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ABSTRACT

Background

Two large surveillance studies in adults with asthma have found an increased risk of asthma-related mortality in those who took regular
salmeterol as monotherapy in comparison to placebo or regular salbutamol. No similar sized surveillance studies have been carried out
in children with asthma, and we remain uncertain about the comparative safety of regular combination therapy with either formoterol or
salmeterol in children with asthma.

Objectives

We have used the paediatric trial results from Cochrane systematic reviews to assess the safety of regular formoterol or salmeterol, either
as monotherapy or as combination therapy, in children with asthma.

Methods

We included Cochrane reviews relating to the safety of regular formoterol and salmeterol from a search of the Cochrane Database of
Systematic Reviews conducted in May 2012, and ran updated searches for each of the reviews. These were independently assessed. All the
reviews were assessed for quality using the AMSTAR tool. We extracted the data relating to children from each review and from new trials
found in the updated searches (including risks of bias, study characteristics, serious adverse event outcomes, and control arm event rates).

The safety of regular formoterol and salmeterol were assessed directly from the paediatric trials in the Cochrane reviews of monotherapy
and combination therapy with each product. Then monotherapy was indirectly compared to combination therapy by looking at the
differences between the pooled trial results for monotherapy and the pooled results for combination therapy. The comparative safety of
formoterol and salmeterol was assessed using direct evidence from trials that randomised children to each treatment; this was combined
with the result of an indirect comparison of the combination therapy trials, which represents the difference between the pooled results of
each product when randomised against inhaled corticosteroids alone.

Main results

We identified six high quality, up to date Cochrane reviews. Four of these related to the safety of regular formoterol or salmeterol (as
monotherapy or combination therapy) and these included 19 studies in children. We added data from two recent studies on salmeterol
combination therapy in 689 children which were published after the relevant Cochrane review had been completed, making a total of 21
trials on 7474 children (from four to 17 years of age). The two remaining reviews compared the safety of formoterol with salmeterol from
trials randomising participants to one or other treatment, but the reviews only included a single trial in children in which there were 156
participants.

Safety of regular formoterol or salmeterol in children with asthma: an overview of Cochrane reviews (Review) 1
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Only one child died across all the trials, so impact on mortality could not be assessed.

We found a statistically significant increase in the odds of suffering a non-fatal serious adverse event of any cause in children on formoterol
monotherapy (Peto odds ratio (OR) 2.48; 95% confidence interval (Cl) 1.27 to 4.83, 12 = 0%, 5 trials, N = 1335, high quality) and smaller
increases in odds which were not statistically significant for salmeterol monotherapy (Peto OR 1.30; 95% CI 0.82 to 2.05, 12=17%, 5 trials, N
=1333, moderate quality), formoterol combination therapy (Peto OR 1.60; 95% CI 0.80 to 3.28, 12=32%, 7 trials, N = 2788, moderate quality)
and salmeterol combination therapy (Peto OR 1.20; 95% CI 0.37 to 2.91, 12 = 0%, 5 trials, N = 1862, moderate quality).

We compared the pooled results of the monotherapy and combination therapy trials. There was no significant difference between the
pooled ORs of children with a serious adverse event (SAE) from long-acting beta,-agonist beta agonist (LABA) monotherapy (Peto OR 1.60;
95% Cl 1.10 to 2.33, 10 trials, N = 2668) and combination trials (Peto OR 1.50; 95% CI 0.82 to 2.75, 12 trials, N = 4,650). However, there were
fewer children with an SAE in the regular inhaled corticosteroid (ICS) control group (0.7%) than in the placebo control group (3.6%). As
a result, there was an absolute increase of an additional 21 children (95% Cl 4 to 45) suffering such an SAE of any cause for every 1000
children treated over six months with either regular formoterol or salmeterol monotherapy, whilst for combination therapy the increased
risk was an additional three children (95% Cl 1 fewer to 12 more) per 1000 over three months.

We only found a single trial in 156 children comparing the safety of regular salmeterol to regular formoterol monotherapy, and even with
the additional evidence from indirect comparisons between the combination formoterol and salmeterol trials, the Cl around the effect on
SAEs is too wide to tell whether there is a difference in the comparative safety of formoterol and salmeterol (OR 1.26; 95% Cl 0.37 to 4.32).

Authors' conclusions

We do not know if regular combination therapy with formoterol or salmeterol in children alters the risk of dying from asthma.

Regular combination therapy is likely to be less risky than monotherapy in children with asthma, but we cannot say that combination
therapy is risk free. There are probably an additional three children per 1000 who suffer a non-fatal serious adverse event on combination
therapy in comparison to ICS over three months. Thisis currently our best estimate of the risk of using LABA combination therapy in children
and has to be balanced against the symptomatic benefit obtained for each child. We await the results of large on-going surveillance studies
to further clarify the risks of combination therapy in children and adolescents with asthma.

The relative safety of formoterol in comparison to salmeterol remains unclear, even when all currently available direct and indirect trial
evidence is combined.

PLAIN LANGUAGE SUMMARY

Overview of the safety of regular formoterol or salmeterol in children with asthma

Asthma is a common condition that affects the airways, the small tubes that carry air in and out of the lungs. People can have underlying
inflammation in their lungs and sticky mucus or phlegm may build up, which can narrow the airways. When a person with asthma comes
into contact with an irritant (an asthma trigger), the muscles around the walls of the airways tighten, the airways become narrower, and
the lining of the airways becomes inflamed and starts to swell. This leads to the symptoms of asthma, which are wheezing, coughing and
difficulty in breathing. There is no cure for asthma; however, there are medications that allow most people to control their asthma so they
can get on with daily life. People with asthma are generally advised to take inhaled corticosteroids to combat the underlying inflammation
in their lungs. If asthma is still not controlled, current clinical guidelines recommend the introduction of an additional medication to
help. One type of additional medication is the long-acting beta,-agonists, such as formoterol and salmeterol, which work by reversing
the narrowing of the airways that occurs during an asthma attack. These drugs, taken by inhaler, are known to improve lung function,
symptoms, quality of life and to reduce the number of asthma attacks. However, the evidence for the usefulness of long-acting beta,-
agonists is more limited in children than adults, and there are concerns about the safety of these drugs in both adults and children. We
did this overview to take a closer look at the safety of formoterol or salmeterol, either alone or given in combination with corticosteroid
therapy, in children with asthma.

We looked at previous Cochrane reviews on long-acting beta,-agonists and also searched for additional trials on long-acting beta,-agonists

in children. We found a total of 21 trials involving 7318 children that provided information on the safety of formoterol or salmeterol given
alone or combined with corticosteroids. We also found one trial on 156 children which directly compared formoterol to salmeterol.

There were more non-fatal serious adverse eventsin children taking formoterol or salmeterol compared to those on placebo; for every 1000
children treated with formoterol or salmeterol over six months, 21 extra children suffered a non-fatal event in comparison with placebo.
There was a smaller and non-significant increase in serious adverse events in children on formoterol or salmeterol and corticosteroids
compared to corticosteroids alone: for every 1000 children treated with combination therapy over three months, three extra children
suffered a non-fatal event in comparison with corticosteroids alone. This number illustrates the average difference between combination
therapy and corticosteroids. Our analyses showed that in fact the true answer could be between 1 fewer and 12 more children who would
experience a non-fatal event.

Safety of regular formoterol or salmeterol in children with asthma: an overview of Cochrane reviews (Review) 2
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We did not have enough numbers from the small trial comparing formoterol to salmeterol, or from information in the other trials, to tell
whether one long-acting beta,-agonist treatment is safer than the other. There was only one death across all the trials, so we did not have

enough information to tell whether formoterol or salmeterol increases the risk of death.

Safety of regular formoterol or salmeterol in children with asthma: an overview of Cochrane reviews (Review) 3
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BACKGROUND

Description of the condition

Despite efforts to define asthma over the past 30 years, there is
“still no specific definition or validated diagnostic algorithm for the
disease” (Anderson 2008). The definition of asthma in the Global
Initiative for Asthma (GINA) guidelines (GINA 2011) is therefore
functional:

“Asthma is a chronic inflammatory disorder of the airways in
which many cells and cellular elements play a role. The chronic
inflammation is associated with airway hyper-responsiveness that
leads to recurrent episodes of wheezing, breathlessness, chest
tightness, and coughing, particularly at night or in the early
morning. These episodes are usually associated with widespread,
but variable, airflow obstruction within the lung that is often
reversible either spontaneously or with treatment.”

The main cause of short-term asthma symptoms (wheezing and
shortness of breath) is contraction of the smooth muscle around
the airways (bronchoconstriction). Children with asthma show
airways hyper-responsiveness to inhaled allergens (Cockcroft 2006)
and a variety of chemical stimuli (Boushey 1980). It is by no means
clear how airway hyper-responsiveness relates to the inflammatory
changes seen in asthma, or the inflammatory pathways that
mediate these changes (Anderson 2008).

In clinical practice, most children with asthma are treated in
primary care and never suffer from life-threatening exacerbations.
However, there remains a minority of children who continue to be
atrisk of hospital admission and even death from their asthma. This
remains true today, even with the advances in available treatment.

In life-threatening asthma, mucus plugging and oedema of the
airways accompany smooth muscle contraction. Although the
relative contribution of these elements to deaths from asthma is
not clear, it is potentially dangerous to relieve bronchoconstriction
without treating the underlying inflammatory changes.

