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Background: The safety of long-acting 32 agonists (LABA) for the treatment of persistent asthma remains a topic of ongoing
debate.

Objective: To evaluate the risk of serious asthma-related events among patients treated with formoterol, a meta-analysis of
all Novartis-sponsored controlled clinical trials was conducted.

Methods: Forty-five randomized, placebo- and active-controlled, parallel-group or crossover studies with formoterol were
included. Background inhaled corticosteroid (ICS) use was permitted in all studies; however, in only 2 studies was ICS
randomized as study medication. Sub-analyses of the pooled data were performed according to age (5-12; 13—18; >18 years),
baseline ICS use, and lung function. Odds ratios (OR) and 95% confidence intervals (CIs) were calculated between formoterol
(twice-daily), albuterol (salbutamol) 4 times per day (active control), and placebo.

Results: Patients were randomized to formoterol (n = 5,367), placebo (n = 2,026), and albuterol (n = 976). Two deaths were
reported, 1 each in the formoterol (asthma exacerbation) and the placebo (hemorrhagic pancreatitis) groups. No statistically
significant differences in serious asthma exacerbations were observed compared with placebo in adolescents and adults. In
children, a higher frequency of hospitalizations was observed among patients treated with formoterol compared with placebo (OR
8.4; 95% CI: 1.1-65.3). A trend toward fewer exacerbations was observed among subjects reporting concomitant ICS use at
baseline.

Conclusions: This analysis supports current guideline recommendations for the use of LABAs only as add-on therapy to ICS.

INTRODUCTION

Current treatment guidelines recommend long-term therapy
with inhaled corticosteroids (ICS) for the management of
patients with persistent asthma.!? In patients not adequately
controlled with ICS alone, add-on therapy with long-acting
B,-agonists (LABAs) has been demonstrated to improve lung
function and asthma symptoms and reduce exacerbations.’
Despite the well-established treatment benefits with LABAs,*”
controversy continues to surround their role in the management
of asthma because of safety concerns, including reports of in-
creased respiratory deaths.”!°
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Two well-documented incidents of increased asthma mortal-
ity have been attributed to the use of short-acting 3,-agonists.
The first occurred in the 1960s with the introduction of high-
dose isoproterenol (isoprenaline forte). The second episode oc-
curred in 1976, in New Zealand; a series of case-controlled
studies indicated an increased risk of fatal asthma associated
with the use of fenoterol.!! Although the underlying mecha-
nism(s) for the asthma-related deaths are unclear, several hy-
potheses have been proposed, including (1) higher potency of
isoprenaline and fenoterol in comparison with other 3,-agonists;
(2) masking the symptoms of worsening asthma by improved
bronchodilation without concomitant anti-inflammatory treat-
ment'?; or (3) an increase in patients’ sensitivity to bronchocon-
stricting stimuli resulting from the use of [3,-agonists.

LABAs have been commercially available since 1990. The
results of Serevent Nationwide Surveillance (SNS trial, UK)"3
raised concerns when a nonsignificant increase in asthma-related
deaths was described among patients using salmeterol (Serevent
50 pg twice per day) compared with other treatments. After the
SNS study results, the US Food and Drug Administration (FDA)
requested that the manufacturer of Serevent conduct a postmar-
keting surveillance study, the Salmeterol Multicenter Asthma
Research Trial (SMART) trial, to further investigate the safety
of salmeterol. The SMART study was prematurely terminated in
2003 because of adverse outcomes and difficulties with enroll-
ment.'* Published trial results suggested that patients in the
salmeterol-treated group had a significantly elevated relative risk
of 4.37 for asthma-related deaths. However, post hoc analyses
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suggested that the risk was significantly lower among patients
using background ICS."

