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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 often results in good control of symptoms, prevention of further morbidity and

mortality and improved quality of life. Several steroids and beta2-agonists (long- and short-acting) as well as combinations of these

treatments are available in a single inhaler to be used once or twice a day, with a separate inhaler for relief of symptoms when needed (for

patients in Step three or higher, according to Global Initiative for Asthma (GINA) guidelines). Budesonide/formoterol is also licenced

for use as maintenance and reliever therapy from a single inhaler (SiT; sometimes referred to as SMART therapy). SiT can be prescribed

at a lower dose than other combination therapy because of the additional steroid doses being received as reliever therapy. It has been

suggested that using SiT improves compliance and hence reduces symptoms and exacerbations, but it is unclear whether it increases

side effects associated with the use of inhaled steroids.

Objectives

To assess the efficacy and safety of budesonide/formoterol in a single inhaler (SiT) to be used for both maintenance and reliever therapy

in asthma in comparison with maintenance treatment provided through combination inhalers with a higher maintenance steroid dose

(either fluticasone/salmeterol or budesonide/formoterol), along with additional fast-acting beta2-agonists for relief of symptoms.

Search methods

We searched the Cochrane Airways Group Specialised Register of trials, online trial registries and drug company websites. The most

recent search was conducted in November 2013.

Selection criteria

We included parallel-group, randomised controlled trials of at least 12 weeks’ duration. Studies were included if they compared single-

inhaler therapy with budesonide/formoterol (SiT) versus combination inhalers at a higher maintenance dose of steroids than was given

in the SiT arm (either salmeterol/fluticasone or budesonide/formoterol).
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Data collection and analysis

We used standard methods expected by The Cochrane Collaboration. Primary outcomes were exacerbations requiring hospitalisation,

exacerbations requiring oral corticosteroids and serious adverse events (including mortality).

Main results

Four studies randomly assigning 9130 people with asthma were included; two were six-month double-blind studies, and two were

12-month open-label studies. No trials included children younger than age 12. Trials included more women than men, with mean

age ranging from 38 to 45, and mean baseline steroid dose (inhaled beclomethasone (BDP) equivalent) from 636 to 888 µg. Mean

baseline forced expiratory volume in one second (FEV1) percentage predicted was between 70% and 73% in three of the trials, and

96% in another. All studies were funded by AstraZeneca and were generally free from methodological biases, although the two open-

label studies were rated as having high risk for blinding, and some evidence of selective outcome reporting was found. These possible

sources of bias did not lead us to downgrade the quality of the evidence. The quantity of inhaled steroids, including puffs taken for

relief from symptoms, was consistently lower for SiT than for the comparison groups.

Separate data for exacerbations leading to hospitalisations, to emergency room (ER) visits or to a course of oral steroids could not be

obtained. Compared with higher fixed-dose combination inhalers, fewer people using SiT had exacerbations requiring hospitalisation

or a visit to the ER (odds ratio (OR) 0.72, 95% confidence interval (CI) 0.57 to 0.90; I2 = 0%, P = 0.66), and fewer had exacerbations

requiring a course of oral corticosteroids (OR 0.75, 95% CI 0.65 to 0.87; I2 = 0%, P = 0.82). This translates to one less person admitted

to hospital or visiting the ER (95% CI 0 to 2 fewer) and two fewer people needing oral steroids (95% CI 1 to 3 fewer) compared with

fixed-dose combination treatment with a short-acting beta-agonist (SABA) reliever (per 100 treated over eight months). No statistical

heterogeneity was observed in either outcome, and the evidence was rated of high quality. Although issues with blinding were evident

in two of the studies, and one study recruited a less severe population, sensitivity analyses did not change the main results, so quality

was not downgraded.

We could not rule out the possibility that SiT increased rates of serious adverse events (OR 0.92, 95% CI 0.74 to 1.13; I2 = 0%, P =

0.98; moderate-quality evidence, downgraded owing to imprecision).

We were unable to say whether SiT improved results for several secondary outcomes (morning and evening peak expiratory flow (PEF),

rescue medication use, symptoms scales), and in cases where results were significant, the effect sizes were not considered clinically

meaningful (predose FEV1, nocturnal awakenings and quality of life).

Authors’ conclusions

SiT reduces the number of people having asthma exacerbations requiring oral steroids and the number requiring hospitalisation or

an ER visit compared with fixed-dose combination inhalers. Evidence for serious adverse events was unclear. The mean daily dose of

inhaled corticosteroids (ICS) in SiT, including the total dose administered with reliever use, was always lower than that of the other

combination groups. This suggests that the flexibility in steroid administration that is possible with SiT might be more effective than a

standard fixed-dose combination by increasing the dose only when needed and keeping it low during stable stages of the disease. Data

for hospitalisations alone could not be obtained, and no studies have yet addressed this question in children younger than age 12.

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

For people with chronic asthma, is a single combination inhaler for both regular and “as-needed” treatment better than two

separate inhalers?

Background for the review

Asthma is a chronic inflammation of the airways that causes flare-ups of wheezing, chest tightness and coughing. Treatment with

inhaled steroids and other inhaled drugs that relax the airways (bronchodilators) often gives good control of symptoms, prevents serious

flare-ups and improves quality of life. Several steroids and bronchodilators (long- and short-acting) as well as combinations of these

treatments are available in a single inhaler.

This review focusses on a particular inhaled therapy called ’single-inhaler therapy’ (SiT), sometimes called SMART therapy. The idea

is that the SiT is taken once or twice a day and also anytime it is needed for relief of symptoms. In theory, this improves compliance,

controls asthma symptoms and prevents exacerbations while allowing lower overall exposure to inhaled steroids. The drugs contained

in SiT are budesonide and formoterol.
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This review aimed to find out whether SiT is as safe and effective as a combination inhaler (containing a steroid and a long-acting

beta-agonist (LABA)) plus another inhaler for relief of symptoms. The review looked at the effects of these treatments for adults and

children with chronic asthma.

What did we find?

Four studies including 9130 adults and adolescents were included. None of the studies included children younger than age 12. The

studies lasted for six months to a year, and all were funded by one drug company. Studies included more women than men, with average

age of about 40. Three studies recruited people with quite similar symptoms, but one study included people with less severe asthma.

The studies were well conducted, although two did not hide which treatments were being taken (known as blinding), which might have

affected the results. The amount of inhaled steroids, including puffs taken for relief from symptoms, was consistently lower for SiT

than for the comparison groups using two types of inhalers. Overall, we believe that the quality of the evidence was high to moderate.

Main findings

Fewer people taking SiT had flare-ups that needed a hospital stay or a visit to the ER (one fewer per 100 treated than in the control

group, 95% CI 0 to 2 fewer) or a course of oral steroids (two fewer per 100 treated, 95% CI one to three fewer). If more studies are

published, it is unlikely that our opinions on these main findings will change. However, we could not tell whether one treatment caused

more serious adverse events than the other.

Other findings

SiT had a small benefit on one measure of lung function (predose forced expiratory volume in one second (FEV1)). However, for

several other measures, not enough information was available to show which treatment was better (amount of medication taken on an

’as needed’ basis, various symptom measures and quality of life).

In conclusion, SiT reduces the need for a hospital stay or an ER visit and for courses of oral steroids for asthma flare-ups. SiT did not

increase the quantity of inhaled steroids taken overall, and it was unclear whether it increases or decreases serious side effects. Currently

no data are available for the use of SiT in children younger than age 12.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

SIT for maintenance/relief compared with ICS/LABA combination at a higher fixed dose + SABA for chronic asthma in adults and children

Patient or population: Studies recruited adults and adolescents aged 12 and older with chronic asthma

Intervention: SiT for maintenance and relief

Comparison: higher-dose ICS/LABA as maintenance + SABA as relief

Setting: community

Outcomes

Follow-up calculated as

weighted means, with

range

Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of participants

(studies)

Quality of the evidence

(GRADE)

Overall heterogeneity

and subgroup differ-

ences (ICS/LABA combi-

nation in control group)Assumed risk Corresponding risk

Higher-dose ICS/LABA+

SABA

SiT for maintenance/re-

lief

People with exacerba-

tions requiring hospital-

isation

No data No data - - - AstraZeneca could not

provide data for hospital-

isations separate to ER

visits

Patients with exacer-

bations requiring oral

steroids

Follow-up: eight months

(six to 12)

10 per 100 Eight per 100

(seven to nine)

OR 0.75

(0.65 to 0.87)

9096

(four studies)

⊕⊕⊕⊕

high

I2 = 0%; P value 0.82

Subgroup differences (P

value 0.45)

Patients with serious ad-

verse events

Follow-up: eight months

(six to 12)

Four per 100 Four per 100

(three to five)

OR 0.92

(0.74 to 1.13)

9130

(four studies)

⊕⊕⊕©

moderate1

I2 = 0%; P value 0.98

Subgroup differences (P

value 0.88)

Patients with severe

exacerbations (requiring

hospitalisation or ER

visit)

Follow-up: eight months

Five per 100 Four per 100

(three to five)

OR 0.72

(0.57 to 0.90)

7768

(three studies)

⊕⊕⊕⊕

high

I2 = 0%; P value 0.66

Subgroup differences (P

value 0.21)
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(six to 12)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (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; OR: Odds ratio; ICS/LABA: inhaled corticosteroid/long-acting beta2-agonist combination inhaler; SABA: short-acting beta2-agonist; SiT: single-inhaler therapy with

budesonide/formoterol inhaler.

GRADE Working Group grades of evidence.

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

1. Wide confidence intervals, downgraded once for imprecision.

Although issues with blinding were noted in two of the studies, and one study recruited a less severe population, sensitivity analyses did

not change the main results, so outcomes were not downgraded.
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B A C K G R O U N D

Description of the condition

Asthma is a chronic inflammatory disorder of the airways in which

many cells and cellular elements play a role (GINA 2012). An un-

equivocal clinical definition of asthma has not been determined, al-

though it is postulated that in all forms of asthma, chronic inflam-

mation is associated with bronchial hyperresponsiveness, leading

to recurrent episodes of wheezing, breathlessness, cough and chest

tightness, especially during the night and early in the morning.

Wide variations in age of onset, symptoms, triggers, association

with allergic disease and type of inflammatory cell infiltrate have

been seen in patients diagnosed with asthma, underlying the prob-

able existence of more than one pathophysiological process. Pa-

tients with all forms and severity of disease typically have intermit-

tent symptoms of cough, wheeze and/or breathlessness. Underly-

ing these symptoms is a process of variable and at least partially re-

versible airway obstruction, airway hyperresponsiveness and (with

the possible exception of solely exercise-induced asthma) chronic

inflammation.

Description of the intervention

Single-inhaler therapy (SiT)

Asthma therapy is based on modulation of airways inflammation,

which is the main cause of symptoms and exacerbations. This is

not necessary for people with very mild and intermittent asthma,

as symptoms can be well controlled with a short-acting beta2-ago-

nist (SABA) as relief (Step one; GINA 2012). People with persis-

tent asthma can use preventer therapy (usually low-dose inhaled

corticosteroid (ICS)) to maintain symptom control, improve lung

function and reduce the need for emergency care by modulat-

ing airways inflammation (Step two; GINA 2012). Combination

therapy with a long-acting beta2-agonist (LABA) and ICS is regu-

larly used to maintain control in patients with persistent/chronic

asthma not achieving good control of symptoms and exacerbations

with low-dose ICS alone, and it is often used with an additional

short-acting inhaler when needed (Step three; GINA 2012). Some

people might need a medium to high dose of ICS combined with

LABA (Step four; GINA 2012). This step-wise approach allows

practitioners to tailor the use of ICS and combinations to the

severity of asthma in different patients, thereby avoiding excessive

exposure to steroids and their long-term side effects (GINA 2012).

One particular combination inhaler containing budesonide (ICS)

and formoterol (LABA) has the potential to be used for both main-

tenance and reliever therapy; this enables patients and doctors to

increase the dose of both medications simultaneously, with some

flexibility when asthma symptoms worsen. This is known as sin-

gle-inhaler therapy (SiT), or SMART therapy-referred to as SiT

throughout this review. SiT can be prescribed at a lower dose than

other ICS/LABA combination therapy because of the additional

ICS being received as reliever therapy. This might allow asthma

symptoms to be controlled and exacerbations to be prevented with

lower overall exposure to inhaled steroids. It has been suggested

that using one inhaler in this way for both maintenance and re-

liever therapy could also be more effective by improving compli-

ance, but it is unclear whether it increases side effects associated

with the use of inhaled steroids.

Combination therapy with separate short-acting

bronchodilator

The two commonly used combination inhalers are budesonide

and formoterol, and fluticasone and salmeterol. The LABA, sal-

meterol, has a relatively slow onset of bronchodilation (Palmqvist

2001), and it is not licenced for use on an ’as-needed’ basis; this

means that salmeterol and fluticasone can be used only for main-

tenance therapy, and a separate SABA is needed for additional

symptom relief. Reliever medication with SABAs such as salbuta-

mol and terbutaline, or formoterol (a fast-acting but longer-last-

ing formulation), is licenced for this purpose (BTS/SIGN 2012).

Budesonide and formoterol combinations can be used alongside

SABAs in this way.

How the intervention might work

The combination of ICS and LABA in a single inhaler is an

effective way of delivering maintenance anti-inflammatory and

bronchodilator therapy in chronic asthma (Greenstone 2005; Ni

Chroinin 2005). The anti-inflammatory properties of the ICS

and the bronchodilatory effect of the LABA play complementary

roles in reducing inflammation in the airways and improving lung

function with relief of symptoms related to bronchospasm (Adams

2008; Walters 2007). Both are recommended when low-dose ICS

alone is not sufficient to control asthma, which is stated at Step

three in the British asthma guidelines (BTS/SIGN 2012). Con-

cerns have been raised about the use of single-inhaler LABA in

chronic asthma, in particular when it is used without a regular ICS,

in relation to the possible increased risk of severe adverse events and

asthma-related death (Cates 2008; Cates 2008a; Walters 2007).

The flexibility in steroid administration that is possible with SiT

might be more effective than a standard fixed-dose combination,

allowing steroid dose to be increased as a reliever when needed

while keeping the maintenance dose low when the disease is stable.

Why it is important to do this review

It is recognised that many patients who are prescribed ICS do not

continue to take the treatment in clinical practice, and combi-

nation inhalers can increase ICS use both as daily maintenance

6Combination formoterol and budesonide as maintenance and reliever therapy versus combination inhaler maintenance for chronic
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therapy with a SABA inhaler for relief (Delea 2008) and as single-

inhaler therapy (SiT) (Sovani 2008). Whilst trials that have inves-

tigated doubling the dose of ICS early in exacerbations have been

disappointing (FitzGerald 2004; Harrison 2004), with SiT it is

possible for the patient to automatically increase both LABA and

ICS when asthma worsens and to cut down again as symptoms

improve. This holds out the prospect of maintaining control of

asthma and preventing exacerbations with lower overall exposure

to ICS.

