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ABSTRACT: There is concern long-acting b-agonist (LABA) drugs may increase the risk of asthma

mortality.

We undertook a systematic review which included the AstraZeneca Formoterol Clinical Trial

Safety Database and Novartis Food and Drug Aministration Formoterol Briefing Document.

Randomised controlled clinical trials of duration o4 weeks that compared formoterol with a non-

LABA comparator treatment in asthma were included in a meta-analysis of the risk of all-cause

mortality and asthma death. Simple contingency tables, Peto’s one-step method and a Bayesian

analysis were used.

There were 42 deaths (nine from asthma) recorded in 62 studies with 49,327 subjects. The

simple contingency table odds ratio for risk of all-cause mortality with formoterol was 1.1 (95% CI

0.6–2.2) and for asthma death was 2.7 (95% CI 0.5–26.7). Analyses by the other methods using

both ‘‘as randomised’’ and ‘‘as exposed’’ classifications of treatment gave similar risk estimates

with wide confidence and credible intervals.

We conclude that there was insufficient power to determine whether formoterol increases the

risk of mortality. However, the point estimates of a 2.0- to 3.2-fold increased risk of asthma death

are not reassuring and add weight to evidence that LABA use in certain circumstances may

increase the risk of asthma mortality.
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T
he history of the development of inhaled
sympathomimetic drugs in the treatment of
asthma has been characterised by safety

concerns, in particular over whether their use
might increase the risk of mortality [1–6]. The
concerns regarding the safety of the long-acting b-
agonist (LABA) drugs salmeterol and formoterol
represent the latest chapter in this history [7–11].
The main evidence that LABAs may increase the
risk of mortality comes from two large randomised
controlled trials, the UK-based Salmeterol Nation-
wide Surveillance Study (SNSS) [9], and the USA-
based Salmeterol Multicentre Asthma Research
Trial (SMART) [10]. These studies reported that
the use of salmeterol resulted in a statistically
nonsignificant three-fold and a statistically signifi-
cant four-fold increase in asthma death, compared
with regular salbutamol and placebo, respectively.
However, in the SMART study there was no
increase in mortality observed with salmeterol in
subjects taking concomitant inhaled corticosteroid
(ICS) therapy. Although this subgroup analysis
was limited by low power, it did suggest that the
risk may be restricted to the use of salmeterol as

monotherapy in patients with unstable asthma not
under regular medical care. This finding was
consistent with case–control studies that reported
that the use of LABAs does not increase the risk of a
life-threatening attack or sudden death from
asthma [12–16]. While some of these epidemiolo-
gical studies were also limited by low power and
wide confidence intervals, this was not the case
with the large UK-based case–control study [12], in
which there was no evidence of any positive
association between LABAs and asthma death.

In response to this conflicting evidence, the Food
and Drug Administration (FDA) has confirmed
the availability of both salmeterol and formoterol,
but has required ‘‘black box’’ warnings on their
product labels [17]. The FDA also recommended
that further research was required to improve the
understanding of the nature and magnitude of
risk of LABA therapy. Owing to the rarity of
death in asthma clinical trials, one approach to
address this recommendation is to undertake
meta-analyses of all clinical trials of the specific
LABAs salmeterol and formoterol. This approach
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has been undertaken in a recent meta-analysis of the risk of
severe adverse events in patients receiving salmeterol plus ICS
compared with ICS alone [18]. It reported a reduction in risk of
severe exacerbations and no effect on risk of asthma-related
hospitalisation. However, owing to the very low rate of
asthma-related death (one death amongst 20,966 participants),
it was not possible to determine whether salmeterol added to
ICS therapy, as recommended in international guidelines [19, 20],
influenced the risk of death.

Recently, a meta-analysis of the risk of asthma mortality
associated with formoterol treatment has been reported [21].
The key findings were that, owing to the very low asthma
death rate, the analysis had insufficient power and, although
the point estimates were consistent with an increased risk of
death in patients taking formoterol, the confidence intervals
were wide and the differences not statistically significant. The
design of the study could be considered flawed, in the respect
that clinical trials in which there was no non-formoterol
comparator arm were included. It was outlined in an
accompanying editorial that this reduced the estimates of risk
of asthma mortality associated with formoterol treatment [22].
Other methodological issues were that studies of formoterol
conducted by Novartis were not included, and that multiple
subgroup analyses were carried out, which were not justified
due to the small number of deaths included in the database. In
the present manuscript, we report a systematic review and
meta-analysis of randomised controlled trials of formoterol
that overcame these methodological issues, in order to
determine whether its use is associated with an increased risk
of mortality. Several different analytical methods have been
used to investigate the sensitivity of the estimates of risk of
asthma mortality.