Formoterol, marketed as Foradil (Novartis AG, Basel, Swit-
zerland), was approved in 2001. An imbalance in asthma-related
hospitalizations and intubations was noted in two phase III
studies'®!” among 1,095 patients. The higher dose of formoterol
(24 g twice per day) was associated with a higher incidence of
serious asthma exacerbations than the lower dose of 12 ug twice
per day. In a 12-month placebo-controlled study in children
(5-12 years), an imbalance in asthma-related hospitalizations
was observed, with 8 hospitalizations among patients receiving
24 ng total daily dose (TDD) (the approved dose for children
worldwide), 12 asthma-related hospitalizations among patients
receiving 48 ug TDD, and none in the placebo-treated group. To
further evaluate the risk of asthma-related hospitalizations asso-
ciated with formoterol use, a larger safety study was conducted.
Two thousand eighty-five subjects were randomized to receive
formoterol 48 ug TDD (24 g twice per day), formoterol 24 g
TDD, placebo or open label formoterol 24 pg TDD and as
needed. In this 16-week trial, the proportion of patients with
asthma-related hospitalizations was similar among patients re-
ceiving 48 ug TDD (0.4%, 2 of 527 patients), 24 ug TDD
(0.6%, 3 of 527 patients) and placebo groups (0.2% , 1 of 514
patients) as well as the 24 ug TDD plus as needed (0.2%, 1 of
517 patients).'®

In January 2008, the US FDA requested that manufacturers
of LABA containing products approved for use in the United
States submit data from all randomized, controlled, parallel-
group asthma studies of Advair [salmeterol, fluticasone],
Foradil [formoterol], Serevent [salmeterol], and Symbicort
[formoterol, budesonide]. A meta-analysis of the pooled data
was presented at a public advisory committee in December
2008." The primary event under evaluation was a composite
endpoint of asthma-related death, intubation, and hospitaliza-
tion. Among the 60,954 patients included in the analysis, the
risk difference between LABA and non-LABA treatments
was 2.80 (95% confidence interval [CI]: 1.11-4.49) per 1,000
subjects. However, in trials in which patients received ran-
domized ICS in addition to LABAsS, a nonstatistically signif-
icant rate of only 0.25 (95% CI: —1.69-2.18) per 1,000
patients was observed. The risk of asthma-related events
appeared to decrease with age. In March 2010, a second
advisory committee was convened to discuss designs of fu-
ture safety studies.

The following meta-analysis of all Novartis-sponsored ran-
domized blinded controlled trials was performed in support of
the FDA advisory meetings. The analysis includes all trials of
the Foradil Aerolizer and Certihaler at all studied dosages.

METHODS

Data Sources

All Novartis-sponsored trials conducted in patients with
asthma that included formoterol (Foradil delivered via the
inhaler Aerolizer [single-dose dry powder inhaler] or Certi-
haler [multi-dose dry powder inhaler]) as the investigational

treatment or as an active comparator were evaluated for
inclusion. All randomized placebo- and active-controlled,
parallel-group or crossover studies in which formoterol was
administered either with or without an ICS or other adjunct
therapy were included in this analysis. Trials that were un-
controlled, open-label, conducted for indications other than
asthma, such as chronic obstructive pulmonary disease or
exercise-induced bronchoconstriction, and trials designed pri-
marily to obtain pharmacology data (phase I studies) were
excluded from this analysis. Forty-five studies met these
criteria and are included in the pooled data set. In adults and
adolescents, 25 (14 multiple-dose and 11 single-dose) studies
were conducted with Foradil Aerolizer, and 5 (4 multiple-
dose and 1 single-dose) with Foradil Certihaler, a multiple-
dose dry powder inhaler, as the investigational treatment. In
5 studies (1 multiple-dose and 4 single-dose), Foradil Aerol-
izer was used as an active comparator. In pediatric patients
(5-12 years), 5 (3 multiple-dose and 2 single-dose) studies
used Foradil Aerolizer, and 2 (both multiple-dose) used Fo-
radil Certihaler as the investigational treatment. In 1 study,
Foradil Aerolizer was used as an active comparator. No
studies were conducted in children younger than 5 years of
age. Compliance with ICS was not monitored in 43 of the 45
studies.