Description of the interventions

Inhaled selective betay-agonists were introduced in 1969 to reduce
bronchoconstriction (Phillips 1990). These were followed in 1974
by the introduction of inhaled corticosteroids (ICS), and regular
ICS treatment has remained the basis of the treatment of the
inflammation in asthma since the early 1990s. The original beta,-
agonists were short-acting and had a duration of action of four to
six hours. Long-acting betaj-agonists (salmeterol and formoterol)
were introduced in the 1990s; these only needed to be inhaled
twice daily since they had a duration of action of 12 hours
or more. Of these, salmeterol has a slower onset of action
than formoterol (Van Noord 1996). The long-acting beta,-agonists
were first introduced as monotherapy inhalers and then later
combined with an ICS in combination inhalers (such as formoterol/
budesonide or salmeterol/fluticasone).

The betay-agonists relax the airways smooth muscle and relieve
bronchoconstriction, and they are recommended as intermittent
first-step treatment for children with asthma (SIGN/BTS 2012). In
children who require treatment (or who have asthma symptoms)
more than twice a week, the second step in treatment is to add
ICS to reduce inflammation in the airways. The addition of a

regular long-acting betay-agonist (LABA) to an ICS is the current
recommended next step for adults and children over five years
of age whose asthma symptoms are not controlled with regular
ICS alone (SIGN/BTS 2012). For children under five years of age
who are not controlled with regular ICS alone, the addition of oral
leukotriene receptor antagonists to ICS is recommended.

How the intervention might work

The mechanism by which beta,-agonists might cause harm is not
currently known. There are several theories (Tattersfield 2006) that
include the possibility of direct toxicity of beta,-agonists due to
adverse cardiac effects, tolerance induced by regular use of beta,-
agonists so that they become less effective bronchodilators in
acute asthma exacerbations (Weinberger 2006), delay in seeking
medical help (if the beta,-agonists mask the severity of an attack)
or reduced use of corticosteroids (which are needed to treat
bronchial oedema and excess mucus production due to increased
inflammation during exacerbations).

Why it is important to do this overview

The evidence for the benefit of LABAs in children remains weaker
than in adults (Ducharme 2010; Ducharme 2011; Ni Chroinin 2009),
and in 2007 the Pediatric Advisory Committee of the Food and Drug
Administration (FDA) reviewed the safety of regular salmeterol in
children. As a result, a meta-analysis of individual patient data was
carried out by the FDA to assess outcomes in different age-groups
(McMahon 2011). The analysis found that children aged four to 11
years on LABA monotherapy were the age-group with the largest
increase in the risk of serious asthma events (using a composite
index of hospitalisation, intubation or asthma-related mortality).
In 2008 the Advisory Committee voted to restrict the use of LABAs
to combination ICS/LABA products for children and adults. At a
further meeting in 2010, labelling changes were made including
a recommendation that, for children, LABAs should be used as
combination ICS and LABA products (McMahon 2011).

Regular treatment with LABA is not recommended without regular
ICS (Lougheed 2010; SIGN/BTS 2012), but the FDA advice to
use regular LABA for "the shortest duration possible to achieve
control of asthma symptoms and then be discontinued" has
been challenged as not evidence-based by the Canadian Thoracic
Society Asthma Committee group (Lougheed 2010).

Two spikes in the rate of global asthma deaths have been linked
to the use of short-acting beta,-agonists, isoprenaline forte in the
1960s and fenoterol in the 1980s (Tattersfield 2006). Subsequently
two large surveillance studies and a meta-analysis have reported an
increased risk of death from asthma with regular use of salmeterol
in adults with asthma (Castle 1993; Nelson 2006; Salpeter 2006).
Given the results of these surveillance studies in adults, the safety
of both regular formoterol and salmeterol, with and without ICS,
needs to be compared in children with asthma. The evidence that is
available from children also needs to be set against the results from
these large surveillance studies of the safety of salmeterol in adults
with asthma.

Serious adverse events are uncommon and although they are
routinely recorded in randomised trials, individual clinical trials
are not usually powered to detect small but potentially important
differences in the risk of serious adverse events. Moreover, the
reporting of serious adverse events in journal articles based on the
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trials is likely to be incomplete (Cates 2008). Systematic reviews
increase the statistical power to detect rare events, but there is a
particular challenge in that there are many ways in which serious
adverse events can be described and reported in medical journals
(loannidis 2001), and only a part of the picture may be seen if
the analysis of serious adverse events is restricted to those that
the investigators considered to be related to treatment. There is
evidence that selective reporting does occur, both in relation to
efficacy outcomes and adverse events (Chan 2004; Chan 2004a;
Whittington 2004), and there has been a call for better reporting
of harms in trial reports in journals (loannidis 2004). In view of
these difficulties, we have sought to summarise evidence from
Cochrane systematic reviews that included clinical trial data on
serious adverse events reported on manufacturers' websites and in
FDA submissions in addition to events reported in medical journals.

OBJECTIVES

We have used the paediatric trial results from Cochrane systematic
reviews to assess the safety of regular formoterol or salmeterol,
either as monotherapy or as combination therapy, in children with
asthma.

METHODS

Criteria for considering reviews for inclusion
Types of reviews

Cochrane systematic reviews of randomised trials published in
the Cochrane Database of Systematic Reviews (CDSR) that have a
primary focus on adverse events.

Participants

Children with asthma. We included reviews of both adults and
children but only analysed the results from the trials in children.

Interventions

1. Regular formoterol monotherapy versus placebo
2. Regular salmeterol monotherapy versus placebo

3. Regular formoterol in combination with ICS versus the same
dose of ICS

4. Regular salmeterol in combination with ICS versus the same
dose of ICS

5. Regular formoterol versus regular salmeterol

6. Regular formoterol in combination with ICS versus regular
salmeterol in combination with ICS

We did notinclude reviews of formoterol used for maintenance and
relief of symptoms, or relief of symptoms alone.

Outcome measures

« Primary outcomes: all-cause mortality and non-fatal serious
adverse events

« Secondary outcomes: asthma-related deaths and asthma-
related non-fatal serious adverse events

Search methods for identification of reviews

We searched the Cochrane Database of Systematic Reviews (CDSR)
in The Cochrane Library (2012, Issue 5 of 12) in May 2012. We did

not apply any date restrictions. We did not search for non-Cochrane
reviews. See Appendix 1 for the search strategy.

We conducted updated literature searches for each identified
adverse event review to search for any new trials that may not yet
have beenincorporated into the Cochrane reviews, using the search
strategy published in each review.

Data collection and analysis
Selection of reviews

Two review authors independently assessed Cochrane reviews for
inclusion. There was no disagreement, so discussion with a third
person was not needed.

Data extraction and management

We extracted data from studies included in the existing Cochrane
reviews in relation to the characteristics, risks of bias and data for
the outcomes specified above.

We also extracted data from the reviews on control group event
rates (both as a proportion of the total number of participants and
then adjusted for the duration of each trial).

We extracted data from new trials that had not been included in
the published version of the included reviews and incorporated the
data into our overview.

All data were extracted independently by two reviewers.

Assessment of methodological quality of included reviews
Quality of included reviews

Two review authors independently assessed the included reviews
for methodological quality, with particular emphasis on potential
bias in the review process of each review, using the AMSTAR tool
(Shea 2007). We assessed the incorporation of the risk of bias into
each review, and planned to carry out a sensitivity analysis based
on the results of studies at low or unclear risk of bias for each
outcome. We considered the risks of bias in relation to the selection
of studies, ascertainment of serious adverse events, and method of
analysis of the results.

Quality of evidence in included reviews

We assessed whether the included reviews relied merely on
evidence fromreports of trial results published in journals or looked
more widely at manufacturers' trial reports and submissions to the
FDA (in order to reduce the risk of publication bias).

Two review authorsindependently assessed the quality of evidence
intheincluded reviews using the 'Risk of bias' tables in the included
reviews (for the trials that were on children). We also assessed the
limitations of the evidence found in the reviews for the trials for
children using the 'Summary of findings' tables from the included
reviews, and independently reassessed the downgrading decisions
made in each review using the GRADE process.

Data synthesis
Direct randomised comparison data

We extracted data from two new trials, which were included after
we ran the updated search, and analysed them together with
data from the relevant included systematic review using Review

Safety of regular formoterol or salmeterol in children with asthma: an overview of Cochrane reviews (Review) 5
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Manager 5 (RevMan 5); the results are summarised in Forest plots
and tables of pooled results.

We analysed serious adverse event data as odds ratios (OR) and as
risk differences using RevMan 5 . Where there were zero cells in any
of the studies the Peto OR was preferred as it requires no zero cell
adjustment (Bradburn 2007). Whilst the risk difference analysis has
the advantage of including data from trials with no events in either
arm, there is usually higher heterogeneity than using ORs. The risk
differences were used to compare all-cause events and asthma-
related events on the same scale, since ORs would not be expected
to be the same if the ratio of all-cause events was driven by the
increase in asthma-related events.

We preferred ORs to risk ratios as there are two separate risk ratios
for participants who suffer an adverse event and participants who
do not, and the choice between these two risk ratios, which cannot
be made on good empirical grounds, could alter the point estimates
and statistical significance of the pooled results.

