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Safety of long-acting b-agonists: urgent need

to clear the air remains
R. Beasley*, F.D. Martinez#, A. Hackshaw",+, K.F. Rabe1, P.J. Sterke and R. Djukanovic**

T
he introduction of long-acting b-agonist (LABA) drugs
in the 1990s was considered a major advance in
bronchodilator therapy with evidence that their use

led to improved lung function and quality of life [1, 2]. There
were also potential safety advantages due to the twice daily,
fixed dose usage, which reduced the risk of overuse of b-
agonist therapy in the situation of severe exacerbations. The
subsequent introduction of the combination of LABA/inhaled
corticosteroid (ICS) products had the added potential value of
ensuring that the patient received concomitant ICS therapy
while improving compliance with ICS therapy [3, 4].

However, concerns about the possible risks associated with
LABA therapy were raised soon after their introduction into
clinical practice, with the evidence that regular LABA use had
the potential to reduce bronchodilator sensitivity to b-agonists
[5, 6] and induce tolerance to their bronchoprotective effects
[7], which may not be restored by concurrent use of ICS [8]. It
also became apparent that patients using LABAs may be at risk
of severe exacerbations if the symptom control achieved with
LABA use led to a discontinuation of ICS therapy [9]. There
were also concerns about a potential risk of mortality from the
Salmeterol Nationwide Surveillance Study [10]. In this UK-
based study of .25,000 subjects, there was a nonsignificant
three-fold increased risk of asthma death in subjects treated
with salmeterol compared with regular salbutamol; however,
there was no increase in hospital admissions or life-threatening
events. This led to the USA-based Salmeterol Multicenter
Asthma Research Trial (SMART), a placebo-controlled study of
the safety of salmeterol in adults with unstable asthma [11].
The trial was stopped after an interim analysis of 26,000
subjects because it showed a statistically significant, four-fold
increase in asthma mortality with salmeterol. Unfortunately,

due to low power, it was not possible to determine if the risk
extended to patients receiving concomitant ICS therapy, and
thus whether the risk was restricted to the use of salmeterol as
monotherapy in patients with unstable asthma not receiving
regular medical care. In contrast, in a large UK-based case–
control study there was no positive association between
LABAs and asthma death [12]; during the period of this study,
,95% of UK asthma patients receiving LABA therapy were co-
prescribed ICS therapy [13].

Due to conflicting evidence, the Food and Drug Administration
(FDA) confirmed the availability of both salmeterol and
formoterol, but required black-box warnings on their product
labels [14]. The FDA also recommended that further research
was required to improve the understanding of the nature and
magnitude of risk of LABA therapy. Due to the rarity of death in
asthma clinical trials, one informative approach is to undertake
a meta-analysis of all clinical trials of specific LABA therapy.
This approach has been undertaken by SEARS et al. [15], whose
meta-analysis of the risk of asthma mortality associated with
formoterol is published in the current issue of the European
Respiratory Journal. In their database of AstraZeneca-sponsored
randomised controlled asthma trials of formoterol, there were
10 asthma-related deaths among 68,000 randomised patients.
For the primary outcome variable, the risk of asthma mortality
associated with formoterol treatment (Question a), the rate ratio
was 1.57 (95% confidence interval (CI) 0.31–15.1) and the
adjusted rate ratio, controlling for trial effect, was 2.68 (95% CI
0.53–13.5). Although these results are consistent with an
increased risk of death due to asthma, the confidence intervals
are wide and the differences not statistically significant. As a
result, the analyses did not have enough power to detect an
effect if it really exists and, importantly, there is also insufficient
evidence of no harm!

The main secondary outcome variable was the relative risk of
asthma mortality with formoterol administered in combination
with ICS when compared with ICS alone (Question b). In our
view, this analysis is more clinically relevant than the outcome
in Question a because all current guidelines recommend that
LABAs should only be used in combination with ICS [16–18].
This analysis identified that in patients prescribed ICS, the
relative risk of asthma mortality associated with formoterol
was 2.32 (95% CI 0.30–105). While this finding suggests that
concomitant use of ICS therapy may not protect against the
potential risk of asthma mortality associated with formoterol
(Question c), this also could not be addressed in the study in a
definitive manner due to insufficient power.
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There are some methodological issues that need to be
considered when interpreting the analyses by SEARS et al. [15].
First, many of the analyses are based on the total number of
events and person-years across all considered trials. Essentially,
this assumes that the data originate from a single study, so it
does not allow for different baseline risks in different popula-
tions. It is better to combine the rate ratios from each trial, as is
customary for meta-analyses. This could partly explain why the
point estimate for the increase in the asthma death rate allowing
for trial is higher (2.7- versus 1.6-fold). Secondly, there was an
indication that among patients receiving formoterol and ICS
therapy the asthma-related death rate differed according to
whether there was a non-LABA comparison arm or not. In trials
with a non-LABA comparison arm, the asthma death rate in
patients receiving formoterol and ICS was three times greater
than those without a non-LABA comparison arm (five out of
9,800 versus two out of 11,900 person-years; see supplementary
data). If this bias is real it could have an effect on the rate ratio
for asthma mortality, both in the overall analyses and in patients
receiving baseline ICS therapy. For example, if the analysis was
restricted to studies with a non-LABA comparison arm, the rate
ratio for formoterol is 2.53 (95% CI 0.45–26; six out of 10,900
versus two out of 9,200 patient-years, see supplementary data),
compared with the reported rate ratio of 1.57. Similarly, in the
analysis of subjects prescribed concomitant ICS, the rate ratio
associated with formoterol plus ICS versus non-LABA plus ICS
was 3.67 (95% CI 0.41–174; five out of 9,800 versus one out of
7,200 patient-years; see supplementary data), compared with
the reported rate ratio of 2.32. Therefore, the published risks of
asthma mortality associated with formoterol may be under-
estimates of the actual risk.

