described in paper only as "no deaths in the study and only a small proportion of patients re-
ported serious AEs"

SAE data obtained from sponsors' website

Notes Sponsored by GSK

Risk of bias

Dahl 2006 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were assigned to study treatment in accordance with the ran-
domisation schedule from the Interactive Voice Recognition System, which
was part of the GSK System for the Central Allocation of Medication

Allocation concealment
(selection bias)

Low risk Blinded study medication was packed and supplied by GSK. All treatment
packs contained both Diskus/Accuhaler and Turbuhaler devices (either ac-
tive Diskus/Accuhaler + placebo Turbuhaler, or active Turbuhaler + placebo
Diskus/Accuhaler) and looked identical

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Double-blind, double-dummy

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Double-blind, double-dummy

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 1258/1397 (90%) completed the study

Selective reporting (re-
porting bias)

Low risk SAE data found on website

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment reported

Dahl 2006  (Continued)

 
 

Study characteristics

Methods An open-label, randomised, controlled, 12-week phase 3 trial and extension (24-week extension). The
study consisted of a 4– to 10-day screening phase, after which patients discontinued their pre-study
asthma medication

Patients were recruited across 6 sites in Europe: Prague, Czech Republic; Laon, France; Wiesal, Germay;
Budapest, Hungary; Lublin, W. Chodzki, Poland; Bucharest, Hungary

Participants Population: 211 children with asthma, aged 4 to 12 years, were recruited

Baseline characteristics: median age 9 years (range 4 to 12). FEV1 82% predicted (SD 9.5). ICS used by
90% of children, median dose 200 µg/d; ICS/LABA used by 59% of children

Inclusion criteria: had to have had asthma for at least 6 months before screening. At screening, had
an FEV1 between at least 60% and up to and including 100% of predicted normal levels following ap-
propriate withholding of asthma medication, and documented FEV1 reversibility of ≥ 15%. Required to
demonstrate satisfactory use of both inhaler and spacer devices and had to be able to substitute study
medication for their pre-study prescribed asthma treatment

Exclusion criteria: had experienced near-fatal or life-threatening asthma (including intubation) with-
in the past year, required hospitalisation or an emergency visit due to asthma in the previous 4 weeks,

Emeryk 2016 
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had a history of systemic (injectable) corticosteroid use within 1 month before, or LTRA use (e.g. mon-
telukast) within 1 week before screening. Any clinically significant disease or abnormality, a clinical-
ly relevant upper or lower respiratory infection within 4 weeks before screening, or significant non-re-
versible pulmonary disease

Interventions • Formoterol/fluticasone propionate 5/50 µg twice daily × 2 pMDI

• Salmeterol/fluticasone propionate 25/50 µg twice daily × 2 pMDI

Outcomes Primary endpoint was change in pre-dose FEV1 over the 12-week treatment period. SAEs reported in
the paper and in the EU-CTR report

Notes This study was sponsored by Mundipharma Research Limited

ClinicalTrials.gov identifier: NCT00475813; EudraCT number: 2006-005928-16

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was stratified by age groups (4 to 6 years and 7 to 12 years of
age) to ensure balance across treatment groups

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk No impact on all-cause outcomes

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Only 1 participant dropped out during the core trial

Selective reporting (re-
porting bias)

Low risk SAE data in Eu-CTR report and paper

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent assessment of SAE causation described

Emeryk 2016  (Continued)

 
 

Study characteristics

Methods A 24-week, multi-centre, multi-national, randomised, double-blind, triple-dummy, 3-arm, paral-
lel-group study

EUCTR-002587-99-CZ 
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Participants FEV1 < 80% predicted normal value and symptomatic on high doses of ICS as monotherapy or medium
doses of ICS + LABA, to demonstrate superiority of CHF 1535 200/6 (2 puJs twice daily) vs high dose of
BDP (beclomethasone dipropionate 2000 μg/d) given as monotherapy, in terms of:

• pulmonary function (change from baseline in pre-dose morning FEV1 measured at clinic);

• asthma control (change from baseline in percentage of complete days without asthma symptoms);
and

• non-inferiority vs Seretide 500/50 (1 inhalation twice daily) in terms of pulmonary function (change
from baseline in pre-dose morning FEV1 measured at clinic) during a 24-week treatment period

721 participants were randomised (237 in the CHF 1535 group, 242 in the BDP monotherapy group, and
242 in the Seretide® group) and received at least 1 dose of randomised study drug

Baseline characteristics: reporting group values CHF 1535 ITT and Seretide ITT

Number of subjects: 234 and 241

Adolescents (12 to 17 years): 2 and 5

Adults (18 to 64 years): 213 and 217

From 65 to 84 years: 19 and 19

Inclusion criteria: severe asthma patients with FEV1 < 80% predicted normal value and symptomatic
on high doses of ICS as monotherapy or medium doses of ICS + LABA

Exclusion criteria: no details

Interventions • CHF 1535 HFA-134a pMDI inhaler (fixed combination of beclomethasone dipropionate 200 μg + for-
moterol 6 μg/unit dose), 2 inhalations of CHF 1535 HFA pMDI twice daily

• Beclomethasone dipropionate HFA pMDI 250 μg/unit dose (Clenil 250) (daily dose of BDP “non ex-
tra-fine” 2000 μg BDP), 4 inhalations twice daily. We did not use this arm in our analysis

• Seretide Accuhaler 500/50 μg/actuation (daily dose of fluticasone 1000 μg + salmeterol 100 μg), 1 in-
halation twice daily

Outcomes Change from baseline in pre-dose morning FEV1 measured at clinic

Notes Sponsored by Chiesi

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk A 24-week, multi-centre, multi-national, randomised, double-blind, triple-
dummy, 3-arm, parallel-group study

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk A 24-week, multi-centre, multi-national, randomised, double-blind, triple-
dummy, 3-arm, parallel-group study

EUCTR-002587-99-CZ  (Continued)
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Incomplete outcome data
(attrition bias)
All outcomes

Low risk 197/237 and 202/242 participants from each group completed the study

Selective reporting (re-
porting bias)

Low risk SAE data in Eu-CTR report

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment reported

EUCTR-002587-99-CZ  (Continued)

 
 

Study characteristics

Methods A 12-week, multi-centre, randomised, double-blind, double-dummy, 2-arm, parallel-group study

Participants A study comparing the efficacy and safety of Foster NEXThaler (beclomethasone dipropionate 100 µg
+ formoterol 6 µg/actuation), 2 inhalations twice daily, vs Seretide Accuhaler (fluticasone 250 µg + sal-
meterol 50 µg/actuation), 1 inhalation twice daily, on small airway–derived parameters in patients with
asthma

A total of 149 patients were screened, and 41 of them were not randomised, mainly for ineligibility.
Therefore, 108 patients in total were randomised to receive the assigned treatment: 54 were assigned
to the Foster NEXThaler group (Foster) and 54 to the Seretide Accuhaler group (Seretide)

Baseline characteristics: mean age 50 years (SD 15.7) and 51 years (SD 16.1), respectively

Inclusion criteria: no details

Exclusion criteria: no details

Interventions • Foster NEXThaler DPI (beclomethasone dipropionate 100 μg + formoterol 6 μg per actuation), 2 in-
halations twice daily (daily dose of BDP 400 μg + FF 24 μg) + Seretide Accuhaler placebo, 1 inhalation
twice daily

• Seretide Accuhaler DPI: fixed combination of fluticasone propionate 250 μg + salmeterol xinafoate 50
μg per actuation (daily dose of FP 500 µg + SX 100 µg) + Foster NEXThaler placebo, 2 inhalations twice
daily

Outcomes Primary: change from baseline to end of treatment in post-dose peripheral airway resistance [R(5Hz) -
R(20Hz)]

Notes Sponsored by Chiesi

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details

Allocation concealment
(selection bias)

Unclear risk No details

EUCTR-003449-17-IT 
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Realisation of the double-blind design was made possible by the use of a Fos-
ter NEXThaler and Seretide Accuhaler placebo, which was totally indistin-
guishable from the respective active item in terms of size, shape, colour, and
mode of inhalation. Each placebo was administered together with the alter-
nate active ingredient

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Subject, Investigator, Monitor, Data analyst, Carer, Assessor - all blinded

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 49/54 and 46/54 participants in each group completed the study

Selective reporting (re-
porting bias)

Low risk SAE data in Eu-CTR report

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment reported

EUCTR-003449-17-IT  (Continued)

 
 

Study characteristics

Methods A randomised, parallel-group, non-inferiority, open-label, multi-centre study

Participants Population: patients were recruited from 26 centres across Bulgaria, Romania, Macedonia, and Serbia

Baseline characteristics: 229 patients were recruited

Inclusion criteria: men and women, 18 to 65 years old, with diagnosis of moderate to severe persistent
asthma for minimum of 6 months' duration, with FEV1 range of 50% to 80% predicted at screening and
at baseline, ≥ 12% in FEV1 and 200 mL reversibility to 4 puJs of salbutamol 100 μg, with asthma symp-
toms partly controlled or uncontrolled according to GINA guidelines

Exclusion criteria: received oral or parental corticosteroids in the past 8 weeks, were hospitalised for
an asthma exacerbation or a related disorder in the 3 months before screening visit

Interventions Group 1: SMB budesonide-salmeterol 150/25 μg twice daily 12 weeks

Group 2: Symbicort Turbuhaler 200/12 μg twice daily 12 weeks

Outcomes Mean change in morning pre-dose PEF over weeks from baseline to Week 12

Notes 2008-004833-70

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details

EUCTR-004833-70-BG 

Regular treatment with formoterol and an inhaled corticosteroid versus regular treatment with salmeterol and an inhaled corticosteroid
for chronic asthma: serious adverse events (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

50



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk No impact on all-cause outcomes

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Everyone who was randomised was included in the safety analysis

Selective reporting (re-
porting bias)

Low risk SAE data in Eu-CTR report

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment described

EUCTR-004833-70-BG  (Continued)

 
 

Study characteristics

Methods A double-blind, double-dummy, phase 3, multi-centre, randomised, 2-arm, parallel-group, controlled
study. After a 2-week run-in period, participants were randomised to a 12-week treatment period

Participants Population: 253 Taiwanese patients with moderate to severe asthma (20 to 65 years of age) were re-
cruited between June 2010 and May 2012 at 15 hospitals in Taiwan

Baseline characteristics: N = 125 to the BDP/F group and N = 128 to the FP/S group. Mean (SD) age in
years per group was 46.2 (14.3) and 44 (14.7) in the BDP/F group and in the FP/S group, respectively

Inclusion criteria: aged 20 to 65 years with clinical diagnosis of moderate to severe asthma (accord-
ing to GINA guidelines 2008); symptoms partly controlled or uncontrolled with ICS alone (daily dose
ICS 1000 mg of BDP-equivalent) during run-in period; confirmed evidence of asthma through a positive
response to the reversibility test (defined as a an increase in FEV1 of 12% and 200 mL over baseline),
within 30 minutes after administration of 400 mg of salbutamol pMDI, or through a positive response to
methacholine challenge test (historically documented FEV1 reversibility or response to methacholine
challenge test within previous 6 months was acceptable)

Exclusion criteria: if any of the following was present: diagnosis of COPD; current/ex-smokers; in-
crease in PEF > 15% during run-in period; respiratory tract infection of the airways or severe asthma ex-
acerbation within 8 weeks before the screening visit; treatment with LABAs or anticholinergics in the
week preceding the screening visit; treatment with LTRA or change in ICS dosage in the 4 weeks preced-
ing the screening visit; use of antihistamines during the run-in period; pregnant or lactating women

Interventions • Beclomethasone/formoterol 100/6 mg twice daily × 2 pMDI

• Fluticasone/salmeterol 125/25 mg twice daily × 2 pMDI

Outcomes The difference in the mean change in FEV1 from pre-dose baseline at Week 0

Hsieh 2013 
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5 minutes after drug intake at Week 12 between the 2 treatment groups

Notes The study was sponsored by Orient EuroPharma Co., Ltd, Taiwan

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Double-blind, double-dummy

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Double-blind, double-dummy

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 8.8% (n = 11) and 10.2% (n = 13) dropouts in BDP/F and FP/S groups, respec-
tively

Selective reporting (re-
porting bias)

High risk No useable SAE data; no response from study authors

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment described

Hsieh 2013  (Continued)

 
 

Study characteristics

Methods A randomised, double-blind, double-dummy, multi-centre, parallel-group study over 24 weeks from
December 2003 to March 2005 at 235 centres in 16 countries: Argentina (15), Australia (22), Bulgaria (9),
Czech Republic (12), Great Britain (25), Hungary (27), India (7), Malaysia (4), Mexico (15), The Nether-
lands (24), the Philippines (8), Poland (29), South Korea (7), South Africa (26), Thailand (4), Vietnam (1).
Run-in 2 weeks

Participants Population: 3335 adolescents and adults (12 to 83 years) with persistent asthma

Baseline characteristics: mean age 38 years; FEV1 73% predicted; concomitant ICS used by 100% of
participants; run-in on previous dose of ICS alone (LABA discontinued in the 47% of participants taking
it previously)

Inclusion criteria: outpatients 12 years of age or over with diagnosis of asthma for at least 6 months
and using ICS for at least 3 months; FEV1 % predicted ≥ 50%; bronchodilator reversibility by an in-
crease of ≥ 12% in FEV1 following terbutaline 1 mg and ≥ 1 asthma exacerbation in the previous 1 to 12
months; using reliever medication on at least 5 of the last 7 days of the 2-week run-in

Kuna 2007 
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Combination therapy, if used, was discontinued and was replaced with ICS alone, at least 4 weeks be-
fore study start (screening visit)