METHODS
Search strategy
A search of studies containing the key words ‘‘asthma’’ and
‘‘formoterol’’ or ‘‘eformoterol’’ was conducted from Medline,
the Cochrane Database of Systematic reviews, the Cochrane
Central Register of Controlled Trials, EMBASE and CINAHL to
March 2007. The reference lists of all relevant studies were also
examined. Trials were not excluded on the basis of language.
Abstracts and poster presentations were also included. We also
requested safety data from AstraZeneca (London, UK) and
Novartis (Basel, Switzerland). AstraZeneca provided us with a
safety database of all clinical trials of formoterol. Novartis was
unable to provide us with a similar database, but referred us to
the Novartis submission to the FDA Pulmonary Allergy Drugs
Advisory Committee meeting [23].

Inclusion criteria
For inclusion in the meta-analysis, studies had to be
randomised, controlled, clinical trials of duration o4 weeks
that compared formoterol (as a separate or combination ICS/
LABA inhaler) with a non-LABA comparator treatment in the
management of asthma.

Exclusion criteria
Non-randomised trials, cross-over studies and studies of
duration ,4 weeks were excluded. Studies with no compara-
tor treatment and those using salmeterol as the sole compara-
tor were also excluded. Trials in which salmeterol represented

one of a number of different comparator treatments were
included, but only the non-salmeterol comparator treatments
were included in the analysis.

Data extraction
Two reviewers extracted information on deaths occurring
during the randomised treatment period from the published
studies. Investigators were contacted if the published manu-
script did not state whether or not any deaths occurred. If any
discrepancies occurred between the published data and the
AstraZeneca database or Novartis FDA submission, the latter
were taken as definitive. Deaths were categorised as either
asthma-related or due to another cause.

Outcome measures
The primary outcome variable was total deaths. The secondary
outcome variable was deaths due to asthma.

Statistical methods
Three statistical methods were used to determine the risk of
mortality associated with formoterol treatment. The first
method was the simple contingency table odds ratio carried
out by an exact method in SAS version 9.1 (SAS Insitute Inc.,
Cary, NC, USA) using the ‘‘FREQ’’ procedure. The second
method was Peto’s one-step odds ratio, carried out according
the formulae given by BRADBURN et al. [24]. For the third, the
Bayesian method was implemented in WinBUGS 1.4 using the
package ‘‘R2WinBUGS’’ in the R statistical program [25]. A
Poisson distribution with an offset related to the number of
weeks of observation and number of subjects in the trial was
modelled for the formoterol and comparator arms. Two prior
distributions were used: ‘‘vague priors’’ on the distribution of
the effect size, and ‘‘informative priors’’ based on the SMART
trial confidence limits for the outcome variables [10]. The prior
used for total deaths was the confidence interval for the odds
ratio for all deaths of 0.8–2.1 from the SMART trial [10]. For
asthma death, the confidence interval of 1.2–15.3 was used.

The primary analyses were undertaken according to the
formoterol or comparator treatments at randomisation.
Sensitivity analyses were also undertaken according to
exposure to formoterol (i.e. defining as exposed to formoterol
those subjects randomised to comparator treatment who
received formoterol as routine maintenance therapy) and with
the exclusion of subjects receiving salmeterol as routine
maintenance therapy (i.e. patients randomised to formoterol
or comparator treatment who received salmeterol as routine
maintenance therapy were excluded). This approach was
required because, in the RELIEF (Real Life Effectiveness of
Oxis1 Turbuhaler1 as-needed in asthmatic patients) study [26],
which included over half of all deaths included in the meta-
analysis, about 30% of subjects had continued use of regular
maintenance formoterol or salmeterol treatment throughout
the study.

RESULTS
Study characteristics
The flow of studies found by the search strategy, as recom-
mended by the QUOROM (Quality of Reporting of Meta-
analyses) statement, is shown in figure 1. 62 studies with a total
of 49,327 subjects met the inclusion criteria for the analysis (see
reference list of studies in online data supplement). A total of
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27,821 subjects were randomised to formoterol-containing
products and 21,506 to non-LABA products (see table E1 in
the online data supplement). This represented 12,074 person-yrs
of formoterol treatment and 10,408 person-yrs of comparator
treatment. The comparator treatment was placebo (or no
treatment), short-acting b-agonist and other therapies in 47, 25
and four studies, respectively, with 14 studies having more than
one comparator treatment. The mean (range) duration of the
trials was 18 (4–52) weeks. The age range of participants was 4–
91 yrs, and 11 studies were carried out in children alone.