Since the dose-response curves for each product and formulation
may not have been the same (Cates 2011; Senn 1997), we also

looked at subgroups of trials using different products and doses
of formoterol, and assessed heterogeneity of the ORs using the 12
statistic in RevMan 5 from the data sets in the existing reviews.

We converted the pooled ORs (and 95% confidence interval (Cl))
into absolute differences for the summary of findings table and the
Cates plots with Visual Rx 2012 (using the mean control arm event
rates from the trials).

Indirect comparison of monotherapy and combination therapy

We explored the safety interaction with ICS by comparing the
treatment effects of formoterol or salmeterol versus placebo
(diagonal green lines in Figure 1A) and the difference from the
treatment effect of formoterol or salmeterol with ICS versus the
same dose of ICS (corresponding vertical green lines in Figure 1B)
using the method described in Altman 2003 and Bucher 1997. This
comparison was carried out by entering the monotherapy and
combination therapy trial results as different subgroups in RevMan
5, and the results were displayed as a forest plot. The test for
interaction between subgroups was generated for the Peto ORs
using RevMan 5 and is displayed on the forest plots.
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Figure 1. Network of comparisons of serious adverse events with regular formoterol and salmeterol (with

or without regular inhaled corticosteroids (ICS)). Red lines show direct comparisons between formoterol and
salmeterol. Green lines show direct comparisons for each drug with placebo (Figure 1A) or ICS (Figure 1B), and

can be compared (horizontally) with each other to make indirect comparisons of formoterol and salmeterol. The
placebo comparison results (Figure 1A) can also be compared (vertically) to the ICS comparison results (Figure 1B) to
indirectly assess the impact of ICS on the serious adverse events with formoterol and salmeterol.

Formoterol

Salmeterol

Figure 1A

|PI

accho

a0 |

Formoterol &
Budesonide

Salmeterol &
Fluticasone

Figure 1B

Same dose

Budesonide

Direct and indirect comparisons of regular formoterol and
salmeterol

We first considered formoterol and salmeterol separately and
then compared them to each other using direct and indirect
comparisons. In Figure 1A and Figure 1B, the direct comparisons
between formoterol and salmeterol are shown as red lines on
the network diagram, and the indirect comparisons are shown as
vertical or sloping green lines, comparing each drug with placebo
orICS.

Methods used to calculate indirect comparisons

For results analysed as Peto ORs, the indirect comparison was
generated by taking the natural logarithm of the pooled OR
from the salmeterol combination therapy versus ICS trials and

Same dose
Fluticasone

subtracting this from the natural logarithm of the pooled OR from
the formoterol combination therapy versus ICS trials. The variance
of the differencein the log ORs is the sum of the variance of each log
OR. The indirect difference in log ORs and its standard error were
then entered into RevMan 5 (using the generic inverse variance
method) and could be combined with the log OR from the trial that
directly randomised children to regular formoterol or salmeterol.

Control group event rates

Major differences between control group event rates present a
threat of confounding to indirect comparisons between the results
from different reviews, as we would not expect risk differences to be
the same across widely different control group risks. We therefore
extracted control group events from each review and compared the
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mean event rates both as proportions of the total number in the
control groups and as weekly rates.

RESULTS

We have created a new summary of findings table for this
overview (Table 1). The table summarises the relative and absolute
impact of regular formoterol or salmeterol (as monotherapy and
combination therapy) on non-fatal serious adverse events of any
cause in children with asthma in the upper half; and the lower

Figure 2. Review selection flow diagram.

25 reviews
identified from the
Cochrane
Database of
systematic
Feviews

¥

20 reviews
assessed for

eligibility

¥

6 adverse event
reviews included
in overview

1. Regular treatment with formoterol for chronic asthma: serious
adverse events (Cates 2012a),

2. Regular treatment with salmeterol for chronic asthma: serious
adverse events (Cates 2008),

_ JINotrelevant

half summarises the children with asthma-related serious adverse
events.

Description of included reviews

Our search of the CDSR retrieved 25 reviews. Figure 2 shows
further details of the inclusion and exclusion process. Six Cochrane
reviews on serious adverse events associated with LABA treatment
in asthma were included:

19 reviews
excluded on basis
af title/abstract:

Efficacy reviews
(n=6)

(n=13)

3. Regular treatment with formoterol and inhaled steroids for
chronic asthma: serious adverse events (Cates 2009b),

4. Regular treatment with salmeterol and inhaled steroids for
chronic asthma: serious adverse events (Cates 2009a)
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5. Regular treatment with formoterol versus regular treatment
with salmeterol for chronic asthma: serious adverse events
(Cates 2012b),

6. Regulartreatmentwith formoteroland aninhaled corticosteroid
versus regular treatment with salmeterol and an inhaled
corticosteroid for chronic asthma: serious adverse events (Cates
2010).

The characteristics of the included reviews are summarised in Table
2. All the reviews used the same inclusion criteria (randomised
controlled trials in patients of any age with a diagnosis of
asthma) and outcome measures (all-cause mortality, all-cause
non-fatal serious adverse events, asthma-related mortality and
serious adverse events). The included studies were not restricted to
products approved for children by the FDA. The definition of serious
adverse events was uniform across the reviews (see Appendix 2).
The latest search dates in the reviews ranged from 2008 to 2012.
Ourupdated literature searches for each review found an additional
two studies including 689 children (Li 2010; NCT01192178) meeting
the inclusion criteria for Cates 2009a, and the results of these
studies have been incorporated into this overview. We did not
find any additional studies meeting the criteria for the other five
reviews.

Including the new studies, there are a total of 21 studies on 7318
children in the first four reviews, and a single study on 156 children
in the sixth review comparing regular formoterol with regular
salmeterol. There were no studies found in children comparing
formoterol and salmeterol combination therapy against each other.
The studies in children from four to 17 years of age are from a
range of settings and conducted between 1992 and 2010. Separate
data from children above or below the age of 12 years were not
available. The early studies primarily randomised children between
monotherapy LABAs with or without ICS as background therapy.
In later years studies standardised ICS treatment in control and
intervention groups, perhaps in response to concerns over the
use of LABAs without concurrent ICS. The characteristics of the
included studies in children in each of the reviews are summarised
in Table 3, Table 4, Table 5, Table 6 and Table 7, respectively.

Methodological quality of included reviews
Quality of the included reviews

The methods used in the reviews were assessed using the AMSTAR
tool (Shea 2007). As all the included reviews were Cochrane
reviews, they were conducted according to the rigorous methodsin
the Cochrane Handbook for Systematic Reviews of Interventions, and
therefore the AMSTAR ratings were high (all achieved a score of at
least 9 out of a possible 11). The review authors sought additional
data from the manufacturers' websites and from FDA reports for
each individual review to minimise publication bias.

Because one of the authors of this overview (CJC) is also the
lead author of all the included reviews, the quality assessments
were conducted by ES and another person not associated with the
reviews (Susan Wieland). There was complete agreement between
the assessors and our full quality assessment is summarised in
Table 8.

Risk of bias of the included studies in each review

Each review assessed the risk of bias for the included studies
relating to children suffering an all-cause serious adverse event
(SAE) and asthma-related SAE, and the results are summarised in
Table 9. Although reporting of sequence generation and allocation
concealment was patchy in the trial reports, discussion with the
trial sponsors indicated that standard procedures adopted in the
trials would lead to a low risk of selection bias. The included studies
were also all double-blind in design (with the exception of one
study from Cates 2009b and the single trial comparing formoterol
with salmeterol in Cates 2012b, as shown in Table 9). Complete
SAE outcome data were obtained with the exception of mortality
data from a single study in Cates 2012a. We have summarised
the assessments of the risks of bias in the included studies in
each review in Table 9, The primary outcome results were not
downgraded due to risks of bias in any of the reviews.

There was, however, no independent assessment of the causation
of SAEs in any of the studies. This means that the trials were
not clearly protected from ascertainment bias for asthma-related
events. Even with double-blinding, if the threshold was high
for assessing any SAE as being asthma-related across all the
participants in a trial, this could reduce the numbers of events
deemed to be asthma-related and introduce bias by reducing the
apparent difference between the groups for asthma-related events.

Effect of interventions
Mortality

There was only one death in a child across all the reviews.
Correspondence with the trialist confirmed that the child
concerned died from a sub-arachnoid haemorrhage whilst taking
formoterol monotherapy (Cates 2012a.

All-cause serious adverse events (SAE)
How does regular formoterol compare with placebo?

The review comparing regular formoterol with placebo (Cates
2012a), in five trials including 1335 children, showed a significant
increase in the odds ratio (OR) of children suffering an SAE of any
cause (Peto OR 2.48; 95% Cl 1.27 to 4.83, 12 = 0% as shown in the
top forest plot in Figure 3). We did not downgrade this result in the
'Summary of findings' table (high quality evidence; see Table 1).
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Figure 3. Children with all-cause SAEs compared using Peto ORs
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There might be differences between the ORs from different brands
and doses of formoterol (see Table 3) as the differences between the
formulation for each product means that we cannot assume that
they all have the same safety profiles, so these have been shown as
separate subgroups in Figure 4. The test for subgroup differences
was not significant (Chi?=1.18,df=3 (P=0.76), 1*=0%), so although

the ORs in the Foradil trials were numerically larger than in the Oxis
trials, the difference between the Foradil and Oxis trials was not
statistically significant. However, we cannot infer that the safety of
Foradil and Oxis is equivalent as the Cls were too wide to draw such
conclusions.
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Figure 4. Children with an all-cause SAE: formoterol versus placebo subgrouped by brand and dose
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There was much more heterogeneity when risk differences were
used to combine the trial results (I2 = 55%). The pooled risk
difference using a fixed-effect model was an increase of 26 children
per 1000 over 27 weeks (95% Cl 9 more to 42 more per 1000), whilst
a random-effects model which incorporates the heterogeneity had
a wider Cl and showed an increase of 20 children per 1000 over
27 weeks (95% Cl 3 fewer to 43 more per 1000) which was not
statistically significant. The pooled risk differences analysed with a
random-effects model are shown in Table 10.