Exclusion criteria: using systemic corticosteroids or with respiratory infection affecting asthma con-
trol within 30 days of study entry

Interventions • Salmeterol/fluticasone 25/125 µg 2 inhalations twice daily pMDI

• Formoterol/budesonide 12/400 µg 1 inhalation twice daily DPI (reported in the paper as 9/320 deliv-
ered dose)

• Single-inhaler therapy arm not included in this review

Outcomes Primary outcome variable was time to first severe asthma exacerbation, defined as deterioration in
asthma leading to at least 1 of the following: hospitalisation or emergency room treatment due to asth-
ma, or oral corticosteroid treatment due to asthma for at least 3 days, as judged by the investigator

SAE data were reported in the paper and asthma-related SAE data were obtained from AstraZeneca
(data on file). One death in the salmeterol/fluticasone group due to cardiac failure was reported, as was
1 death in the single-inhaler therapy group due to respiratory failure (arm is not included in this review)

Notes Sponsored by AstraZeneca

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation schedule was computer-generated at AstraZeneca Research
and Development, Charnwood, UK. Within each centre, participants were ran-
domised strictly sequentially as they became eligible

Allocation concealment
(selection bias)

Low risk Individual treatment codes and code envelopes (indicating treatment alloca-
tion for each randomised patient) were provided, but code envelopes were to
be opened only in case of medical emergency

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Double-blind, double-dummy

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Double-blind, double-dummy

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 3172/3335 (95%) completed the study

Selective reporting (re-
porting bias)

Low risk SAE data were obtained from the paper and from sponsors

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment described

Kuna 2007  (Continued)
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Study characteristics

Methods A 52-week, randomised, multi-centre, parallel-group, open-label, evaluator-blinded study conducted
at 27 clinical sites in South America

Participants Population: 404 adults (> 12 years of age) with persistent asthma

Baseline characteristics: mean age 36 years, FEV1 77% predicted; all had received ICS (with or without
LABA) for at least 12 weeks

Inclusion criteria: 12 years of age or older with diagnosis of persistent asthma ≥ 12 months; FEV1 ≥
50% predicted values; received medium- or high-dose ICS with or without LABA for ≥ 12 weeks before
screening; on a stable regimen for ≥ 2 weeks before screening. Additional inclusion criteria were evi-
dence of β2 reversibility (increase in FEV1 of ≥ 12% and ≥ 200 mL within 10 to 15 minutes of SABA use);
normal electrocardiogram (ECG), clinical laboratory tests, and chest radiograph; adequate contracep-
tive precautions for women of childbearing age

Exclusion criteria: demonstrated change > 20% in FEV1; required use of > 12 inhalations of SABA or 2
nebulised treatments with 2.5 mg salbutamol on 2 consecutive days at any time between screening
and baseline visits; experienced clinically judged deterioration (deterioration resulting in emergency
treatment, hospitalisation, or treatment with additional asthma medication other than SABA); with
intraocular pressure ≥ 22 mmHg in either eye, glaucoma, or evidence of cataract(s) at screening; cur-
rent smoker (had smoked within the previous year) or ex-smoker (> 10 pack-years); received emergency
treatment for airway obstruction in the past 3 months; suffered a respiratory infection within 2 weeks
before screening

Interventions • Mometasone/formoterol 100/5 (n = 141) or 200/5 (n = 130) µg 2 puJs twice daily

• Fluticasone/salmeterol 125/25 (n = 68) or 250/25 (n = 65) µg 2 puJs twice daily

Delivered by MDI; spacers were not permitted. Dose allocated according to previous ICS use of the par-
ticipant

Outcomes Primary outcome: adverse events

Notes Sponsored by Merck and Co. Two deaths occurred (electrocution and gastric cancer), both in mometa-
sone/formoterol 200/10 group (see FDA report at www.fda.gov/downloads/Drugs/.../UCM224593.pdf

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Evaluator blinded; no impact on all-cause outcomes

Incomplete outcome data
(attrition bias)

Low risk Over 80% in each arm completed the study

Maspero 2010 
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All outcomes

Selective reporting (re-
porting bias)

Low risk Mortality details obtained from FDA report

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment reported

Maspero 2010  (Continued)

 
 

Study characteristics

Methods A multi-national, multi-centre, double-blind, double-dummy, randomised, parallel-group, controlled
clinical study carried out at 41 centres in France, Germany, The Netherlands, and Spain

Participants Population: a total of 416 asthmatic patients already controlled with FP/S 500/100 μg/d (Diskus, pMDI
or separate inhalers)

Baseline characteristics: mean age 44 (SD 14.4) years on formoterol/BDP and 44 (SD 13.8) on salme-
terol/FP. Baseline FEV1 97.0% and 97.4% predicted (respectively)

Inclusion criteria: adult patients 18 to 65 years of age, with controlled asthma in the previous week
before study entry; all patients were treated with fluticasone propionate 500 mg/ salmeterol 100 mg
daily delivered via DPI or pMDI, or by separate inhalers for 4 weeks before screening visit; had features
of controlled asthma according to GINA guidelines, defined as: FEV1 > 80% predicted normal values or
personal best; no nocturnal symptoms or awakenings; no exacerbations; no limitations of activities;
daytime symptoms and use of rescue medication 2 days per week in the last 4 weeks. These findings
were to be confirmed at the end of the 4-week run-in period

Exclusion criteria: diagnosis of COPD as defined by GOLD guidelines; history of near-fatal asthma;
evidence of severe asthma exacerbation or symptomatic infection of the lower airways in the previ-
ous 6 months; ≥ 3 courses of CS or hospitalisation due to asthma during previous 6 months; treated
with LTRA during previous 4 weeks; current smokers or recent (less than 1 year) ex-smokers defined as
smoking at least 15 packs/y; asthma exacerbations during the run-in period

Interventions • Formoterol/beclomethasone dipropionate extra-fine 6/100 µg 2 inhalations twice daily pMDI

• Salmeterol/fluticasone propionate 50/250 µg 1 inhalation twice daily DPI

Outcomes Primary efficacy variable was pre-dose morning FEV1 (L) at end of 12-week treatment period

Notes This study was funded by Chiesi Farmaceutici S.p.A.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details

Allocation concealment
(selection bias)

Unclear risk No details

NCT00901368 
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Double-blind, double-dummy

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Double-blind, double-dummy

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 17 patients (7.9%) in the BDP/F group and 21 patients (9.7%) in the FP/S group
were withdrawn from the study; 198 patients in the BDP/F group and 195 in
the FP/S group completed the 12-week treatment period. Overall, 393 patients
(91.2%) completed the study

Selective reporting (re-
porting bias)

High risk No safety data reported and not made available by Chiesi, apart from all-cause
non-fatal SAEs

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment reported

NCT00901368  (Continued)

 
 

Study characteristics

Methods A randomised, double-blind, multi-centre, parallel-group study over 12 weeks from November 2004 to
June 2005 at 12 outpatient respiratory clinics in Europe (Poland (6) Ukraine (6)). Run-in 2 weeks

Participants Population: 228 adults (18 to 65 years of age) with moderate to severe persistent asthma 

Baseline characteristics: mean age 48 years; FEV1  67% predicted; concomitant ICS used by 100% of
participants; average ICS dose 731 µg/d (BDP equivalent); run-in on ICS alone (no other anti-asthma
medication permitted)

Inclusion criteria: clinical diagnosis of moderate to severe persistent asthma for ≥ 6 months; FEV1 %
predicted between 50% and 80%; bronchodilator reversibility by an increase of ≥ 12% in FEV1 (or, alter-
natively, of 200 mL) over baseline measured 30 minutes after 2 puJs (2 × 100 µg) of inhaled salbutamol
administered via pMDI. Treated with ICS at a daily dose < 1000 µg of BDP-equivalent with asthma symp-
toms not adequately controlled as defined by presence of daily symptoms at least once a week, night-
time symptoms at least twice a month, and daily use of short-acting β2-agonists 

Exclusion criteria: COPD; current or ex-smokers (> 10 pack-years); severe asthma exacerbation or
symptomatic infection of the airways in the previous 8 weeks; > 3 courses of oral corticosteroids or hos-
pitalisation due to asthma in the previous 6 months; treatment with LABAs, anticholinergics, or anti-
histamines in the previous 2 weeks; topical or intranasal corticosteroids and leukotriene antagonists in
the previous 4 weeks; change in ICS dose in the previous 4 weeks

Interventions • Beclomethasone/formoterol 100/6 µg × 2 twice daily   

• Fluticasone/salmeterol 125/25 µg × 2 twice daily                   

Delivery was via pMDI

Outcomes Primary outcome variable was morning pre-dose PEF measured by patients in the last 2 weeks of the
treatment period (Weeks 11 and 12). No serious adverse events were reported in either arm of the trial,

Papi 2007 
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and absence of deaths and hospitalisations has been confirmed by Chiesi; no details on 1 patient who
was withdrawn due to "development of an exclusion criteria"

Notes Sponsored by Chiesi

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was in balanced-block design stratified by centres

Allocation concealment
(selection bias)

Low risk "Each patient was identified with a randomisation number, from 001 to 260 (in
blocks of four); each investigator assigned the lowest available randomisation
number at each site"

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Described as double-blind but not double-dummy; inhalers were of different
shape and size, but this was "masked" by a non-removable external covering
for the inhalers

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Described as double-blind but not double-dummy; inhalers were of different
shape and size, but this was "masked" by a non-removable external covering
for the inhalers

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 225/228 (99%) completed the study

Selective reporting (re-
porting bias)

Low risk "During the study no deaths or hospitalizations occurred" (data on file at
Chiesi)

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment described

Papi 2007  (Continued)

 
 

Study characteristics

Methods A prospective, randomised, controlled, multi-national, multi-centre, open, 2-arm, parallel-group study.
This study was carried out at 67 Respiratory Clinics across Europe in Italy, Spain, Bulgaria, and Ukraine

Participants Population: 422 patients (18 to 65 years old) were recruited to this study. PEF values remained above
95% of predicted values throughout the study

Baseline characteristics: mean (standard deviation) age was 44 (13) years; 146 were male and 267
were female; FEV1 (L) by group was fluticasone/salmeterol (FP/S) Diskus DPI: 3.0 (0.8) L, and be-
clomethasone/formoterol (BDP/FP) pMDI: 2.9 (0.9) L

Inclusion criteria: outpatients who were 18 to 65 years old with diagnosis of asthma for ≥ 6 months if
they had been treated with 1000 mcg fluticasone propionate + 100 mcg salmeterol daily for ≥ 4 weeks
before screening visit and had features of controlled asthma, which was defined in the following man-
ner: FEV1 or PEF > 80% of predicted normal values; no nocturnal symptoms or awakenings; no exacer-

Papi 2012 
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bations; no limitations of activities; daytime symptoms and use of rescue medication ≤ 2 days per week
in the 4 weeks previous to screening visit

Exclusion criteria: satisfying any of the following criteria: diagnosis of COPD, as defined by the GOLD
guidelines; current or ex-smokers (≥ 10 packs/y); history of near-fatal asthma; symptomatic infection of
the airways in the previous 8 weeks; ≥ 3 courses of OCS or hospitalisation due to asthma in the previous
6 months; treatment with anticholinergics and antihistamines during the previous 2 weeks; treatment
with topical or intranasal corticosteroids and LTRA during the previous 4 weeks

Interventions • Formoterol/beclomethasone dipropionate extra-fine 6/12 µg twice daily × 2 pMDI

• Salmeterol/fluticasone propionate 25/125 µg twice daily × 2 DPI

Outcomes Primary outcome was change in morning PEF values between baseline and end of treatment

Notes This study was funded by Chiesi Farmaceutici SpA, Parma, Italy; clinicaltrials.gov NCT00497237

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were randomised according to pre-determined balanced-block
randomisation list that was computer-generated for each centre

Allocation concealment
(selection bias)

Low risk Concealed random allocation was done via fully automated functionality built
into the electronic Case Report Form (e-CRF)

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk No impact on all-cause outcomes

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Equal percentage of dropouts across the 2 groups: 14% and 14.6%, respective-
ly

Selective reporting (re-
porting bias)

Low risk SAE data obtained from Chiesi

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment reported

Papi 2012  (Continued)

 
 

Study characteristics

Methods A double-blind, double-dummy, parallel-group, multi-centre, 12-week study, at 59 centres in 8 coun-
tries (Bulgaria, Czech Republic, Hungary, India, Poland, Romania, Russia, and Ukraine). Eligible patients
entered a 14-day run-in period before being randomised to either of the 2 treatment groups

Ploszczuk 2014 
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Participants Population: A total of 713 patients 5 to 12 years of age were screened, and 512 randomised

Baseline characteristics: mean age 8.5 years (SD 1.82); FEV1 73% predicted (SD 7.2); ICS used by 75%
of children at median dose of 200 µg/d; ICS/LABA used by 25% of children. Run-in on fluticasone pMDI
100 µg twice daily (LABA discontinued in the 28% of participants taking it previously)

Inclusion criteria: male and female patients, 5 to < 12 years of age; persistent asthma for ≥ 6 months;
on a stable ICS dose for ≥ 4 weeks, with pre-dose FEV1 ≥ 60% to ≤ 90% predicted; ≥ 15% FEV1 reversibili-
ty and inadequate asthma control on ICS alone at a dose ≤ 500 µg/d fluticasone (or equivalent), or con-
trolled asthma on ICS/LABA combination at an ICS dose ≤ 200 µg/d fluticasone (or equivalent)