Concomitant delivery of ICS and LABA avoids the inadvertent

use of LABA without prescribed ICS treatment, and although this

method has been advocated as a new approach to asthma care

(Barnes 2007), some have pointed out limitations in the current

research evidence in children and adults with less severe asthma

(Bisgaard 2003; Lipworth 2007).

Fixed-dose budesonide and formoterol against maintenance treat-

ment with salmeterol and fluticasone has already been reviewed

(Lasserson 2011). Previous reviews have also assessed budesonide/

formoterol as reliever therapy (with identical maintenance treat-

ment) against other reliever therapy (Cates 2009), and SiT ver-

sus fixed-dose maintenance ICS and current best practice (Cates

2009a; Cates 2013).

This review has identified and summarised clinical trials that com-

pare single-inhaler therapy for maintenance and relief with budes-

onide/formoterol (SiT) against maintenance treatment with com-

bination inhalers (either salmeterol/fluticasone or budesonide/for-

moterol) and a SABA as relief. As SiT can be prescribed at a lower

dose than other ICS/LABA combination therapy because of the

additional ICS being received as reliever therapy, we decided that

combination inhalers at a higher steroid maintenance dose would

provide the most useful comparison.

O B J E C T I V E S

To assess the efficacy and safety of budesonide/formoterol in a

single inhaler (SiT) to be used for both maintenance and reliever

therapy in asthma in comparison with maintenance treatment

provided through combination inhalers with a higher mainte-

nance steroid dose (either fluticasone/salmeterol or budesonide/

formoterol), along with additional fast-acting beta2-agonists for

relief of symptoms.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised trials of parallel-group design of at least

12 weeks’ duration.

Types of participants

Adults and children with a diagnosis of chronic asthma. We ac-

cepted study-defined asthma and recorded the definition of asthma

used in the studies. We did not include studies conducted in an

ER setting.

Types of interventions

Eligible treatment group intervention

Any dose of combined budesonide and formoterol delivered

through a single inhaler for maintenance and reliever therapy

(SiT).

Eligible control group treatment

Combination ICS/LABA inhalers (fluticasone/salmeterol or

budesonide/formoterol) at a higher maintenance steroid dose than

the maintenance dose in the SiT group, with additional fast-acting

beta2-agonist inhaler for symptom relief.

Types of outcome measures

Primary outcomes

1. Exacerbations requiring hospitalisation.

2. Exacerbations requiring oral corticosteroids.

3. Serious adverse events (including mortality and life-

threatening events).

Secondary outcomes

1. Severe exacerbations (composite outcome of

hospitalisation/ER visit).

2. Diary card morning and evening peak expiratory flow (PEF,

L/min).

3. Clinic spirometry (FEV1, mL).

4. Number of rescue medication puffs required per day.

5. Days with symptoms/symptom-free days (%).

6. Nocturnal awakenings (%).

7. Quality of life.
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Search methods for identification of studies

Electronic searches

We identified trials from the Cochrane Airways Group Spe-

cialised Register of trials (CAGR), which is derived from system-

atic searches of bibliographic databases including the Cochrane

Central Register of Controlled Trials (CENTRAL), MEDLINE,

EMBASE, CINAHL, AMED and PsycINFO, and from hand-

searching of respiratory journals and meeting abstracts (please see

Appendix 1 for further details). All records in the CAGR coded as

’asthma’ were searched using the following terms:

(“single inhaler” or SiT or SMART or relie* or “as need*” or as-

need* or prn or flexible or titrat*) and ((combin* or symbicort

or viani) or ((budesonide or BUD) AND (formoterol or efor-

moterol)))

We also conducted a search of ClinicalTrials.gov. The search terms

are given in Appendix 2. All databases were searched from their

inception to November 2013, with no restriction on language of

publication.

Searching other resources

We checked reference lists of all primary studies and review articles

for additional references. We searched the manufacturer’s website

(AstraZeneca clinical trials database) for additional study infor-

mation for studies identified through the electronic searches.

Data collection and analysis

Selection of studies

After electronic literature searches were completed, two review

authors independently selected articles on the basis of titles and

abstracts for full-text scrutiny. The review authors agreed on a

list of articles, which were retrieved, and we subsequently assessed

each study to determine whether it was a secondary publication of

a primary study publication and whether the study met the entry

criteria of the review.

Data extraction and management

We recorded the definition of asthma used in the studies, as well

as the entry criteria. We recorded whether asthma was defined

according to guidelines. We summarised baseline severity of the

condition (according to international guidelines, e.g. GINA 2011;

BTS/SIGN 2012), persistence of symptoms and lung function

among the enrolled participants, as well as data on prestudy main-

tenance therapies.

We extracted the following characteristics.

1. Design (description of randomisation, blinding, number of

study centres and locations, number of study withdrawals).

2. Participants (N, mean age, age range of the study, baseline

lung function, % on maintenance ICS or ICS/LABA

combination and average daily dose of steroid (inhaled

beclomethasone (BDP) equivalent), entry criteria).

3. Intervention (type and dose of component ICS and LABA,

control limb dosing schedule, intervention limb dose adjustment

schedule, inhaler device, study duration and run-in).

4. Outcomes (type of outcome analysis, outcomes analysed).

Assessment of risk of bias in included studies

We assessed the risk of bias according to recommendations in the

Cochrane Handbook for Systematic Reviews of Interventions (Higgins

2011) for the following items.

1. Sequence generation.

2. Allocation concealment.

3. Blinding of participants and investigators.

4. Blinding of outcome assessors.

5. Loss to follow-up.

6. Reporting bias.

Each potential source of bias was graded as low, high or unclear

risk of bias. We also noted other sources of bias.

Measures of treatment effect

We analysed dichotomous data as odds ratios, and continuous data

as mean differences or standardised mean differences.

Data for each of the outcomes considered by the review were ex-

tracted from the trial publication(s) or from correspondence with

study authors or the manufacturer. Exacerbations, the primary

outcome for this review, have been reported by subtype (hospital-

isations, ER visits and courses of oral steroids) and as a composite

outcome when the breakdowns were not given. Serious adverse

events were considered together as fatal and non-fatal events.

Unit of analysis issues

We used participants (rather than events) as the unit of analy-

sis. Some participants suffer more than one exacerbation over the

course of a study, and these events are not independent.

Dealing with missing data

The proportion of randomly assigned participants who provided

data for the main outcomes has been reported and compared with

the number of participants with events in each outcome category.

Assessment of heterogeneity

Statistical variation between combined studies was measured by

the I2 statistic (Higgins 2003). When this exceeded 20%, we in-

vestigated the possible causes of heterogeneity.
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Assessment of reporting biases

We planned to inspect funnel plots to see whether publication

bias was evident if more than 10 studies had been included. When

trial protocols had been published in advance, we compared the

outcomes suggested in the trial protocol versus those reported for

each trial.

Data synthesis

Data were combined in Review Manager 5, using a fixed-effect

mean difference (calculated as a weighted mean difference) for

continuous data variables, and a fixed-effect odds ratio for dichoto-

mous variables. For the primary outcomes of exacerbations and

serious adverse events, we have calculated absolute effects for the

different levels of risk, as represented by control group event rates

over a specified time period using the pooled odds ratio and its

confidence interval and an online calculator (Visual Rx).

A Summary of findings table was constructed for the primary

outcomes.

Subgroup analysis and investigation of heterogeneity

We analysed studies that compared SiT with salmeterol/fluticasone

together with those studies that compared SiT with maintenance

budesonide/formoterol, and we presented both the results of each

comparison group separately and the pooled result. In the case

of Kuna 2007 [COMPASS], which had two intervention groups

relevant to this review, we halved the number of participants in the

group that served twice as the control to avoid overrepresentation.

For dichotomous outcomes, we halved both the numerator and the

denominator of the group that served twice, and for continuous

outcomes, we halved only the number of participants. It is noted

that this may have affected the power of the subgroup analyses

and tests for subgroup differences, and this was considered in their

interpretation.

If the search had returned data on both adult and child popu-

lations, we planned to pool the data in subgroups. Adult stud-

ies were considered as those that recruited participants from age

18 upwards, and adult and adolescent studies were considered as

those that recruited participants from age 12 upwards. We con-

sidered participants in studies in which the upper age limit was

12 years as children, and in studies where the upper age limit was

18 years as children and adolescents. We aimed to perform sub-

group analyses in relation to asthma severity (classified according

to major international guidelines (BTS/SIGN 2012; GINA 2012)

and dose equivalence of treatments used) but found that it was

more appropriate to remove one study in a sensitivity analysis (see

Outcomes and analysis structure in Results).

Sensitivity analysis

Sensitivity analysis has been conducted on the basis of risk of bias

in studies and baseline severity (based on baseline use of ICS and

baseline percentage predicted FEV1).

R E S U L T S

Description of studies

Full details of the conduct and characteristics of each included

study can be found in Characteristics of included studies, and

reasons for exclusion when full texts had to be viewed are given in

Characteristics of excluded studies.

Results of the search

Three-hundred fifty-five references were identified through

database searching and through additional searching of industry

databases and relevant reference lists. Of these, 241 were excluded

upon a sift of the titles and abstracts. One hundred six records

were assessed for eligibility, of which 74 were found to not meet

the review’s inclusion criteria (reasons for exclusion can be found

in Figure 1).
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Figure 1. Study flow diagram.

Included studies

Four studies (32 citations) met the inclusion criteria, randomly as-

signing 9130 people with a diagnosis of asthma to the comparisons

of interest in this review. Kuna 2007 [COMPASS] contributed the

largest sample size to the analyses, with 3335 people randomly as-

signed across three intervention groups. Stallberg 2008 [SHARE]

included the smallest number of people, with 1343 participants

randomly assigned to the two arms relevant to this review.

Design and duration

All studies were multi-centre, randomised, parallel-group con-

trolled trials, taking place at between 22 and 235 centres. Two

were six-month double-blind studies (Bousquet 2007 [AHEAD];

Kuna 2007 [COMPASS]), and two administered the medications

on an open-label basis for one year (Stallberg 2008 [SHARE];

Vogelmeier 2005 [COSMOS]). Three studies described two-week

run-in phases, during which participants received their usual ICS

therapy (and LABA when this was part of their treatment regimen),

with terbutaline as rescue medication. Stallberg 2008 [SHARE]

did not describe a run-in period.
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Participant inclusion and exclusion criteria

Full details of the inclusion and exclusion criteria of each trial can

be found in Characteristics of included studies. Inclusion and ex-

clusion criteria were very similar across trials. All trials included

outpatients at least 12 years of age and thus were treated as adult

and adolescent studies. All participants were required to have a

diagnosis of persistent asthma characterised by at least one exacer-

bation in the 12 months before study entry. In two trials, partic-

ipants’ prebronchodilator FEV1 had to be greater than 50% pre-

dicted normal: One required between 40% and 90% (Vogelmeier

2005 [COSMOS]), and the other trial did not specify (Stallberg

2008 [SHARE]). All trials recruited participants taking regular

ICS therapy and in regular need of a rescue inhaler. Studies ex-

cluded participants who had recently had a respiratory infection

or had recently received a course of systemic corticosteroids. Two

trials stated that participants with a smoking history of greater

than 10 pack-years were excluded (Bousquet 2007 [AHEAD];

Stallberg 2008 [SHARE]). Two trials excluded participants who

had been taking an ICS/LABA inhaler during the previous three

(Vogelmeier 2005 [COSMOS]) or 12 months (Stallberg 2008

[SHARE]).

Baseline characteristics of participants
Full details of the baseline characteristics of participants in each

study can be found in Characteristics of included studies, and a

summary in Table 1. Participants’ mean age was similar across the

trials, ranging from 38 to 45 years. Trials generally included more

women than men (between 38% and 44% male). Participants’

mean FEV1 percentage predicted was between 70% and 73% in

three of the trials and was significantly higher in Stallberg 2008

[SHARE], at 96%. The mean daily dose of steroid being taken at

baseline (BDP equivalent) ranged from 636 to 888 µg for indi-

vidual arms within the studies.

Characteristics of the interventions

Table 2 shows the planned daily treatment schedules and total

ICS received with SiT and with the comparison interventions in

each of the four studies. Kuna 2007 [COMPASS] and Stallberg

2008 [SHARE] used a daily SiT dose of 320/9 µg, and Stallberg

2008 [SHARE] also allowed the lower dose of 160/9 to be given,

depending on baseline ICS use. Bousquet 2007 [AHEAD] and

Vogelmeier 2005 [COSMOS] used the higher SiT dose of 640/

18 µg per day. All studies used 160/4.5-µg inhalations as the re-

liever dose in SiT. Three studies used fluticasone/salmeterol in the

comparison group-two at a daily dose of 500/100 µg (ICS/LABA)

(Kuna 2007 [COMPASS]; Vogelmeier 2005 [COSMOS]), and

the third at 1000/100 (Bousquet 2007 [AHEAD]). Two stud-

ies used budesonide/formoterol in the control group-Kuna 2007

[COMPASS] at a dose of 640/18µg, and Stallberg 2008 [SHARE]

at 320/18 µg or 640/18 µg, depending on baseline ICS dose.

Three of the studies used terbutaline as the SABA in the control

group, and Vogelmeier 2005 [COSMOS] used salbutamol. Al-

though some variation between studies was noted, the planned

and total received ICS doses (presented as BDP equivalents) were

consistently lower in SiT.

Outcomes and analysis structure

All but one of the studies reported the number of people with

exacerbations requiring hospitalisation or an ER visit, but these

data could not be used for the primary hospitalisation outcome, as

there was no way of knowing how many people had experienced

hospitalisation and how many had been to the ER (or both). As-

traZeneca, the drug company that funded all of the included stud-

ies, was unable to provide data for hospitalisations alone, so no data

could be analysed for this primary outcome. All studies reported

serious adverse events that could be meta-analysed. Exacerbations

and adverse events were coded by study investigators, who were

aware of allocation in Stallberg 2008 [SHARE] and Vogelmeier

2005 [COSMOS]. Studies did not routinely report as a separate

outcome the number of people requiring a course of oral steroids

, but these data were sought from the pharmaceutical company

sponsoring the studies and owning the data (AstraZeneca) and are

presented in Analysis 1.1. The data for hospitalisations and ER

visits combined are reported under the heading ’Severe exacerba-

tions’ in Analysis 1.3.

