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EXECUTIVE SUMMARY 

Introduction 

A joint meeting of the Pulmonary/Allergy Drugs Advisory Committee (PADAC), Drug Safety 
and Risk Management Advisory Committee (DSaRM), and Pediatric Advisory Committee 
(PAC) is scheduled for December 10 and 11, 2008 to review the benefits and risks of 
long-acting β2-agonists (LABAs) for the treatment of asthma.  

The purpose of this document is to review the benefits and risks of formoterol in adult and 
pediatric patients with asthma.  The document includes data generated in clinical trials and 
collected through post-marketing surveillance with AstraZeneca’s formoterol-containing 
products in the US and the rest of world.  The LABA marketed by AstraZeneca is formoterol 
fumarate dihydrate (hereafter formoterol), which is marketed in the US in a fixed combination 
with the inhaled corticosteroid (ICS) budesonide as SYMBICORT® Inhalation Aerosol 
(pMDI).  Outside of the US, formoterol is marketed by AstraZeneca both as a monoproduct, 
OXIS™ TURBUHALER®, and in combination with budesonide as SYMBICORT 
TURBUHALER. 

Overall assessment 

Based on a comprehensive review of the efficacy and safety of its formoterol-containing 
products, AstraZeneca believes that SYMBICORT pMDI exhibits a favorable benefit-risk 
profile in patients 6 years of age and older. SYMBICORT pMDI offers an important 
therapeutic option for asthma patients who cannot be adequately controlled on other asthma-
controller medications (eg, low- to medium-dose inhaled corticosteroids (ICS)) or whose 
disease severity clearly warrants initiation of treatment with two maintenance therapies. 
AstraZeneca concurs with current evidence-based national and international asthma treatment 
guidelines, which recommend that patients with persistent asthma should always receive 
concomitant anti-inflammatory medication (eg, ICS) before considering adding maintenance 
treatment with a LABA.  

As of December 2006, AstraZeneca had studied over 72,000 subjects with mild, moderate, 
and severe asthma in 64 clinical trials of 3-12 months duration.  Of these subjects, 
approximately 50,000 were treated with formoterol-containing products.  The safety data 
presented in this briefing document, a subset of that available from all clinical trials, was 
selected on the basis of criteria outlined by the FDA.  In addition, as of 30 September 2008, 
the estimated postmarketing exposure to AstraZeneca formoterol-containing products 
approached 6 billion treatment days (SYMBICORT pMDI >48 million, SYMBICORT 
TURBUHALER >4.4 billion, OXIS TURBUHALER >1.4 billion).  

Evolution of Guidelines and Unmet Need 

Asthma is a complex chronic disorder characterized by airflow obstruction, bronchial 
hyper-responsiveness, and underlying airway inflammation. Clinically it is characterized by 
recurrent episodes of coughing (particularly at night or early in the morning), wheezing, 
breathlessness, and chest tightness. These episodes are usually associated with widespread but 
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variable airflow obstruction that is often reversible either spontaneously or with treatment. 
The therapeutic approach to asthma is focused on addressing the 2 major components of the 
disease, namely inflammation and bronchoconstriction.  Although bronchodilators alone can 
reduce symptoms, long-term control of asthma requires that the underlying inflammatory 
process also be addressed.   

Asthma treatment is approached in a step-wise fashion based on level of symptomatology and 
response to therapy. The first National Asthma Education and Prevention Program (NAEPP) 
guidelines were published in 1991, and updates were made in 1997, 2002, and most recently 
in 2007 (EPR III 2007). The current guidelines reaffirm that ICS is the preferred long-term 
control therapy for all ages.  LABAs used as an adjunct to ICS therapy are preferred in Steps 3 
and higher to provide long-term control of asthma symptoms; the addition of LABA to 
low-dose ICS has equal weight with the option of increasing from a low- to a medium-dose of 
ICS for youths ≥12 years and adults who have moderate persistent asthma or asthma 
inadequately controlled on low-dose ICS.  Similar to the guidelines for patients >12 years, at 
Step 3 in children 5 to 11 years, the option of adding LABA to low-dose ICS or increasing to 
a medium-dose of ICS are both preferred options, equally weighted.  Unlike the guidelines for 
patients >12 years, where these 2 options are preferred over adding other adjunctive therapies 
such as theophylline or LTRAs to low-dose ICS, in children 5 to 11 these are equally 
recommended options at Step 3.  At Steps 4 and 5 for children 5 to 11 years, ICS plus LABA 
are the preferred option.  Therefore, it is expected that LABAs may be used less frequently in 
school-aged children with moderate asthma than they are in adolescents and adults (EPR III 
2007, GINA 2007). 