At the end of the 14-day run-in period, only patients fulfilling the following criteria were eligible for ran-
domisation: FEV1 ≤ 90% predicted (following appropriate withholding of study medication) and, during
the last 7 days of the run-in period, rescue medication use for ≥ 3 days and ≥ 1 night with sleep distur-
bance (i.e. sleep disturbance score ≥ 1) and/or ≥ 3 days with asthma symptoms (i.e. symptom score ≥ 1).
Note that the run-in period could be extended to 28 days if a patient failed to meet randomisation crite-
ria after the initial 14-day period

Exclusion criteria: potentially brittle asthma evidenced by life-threatening asthma within the past
year, hospitalisation, or an emergency room visit for asthma within the past 6 months; systemic (in-
jectable or oral) corticosteroid medication within 1 month; current or prior non-response or partial re-
sponse only to an ICS/LABA combination; Exclusion criteria were also specified to ensure disease stabil-
ity at study entry, for example, by excluding patients with a clinically significant upper or lower respira-
tory infection within 4 weeks before study entry. Patients with coexistent pulmonary disease (e.g. cys-
tic fibrosis, bronchiectasis, tuberculosis) were also excluded

Interventions • Formoterol/fluticasone propionate 10/100 µg daily pMDI (Flutiform)

• Salmeterol/fluticasone propionate 50/100 µg twice daily pMDI (Seretide Evohaler)

The third arm was receiving fluticasone alone and was not used in this review

Outcomes Study objectives were to demonstrate superiority of fluticasone/formoterol to fluticasone and non-in-
feriority to fluticasone/salmeterol

Primary endpoint was change from pre-dose FEV1 at baseline (Day 1) to 2 hours post dose FEV1 over the
12-week treatment period. SAEs reported in the EU-CTR report

Notes Sponsored by Mundipharma

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was performed by the study sponsor using a validated system
that automates random assignment of treatment groups to randomisation
numbers; stratified to ensure balanced allocation within age groups 5 to < 8
years and 8 to < 12 years

Allocation concealment
(selection bias)

Unclear risk Not reported.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk No impact on all-cause outcomes

Ploszczuk 2014  (Continued)
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Incomplete outcome data
(attrition bias)
All outcomes

Low risk Analysis of safety data was based on the safety population, that is, all ran-
domised participants who received ≥ 1 dose of study medication; 161/169 and
159/170 completed in formoterol/ICS and salmeterol/ICS groups

Selective reporting (re-
porting bias)

Low risk SAE data in Eu-CTR report

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment reported

Ploszczuk 2014  (Continued)

 
 

Study characteristics

Methods A randomised, double-blind, double-dummy, multi-centre, parallel-group study over 12 weeks from
May 1998 to June 1999 at 52 primary care practices and hospital respiratory units in 11 countries (Aus-
tria (4), Belgium(4), Croatia (2), Denmark (4), Finland (2), Germany (7), Italy (3), Norway (5), Russia (2),
Slovakia (3), United Kingdom (16)). Run-in 2 weeks

Participants Population: 428 adolescents and adults (16 to 75 years of age) with moderate to severe asthma uncon-
trolled on existing corticosteroid therapy

Baseline characteristics: mean age 47 years; FEV1 69%  predicted; concomitant ICS used by 100% of
participants; run-in on previous dose of ICS (no LABA allowed in previous 2 weeks before recruitment) 

Inclusion criteria: aged 16 to 75 years with documented clinical history of asthma; currently receiving
1000 to 1600 µg/d of budesonide, beclomethasone dipropionate, or flunisolide, or 500 to 800 µg/d fluti-
casone propionate, for at least 4 weeks before Visit 1; at the end of run-in, FEV1 % predicted 50% to 85%
at Visit 1 or 2/2A (bronchodilators withheld for 6 hours); bronchodilator reversibility by an increase of
≥ 15% in FEV1 over baseline 15 minutes after inhaling 400 µg of salbutamol at Visit 1 or 2/2A; symptom
score (day and night combined) ≥ 2 or relief bronchodilator use on ≥ 2 separate occasions (any dose)
per day on ≥ 4 of the last 7 days of the run-in period

Exclusion criteria: smoking history of ≥ 10 pack-years; asthma exacerbation or upper or lower respi-
ratory tract infection within the previous month; systemic or nasal steroids or anti-leukotrienes within
previous 4 weeks; long-acting/oral/slow-release beta2-agonists in the previous 2 weeks before Visit 1

Interventions • Salmeterol/fluticasone 50/250 µg twice daily via Diskus

• Formoterol (12 µg twice daily) + budesonide (800 µg twice daily) via separate turbuhaler

Outcomes Primary efficacy measure was mean PEFam over the week before the end of treatment (Week 12)

SAE data obtained from sponsor's website and reported in the paper publication

Notes Sponsored by GSK

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk A randomisation code was generated via the GlaxoWellcome computer pro-
gramme "Patient Allocation for Clinical Trials" (block size of 4), and non-over-
lapping sets of treatment numbers were allocated to each centre. Treatment

Ringdal 2002 
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numbers were allocated at Visit 2 in consecutive order, starting with the low-
est number available at that centre

Allocation concealment
(selection bias)

Low risk Numbered treatment packs of study drugs were labelled to ensure that both
patients and investigators were blinded to treatment allocation; randomisa-
tion codes were not revealed to investigators or other study participants until
after recruitment, treatment, data collection, and analyses were complete

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Double-blind, double-dummy

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Double-blind, double-dummy

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 379/428 (89%) completed the study

Selective reporting (re-
porting bias)

Low risk SAEs reported in the paper and in the sponsor's trial report

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment described

Ringdal 2002  (Continued)

 
 

Study characteristics

Methods A randomised, double-blind, double-dummy, multi-centre, parallel-group study over 12 weeks from
January 2000 to July 2000 at 50 centres in Europe (Belgium, Denmark, Germany, Ireland, Poland, and
The Netherlands). Run-in 2 to 4 weeks

Participants Population: 373 adolescents and adults with asthma that is poorly controlled by low doses of ICS

Baseline characteristics: mean age 42 years; concomitant ICS used by 100% of participants; no details
of treatment given during run-in

Inclusion criteria: aged 12 years or older with reversible airways obstruction; remained symptomatic
with ICS treatment (400 to 500 µg/d budesonide or equivalent) for ≥ 4 weeks before Visit 1 (start of the
run-in period); clinical history of asthma with symptoms including cough, wheeze, and shortness of
breath requiring treatment with short-acting beta2-agonist for ≥ 6 months; mean morning PEF during
the last 7 consecutive days of the run-in period between 50% and 85% of PEF measured 15 minutes af-
ter administration of 400 µg of salbutamol at Visit 1; had recorded a cumulative total symptom score
(daytime plus night-time) ≥ 8 for the last 7 consecutive days of the run-in period 

Exclusion criteria: not reported

Interventions • Salmeterol/fluticasone 50/100 µg twice daily via Diskus

• Budesonide 200 µg twice daily + formoterol 6 µg twice daily via DPI

SAM 40010 
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Outcomes Primary study endpoint was morning peak expiratory flow, assessed as the mean of morning PEF val-
ues recorded during the 12-week treatment period. SAE data available from Web report. One death in
formoterol/budesonide group due to gastrointestinal obstruction, cardiac failure, and septic shock

Notes Sponsored by GSK

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation code was computer-generated via Patient Allocation for Clini-
cal Trials developed by GlaxoSmithKline research and development

Allocation concealment
(selection bias)

Low risk Treatment numbers were assigned sequentially to all eligible participants,
starting with the lowest number available to the investigator

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Double-blind, double-dummy

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Double-blind, double-dummy

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 362/373 (97%) completed the study

Selective reporting (re-
porting bias)

Low risk SAE data presented in Web report

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment described;

SAM 40010  (Continued)

 
 

Study characteristics

Methods A randomised, double-blind, double-dummy, multi-centre, parallel-group study over 12 weeks from
August 2001 to September 2002 at 27 centres in Germany. Run-in 2 weeks

Participants Population: 248 adults with moderate bronchial asthma  

Baseline characteristics: mean age 48 years; FEV1 65%  predicted (at Visit 2 (baseline)); concomitant
ICS used by 100% of participants; no details of treatment given during run-in

Inclusion criteria: aged 18 years and older with moderate asthma; FEV1 % predicted between 50% and
80%; bronchodilator reversibility by an increase in FEV1 ≥ 15%; ICS treatment 1000 µg beclomethasone
dipropionate (BDP)/d or equivalent; symptomatic asthma

Exclusion criteria: exacerbations or emergency visits during the 4-week pre-study period; smoking (>
20 cigarettes per day)

SAM 40048 
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Interventions • Salmeterol/fluticasone 50/250 µg twice daily via Diskus

• Formoterol/budesonide 6/200µg twice daily via DPI

Outcomes Primary variable was the change in FEV1 (% predicted) after 12 weeks of treatment compared to base-
line

SAE data in Web report

Notes Sponsored by GSK

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "The allocation of patients to the two treatment groups was undertaken ac-
cording to a predetermined randomisation schedule (in a ratio of 1 to 1)" (GSK
data on file)

Allocation concealment
(selection bias)

Low risk "The allocation was undertaken as a block randomisation, with identical al-
location ratios in each study centre. Every investigator had to allocate the pa-
tient to the lowest available number at visit 2. Adherence to this randomisa-
tion schedule was checked during the process of data management"

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Double-blind, double-dummy

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Double-blind, double-dummy

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 235/248 (95%) completed the study

Selective reporting (re-
porting bias)

Low risk SAE data in Web report

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment described

SAM 40048  (Continued)

 
 

Study characteristics

Methods A double-blind, double-dummy, randomised, parallel-group study. Participants were recruited
prospectively from the outpatient population between August 2006 and January 2008 in the Depart-
ment of Medicine and Respiratory Diseases at the University of Palermo

Participants Population: 41 screened patients (18 to 50 years old); 30 were randomised and 27 completed the 12-
week study period

Scichilone 2010 
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Baseline characteristics: mean age 42 (SD 12) years on formoterol/BDP and 44 (SD 12) on salme-
terol/FP; baseline FEV1 69% and 73% predicted (respectively); moderate persistent asthma that was
uncontrolled after the MF 200-μg twice daily run-in period, based on FEV1 (i.e. 60% to 80% predicted)
and ACQ (i.e. score ≥ 1.5) findings as related to definitions from the NAEPP

Inclusion criteria: between 18 and 50 years of age; clinical diagnosis of moderate persistent asthma
for ≥ 6 months and FEV1 > 60% of predicted normal value

Exclusion criteria: current smokers or recent (< 1 year) quitters; in case of diagnosis of COPD, histo-
ry of near-fatal asthma or recent severe asthma exacerbation or hospitalisation. Patients who had
changed their dose of ICS during the previous 4 weeks or who were under treatment with ICS at a dai-
ly dose > 1000 μg of BDP or equivalent were also excluded. All patients had to be in stable condition be-
fore study entry with no history of recent (4 weeks) upper or lower airway infection

Interventions • Formoterol/beclomethasone dipropionate extra-fine 6/100 µg twice daily × 2 pMDI (formoterol/BDP
6/100 2 puJs twice daily)

• Salmeterol/fluticasone propionate 10/125 µg twice daily × 2 DPI

Study medication compliance was > 90% in both groups

Outcomes The sbN2 test used 100% oxygen supplementation and a nitrogen meter connected to the mouthpiece,
to allow for continuous sampling of N2 concentrations in the expired air. N2 concentration measured
during a single breath expiration was plotted against lung volume to obtain a nitrogen washout curve.
The slope of the nitrogen curve (phase 3), the closing volume (CV), and closing capacity (CC) were de-
rived by the operator and were included for analysis. Conventional Mch broncho provocation followed
standardised ERS guidelines (18), using doubling doses of the spasmogen (Lofarma, Italy). Mch was de-
livered through an ampul-dosimeter (Mefar Elettromedicali; Bovezzo, Italy), which was activated by an
inspiratory effort for 0.5 seconds at a time. The provocative dose of Mch that could induce a 20% fall in
FEV1 from baseline was measured by linear interpolation (PD20Mch FEV1)

Notes This study was funded by Chiesi Farmaceutici S.p.A.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Double-blind, double-dummy

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Double-blind, double-dummy

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk No CONSORT flow; 3 participants withdrew but not clear from which group(s)

Selective reporting (re-
porting bias)

High risk SAE data not reported and could not be obtained from Chiesi

Scichilone 2010  (Continued)
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Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment described

Scichilone 2010  (Continued)

 
 

Study characteristics

Methods A 24-week, randomised, controlled, pragmatic, open-label trial

Participants Population: 259 participants were enrolled in the study; there were n = 34 screening failures and n =
225 were randomised (2:1)

Baseline characteristics: there were n = 151 participants in group 1 and n = 74 participants in group 2.
Mean (SD) age for group 1 was 53 (13.4) and for group 2 65.03 (6.51). The FEV1 (%) for group 1 was 87.1
(21.2) and for group 2, 55.1 (13.7)

Inclusion criteria: 18 to 75 years of age; diagnosis of asthma; prescribed FP/SAL (1000) (as Seretide 250
Evohaler pMDI 2 puJs twice a day) for ≥ 6 months before enrolment; demonstrated satisfactory inhaler
technique without serious inhaler technique errors, after device training if required, at screening

Exclusion criteria: diagnosis of any chronic respiratory disease other than asthma; pregnancy; ≥ 1 se-
vere asthma exacerbations in the 3 months before enrolment; ≥ 3 severe asthma exacerbations in the
12 months before enrolment; uncontrolled asthma assessed in accordance with 2012 GINA recommen-
dations on the basis of symptoms in the last week. A severe exacerbation was defined as worsening
of asthma requiring treatment with a course of oral corticosteroids, hospitalisation, or accident and
emergency department attendance