Secondary outcomes were generally poorly reported. Morning and

evening PEF, symptom-free days and nocturnal awakenings were

reported by only two studies (Bousquet 2007 [AHEAD]; Kuna

2007 [COMPASS]), representing three comparisons in each out-

come. The same two studies also reported rescue medication use,

and additional data were provided upon request by AstraZeneca

for Vogelmeier 2005 [COSMOS]. Two studies reported predose

FEV1 (Kuna 2007 [COMPASS]; Vogelmeier 2005 [COSMOS]),

and these data for Stallberg 2008 [SHARE] were provided by

AstraZeneca. Bousquet 2007 [AHEAD] and Vogelmeier 2005

[COSMOS] reported symptoms as measured by the Asthma Con-

trol Questionnnaire (ACQ)-5, meaning that no data were avail-

able on the use of budesonide/formoterol by the control group.

Only Vogelmeier 2005 [COSMOS] reported a measure of quality

of life that could be analysed.

Meta-analyses compared SiT versus combination inhalers of a

higher fixed maintenance dose and additional fast-acting beta2-

agonists for relief. Results were subgrouped according to the ICS/

LABA combination in the comparison group (i.e. fluticasone/sal-

meterol or budesonide/formoterol).

Although we planned to carry out subgroup analyses according

to symptom severity, we decided that a sensitivity analysis ex-

cluding Stallberg 2008 [SHARE] was more appropriate. Partici-

pants in Bousquet 2007 [AHEAD], Kuna 2007 [COMPASS] and

Vogelmeier 2005 [COSMOS] had mean baseline lung function

between 70% and 75% predicted and baseline ICS use towards the

top of the medium range. Participants were generally also required
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to have used ICS/LABA for one to three months, to have had one

or more exacerbations over the last year and to have the need for

reliever medication on three to five days out of seven. Conversely,

although participants in Stallberg 2008 [SHARE] had comparable

mean baseline ICS doses of around 650 µg budesonide in both

groups, percent predicted FEV1 was much higher, at 95% and

97%,respectively.

Excluded studies

Reasons for study exclusion can be found in Characteristics

of excluded studies, and associated references are provided

in Excluded studies. Three studies (D589LC00001 2011

[SAKURA]; O’Byrne 2005 [STAY]; Rabe 2006 [SMILE]) were

excluded at a late stage, when it became clear that the maintenance

ICS dose in the control group was not higher than the mainte-

nance dose prescribed for the intervention group, and hence they

did not meet the inclusion criteria.

Risk of bias in included studies

For details of the risk of bias rating for each study and the reasons

for each rating, see Characteristics of included studies. A sum-

mary of the risk of bias judgements by study and domain (alloca-

tion generation, allocation concealment, blinding and incomplete

data) can be found in Figure 2. All studies were funded by only

one pharmaceutical company (AstraZeneca) and were mostly free

from methodological biases, although two studies were rated at

high risk for blinding because the inhalers were delivered in an

open-label design. Evidence of selective outcome reporting was

found in two of the trials, and this is reflected in the grade ratings

of the affected outcomes.
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Figure 2. Risk of bias summary: review authors’ judgements about each risk of bias item for each included

study.
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Allocation

It is unlikely that selection bias compromised the validity of this

review. All studies used adequate methods to allocate participants

to groups and were rated as low risk of bias for sequence genera-

tion. All studies stated that randomisation codes were sequentially

assigned from a list that was computer generated, and this was

confirmed through communication with AstraZeneca. Stallberg

2008 [SHARE] stated that allocation was stratified according to

ICS dose at baseline, and Bousquet 2007 [AHEAD] stated that

randomisation occurred in balanced blocks.

All studies used adequate methods to conceal the allocation se-

quence until assignment and were rated as low risk of bias in

this domain. Three studies (Bousquet 2007 [AHEAD]; Kuna

2007 [COMPASS]; Stallberg 2008 [SHARE]) provided individ-

ual treatment codes in sealed envelopes, and one provided alloca-

tion by means of an interactive voice response system (Vogelmeier

2005 [COSMOS]).

Blinding

Ineffective blinding procedures may have introduced bias into the

analyses in this review. Two studies used adequate double-dummy

procedures and labelling to conceal the medications from partic-

ipants and providers and were rated as low risk of bias (Bousquet

2007 [AHEAD]; Kuna 2007 [COMPASS]). The other two stud-

ies used an open-label design and therefore were at high risk of

performance and detection bias by participants and investigators

(Stallberg 2008 [SHARE]; Vogelmeier 2005 [COSMOS]).

Three studies did not state whether outcome assessors were blind

to treatment allocation (Bousquet 2007 [AHEAD]; Kuna 2007

[COMPASS]; Stallberg 2008 [SHARE]), so were rated as unclear.

The remaining study described dose titration by investigators, who

appeared to be those who rated outcomes, and hence was rated at

high risk of bias (Vogelmeier 2005 [COSMOS]).

Incomplete outcome data

Little evidence of attrition bias was found in the included studies.

Withdrawal rates were low (highest 14% in the fluticasone/salme-

terol group of Vogelmeier 2005 [COSMOS]) and even between

groups in all studies.

Selective reporting

Varied evidence of reporting bias was found in the four included

studies, and this may have affected the robustness of some analy-

ses. Bousquet 2007 [AHEAD] was rated as low risk of bias, as we

were able to locate the trial registration and check it against the

study report. Although it appeared that Kuna 2007 [COMPASS]

reported all relevant outcomes, we could not locate the study pro-

tocol and hence could not confirm that all predefined outcomes

were included in the published report. Stallberg 2008 [SHARE]

and Vogelmeier 2005 [COSMOS] were rated as high risk of bias

because they omitted data or did not provide it in a reasonable

format for one or more of the outcomes. Although additional out-

come data and information about study methodology were pro-

vided by AstraZeneca, several outcomes still did not include data

from all four studies.

Other potential sources of bias

No other sources of bias were identified.

Effects of interventions

See: Summary of findings for the main comparison SiT

for maintenance/relief compared with higher-dose ICS/LABA +

SABA for chronic asthma in adults and children

Single-inhaler therapy (SiT) versus ICS/LABA

combination inhalers at a higher ICS dose with

separate SABA relief

Full details of the analyses and their GRADE ratings can be found

in Data and analyses and Summary of findings for the main

comparison.

Primary outcomes

Subgroup analyses based on the ICS/LABA combination in the

comparison group were performed for all of the primary outcomes.

No evidence of subgroup differences was found for exacerbations

requiring oral steroids or serious adverse events, although splitting

the SiT group in Kuna 2007 [COMPASS] may have resulted in

an underestimation of subgroup differences. For full details of

the individual subgroup effects, see Analysis 1.1 and Analysis

1.2. Although two of the studies were open-label, one of which

recruited a less severe population, we chose not to downgrade

the evidence for these reasons based on the sensitivity analyses

presented.

Exacerbations requiring hospitalisation

All but one of the studies reported the number of people with

exacerbations requiring hospitalisation or an ER visit, but these

data could not be used, as there was no way of knowing how many

people had been admitted to hospital for an exacerbation and

how many had been to the ER. AstraZeneca, the drug company

that funded all of the included studies, was unable to provide
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data related purely to hospitalisations. Available data (composite of

exacerbations requiring hospitalisation or an ER visit) are shown

in the secondary outcome labelled ’Severe exacerbations’.

Exacerbations requiring a course of oral corticosteroids

SiT reduced the number of people who had an exacerbation re-

quiring a course of oral corticosteroids (odds ratio (OR) 0.75,

95% confidence interval (CI) 0.65 to 0.87; I2 = 0%, P = 0.82).

AstraZeneca provided data for 9096 people across all four studies,

and the evidence was rated as high quality (no serious imprecision,

inconsistency, risk of bias or indirectness). Figure 3 shows the ab-

solute effect in a Cates plot.

Figure 3. Cates plot: In the control group, 10 of 100 people had an exacerbation requiring oral steroids over

eight months compared with eight (95% CI seven to nine) of 100 in the SiT group.

Number of people with serious adverse events (including

mortality)

We could not rule out a possible increase or decrease in serious

adverse events with SiT (OR 0.92, 95% CI 0.74 to 1.13; I² = 0%,

P = 0.98), based on 9130 participants from all four trials, and no

statistical heterogeneity was observed between study results. The

evidence was downgraded once for imprecision and was rated as
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moderate quality, as the confidence intervals were wide.

Sensitivity analysis-baseline severity

Stallberg 2008 [SHARE] was removed from the three primary out-

comes in a sensitivity analysis because the population had much

higher baseline percentage predicted FEV1 than that in the other

studies. The study did not report exacerbations requiring hospi-

talisation, so this outcome was not affected. Conclusions for exac-

erbations requiring oral steroids (Analysis 1.1; Analysis 2.1) and

serious adverse events (Analysis 1.2; Analysis 2.2) were unaffected

by removing the study.

Sensitivity analysis-blinding

Stallberg 2008 [SHARE] and Vogelmeier 2005 [COSMOS] were

removed from the primary analyses for a sensitivity analysis on

the basis of performance and detection bias (Figure 2). Results

were very similar with and without the studies for exacerbations

requiring oral steroids (Analysis 1.1; Analysis 3.1), serious adverse

events (Analysis 1.2; Analysis 3.2) and exacerbations requiring

hospitalisation or an ER visit (Analysis 2.3; Analysis 3.3),

Secondary outcomes

Subgroup analyses based on the ICS/LABA combination in the

comparison group were performed for all of the secondary out-

comes. In all cases, no heterogeneity (I² = 0%) between subgroups

was noted, so only the pooled effect is reported to increase preci-

sion. Individual subgroup effects for each outcome can be found

in Data and analyses.

Severe exacerbations (those requiring hospitalisation or an

ER visit)

The number of people who had at least one exacerbation meeting

these criteria was lower in the SiT group (OR 0.72, 95% CI 0.57

to 0.90; I2 = 0%, P = 0.66), based on 7768 participants from three

of the studies. No heterogeneity was observed, and the evidence

was rated as high quality. Figure 4 shows the absolute effect in a

Cates plot.

Figure 4. Cates plot: In the control group, five of 100 people had an exacerbation requiring hospitalisation

or an ER visit over eight months, compared with four (95% CI three to five) of 100 in the SiT group.
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Morning peak expiratory flow (PEF, L/min)

SiT was not significantly different from higher-dose ICS/LABA

for morning PEF (mean difference (MD) -1.46, 95% CI -3.85

to 0.94; I² = 0%, P = 0.67), based on 5624 participants in two

studies (three comparisons). No heterogeneity was observed be-

tween studies, and imprecision was judged to be not severe enough

to warrant downgrading. However, given that two studies could

not be included in the analysis, the outcome was downgraded for

publication bias. The quality of this evidence was therefore rated

as moderate.

Evening peak expiratory flow (PEF, L/min)

No significant difference between SiT and the control interven-

tion was seen for evening PEF, and the magnitude of the mean

difference was smaller (MD 0.11, 95% CI -2.24 to 2.46; I² = 0%,

P = 0.61). Again, this was based on 5624 participants in two tri-

als, and no heterogeneity was noted between studies. The quality

of evidence was rated as moderate for the same reasons as in the

morning PEF analysis.

Predose forced expiratory volume in one second (FEV1, mL)

SiT was associated with slightly better predose FEV1 compared

with the control intervention (MD 19.35, 95% CI 2.72 to 35.98;

I² = 0%, P = 0.65) with no heterogeneity. The analysis was based on

7566 participants in three trials (representing four comparisons),

and the evidence was rated as moderate quality, as downgraded for

imprecision because the confidence intervals included almost no

benefit.

Rescue medication puffs required per day

Because of the nature of the comparison, rescue medication re-

ferred to different treatments in the intervention and control arms:

In the SiT group, rescue medication is the number of additional

puffs of budesonide/formoterol combination inhaler taken per

day, and in the control arm, it is the number of puffs of the SABA

inhaler provided as reliever medication. In each case, it captures

the need for additional medication on top of regular twice-daily

maintenance treatment.

The need for rescue mediation was not statistically different be-

tween SiT and controls (MD -0.09, 95% CI -0.27 to 0.09; I²

= 93%, P > 0.00001), based on 7725 participants in three trials

(representing four comparisons), but considerable heterogeneity

was observed between the two studies. As such, a random-effects

model was used, and the outcome was downgraded for inconsis-

tency. The outcome was also downgraded for imprecision, and the

evidence was rated as low quality.

Symptoms rating-Asthma Control Questionnaire (ACQ-5)

Moderate-quality evidence suggested a small but significant im-

provement with SiT on the ACQ-5 (MD -0.04, 95% CI -0.07

to 0.00; I² = 3%, P = 0.31), based on 4432 participants in two

studies, and very little heterogeneity was noted between studies.

Both studies used fluticasone/salmeterol in the control interven-

tion. The evidence was downgraded for publication bias, as two

studies (representing three comparisons) did not report the out-

come.

Symptom-free days (%)

SiT was not significantly different from higher-dose combination

therapy in terms of symptom-free days (MD -1.16, 95% CI -

2.99 to 0.68; I² = 0%, P = 0.66), based on 5644 participants in

two trials (representing three comparisons), and no heterogeneity

was seen between the studies. The evidence was downgraded for

publication bias only and was rated as moderate quality.

Nocturnal awakenings (%)

Nocturnal awakenings were reduced with SiT (MD -1.08, 95% CI

-2.13 to -0.03; I² = 0%, P = 0.92), based on 5624 participants in

two studies (in three comparisons). No heterogeneity was observed

between the studies, although again, two studies were missing from

the analysis. As such, the outcome was downgraded for publication

bias and was rated as moderate quality.

Quality of life-Asthma Quality of Life Questinnaire (AQLQ)

Evidence of very low quality suggested a small benefit of SiT com-

pared with a higher-dose fluticasone/salmeterol combination (MD

-0.06, 95% CI -0.10 to -0.02). This was based on one study with

2143 participants (Vogelmeier 2005 [COSMOS]). The outcome

was downgraded for the methodological risk of bias in Vogelmeier

2005 [COSMOS]. As none of the other three studies reported a

quality of life measure that could be included in the meta-analysis,

the evidence was downgraded twice for publication bias.

D I S C U S S I O N
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Summary of main results

Four studies were included, randomly assigning 9130 participants

with a diagnosis of persistent/chronic asthma (Step three and

above; GINA 2012) to the comparisons of interest in this review.

None of the studies included children younger than age 12, so we

were unable to draw conclusions for this group of participants.

Meta-analyses compared SiT versus combination inhalers at a

higher dose alongside fast-acting beta2-agonists for relief. Results

were subgrouped according to the ICS/LABA combination used in

the comparison group (i.e. fluticasone/salmeterol or budesonide/

formoterol), but because no significant differences were noted for

the primary outcomes, we have summarised the pooled estimates.