Treatments

The treatments included in this analysis were formoterol,
albuterol (salbutamol), dosed 4 times per day, and placebo.
Formoterol administration included the Aerolizer (dry pow-
der capsule device) and the Certihaler (a multi-dose dry
powder inhaler); delivered doses from these 2 devices are
equivalent. In the included studies, various doses of formot-
erol were used. All formoterol doses were administered twice
per day. For this analysis, formoterol doses were described in
terms of TDD, which is the sum of the daily doses; for
example, 24 pug TDD represents a twice-daily dose of 12 ug
or the dose of a single inhalation in single-dose studies.
Formoterol treatment was categorized into 4 groups: 12/10
ug TDD (studies examining a dose of Foradil 6 ug twice-
daily via Aerolizer, Foradil 5 ng twice daily via Certihaler, or
a single dose of Foradil 12 wg or 10 wg from the Aerolizer or
Certihaler, respectively); 24/20 wg TDD (studies examining
twice-daily doses of Foradil 12 wg via Aerolizer and 10 ug
via Certihaler); 48 ug TDD (studies examining twice-daily
doses of Foradil 24 ug via Aerolizer); and other doses (stud-
ies examining all other Foradil doses). The 12/10 ug TDD
dose is not approved for use and was used in dose-ranging
studies and in early studies as a subtherapeutic dose of 6 ug
twice per day. Regularly dosed albuterol, although no longer
the standard of care, was commonly used as an active com-
parator at the time these studies were conducted. The albu-
terol treatment group included albuterol doses (TDD) of 400
ng (8 studies), 800 ug (6 studies), 1,200 wg (1 study), and
1,600 wg (3 studies). In 43 of the 45 trials including the
pivotal trials and the large safety study, concomitant ICS use
was permitted; however, compliance and adherence were not
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monitored. In only 2 studies, Foradil or placebo was random-
ized to patients receiving protocol-specified ICS (budesonide
or beclomethasone).

Outcomes

The outcomes of interest were defined as asthma-related
deaths, intubations, and hospitalizations. Individual cases
were identified through a blinded physician review of the
Novartis clinical and safety databases. The definition of asth-
ma-related was based on the asthma-related standardized
MedDRA (medical dictionary for regulatory activities) que-
ries (SMQ). The MedDRA 10.1 (the SMQ narrow terms)
preferred terms include: analgesic asthma syndrome, asthma,
asthma exercise induced, asthma late onset, asthmatic crisis,
bronchial hyperreactivity, bronchospasm, infantile asthma,
and status asthmaticus. Based on FDA specifications, the
search period for inclusion of events was defined as the
beginning of treatment to the end of blinded treatment.

Data Analyses

Both parallel-group and crossover studies were included in
the pooled analyses. For crossover studies, only data from the
first treatment period were included. Patients were catego-
rized into 3 distinct age groups: children (5-12 years), ado-
lescents (13—18 years), and adults (>18 years). Each age
group was further dichotomized into patients receiving (at
baseline or during the study) and not receiving ICS. Patients
were also categorized according to baseline lung function
forced expiratory volume in 1 second (FEV)) less than 60%
of predicted normal, FEV, 60% to 80% of predicted normal,
and FEV, greater than 80% of predicted normal. Fixed-
effects meta-analyses, implemented in StatXact,” were em-
ployed to produce combined odds ratio (OR) estimates to-
gether with corresponding 95% Cls that compared each of the
treatments with placebo. While reporting results, we have
used the term significant to indicate analyses in which the
95% CIs for the OR excludes 1. For each of the analyses, tests
for homogeneity (Breslow-Day and Zelen’s) were applied to
assess the overall appropriateness of the fixed-effect assump-
tion. The number and percentage of patients with events
(incidence) and the number of events per 100 patient treat-
ment exposure years (rate) were also calculated for each
patient age group.

Multiple or mixed-treatment comparison methods?"-?* that
extend basic meta-analysis techniques to more than 2 treat-
ment groups and potentially allow comparisons of treatments
in which little or no direct evidence is provided by an indi-
vidual trial, were used to combine the study data from the 3
different treatment groups (formoterol, albuterol, and pla-
cebo). As in Cooper et al,”® a Poisson regression model,
estimated using Bayesian Markov Chain Monte Carlo meth-
ods with vague priors and including an offset term to account
for the total patient years exposure associated with each
treatment arm, was used to produce results on the relative risk
scale. In terms of meta-analytic assumptions, both fixed ef-
fects and random effects were considered for the treatment

contrasts, whereas separate fixed effects were assumed for
the baseline parameters (nuisance parameters) associated
with each study, using the orthogonal parameterization sug-
gested by Lu and Ades.?! To compare the appropriateness of
the fixed- and random-effects assumptions, the deviance in-
formation criteria were applied.?*

RESULTS

Patient Disposition, Demographics, and Baseline
Characteristics

Figure 1 shows an overview of the number of patients in-
cluded in this analysis. Of the 8,369 patients included, 5,367
were randomized to formoterol, 2,026 to placebo, and 976 to
albuterol. Most demographic and baseline characteristics
were balanced among the treatment groups. In children, how-
ever, more placebo patients were enrolled in sites in the
United States (73%) compared with 4.2% of the albuterol-
treated patients and 58% of the formoterol-treated patients
(Table 1). The mean age of all patients included in the study
was 37.2 years. Approximately half the subjects in each
treatment group were female. Information on race was not
available for 45% of the patients in the pooled data set. For
those patients whose race was reported, most (>80%) were
white. The mean baseline FEV, was 2.2 L (68.3% of pre-
dicted normal) for all patients combined and was balanced
across the treatment groups. Approximately 70% of the pa-
tients (n = 5,682) reported using ICS either at baseline or as
concomitant treatment during the course of the trials.