Interventions • Group 1: fluticasone propionate/formoterol fumarate (FP/FOR) treatment via pMDI

• Group 2: fluticasone propionate/salmeterol xinafoate (FP/SAL) treatment via pMDI

Outcomes Primary outcome in both phases was asthma control measured with the 7-question ACQ7 score. Se-
condary outcome measures included occurrence of asthma exacerbations (as defined in the previous
section), asthma control assessed by the research healthcare professional at each site in accordance
with 2012 GINA recommendations (i.e. uncontrolled, partially controlled, and controlled asthma), Mi-
ni-AQLQ score, VAS test score (to assess patients’ perception of asthma symptoms on a scale from 0
(not at all bothersome) to 10 (extremely bothersome); lung function (as assessed by FVC, FEV1, FVC%
predicted, FEV1 % predicted, and FEV1/FVC ratio)

Notes This was an investigator-initiated study sponsored by Research in Real Life Ltd, with partial funding
and study inhalers provided by Napp Pharmaceuticals Ltd.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation for both phases was performed via a centralized comput-
er-based programme, stratified in blocks of 3 for phase 1 and in blocks of 4 for
phase 2, on the basis of centre code and occurrence of exacerbations in the
12 months before enrolment into phase 1 (no exacerbation or 1 to 2 exacerba-
tions)

Allocation concealment
(selection bias)

Unclear risk No details

Usmani 2017 
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk No impact on all-cause outcomes

Incomplete outcome data
(attrition bias)
All outcomes

High risk Total of 134 (88.7%) participants in the FP/FOR (1000) group and 73 (98.6%) in
the FP/SAL (1000) group completed the 12-week outcome visit

Selective reporting (re-
porting bias)

Low risk Provided in email communication

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment described

Usmani 2017  (Continued)

 
 

Study characteristics

Methods A 12-week, randomised, open-label, parallel-design trial. Conducted in March 2016 and February 2018
from Ajou University Hospital in Suwon, Korea. Patients completed a 4-week run-in period

Participants Population: 72 patients (55+ years) were recruited and entered the run-in period. Of these, 4 could not
be randomised because they did not fulfil the eligibility criteria and declined to participate. The 68 eli-
gible patients were randomised into the 2 treatment groups

Baseline characteristics: There were n = 35 participants in group 1 and n = 33 participants in group 2.
Mean (SD) age for group 1 was 65.97 (7.66), and for group 2, 65.03 (6.51). FEV1 (%) for group 1 was mean
(SD) 87.1 (21.2), and for group 2, 88.2 (23.3). Before study entry, n = 7 participants in both groups were
on a low-dose ICS LABA, and n = 28 and n = 26 were on a medium/high-dose ICS LABA in groups 1 and 2,
respectively

Inclusion criteria: over 55 years of age; diagnosis of asthma > 6 months before enrolment in the study;
current treatment was combination therapy of inhaled ICS (budesonide 400 μg/d or equivalent) and
LABA for over 30 days before study participation; required to have normal results on complete blood
count, routine chemistry, urinalysis, and electrocardiogram at screening

Exclusion criteria: well-controlled asthma after a 4-week run-in period; other acute disease within 30
days before administration of trial medications; smoking history > 30 pack-years; history of hypersensi-
tivity to ICS; prescribed any medication influencing asthma control, such as immunomodulatory drugs
(omalizumab, cyclosporine, etc.) or systemic steroids due to disease other than asthma

Interventions • Fluticasone propionate/formoterol fumarate (FP/FOR) 250/10 mcg twice daily × 1 pMDI (pMDI group)

• Fluticasone propionate/salmeterol xinafoate (FP/SAL) 125/25 mcg twice daily × 1 DPI (DPI group)

Outcomes Primary endpoint was the proportion of participants reaching well-controlled asthma after the 12-
week study period based on GINA guidelines. Primary endpoints were also assessed in pre-specified
subgroups according to the duration of asthma (≥ 15 years or < 15 years) and the RV-to-TLC ratio (≥ 45%
or < 45%)

Woo 2020 
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Notes This study was supported in part by a grant from Investigator-initiated Studies Program of Mundiphar-
ma Korea and in part by a grant of the Korea Health Technology R&D Project through the Korea Health
Industry Development Institute (KHIDI), funded by the Ministry of Health & Welfare, Republic of Korea
(HI16C0992)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were stratified according to duration of asthma (longer (≥ 15
years) or shorter duration of asthma (< 15 years)) (Fig. 1). They were randomly
assigned to receive either FP/FOR-pMDI or FP/SAL-DPI for a 12-week study peri-
od. Randomisation was performed according to a balanced-block design with
a centrally generated randomisation code

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk No impact on all-cause outcomes

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 5 participants were withdrawn from the study: 3 from one arm and 2 from the
other

Selective reporting (re-
porting bias)

Low risk All outcomes reported

Independent Outcome As-
sessment (Asthma events
only)
Asthma-related serious
adverse events

High risk No independent outcome assessment reported

Woo 2020  (Continued)

ACQ: Asthma Control Questionnaire; AMD: adjustable maintenance dosing; BDF: budesonide; DPI: dry powder inhaler; COPD: chronic
obstructive pulmonary disease; CS: corticosteroids; FDA: Food and Drug Administration; FEV1: forced expiratory volume in one second;
FPS: fluticasone propionate and salmeterol inhaler; FBC: formoterol/budesonide combination; GINA: Global Initiative for Asthma; GCS:
glucocorticosteroid; GSK: GlaxoSmithKline; ICS: inhaled corticosteroid; IVRS: Interactive voice recording system; LABA: long-acting beta2-
agonist; LTRA: leukotriene receptor antagonist; MF: mometasone furoate; Mini-AQLQ: Mini- Asthma Quality of Life Questionnaire; NAEPP:
National Asthma Education and Prevention Programme; OCS: oral corticosteroid; PEF: peak expiratory flow; pMDI: pressurised metered-
dose inhaler; SABA: short-acting beta2-agonist; SAE: serious adverse event; SFC: salmeterol/fluticasone combination; VAS: visual analogue
scale.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Bleecker 2008 Review of 2 other studies (Busse 2008; Kuna 2007)

Dhillon 2006 Review of studies on BDP/formoterol
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Study Reason for exclusion

Hampel 2008 Single-dose study

Jung 2008 Fluticasone/salmeterol vs current care

Lee 2003 4-week cross-over study

Lyseng-Williamson 2003 Pharmacoeconomic review of studies on fluticasone/salmeterol inhaler

NCT02491970 Study terminated due to poor recruitment

Rani 2016 Only a 6-week intervention

UMIN000006572 Single-arm study; not randomised

BDP: beclomethasone
 

Characteristics of ongoing studies [ordered by study ID]

 

Study name A Double Blind, Double Dummy, Randomised, Multicentre, Two Arm Parallel Group Study to Assess
the Efficacy and Safety of FLUTIFORM pMDI (2 PuJs Twice Daily) vs Seretide® pMDI (2 PuJs Twice
Daily) in Subjects Aged ≥ 12 Years With Moderate to Severe Persistent, Reversible Asthma

Methods A 12-week, randomised, controlled, double-blind, double-dummy, parallel-group design

Participants Inclusion criteria

• Male or female subjects aged ≥ 12 years

• Known history of moderate to severe persistent, reversible asthma for ≥ 6 months before the
Screening Visit characterised by inadequate asthma control on treatment with an ICS alone OR
controlled asthma on treatment with an ICS-LABA combination

• Demonstrated pre-dose FEV1 ≥ 40% to ≤ 80% for predicted normal values during the Screening
Visit (Visit 1) following appropriate withholding of asthma medications (if applicable). No LABA
use within 12 hours and/or no SABA use within 6 hours of the PFT. No SAMA (e.g. ipratropium) use
within 8 hours and/or no LAMA (e.g. tiotropium) use within 72 hours of the PFT. No use of inhaled
ICS-LABA combination asthma therapy within 12 hours of the PFT. ICS is allowed on the day of
screening. Oral aminophylline should be withheld for at least 24 hours before the PFT

• Documented FEV1 reversibility ≥ 12% (+ ≥ 200 mL if the participant is older than 18 years of age)
within the last 12 months, which could be accepted by the investigator, or during the screening
phase or at Visit 2

• Demonstrated satisfactory technique in the use of study medication

• Female of child-bearing potential or < 1 year post-menopausal must have a negative serum preg-
nancy test recorded at the Screening Visit and a negative urine pregnancy test result before the
first dose of study medication, non-lactating, and willing to use adequate and highly effective
methods of contraception throughout the study. A highly effective method of birth control is de-
fined as one that results in a low failure rate (i.e. < 1% per year) when used consistently and cor-
rectly, such as sterilisation, implants, injectables, combined oral contraceptives, some IUDs (in-
trauterine devices, hormonal), sexual abstinence, or vasectomised partner

• Willing and able to enter information into the diary and to attend all study visits

• Willing and able to substitute study medication for pre-study prescribed asthma medication for
the duration of the study

• Written informed consent obtained; for < 18-year-old participants, both parental consent and par-
ticipant assent are needed

NCT03387241 
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Besides inclusion/exclusion criteria checking, additional randomisation criteria required following
run-in period

• Demonstrated pre-dose FEV1 ≥ 40% to ≤ 80% for predicted normal values at Randomisation Visit
(Visit 3) following appropriate withholding of asthma medications (if applicable)

• ACQ score at Visit 3 ≥ 1.0

• Good compliance with treatment or patient dairy. The definition of good compliance is that com-
pleteness of the diary during the last 14 days of the run-in period is ≥ 80%. Compliance on diary
completeness will be assessed from the aspects below and agreed by the investigator, and study
Medical Monitor:Diary info will be filled out on ≥ 80% of days during the last 14 days before ran-
domisation (e.g. ≥ 11 days with diary filled completed out of the last 14 days before randomisa-
tion) .80% main items including study endpoint related ones were filled out within the last 14
days before randomisation. No other significant compliance as judged by the investigator that
indicates the potential future in compliance for critical data collection during the study treatment
period

Exclusion criteria

• Adolescent participants (age ≥ 12 years to < 18 years) who are on ICS alone at a dose > 250μg twice
daily fluticasone or equivalent OR ICS-LABA combination at a dose of Seretide > 250/50 μg twice
daily or equivalent

• Near-fatal or life-threatening (including intubation) asthma within the past year

• Chest X-ray at the Investigator's discretion from clinical perspective that reveals evidence of clin-
ically significant abnormalities not believed to be due to asthma

• Hospitalisation or emergency visit for asthma within the 4 weeks before Screening Visit or during
Screening Visit

• Use of systemic (injectable or oral) corticosteroid medication within 1 month of the Screening Visit

• Omalizumab use within the past 6 months before the Screening Visit

• Current evidence or known history of any clinically significant disease or abnormality including
uncontrolled coronary artery disease, congestive heart failure, myocardial infarction, or cardiac
dysrhythmia. "Clinically significant" is defined as any disease that, in the opinion of the Investi-
gator, would put the patient at risk through study participation, or that would affect the outcome
of the study

• In the investigator's opinion, a clinically significant upper or lower respiratory infection within 4
weeks before the Screening Visit

• Significant, non-reversible, active pulmonary disease (e.g. chronic obstructive pulmonary disease
(COPD), cystic fibrosis, bronchiectasis, tuberculosis)

• Smoking history equivalent to ≥ 10 pack-years (i.e. ≥ 1 pack of 20 cigarettes/d for 10 years or 10
packs/d for 1 year, etc.) or significant history of exposure to biomass fuel combustion that may be
considered a plausible contributory cause of obstructive lung disease

• Current smoking history within 12 months before the Screening Visit

• Current evidence or known history of alcohol and/or substance abuse within 12 months before
the Screening Visit

• Has taken β-blocking agents, tricyclic antidepressants, monoamine oxidase inhibitors, astemi-
zole (Hismanal), quinidine-type antiarrhythmics, or potent CYP 3A4 inhibitors, such as ketocona-
zole, within the past week

• Current use of medications other than those allowed in the protocol that will have an effect on
bronchospasm and/or pulmonary function

• Current evidence or known history of hypersensitivity or contraindications to investigational
products or components, including history of paradoxical bronchospasm after inhalation therapy
such as immediate increase in wheezing and shortness of breath

• Has received an investigational drug within 30 days of the Screening Visit (12 weeks, if an oral or
injectable steroid)

• Currently participating in another clinical study or has already been randomised in this study

• Mental incapacity, unwillingness, or language barrier precluding adequate understanding, co-op-
eration, or any factor that might block patients from protocol-defined visits and may impact pa-
tient diary completion at the Investigator's discretion

NCT03387241  (Continued)
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Interventions • Group 1: FLUTIFORM (fluticasone/formoterol) pMDI (2 puJs twice daily)

• Group 2: Seretide (fluticasone/salmeterol) pMDI (2 puJs twice daily)

Outcomes Primary efficacy endpoint is the change in pre-dose forced expiratory volume in 1 second (FEV1)
from baseline to 2 hours post dose FEV1 at Week 12

Starting date 2 June 2017

Contact information Ling Li
ling.li@mundipharma.com.cn

Notes Responsible party: Mundipharma (China) Pharmaceutical Co., Ltd.