The AstraZeneca Formoterol Clinical Trials Safety Database
provided detailed information on 33 studies which met the
criteria for inclusion in the analysis. The 33 studies included a
total of 37,419 subjects representing 75.9% of the subjects
included in the analysis. The Novartis FDA formoterol
submission presented data in summary form from an
integrated database of all controlled trials of formoterol
including 5,907 subjects exposed to formoterol and 3,684
subjects exposed to comparator products.

Concomitant ICS
In 31 out of the 62 studies, all patients received an ICS as part
of the randomised treatment. In one study, 60% of patients

received an ICS as part of their randomised treatment [27]. In
eight studies, ICS were disallowed as part of the trial protocol.
In the remaining 22 studies, concomitant ICS were allowed and
were reported to be used by 44–100% of subjects.

Documentation of deaths
Of the 62 studies, clinical details of deaths were available from
the 33 studies included in the AstraZeneca database. An
additional seven studies reported whether any deaths had
occurred in the published manuscript. We attempted to contact
the principal or senior authors from the remaining 22 studies
to gain information on deaths, and received responses for 13
of these studies. There were six deaths identified in the
AstraZeneca database which were not reported in the published
manuscripts [28–31]. The cause of death in the study of PLESKOW

et al. [32] was stated to be cardio-respiratory; however, in the
Novartis FDA submission, this was revised to ‘‘asthma-related
death’’. In the report by VON BERG et al. [33], the death was
initially attributed to a subarachnoid haemorrhage; however,
the AstraZeneca database reported the cause of death as
respiratory failure/asthma related, as subsequently reported
in an erratum [34].

There were differences in the details of the deaths in the
RELIEF study [26], between those reported in the published
manuscript and in the AstraZeneca database. These need to be
presented in detail as over half the deaths included in the
present meta-analysis occurred in the RELIEF study. The
AstraZeneca database reports that 17,862 patients were
randomised to receive 6 months as-needed treatment with
formoterol 4.5 mg or salbutamol 200 mg, whereas the published
manuscript reported that 18,124 patients were randomised.
The AstraZeneca database reported that by randomisation
there were 15 deaths in the formoterol group and nine deaths
in the salbutamol group. In contrast, the published manuscript
stated that there were 13 deaths in the formoterol group and 11
deaths in the salbutamol group. In response to our query
regarding this difference, AstraZeneca advised that this
difference was because one patient randomised to salbutamol
erroneously received formoterol, while another patient, also
randomised to salbutamol, exchanged medication with a
formoterol-randomised patient at a physician visit and died
2 days later; the physician could not determine which drug
was used during these 2 days. AstraZeneca also advised that
regulatory authorities worldwide were informed that there
were 15 and nine deaths in the formoterol and salbutamol
groups, respectively. In accordance with the intention to treat
principle, 13 and 11 deaths in the formoterol and salbutamol
treatment groups were used in the primary analysis by
randomisation, whereas 15 and 9 deaths respectively were
used in the analyses by exposure.

Another important issue relating to the RELIEF study was the
continued use of regular maintenance LABA treatment in
,30% of the subjects throughout the study. There were 2,919
subjects on maintenance salmeterol treatment, of whom 1,429
and 1,490 were randomised to formoterol and salbutamol,
respectively. There were 1,901 subjects on maintenance
formoterol treatment, of whom 932 and 969 were randomised
to formoterol and salbutamol respectively. When subjects
receiving maintenance salmeterol were excluded, there were
8,466 subjects who were exposed to formoterol but not exposed

Search using keywords
“formoterol” and “asthma”
plus unpublished studies 

from AstraZeneca
clinical trials database

(n=1598)

Randomised controlled trials 
of formoterol in asthma 

(n=93)

Randomised controlled trials 
of formoterol in asthma 

(n=86)

Randomised controlled trials 
of formoterol in asthma 

(n=70)

Randomised controlled trials 
of formoterol in asthma 

(n=62)

Exclude if not a randomised 
controlled trial, duration 

≤4 weeks, studies in 
patients with COPD or 
irrelevant for any other 

reason
(n=1505)

Exclude trials using
salmeterol as only 

comparator
(n=7)

Exclude trials with 
no comparator

(n=16)

Exclude cross-over trials
(n=8)

FIGURE 1. Search strategy. COPD: chronic obstructive pulmonary disease.