How does regular salmeterol compare with placebo?

The review comparing regular salmeterol with placebo (Cates
2008), in five trials including 1333 children, found an increase in
the OR of children suffering an SAE of any cause that was not
statistically significant (Peto OR 1.30; 95% CI 0.82 to 2.05, 12 = 17%,
as shown in the second forest plot in Figure 3). We downgraded
this result to moderate quality as the Cl included the possibility of
both increased and decreased odds of an SAE. These trials were all
carried out in an earlier time-period than any of the others (1992 to
2001) and had a notably higher rate of children with an SAE than the
trials in any of the other reviews, as shown in Table 11. The higher

0.0z 01 10 50
Favaurs farmoteral  Favaurs placeho

placebo arm event rates combined with a lower OR means that the
pooled risk differences from the trials in children on salmeterol and
formoterol were almost identical (see Table 10).

Almost all the children were given the same dose of salmeterol
(50 pg twice daily, see Table 4), so no subgrouping by dose was
attempted for these trials.

How does combination therapy with regular formoterol and ICS
compare with the same dose of ICS?

The review comparing regular formoterol in combination with ICS
versus the same dose of ICS (Cates 2009b), in seven trials on 2788
children, also found an increase in the OR of children suffering an
SAE of any cause that was not statistically significant (Peto OR 1.60;
95% CI 0.80 to 3.28, 12 = 32%, as shown in the third forest plot in
Figure 3). We downgraded this result to moderate quality as the Cl
included the possibility of both increased and decreased odds of an
SAE. The heterogeneity found in this set of trials appeared to arise
from the earliest trial, Tal 2002, which showed a large increase in
children with an SAE of any cause on regular formoterol and ICS.
Allthe trials used a single combination inhaler to deliver formoterol
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and ICS, and the summary of the characteristics of the studies
(Table 5) does not highlight any obvious differences between Tal
2002 and the other studies, so the heterogeneity was unexplained.

In contrast to the placebo controlled review results, the pooled
risk difference was smaller in this review showing an increase of 3
per 1000 over 13 weeks (95% Cl 6 fewer to 13 more) as shown in
Table 10. A possible explanation for the risk differences from this
review being smaller than in the monotherapy review, whilst the
ORs are similar, is that the risk of an SAE of any cause in the control
groups given ICS was much smaller than in the placebo arms of the
previous reviews (see Table 11). This may be partly explained by the
shorter duration of the trials (average 13 weeks) than in the placebo
controlled trials (average 27 weeks) or, possibly, a protective effect
of ICS.

How does combination therapy with regular salmeterol and ICS
compare with the same dose of ICS?

The review comparing regular salmeterol in combination with ICS
versus the same dose of ICS (Cates 2009a), in five trials on 1862
children, also found an increase in the OR of children suffering an
SAE of any cause which was not statistically significant (Peto OR

1.20; 95% CI 0.37 to 2.91, 12 = 0%, as shown in the fourth forest plot
in Figure 3). We downgraded this result to moderate quality as the
Clincluded the possibility of both increased and decreased odds of
an SAE.

In keeping with the combination therapy results from the previous
review, the risk differences were very small with an increase of one
per 1000 over 15 weeks (95% Cl 7 fewer to 8 more) as shown in
the bottom section of Table 10. Again the risk of having an SAE
on the control ICS arm was lower than in the placebo arms of the
monotherapy trials (see Table 11).

Is treatment with regular LABA safer when used in combination
with regular ICS treatment?

To address this question, Figure 5 shows the ORs from the
trials subgrouped into trials with monotherapy and placebo
comparisons from the first two reviews and then trials in which
LABA was given in combination with ICS (in a single inhaler) and
compared to the same dose of ICS from the third and fourth
reviews. We used these subgroups to indirectly compare the results
of the monotherapy and combination therapy trials.
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Figure 5. Interaction between randomised use of ICS and children with all-cause SAE on regular LABA using ORs
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There were more children with an all-cause SAE on LABA
monotherapy compared to those children on placebo and the
difference was statistically significant (Peto OR 1.60; 95% CI 1.10 to
2.33, 10 studies, 2668 children; Figure 5). The comparison between
children on combination therapy compared with children on ICS
showed a very similar OR that was not statistically significant (Peto
OR 1.50; 95% Cl 0.82 to 2.75, 12 studies, 4650 children; Figure 5).
However, the test of statistical significance for each subgroup on its
own cannot be used to compare the relative safety of monotherapy
and combination therapy trials (Altman 2003). When the results
were subgrouped in this way, a statistical test for the difference
between subgroups gives an indication as to whether combination
therapy is safer than monotherapy. When the trials were analysed
using Peto ORs there was no significant test for interaction (Chi2 =
0.03, df = 1, P = 0.86) between monotherapy (Peto OR 1.60; 95% Cl
1.10t0 2.33) and combination therapy (Peto OR 1.50; 95% CI 0.82 to
2.75; Figure 5).

However, there was a marked difference in the proportion of
children with an SAE in the placebo arms of the monotherapy trials
and in the ICS arms of the combination therapy trials (see Table
11). We therefore converted the Peto OR into an absolute difference
using Visual Rx 2012. The OR and its 95% Cl were applied to the
baseline risk from the trials of LABA monotherapy (3.6% over 29
weeks). The Cates plot in Figure 6 demonstrated that for every 1000
children treated with placebo over a 29 week period, there were 36
who suffered from an SAE (shown as red faces). In contrast, if all
1000 had been treated with regular LABA monotherapy this would
have resulted in 57 children suffering an adverse event (95% CI 40
to 81 children with an SAE). So for every 1000 children given regular
LABA monotherapy for 27 weeks, there were 21 more who suffered
an SAE (95% ClI 4 to 45 more), and these are shown as crossed-out
green faces in Figure 6.

Safety of regular formoterol or salmeterol in children with asthma: an overview of Cochrane reviews (Review) 13
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

Cochrane
Library

O

Cochrane Database of Systematic Reviews

Figure 6. Cates plot of monotherapy versus placebo trials: In the placebo group 36 people out of 1000 had non-
fatal serious adverse events of any cause over 29 weeks, compared to 57 (95% CI 40 to 81) out of 1000 for the LABA
monotherapy group. The crossed-out faces show that there were 21 additional children suffering an SAE for every

1000 treated with LABA monotherapy.
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In the same way, we converted the Peto OR from the combination
therapy trials using the lower baseline risk for children on ICS (0.7%
over 14 weeks). The Cates plot in Figure 7 demonstrated that for
every 1000 children treated with placebo over a 29 week period,
there were 7 who suffered from an SAE. In contrast, if all 1000
had been treated with regular LABA monotherapy this would have

resulted in 10 children suffering an adverse event (95% CI 6 to 19
children with an SAE). So for every 1000 children given regular LABA
monotherapy for 14 weeks, there were 3 more who suffered an SAE
(95% Cl 1 less to 12 more). So in absolute terms, the impact of LABA
on the risk of an SAE in the combination therapy trials is much
smaller than in the monotherapy trials.
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Figure 7. Cates plot of combination therapy versus ICS trials: In the ICS group 7 people out of 1000 had non-fatal
serious adverse events of any cause over 14 weeks, compared to 10 (95% CI 6 to 19) out of 1000 for the combination
therapy group. The crossed-out faces show that there were 3 additional children suffering an SAE for every 1000

treated with LABA combination therapy.
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This comparison between the subgroups of trials using
monotherapy and combination therapy was an indirect
comparison and needs to be interpreted cautiously. The risks of
suffering an SAE in the control arms of the trials in each review was
not uniform (Table 11), and we do not know whether the lower risks
on regular ICS reflected differences in the study design, behaviour
of the children in the trials or whether the lower risks were due to
the presence of the ICS treatment as part of the study medication.
Therefore, although the risk differences in the combination therapy
trials were smaller than in the monotherapy trials (Table 12), we
cannot be sure that this was due to the ICS given to all the children.

Is there a difference in safety between regular salmeterol and
regular formoterol?