NCT03387241  (Continued)

ACQ: Asthma Control Questionnaire.
FEV1: forced expiratory volume in one second.
ICS: inhaled corticosteroid.
LABA: long-acting beta-agonist.
PFT: pulmonary function test.
pMDI: pressurised metered-dose inhaler.
SABA: short-acting beta-agonist.
SAMA: short-acting muscarinic agonist.
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Adults formoterol/ICS versus salmeterol/ICS

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 All-cause mortality 15   Peto Odds Ratio (Peto, Fixed,
95% CI)

Subtotals only

1.1.1 Formoterol/budesonide vs sal-
meterol/fluticasone

7 5935 Peto Odds Ratio (Peto, Fixed,
95% CI)

1.03 [0.06, 16.44]

1.1.2 Formoterol/beclomethasone vs
salmeterol/fluticasone

4 1257 Peto Odds Ratio (Peto, Fixed,
95% CI)

Not estimable

1.1.3 Formoterol/mometasone vs sal-
meterol/fluticasone

2 1126 Peto Odds Ratio (Peto, Fixed,
95% CI)

4.46 [0.23, 85.40]

1.1.4 Formoterol/fluticasone vs salme-
terol/fluticasone

2 270 Peto Odds Ratio (Peto, Fixed,
95% CI)

7.39 [0.15,
372.38]

1.2 All-cause non-fatal serious adverse
events

18   Peto Odds Ratio (Peto, Fixed,
95% CI)

Subtotals only

1.2.1 Formoterol/budesonide vs sal-
meterol/fluticasone

7 5935 Peto Odds Ratio (Peto, Fixed,
95% CI)

1.14 [0.82, 1.59]

1.2.2 Formoterol/beclomethasone vs
salmeterol/fluticasone

6 1941 Peto Odds Ratio (Peto, Fixed,
95% CI)

0.94 [0.43, 2.08]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.2.3 Formoterol/mometasone vs sal-
meterol/fluticasone

2 1126 Peto Odds Ratio (Peto, Fixed,
95% CI)

1.02 [0.47, 2.20]

1.2.4 Formeterol/fluticasone vs salme-
terol/fluticasone

2 293 Peto Odds Ratio (Peto, Fixed,
95% CI)

0.05 [0.00, 3.10]

1.2.5 Formeterol/budesonide vs salme-
terol/budesonide

1 229 Peto Odds Ratio (Peto, Fixed,
95% CI)

7.45 [0.15,
375.68]

1.3 Asthma related non-fatal serious
adverse events

16   Peto Odds Ratio (Peto, Fixed,
95% CI)

Subtotals only

1.3.1 Formoterol/budesonide vs sal-
meterol/fluticasone

7 5935 Peto Odds Ratio (Peto, Fixed,
95% CI)

0.69 [0.37, 1.26]

1.3.2 Formoterol/beclomethasone vs
salmeterol/fluticasone

5 1510 Peto Odds Ratio (Peto, Fixed,
95% CI)

1.01 [0.06, 16.24]

1.3.3 Formoterol/mometasone v's sal-
meterol/fluticasone

1 722 Peto Odds Ratio (Peto, Fixed,
95% CI)

7.00 [0.14,
353.37]

1.3.4 Formoterol/fluticasone vs salme-
terol/fluticasone

2 293 Peto Odds Ratio (Peto, Fixed,
95% CI)

0.05 [0.00, 3.10]

1.3.5 Formeterol/budesonide vs salme-
terol/budesonide

1 229 Peto Odds Ratio (Peto, Fixed,
95% CI)

Not estimable
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Analysis 1.1.   Comparison 1: Adults formoterol/ICS versus salmeterol/ICS, Outcome 1: All-cause mortality

Study or Subgroup

1.1.1 Formoterol/budesonide vs salmeterol/fluticasone
Aalbers 2004
Dahl 2006
Busse 2008
SAM 40048
Ringdal 2002
SAM 40010
Kuna 2007
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 2.02, df = 1 (P = 0.16); I² = 50%
Test for overall effect: Z = 0.02 (P = 0.98)

1.1.2 Formoterol/beclomethasone vs salmeterol/fluticasone
Papi 2007
EUCTR-003449-17-IT
Papi 2012
EUCTR-002587-99-CZ
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Not applicable

1.1.3 Formoterol/mometasone vs salmeterol/fluticasone
Bernstein 2011
Maspero 2010
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.99 (P = 0.32)

1.1.4 Formoterol/fluticasone vs salmeterol/fluticasone
Woo 2020
Bodzenta-Lukaszyk 2011
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.00 (P = 0.32)

Test for subgroup differences: Chi² = 0.83, df = 2 (P = 0.66), I² = 0%

Formoterol & ICS
Events

0
0
0
0
0
1
0

1

0
0
0
0

0

0
2

2

0
1

1

Total

215
700
427
126
216
183

1099
2966

115
54

212
239
620

371
271
642

35
101
136

Salmeterol & ICS
Events

0
0
0
0
0
0
1

1

0
0
0
0

0

0
0

0

0
0

0

Total

224
697
406
121
212
190

1119
2969

113
54

228
242
637

351
133
484

33
101
134

Weight

50.0%
50.0%

100.0%

100.0%
100.0%

100.0%
100.0%

Peto Odds Ratio
Peto, Fixed, 95% CI

Not estimable
Not estimable
Not estimable
Not estimable
Not estimable

7.68 [0.15 , 387.17]
0.14 [0.00 , 6.94]

1.03 [0.06 , 16.44]

Not estimable
Not estimable
Not estimable
Not estimable

Not estimable

Not estimable
4.46 [0.23 , 85.40]
4.46 [0.23 , 85.40]

Not estimable
7.39 [0.15 , 372.38]
7.39 [0.15 , 372.38]

Peto Odds Ratio
Peto, Fixed, 95% CI

0.001 0.1 1 10 1000
Favours formoterol & ICS Favours salmeterol & ICS
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Analysis 1.2.   Comparison 1: Adults formoterol/ICS versus salmeterol/
ICS, Outcome 2: All-cause non-fatal serious adverse events

Study or Subgroup

1.2.1 Formoterol/budesonide vs salmeterol/fluticasone
SAM 40048
SAM 40010
Ringdal 2002
Aalbers 2004
Busse 2008
Dahl 2006
Kuna 2007
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 8.06, df = 6 (P = 0.23); I² = 26%
Test for overall effect: Z = 0.79 (P = 0.43)

1.2.2 Formoterol/beclomethasone vs salmeterol/fluticasone
Papi 2007
EUCTR-003449-17-IT
Papi 2012
NCT00901368
Hsieh 2013
EUCTR-002587-99-CZ
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 2.10, df = 4 (P = 0.72); I² = 0%
Test for overall effect: Z = 0.14 (P = 0.89)

1.2.3 Formoterol/mometasone vs salmeterol/fluticasone
Bernstein 2011
Maspero 2010
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 0.02, df = 1 (P = 0.88); I² = 0%
Test for overall effect: Z = 0.05 (P = 0.96)

1.2.4 Formeterol/fluticasone vs salmeterol/fluticasone
Woo 2020
Usmani 2017
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.43 (P = 0.15)

1.2.5 Formeterol/budesonide vs salmeterol/budesonide
EUCTR-004833-70-BG
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.00 (P = 0.32)

Test for subgroup differences: Chi² = 3.32, df = 4 (P = 0.51), I² = 0%

Formoterol & ICS
Events

1
2
3

11
10
11
39

77

0
1
1
2
3
5

12

5
13

18

0
0

0

1

1

Total

126
183
216
215
427
700

1099
2966

115
54

212
215
125
239
960

371
271
642

35
151
186

114
114

Salmeterol & ICS
Events

1
0
2
5
9

20
31

68

0
0
3
2
4
4

13

5
6

11

0
1

1

0

0

Total

121
190
212
224
406
697

1119
2969

113
54

228
216
128
242
981

351
133
484

33
74

107

115
115

Weight

1.4%
1.4%
3.5%

10.9%
13.2%
21.5%
48.1%

100.0%

4.1%
16.1%
16.1%
27.7%
35.9%

100.0%

38.1%
61.9%

100.0%

100.0%
100.0%

100.0%
100.0%

Peto Odds Ratio
Peto, Fixed, 95% CI

0.96 [0.06 , 15.45]
7.72 [0.48 , 123.94]

1.47 [0.25 , 8.55]
2.27 [0.84 , 6.15]
1.06 [0.43 , 2.63]
0.55 [0.27 , 1.12]
1.29 [0.80 , 2.08]
1.14 [0.82 , 1.59]

Not estimable
7.39 [0.15 , 372.38]

0.39 [0.05 , 2.81]
1.00 [0.14 , 7.18]
0.76 [0.17 , 3.43]
1.27 [0.34 , 4.74]
0.94 [0.43 , 2.08]

0.95 [0.27 , 3.29]
1.07 [0.40 , 2.84]
1.02 [0.47 , 2.20]

Not estimable
0.05 [0.00 , 3.10]
0.05 [0.00 , 3.10]

7.45 [0.15 , 375.68]
7.45 [0.15 , 375.68]

Peto Odds Ratio
Peto, Fixed, 95% CI

0.001 0.1 1 10 1000
Favours formoterol & ICS Favours salmeterol & ICS
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Analysis 1.3.   Comparison 1: Adults formoterol/ICS versus salmeterol/
ICS, Outcome 3: Asthma related non-fatal serious adverse events

Study or Subgroup

1.3.1 Formoterol/budesonide vs salmeterol/fluticasone
Ringdal 2002
Aalbers 2004
SAM 40048
Kuna 2007
Dahl 2006
Busse 2008
SAM 40010
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 7.49, df = 5 (P = 0.19); I² = 33%
Test for overall effect: Z = 1.21 (P = 0.23)

1.3.2 Formoterol/beclomethasone vs salmeterol/fluticasone
Hsieh 2013
EUCTR-002587-99-CZ
Papi 2012
EUCTR-003449-17-IT
Papi 2007
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.01 (P = 0.99)

1.3.3 Formoterol/mometasone v's salmeterol/fluticasone
Bernstein 2011
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.97 (P = 0.33)

1.3.4 Formoterol/fluticasone vs salmeterol/fluticasone
Usmani 2017
Woo 2020
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.43 (P = 0.15)

1.3.5 Formeterol/budesonide vs salmeterol/budesonide
EUCTR-004833-70-BG
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Not applicable

Test for subgroup differences: Chi² = 2.99, df = 3 (P = 0.39), I² = 0%

Formoterol & ICS
Events

1
1
0

13
1
0
1

17

0
1
0
0
0

1

1

1

0
0

0

0

0

Total

216
215
126

1099
700
427
183

2966

125
239
212
54

115
745

371
371

151
35

186

114
114

Salmeterol & ICS
Events

1
0
0

15
6
3
0

25

0
1
0
0
0

1

0

0

1
0

1

0

0

Total

212
224
121

1119
697
406
190

2969

128
242
228
54

113
765

351
351

74
33

107

115
115

Weight

4.8%
2.4%

66.5%
16.7%
7.2%
2.4%

100.0%

100.0%

100.0%

100.0%
100.0%

100.0%

100.0%

Peto Odds Ratio
Peto, Fixed, 95% CI

0.98 [0.06 , 15.74]
7.70 [0.15 , 388.62]

Not estimable
0.88 [0.42 , 1.86]
0.24 [0.05 , 1.05]
0.13 [0.01 , 1.23]

7.68 [0.15 , 387.17]
0.69 [0.37 , 1.26]

Not estimable
1.01 [0.06 , 16.24]

Not estimable
Not estimable
Not estimable

1.01 [0.06 , 16.24]

7.00 [0.14 , 353.37]
7.00 [0.14 , 353.37]

0.05 [0.00 , 3.10]
Not estimable

0.05 [0.00 , 3.10]

Not estimable
Not estimable

Peto Odds Ratio
Peto, Fixed, 95% CI

0.001 0.1 1 10 1000
Favours formoterol & ICS Favours salmeterol & ICS
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Comparison 2.   Children formoterol/fluticasone versus salmeterol/fluticasone

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 All-cause mortality 2 548 Peto Odds Ratio (Peto, Fixed, 95%
CI)

Not estimable

2.2 All-cause non-fatal serious ad-
verse events

2 548 Peto Odds Ratio (Peto, Fixed, 95%
CI)

2.72 [0.38, 19.46]

2.3 Asthma related non-fatal seri-
ous adverse events

2 548 Peto Odds Ratio (Peto, Fixed, 95%
CI)

Not estimable

2.4 All-cause non-fatal serious ad-
verse events

2 548 Peto Odds Ratio (Peto, Fixed, 95%
CI)

2.72 [0.38, 19.46]

2.4.1 Children 2 548 Peto Odds Ratio (Peto, Fixed, 95%
CI)

2.72 [0.38, 19.46]

 
 

Analysis 2.1.   Comparison 2: Children formoterol/fluticasone
versus salmeterol/fluticasone, Outcome 1: All-cause mortality

Study or Subgroup

Ploszczuk 2014
Emeryk 2016

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Test for subgroup differences: Not applicable

Formoterol & ICS
Events

0
0

0

Total

168
106

274

Salmeterol & ICS
Events

0
0

0

Total

169
105

274

Weight
Peto Odds Ratio

Peto, Fixed, 95% CI

Not estimable
Not estimable

Not estimable

Peto Odds Ratio
Peto, Fixed, 95% CI

0.001 0.1 1 10 1000
Favours formoterol & ICS Favours salmeterol & ICS

 
 

Analysis 2.2.   Comparison 2: Children formoterol/fluticasone versus
salmeterol/fluticasone, Outcome 2: All-cause non-fatal serious adverse events

Study or Subgroup

Ploszczuk 2014
Emeryk 2016

Total (95% CI)
Total events:
Heterogeneity: Chi² = 0.34, df = 1 (P = 0.56); I² = 0%
Test for overall effect: Z = 1.00 (P = 0.32)
Test for subgroup differences: Not applicable

Formoterol & ICS
Events

1
2

3

Total

168
106

274

Salmeterol & ICS
Events

0
1

1

Total

169
105

274

Weight

25.2%
74.8%

100.0%

Peto Odds Ratio
Peto, Fixed, 95% CI

7.43 [0.15 , 374.61]
1.94 [0.20 , 18.87]