M. WIJESINGHE ET AL. PULMONARY PHARMACOLOGY AND THERAPEUTICS

c
EUROPEAN RESPIRATORY JOURNAL VOLUME 34 NUMBER 4 805



to salmeterol, and 6,477 subjects exposed to salbutamol, but not
exposed to either formoterol or salmeterol (see figure E1 in the
online data supplement). No other studies included in the
meta-analysis included subjects who were on maintenance
concomitant salmeterol or formoterol treatment, which was
continued throughout the study.

Main findings
There were nine deaths due to asthma (table 1), and 33 deaths
due to other causes, of which 18 were attributed to cardiac
causes (table 2) [26, 28–39]. Among the patients who died from
asthma, five out of the seven patients randomised to
formoterol were prescribed ICS (either as randomised or
background maintenance therapy), and one out of two patients
randomised to non-LABA comparator treatment was pre-
scribed ICS (either as randomised or background maintenance
therapy).

Simple contingency table odds ratios for risk of mortality
associated with formoterol treatment at randomisation are
shown in table 3. The 1.1- and 2.7-fold increased risk of all
cause mortality and death from asthma with formoterol
treatment were not statistically significant, and the estimates
of risk had wide confidence intervals (95% CIs 0.6–2.2 and 0.5–
26.7, respectively).

Similar estimates of risk associated with formoterol treatment
at randomisation were observed with the Peto’s odds ratios,
utilising fixed and random effects models with odds ratios of
1.2 (95% CI 0.6–2.2) and 2.8 (95% CI 0.7–10.4) for all cause
mortality and asthma death, respectively (table 3).

The Bayesian estimates of risk associated with formoterol
treatment at randomisation are shown in table 3. The posterior
estimate (credible interval) of a 3.2 (1.3–8.7)-fold increased risk
of asthma death was based on the prior four-fold increased risk
of asthma death from the SMART study [10].

In the sensitivity analyses, when formoterol treatment was
based on exposure (maintenance and randomised treatment),
and subjects exposed to salmeterol as concomitant mainten-
ance therapy were excluded, there were 36 deaths in total, of
which eight were due to asthma (table 1). Similar estimates of
risk were observed for the three methods of analysis when

formoterol and comparator treatments were assessed by
exposure in this way (table 4).

DISCUSSION
This systematic review and meta-analysis has identified that
there is insufficient power from randomised controlled trials to
determine whether formoterol treatment is associated with a
significantly increased risk of asthma mortality. However, the
point estimates of a 2.0- to 3.2-fold increased risk of asthma
death with formoterol treatment are not reassuring and add
weight to the evidence that the use of LABAs in certain
circumstances may increase the risk of asthma mortality.
Further research is urgently required to determine the role of
LABA therapy in asthma mortality and this may require case–
control studies rather than clinical trials, which are inherently
difficult in addressing the risk associated with such a rare
adverse event as death from asthma..

Methodological issues
There are a number of methodological issues that need to be
considered in order to interpret the study findings. The first
is whether all randomised controlled trials were identified
for inclusion in the meta-analysis. We are confident that all
AstraZeneca-funded studies were included through AstraZeneca
providing their clinical trials safety database of all published and
unpublished clinic trials of formoterol which has been submitted
to regulatory authorities worldwide. Unfortunately we were not
provided with the similar Novartis database, but are confident
that with the Novartis FDA submission and the extensive search
strategy that all published studies funded by Novartis were also
identified. Using this approach, a total of 62 studies of almost
50,000 subjects involving around 22,500 patient-yrs of treatment
was included in the meta-analysis. This represented a modest
increase in power compared with the recent formoterol meta-
analysis which included almost 40,000 subjects involving around
20,000 patient-yrs of treatment from studies with a non-formo-
terol comparator group [21].

This approach led to data being accessed from different
sources, including the AstraZeneca safety database, the
Novartis FDA submission, published manuscripts and
abstracts. Differences existed in the data documented for some

TABLE 1 Asthma-related deaths

First author [ref.] Daily dose of randomised treatment Concomitant LABA therapy ICS-exposed patient Cause of death

PAUWELS [26] Formoterol 4.5 mg p.r.n. Salmeterol Yes Asthma

PAUWELS [26] Formoterol 4.5 mg p.r.n. Yes Asthma

PAUWELS [26] Formoterol 4.5 mg p.r.n. No Asthma

O’BYRNE [28] Formoterol/budesonide 9/160 mg plus

terbutaline 400 mg p.r.n.

Yes Asthma

O’BYRNE [29] Formoterol 9 mg plus budesonide 160 mg Yes Status asthmaticus

PLESKOW [32] Formoterol 48 mg No Asthma

VON BERG [33] Formoterol 18 mg Yes Respiratory failure

PAUWELS [26] Salbutamol 200 mg p.r.n. No Asthma

PAUWELS [26] Salbutamol 200 mg p.r.n. Yes Asthma

LABA: long-acting b-agonist; ICS: inhaled corticosteroids.