The guidelines also illustrate that there are a limited number of therapeutic options for asthma 
treatment beyond ICS.  For patients whose asthma is not controlled on low-to-medium dose 
ICS treatment, the alternative treatment options other than the addition of LABAs are to 
increase the ICS dose or to use other adjunctive treatment such as theophylline or leukotriene 
modifiers. For the most severe patients, chronic therapy with injectables such as omalizumab 
or use of oral corticosteroids may also be considered. Most of these options are recognized to 
have limited additional effectiveness and in some cases incur the risk of significant short and 
long-term toxicity.  

Development and Marketing Approvals of AstraZeneca formoterol-containing products 

On 21 July 2006, the FDA approved SYMBICORT pMDI (New Drug Application [NDA] 
21-929) for the long-term maintenance treatment of asthma in patients 12 years of age and 
older.  SYMBICORT should be used for patients who are not adequately controlled on other 
asthma controller medications or whose disease severity clearly warrants initiation of 
treatment with two maintenance therapies.  The maximum daily recommended dose is 640/18 
μg budesonide/formoterol (two inhalations of SYMBICORT pMDI 160/4.5 twice daily).  
SYMBICORT pMDI is currently available in 2 strengths, SYMBICORT 80/4.5 and 
SYMBICORT 160/4.5.  Each dose (160/9 μg or 320/9 μg) is administered as 2 oral 
inhalations (of 80/4.5 and 160/4.5 μg, respectively) twice daily.  A supplemental NDA 
(sNDA) was submitted in June 2008 supporting an indication of long-term maintenance 
treatment of asthma with SYMBICORT pMDI in pediatric patients 6 to <12 years of age.     
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SYMBICORT TURBUHALER contains budesonide and formoterol and is available in 
3 strengths: 80/4.5, 160/4.5 and 320/9 μg/inhalation (budesonide/formoterol).  It was first 
approved in Sweden in 2000, and as of August 2008, it had been approved in 101 countries for 
long-term maintenance treatment of asthma.  Of these, 91 had also approved SYMBICORT 
for use as maintenance and reliever therapy for the treatment of asthma (ie, patients take a 
daily maintenance dose of SYMBICORT and in addition take SYMBICORT as needed in 
response to symptoms), and 88 had approved use in patients with COPD.  

OXIS TURBUHALER contains formoterol only and is available in strengths of 4.5 and 
9 μg/inhalation.  OXIS TURBUHALER was first approved in Sweden in 1996 and as of 
August 2008 was approved in 79 countries.  OXIS TURBUHALER is indicated as add-on 
therapy to maintenance treatment with inhaled corticosteroids, for the relief of broncho-
obstructive symptoms and prevention of exercise-induced symptoms in patients with asthma 
when adequate treatment with corticosteroids is not sufficient. For asthma treatment, the 
normal maintenance dose is 4.5 to 9 μg once or twice daily.  

Regulatory background   

Prior to 2006, both Serevent (salmeterol) and Foradil (formoterol) US labeling allowed for 
these LABAs to be used alone or in combination with ICS for the maintenance treatment of 
asthma.   