2.72 [0.38 , 19.46]

Peto Odds Ratio
Peto, Fixed, 95% CI

0.001 0.1 1 10 1000
Favours formoterol & ICS Favours salmeterol & ICS
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Analysis 2.3.   Comparison 2: Children formoterol/fluticasone versus salmeterol/
fluticasone, Outcome 3: Asthma related non-fatal serious adverse events

Study or Subgroup

Ploszczuk 2014 (1)
Emeryk 2016 (1)

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Test for subgroup differences: Not applicable

Formoterol & ICS
Events

0
0

0

Total

168
106

274

Salmeterol & ICS
Events

0
0

0

Total

169
105

274

Weight
Peto Odds Ratio

Peto, Fixed, 95% CI

Not estimable
Not estimable

Not estimable

Peto Odds Ratio
Peto, Fixed, 95% CI

0.01 0.1 1 10 100
Favours formoterol & ICS Favours salmeterol & ICS

Footnotes
(1) Children

 
 

Analysis 2.4.   Comparison 2: Children formoterol/fluticasone versus
salmeterol/fluticasone, Outcome 4: All-cause non-fatal serious adverse events

Study or Subgroup

2.4.1 Children
Ploszczuk 2014
Emeryk 2016
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 0.34, df = 1 (P = 0.56); I² = 0%
Test for overall effect: Z = 1.00 (P = 0.32)

Total (95% CI)
Total events:
Heterogeneity: Chi² = 0.34, df = 1 (P = 0.56); I² = 0%
Test for overall effect: Z = 1.00 (P = 0.32)
Test for subgroup differences: Not applicable

Formoterol & ICS
Events

1
2

3

3

Total

168
106
274

274

Salmeterol & ICS
Events

0
1

1

1

Total

169
105
274

274

Weight

25.2%
74.8%

100.0%

100.0%

Peto Odds Ratio
Peto, Fixed, 95% CI

7.43 [0.15 , 374.61]
1.94 [0.20 , 18.87]
2.72 [0.38 , 19.46]

2.72 [0.38 , 19.46]

Peto Odds Ratio
Peto, Fixed, 95% CI

0.001 0.1 1 10 1000
Favours formoterol & ICS Favours salmeterol & ICS

 
 

Comparison 3.   Sensitivity analysis

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.1 Busse SAE sensitivity analysis 9 7061 Peto Odds Ratio (Peto,
Fixed, 95% CI)

1.08 [0.80, 1.46]

3.2 Bernstein SAE sensitivity analysis 2 1126 Peto Odds Ratio (Peto,
Fixed, 95% CI)

0.88 [0.43, 1.81]

3.2.1 Formoterol/mometasone vs sal-
meterol/fluticasone

2 1126 Peto Odds Ratio (Peto,
Fixed, 95% CI)

0.88 [0.43, 1.81]

3.3 All-cause non-fatal SAE blinding 11 6886 Odds Ratio (M-H, Fixed, 95%
CI)

1.05 [0.75, 1.46]

3.3.1 Formoterol/budesonide vs salme-
terol/fluticasone

5 4663 Odds Ratio (M-H, Fixed, 95%
CI)

1.05 [0.72, 1.53]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.3.2 Formoterol/beclomethasone vs
salmeterol/fluticasone

5 1501 Odds Ratio (M-H, Fixed, 95%
CI)

1.11 [0.48, 2.59]

3.3.3 Formoterol/mometasone vs sal-
meterol/fluticasone

1 722 Odds Ratio (M-H, Fixed, 95%
CI)

0.95 [0.27, 3.29]

3.4 Asthma-related non-fatal SAE blind-
ing

9 5733 Odds Ratio (M-H, Fixed, 95%
CI)

0.75 [0.40, 1.40]

3.4.1 Formoterol/budesonide vs salme-
terol/fluticasone

5 4663 Odds Ratio (M-H, Fixed, 95%
CI)

0.74 [0.39, 1.40]

3.4.2 Formoterol/beclomethasone vs
salmeterol/fluticasone

4 1070 Odds Ratio (M-H, Fixed, 95%
CI)

1.01 [0.06, 16.28]

3.5 Single-inhaler SAE sensitivity analy-
sis

8 6633 Peto Odds Ratio (Peto,
Fixed, 95% CI)

1.08 [0.80, 1.47]

 
 

Analysis 3.1.   Comparison 3: Sensitivity analysis, Outcome 1: Busse SAE sensitivity analysis

Study or Subgroup

Aalbers 2004
Bernstein 2011
Busse 2008
Dahl 2006
Kuna 2007
Maspero 2010
Ringdal 2002
SAM 40010
SAM 40048

Total (95% CI)
Total events:
Heterogeneity: Chi² = 8.86, df = 8 (P = 0.35); I² = 10%
Test for overall effect: Z = 0.50 (P = 0.62)
Test for subgroup differences: Not applicable

Formoterol & ICS
Events

11
6
9

11
39
13

3
2
1

95

Total

215
371
427
700

1099
271
216
183
126

3608

Salmeterol & ICS
Events

5
8
9

20
31

6
2
0
1

82

Total

224
351
406
697

1119
133
212
190
121

3453

Weight

9.1%
8.1%

10.4%
17.9%
39.9%

9.4%
2.9%
1.2%
1.2%

100.0%

Peto Odds Ratio
Peto, Fixed, 95% CI

2.27 [0.84 , 6.15]
0.71 [0.25 , 2.03]
0.95 [0.37 , 2.42]
0.55 [0.27 , 1.12]
1.29 [0.80 , 2.08]
1.07 [0.40 , 2.84]
1.47 [0.25 , 8.55]

7.72 [0.48 , 123.94]
0.96 [0.06 , 15.45]

1.08 [0.80 , 1.46]

Peto Odds Ratio
Peto, Fixed, 95% CI

0.005 0.1 1 10 200
Favours formoterol & ICS Favours salmeterol & ICS
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Analysis 3.2.   Comparison 3: Sensitivity analysis, Outcome 2: Bernstein SAE sensitivity analysis

Study or Subgroup

3.2.1 Formoterol/mometasone vs salmeterol/fluticasone
Bernstein 2011
Maspero 2010
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 0.31, df = 1 (P = 0.58); I² = 0%
Test for overall effect: Z = 0.34 (P = 0.73)

Total (95% CI)
Total events:
Heterogeneity: Chi² = 0.31, df = 1 (P = 0.58); I² = 0%
Test for overall effect: Z = 0.34 (P = 0.73)
Test for subgroup differences: Not applicable

Formoterol & ICS
Events

6
13

19

19

Total

371
271
642

642

Salmeterol & ICS
Events

8
6

14

14

Total

351
133
484

484

Weight

46.1%
53.9%

100.0%

100.0%

Peto Odds Ratio
Peto, Fixed, 95% CI

0.71 [0.25 , 2.03]
1.07 [0.40 , 2.84]
0.88 [0.43 , 1.81]

0.88 [0.43 , 1.81]

Peto Odds Ratio
Peto, Fixed, 95% CI

0.01 0.1 1 10 100
Favours formoterol & ICS Favours salmeterol & ICS

 
 

Analysis 3.3.   Comparison 3: Sensitivity analysis, Outcome 3: All-cause non-fatal SAE blinding

Study or Subgroup

3.3.1 Formoterol/budesonide vs salmeterol/fluticasone
Dahl 2006
SAM 40048
Kuna 2007
Ringdal 2002
SAM 40010
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 5.00, df = 4 (P = 0.29); I² = 20%
Test for overall effect: Z = 0.24 (P = 0.81)

3.3.2 Formoterol/beclomethasone vs salmeterol/fluticasone
Papi 2007
Hsieh 2013
NCT00901368
EUCTR-002587-99-CZ
EUCTR-003449-17-IT
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 0.67, df = 3 (P = 0.88); I² = 0%
Test for overall effect: Z = 0.25 (P = 0.80)

3.3.3 Formoterol/mometasone vs salmeterol/fluticasone
Bernstein 2011
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.09 (P = 0.93)

Total (95% CI)
Total events:
Heterogeneity: Chi² = 5.70, df = 9 (P = 0.77); I² = 0%
Test for overall effect: Z = 0.29 (P = 0.77)
Test for subgroup differences: Chi² = 0.05, df = 2 (P = 0.98), I² = 0%

Formoterol & ICS
Events

11
1

39
3
2

56

0
3
2
5
1

11

5

5

72

Total

700
126

1099
216
183

2324

115
125
215
239

54
748

371
371

3443

Salmeterol & ICS
Events

20
1

31
2
0

54

0
4
2
4
0

10

5

5

69

Total

697
121

1119
212
190

2339

113
128
216
242

54
753

351
351

3443

Weight

29.0%
1.5%

43.5%
2.9%
0.7%

77.6%

5.7%
2.9%
5.7%
0.7%

15.0%

7.4%
7.4%

100.0%

Odds Ratio
M-H, Fixed, 95% CI

0.54 [0.26 , 1.14]
0.96 [0.06 , 15.52]

1.29 [0.80 , 2.09]
1.48 [0.24 , 8.94]

5.25 [0.25 , 110.06]
1.05 [0.72 , 1.53]

Not estimable
0.76 [0.17 , 3.48]
1.00 [0.14 , 7.20]
1.27 [0.34 , 4.79]

3.06 [0.12 , 76.70]
1.11 [0.48 , 2.59]

0.95 [0.27 , 3.29]
0.95 [0.27 , 3.29]

1.05 [0.75 , 1.46]

Odds Ratio
M-H, Fixed, 95% CI

0.005 0.1 1 10 200
Favours formoterol & ICS Favours salmeterol & ICS
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Analysis 3.4.   Comparison 3: Sensitivity analysis, Outcome 4: Asthma-related non-fatal SAE blinding

Study or Subgroup

3.4.1 Formoterol/budesonide vs salmeterol/fluticasone
Dahl 2006
Kuna 2007
Ringdal 2002
SAM 40010
SAM 40048
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 2.95, df = 3 (P = 0.40); I² = 0%
Test for overall effect: Z = 0.92 (P = 0.36)

3.4.2 Formoterol/beclomethasone vs salmeterol/fluticasone
EUCTR-002587-99-CZ
EUCTR-003449-17-IT
Hsieh 2013
Papi 2007
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.01 (P = 0.99)

Total (95% CI)
Total events:
Heterogeneity: Chi² = 2.98, df = 4 (P = 0.56); I² = 0%
Test for overall effect: Z = 0.90 (P = 0.37)
Test for subgroup differences: Chi² = 0.05, df = 1 (P = 0.83), I² = 0%

Formoterol & ICS
Events

1
13

1
1
0

16

1
0
0
0

1

17

Total

700
1099

216
183
126

2324

239
54

125
115
533

2857

Salmeterol & ICS
Events

6
15

1
0
0

22

1
0
0
0

1

23

Total

697
1119
212
190
121

2339

242
54

128
113
537

2876

Weight

25.9%
63.4%

4.3%
2.1%

95.7%

4.3%

4.3%

100.0%

Odds Ratio
M-H, Fixed, 95% CI

0.16 [0.02 , 1.37]
0.88 [0.42 , 1.86]

0.98 [0.06 , 15.79]
3.13 [0.13 , 77.37]

Not estimable
0.74 [0.39 , 1.40]

1.01 [0.06 , 16.28]
Not estimable
Not estimable
Not estimable

1.01 [0.06 , 16.28]

0.75 [0.40 , 1.40]

Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours formoterol & ICS Favours salmeterol & ICS

 
 

Analysis 3.5.   Comparison 3: Sensitivity analysis, Outcome 5: Single-inhaler SAE sensitivity analysis

Study or Subgroup

Aalbers 2004
Bernstein 2011
Busse 2008
Dahl 2006
Kuna 2007
Maspero 2010
SAM 40010
SAM 40048

Total (95% CI)
Total events:
Heterogeneity: Chi² = 8.67, df = 7 (P = 0.28); I² = 19%
Test for overall effect: Z = 0.51 (P = 0.61)
Test for subgroup differences: Not applicable

Formoterol & ICS
Events

11
6

10
11
39
13

2
1

93

Total

215
371
427
700

1099
271
183
126

3392

Salmeterol & ICS
Events

5
8
9

20
31

6
0
1

80

Total

224
351
406
697

1119
133
190
121

3241

Weight

9.3%
8.3%

11.2%
18.3%
40.9%

9.7%
1.2%
1.2%

100.0%

Peto Odds Ratio
Peto, Fixed, 95% CI

2.27 [0.84 , 6.15]
0.71 [0.25 , 2.03]
1.06 [0.43 , 2.63]
0.55 [0.27 , 1.12]
1.29 [0.80 , 2.08]
1.07 [0.40 , 2.84]

7.72 [0.48 , 123.94]
0.96 [0.06 , 15.45]

1.08 [0.80 , 1.47]

Peto Odds Ratio
Peto, Fixed, 95% CI

0.005 0.1 1 10 200
Favours formoterol & ICS Favours salmeterol & ICS
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Study ID For-
moterol
device