PULMONARY PHARMACOLOGY AND THERAPEUTICS M. WIJESINGHE ET AL.

806 VOLUME 34 NUMBER 4 EUROPEAN RESPIRATORY JOURNAL



of the studies, including the number of subjects in each
treatment group, the number and causes of death and other
features, such as the age of subjects enrolled. We used the
AstraZeneca database and the Novartis FDA submission as the
preferred source of data, followed by published manuscripts
and then abstracts.

Another issue was whether all deaths were identified from
these studies. This was potentially problematic as, although we
had expected that all studies in which deaths occurred would
have reported these deaths in the published manuscript, this
was not the case. In four large clinical trials, deaths which were
reported in the AstraZeneca database were not mentioned in

the published manuscript [28–31]. In response to this observa-
tion, we contacted all principal investigators of studies in
which no information on deaths was reported, seeking this
specific data. This enabled confirmation of the number of
deaths and their treatment allocation from 54 out of the 62
studies included in the meta-analysis. Incidentally, the
observed unreliability of mortality data in published clinical
trials has implications beyond the current study.

A related issue is the difficulty in determining the exact cause of
death, which is inherent in any clinical trial. It was for this
reason that all-cause mortality was chosen as the primary
outcome variable, although the main interest was whether

TABLE 2 Other causes of death

First author [ref.] Daily dose of randomised treatment Concomitant LABA

therapy

ICS-exposed

patient

Cause of death

PAUWELS [26] Formoterol 4.5 mg p.r.n. Salmeterol Yes Cardiac failure, myocardial infarction

PAUWELS [26] Formoterol 4.5 mg p.r.n. Formoterol Yes Cardiopulmonary failure

PAUWELS [26] Formoterol 4.5 mg p.r.n. No Myocardial infarction

PAUWELS [26] Formoterol 4.5 mg p.r.n. Yes Myocardial ischaemia

PAUWELS [26] Formoterol 4.5 mg p.r.n. Salmeterol Yes Myocardial infarction, cardiac failure,

intestinal ischaemia

PAUWELS [26] Formoterol 4.5 mg p.r.n. Salmeterol Yes Myocardial infarction

PAUWELS [26] Formoterol 4.5 mg p.r.n. Unknown Ovarian cancer

PAUWELS [26] Formoterol 4.5 mg p.r.n. Unknown Brain neoplasm

PAUWELS [26] Formoterol 4.5 mg p.r.n. Unknown Cerebrovascular accident

PAUWELS [26] Formoterol 4.5 mg p.r.n. Unknown Carbon monoxide poisoning

O’BYRNE [28] Formoterol/budesonide 9/160 mg Yes Sudden death

PAUWELS [30] Formoterol 18 mg plus budesonide 640 mg Yes Suicide

BRAMBILLA [35] Formoterol 24 mg plus salbutamol 100 mg p.r.n. Yes Cerebrovascular accident

BRAMBILLA [35] Formoterol 24 mg plus salbutamol 100 mg p.r.n. Yes Brain metastasis secondary to

lung carcinoma

BUHL [36] Formoterol/budesonide 9/320 mg Yes Cardiac arrest

JENKINS [37] Formoterol/budesonide 36/1280 mg Yes Pulmonary embolism

SCICCHITANO [38] Formoterol/budesonide 9/320 mg plus

formoterol/budesonide 4.5/160 mg p.r.n.

Yes Metastases to peritoneum

ZETTERSTRÖM [39] Formoterol/budesonide 18/640 mg Yes Suicide

PAUWELS [26] Salbutamol 200 mg p.r.n. No Aortic stenosis, tracheobronchitis

PAUWELS [26] Salbutamol 200 mg p.r.n. No Sudden cardiac death

PAUWELS [26] Salbutamol 200 mg p.r.n. Formoterol Yes Cardiac arrest

PAUWELS [26] Salbutamol 200 mg p.r.n. Yes Cardiac failure, ovarian cancer

PAUWELS [26] Salbutamol 200 mg p.r.n. No Myocardial infarction

PAUWELS [26] Salbutamol 200 mg p.r.n. Salmeterol Yes Myocardial infarction

PAUWELS [26] Salbutamol 200 mg p.r.n. Salmeterol Yes Myocardial infarction

PAUWELS [26] Salbutamol 200 mg p.r.n. Unknown Hepatorenal syndrome, hepatic cirrhosis

PAUWELS [26] Salbutamol 200 mg p.r.n. Unknown Cerebrovascular accident

O’BYRNE [28] Budesonide 640 mg plus terbutaline

400 mg p.r.n.