Trials included more women than men, with mean age ranging

from 38 to 45 and mean baseline steroid dose (BDP equivalent)

from 636 to 888 µg. Mean baseline FEV1 percentage predicted

was between 70% and 73% in three of the trials, and 96% in

another.

Fewer people taking SiT had an exacerbation requiring a course

of oral steroids (OR 0.75, 95% CI 0.65 to 0.87) or requiring

hospitalisation or a visit to the ER (OR 0.72, 95% CI 0.57 to 0.90).

Data for hospitalisations independent from the other exacerbation

criteria were not available. We could not rule out the possibility

of SiT increasing or decreasing serious adverse events (OR 0.92,

95% CI 0.74 to 1.13). No important variation was seen in the

main findings, and they were mostly rated high quality (i.e. further

research is very unlikely to change our confidence in the estimate

of effect).

Inconsistent reporting of secondary outcomes reduced our con-

fidence in these findings. No significant difference was observed

between SiT and higher-dose combinations for morning PEF,

evening PEF, rescue medication use or number of symptom-free

days. On three secondary outcomes for which SiT showed a statis-

tically significant benefit, the magnitude of effect was not deemed

clinically meaningful (FEV1, nocturnal awakenings and quality of

life).

Sensitivity analyses to explore two potential moderators of effect

(baseline severity and blinding) did not change conclusions, but

differences in dose regimens and in participant characteristics are

likely to have introduced some inconsistency in the findings. In

addition, although all studies were funded by AstraZeneca, which

provided additional data for several outcomes, methodological dif-

ferences such as blinding and inclusion criteria may reduce our

confidence in the results.

Overall completeness and applicability of
evidence

None of the studies included participants younger than age 12, so

the evidence can be applied only to adults and adolescents. Single-

inhaler therapy is not currently licenced for children younger than

age 18, and the only study that included children did not meet the

inclusion criteria for this review (O’Byrne 2005 [STAY]). In addi-

tion, no data were available for one of the primary outcomes-exac-

erbations leading to hospitalisation-representing an important gap

in the evidence. Although exacerbations were reported in several

other ways, hospitalisation is distinct from the other classifications

because of the extent of associated healthcare costs and disruption

for the participant.

Participants in Bousquet 2007 [AHEAD], Kuna 2007

[COMPASS] and Vogelmeier 2005 [COSMOS] had mean base-

line lung function between 70% and 75% predicted and baseline

ICS use towards the top of the medium range. Participants in these

studies generally were required to have used LABA/ICS for one to

three months, to have had one or more exacerbations in the past

year and to have needed reliever medication on at least three days a

week. On the basis of the sensitivity analysis to investigate changes

in primary outcomes after exclusion of the one remaining study

(Stallberg 2008 [SHARE]) recruiting a less severe population, it

seems likely that the results of this review are applicable to patients

of somewhat different severities.

A degree of variation between studies was seen in the amount of

ICS received, and this may be an important source of heterogene-

ity; in the SiT groups, the actual received steroid dose ranged from

454 to 1238 BDP equivalent, and from 574 to 2000 in the com-

parison groups. In the individual studies, people in the compari-

son group always received more ICS than those in the SiT group

(using the amount of ICS from the maintenance SiT dose alone,

or the amount from both maintenance and relief inhalations), but

the absolute levels were highly variable among studies. The vari-

ability in doses may reflect the design of the studies and differences

in baseline severity, although the sensitivity analysis excluding one

study with very different inclusion criteria did not change the re-

sults. The dose differences might also reflect a certain variability

in guidelines for the treatment of asthma associated with the fact

that the studies were performed in different years and in different

countries. For this reason, we were unable to draw conclusions

about dose.

A potential issue is the generalisability of the SiT approach and

results to clinical practice: All studies were conducted in a con-

trolled manner, with regular follow-up and specific training in the

use of inhalers, and this might be difficult to reproduce in the

day-by-day clinical work of general practitioners and even special-

ists. Adherence to treatment is one of the main factors limiting

clinical efficacy of interventions in asthma; this is recognised and

addressed in current guidelines (BTS/SIGN 2012; GINA 2012).

Another potential issue regards patients who tend to overuse their

relief medications and whether the intensive instruction and man-

agement of participants in trials are representative of clinical prac-

tice. Overuse of inhalers is certainly something to consider in the

clinical management of all patients with asthma, regardless of the

type of device or beta2-agonist prescribed as relief, but this is some-

thing that occurs relatively seldom nowadays, especially in patients
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reaching good control of their symptoms with the addition of in-

haled steroids. An associated concern is the potential for overcon-

sumption of inhaled steroids associated with single-inhaler ther-

apy. However, the current meta-analysis shows in a good sample

size that participants treated in the SiT arm had in fact received

lower doses of inhaled steroids during and at the end of the trials,

and this was associated with a reduced need for systemic steroids.

The review did not look at specific adverse events related to steroid

use to limit the number of outcomes; instead the review authors

looked generally at the rate of more serious events. Analysing the

data in this way could have masked potential differences in the

rates of overall adverse events of any severity or of particular ad-

verse events associated with ICS use.

In the light of the raised safety concerns associated with ICS+LABA

therapy, critical evaluation of safety outcomes becomes very im-

portant. The title included evaluation of the safety of the com-

bination; however, certain important issues including withdrawal

overall and withdrawal due to specific reasons, adverse effects over-

all and specific adverse effects have not been addressed in the re-

view. It would be great to address the issues of withdrawal as an

indirect support for the primary outcome.

Quality of the evidence

Some of the results may be subject to detection and performance

bias because two of the studies did not blind study medication

from participants and investigators. Of these two studies, it was

clear that in one, outcome assessors were also unblinded, and in

the other, insufficient information was provided for review authors

to judge. Similarly, use of different inhalers and techniques for

the intervention and control arms in some ways precluded true

blinding, and inhaler type may have introduced heterogeneity into

some of the outcomes.

In addition, several of the secondary outcomes contain only one

or two studies; this prevented any strong conclusions from being

drawn, despite the fact that AstraZeneca provided additional data

for several of the outcomes. As only four included studies were

identified, missing data from even one study could have a serious

affect on the analysis. For this reason, unless all four studies could

be included in the analysis, the evidence was downgraded for pub-

lication bias and was rated as moderate quality at best. We did not

contact individual authors for extra data but liaised directly with

AstraZeneca to make every effort to include all studies in as many

of the outcomes as possible.

Potential biases in the review process

We are confident that all identifiable studies were found by using

additional methods to catch anything that might not have been

found in the main electronic search (e.g. searching drug com-

pany databases and clinical trial registration sites, checking refer-

ence lists). However, although every effort was made to find and

include unpublished data, unpublished studies (industry funded

or otherwise) may exist that might change our confidence in the

conclusions (Song 2010). We adhered to best practice guidelines

throughout the review process in terms of study selection, resolu-

tion of disagreements, data extraction and analysis.

Agreements and disagreements with other
studies or reviews

Several previous reviews have meta-analysed single-inhaler main-

tenance and reliever therapy versus other recommended treatment

strategies (Agarwal 2009; Bateman 2011; Cates 2013; Edwards

2010). As in this review, all found that exacerbation rates were

reduced with SiT compared with usual care (Cates 2013), ICS

alone at equivalent or higher doses (Agarwal 2009; Cates 2013)

and fixed-dose ICS/LABA combinations (Agarwal 2009; Bateman

2011; Edwards 2010). This reinforces the validity of our findings

and suggests that SiT might induce better control of inflammation

in asthma, thanks to low additional doses of inhaled steroids in

combination with formoterol only when really needed because of

the participant’s clinical condition.

Evidence regarding the benefits of SiT for hospitalisation has been

mixed. This review obtained evidence that is in line with evidence

reported by Agarwal 2009 and Edwards 2010, which used similar

comparators. Cates 2013 did not find that SiT reduced hospital-

isations, but in this review, SiT was compared with ICS alone or

with current best practice. Our review demonstrates a reduction

in exacerbations requiring hospitalisation or an ER visit, although

we were able to analyse data for the two definitions only separately.

Czarnecka 2012 concluded that although single-inhaler therapy

reduces exacerbations, it is associated with ’poor symptom control

of asthma’. This is not in line with the findings of this review or

with the conclusions of other reviews, which tend to report no

evidence of statistical differences in various symptom measures or

spirometry compared with other treatment strategies. Although

this should not be interpreted as evidence of equivalent efficacy, it

suggests that evidence is insufficient to permit review authors to

state the superiority of SiT or the fixed-dose comparison for these

outcomes.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

This review provides evidence of high and moderate quality show-

ing that SiT reduces exacerbations requiring hospitalisation or an

ER visit and courses of oral steroids. Current evidence is insuffi-

cient to show whether SiT is associated with more or fewer serious
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adverse events compared with higher fixed-dose ICS/LABA com-

binations, and no data were available for exacerbations leading to

hospitalisation. The mean daily dose of ICS in SiT, including the

total dose administered with reliever use, was always lower than

that of the other combination groups. This suggests that the flex-

ibility in steroid administration that is possible with SiT might be

more effective than a standard fixed-dose combination by increas-

ing the dose only when needed and keeping it low during stable

stages of the disease.

Implications for research

Research into this comparison should be aimed at children and

adolescents with persistent asthma, particularly children younger

than age 12, for whom no evidence is currently available. Re-

searchers should report the number of people with the most se-

vere exacerbations-those requiring admission to hospital-as dis-

tinct from the number with exacerbations leading to systemic med-

ications and ER visits. Future studies might consider better char-

acterising participants who are likely to benefit from SiT using

different fixed doses of ICS combined with the LABA, to optimise

the approach for participants with different severities of asthma.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Bousquet 2007 [AHEAD]

Methods Design: randomised, double-blind, parallel-group, multi-national study. The first par-

ticipant was enrolled on 2 May 2005, and the last participant completed the study on

29 May 2006. The trial included 184 centres in 17 countries. Duration of treatment

was six months

Participants Population: 2309 participants with asthma were randomly assigned to SiT (1154) and

fluticasone/salmeterol (1155)

Inclusion criteria: outpatients aged 12 years or older, with persistent asthma, who

had been treated with ICS alone (800 to 1600 µg/d) or ICS (400 to 1000 µg/d)

in combination with LABA for at least three months before study entry. All eligible

participants had a prebronchodilator forced expiratory volume in one second (FEV1) ≥

50% of predicted normal value, with ≥ 12% reversibility following 1.0 mg terbutaline,

and had experienced one or more clinically important asthma exacerbations (as judged

by the clinician) in the previous 12 months (but none in the month before enrolment).

To be eligible for randomisation at the end of run-in, participants had to have used as-

needed terbutaline on five or more of the previous seven days, with no more than eight

inhalations in any single day

Exclusion criteria: recent respiratory infection, use of systemic corticosteroids within

30 days of study entry, use of any β-blocking agent (including eye drops) and a smoking

history of ≥ 10 pack-years

Interventions Run-in: During the two-week run-in period, participants used their regular maintenance

dose of ICS (in combination with a LABA if used as maintenance before study entry)

plus terbutaline (Bricanyls Turbuhalers, AstraZeneca, Sweden) as needed

SiT: budesonide/formoterol 2*160/4.5 µg twice daily plus as needed (budesonide/for-

moterol maintenance and reliever therapy)

Inhaler: Symbicorts Turbuhalers, AstraZeneca, Sweden

Control: fluticasone/salmeterol 50/500µg twice daily plus terbutaline 0.4 mg/inhalation

for symptom relief

Inhaler: SeretideTM DiskusTM, GlaxoSmithKline, UK

Outcomes Primary: time to first severe exacerbation

Secondary: rate of severe exacerbations; time to first hospitalisation/ER treatment; rate

of hospitalisation/ER treatments; peak expiratory flow; reliever use; asthma symptoms;

nights with awakenings due to asthma symptoms; composite measure of asthma control

days (day and night with no asthma symptoms, no awakenings due to asthma symptoms

and no use of as-needed medication); spirometry (FEV1); Asthma Control Questionnaire

(5-item version; ACQ-5)

Notes Funding: AstraZeneca

Study number: AstraZeneca study code D5890C00002; clinical trial registration num-

ber: NCT00242775

Definitions: severe exacerbation: deterioration in asthma leading to hospitalisation/

emergency room (ER) treatment and/or oral corticosteroid treatment for at least three
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Bousquet 2007 [AHEAD] (Continued)

days

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Randomisation codes were sequentially as-

signed in balanced blocks from a computer-

generated list at AstraZeneca R&D, Lund,

Sweden

Allocation concealment (selection bias) Low risk Participants were randomly assigned

strictly sequentially as they became eligible.