The final two reviews (Cates 2010 and Cates 2012b) looked for
evidence from trials that randomised children to receive either
regular formoterol or salmeterol (with or without combination
ICS). Between the two reviews there was only a single open
trial (Everden 2004) in 156 children comparing monotherapy with
formoterol to salmeterol, and in this trial one child in each arm
suffered an SAE (neither of which was asthma-related). This was
not sufficient evidence to draw any conclusions about the relative
safety of regular formoterol and salmeterol, as demonstrated by
the very wide CI (OR 0.95; 95% Cl 0.06 to 15.36) for Everden 2004
(Figure 8). There were no trials making direct comparisons between
combination inhalers in children.
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Figure 8. Indirect comparison of formoterol and budesonide with salmeterol and fluticasone

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI I, Fixed, 95% CI
Ewverden 2004 -0.05161 1.42 19.45% 0.95([0.06, 15.36]
BOF v FFPS Indirect 030248 07 80.8% 1.35[0.34,5.34]
Taotal (95% CI) 100.0% 1.26 [0.37, 4.32]

Heterogeneity: Chif=0.05, df=1 {(FP=082); F=0%
Test for overall effect Z=037 (P=0.71)

Indirect comparisons can be made by contrasting the pooled
results of the trials which compared formoterol to placebo with
the pooled results of the trials which compared salmeterol with
placebo (as shown in Figure 1A). These were not randomised
comparisons and were based on the assumption that the trials on
formoterol were sufficiently similar to those on salmeterol in terms
of participants, outcome assessment, co-interventions etc. In this
instance the wide discrepancies between the event rates in the
control arms of the placebo controlled trials (Table 11) suggested
that there were important differences between the groups of
trials. Moreover, the trials on formoterol monotherapy used a wide
variety of doses and formulations, so there was also considerable
clinical heterogeneity within the formoterol monotherapy trials. We
therefore decided not to carry out an indirect comparison of the
placebo controlled trials on formoterol and salmeterol.

The combination therapy trials comparing formoterol and
budesonide (BDF) with the same dose of budesonide showed a
similar enough control arm event rate to the trials comparing
salmeterol and fluticasone (FPS) with the same dose of fluticasone
(Table 11), so an indirect comparison was made between these sets

001 01 1 10 100
Favours formoteral Favours salmeteral

of trials. The indirect comparison in which the log OR of the pooled
FPS versus fluticasone results was subtracted from the log OR of
the pooled BDF versus budesonide results is shown in the second
line of Figure 8. The indirect OR of the comparative impact of BDF
to FPS on children with an SAE of any cause was 1.35 (95% Cl1 0.34 to
5.34). Even with the addition of indirect comparisons to the direct
comparison, the Cl remained wide (OR 1.26; 95% Cl 0.37 to 4.32;
Figure 8) so we are still very uncertain about the comparative safety
of formoterol and salmeterol in children.

Asthma-related serious adverse events (SAE)

The findings of the systematic reviews in relation to asthma-related
SAEs were in line with the results of all-cause events described
above (Table 1).

The reviews showed significantincreasesin the Peto OR for asthma-
related SAEs with formoterol versus placebo (Peto OR 4.06; 95% CI
1.78t0 9.22, 12 = 0%; Figure 9) and salmeterol versus placebo (Peto
OR 1.72;95% CI 1.00 to 2.98, 12 = 0%; Figure 9). Together the pooled
OR from all the monotherapy trials showed a significant increase
(Peto OR 2.24; 95% Cl 1.42 to 3.54, 12 = 0%; Figure 10).
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Figure 9. Children with asthma-related SAE compared using Peto OR
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Figure 10. Interaction between randomised use of ICS and children with asthma-related SAE on regular LABA using

ORs

Regular LABA Control Peto Odds Ratio Peto Odds Ratio

Study or Subgroup  BEvents  Total Bvents Total Weight Peto, Fixed, 95% Cl Year Peto, Fixed, 95% CI
LABA v Placeho
Russell 1995 10 21| 9 107 23.3% 1.22[0.48,3.14] 18485
Simons 1997 3 an 1] an 4.0% T.AB[0.78 73.82] 1947 T
“on Berg 1998 14 220 9 206 30.6% 1.58 [0.¥0, 3.61] 1948 T
Weinstein 19498 4 102 2 104 T.H% 204040 10.31] 19498 N e —
SLGA 2014 3 224 o 110 3.6% 4.48 [0.40,50158] 2001 T
Bensch 2002 14 342 0 176 22.3% 480 [1.83,12.62] 2002 — &
“on Berg 2003 4 164 1] a4 4.8% 462 [0.58 37.12] 2003 -
Zimmearman 2004 1 2 1T 1M 2.4% 0.47 [0.032,8.949] 2004
Lewy 2005 1 127 o 12z 1.2% 70014, 358.249] 2005 +
Corren 2007 1] q 1] q Mot estimable 2007
Subtotal (95% CI) 1568 1100 100.0% 2.24 [1.42, 3.53] &
Total events G0 1
Heterogeneity, Chi®=7.96, dfi=28 (P=044) F=0%
Testfor overall effect: £= 3.48 (F = 0.0005)
LABA & ICSvICS
SAM40012 1] 181 o 18 Mot estimable 2001
Tal 2002 5 148 0 138 350% TA0([1.21,41.53] 2002 —
S0-028-0714 1] 136 1T 134 T.1% 0.13[0.00,6.72] 2003 4
SD-028-0718 1] 128 0 144 Mot estimable 2004
SAS30021 1] an4 1 304 T.1% 0.14[0.00,6.82] 2004
Paohunek 2008 0 417 o 213 mot estimable 2005
SD-0328-0725 3 a2 1 169 24.8% 1.41[017,11.48] 2005 I L —
S0-029-0719 1 123 1] 63 B.4% 4454 [007 28529] 2005 +
Malone 2005 0 101 o 10z mot estimable 2005
Maorice 2008 1] 14 20207 12.8% 0.05[0.00,0.94] 2008 +—=—]
Li 2010 1] 173 [ Mot estimable 2010
MCTO1192178 1 171 0 1g6a T1% T.261[014, 2365.96] 2010 +
Subtotal (95% CI) 2649 2001 100.0% 1.41[0.50, 4.00] -
Total events 10 a
Heterogeneity: Chi®=11.94, di=6 (P = 0.06); F=50%
Test far overall effect £=0.64 (P=0.52)
001 01 10 100

Favours LABA Favours control

Testfar subgroup differences: Chif= 064, df=1 (P=042), F=0%

For the reviews of combination therapy the pooled ORs had more
heterogeneity and wider Cls than the monotherapy results. Forest
plots for formoterol combination therapy versus ICS (Peto OR 1.49;
95% C1 0.48 to 4.61, 12 = 60%) and salmeterol combination therapy
versus ICS (Peto OR 0.99; 95% CI 0.06 to 15.85, 12 =50%) are shown
in Figure 9. The pooled results from all the combination therapy
results showed a lower OR than for monotherapy (Peto OR 1.41;
95% Cl 0.50 to 4.00, 12 = 50%) as shown in Figure 10. However
the pooled odds ratio from the combination therapy trials was
not significantly different from the monotherapy reviews (test for
subgroup differences: Chi2 =0.64, df = 1, P = 0.42; Figure 10).

Analysed as risk differences, the increased risk was of the order of
19 additional children with an asthma-related SAE for every 1000
treated with LABA monotherapy (Table 13). These risk differences
were very similar to those found for children with SAE of any cause
in Table 10. The risk differences on combination therapy were lower
than for monotherapy, at 0.3 less per 1000 (95% Cl -4 to 3 per 1000),
see Table 14. Again, this was very much in line with the results found

for all-cause SAEs, and there were fewer children with an asthma-
related SAE on ICS than on placebo, as shown in Table 15.

We have not made indirect comparisons between formoterol and
salmeterol for asthma-related events as none of the trials had
independent assessment of the causation of SAEs, and there
was considerable heterogeneity in the results of the combination
therapy trials.

DISCUSSION

Summary of main results

We found six reviews including 22 randomised trials, on a total
of 7474 children, of regular LABA monotherapy or combination
therapy. Thisis a much smaller number than the equivalent trialsin
adults (65,000 adults), and there is insufficient evidence to assess
whether there is any impact of regular formoterol or salmeterol
combination therapy on mortality in children. In particular, we
cannot rule out the increased asthma mortality risk identified in
adults on salmeterol monotherapy.
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We have created a new 'Summary of findings' table for this
overview in relation to the primary outcome of children suffering
an SAE of any cause (see upper half of Table 1). This shows a
statistically significant increase in the odds of suffering a SAE on
formoterol monotherapy (Peto OR 2.48; 95% Cl 1.27 to 4.83, 12 =
0%, 5 trials, N = 1335) and smaller increases in odds, which are
not statistically significant, for salmeterol monotherapy (Peto OR
1.30; 95% CI 0.82 to 2.05, 12 = 17%, 5 trials, N = 1333), formoterol
combination therapy (Peto OR 1.60; 95% CI 0.80 to 3.28, 12=32%, 7
trials, N =2788) and salmeterol combination therapy (Peto OR 1.20;
95% C10.37t0 2.91, 12=0%, 5 trials, N = 1862). Similarly, a summary
of the results for children suffering an SAE related to asthmain each
review are summarised in the lower half of Table 1. The results are
very similar to those for an SAE of any cause.

We made indirect comparisons between the pooled results of the
monotherapy and combination therapy trials (versus placebo and
ICS respectively). There was no significant difference between the
pooled odds ratios of children with a serious adverse event from
LABA monotherapy and combination trials (Figure 3). There was
an absolute increase in risk of an additional 21 children (95%
Cl 4 to 45) suffering such an SAE of any cause for every 1000
children treated over six months with either regular formoterol or
salmeterol monotherapy (Figure 6), whilst for combination therapy
the increased risk was three children (95% CI 1 fewer to 12 more)
per 1000 over three months (Figure 7).

The absolute increase in the monotherapy trials in children was
larger than that found in the equivalent trials in adults from the
same Cochrane reviews (of around four per 1000 over a similar time
period).