Yes Unknown

PRICE [31] Budesonide 800 mg Yes Cerebral haemorrhage

PLESKOW [32] Salbutamol 720 mg Unknown Acute pancreatitis

BRAMBILLA [35] Salbutamol 100 mg p.r.n. Yes Cardio-respiratory deficiency

SCICCHITANO [38] Budesonide 640 mg plus terbutaline

400 mg p.r.n.

Yes Myocardial infarction

SCICCHITANO [38] Budesonide 640 mg plus terbutaline

400 mg p.r.n.

Yes Hypertrophic cardiomyopathy

LABA: long-acting b-agonist; ICS: inhaled corticosteroids.
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formoterol increased the risk of death from asthma. We
primarily sourced this data from the AstraZeneca database
and the Novartis FDA submission, which in a few cases resulted
in a different classification of the cause of death being used.

For inclusion in the meta-analysis, studies had to be
randomised controlled trials of formoterol with a non-LABA
comparator treatment. This contrasted with the approach of
the recent formoterol meta-analysis, in which clinical trials
without a non-formoterol comparator treatment were included
[21], which led to an underestimate of the risk of mortality
associated with formoterol treatment, as outlined in its
accompanying editorial [22].

Analytical issues
Meta-analysis of trials with rare outcome measures is proble-
matic and three methods of statistical analyses were under-
taken. All three methods gave similar estimates of the relative
death rate for formoterol compared with other treatments. The
primary method was a single two-by-two table of events,
which treats all trials as one large trial. This may be realistic if
the trials have similar clinical samples and designs, but ignores
the heterogeneity of the trials and may result in inappropri-
ately narrow confidence intervals. The second method was
calculation of the Peto’s one-step odds ratio. A recent
comprehensive analysis of the frequentist approach to meta-
analysis of trials with rare events concluded that, under certain
conditions, this method had the best performance [24]. These
conditions, which include event rates ,1%, no substantial
imbalance between control and treatment group sizes within
trials, and treatment effects that were not particularly large,
were all met for the trials of formoterol included in the meta-
analysis. The Peto method could only use information from 12
of the 62 trials, because there has to be at least one death in one
arm of the trial to calculate a relative risk with this method.

Both the simple two-by-two table method and the Peto method
ignore information on the length of the trial.

The third method utilised the Bayesian approach which had
the advantage that it can use the information about trials with
no event in either arm to contribute to an overall estimate of
event rate and can also incorporate information about the
different length of follow-up. The approach can also incorpo-
rate prior knowledge about the possible size of the effect. If the
dataset is sparse, the new estimates of effect size are
dominated by the prior knowledge, so that the new ‘‘poster-
ior’’ estimates are not modified by the data likelihood [40]. For
both outcome variables, an estimate of the relative risk of death
(total deaths and deaths due to asthma), together with a
confidence interval, were available from the SMART trial [10].
This study represented the ‘‘worst case’’ scenario, obtained
from the largest randomised placebo-controlled trial of LABAs
and asthma mortality, with the findings providing the main
cause for concern regarding the safety of LABAs. The major
limitation of this approach was the poor generalisability of the
SMART study, in particular the use of salmeterol without
concomitant ICS therapy in patients with unstable asthma and
the lack of medical supervision throughout the study.

Analyses were also undertaken in which subjects were classified
according to exposure to formoterol or comparator treatment,
after exclusion of subjects who were taking regular maintenance
salmeterol treatment. This ensured that there was no bias
introduced by concomitant salmeterol therapy, and that subjects
randomised to comparator treatment but receiving maintenance
formoterol were considered as exposed to formoterol. This
approach was necessary as the RELIEF study [26], which
contributed over half of the deaths in the meta-analysis,

TABLE 3 Odds ratios for risk of death associated with
formoterol treatment at randomisation

All deaths Asthma deaths

Simple contingency two-by-two

table method

Formoterol deaths# 25/27821 (0.09) 7/27821 (0.03)

Comparator deaths# 17/21506 (0.08) 2/21506 (0.01)

OR (95% CI) 1.1 (0.6–2.2) 2.7 (0.5–26.7)

Peto’s method

Studies with data n 12 5

OR (95% CI)

Fixed effects 1.2 (0.6–2.2) 2.8 (0.7–10.4)

Random effects 1.2 (0.6–2.2) 2.8 (0.7–10.4)

Bayesian method

Relative risk (95% credible interval)

Vague prior 1.1 (0.5–2.5) 2.0 (0.4–10.1)

Informative prior" 1.3 (0.8–1.9) 3.2 (1.3–8.7)

#: presented as deaths/total subjects (%). ": the prior used for total deaths was

the confidence interval for the odds ratio for all deaths of 0.8–2.1 from SMART

(Salmeterol Multicentre Asthma Research Trial); for asthma deaths the

confidence interval 1.2–15.3 was used.