Each centre was provided with numbered

and sealed randomisation envelopes by As-

traZeneca (information provided by AZ)

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Maintenance and as-needed medications

were administered in a blinded double-

dummy fashion, with each participant re-

ceiving two inhalers for maintenance (one

Turbuhaler, containing budesonide/for-

moterol or placebo; one DiskusTM, con-

taining fluticasone/salmeterol or placebo)

and one Turbuhaler containing budes-

onide/formoterol or terbutaline for relief

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Not described

Incomplete outcome data (attrition bias)

All outcomes

Low risk Withdrawal rates were low and relatively

even (8.5% SiT, 10.0% fluticasone/salme-

terol). Rates were higher or of similar mag-

nitude to those of several of the outcomes

Selective reporting (reporting bias) Low risk Checked trial registration-all prespecified

outcomes were reported in sufficient detail

in the paper, with the exception of FEV1

(secondary outcome)

26Combination formoterol and budesonide as maintenance and reliever therapy versus combination inhaler maintenance for chronic

asthma in adults and children (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Kuna 2007 [COMPASS]

Methods Design: randomised, double-blind, double-dummy, parallel-group study. The first par-

ticipant was enrolled on 19 December 2003, and the last participant completed the

study on 11 March 2005. The trial included 235 centres in 16 countries. Duration of

treatment was six months

Participants Population: 3335 participants with asthma (as defined by the American Thoracic Soci-

ety) were randomly assigned to SiT (1107), fluticasone/salmeterol (1123) or budesonide/

formoterol (1105)

Inclusion criteria: Outpatients aged ≥ 12 years with a diagnosis of asthma for ≥ six

months and using ICS for ≥ three months (≥ 500 µg/d of budesonide or fluticasone (or

≥ 1000 µg/d of another ICS) for ≥ one month) were eligible for enrolment. Participants

had to have a forced expiratory volume in one second (FEV1) ≥ 50% predicted normal

with ≥ 12% reversibility following terbutaline 1 mg and ≥ one asthma exacerbation in

the previous one to 12 months. Participants using reliever medication on ≥ five of the

last seven days of the two-week run-in were randomly assigned

Exclusion criteria: Those with > 10 as-needed inhalations on any day of run-in and

participants who experienced an asthma exacerbation during run-in were not randomly

assigned. Participants using systemic corticosteroids or with respiratory infections affect-

ing asthma control within 30 days of study entry were excluded

Interventions Run-in: During run-in, participants used their regular ICS for maintenance and terbu-

taline (Bricanyl Turbuhaler; AstraZeneca) for symptom relief. ICS/ LABA combination

inhalers were stopped 72 hours before study entry and the corresponding ICS dose used

SiT: budesonide/formoterol 160/4.5 µg one inhalation twice daily for maintenance plus

additional inhalations as needed (Symbicort SiT)

Inhaler: Symbicort Turbuhaler; AstraZeneca

Control 1: fixed-dose fluticasone/salmeterol 25/125 µg two inhalations twice daily plus

terbutaline as reliever medication

Inhaler: SeretideTM/AdvairTM EvohalerTM, pressurised metered-dose inhaler

(pMDI), GlaxoSmithKline

Control 2: budesonide/formoterol 320/9 µg one inhalation twice daily plus terbutaline

Inhaler: Turbuhaler

Outcomes Primary: time to first severe exacerbation

Secondary: total numbers of severe exacerbations; numbers of mild exacerbations; morn-

ing peak expiratory flow; evening peak expiratory flow; inhalations of as-needed medica-

tion; asthma symptoms; nights with awakenings caused by asthma; asthma control days;

spirometry (FEV1); Asthma Control Questionnaire (five-item version; ACQ-5); Asthma

Quality of Life Questionnaire (standardised version; AQLQ(S)); overall ICS treatment

load in BDP-equivalent doses; symptom-free days; as-needed-free days

Notes Funding: AstraZeneca

Study number: AstraZeneca study code SD-039-0735

Definitions: severe exacerbation: deterioration in asthma resulting in hospitalisation

or emergency room (ER) treatment, or the need for oral steroids for ≥ three days (as

judged by the investigator). Mild exacerbation day defined as a day with any one of

the following: morning PEF ≥ 20% below baseline, daily as-needed medication use

≥ two inhalations above baseline or a night with an asthma-related awakening. Mild

exacerbation defined as two consecutive mild exacerbation days satisfying the same

criterion
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Kuna 2007 [COMPASS] (Continued)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk The randomisation schedule was computer

generated at AstraZeneca Research and De-

velopment, Charnwood, UK

Allocation concealment (selection bias) Low risk Within each centre, participants were ran-

domly assigned strictly sequentially as they

became eligible. Individual treatment codes

and code envelopes (indicating the treat-

ment allocation for each randomly assigned

participant) were provided, but code en-

velopes were to be opened only in case of

medical emergencies

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Individual treatment codes and code en-

velopes (indicating the treatment alloca-

tion for each randomly assigned partici-

pant) were provided, but code envelopes

were to be opened only in case of medical

emergencies

To maintain the blinding, all participants

received three inhalers. Participants were

instructed to take one inhalation from the

inhaler with the red grip (budesonide/for-

moterol or placebo Turbuhaler) and two

inhalations from the pMDI (fluticasone/

salmeterol or placebo Evohaler) upon ris-

ing and before going to bed; for symp-

tom relief, as-needed inhalations were to

be taken from the inhaler with the white

grip (budesonide/formoterol or terbutaline

Turbuhaler)

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Not described

Incomplete outcome data (attrition bias)

All outcomes

Low risk Withdrawal rates were low and even (SiT

5.0%, fluticasone/salmeterol 4.4% and

budesonide/formoterol 5.3%). However,

they were still higher than the event rates

for some of the outcomes (SAE)

Selective reporting (reporting bias) Unclear risk Could not locate protocol registration.

Cannot verify that all prespecified out-
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Kuna 2007 [COMPASS] (Continued)

comes were measured and reported

Stallberg 2008 [SHARE]

Methods Design: randomised, open-label, parallel-group, multi-centre study. The first participant

was enrolled on 5 April 2004, and the last participant completed the study on 12 May

2007. The trial included 222 centres. Duration of treatment was 12 months

Participants Population: 1343 participants with asthma were randomly assigned to SiT (887) and

budesonide/formoterol (456)

Inclusion criteria: outpatients of either sex aged > 12 years with an asthma diagnosis

according to the American Thoracic Society definition, with regular daily inhaled GCS

(of any brand) ≥ 400 µg during the last 30 days before randomisation and either daily

maintenance treatment with a free combination of both inhaled GCS and LABA or

daily treatment with inhaled GCS alone and suboptimal asthma control manifested by

current asthma symptoms and/or use of ≥ three inhalations/wk of as-needed medication

(for symptom relief or prevention of symptoms), as judged by the investigator

Exclusion criteria: Study exclusion criteria included treatment with a fixed combination

of budesonide/formoterol or fluticasone/salmeterol in the year preceding randomisation.

Participants using oral corticosteroids within the 30 days before randomisation, those

with a smoking history of > 10 pack-years and individuals with any disease or disorder

that may be affected by study medication were also excluded from the study

Interventions Run-in: no run-in details given

SiT: Symbicort (budesonide/formoterol 160/4.5 µg) or Symbicort Mite (budesonide/

formoterol 80/4.5 µg) one inhalation twice daily or two inhalations once daily plus

Symbicort as needed (budesonide/formoterol 160/4.5 µg or budesonide/formoterol 80/

4.5 µg)

Inhaler: Turbuhaler

Control: Symbicort (budesonide/formoterol 160/4.5 µg) or Symbicort Mite (budes-

onide/formoterol 80/4.5 µg) two inhalations twice daily plus Bricanyl as needed (terbu-

taline 0.25 or 0.5 mg)

Inhaler: Turbuhaler

Outcomes Primary: direct asthma-related costs (i.e. sum of asthma medication and direct non-

medication resource use)

Secondary:health economics: direct asthma-related costs; indirect asthma-related re-

source use (number of days absent from work (for the participant) due to asthma; num-

ber of days absent from work for assistant person due to participant’s asthma (caregiver

cost)); total costs including direct and indirect costs

Participant-reported outcomes: EQ-5D; participant WTP; ACQ; participant rating of

asthma symptoms; participant rating of asthma status; participant-reported compliance

Efficacy: number of participants with an asthma exacerbation; number of treatment

failures; sick-leave

Safety: SAE; DAE

Notes Funding: AstraZeneca

Study number: AstraZeneca study code D5890L00001, clinicaltrials.gov study code

NCT00259766
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Stallberg 2008 [SHARE] (Continued)

Definitions: severe exacerbation not defined

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk The randomisation scheme was computer

generated at AstraZeneca Research and

Development, Alderley Park, UK. Par-

ticipants randomly assigned to receive

any treatment including budesonide/for-

moterol were stratified according to base-

line ICS dose. Those previously treated

with ICS 400 to 500 mg/d were allocated to

treatment with the budesonide/formoterol

Turbuhaler (80/4.5 mg delivered dose), and

those previously treated with ICS > 500

mg/d were allocated to the budesonide/for-

moterol Turbuhaler (160/4.5 mg delivered

dose)

Allocation concealment (selection bias) Low risk At each centre, participants were randomly

assigned strictly sequentially as they be-

came eligible. Coded envelopes with in-

dividual treatment codes stating the treat-

ment allocation for each randomly assigned

participant were provided

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Open label

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Not described

Incomplete outcome data (attrition bias)

All outcomes

Low risk Withdrawal rates were relatively even (11.

0% in the SiT one group, 12.9% in the SiT

two group, and 13.2% in the budesonide/

formoterol group). Rates were higher or of

similar magnitude to those of several of the

outcomes

Selective reporting (reporting bias) High risk Checked report against protocol. All pre-

specified outcomes were reported (cost re-

lated), but key efficacy outcomes were

missed or were not reported in a format

that could be included in the meta-analysis
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Vogelmeier 2005 [COSMOS]

Methods Design: randomised, open-label, parallel-group study. The trial included 246 centres in

16 countries. Duration of treatment was 12 months

Participants Population: 2143 participants with asthma (as defined by the American Thoracic Soci-

ety) were randomly assigned to SiT (1067) or fluticasone/salmeterol (1076)

Inclusion criteria: Outpatients aged ≥ 12 years with a diagnosis of asthma for ≥ six

months were eligible for inclusion in the study if they had used ≥ 500

µg/d of budesonide or fluticasone (or ≥ 1000 µg of another ICS) for at least one month

before study entry. Participants were enrolled if they had a preterbutaline FEV1 40% to

90% of predicted and at least one severe exacerbation > two weeks but ≤ 12 months

before study entry. To be eligible for randomisation, participants had to have used as-

needed medication on ≥ four of the last seven days of run-in

Exclusion criteria: use of budesonide/formoterol or fluticasone/salmeterol during the

last three months excluded patients from the study

Interventions Run-in: Twi-week run-in period, during which participants used their existing ICS (and

LABA, if appropriate) and as-needed medication

Intervention: budesonide/formoterol 160/4.5 µg two inhalations twice a day plus ad-

ditional inhalations as needed

Inhaler: Turbuhaler; AstraZeneca

SiT: The starting maintenance doses for each combination were selected to reflect a

moderate dose of ICS in both groups, in accordance with GINA guidelines. From week

four onwards, treatment in both groups was assessed by physicians (at scheduled clinic

visits or at unscheduled contacts). In accordance with normal clinical practice, mainte-

nance treatment was titrated up or down to improve control or to attain the lowest dose

at which effective control of symptoms was maintained to minimise drug load

Control: fluticasone/salmeterol 50/250 µg twice a day plus salbutamol for rescue med-

ication

Inhaler: Seretide Diskus (GlaxoSmithKline); and dry-powder inhaler or pressurised me-

tered-dose inhaler (VentolinH; GlaxoSmithKline)

Control limb dose adjustment schedule: In the fluticasone/salmeterol group, down-

wards titration from 50/250 µg twice a day to 50/100 µg twice a day was allowed.

Furthermore, in this group, physicians had the additional option to step up treatment

to a high maintenance dose of fluticasone/salmeterol 50/500 µg twice a day

Outcomes Primary: time to first severe exacerbation

Secondary: total number of severe exacerbations; number of days with exacerbations;

days with oral steroids due to exacerbations; predose FEV1; postdose FEV1; maintenance

medication use; as-needed medication use; symptoms (ACQ-5); quality of life (AQLQ

(S))

Notes Funding: AstraZeneca

Study number: AstraZeneca study code SD-039-0691

Definitions: A severe exacerbation was defined as a deterioration in asthma resulting

in hospitalisation/emergency room (ER) treatment, oral steroids for ≥ three days or an

unscheduled visit (i.e. participant initiated) leading to treatment change

Risk of bias

31Combination formoterol and budesonide as maintenance and reliever therapy versus combination inhaler maintenance for chronic

asthma in adults and children (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Vogelmeier 2005 [COSMOS] (Continued)

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Participants were randomly assigned in

chronological order at each centre accord-

ing to a computer-generated code, and

treatment was communicated via an inter-

active voice response system

Allocation concealment (selection bias) Low risk Participants were randomly assigned in

chronological order at each centre accord-

ing to a computer-generated code, and

treatment was communicated via an inter-

active voice response system. Each centre

was provided with numbered and sealed

randomisation envelopes by AstraZeneca

(information provided by AZ)

Blinding of participants and personnel

(performance bias)

All outcomes

High risk The study was run open label, enabling the

appropriate maintenance doses of the com-

binations to be titrated up or down fol-

lowing any scheduled or unscheduled clinic

contact

Blinding of outcome assessment (detection

bias)

All outcomes

High risk The study was run open label, enabling the

appropriate maintenance doses of the com-

binations to be titrated up or down fol-

lowing any scheduled or unscheduled clinic

contact

Incomplete outcome data (attrition bias)

All outcomes

Low risk Withdrawal rates were relatively even (11%

SiT, 14% fluticasone/salmeterol). The rates

were higher or of similar magnitude to

those of several of the outcomes. Intent-to-

treat population was used for all analyses

Selective reporting (reporting bias) High risk Could not locate protocol registration.

Many variables are emphasised only as a

cost-effective analysis, and raw data on rates

are presented as graphs or are not reported

(e.g. days of asthma control, estimates of

effect)
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Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

AstraZeneca 2005 SiT versus usual care

AstraZeneca 2006 SiT versus usual care

Atienza 2013 Fixed-dose maintenance treatment in the control group was not given at a higher dose than the

maintenance dose in the intervention group

Balanzat 2004 Pooled data from three RCTs

D589LC00001 2011 [SAKURA] Fixed-dose maintenance treatment in the control group was not given at a higher dose than the

maintenance dose in the intervention group

Ghosh 1998 SiT versus usual care

Haughney 2009 High- versus low-dose SiT

Loukides 2005 SiT versus budesonide and formoterol in separate inhalers

Lundborg 2006 LABA rather than SABA as reliever medication

O’Byrne 2005 [STAY] Fixed-dose maintenance treatment in the control group was not given at a higher dose than the

maintenance dose in the intervention group

Rabe 2006 [SMILE] Fixed-dose maintenance treatment in the control group was not given at a higher dose than the

maintenance dose in the intervention group

Riemersma 2008 SiT versus usual care
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D A T A A N D A N A L Y S E S

Comparison 1. SiT versus higher-dose ICS/LABA + SABA

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Participants with exacerbations

requiring oral steroids

4 9096 Odds Ratio (M-H, Fixed, 95% CI) 0.75 [0.65, 0.87]

1.1 SiT versus higher flut/salm 3 6110 Odds Ratio (M-H, Fixed, 95% CI) 0.77 [0.65, 0.92]

1.2 SiT versus higher

bud/form

2 2986 Odds Ratio (M-H, Fixed, 95% CI) 0.68 [0.51, 0.91]

2 Participants with serious adverse

events

4 9130 Odds Ratio (M-H, Fixed, 95% CI) 0.92 [0.74, 1.13]

2.1 SiT versus higher flut/salm 3 6128 Odds Ratio (M-H, Fixed, 95% CI) 0.92 [0.73, 1.17]

2.2 SiT versus higher

bud/form

2 3002 Odds Ratio (M-H, Fixed, 95% CI) 0.89 [0.58, 1.37]

3 Participants with severe

exacerbations (hospitalisation

or ER visit)

3 7768 Odds Ratio (M-H, Fixed, 95% CI) 0.72 [0.57, 0.90]

3.1 SiT versus higher flut/salm 3 6118 Odds Ratio (M-H, Fixed, 95% CI) 0.67 [0.51, 0.86]

3.2 SiT versus higher

bud/form

1 1650 Odds Ratio (M-H, Fixed, 95% CI) 0.96 [0.58, 1.57]