To assess the appropriateness of combining effects across
studies, using fixed-effect meta-analysis, a test for homoge-
neity was conducted. This showed little evidence of between-
study heterogeneity (P > .1) that could not be attributed to
chance alone. However, such tests have limited power in the
meta-analyses of rare events.

Asthma-Related and All-Cause Mortality

Among the 8,369 patients across all 45 trials, 2 deaths were
reported, 1 patient receiving Foradil and 1 patient receiving
albuterol. A 66-year-old woman with a 46-year history of
asthma and baseline FEV, of 1.55 L (62% of predicted
normal) died of asthma exacerbation 19 days after random-
ization to formoterol 48 wg TDD. She did not report using
concomitant ICS. A 26-year-old woman receiving albuterol
died of hemorrhagic pancreatitis.

Serious Asthma Exacerbations (Asthma-Related Deaths,
Intubations, and Hospitalizations)

Although the event of interest represents a composite end-
point of asthma-related death, intubation, and hospitalization,
most events were hospitalizations, with only 1 death de-
scribed in a patient receiving 48 ug TDD formoterol (as
described, this patient was also intubated) and 7 intubations:
4 occurring among patients receiving formoterol 48 ug TDD
and 3 among patients receiving formoterol 24 ug TDD. The
OR of a patient experiencing a serious asthma exacerbation
with formoterol 24/20 ug (the only dose approved for use in
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Figure 1. Distribution of patients included in the analysis.

children and the most widely used dose for all ages) and
albuterol in the 5 to 12, 13 to 18, and older than 18 years age
groups versus placebo are shown in Figure 2. Among patients
of all ages, the number of serious asthma exacerbations
among patients randomized to formoterol and albuterol was
significantly higher compared with those receiving placebo.
The rate of events per 100 patient treatment exposure years
was 2.7 among patients treated with formoterol 24/20 pg
TDD (22 events among 3,129 subjects) as compared with 1.4
for placebo (8 events among 2,026 subjects) and 4.5 for
albuterol (10 events among 976 subjects) (Table 2). In chil-
dren, the OR of serious asthma exacerbations was higher
among patients treated with formoterol compared with pla-
cebo (OR 8.4; 95% CI: 1.1-65.3). No significant differences
were seen in the rate of serious asthma exacerbations com-
pared with placebo among adolescents (OR 0.3; 95% CI:
0.03-3.5) and adults (OR 1.3; 95% CI: 0.4-3.7).

When applying the Bayesian Markov Chain Monte Carlo
modeling, across all age-group classifications, similar model

performance in terms of the deviance information criteria®’
occurred for both the fixed- and random-effects models. The
posterior median relative risk estimates and 95% ClIs from the
fixed-effects model are presented in Table 3. The application
of the random-effects model (results not presented) resulted
in very similar posterior median estimates but wider 95% Cls,
reflecting the additional between-study variability.

Serious Asthma Exacerbations in Patients Classified
According to Formoterol Dose
Several trials contributing data to the pooled analyses in-
cluded treatment arms in which subjects received formoterol
at doses below the approved doses. Five hundred eighty-five
(585) subjects in the pooled group were treated with 12 ug
TDD formoterol. All trials incorporating this treatment arm
were conducted outside the United States, and many were
single-dose trials.