TABLE 4 Sensitivity analyses based on exposure to
formoterol, and exclusion of subjects taking
maintenance salmeterol treatment

All deaths Asthma deaths

Simple contingency two-by-two

table method

Formoterol deaths# 24/27,363 (0.09) 6/27,363 (0.02)

Comparator deaths# 12/19,045 (0.06) 2/19,045 (0.01)

OR (95% CI) 1.4 (0.7–3.1) 2.1 (0.4–21.2)

Peto’s method

Studies with data n 12 5

OR (95% CI)

Fixed effects 1.4 (0.7–2.7) 2.2 (0.5–8.8)

Random effects 1.4 (0.7–2.7) 2.2 (0.5–8.8)

Bayesian method

Relative risk (95% credible interval)

Vague prior 1.2 (0.6–2.9) 1.8 (0.3–12.3)

Informative prior" 1.3 (0.9–1.9) 3.1 (1.2–8.8)

#: presented as deaths/total subjects (%). ": the prior used for total deaths was

the confidence interval for the odds ratio for all deaths of 0.8–2.1 from SMART

(Salmeterol Multicentre Asthma Research Trial); for asthma deaths the

confidence interval 1.2–15.3 was used.
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included around 30% of subjects who were receiving regular
maintenance LABA therapy throughout the study.

Main findings
The main finding from this study was that there was
insufficient power to determine the risk of asthma death
associated with formoterol treatment. From 62 studies includ-
ing almost 50,000 subjects, there were only 42 deaths, of which
nine were asthma deaths, illustrating the difficulty in analysing
such a rare outcome from large clinical trials of asthma
treatment, even using meta-analysis. From the death rates in
this meta-analysis, we calculated that at least 200,000 (80%
power) and 270,000 (90% power) subjects are needed in a
single randomised controlled trial of formoterol to have
sufficient power to determine a 1.5-fold increased risk of all-
cause mortality.

The point estimates of a 2.0- to 3.2-fold increased risk of asthma
mortality with formoterol could be viewed from at least three
perspectives. It could be argued that formoterol is not
associated with an increased risk of asthma mortality, as the
odds ratios were not statistically significant apart from the
informative prior Bayesian estimates based on the SMART trial
[10]. Alternatively, due to the rare occurrence of death, the
findings could be interpreted as suggesting that the study had
insufficient power to determine whether formoterol is asso-
ciated with an increased risk of death from asthma. The third
interpretation is that the findings add weight to the evidence
that LABAs may increase the risk of mortality, as supported by
the Bayesian analysis, in which the prior estimate of risk of
asthma death with salmeterol was used, based on the SMART
study. Although this risk can be considered to represent the
integration of the formoterol findings with prior knowledge of
the risk with LABAs, this interpretation is limited by the poor
generalisability of the SMART study to current recommended
clinical practice. For this reason, we favour the second
interpretation, with the qualification that the findings are not
reassuring and certainly do not provide evidence that the use
of formoterol is not associated with a mortality risk.

In assessing the clinical relevance of the low baseline rate of
asthma death in these clinical trials there are two important
considerations. The first is that the baseline rate of asthma
mortality may be higher in clinical populations compared with
participants in randomised controlled trials. Secondly, even if
the baseline risk is low, the widespread use of a therapy that
results in even a small increase in risk could still lead to an
important population risk of mortality. We propose that an
acceptable range for mortality risk should be part of the study
design and suggest an upper confidence limit of risk of 1.5 may
be appropriate for asthma mortality.

The small number of deaths also meant that we were unable to
examine whether the risk was modified by prescription
regimes for formoterol, such as use of concomitant ICS as
separate and/or combination therapy, according to fixed dose,
adjustable maintenance, or maintenance and reliever thera-
peutic regimes. This issue is clinically relevant, as the ‘‘as
required for relief of symptoms’’ use of formoterol as a
separate or combination inhaler carries a potential risk of
overuse in the situation of a severe attack of asthma.
Conversely, the use of combination ICS/LABA therapy could

reduce the risk, as it ensures that LABAs cannot be used as
monotherapy and may improve compliance with ICS therapy.