4 Morning PEF (L/min) 2 5624 Mean Difference (Fixed, 95% CI) -1.46 [-3.85, 0.94]

4.1 SiT versus higher flut/salm 2 3965 Mean Difference (Fixed, 95% CI) -1.74 [-4.55, 1.06]

4.2 SiT versus higher

bud/form

1 1659 Mean Difference (Fixed, 95% CI) -0.7 [-5.29, 3.89]

5 Evening PEF (L/min) 2 5624 Mean Difference (Fixed, 95% CI) 0.11 [-2.24, 2.46]

5.1 SiT versus higher flut/salm 2 3965 Mean Difference (Fixed, 95% CI) 0.38 [-2.39, 3.15]

5.2 SiT versus higher

bud/form

1 1659 Mean Difference (Fixed, 95% CI) -0.6 [-5.06, 3.86]

6 FEV1 predose (mL) 3 7566 Mean Difference (Fixed, 95% CI) 19.35 [2.72, 35.98]

6.1 SiT versus higher flut/salm 2 3819 Mean Difference (Fixed, 95% CI) 20.06 [-4.42, 44.54]

6.2 SiT versus higher

bud/form

2 3747 Mean Difference (Fixed, 95% CI) 18.75 [-3.91, 41.41]

7 Rescue medication puffs

required per day

3 7725 Mean Difference (Random, 95% CI) -0.09 [-0.27, 0.09]

7.1 SiT versus higher flut/salm 3 6066 Mean Difference (Random, 95% CI) -0.11 [-0.35, 0.13]

7.2 SiT versus higher

bud/form

1 1659 Mean Difference (Random, 95% CI) -0.03 [-0.15, 0.09]

8 Symptoms (ACQ-5) 2 4432 Mean Difference (Fixed, 95% CI) -0.04 [-0.07, 0.00]

8.1 SiT versus higher flut/salm 2 4432 Mean Difference (Fixed, 95% CI) -0.04 [-0.07, 0.00]

9 Symptom-free days (%) 2 5644 Mean Difference (Fixed, 95% CI) -1.16 [-2.99, 0.68]

9.1 SiT versus higher flut/salm 2 3985 Mean Difference (Fixed, 95% CI) -1.30 [-3.47, 0.87]

9.2 SiT versus higher

bud/form

1 1659 Mean Difference (Fixed, 95% CI) -0.80 [-4.23, 2.63]

10 Nocturnal awakenings (%) 2 5624 Mean Difference (Fixed, 95% CI) -1.08 [-2.13, -0.03]

10.1 SiT versus higher

flut/salm

2 3965 Mean Difference (Fixed, 95% CI) -1.11 [-2.34, 0.11]
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10.2 SiT versus higher

bud/form

1 1659 Mean Difference (Fixed, 95% CI) -1.0 [-3.02, 1.02]

11 Quality of life AQLQ(S) 1 Mean Difference (Fixed, 95% CI) Totals not selected

11.1 SiT versus higher

flut/salm

1 Mean Difference (Fixed, 95% CI) 0.0 [0.0, 0.0]

Comparison 2. (Sensitivity analysis - Baseline severity)

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Participants with exacerbations

requiring oral steroids

3 7760 Odds Ratio (M-H, Fixed, 95% CI) 0.75 [0.64, 0.88]

1.1 SiT versus higher flut/salm 3 6110 Odds Ratio (M-H, Fixed, 95% CI) 0.77 [0.65, 0.92]

1.2 SiT versus higher

bud/form

1 1650 Odds Ratio (M-H, Fixed, 95% CI) 0.64 [0.43, 0.95]

2 Participants with serious adverse

events

3 7787 Odds Ratio (M-H, Fixed, 95% CI) 0.91 [0.73, 1.13]

2.1 SiT versus higher flut/salm 3 6128 Odds Ratio (M-H, Fixed, 95% CI) 0.92 [0.73, 1.17]

2.2 SiT versus higher

bud/form

1 1659 Odds Ratio (M-H, Fixed, 95% CI) 0.81 [0.45, 1.47]

3 Participants with severe

exacerbations (hospitalisation

or ER visit)

3 7768 Odds Ratio (M-H, Fixed, 95% CI) 0.72 [0.57, 0.90]

3.1 SiT versus higher flut/salm 3 6118 Odds Ratio (M-H, Fixed, 95% CI) 0.67 [0.51, 0.86]

3.2 SiT versus higher

bud/form

1 1650 Odds Ratio (M-H, Fixed, 95% CI) 0.96 [0.58, 1.57]

Comparison 3. (Sensitivity analysis - Blinding)

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Participants with exacerbations

requiring oral steroids

2 5625 Odds Ratio (M-H, Fixed, 95% CI) 0.72 [0.59, 0.88]

1.1 SiT versus higher flut/salm 2 3975 Odds Ratio (M-H, Fixed, 95% CI) 0.75 [0.59, 0.94]

1.2 SiT versus higher

bud/form

1 1650 Odds Ratio (M-H, Fixed, 95% CI) 0.64 [0.43, 0.95]

2 Participants with serious adverse

events

2 5644 Odds Ratio (M-H, Fixed, 95% CI) 0.93 [0.68, 1.27]

2.1 SiT versus higher flut/salm 2 3985 Odds Ratio (M-H, Fixed, 95% CI) 0.98 [0.67, 1.42]

2.2 SiT versus higher

bud/form

1 1659 Odds Ratio (M-H, Fixed, 95% CI) 0.81 [0.45, 1.47]

3 Participants with severe

exacerbations (hospitalisation

or ER visit)

2 5625 Odds Ratio (M-H, Fixed, 95% CI) 0.73 [0.56, 0.96]

3.1 SiT versus higher flut/salm 2 3975 Odds Ratio (M-H, Fixed, 95% CI) 0.66 [0.49, 0.91]
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3.2 SiT versus higher

bud/form

1 1650 Odds Ratio (M-H, Fixed, 95% CI) 0.96 [0.58, 1.57]

Analysis 1.1. Comparison 1 SiT versus higher-dose ICS/LABA + SABA, Outcome 1 Participants with

exacerbations requiring oral steroids.

Review: Combination formoterol and budesonide as maintenance and reliever therapy versus combination inhaler maintenance for chronic asthma in adults and children

Comparison: 1 SiT versus higher-dose ICS/LABA + SABA

Outcome: 1 Participants with exacerbations requiring oral steroids

Study or subgroup Single inhaler therapy

Higher dose
+ SABA

relief Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 SiT versus higher flut/salm

Bousquet 2007 [AHEAD] 88/1151 108/1153 24.0 % 0.80 [ 0.60, 1.07 ]

Kuna 2007 [COMPASS] 37/552 109/1119 16.2 % 0.67 [ 0.45, 0.98 ]

Vogelmeier 2005 [COSMOS] 128/1064 155/1071 32.8 % 0.81 [ 0.63, 1.04 ]

Subtotal (95% CI) 2767 3343 73.0 % 0.77 [ 0.65, 0.92 ]

Total events: 253 (Single inhaler therapy), 372 (Higher dose + SABA relief)

Heterogeneity: Chi2 = 0.75, df = 2 (P = 0.69); I2 =0.0%

Test for overall effect: Z = 2.93 (P = 0.0033)

2 SiT versus higher bud/form

Kuna 2007 [COMPASS] 36/551 108/1099 16.2 % 0.64 [ 0.43, 0.95 ]

Stallberg 2008 [SHARE] 53/884 36/452 10.8 % 0.74 [ 0.47, 1.14 ]

Subtotal (95% CI) 1435 1551 27.0 % 0.68 [ 0.51, 0.91 ]

Total events: 89 (Single inhaler therapy), 144 (Higher dose + SABA relief)

Heterogeneity: Chi2 = 0.21, df = 1 (P = 0.64); I2 =0.0%

Test for overall effect: Z = 2.60 (P = 0.0094)

Total (95% CI) 4202 4894 100.0 % 0.75 [ 0.65, 0.87 ]

Total events: 342 (Single inhaler therapy), 516 (Higher dose + SABA relief)

Heterogeneity: Chi2 = 1.51, df = 4 (P = 0.82); I2 =0.0%

Test for overall effect: Z = 3.85 (P = 0.00012)

Test for subgroup differences: Chi2 = 0.57, df = 1 (P = 0.45), I2 =0.0%
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Analysis 1.2. Comparison 1 SiT versus higher-dose ICS/LABA + SABA, Outcome 2 Participants with

serious adverse events.

Review: Combination formoterol and budesonide as maintenance and reliever therapy versus combination inhaler maintenance for chronic asthma in adults and children

Comparison: 1 SiT versus higher-dose ICS/LABA + SABA

Outcome: 2 Participants with serious adverse events

Study or subgroup Single inhaler therapy

Higher dose
+ SABA

relief Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 SiT versus higher flut/salm

Kuna 2007 [COMPASS] 16/553 33/1123 11.5 % 0.98 [ 0.54, 1.80 ]

Bousquet 2007 [AHEAD] 35/1154 36/1155 19.0 % 0.97 [ 0.61, 1.56 ]

Vogelmeier 2005 [COSMOS] 80/1067 90/1076 45.2 % 0.89 [ 0.65, 1.22 ]

Subtotal (95% CI) 2774 3354 75.8 % 0.92 [ 0.73, 1.17 ]

Total events: 131 (Single inhaler therapy), 159 (Higher dose + SABA relief)

Heterogeneity: Chi2 = 0.15, df = 2 (P = 0.93); I2 =0.0%

Test for overall effect: Z = 0.65 (P = 0.52)

2 SiT versus higher bud/form

Stallberg 2008 [SHARE] 29/887 15/456 10.5 % 0.99 [ 0.53, 1.87 ]

Kuna 2007 [COMPASS] 16/554 39/1105 13.8 % 0.81 [ 0.45, 1.47 ]

Subtotal (95% CI) 1441 1561 24.2 % 0.89 [ 0.58, 1.37 ]

Total events: 45 (Single inhaler therapy), 54 (Higher dose + SABA relief)

Heterogeneity: Chi2 = 0.21, df = 1 (P = 0.65); I2 =0.0%

Test for overall effect: Z = 0.53 (P = 0.60)

Total (95% CI) 4215 4915 100.0 % 0.92 [ 0.74, 1.13 ]

Total events: 176 (Single inhaler therapy), 213 (Higher dose + SABA relief)

Heterogeneity: Chi2 = 0.37, df = 4 (P = 0.98); I2 =0.0%

Test for overall effect: Z = 0.82 (P = 0.41)

Test for subgroup differences: Chi2 = 0.02, df = 1 (P = 0.88), I2 =0.0%
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Analysis 1.3. Comparison 1 SiT versus higher-dose ICS/LABA + SABA, Outcome 3 Participants with severe

exacerbations (hospitalisation or ER visit).

Review: Combination formoterol and budesonide as maintenance and reliever therapy versus combination inhaler maintenance for chronic asthma in adults and children

Comparison: 1 SiT versus higher-dose ICS/LABA + SABA

Outcome: 3 Participants with severe exacerbations (hospitalisation or ER visit)

Study or subgroup Single inhaler therapy

Higher dose
+ SABA

relief Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 SiT versus higher flut/salm

Bousquet 2007 [AHEAD] 39/1151 59/1153 32.1 % 0.65 [ 0.43, 0.98 ]

Kuna 2007 [COMPASS] 24/552 70/1119 24.9 % 0.68 [ 0.42, 1.10 ]

Vogelmeier 2005 [COSMOS] 31/1067 46/1076 25.0 % 0.67 [ 0.42, 1.07 ]

Subtotal (95% CI) 2770 3348 82.0 % 0.67 [ 0.51, 0.86 ]

Total events: 94 (Single inhaler therapy), 175 (Higher dose + SABA relief)

Heterogeneity: Chi2 = 0.02, df = 2 (P = 0.99); I2 =0.0%

Test for overall effect: Z = 3.08 (P = 0.0021)

2 SiT versus higher bud/form

Kuna 2007 [COMPASS] 24/551 50/1099 18.0 % 0.96 [ 0.58, 1.57 ]

Subtotal (95% CI) 551 1099 18.0 % 0.96 [ 0.58, 1.57 ]

Total events: 24 (Single inhaler therapy), 50 (Higher dose + SABA relief)

Heterogeneity: not applicable

Test for overall effect: Z = 0.18 (P = 0.86)

Total (95% CI) 3321 4447 100.0 % 0.72 [ 0.57, 0.90 ]

Total events: 118 (Single inhaler therapy), 225 (Higher dose + SABA relief)

Heterogeneity: Chi2 = 1.62, df = 3 (P = 0.66); I2 =0.0%

Test for overall effect: Z = 2.83 (P = 0.0047)

Test for subgroup differences: Chi2 = 1.59, df = 1 (P = 0.21), I2 =37%
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Analysis 1.4. Comparison 1 SiT versus higher-dose ICS/LABA + SABA, Outcome 4 Morning PEF (L/min).

Review: Combination formoterol and budesonide as maintenance and reliever therapy versus combination inhaler maintenance for chronic asthma in adults and children

Comparison: 1 SiT versus higher-dose ICS/LABA + SABA

Outcome: 4 Morning PEF (L/min)

Study or subgroup Single inhaler therapy

Higher dose
+ SABA

relief Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

1 SiT versus higher flut/salm

Bousquet 2007 [AHEAD] 1144 1145 -0.8 (1.8368) 44.2 % -0.80 [ -4.40, 2.80 ]

Kuna 2007 [COMPASS] 553 1123 -3.2 (2.2858) 28.6 % -3.20 [ -7.68, 1.28 ]

Subtotal (95% CI) 72.8 % -1.74 [ -4.55, 1.06 ]

Heterogeneity: Chi2 = 0.67, df = 1 (P = 0.41); I2 =0.0%

Test for overall effect: Z = 1.22 (P = 0.22)

2 SiT versus higher bud/form

Kuna 2007 [COMPASS] 554 1105 -0.7 (2.3426) 27.2 % -0.70 [ -5.29, 3.89 ]

Subtotal (95% CI) 27.2 % -0.70 [ -5.29, 3.89 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.30 (P = 0.77)

Total (95% CI) 100.0 % -1.46 [ -3.85, 0.94 ]

Heterogeneity: Chi2 = 0.81, df = 2 (P = 0.67); I2 =0.0%

Test for overall effect: Z = 1.19 (P = 0.23)

Test for subgroup differences: Chi2 = 0.14, df = 1 (P = 0.70), I2 =0.0%
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Analysis 1.5. Comparison 1 SiT versus higher-dose ICS/LABA + SABA, Outcome 5 Evening PEF (L/min).