Due to the low power, an important issue which could not be
addressed in the analyses is whether different regimes of
formoterol use were associated with differential risks. The
regimes included a fixed twice daily, adjustable maintenance
dose, as required use for relief of symptoms, and both
maintenance and as required use, variably as separate
formoterol and as combination formoterol/ICS therapy. This
issue is important because the ‘‘as required for relief of
symptoms’’ regime carries a potential risk of the overuse of
formoterol in the situation of a severe attack of asthma.
Conversely, the use of combination formoterol/budesonide
therapy has the potential to reduce the risk, as it ensures that
formoterol cannot be used as monotherapy and may lead to
improved compliance with ICS therapy [3, 4].

A related issue which may not have received adequate
consideration to date is whether the widespread use of
combination ICS/LABA therapy could potentially lead to a
reduction in asthma mortality through the greater use of ICS
therapy. This issue cannot be addressed in randomised
controlled trials, as it relates to patterns of prescribing,
influenced by patient and doctor preference for combination
LABA/ICS therapy over separate ICS or other therapeutic
regimes. Observational data that might support this hypothesis
is the gradual reduction in asthma mortality in the USA since
2000, in the setting of a marked increase in LABA use,
predominantly as combination therapy [19, 20]. During this
period the two-fold increase in ICS use has been solely due to
the progressive increase in the use of combination therapy,
which by 2006 represented ,88% of all LABA and 50% of all

prescribed ICS [19]. Thus, combination LABA/ICS therapy
could potentially lead to a reduction in asthma mortality
through both the greater prescription of and compliance with
ICS therapy.

The relative risk of mortality should be viewed in the wider
safety context as intuitively one expects drugs that reduce
severe exacerbations to reduce the risk of death due to asthma.
The observation that hospital admissions were reduced with
formoterol in this extensive clinical trial database [15] is
reassuring, as hospital admissions are a recognised marker of
risk of asthma mortality [21, 22]. However, as observed in the
Salmeterol Nationwide Surveillance Study [10], an increased
risk of asthma mortality can occur in the presence of no
observed risk of hospital admissions or life-threatening attacks.
The reduction in risk of hospital admissions is consistent with
the Cochrane meta-analyses of the use of LABAs in conjunc-
tion with ICS therapy [23, 24], but not the meta-analysis by
SALPETER et al. [25], which was dominated by the SMART study
[11], suggesting once again that the circumstances in which
LABA therapy is used are a determinant of risk. It is also
possible that while most of the asthma population benefits
from LABAs used in conjunction with ICS therapy, there is a
subgroup in which the risk is increased.

So what does this study add to the current debate regarding
the potential risk of asthma mortality with LABAs? The
findings are not reassuring in that although they are limited by
insufficient power, the data suggests that in strictly controlled
randomised controlled trials formoterol may be associated
with an increased risk of mortality, and that this effect might
not be prevented by the concomitant administration of ICS
therapy. The call for an urgent need to ‘‘clear the air’’ made
3 yrs ago remains [26]. This will require major commitment
from the pharmaceutical industry, regulatory authorities, the
medical profession and patients with asthma to undertake the
required research to resolve this important issue. The priority
for clinical studies would be the investigation of the risk with
combination LABA/ICS therapy, which represents the pre-
ferred and most commonly used form of LABA therapy. Such
studies would need to be undertaken in subjects with severe
disease, the population in whom combination LABA/ICS
therapy is preferentially recommended and in whom the
baseline risk of mortality may be sufficiently high to detect an
effect, should an effect exist. Due to the practical difficulties in
undertaking randomised controlled clinical trials with ade-
quate power to determine the risks of such a rare outcome as
death from asthma, consideration will also need to be given to
well-designed case–control studies. Another, and more
immediate, approach would be to undertake a combined
analysis of the AstraZeneca, Novartis and GlaxoSmithKline
databases of formoterol and salmeterol together with the
databases of other companies selling generic LABAs. We invite
these pharmaceutical companies to share their databases for
analysis under the leadership of the European Respiratory
Society. In the meantime, we suggest that practitioners should
be aware of the real safety concerns of LABA therapy, and urge
them to follow current asthma guidelines that recommend the
use of ICS as first line controller therapy, reserving combina-
tion therapy for subjects who are not adequately controlled
with ICS therapy [16–18].
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Finally, in conclusion we commend AstraZeneca for making its
clinical trial safety database available in summary form. The
data are now in the public domain and available for further
analyses, as has been undertaken and published herein.
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