For-
moterol

dosea

ICS type and dosea Salmeterol
device

Salmeterol

dosea
ICS type and dosea

Aalbers 2004 DPI 12 µg Budesonide 400 µg DPI 50 µg Fluticasone 250 µg

Akamatsu
2014

DPI 12 µg Budesonide 400 µg DPI 50 µg Flucticasone 250 µg

NCT00901368 pMDI 12 µg Beclomethasone extra-fine
200 µg

DPI 12 µg Flucticasone 250

Bernstein
2011

pMDI 10 µg Mometasone 200 µg pMDI 50 µg Fluticasone 250

Bodzen-
ta-Lukaszyk
2011

HFA pMDI
with Ae-
roChamber

10 µg Fluticasone 100 µg or 250 µg HFA pMDI
with Ae-
roChamber

50 µg Fluticasone 100 µg or
250 µg

  pMDI 12 µg Budesonide 400 µg DPI 50 µg Fluticasone 250 µg

Dahl 2006 DPI 12 µg Budesonide 400 µg DPI 50 µg Fluticasone 250 µg

Emeryk 2016 pMDI with
AeroCham-
ber

10 µg Fluticasone 100 µg pMDI with
AeroCham-
ber

50 µg Fluticasone 100 µg

Hsieh 2013 pMDI (Fos-
ter)

12 µg Beclomethasone extra-fine
200 µg

pMDI 50 µg Fluticasone 250 µg

Kuna 2007 DPI 12 µg Budesonide 400 µg pMDI 50 µg Fluticasone 250 µg

Maspero
2010

pMDI 10 µg Mometasone 200 µg or 400 µg pMDI 50 µg Fluticasone 250 µg or
500 µg

Papi 2007 pMDI 12 µg Beclomethasone extra-fine
200 µg

pMDI 50 µg Fluticasone 250 µg

Papi 2012 pMDI (Fos-
ter)

12 µg Beclomethasone extra-fine
200 µg

DPI 50 µg Flucticasone 250 µg

Ploszczuk
2014

pMDI 10 µg Fluticasone 100 µg pMDI 50 µg Fluticasone 100 µg

  DPI 2 sep-
arate in-
halers

12 µg Budesonide 800 µg DPI 50 µg Fluticasone 250 µg

  DPI 6 µg Budesonide 200 µg DPI 50 µg Fluticasone 100 µg

SAM 40048 DPI 6 µg Budesonide 200 µg DPI 50 µg Fluticasone 250 µg

Scichilone
2010

pMDI (Fos-
ter)

12 µg Beclomethasone extra-fine
200 µg

DPI 50 µg Fluticasone 250 µg

Usmani 2017 pMDI 20 µg Fluticasone 500 µg pMDI 50 µg Fluticasone 500 µg

Table 1.   Details of the dose and type of medication used 
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Woo 2020 pMDI 10 µg Fluticasone 250 µg DPI 50 µg Flucticasone

250 μg

EUC-
TR-004833-70-BG

DPI 12 µg Budesonide 200 µg DPI 25 µg Budesonide 150 µg

EUC-
TR-003449-17-IT

pMDI 12 µg Beclomethasone 200 µg DPI 50 µg Fluticasone 250 µg

EUC-
TR-002587-99-CZ

pMDI 12 µg Beclomethasone 400 µg pMDI 50 µg Fluticasone 500 µg

Table 1.   Details of the dose and type of medication used  (Continued)

aAll doses taken twice daily.
Doses shown are ex-actuator rather than delivered doses.
DPI: dry powder inhaler.
ICS: inhaled corticosteroid.
HFA: hydrofluoroalkane.
pMDI: pressurised metered-dose inhaler.
 
 

Study ID Number ran-
domised

Duration
(weeks)

Age (years) Location Sponsors

Aalbers 2004 658 26 (open-ex-
tension)

12+ Europe AstraZeneca

Akamatsu 2014 66 12 18+ Japan Unknown

NCT00901368 431 12 18 to 65 Europe Chiesi Farmaceutici S.p.A.

Bernstein 2011 722 12 12+ No location details pro-
vided

Merck Sharp & Dohme Corp.

Bodzenta-Lukaszyk
2011

202 12 18+ Europe Mundipharma

Busse 2008 1225 30 12+ USA AstraZeneca

Dahl 2006 1397 24 18+ Europe GlaxoSmithKline

Emeryk 2016 211 12 4 to 12 Europe Mundipharma Research Lim-
ited

Hsieh 2013 253 12 20 to 65 Taiwan Orient EuroPharma Co., Ltd.,
Taiwan.

Kuna 2007 3335 24 12+ Multi-national AstraZeneca

Maspero 2010 404 52 12+ South America Merck

Papi 2007 228 12 18+ Europe Chiesi

Papi 2012 422 24 18 to 65 Europe Chiesi Farmaceutici S.p.A.

Table 2.   Details of study participants, locations, and sponsors 
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Ploszczuk 2014 512 12 5 to 2 Euope and India Mundipharma

Ringdal 2002 428 12 16+ Europe GlaxoSmithKline

SAM 40010 373 12 12+ Europe GlaxoSmithKline

SAM 40048 248 12 18+ Germany GlaxoSmithKline

Scichilone 2010 30 12 18 to 50 Italy Chiesi Farmaceutici S.p.A.

Usmani 2017 225 24 18 to 75 England Research in Real Life & Napp

Woo 2020 68 12 55+ Korea Mundipharma Korea

EUC-
TR-004833-70-BG

229 12 18 to 65 Bulgaria, Serbia, Roma-
nia, Macedonia

Laboratoires SMB S.A.

EUC-
TR-003449-17-IT

108 12 No details Italy Chiesi Farmaceutici S.p.A.

EUC-
TR-002587-99-CZ

481a 24 12 to 84 Poland, Slovenia, Spain,
Bulgaria, Czech Repub-
lic, Estonia, France, Ger-
many, Hungary, Italy,
Latvia, Lithuania, Be-
larus, Croatia, Roma-
nia, Russian Federation
Ukraine

Chiesi Farmaceutici S.p.A.

Table 2.   Details of study participants, locations, and sponsors  (Continued)

aThird arm not included.
 

 

A P P E N D I C E S

Appendix 1. Pharmacology of beta2-agonists

Beta2-agonists are thought to cause bronchodilation primarily through binding of beta2-adrenoceptors on airways smooth muscle (ASM),
with subsequent activation of both membrane-bound potassium channels and a signalling cascade involving enzyme activation and
changes in intracellular calcium levels following a rise in cyclic adenosine monophosphate (cAMP) (Barnes 1993).  However, beta2-
adrenoceptors are also expressed in a wide range of cell types, where beta2-agonists may have a clinically significant eJect, including
airway epithelium (Morrison 1993), mast cells, post-capillary venules, sensory and cholinergic nerves, and dendritic cells (Anderson
2006). Beta2-agonists will cross-react to some extent with other beta-adrenoceptors including beta1-adrenoceptors on the heart.

The in vivo eJect of any beta2-agonist will depend on a number of factors related to both the drug and the patient. The degree to which
a drug binds to one receptor over another is known as selectivity, which can be defined as absolute binding ratios to diJerent receptors
in vitro, whilst functional selectivity is measured from downstream eJects of drugs in diJerent tissue types in vitro or in vivo. All of the
beta2-agonists described thus far are more beta2-selective than their predecessor isoprenaline in vitro. However, because attempts to
diJerentiate selectivity between the newer agents are confounded by so many factors, it is diJicult to draw conclusions about in vitro
selectivity studies and it is probably best to concentrate on specific adverse eJects in human subjects at doses that cause the same
degree of bronchodilatation. The potency of a drug refers to the concentration that achieves half the maximal receptor activation of
which that drug is capable, but it is not very important clinically, as for each drug, manufacturers will alter the dose to try to achieve a
therapeutic ratio of desired to undesired eJects. In contrast, e8icacy refers to the ability of a drug to activate its receptor independent of
drug concentration. Drugs that fully activate a receptor are known as full agonists, and those that partially activate a receptor are known
as partial agonists. EJicacy also is very much dependent on the system in which it is being tested and is aJected by factors including the
number of receptors available and the presence of other agonists and antagonists. Thus whilst salmeterol acts as a partial agonist in vitro,
it causes a similar degree of bronchodilation to the strong agonist formoterol in stable asthmatic patients (vanNoord 1996), presumably
because an abundance of well-coupled beta2-adrenoceptors are available with few downstream antagonising signals. In contrast, with
repetitive dosing, formoterol is significantly better than salmeterol in preventing methacholine-induced bronchoconstriction (Palmqvist
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1999). These diJerences have led to attempts to define the “intrinsic eJicacy” of a drug independent of tissue conditions (Hanania
2002). The clinical significance of intrinsic eJicacy remains unclear.

Appendix 2. Possible mechanisms of increased asthma mortality with beta-agonists

Direct toxicity

This hypothesis states that direct adverse eJects of beta2-agonists are responsible for an associated increase in mortality, and most
research in the area has concentrated on eJects detrimental to the heart. Whilst it is oTen assumed that cardiac side eJects of beta2-
agonists are due to cross-reactivity with beta1-adrenoceptors (i.e. poor selectivity), it is worth noting that human myocardium also contains
an abundance of beta2-adrenoceptors capable of triggering positive chronotropic and inotropic responses (Lipworth 1992). Indeed, good
evidence suggests that cardiovascular side eJects of isoprenaline - Arnold 1985 - and other beta2-agonists including salbutamol - Hall 1989
- are mediated predominantly via cardiac beta2-adrenoceptors, thus making the concept of in vitro selectivity less relevant. Generalised
beta2-adrenoceptor activation can also cause hypokalaemia (Brown 1983), and it has been proposed that, through these and other actions,
beta2-agonists may predispose to life-threatening dysrhythmias or may cause other adverse cardiac eJects.

During the 1960s epidemic, most deaths occurred in patients with severe asthma, and it was originally assumed that asthma and its
sequelae, including hypoxia, were the primary causes of death. However, mucus plugging and hypoxia do not preclude a cardiac event as
the final cause of death, and one might expect those with severe asthma to take more doses of a prescribed inhaler. As noted by Speizer
and Doll, most deaths in the 1960s were seen in the 10- to 19-year age group, and “at these ages children have begun to act independently
and may be particularly prone to misuse a self-administered form of treatment” (Speizer 1968). If toxicity were related to increasing doses
of beta2-agonists, one might expect most deaths to occur in hospitals, where high doses are typically used, and this was not the case. One
possible explanation for this anomaly was provided by animal experiments in which large doses of isoprenaline caused little ill eJect in
anaesthetised dogs with normal arterial oxygenation, whereas much smaller doses caused fatal cardiac depression and asystole (although
no obvious dysrhythmia) when hypoxic (Collins 1969; McDevitt 1974). It has been hypothesised, therefore, that such events would be less
likely in hospitals, where supplemental oxygen is routinely given. The clinical relevance of these studies remains unclear, although there
is some evidence of a synergistic eJect between hypoxia and salbutamol use in asthmatic patients for reducing total peripheral vascular
resistance (Burggraaf 2001) – another beta2-mediated eJect that could be detrimental to the heart during an acute asthma attack through
reduction in diastolic blood pressure. Other potential mechanisms of isoprenaline toxicity include a potential increase in mucus plugging
and worsening of ventilation-perfusion mismatch despite bronchodilation (Pearce 1990).

Further concerns about a possible toxic eJect of beta2-agonists were raised during the New Zealand epidemic in the 1970s.  In 1981,
Wilson et al, who first reported the epidemic, reviewed 22 fatal cases of asthma and noted: “in 16 patients death was seen to be sudden
and unexpected. Although all were experiencing respiratory distress, most were not cyanosed and the precipitate nature of their death
suggested a cardiac event, such as an arrest, inappropriate to the severity of their respiratory problem” (Wilson 1981). In humans, fenoterol
causes significantly greater chronotropic, inotropic, and electrocardiographic side eJects than salbutamol in asthmatic patients (Wong
1990). It is interesting to note that across the same parameters, fenoterol also causes more side eJects than isoprenaline (Burgess 1991).

In patients with mild asthma without a bronchoconstrictor challenge, salmeterol and salbutamol cause a similar degree of near-
maximal bronchodilation at low doses (Bennett 1994). However, whilst as a one-oJ dose, salbutamol is typically used at 2 to 4
times the concentration of salmeterol, dose equivalencies for salmeterol versus salbutamol in increasing heart rate and decreasing
potassium concentration and diastolic blood pressure were 17.7, 7.8, and 7.6, respectively (i.e. salmeterol had a greater eJect across
all parameters). Given the lower intrinsic eJicacy of salmeterol, these results highlight the importance of in vivo factors; one possible
explanation for the diJerence is the increased lipophilicity of salmeterol compared to salbutamol, contributing to higher systemic
absorption (Bennett 1994).   

When increasing actuations of standard doses of formoterol and salmeterol inhalers are compared in stable asthmatic patients, relatively
similar cardiovascular eJects are seen at lower doses (Guhan 2000). However, at the highest doses (above those recommended by the
manufacturers), there were trends towards an increase in systolic blood pressure with formoterol; in comparison there was a trend
towards a decrease in diastolic blood pressure and an increase in QTc interval with salmeterol, although no statistical analysis of the
diJerence was performed. In contrast, in asthmatic patients with methacholine-induced bronchoconstriction, there was no significant
diJerence between salmeterol and formoterol in causing increased heart rate and QTc interval, although formoterol caused significantly
greater bronchodilation and hypokalaemia (Palmqvist 1999). Whilst there is good evidence of cardiovascular and metabolic side eJects
with increasing doses of beta2-agonists, it is a little diJicult to envisage serious adverse eJects of this nature when LABAs are used at
manufacturer-recommended preventative doses. However, it is possible that some patients may choose to use repeated doses of LABAs
during exacerbations.