Review: Combination formoterol and budesonide as maintenance and reliever therapy versus combination inhaler maintenance for chronic asthma in adults and children

Comparison: 1 SiT versus higher-dose ICS/LABA + SABA

Outcome: 5 Evening PEF (L/min)

Study or subgroup Single inhaler therapy

Higher dose
+ SABA

relief Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

1 SiT versus higher flut/salm

Bousquet 2007 [AHEAD] 1144 1145 1.4 (1.79) 45.0 % 1.40 [ -2.11, 4.91 ]

Kuna 2007 [COMPASS] 553 1123 -1.3 (2.3035) 27.2 % -1.30 [ -5.81, 3.21 ]

Subtotal (95% CI) 72.2 % 0.38 [ -2.39, 3.15 ]

Heterogeneity: Chi2 = 0.86, df = 1 (P = 0.35); I2 =0.0%

Test for overall effect: Z = 0.27 (P = 0.79)

2 SiT versus higher bud/form

Kuna 2007 [COMPASS] 554 1105 -0.6 (2.277) 27.8 % -0.60 [ -5.06, 3.86 ]

Subtotal (95% CI) 27.8 % -0.60 [ -5.06, 3.86 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.26 (P = 0.79)

Total (95% CI) 100.0 % 0.11 [ -2.24, 2.46 ]

Heterogeneity: Chi2 = 0.99, df = 2 (P = 0.61); I2 =0.0%

Test for overall effect: Z = 0.09 (P = 0.93)

Test for subgroup differences: Chi2 = 0.13, df = 1 (P = 0.71), I2 =0.0%
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Analysis 1.6. Comparison 1 SiT versus higher-dose ICS/LABA + SABA, Outcome 6 FEV1 predose (mL).

Review: Combination formoterol and budesonide as maintenance and reliever therapy versus combination inhaler maintenance for chronic asthma in adults and children

Comparison: 1 SiT versus higher-dose ICS/LABA + SABA

Outcome: 6 FEV1 predose (mL)

Study or subgroup Single inhaler therapy

Higher dose
+ SABA

relief Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

1 SiT versus higher flut/salm

Kuna 2007 [COMPASS] 553 1123 6 (19.4043) 19.1 % 6.00 [ -32.03, 44.03 ]

Vogelmeier 2005 [COSMOS] 1067 1076 30 (16.32) 27.0 % 30.00 [ -1.99, 61.99 ]

Subtotal (95% CI) 46.1 % 20.06 [ -4.42, 44.54 ]

Heterogeneity: Chi2 = 0.90, df = 1 (P = 0.34); I2 =0.0%

Test for overall effect: Z = 1.61 (P = 0.11)

2 SiT versus higher bud/form

Kuna 2007 [COMPASS] 554 1105 5 (19.6727) 18.6 % 5.00 [ -33.56, 43.56 ]

Stallberg 2008 [SHARE] 1041 1047 26 (14.286) 35.3 % 26.00 [ -2.00, 54.00 ]

Subtotal (95% CI) 53.9 % 18.75 [ -3.91, 41.41 ]

Heterogeneity: Chi2 = 0.75, df = 1 (P = 0.39); I2 =0.0%

Test for overall effect: Z = 1.62 (P = 0.10)

Total (95% CI) 100.0 % 19.35 [ 2.72, 35.98 ]

Heterogeneity: Chi2 = 1.65, df = 3 (P = 0.65); I2 =0.0%

Test for overall effect: Z = 2.28 (P = 0.023)

Test for subgroup differences: Chi2 = 0.01, df = 1 (P = 0.94), I2 =0.0%
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Analysis 1.7. Comparison 1 SiT versus higher-dose ICS/LABA + SABA, Outcome 7 Rescue medication puffs

required per day.

Review: Combination formoterol and budesonide as maintenance and reliever therapy versus combination inhaler maintenance for chronic asthma in adults and children

Comparison: 1 SiT versus higher-dose ICS/LABA + SABA

Outcome: 7 Rescue medication puffs required per day

Study or subgroup Single inhaler therapy

Higher dose
+ SABA

relief Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Random,95% CI IV,Random,95% CI

1 SiT versus higher flut/salm

Bousquet 2007 [AHEAD] 1144 1145 -0.04 (0.04) 25.9 % -0.04 [ -0.12, 0.04 ]

Kuna 2007 [COMPASS] 553 1123 0.07 (0.0613) 24.3 % 0.07 [ -0.05, 0.19 ]

Vogelmeier 2005 [COSMOS] 1050 1051 -0.352 (0.0459) 25.5 % -0.35 [ -0.44, -0.26 ]

Subtotal (95% CI) 75.7 % -0.11 [ -0.35, 0.13 ]

Heterogeneity: Tau2 = 0.04; Chi2 = 39.09, df = 2 (P<0.00001); I2 =95%

Test for overall effect: Z = 0.89 (P = 0.38)

2 SiT versus higher bud/form

Kuna 2007 [COMPASS] 554 1105 -0.03 (0.0612) 24.3 % -0.03 [ -0.15, 0.09 ]

Subtotal (95% CI) 24.3 % -0.03 [ -0.15, 0.09 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.49 (P = 0.62)

Total (95% CI) 100.0 % -0.09 [ -0.27, 0.09 ]

Heterogeneity: Tau2 = 0.03; Chi2 = 41.19, df = 3 (P<0.00001); I2 =93%

Test for overall effect: Z = 0.96 (P = 0.34)

Test for subgroup differences: Chi2 = 0.33, df = 1 (P = 0.56), I2 =0.0%
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Analysis 1.8. Comparison 1 SiT versus higher-dose ICS/LABA + SABA, Outcome 8 Symptoms (ACQ-5).

Review: Combination formoterol and budesonide as maintenance and reliever therapy versus combination inhaler maintenance for chronic asthma in adults and children

Comparison: 1 SiT versus higher-dose ICS/LABA + SABA

Outcome: 8 Symptoms (ACQ-5)

Study or subgroup Single inhaler therapy

Higher dose
+ SABA

relief Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

1 SiT versus higher flut/salm

Bousquet 2007 [AHEAD] 1144 1145 -0.02 (0.0255) 58.1 % -0.02 [ -0.07, 0.03 ]

Vogelmeier 2005 [COSMOS] 1067 1076 -0.06 (0.03) 41.9 % -0.06 [ -0.12, 0.00 ]

Total (95% CI) 100.0 % -0.04 [ -0.07, 0.00 ]

Heterogeneity: Chi2 = 1.03, df = 1 (P = 0.31); I2 =3%

Test for overall effect: Z = 1.89 (P = 0.058)

Test for subgroup differences: Not applicable
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Analysis 1.9. Comparison 1 SiT versus higher-dose ICS/LABA + SABA, Outcome 9 Symptom-free days (%).

Review: Combination formoterol and budesonide as maintenance and reliever therapy versus combination inhaler maintenance for chronic asthma in adults and children

Comparison: 1 SiT versus higher-dose ICS/LABA + SABA

Outcome: 9 Symptom-free days (%)

Study or subgroup Single inhaler therapy

Higher dose
+ SABA

relief Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

1 SiT versus higher flut/salm

Bousquet 2007 [AHEAD] 1154 1155 -0.5 (1.43) 42.9 % -0.50 [ -3.30, 2.30 ]

Kuna 2007 [COMPASS] 553 1123 -2.5 (1.754) 28.5 % -2.50 [ -5.94, 0.94 ]

Subtotal (95% CI) 71.4 % -1.30 [ -3.47, 0.87 ]

Heterogeneity: Chi2 = 0.78, df = 1 (P = 0.38); I2 =0.0%

Test for overall effect: Z = 1.17 (P = 0.24)

2 SiT versus higher bud/form

Kuna 2007 [COMPASS] 554 1105 -0.8 (1.7506) 28.6 % -0.80 [ -4.23, 2.63 ]

Subtotal (95% CI) 28.6 % -0.80 [ -4.23, 2.63 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.46 (P = 0.65)

Total (95% CI) 100.0 % -1.16 [ -2.99, 0.68 ]

Heterogeneity: Chi2 = 0.84, df = 2 (P = 0.66); I2 =0.0%

Test for overall effect: Z = 1.23 (P = 0.22)

Test for subgroup differences: Chi2 = 0.06, df = 1 (P = 0.81), I2 =0.0%
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Analysis 1.10. Comparison 1 SiT versus higher-dose ICS/LABA + SABA, Outcome 10 Nocturnal

awakenings (%).

Review: Combination formoterol and budesonide as maintenance and reliever therapy versus combination inhaler maintenance for chronic asthma in adults and children

Comparison: 1 SiT versus higher-dose ICS/LABA + SABA

Outcome: 10 Nocturnal awakenings (%)

Study or subgroup Single inhaler therapy

Higher dose
+ SABA

relief Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

1 SiT versus higher flut/salm

Bousquet 2007 [AHEAD] 1144 1145 -1.3 (0.79) 45.9 % -1.30 [ -2.85, 0.25 ]

Kuna 2007 [COMPASS] 553 1123 -0.8 (1.0303) 27.0 % -0.80 [ -2.82, 1.22 ]

Subtotal (95% CI) 72.9 % -1.11 [ -2.34, 0.11 ]

Heterogeneity: Chi2 = 0.15, df = 1 (P = 0.70); I2 =0.0%

Test for overall effect: Z = 1.78 (P = 0.075)

2 SiT versus higher bud/form

Kuna 2007 [COMPASS] 554 1105 -1 (1.0283) 27.1 % -1.00 [ -3.02, 1.02 ]

Subtotal (95% CI) 27.1 % -1.00 [ -3.02, 1.02 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.97 (P = 0.33)

Total (95% CI) 100.0 % -1.08 [ -2.13, -0.03 ]

Heterogeneity: Chi2 = 0.16, df = 2 (P = 0.92); I2 =0.0%

Test for overall effect: Z = 2.02 (P = 0.043)

Test for subgroup differences: Chi2 = 0.01, df = 1 (P = 0.92), I2 =0.0%
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Analysis 1.11. Comparison 1 SiT versus higher-dose ICS/LABA + SABA, Outcome 11 Quality of life

AQLQ(S).

Review: Combination formoterol and budesonide as maintenance and reliever therapy versus combination inhaler maintenance for chronic asthma in adults and children

Comparison: 1 SiT versus higher-dose ICS/LABA + SABA

Outcome: 11 Quality of life AQLQ(S)

Study or subgroup Single inhaler therapy

Higher dose
+ SABA

relief Mean Difference (SE)
Mean

Difference
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

1 SiT versus higher flut/salm

Vogelmeier 2005 [COSMOS] 1067 1076 -0.06 (0.02) -0.06 [ -0.10, -0.02 ]
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Analysis 2.1. Comparison 2 (Sensitivity analysis - Baseline severity), Outcome 1 Participants with

exacerbations requiring oral steroids.

Review: Combination formoterol and budesonide as maintenance and reliever therapy versus combination inhaler maintenance for chronic asthma in adults and children

Comparison: 2 (Sensitivity analysis Baseline severity)

Outcome: 1 Participants with exacerbations requiring oral steroids

Study or subgroup Single inhaler therapy

Higher dose
+ SABA

relief Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 SiT versus higher flut/salm

Bousquet 2007 [AHEAD] 88/1151 108/1153 26.9 % 0.80 [ 0.60, 1.07 ]

Kuna 2007 [COMPASS] 37/552 109/1119 18.2 % 0.67 [ 0.45, 0.98 ]

Vogelmeier 2005 [COSMOS] 128/1064 155/1071 36.7 % 0.81 [ 0.63, 1.04 ]

Subtotal (95% CI) 2767 3343 81.8 % 0.77 [ 0.65, 0.92 ]

Total events: 253 (Single inhaler therapy), 372 (Higher dose + SABA relief)

Heterogeneity: Chi2 = 0.75, df = 2 (P = 0.69); I2 =0.0%

Test for overall effect: Z = 2.93 (P = 0.0033)

2 SiT versus higher bud/form

Kuna 2007 [COMPASS] 36/551 108/1099 18.2 % 0.64 [ 0.43, 0.95 ]

Subtotal (95% CI) 551 1099 18.2 % 0.64 [ 0.43, 0.95 ]

Total events: 36 (Single inhaler therapy), 108 (Higher dose + SABA relief)

Heterogeneity: not applicable

Test for overall effect: Z = 2.22 (P = 0.026)

Total (95% CI) 3318 4442 100.0 % 0.75 [ 0.64, 0.88 ]

Total events: 289 (Single inhaler therapy), 480 (Higher dose + SABA relief)

Heterogeneity: Chi2 = 1.51, df = 3 (P = 0.68); I2 =0.0%

Test for overall effect: Z = 3.60 (P = 0.00031)

Test for subgroup differences: Chi2 = 0.74, df = 1 (P = 0.39), I2 =0.0%
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Analysis 2.2. Comparison 2 (Sensitivity analysis - Baseline severity), Outcome 2 Participants with serious

adverse events.

Review: Combination formoterol and budesonide as maintenance and reliever therapy versus combination inhaler maintenance for chronic asthma in adults and children

Comparison: 2 (Sensitivity analysis Baseline severity)

Outcome: 2 Participants with serious adverse events

Study or subgroup Single inhaler therapy

Higher dose
+ SABA

relief Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 SiT versus higher flut/salm

Kuna 2007 [COMPASS] 16/553 33/1123 12.9 % 0.98 [ 0.54, 1.80 ]

Bousquet 2007 [AHEAD] 35/1154 36/1155 21.2 % 0.97 [ 0.61, 1.56 ]

Vogelmeier 2005 [COSMOS] 80/1067 90/1076 50.5 % 0.89 [ 0.65, 1.22 ]

Subtotal (95% CI) 2774 3354 84.6 % 0.92 [ 0.73, 1.17 ]

Total events: 131 (Single inhaler therapy), 159 (Higher dose + SABA relief)

Heterogeneity: Chi2 = 0.15, df = 2 (P = 0.93); I2 =0.0%

Test for overall effect: Z = 0.65 (P = 0.52)

2 SiT versus higher bud/form

Kuna 2007 [COMPASS] 16/554 39/1105 15.4 % 0.81 [ 0.45, 1.47 ]

Subtotal (95% CI) 554 1105 15.4 % 0.81 [ 0.45, 1.47 ]

Total events: 16 (Single inhaler therapy), 39 (Higher dose + SABA relief)

Heterogeneity: not applicable

Test for overall effect: Z = 0.69 (P = 0.49)

Total (95% CI) 3328 4459 100.0 % 0.91 [ 0.73, 1.13 ]

Total events: 147 (Single inhaler therapy), 198 (Higher dose + SABA relief)

Heterogeneity: Chi2 = 0.30, df = 3 (P = 0.96); I2 =0.0%

Test for overall effect: Z = 0.86 (P = 0.39)

Test for subgroup differences: Chi2 = 0.15, df = 1 (P = 0.69), I2 =0.0%
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Analysis 2.3. Comparison 2 (Sensitivity analysis - Baseline severity), Outcome 3 Participants with severe

exacerbations (hospitalisation or ER visit).