Among patients of all ages, a higher OR of serious asthma
exacerbations versus placebo is found for subjects treated
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Table 1. Demographics and Baseline Disease Characteristics of Patients Included in the Analysis Summarized by Treatment and Age Groups

Formoterol 24/20 nug TDD Placebo Albuterol
Age group: 5-12 years
Age, mean (SD) 9.4 (2.00) 9.6 (2.03) 9.3 (1.99)
Sex, % (M/F) 67.1/32.9 63.8/36.2 62.5/37.5
Location, % (US/Non-US) 58.2/41.8 73.0/27.0 4.2/95.8
Race, n (%)
White 289 (78.7) 273 (80.3) 3 (75.0)
Black 8 (13.1) 35 (10.3) 1(25.0)
Asian 2(0.5) 4(1.2) 0(0.0)
Other 28 (7.6) 28 (8.2) 0(0.0)
Baseline FEV,, mean (L/% predicted) 1.6/74.3 1.6/72.4 1.6/80.3
Concomitant ICS use % 67.7 (n=462) 68.7 (h=345) 44.8
BMI at baseline, mean 18.7 20.0 17.3
Age group: 13-18 years
Age, mean (SD) 15.0(1.70) 15.3 (1.71) 15.2 (1.80)
Sex, % (M/F) 67.0/33.0 63.0/37.0 54.5/45.5
Location, % (US/Ex-US) 88.4/11.6 89.6/10.4 89.1/10.9
Race, n (%)
White 59 (79.5) 101 (80.2) 44 (89.8)
Black 20 (10.0) 3(10.3) 3(6.1)
Asian 6(3.0) 2(1.6) 0(0.0
Other 15(7.5) 10(7.9) 24.1)
Baseline FEV,, mean (L/% predicted) 2.7/70.9 2.7/72.8 2.4/68.8
Concomitant ICS use, % 49.8 60.0 49.1
BMI at baseline, mean 22.7 22.5 242
Age group: >18 years
Mean age (SD) 44.2 (15.13) 42.3(14.31) 45.0 (16.04)
Sex, % (M/F) 47.6/52.4 42.7/57.3 43.3/56.7
Location, % (US/Non-US) 51.8/48.2 53.6/46.4 46.8/53.2
Race, n (%)
White 1,245 (81.0) 804 (82.0) 332 (86.0)
Black 152 9.9 91 (9.3) 22 (5.7)
Asian 24 (1.6) 18(1.8) 3(0.8)
Other 116 (7.5) 68 (6.9) 29 (7.5)
Mean FEV; % predicted, (L/% predicted) 2.2/66.7 2.3/68.4 2.1/66.1
Concomitant ICS use, % 70.7 71.7 72.8
Mean BMI 25.9 26.4 26.3

Abbreviations: ICS, inhaled corticosteroids; FEV,, forced expiratory volume in 1 second; BMI, body mass index; TDD, total daily dose.

with 12/10 wg TDD and 48/40 wg TDD compared with
subjects treated with the most commonly used dose of 24/20
ug TDD. For formoterol 12 ug TDD, the OR versus placebo
was 3.9 (95% CI 1.5-10.3) and for 48 pg formoterol the OR
versus placebo was 2.9 (95% CI 1.2-6.6). As discussed in
previous sections, the OR versus placebo was 1.8 (95% CI
0.8—4.0) for patients randomized to formoterol 24 ug TDD.
The same pattern was observed in the pediatric and adult age
groups.

Serious Asthma Exacerbations in Patients Using ICS

Approximately 70% of the patients (n = 5,682) reported
using ICS either at baseline or as concomitant treatment
during the trials. Among adults who reported using con-
comitant ICS at baseline, a trend toward fewer serious
asthma exacerbations was seen in those receiving formot-
erol as compared with placebo (13-18 years: OR 0.8; 95%
CI 0.05-12.3; >18 years: OR 0.6, 95% CI 0.2-2.2). In

patients 5 to 12 years of age, the impact of concomitant use
of ICS appeared to be less (OR 7.8, 95% CI 1.0-61.3).
The limited number of adolescents in the analyses pre-
cludes meaningful subanalyses. In the 2 studies in which
ICS were randomized study treatments, 4 hospitalizations
were reported, all occurring in the non-formoterol treat-
ment group.

Serious Asthma Exacerbations in Patients Classified
According to Baseline Lung Function

Baseline lung function data were available for 6,106 pa-
tients. Of these, 1,725 patients had baseline FEV, less than
60% of predicted normal, 3,286 had baseline FEV, 60% to
80% of predicted normal, and 1,095 had baseline FEV,
greater than 80% of predicted normal. No clear association
was seen between serious asthma exacerbations and base-
line lung function (data not shown).
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Figure 2. Odds ratios (95% Cls) for serious asthma exacerbations in asthma patients summarized by treatment group and age.