The absolute increases in children with an asthma-related serious
adverse event on LABA monotherapy or combination therapy are
very similar in size to the increase for all-cause events (Table 10;
Table 13).

We combined direct estimates from a monotherapy comparison
study with indirect comparisons from studies comparing
formoterol and salmeterol in combination with ICS against ICS
alone. We elected not to make indirect comparisons between
the results of the placebo controlled formoterol and salmeterol
monotherapy studies due to systematic differences in the control
group risks of SAEs. We explore possible reasons for this below in
Potential biases in the overview process. Even with the combined
direct and indirect comparisons from these reviews, it is not
possible to decide whether or not there is a difference in safety
between regular formoterol and regular salmeterol.

Overall completeness and applicability of evidence

The key question for people making decisions about treating
asthma in children is how each individual child will respond
to different treatment regimens. In some instances immediate
symptom relief can act as a guide to management, but for each
child the balance between the longer-term risks and benefits
of treatment are unknown. The risk of asthma exacerbations,
hospitalisation or death cannot be judged from the symptomatic
impact of treatment for an individual child in the short-term.
Evidence from systematic reviews of randomised trials on large
populations of children over a prolonged period of time is needed
to assess such risks and potentially allow the patient or family to
balance potential risks and benefits of treatment.

The number of children who have been studied in randomised
trials of regular treatment with formoterol or salmeterol is much
smaller than the numbers of adults (7463 children and 65,000
adults respectively). Although many of the existing trials in adults
also recruited adolescents, down to 12 years of age, no separate
results have yet been published in trial reports for the adolescent
age-group.

None of the studies recruited children younger than four years
of age, so we have no safety information for LABA treatment in
children with asthma who are less than four years old.

Chowdhury 2011 highlights a number of on-going safety trials of
combination therapy with regular LABA and ICS, which have been
made a requirement by the FDA. Four of these trials will each
aim to recruit 11,700 adults and adolescents over 12 years of age.
These trials will last for six months and will study budesonide
and formoterol (NCT01444430), mometasone and formoterol
(NCT01471340), fluticasone and salmeterol (NCT01475721), and
Foradil. It has been stipulated that 10% of participants recruited to
these trials must be under 18 years of age and we believe that it is
important that data from the adolescent population are reported
separately. There will be a further trial in 6200 children aged 4 to 11
years on fluticasone and salmeterol (NCT01462344).

These trials will potentially contribute 10,000 children and
adolescents (up to 18 years of age) to the results of this overview
and should help clarify the risks of salmeterol combination therapy
in children and LABA combination therapy in adolescents. They are
expected to be completed in 2016 to 2017.

Quality of the evidence

All the included reviews were Cochrane reviews and judged to be
of good quality with high AMSTAR scores. The quality of individual
studies was assessed in the reviews using the Cochrane risk of bias
tool. Although sequence generation and the method of allocation
concealment were not clearly reported in most of the trials in the
reviews, we judged that there was low risk of selection bias as all
the trials were sponsored by the manufacturers and used standard
methods designed for regulatory purposes. Almost all the trials
were double-blind in design, and the reviews included data on
mortality and non-fatal serious adverse events (SAEs) from all the
trials (with a single exception as shown in Table 3). The reviews
sought data from manufacturers' websites and FDA reports. The
review results therefore were not downgraded due to risks of bias
in the included trials.

We chose all-cause SAEs as the primary outcome for this overview
because ascertainment bias is a concern for the asthma-related
events. Even in double-blind trials, if there is a high threshold for
labelling events as being asthma-related, this could lead to an
underestimation of the true effect of treatment on such events.
Moreover a patient with an SAE may have this recorded under
more than one category (leading to double-counting of individual
patients) whereas data on the number of participants with at
least one DAE of any cause is more reliably available from the
manufacturers' trial reports on their websites.

Potential biases in the overview process

This overview has found that the absolute increase in the risk of
children suffering an SAE is smaller on LABA combination therapy
(compared to ICS alone) than on LABA monotherapy (compared to
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placebo). Whilst it is tempting to think that this difference is caused
by the presence of ICS treatment in the combination inhaler, it is
important to recognise that this is not necessarily the case.

The comparison between the results of the monotherapy
and combination therapy reviews is an indirect observational
comparison and is not protected from bias by the randomisation
that was carried out in the individual trials. There may have
been other differences between the monotherapy and combination
therapy trials, and to investigate this further we looked at the
duration of the trials and their respective control arm event rates.
Theresults are shownin Table 11 and Table 15, which show that the
combination therapy trials were carried out over an average period
of three months, in comparison to six months for the monotherapy
trials.

Absolute differences are likely to be dependent on the duration of
the trials and are expected to be larger for trials of longer duration.
This meansthat even if the odds ratios (ORs) were actually the same
for LABA combination therapy versus ICS, and LABA monotherapy
versus placebo, the risk differences would be expected to be twice
as large for the monotherapy trials because they lasted twice as
long.

Furthermore, after adjusting for trial duration, Table 11 and Table
15 still show much higher weekly event rates in the placebo arms
of the trials in the salmeterol monotherapy review than in any of
the other reviews. This is suggestive of other differences between
the salmeterol monotherapy trials and the rest of the included trials
(such as asthma severity, co-interventions, outcome ascertainment
and the level of supervision of trial participants).

We therefore remain uncertain whether the lower risk differences
in the combination therapy trials (compared to the monotherapy
trials) were due to the presence of ICS in the combination inhaler or
other confounding factors (such as those listed above).

Finally, we are unable to assess the relevance of the background ICS
treatment given to more than half the children in the monotherapy
trials because we have noinformation about whether the individual
children who suffered an SAE were prescribed or actually taking ICS,
or not.

Agreements and disagreements with other studies or
reviews

There is insufficient information from this overview to come to
any conclusions in relation to the risks of mortality in children on
regular formoterol or salmeterol. In particular, we do not know
whether children on regular formoterol or salmeterol (as either
monotherapy or combination therapy) might be exposed to the risk
ofincreased mortality of one per 1000 asthma deaths over 28 weeks
on regular salmeterol monotherapy that was found in adults (Cates
2008).

The FDA have reviewed individual patient data obtained from the
sponsors of all randomised controlled trials of LABA formulations
that are approved in the United States for asthma. They were
able to break down the results by age-group and by the use of
concomitant or assigned inhaled corticosteroids (ICS) (McMahon

2011). The outcome measure used was a composite of asthma-
related mortality, hospitalisation or intubation. The FDA review
found a higher incidence difference in children than adults overall.
The majority of these children included in the composite measure
were hospitalised for asthma. The increased incidence of this
composite outcome for children aged 4 to 11 years of age was
30.4 (95% CI 5.7 to 55.1) per 1000 patient-years. This result is in
keeping with the monotherapy asthma-related SAE findings from
this overview, showing an increase of 20 children (95% Cl 6 to 34)
per 1000 over six months.

There was a significant age-related trend when the results of
participants with concomitant (background) ICS treatment were
analysed, with the highest incidence difference in the 4 to 11 age-
group of 48.54 (95% Cl 7.2 to 89.7) per 1000 patient-years. There
were fewer children in trials assigned to ICS treatment (in other
words ICS given as part of the randomised treatment regimen) and
no significant trend for age was found in this case.

AUTHORS' CONCLUSIONS

Implications for practice

We do not know if regular combination therapy with formoterol or
salmeterolin children alters the risk of dying from asthma.

Monotherapy with regular formoterol or salmeterol is no longer
advocated in clinical guidelines. If separate inhalers are used to
deliver LABA and ICS, this runs the risk of children defaulting on
their ICS treatment whilst continuing to take LABA.

Regular combination therapy is likely to be safer than monotherapy
in children with asthma, but we cannot say that combination
therapy is risk free. There are probably an additional three children
per 1000 over three months who suffer a non-fatal serious adverse
events on combination therapy in comparison to ICS. This is
currently our best estimate of the risk of using LABA combination
therapy in children and has to be balanced against the symptomatic
benefit obtained for each child.

The relative safety of formoterol and salmeterol remains unclear,
even when direct and indirect evidence is combined.

Implications for research

Large surveillance trials of combination therapy in adults and
children have been mandated by the FDA. The safety results of
regular salmeterol and fluticasone combination therapy in children
with asthma from these trials are awaited. The adult trials will also
contain at least 10% of participants who are adolescents under
18 years of age, so safety data on both salmeterol and formoterol
combination therapy will be available for these adolescents.
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ADDITIONAL TABLES

Table 1. Summary of findings - children with a serious adverse event

Comparison Illustrative comparative Relative ef- No of par- Quality of Comments
risks* (95% Cl) fect ticipants the evi-
(95% ClI) (studies) dence

Assumed Corresponding (GRADE)
risk risk
Control Regular LABA

(salmeterol or

formoterol)

Children with a fatal serious adverse event of any cause

All comparisons see com- see comment see com- see com- see com- There was
ment ment ment ment only a sin-

gle child
who died in
all the stud-
ies so mor-
tality could
not be as-
sessed.