Review: Combination formoterol and budesonide as maintenance and reliever therapy versus combination inhaler maintenance for chronic asthma in adults and children

Comparison: 2 (Sensitivity analysis Baseline severity)

Outcome: 3 Participants with severe exacerbations (hospitalisation or ER visit)

Study or subgroup Single inhaler therapy

Higher dose
+ SABA

relief Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 SiT versus higher flut/salm

Bousquet 2007 [AHEAD] 39/1151 59/1153 32.1 % 0.65 [ 0.43, 0.98 ]

Kuna 2007 [COMPASS] 24/552 70/1119 24.9 % 0.68 [ 0.42, 1.10 ]

Vogelmeier 2005 [COSMOS] 31/1067 46/1076 25.0 % 0.67 [ 0.42, 1.07 ]

Subtotal (95% CI) 2770 3348 82.0 % 0.67 [ 0.51, 0.86 ]

Total events: 94 (Single inhaler therapy), 175 (Higher dose + SABA relief)

Heterogeneity: Chi2 = 0.02, df = 2 (P = 0.99); I2 =0.0%

Test for overall effect: Z = 3.08 (P = 0.0021)

2 SiT versus higher bud/form

Kuna 2007 [COMPASS] 24/551 50/1099 18.0 % 0.96 [ 0.58, 1.57 ]

Subtotal (95% CI) 551 1099 18.0 % 0.96 [ 0.58, 1.57 ]

Total events: 24 (Single inhaler therapy), 50 (Higher dose + SABA relief)

Heterogeneity: not applicable

Test for overall effect: Z = 0.18 (P = 0.86)

Total (95% CI) 3321 4447 100.0 % 0.72 [ 0.57, 0.90 ]

Total events: 118 (Single inhaler therapy), 225 (Higher dose + SABA relief)

Heterogeneity: Chi2 = 1.62, df = 3 (P = 0.66); I2 =0.0%

Test for overall effect: Z = 2.83 (P = 0.0047)

Test for subgroup differences: Chi2 = 1.59, df = 1 (P = 0.21), I2 =37%
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Analysis 3.1. Comparison 3 (Sensitivity analysis - Blinding), Outcome 1 Participants with exacerbations

requiring oral steroids.

Review: Combination formoterol and budesonide as maintenance and reliever therapy versus combination inhaler maintenance for chronic asthma in adults and children

Comparison: 3 (Sensitivity analysis Blinding)

Outcome: 1 Participants with exacerbations requiring oral steroids

Study or subgroup Single inhaler therapy

Higher dose
+ SABA

relief Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 SiT versus higher flut/salm

Bousquet 2007 [AHEAD] 88/1151 108/1153 42.5 % 0.80 [ 0.60, 1.07 ]

Kuna 2007 [COMPASS] 37/552 109/1119 28.7 % 0.67 [ 0.45, 0.98 ]

Subtotal (95% CI) 1703 2272 71.2 % 0.75 [ 0.59, 0.94 ]

Total events: 125 (Single inhaler therapy), 217 (Higher dose + SABA relief)

Heterogeneity: Chi2 = 0.56, df = 1 (P = 0.46); I2 =0.0%

Test for overall effect: Z = 2.45 (P = 0.014)

2 SiT versus higher bud/form

Kuna 2007 [COMPASS] 36/551 108/1099 28.8 % 0.64 [ 0.43, 0.95 ]

Subtotal (95% CI) 551 1099 28.8 % 0.64 [ 0.43, 0.95 ]

Total events: 36 (Single inhaler therapy), 108 (Higher dose + SABA relief)

Heterogeneity: not applicable

Test for overall effect: Z = 2.22 (P = 0.026)

Total (95% CI) 2254 3371 100.0 % 0.72 [ 0.59, 0.88 ]

Total events: 161 (Single inhaler therapy), 325 (Higher dose + SABA relief)

Heterogeneity: Chi2 = 1.00, df = 2 (P = 0.61); I2 =0.0%

Test for overall effect: Z = 3.26 (P = 0.0011)

Test for subgroup differences: Chi2 = 0.42, df = 1 (P = 0.51), I2 =0.0%
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Analysis 3.2. Comparison 3 (Sensitivity analysis - Blinding), Outcome 2 Participants with serious adverse

events.

Review: Combination formoterol and budesonide as maintenance and reliever therapy versus combination inhaler maintenance for chronic asthma in adults and children

Comparison: 3 (Sensitivity analysis Blinding)

Outcome: 2 Participants with serious adverse events

Study or subgroup Single inhaler therapy

Higher dose
+ SABA

relief Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 SiT versus higher flut/salm

Kuna 2007 [COMPASS] 16/553 33/1123 26.0 % 0.98 [ 0.54, 1.80 ]

Bousquet 2007 [AHEAD] 35/1154 36/1155 42.9 % 0.97 [ 0.61, 1.56 ]

Subtotal (95% CI) 1707 2278 68.9 % 0.98 [ 0.67, 1.42 ]

Total events: 51 (Single inhaler therapy), 69 (Higher dose + SABA relief)

Heterogeneity: Chi2 = 0.00, df = 1 (P = 0.98); I2 =0.0%

Test for overall effect: Z = 0.12 (P = 0.90)

2 SiT versus higher bud/form

Kuna 2007 [COMPASS] 16/554 39/1105 31.1 % 0.81 [ 0.45, 1.47 ]

Subtotal (95% CI) 554 1105 31.1 % 0.81 [ 0.45, 1.47 ]

Total events: 16 (Single inhaler therapy), 39 (Higher dose + SABA relief)

Heterogeneity: not applicable

Test for overall effect: Z = 0.69 (P = 0.49)

Total (95% CI) 2261 3383 100.0 % 0.93 [ 0.68, 1.27 ]

Total events: 67 (Single inhaler therapy), 108 (Higher dose + SABA relief)

Heterogeneity: Chi2 = 0.27, df = 2 (P = 0.88); I2 =0.0%

Test for overall effect: Z = 0.48 (P = 0.63)

Test for subgroup differences: Chi2 = 0.27, df = 1 (P = 0.61), I2 =0.0%
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Analysis 3.3. Comparison 3 (Sensitivity analysis - Blinding), Outcome 3 Participants with severe

exacerbations (hospitalisation or ER visit).

Review: Combination formoterol and budesonide as maintenance and reliever therapy versus combination inhaler maintenance for chronic asthma in adults and children

Comparison: 3 (Sensitivity analysis Blinding)

Outcome: 3 Participants with severe exacerbations (hospitalisation or ER visit)

Study or subgroup Single inhaler therapy

Higher dose
+ SABA

relief Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 SiT versus higher flut/salm

Bousquet 2007 [AHEAD] 39/1151 59/1153 42.8 % 0.65 [ 0.43, 0.98 ]

Kuna 2007 [COMPASS] 24/552 70/1119 33.2 % 0.68 [ 0.42, 1.10 ]

Subtotal (95% CI) 1703 2272 76.0 % 0.66 [ 0.49, 0.91 ]

Total events: 63 (Single inhaler therapy), 129 (Higher dose + SABA relief)

Heterogeneity: Chi2 = 0.02, df = 1 (P = 0.89); I2 =0.0%

Test for overall effect: Z = 2.57 (P = 0.010)

2 SiT versus higher bud/form

Kuna 2007 [COMPASS] 24/551 50/1099 24.0 % 0.96 [ 0.58, 1.57 ]

Subtotal (95% CI) 551 1099 24.0 % 0.96 [ 0.58, 1.57 ]

Total events: 24 (Single inhaler therapy), 50 (Higher dose + SABA relief)

Heterogeneity: not applicable

Test for overall effect: Z = 0.18 (P = 0.86)

Total (95% CI) 2254 3371 100.0 % 0.73 [ 0.56, 0.96 ]

Total events: 87 (Single inhaler therapy), 179 (Higher dose + SABA relief)

Heterogeneity: Chi2 = 1.50, df = 2 (P = 0.47); I2 =0.0%

Test for overall effect: Z = 2.29 (P = 0.022)

Test for subgroup differences: Chi2 = 1.48, df = 1 (P = 0.22), I2 =32%
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Table 1. Summary of study characteristics

Study ID Treatment Mean age Age range % Male FEV1 % predicted Mean baseline daily

ICS (BDP)

Bousquet 2007

[AHEAD]

1) SiT

2) Flut/salm

40

39

12-80 38

38

70 (range 45 to 144)

71 (range 45 to 222)

705 (range 250 to

1600)

720 (range 200 to

2000)
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Table 1. Summary of study characteristics (Continued)

Kuna 2007

[COMPASS]

1) SiT

2) Flut/salm

3) Bud/form

38 (SD 17) 12+ 43

43

41

72

73

73

740 (SD 240)

744 (SD 230)

750 (SD 262)

Stallberg 2008

[SHARE]

1) SiT

2) Bud/form

43 (SD 19)

45 (SD 19)

12-87

12-95

40

44

95 (SD 18)

97 (SD 17)

636 (SD 293)

650 (SD 315)

Vogelmeier 2005

[COSMOS]

1) SiT

2) Flut/salm

45 12-80

12-84

42

40

73 (range 39 to 115)

73 (range 28 to 100)

888 (range 500 to

2000)

881 (range 400 to

3000)

Where only one line of data appears in a cell, data were not available for individual trial arms but rather for the whole study

population.

Table 2. Characteristics of the interventions

Study ID Single-inhaler therapy (budesonide/formoterol) Comparison ICS/LABA total planned daily dose

Planned daily mainte-

nance schedule

(with reliever dose)

Total ICS received per

day (mean, BDP ¯g)

Planned daily mainte-

nance schedule

(with reliever)

Total ICS received per

day (mean, BDP ¯g)

Bousquet 2007

[AHEAD]

640/18 µg

(160/4.5 as needed)

1238 Flut/salm 1000/100 µg

(terbutaline)

2000

Kuna 2007

[COMPASS]

320/9 µg

(160/4.5 as needed)

755 Flut/salm 500/100 µg

(terbutaline)

1000

Bud/form 640/18 µg

(terbutaline)

1000

Stallberg 2008 [SHARE] 320/9 or 160/9 µg based

on previous ICS use

(160/4.5 or 80/4.5 as

needed)

454 Bud/form 640/18 or

320/18 µg

(terbutaline)

574

Vogelmeier 2005

[COSMOS]

640/18 µg

(160/4.5 as needed)

1019 Flut/salm 500/100 µg

(salbutamol)

1166
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A P P E N D I C E S

Appendix 1. Sources and search methods for the Cochrane Airways Group Specialised Register
(CAGR)

Electronic searches: core databases

Database Frequency of search

CENTRAL (The Cochrane Library) Monthly

MEDLINE (Ovid) Weekly

Embase (Ovid) Weekly

PsycINFO (Ovid) Monthly

CINAHL (EBSCO) Monthly

AMED (EBSCO) Monthly

Handsearches: core respiratory conference abstracts

Conference Years searched

American Academy of Allergy, Asthma and Immunology (AAAAI) 2001 onwards

American Thoracic Society (ATS) 2001 onwards

Asia Pacific Society of Respirology (APSR) 2004 onwards

British Thoracic Society Winter Meeting (BTS) 2000 onwards

Chest Meeting 2003 onwards

European Respiratory Society (ERS) 1992, 1994, 2000 onwards

International Primary Care Respiratory Group Congress (IPCRG) 2002 onwards

Thoracic Society of Australia and New Zealand (TSANZ) 1999 onwards
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MEDLINE search strategy used to identify trials for the CAGR

Asthma search

1. exp Asthma/

2. asthma$.mp.

3. (antiasthma$ or anti-asthma$).mp.

4. Respiratory Sounds/

5. wheez$.mp.

6. Bronchial Spasm/

7. bronchospas$.mp.

8. (bronch$ adj3 spasm$).mp.

9. bronchoconstrict$.mp.

10. exp Bronchoconstriction/

11. (bronch$ adj3 constrict$).mp.

12. Bronchial Hyperreactivity/

13. Respiratory Hypersensitivity/

14. ((bronchial$ or respiratory or airway$ or lung$) adj3 (hypersensitiv$ or hyperreactiv$ or allerg$ or insufficiency)).mp.

15. ((dust or mite$) adj3 (allerg$ or hypersensitiv$)).mp.

16. or/1-15

Filter to identify RCTs

1. exp “clinical trial [publication type]”/

2. (randomised or randomised).ab,ti.

3. placebo.ab,ti.

4. dt.fs.

5. randomly.ab,ti.

6. trial.ab,ti.

7. groups.ab,ti.

8. or/1-7

9. Animals/

10. Humans/

11. 9 not (9 and 10)

12. 8 not 11

The MEDLINE strategy and RCT filter are adapted to identify trials in other electronic databases.

Appendix 2. Search terms ClinicalTrials.com

search terms: (budesonide AND formoterol) OR SMART OR Symbicort OR single inhaler therapy OR SiT

condition: asthma

study type: interventional studies
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W H A T ’ S N E W

Last assessed as up-to-date: 19 November 2013.

Date Event Description

17 December 2013 Amended Typo in search date in abstract and main text corrected

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

Charlotta Karner, Giovanni Ferrara and Stephanie Mindus screened references for inclusion and extracted data, and Charlotta entered

data for analysis. Kayleigh Kew analysed and wrote up the results and constructed figures. Kayleigh wrote the discussion, the abstract

and the plain language summary, with input from Giovanni.

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

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.

External sources

• NIHR Programme Grant, UK.

Financial support

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

Because only four studies were included and one population appeared to be less severe than the others, we chose to perform a sensitivity

analysis rather than to prepare subgroups of results by baseline severity. We did not perform sensitivity analysis based on fixed/random

effects because of the small number of studies. We changed the wording around the control group to better explain our original

intention. We chose to not contact trial authors to enquire about ongoing or unpublished studies available for assessment and instead

contacted the funding drug company directly. To comply with MECIR standards, we constructed a Summary of findings table for the

primary outcomes.
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I N D E X T E R M S

Medical Subject Headings (MeSH)

Anti-Asthmatic Agents [∗administration & dosage]; Asthma [∗drug therapy]; Bronchodilator Agents [∗administration & dosage];

Budesonide [∗administration & dosage]; Drug Combinations; Ethanolamines [∗ administration & dosage]; Maintenance Chemotherapy

[methods]; Nebulizers and Vaporizers; Randomized Controlled Trials as Topic

MeSH check words

Adolescent; Adult; Female; Humans; Male
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