Table 2. Summary of Serious Asthma Exacerbations (%) by Treatment Group and Age (Approved and Unapproved Doses of Formoterol)

Formoterol TDD

Placebo Albuterol QID
12/10 pg 20/24 pg 48 pg
All patients, N 585 3129 1515 2026 976
Serious exacerbations, n (%) 9(1.5) 22 (0.7) 17 (1.1) 8(0.4) 10 (1.0)
Serious exacerbations/100 patient years 10.8 2.7 3.8 1.4 4.5
Odds ratio vs placebo 3.9 1.8 2.9 — 2.6
(95% Cl) (1.5,10.3) (0.8, 4.0) (1.2,6.6) (1.0, 6.6)
5-12 years inclusive, N 103 462 188 345 96
Serious exacerbations, n (%) 5(4.9) 11 (2.4) 8 (4.3) 1(0.3) 3(3.1)
Serious exacerbations/100 patient years 28.7 5.4 5.8 0.6 16.2
QOdds ratio vs placebo 17.6 8.4 15.3 — 11.1
(95% Cl) (2.0, 152.0) (1.1, 65.9) (1.9,123.2) (1.1,107.9)
13-18 years inclusive, N 6 215 101 135 55
Serious exacerbations, n (%) 0 1(0.5) 0 2(1.5) 1(1.8)
Serious exacerbations/100 patient years 0 1.8 0 6.1 8.4
QOdds ratio vs placebo — 0.3 — — 1.2
(95% Cl) (0.08, 3.5) (0.1,13.9)
>18 years, N 476 2452 1226 1546 825
Serious exacerbations, n (%) 4(0.8) 10(0.4) 9(0.7) 5(0.3) 6(0.7)
Serious exacerbations/100 patient years 6.2 1.9 3.1 1.4 3.1
Odds ratio vs placebo 2.6 1.3 2.3 — 2.3
(95% ClI) (0.7, 9.8) (0.4,3.7) (0.8,6.8) (0.7, 7.4)
Serious Asthma Exacerbations in Patients Classified DISCUSSION

According to Race

Insufficient numbers of nonwhite subjects were available to
assess the effect of race on the risk of serious asthma exac-
erbations. Eight serious asthma exacerbations occurred
among the 1,693 white patients (0.5%) randomized to for-
moterol, compared with 3 in the 1,178 subjects (0.3%) ran-
domized to placebo and 3 in the 379 subjects (0.8%) random-
ized to albuterol. Three black subjects experienced serious
asthma exacerbations (1.4%); all of them were randomized to
formoterol. No serious asthma exacerbations were reported
among subjects describing their race as Asian or Other.

Evidence-based guidelines recommend the use of LABAs,
leukotriene antagonists, and theophylline? as adjuvant therapy
in children, adolescents, and adults who complain of asthma-
related symptoms or increased impairment despite receiving
ICS. Multiple clinical trials have shown that the concomitant
use of an LABA and an ICS provides greater improvement in
lung function and other measures of asthma control as com-
pared with doubling the dose of ICS or adding theophylline or
leukotriene antagonists.'%?>2¢ Based on this evidence, LABAs
are recommended in the guidelines as add-on treatment in
children, adolescents, and adults not adequately controlled on
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Table 3. Comparative Analyses of Serious Asthma Exacerbations:
Bayesian Markov Chain Monte Carlo Modeling (Fixed Effects Model
Results)

. Confidence
Relative risk Posterior interval
median
2.50% 97.50%

5-12 years

Formoterol/placebo 17.29 2.65 634.80

Albuterol/placebo 7.31 0.68 287.52

Albuterol/formoterol 0.41 0.09 1.55
13-18 years

Formoterol/placebo 0.61 0.01 21.84

Albuterol/placebo 2.14 0.05 155.92

Albuterol/formoterol 3.52 0.07 330.61
>18 years

Formoterol/placebo 1.52 0.56 4.92

Albuterol/placebo 3.50 0.79 17.66

Albuterol/formoterol 2.24 0.58 9.04
All

Formoterol/placebo 2.14 1.00 5.19

Albuterol/placebo 2.07 0.70 6.24

Albuterol/formoterol 0.96 0.40 2.24

low- and medium-dose ICS alone. The Best Add on Therapy
Giving Effective Responses study showed that children with
uncontrolled asthma, despite using low-dose ICS, were more
likely to have a best response by adding an LABA than by
increasing the dose of ICS or adding a leukotriene-receptor
antagonist. However, the study also showed that the best
response in a number of children was to ICS or leukotriene-
receptor antagonist step-up therapy, indicating that regular
monitoring and individual dose adjustments are needed dur-
ing therapy.?