Children with a non-fatal serious adverse event of any cause

Regular formoterol versus placebo 12 per 30 per 1000 OR 2.48 1335 SDOD
Cates 2012a 1000 (15 to 56) (1.27to (5 studies) high
Follow-up: mean 27 weeks 4.83)

Regular salmeterol versus placebo 56 per 72 per 1000 OR1.3 1333 SPPO
Cates 2008 1000 (46 to 108) (0.82to (5 studies) moderate
Follow-up: mean 31 weeks 2.05) 1

Regular formoterol & ICS versus ICS 8 per 1000 14 per 1000 OR 1.62 2788 SDDO
Cates 2009b (7to27) (0.80to 3.28) moderate

(7 studies) 1
Follow-up: mean 13 weeks

Regular salmeterol & ICS versus ICS 5 per 1000 6 per 1000 OR1.20 1862 SPBO
Cates 2009a (2to 19) (0.37to (5 studies) moderate
Follow-up: mean 15 weeks 3.91) 1
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Table 1. Summary of findings - children with a serious adverse event (continued)

Regular formoterol versus regular 13 per 12 per 1000 OR0.95 156 BDOO Formoterol

salmeterol Cates 2012b 1000 (1to 168) (0.06 to (1 study) low 1.2 was consid-

Follow-up: 13 weeks 15.33) ered the ac-

(onsalme-  (onformoterol) tive treat-
terol) ment and

salmeterol
the con-
trol treat-
ment for
this com-
parison

Children with a non-fatal serious adverse event related to asthma

Regular formoterol versus placebo 2 per 1000 8 per 1000 OR 4.06 1335 elsTel

Cates 2012a (4to 18) (1.78 to (5 studies) high

Follow-up: mean 27 weeks 9.22)

Regular salmeterol versus placebo 33 per 55 per 1000 OR1.72 1333 SODD

Cates 2008 1000 (33t092) (1t02.98) (5 studies) high

Follow-up: mean 31 weeks

Regular formoterol & ICS versus ICS 4 per 1000 6 per 1000 OR 1.49 2788 DDOO

Cates 2009b (2to 17) (0.48 to (7 studies) low 1.3

Follow-up: mean 13 weeks 4.61)

Regular salmeterol & ICS versus ICS 1 per 1000 1 per 1000 OR0.99 1862 BDOO

Cates 2009a (0to 17) (0.06 to (5 studies) low 1.3

Follow-up: mean 15 weeks 15.85)

*The basis for the assumed risk (was the mean control group risk across studies). 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% ClI).
Cl: Confidence interval; OR: Odds ratio; SAE: serious adverse event

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. Confidence intervals include the possibility of an increase and a decrease in SAEs on regular LABA

2. Single unblinded study

3. Considerable heterogeneity between trial results

Safety of regular formoterol or salmeterol in children with asthma: an overview of Cochrane reviews (Review)
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Table 2. Characteristics of included reviews

Inclusion criteria

Review title Studies Partici- Intervention Comparison Primary Date of No. includ- No. includ-
pants outcome search ed studies ed studies
measures (all) (children
only)
1. Regular treatment with for-  Randomised Diagnosisof  Inhaled formoterol Placebo or All-cause January 22 5
moterol for chronic asthma: controlled asthma;any  twice/day; at least 12 short-acting be-  mortality 2012
serious adverse events trials age group weeks duration; any tay-agonists
dose; any delivery de- All-cause
Cates 2012a vice non-fatal
SAEs
2. Regular treatment with sal-  Randomised Diagnosis of  Inhaled salmeterol Placebo or All-cause August2011 32 5
meterol for chronic asthma: controlled asthma;any  twice/day; at least 12 short-acting be-  mortality
serious adverse events Cates trials age group weeks duration; any tap-agonists
2008 dose; any delivery de- All-cause
vice non-fatal
SAEs
3. Regular treatment with for-  Randomised Diagnosisof  Inhaled corticosteroids Samedoseand  All-cause October 21 7
moterol and inhaled steroids controlled asthma;any  and formoterol once or type of inhaled mortality 2008
for chronic asthma: serious trials age group twice/day; at least least corticosteroids
adverse events Cates 2009b 12 weeks duration; any All-cause
dose; any single or sepa- non-fatal
rate device SAEs
4. Regular treatment with sal-  Randomised Diagnosisof  Inhaled corticosteroids Samedoseand  All-cause October 33 3(2 addi-
meterol and inhaled steroids controlled asthma;any  and salmeterol once or type of inhaled mortality 2008 tional stud-
for chronic asthma: serious trials age group twice/day; at least least corticosteroids ies iden-
adverse events Cates 2009a 12 weeks duration; any All-cause tified by
dose; any single or sepa- non-fatal updated
rate device SAEs search)
5. Regular treatment with Randomised Diagnosisof Inhaled formoterol; at Inhaled salme- All-cause January 4 1
formoterol versus regular controlled asthma;any least 12 weeks duration;  terol; atleast 12 mortality 2012
treatment with salmeterol for  trials age group not randomised with in-  weeks duration;
chronic asthma: serious ad- haled corticosteroids not randomised ~ All-cause
verse events Cates 2012b with inhaled non-fatal
corticosteroids ~ SAES
6. Regular treatment with for-  Randomised Diagnosis of  Inhaled formoterol with  Inhaled sal- All-cause August2011 7 0
moterol and an inhaled corti-  controlled asthma;any  aninhaled steroid; at meterol with mortality
costeroid versus regular treat-  trials age group least 12 weeks duration;  aninhaled
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Table 2. Characteristics of included reviews (continued)
ment with salmeterol and
an inhaled corticosteroid for

any dose; any single or steroid; at least  All-cause
separate delivery device 12 weeks dura-  non-fatal
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chronic asthma: serious ad-
verse events Cates 2010

tion; any dose; SAEs
any single or

separate deliv-

ery device

Table 3. Regular formoterol v placebo trial details

Duration % children Formoterol Formoterol Formoterol Placebo(N) Brand Age Ranges
on ICS back-
(weeks) ground Rx 48 mcg/day 24 mcg/day 12 mcg/day
(N) (N) (N)

Bensch 2002 52 69 171 171 176 Foradil 5t012
Corren 2007 12 0 9 9 Oxis 6to 11
Levy 2005 12 72 127 122 Foradil 5to 13
Von Berg 2003 12 82 83 81 84 Oxis 6to 17
Zimmerman 2004 12 100 94 105 101 Oxis 6to 1l
Total mean =27 171 475 186 492

weeks

All trials were sponsored by AstraZeneca or Novartis, and contributed data on all-cause mortality and non-fatal serious adverse events, except Levy 2005 for which mortality

data was not available.
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Table 4. Regular salmeterol v placebo trial details

Duration % children Salmeterol 100 Salmeterol Placebo(N) Age Ranges
on ICS back- mcg/day (N) 50 mcg/

(weeks) ground Rx day (N)
Russell 1995 12 100 99 107 4t016
Simons 1997 52 0 80 80 6to 14
SLGA3014 12 50 109 115 110 4to11
von Berg 1998 52 52 220 206 5to 15
Weinstein 1998 12 57 102 105 4to11l
TOTAL mean =31 610 115 608

weeks

All trials were sponsored by GSK and contributed data on all-cause mortality and non-fatal serious adverse events

Safety of regular formoterol or salmeterol in children with asthma: an overview of Cochrane reviews (Review) 27
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Table 5. Regular formoterol & ICS v ICS trial details

Children and Adolescents Duration Formoterol ICS Alone (N)  Daily Dose Daily Dose For- Combined In- Age Ranges
(weeks) and ICS (N) Budesonide moterol (mcg) haler
(mcg)
Morice 2008 12 415 207 200 24 v 6toll
Pohunek 2006 12 417 213 400 24 v 4to11
SD-039-0714 12 136 134 400 12 v 11to 17
SD-039-0718 12 128 145 200 24 v 6to 15
SD-039-0719 26 123 63 400 24 v 6toll
SD-039-0725 12 352 169 200 12 0r24 v 6to 15
Tal 2002 12 148 138 400 24 v 4to 17
Total mean =13 1,719 1,069
weeks
All trials were sponsored by AstraZeneca and contributed data on fatal and non-fatal serious adverse events
Table 6. Regular salmeterol & ICS v ICS trial details
Duration (Weeks) Salmeterol & ICS alone Dose of Fluticas- Dose of Salme- Combined In- Age Ranges
ICS one mcg/day terol mcg/day haler
Li 2010 12 173 177 200 100 v 4to11
Malone 2005 12 101 102 200 100 v 4to 11
NCT01192178 16 171 168 200 100 v 4to011
SAM40012 24 181 181 200 100 v 4to11
SAS30021 12 304 304 100 50 v 4to11
Total mean = 15 weeks 930 932
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Table 6. Regular salmeterol & ICS v ICS trial details (continued)

All trials were sponsored by GSK and contributed data on all-cause mortality and non-fatal serious adverse events

Table 7. Regular formoterol versus regular salmeterol

Duration % children on ICS Formoterol Salmeterol Formoterol device Salemterol device Sponsors Age Ranges
(Weeks) background Rx 24 mcg/day 100 mcg/day
Everden 12 100% 80 76 Oxis Turbohaler Salmeterol Accuhaler AstraZeneca 6to17

2004
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Table 8. AMSTAR ratings

AMSTAR Criteria Cates 2008 Cates Cates Cates Cates Cates 2010
2012a 2009a 2009b 2012b