Tolerance

In this setting, the term tolerance refers to an impaired response to beta2-agonists in patients who have been using regular beta2-agonist
treatment previously (Haney 2006). Tolerance is likely to result from a combination of reduced receptor numbers secondary to receptor
internalisation and reduced production and also uncoupling of receptors to downstream signalling pathways following repeated activation
(Barnes 1995). This phenomenon is likely to explain the beneficial reduction in systemic side eJects seen with regular use of beta2-agonists
including salbutamol aTer 1 to 2 weeks (Lipworth 1989). However, the same eJect on beta2-adrenoceptors in the lung might be expected
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to produce a diminished response to the bronchodilating activity of beta2-agonists following regular use. In patients with stable asthma,
whilst there is some evidence of tolerance to both salbutamol - Nelson 1977 - and terbutaline - Weber 1982 - other studies have been
less conclusive (Harvey 1982; Lipworth 1989). However, evidence of tolerance to short- and long-acting beta2-agonists in both protecting
against and reducing bronchoconstriction is much stronger in the setting of an acute bronchoconstrictor challenge with chemical, allergen,
and "natural" stimuli (Haney 2006; Lipworth 1997).

Studies comparing salmeterol and formoterol have shown that both cause tolerance compared to placebo but show no significant
diJerences between the drugs (van der Woude 2001). There also appears to be little diJerence in the tolerance induced by regular
formoterol and regular salbutamol treatment (Hancox 1999; Jones 2001).  To the review authors' knowledge, no studies have looked
specifically at the degree of tolerance caused by isoprenaline and fenoterol in the setting of acute bronchoconstriction. Tolerance to
bronchodilation has been shown to clearly occur with addition of inhaled corticosteroids to salmeterol and formoterol - Lee 2003a - and
terbutaline - Yates 1996. There is conflicting evidence as to whether high-dose steroids can reverse tolerance in the acute setting (Jones
2001; Lipworth 2000).

At first glance, the toxicity and tolerance hypotheses might appear incompatible, as systemic and cardiovascular tolerance ought to
protect against toxicity in the acute setting, and there is good evidence that such tolerance occurs in stable asthmatic patients (Lipworth
1989). However, although this study showed that changes in heart rate and potassium levels were blunted by previous beta2-agonist use,
they were not abolished; furthermore, at the doses studied, these side eJects appear to follow an exponential pattern (Lipworth 1989). In
contrast, in the presence of bronchoconstrictor stimuli, the bronchodilator response to beta2-agonists follows a flatter curve (Hancox 1999;
Wong 1990), and as previously discussed, this curve is shiTed downwards by previous beta2-agonist exposure (Hancox 1999). Thus, it is
theoretically possible that in the setting of an acute asthmatic attack and strong bronchoconstricting stimuli, bronchodilator tolerance
could lead to repetitive beta2-agonist use and ultimately to more systemic side eJects than would otherwise have occurred. Of course,
other sequelae of inadequate bronchodilation including airway obstruction will be detrimental in this setting.

Whilst the tolerance hypothesis is oTen cited as contributing towards asthma mortality epidemics, it is diJicult to argue that reduced
eJicacy of a drug can cause increased mortality relative to a time when that drug was not used at all. However, tolerance to
the bronchodilating eJect of endogenous circulating adrenaline is theoretically possible, and there is also evidence of rebound
bronchoconstriction when fenoterol is stopped (Sears 1990), which may be detrimental. Furthermore, it appears that regular salbutamol
treatment can actually increase airway responsiveness to allergen (CockcroT 1993); this is a potentially important eJect that could
form a variant of the toxicity hypothesis. DiJerences between beta2-agonists in this regard are unclear, but the combination of rebound
hyperresponsiveness and tolerance of the bronchodilator eJect with regular beta2-agonist exposure has been recently advocated as a
possible mechanism to explain the association between beta2-agonists and asthma mortality (Hancox 2006).

Other explanations

Confounding by severity

Historically, this hypothesis has been used extensively to try to explain the association between mortality and the use of fenoterol during
the 1970s New Zealand epidemic (see Pearce 2007), and it is still quoted today.  The hypothesis essentially relies on the supposition
that patients with more severe asthma are more likely to take higher doses of either beta2-agonists or a particular beta2-agonist
(such as fenoterol), thereby explaining the association.  This hypothesis was carefully ruled out in the three case-control studies by
comparing the association between fenoterol and mortality in patients with varying severity of disease (Crane 1989; Grainger 1991; Pearce
1990). Furthermore, the hypothesis cannot explain the overall increase in mortality in the 1960s and 1970s, nor can it explain any significant
increase in mortality (whether taking inhaled steroids or not) from randomised controlled trial data.

The delay hypothesis

This hypothesis accepts that beta2-agonists or a particular beta2-agonist can cause increased risk of mortality, but indirectly by causing
patients to delay before getting medical help and further treatments including high-dose steroids and oxygen. There is evidence that both
salmeterol and formoterol can reduce awareness of worsening underlying inflammation (Bijl-Hofland 2001; McIvor 1998). It is diJicult to
rule out the delay hypothesis in explaining or contributing towards both asthma mortality epidemics and an association with regular use of
LABAs. There is evidence that beta2-agonists with higher intrinsic eJicacy are more eJective in relieving bronchoconstriction in the acute
setting (Hanania 2007), and that they could paradoxically cause patients to delay longer in seeking medical help. For the delay hypothesis
to explain the increase in mortality during the 1960s and 1970s, one has to imply that hospital treatment of asthma when mortality rates
were low during the earlier years of the 20th century was eJective. It is diJicult to say exactly how eJective such treatment is likely to
have been.  

Reduced corticosteroid treatment

A slight but significant variation in the delay hypothesis suggests that patients who have separate beta2-agonists and corticosteroid inhalers
may choose to take less corticosteroid because of better symptom control from the inhaled beta2-agonists, and it is reduced corticosteroid
treatment that contributes to a rise in mortality. It is rather diJicult to see how this hypothesis explains the epidemics of asthma deaths
in the 1960s and 1970s relative to the 1920s and 1930s, given that corticosteroids were not used for the treatment of asthma in earlier
decades. If this hypothesis were to explain increased mortality from more recent randomised controlled trial data, one would not expect
to see an increase in mortality among those taking LABAs alone.
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Appendix 3. Search strategies

 

Source and date of
search

Search strategy Results retrieved

Cochrane Airways Trials
Register (Cochrane Reg-
ister of Studies)

Date of most recent
search: 24 February
2021

1 AST:MISC1 AND INSEGMENT
2 MeSH DESCRIPTOR Asthma Explode All AND INSEGMENT
3 asthma*:ti,ab AND INSEGMENT
4 #1 or #2 or #3 AND INSEGMENT
5 MESH DESCRIPTOR Salmeterol Xinafoate EXPLODE ALL AND INSEGMENT
6 salmeterol* AND INSEGMENT
7 #5 OR #6
8 MESH DESCRIPTOR Formoterol Fumarate EXPLODE ALL AND INSEGMENT
9 formoterol* AND INSEGMENT
10 #8 OR #9
11 #4 AND #7 AND #10
12 INREGISTER
13 #11 AND #12

March 2020 = 259

February 2021 = 3

CENTRAL (Cochrane
Register of Studies)

Date of most recent
search: 24 February
2021

1 AST:MISC1 AND CENTRAL:TARGET
2 MeSH DESCRIPTOR Asthma Explode All AND CENTRAL:TARGET
3 asthma*:ti,ab AND CENTRAL:TARGET
4 #1 or #2 or #3 AND CENTRAL:TARGET
5 MESH DESCRIPTOR Salmeterol Xinafoate EXPLODE ALL AND CENTRAL:TAR-
GET
6 salmeterol* AND CENTRAL:TARGET
7 #5 OR #6 AND CENTRAL:TARGET
8 MESH DESCRIPTOR Formoterol Fumarate EXPLODE ALL AND CENTRAL:TAR-
GET
9 formoterol* AND CENTRAL:TARGET
10 #8 OR #9 AND CENTRAL:TARGET
11 #4 AND #7 AND #10 AND CENTRAL:TARGET
 

March 2020 = 376

February 2021 = 4

MEDLINE (Ovid SP) ALL

Date of most recent
search: 24 February
2021

1 exp Asthma/
2 asthma$.tw.
3 1 or 2
4 exp Salmeterol Xinafoate/
5 salmeterol$.tw.
6 4 or 5
7 exp Formoterol Fumarate/
8 formoterol$.tw.
9 7 or 8
10 3 and 6 and 9
11 (controlled clinical trial or randomised controlled trial).pt.
12 (randomised or randomised).ab,ti.
13 placebo.ab,ti.
14 dt.fs.
15 randomly.ab,ti.
16 trial.ab,ti.
17 groups.ab,ti.
18 or/11-17
19 Animals/
20 Humans/
21 19 not (19 and 20)
22 18 not 21
23 10 and 22

March 2020 = 397

February 2021 = 5

Embase (Ovid SP) 1 exp asthma/ March 2020 = 987
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Date of most recent
search: 24 February
2021

2 asthma$.tw.
3 1 or 2
4 fluticasone propionate plus salmeterol xinafoate/ or budesonide plus salme-
terol/ or fluticasone propionate plus salmeterol/ or salmeterol xinafoate/ or
salmeterol/
5 salmeterol$.tw.
6 formoterol fumarate/ or formoterol fumarate plus mometasone furoate/ or
beclometasone dipropionate plus formoterol fumarate/ or fluticasone pro-
pionate plus formoterol fumarate/ or budesonide plus formoterol/ or for-
moterol/
7 formoterol$.tw.
8 4 or 5
9 6 or 7
10 3 and 8 and 9
11 Randomized Controlled Trial/
12 randomisation/
13 controlled clinical trial/
14 Double Blind Procedure/
15 Single Blind Procedure/
16 Crossover Procedure/
17 (clinica$ adj3 trial$).tw.
18 ((singl$ or doubl$ or trebl$ or tripl$) adj3 (mask$ or blind$ or method$)).tw.
19 exp Placebo/
20 placebo$.ti,ab.
21 random$.ti,ab.
22 ((control$ or prospectiv$) adj3 (trial$ or method$ or stud$)).tw.
23 (crossover$ or cross-over$).ti,ab.
24 or/11-23
25 exp animals/ or exp invertebrate/ or animal experiment/ or animal model/
or animal tissue/ or animal cell/ or nonhuman/
26 human/ or normal human/ or human cell/
27 25 and 26
28 25 not 27
29 24 not 28
30 10 and 29

February 2021 = 22

ClincalTrials.gov

Date of most recent
search: 24 February
2021

Study type: Interventional
Condition: asthma
Intervention: formoterol AND salmeterol

March 2020 = 30

February 2021 = 0

WHO ICTRP

Date of most recent
search: 9 March 2020

Condition: asthma
Intervention: formoterol AND salmeterol

March 2020 = 6

February 2021 = not
searched

  (Continued)
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Date Event Description

15 April 2021 Amended Plain language summary title added.

 

H I S T O R Y

Protocol first published: Issue 2, 2009
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Review first published: Issue 1, 2010

 

Date Event Description

24 February 2021 New search has been performed New literature search run

24 February 2021 New citation required but conclusions
have not changed

Thirteen studies added, including studies on children

11 April 2013 Amended NIHR acknowledgement added

17 August 2011 New search has been performed New search in August 2011 identified 1 new included study on
202 adults comparing formoterol and fluticasone with salme-
terol and fluticasone (Bodzenta-Lukaszyk 2011), and 1 new study
on 404 adults comparing formoterol and mometasone with sal-
meterol and fluticasone (Maspero 2010)

15 August 2011 Amended Typological error in abstract corrected (dose of formoterol
changed from 50 µg to 12 µg)

 

C O N T R I B U T I O N S   O F   A U T H O R S

CJC: conception of the idea and co-writing of the protocol, inclusion of studies, risk of bias assessment, data extraction, analysis, writing
of the review for the original version and all updates.

OOS: inclusion of studies, risk of bias assessment, data analysis, writing of updates of the review.

ES: writing of 'Search methods' and search results sections, design and conduct of the literature search.

Contributions of editorial team

Rebecca Fortescue (Coordinating Editor): edited the review update; advised on methods; approved the review update prior to publication.

Lucy Goldsmith (Statistician): checked data entry.

Katy Pike (Contact Editor): edited the review; advised on methods, interpretation, and content.

Emma Dennett (Managing Editor): co-ordinated the editorial process; advised on interpretation and content; edited the review.

Emma Jackson (Assistant Managing Editor): conducted peer review; edited the references and other sections of the protocol and of the
review.

D E C L A R A T I O N S   O F   I N T E R E S T

OOS: none known.

ES: none known.

CJC: none known.

S O U R C E S   O F   S U P P O R T

Internal sources

• St George's, University of London, UK

Chris Cates and Elizabeth Stovold are salaried employees of St George's, University of London
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External sources

• National Institute for Health Research (NIHR), UK

National Institute for Health Research Systematic Reviews Programme Grant (project number 16/114/21)

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

No subgroup analysis of the basis for dose-equivalence of inhaled corticosteroids was possible. No risk diJerences in meta-analyses were
reported for the 2021 update, as this is not recommended by the new Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2019). Cardiovascular mortality was not investigated as a secondary outcome due to the small number of deaths, but a further sensitivity
analysis was restricted to combination inhalers only. There was a change to the search terms, and a new author team was created.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Administration, Inhalation;  Albuterol  [administration & dosage]  [adverse eJects]  [*analogs & derivatives];  Androstadienes
 [administration & dosage]  [adverse eJects];  Anti-Asthmatic Agents  [administration & dosage]  [*adverse eJects];  Asthma  [*drug
therapy]  [mortality];  Budesonide  [administration & dosage]  [adverse eJects];  Drug Therapy, Combination  [adverse eJects]; 
Ethanolamines  [administration & dosage]  [*adverse eJects];  Fluticasone;  Formoterol Fumarate;  Glucocorticoids  [administration &
dosage]  [*adverse eJects];  Randomized Controlled Trials as Topic;  Salmeterol Xinafoate

MeSH check words

Adolescent; Adult; Humans
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