This meta-analysis of data from 45 Novartis-sponsored
randomized, double-blind placebo- and active-controlled
studies evaluated the safety of formoterol in asthma patients.
In 43 of the 45 trials, including the pivotal trials and the large
safety study, concomitant ICS use was permitted; however,
compliance and adherence were not monitored.

In our analyses, formoterol did not appear to increase the
risk of asthma-related mortality in patients. A single death
occurred (a 66-year-old woman) after formoterol treatment in
this pooled data set. No deaths among children and adoles-
cent patients were reported.

The number of asthma-related hospitalizations was in-
creased among patients randomized to formoterol or regularly
dosed albuterol compared with those receiving placebo. Al-
buterol, administered regularly, was associated with a rate of
hospitalization that was similar to formoterol, suggesting that
any increased risk of hospitalization is related to beta-agonist
use as a class and not to the drug’s duration of action.
Although a more prolonged effect can be observed with a
LABA, the use of a short-acting 32-agonist regimen also may
mask the significant underlying inflammation similar to the
LABAs, as shown by Mclvor et al.'?

A total of 7 intubations occurred, all with patients older
than 18 years of age receiving formoterol. Only 1 patient was
treated with a dose and formulation approved in the United
States.

In adults and adolescents, the risk of serious asthma exac-
erbation after the administration of formoterol was small and
not statistically significant. In children, however, the rate of
asthma-related hospitalizations among patients treated with
formoterol was significantly higher than the rate among pa-
tients treated with placebo (OR 8.4, 95% CI 1.1-65.3). This
could be because most of the pediatric data are from a
12-month placebo-controlled study conducted by Bensch et
al”” between 1996 and 1998 when the standard of care for the
treatment of asthma differed from current treatment standards
(LABAs were used without concomitant ICS). In that study,
8 serious asthma exacerbations were reported among patients
randomized to formoterol 24 pwg TDD and 12 among those
randomized to 48 wg TDD, whereas no patients receiving
placebo experienced a serious asthma exacerbation. The per-
centages of discontinuations were 23% (placebo), 22% (for-
moterol 24 ug TDD), and 19% (formoterol 48 wg TDD). The
high withdrawal rates and lack of follow-up for early drop-
outs may have contributed to the absence of serious asthma
exacerbations with placebo treatment in this trial. The ab-
sence of any asthma hospitalizations in the placebo group is
also unusual based on the expected rate of hospitalizations in
patients of this age from health survey data and clinical trials.
In the Childhood Asthma Management Program Research
Group study, a 4- to 6-year study of 1,041 children (5-12
years), patients receiving placebo reported 4.4 hospitaliza-
tions per 100 treatment years, whereas those treated with
budesonide experienced only 2.5 hospitalizations.?

Recently, published analyses of other formoterol formula-
tions have not demonstrated differences in the rate of serious
asthma exacerbations between children treated with formot-
erol and those treated with placebo if ICS is administered
concomitantly. The frequency of asthma-related hospitaliza-
tions among 5,481 children between 4 and 11 years was 1.1%
(38/3,316) among those treated with formoterol versus 1.1%
(23/2,165) among patients randomized to the non-LABA
treatment arm.” Among adults, the concomitant use of an
LABA with an ICS appears to reduce asthma-related exac-
erbations associated with the use of formoterol as compared
with non-LABA therapies.*® Similar results were also re-
ported by Jaeschke et al.?! The trend toward fewer exacerba-
tions observed in this analysis may be influenced by the use
of ICS either at baseline or as concomitant treatment during
the course of the trials by approximately 70% of the subjects.
In patients with asthma using ICS, formoterol decreased the
risk of asthma-related hospitalizations.’!

This meta-analysis supports current asthma treatment
guidelines recommending LABAs as chronic therapy in con-
junction with an ICS for adult and adolescent patients whose
disease is not controlled by ICS alone. The analyses confirm
data from other asthma studies and meta-analyses suggesting
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that the use of LABAs in the absence of concomitant ICS
increases the risk of asthma-related hospitalizations.
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