1. Was an 'a priori' design provided? Yes Yes Yes Yes Yes Yes
2a. Was there duplicate study selection?  Yes Yes Yes Yes Yes No
(0.5 point)
2b. Was there duplicate data extraction? No No Yes Yes Yes No
(0.5 point)
3. Was a comprehensive literature Yes Yes Yes Yes Yes Yes
search performed?
4. Was the status of publication (i.e. grey No No No No No No
literature) used as an inclusion criteri-
on?
5. Was a list of studies (included and ex- Yes Yes Yes Yes Yes Yes
cluded) provided?
6. Were the characteristics of the includ-  Yes Yes Yes Yes Yes Yes
ed studies provided?
7. Was the scientific quality of the in- Yes Yes Yes Yes Yes Yes
cluded studies assessed and document-
ed?
8. Was the scientific quality of the in- Yes Yes Yes Yes Yes Yes
cluded studies used appropriately in for-
mulating conclusions?
9. Were the methods used to combine Yes Yes Yes Yes Yes Yes
the findings of studies appropriate?
10. Was the likelihood of publication bias  Yes Yes Yes Yes Not applic-  Not applic-
assessed? able able
11. Was the conflict of interest stated? Yes Yes Yes Yes Yes Yes
Total criteria met: 10.5 10.5 11 11 10 9
(item 4 is met with the assessment 'NO’,
all others 'YES')
Note: we felt that item 2 was 2 separate questions, so we split it into two parts and award-
ed half a point for each. This differs from the published version of the tool.
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Table 9. Risks of Bias for the included trials in each Cochrane review

Cochrane review trial ID sequence allocation blinding incom- selective
generation concealment plete out- reporting
come data

"Regular tretatment with for-  Bensh 2002 unclear unclear low low low

moterol for chronic asthma:

SAE" Cates 2012a Levy 2005 unclear unclear low low unclearl
von Berg 2003 low unclear low low low
Zimmenman 2004 unclear unclear low unclear low
Corren 2002 low unclear low unclear low

"regular treatment with sal- Lenny 1995a n/a unclear low n/a low

meterol for chronic asthma:

SAE" Cates 2008 Lenny 1995b n/a unclear low n/a low
Russel 1995 n/a unclear low n/a low
Simons 1997 n/a unclear low n/a low
SLGA 3014 n/a unclear low n/a low
von Berg 1998 n/a unclear low n/a low
Weinstein 1998 n/a unclear low n/a low

"Regular treatment with for- Morice 2008 low unclear low low low

moterol and ICS for chronic

asthma: SAE" Cates 2009b Pohunek 2006 unclear unclear low low low
SD-039-0714 unclear unclear low low low
SD-039-0718 low unclear low low low
SD-039-0719 unclear unclear high low low
SD-039-0725 unclear unclear low low low
Tal 2002 low unclear low low low
Li 2010 unclear unclear low low low

"Regular treatment with §al- Malone 2005 unclear unclear low low low

meterol and ICS for chronic

. n

asthma: SAE" Cates 20092 NCT01192178 unclear unclear low low low
SAM40012 unclear unclear low low low
SAS30021 unclear unclear low low low

"Regular treatment with for- Everden 2004 low unclear high low low

moterol versus regular treat-

ment with satmeterol for

Safety of regular formoterol or salmeterol in children with asthma: an overview of Cochrane reviews (Review) 31
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Table 9. Risks of Bias for the included trials in each Cochrane review (continued)

chronic asthma: SAE" Cates
2012b

1. No mortality data was available from this trial

Table 10. Risk differences for children with SAE of any cause

Children with an all-cause SAE (pooled risk differences, M-H Random)

Formoterol monotherapy Placebo Risk Difference (95% Cl) Heterogeneity (I-
squared)
Children with SAE Total Children with Total
SAE
34 843 6 492 0.0195 (-0.0034, 0.0425) 55%
Salmeterol monotherapy Placebo Risk Difference (95% Cl) Heterogeneity (I-
squared)
Children with SAE Total Children with Total
SAE
46 725 34 608 0.0225 (0.0023, 0.0426) 0%
Formoterol combination therapy ICS Risk Difference (95% Cl) Heterogeneity (I-
squared)
Children with SAE Total Children with Total
SAE
25 1719 9 1069 0.0034 (-0.0062, 0.0131) 34%
Salmeterol combination therapy ICS Risk Difference (95% ClI) Heterogeneity (I-
squared)
Children with SAE Total Children with  Total
SAE
6 930 5 932 0.0008 (-0.0067, 0.0082) 0%

Table 11. Mean event rates in control arms of included trials (SAE of any cause)

Comparison

Children with
an event (n)

(N)

Total number
of children

SAE per 10,000 chil-
dren (95% ClI)
(weeks)

Mean dura-
tion of trials

SAE per 10,000 chil-
dren per week (95%
Cl)

Safety of regular formoterol or salmeterol in children with asthma: an overview of Cochrane reviews (Review)
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Table 11. Mean event rates in control arms of included trials (SAE of any cause) (continued)

Formoterol v Placebo 6 492 122 (56 to 263) 27 5(2to 10)
Salmeterol v Placebo 34 608 559 (403 to 771) 31 18 (13 to 25)
Formoterol & ICS v ICS 9 1069 84 (44 to 159) 13 6(3to12)
Salmeterol & ICS v ICS 5 932 54 (23 to 125) 15 4(2to8)

Table 12. Monotherapy versus combination therapy risk differences for children with SAE of any cause

Children with an all-cause SAE (pooled risk differences, M-H Random)

LABA monotherapy Placebo Risk Difference (95% Cl) Heterogeneity (I-
squared)
Children with SAE Total Children with Total
SAE
80 1568 40 1100 0.0191 (0.0061, 0.0321) 15%
LABA combination therapy ICS Risk Difference (95% Cl) Heterogeneity (I-
squared)
Children with SAE Total Children with Total
SAE
31 2649 14 2001 0.0017 (-0.0037, 0.0070) 2%

Table 13. Risk differences for children with SAE related to asthma

Children with an asthma related SAE (pooled risk differences, M-H Random)

Formoterol monotherapy Placebo Risk Difference (95% ClI) Heterogeneity (I-
squared)

Children with SAE Total Children with Total

SAE

25 843 1 492 0.0196 (-0.0071, 0.0463) 75%

Salmeterol monotherapy Placebo Risk Difference (95% Cl) Heterogeneity (I-
squared)

Safety of regular formoterol or salmeterol in children with asthma: an overview of Cochrane reviews (Review) 33
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Table 13. Risk differences for children with SAE related to asthma (continued)

Children with SAE Total Children with Total
SAE
35 725 20 608 0.0185 (0.0027,0.0343) 0%
Formoterol combination therapy ICS Risk Difference (95% ClI) Heterogeneity (I-
squared)
Children with SAE Total Children with Total
SAE
9 1719 4 1069 0.0000 (-0.0064, 0.0064) 19%
Salmeterol combination therapy ICS Risk Difference (95% Cl) Heterogeneity (I-
squared)
Children with SAE Total Children with Total
SAE
1 930 1 932 -0.0005 (-0.0058, 0.0048) 0%

Table 14. Monotherapy versus combination therapy risk differences for children with SAE related to asthma

Children with an asthma related SAE (pooled risk differences, M-H Random)

LABA monotherapy Placebo Risk Difference (95% Cl) Heterogeneity (I-
squared)
Children with SAE Total Children with Total
SAE
60 1568 21 1100 0.0197 (0.0055, 0.0339) 44%
LABA combination therapy ICS Risk Difference (95% Cl) Heterogeneity (I-
squared)
Children with SAE Total Children with Total
SAE
10 2649 5 2001 -0.0003 (-0.0040, 0.0034) 0%
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Table 15. Mean event rates in control arms of included trials (SAE related to asthma)

Comparison Children with Total number SAE per 10,000 chil- Mean dura- SAE per 10,000 chil-
an event (n) of children dren (95% Cl) tion of trials dren per week (95%
(N) (weeks) Cl)
Formoterol v Placebo 1 492 20 (4 to 114) 27 1(0to4)
Salmeterol v Placebo 20 608 329 (214 to 503) 31 11 (7to 16)
Formoterol & ICS v ICS 4 1069 37 (15 to 96) 13 3(1to7)
Salmeterol & ICS v ICS 1 932 11(2to61) 15 1(0to4)

APPENDICES

Appendix 1. Cochrane Library search strategy

#1 MeSH descriptor Asthma explode all trees

#2 (asthma™):ti,ab,kw

#3 (#1 OR #2)

#4 (formoterol):ti,ab,kw

#5(salmeterol):ti,ab,kw

#6 MeSH descriptor Adrenergic beta-2 Receptor Agonists explode all trees
#7 LABA:ti,ab

#8 ((long-acting or "long acting") NEAR/3 beta*):ti

#9 (#4 OR #5 OR #6 OR #7 OR #8)

#10 (#2 AND #9)

[Restrict to Cochrane Database of Systematic Reviews]

Appendix 2. Definition of serious adverse events

The Expert Working Group (Efficacy) of the International Conference on Harmonisation of Technical Requirements for Registration of
Pharmaceuticals for Human Use (ICH) define serious adverse events as follows (ICH E2A 1995):

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

« resultsin death,

« islife-threatening,

« requires inpatient hospitalization or prolongation of existing hospitalization,
« results in persistent or significant disability/incapacity, or

« isacongenital anomaly/birth defect.

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

WHAT'S NEW

Date Event Description
3 March 2014 Amended Funder acknowledgement added
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