Comparison with previous formoterol meta-analysis
It is informative to compare our findings with those of the recent
meta-analysis of the risk of formoterol, based on the
AstraZeneca database [21]. As outlined in its accompanying
editorial [22], when the analysis was restricted to trials with a
non-LABA comparison group, the crude estimate of risk
derived from the study by SEARS et al. [21] was 2.5, similar to
our point estimates of risk of between 2.0 and 3.2. As a result, the
findings between the two meta-analyses are consistent, using
overlapping databases and different methods of analysis.

The main secondary outcome variable in the previous
formoterol meta-analysis was the risk of exposure to formo-
terol when given in combination with ICS therapy [21]. This
analysis could be undertaken in their database, as it included
individual patient data, with a rate ratio for asthma mortality
with formoterol of 3.7 when the analysis was restricted to
patients prescribed ICS in trials with a non-LABA comparison
group [22]. These findings suggest that concomitant use of ICS
therapy may not protect against the risk of mortality with
formoterol. The possible reasons for this finding are likely to be
complex, and may relate to both direct pharmacological effects
of formoterol and patterns of behaviour with its use.
Pharmacological effects may relate to its regular use reducing
bronchodilator sensitivity to b-agonists [41, 42] and inducing
tolerance to its bronchoprotective effects [42]. Patterns of
behaviour potentially include the use of formoterol in a
separate inhaler reducing compliance with ICS therapy, owing
to the good symptomatic control achieved [43] and the ‘‘as
required’’ use, resulting in delay in seeking medical help in the
situation of a severe exacerbation.

Conversely, LABAs in the form of a combination LABA/ICS
product may increase compliance with ICS [44, 45] and for this
reason have the potential to reduce the risk, owing to the dose-
dependent reduction in asthma mortality associated with ICS
therapy [46]. However, there was only one asthma death
amongst 6,331 patients randomised to combination formo-
terol/budesonide (Symbicort) therapy in our meta-analysis
and, as a result, it was not possible to assess the risk of asthma
mortality with this therapeutic approach owing to inadequate
power. At the population level, combination LABA/ICS
products also have the potential to reduce the risk of asthma
mortality, if the strong patient and doctor preference for this
therapeutic approach led to a greater overall use of ICS therapy
than would otherwise occur [22]. This issue cannot be
addressed from the randomised controlled trials included in
our meta-analysis as it relates to patterns of prescribing in
routine clinical practice.

Future research
The risk of asthma mortality associated with the LABAs
formoterol and salmeterol must be determined, as their use
with ICS is recommended as the optimal treatment for
moderate and severe asthma [19, 20]. This will require a major
commitment from the pharmaceutical industry, regulatory
authorities, the medical profession and, indeed, patients, if the
research that is required to resolve this important issue is to be
undertaken. We consider that a large randomised controlled
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trial of formoterol or salmeterol may not be feasible as it would
require o200,000 subjects with asthma, although this number
could be reduced if the study was restricted to subjects with
severe asthma, such as those with a recent hospital admission,
a population that is at significant increased risk of mortality
[47, 48]. Other difficulties with planning such a study are the
widespread global use of LABAs in severe asthma, making
recruitment difficult. If a randomised controlled trial were to
be undertaken, the priority would be to examine the safety of
combination LABA/ICS products, the most commonly used
form of LABAs.

The alternative epidemiological approach is to employ case–
control study methodology, which may be regarded as the
preferred method to determine the risk of such a rare outcome
as mortality [49]. Such case–control methodology has been well
established in the investigation of the risk of mortality
associated with short-acting b-agonist therapy. Through this
approach, a markedly greater risk of death was observed with
fenoterol compared with salbutamol treatment, which led to
fenoterol being identified as the major cause of the epidemic of
asthma deaths in New Zealand in the 1970s and 1980s [5, 7, 50].

The findings from the six case-control studies of LABA therapy
and near-fatal and/or fatal attacks of asthma that have been
undertaken to date are reassuring in that no statistically
significant increased risk has been identified, after adjusting
for confounding variables [12–16, 51]. However, most of these
studies have low power and report upper confidence limits that
would support an increased risk of asthma death and/or life-
threatening attacks [13–16]. Therefore, we suggest that further
case-control studies are urgently required. These studies would
need to determine not only whether the use of LABA therapy is
associated with death from asthma, but also whether there is
any differential risk between salmeterol and formoterol, or
management approaches such as regular maintenance, adjus-
table dosing, or maintenance and relief therapeutic regimes,
whether specific ethnic groups [10] or children [52] may
represent particular groups at increased risk, and whether
combination LABA/ICS products may reduce the risk.
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