Initial concerns about the safety of LABAs were based on findings from the Salmeterol 
Nationwide Surveillance (SNS) and Salmeterol Multi-centre Asthma Research Trial 
(SMART) studies.  Results of the GSK SMART study and 4 placebo-controlled studies 
conducted with Foradil Aerolizer were the primary focus of the PADAC meeting on 13 July 
2005.  The Committee recommended that all LABA containing products marketed in the US 
should have a boxed warning added to their prescribing information.  On 18 November 2005, 
the FDA issued a public health advisory on Serevent, Advair® (fluticasone propionate/ 
salmeterol xinafoate, GSK) and Foradil® (formoterol, Novartis) requesting that new warnings 
be added to the labels of these products.  The updated labels warned that the drugs "may 
increase the chance of severe asthma episodes, and death when these episodes occur" and 
were changed to recommend that these products be used only as additional therapy for 
patients not adequately controlled on other asthma-controller medications (eg, low- to 
medium-dose inhaled corticosteroids) or whose disease severity clearly warrants initiation of 
treatment with 2 maintenance therapies.  Subsequently, the prescribing information for any 
LABA-containing product, including SYMBICORT, has included similar warnings and 
precautions.  

Benefits of formoterol 

The benefits of LABA treatment have been summarized in a large number of reviews and 
evidence-based analyses (eg, OHSU draft, 2008).  In addition, the recognized benefits of 
LABA treatment form the basis for their preferred status as adjunctive therapy in treatment 
guidelines (EPR III 2007, GINA 2007).  In summary, there is consistent evidence: 
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• ICS is an effective monotherapy for the treatment of mild-to-moderate asthma.  
LABAs should only be used as additional therapy for patients not adequately 
controlled on other asthma controller medications, eg, low-to-medium dose ICS. 

• The addition of a LABA to an ICS provides greater efficacy than continuing with 
the current dose of ICS alone for patients with poorly controlled persistent asthma, 
based on a variety of variables, including lung function, asthma symptoms, asthma 
exacerbations and health-related quality of life, and adjunctive medication 
requirements.  For children, the demonstrated benefit has generally been limited to 
lung function variables.  

• The addition of a LABA to an ICS provides greater efficacy than a higher dose of 
ICS for adults and adolescents with persistent asthma, based on symptom-related 
variables.  There is also a trend towards fewer asthma exacerbations, but not 
statistically significant in meta-analyses.  There are insufficient published data to 
draw similar conclusions in children under 12 years.  

The introduction of LABAs provided important additional clinical benefit compared with ICS 
treatment alone. The clinical benefits of combination therapy with budesonide and formoterol 
were first demonstrated in the landmark Formoterol and Corticosteroids Establishing Therapy 
(FACET) and OXIS TURBUHALER and PULMICORT TURBUHALER In the Management 
of Asthma (OPTIMA) trials.  In these studies, the overall effectiveness of ICS plus a LABA 
on measures of control was demonstrated for low and high doses of ICS in patients with a 
range of asthma severity.  In patients already receiving ICS, adding formoterol was more 
effective than doubling the ICS dose (O’Byrne et al 2001). Formoterol also reduced severe 
asthma exacerbations in patients with moderate to severe asthma both when added to a low 
(100 μg bid) and to a higher (400 μg bid) dose of budesonide, in addition to improving lung 
function and symptoms (Pauwels et al 1997).   

In patients age 12 years and above, the benefit of formoterol in combination with budesonide, 
has been unequivocally demonstrated in numerous AstraZeneca clinical trials.  These benefits 
include improvements across a range of measures of asthma control such as lung function; 
asthma worsening and exacerbations; asthma symptoms, use of rescue medication, and 
asthma-related quality of life measures in patients with moderate and severe asthma.  Many of 
these benefits are apparent even when compared to high doses of ICS monotherapy.  These 
conclusions are consistent with current labeling and evidence-based treatment guidelines and 
demonstrate that SYMBICORT is an important therapeutic option for patients with asthma.  

In children younger than 12 years of age, the benefits of an ICS such as budesonide have been 
well demonstrated in numerous clinical trials.  In studies presented in this document, 
evaluating children between the age of 6 to <12, the additional benefits of adding formoterol 
to budesonide compared to budesonide alone have been clearly demonstrated on measures of 
control such as FEV1 and PEF as well as in some measures of Health-related Quality of Life 
(HRQL) across a range of ICS doses, while parity on other measures of control was observed 
in patients with asthma previously treated with ICS.  In light of potential systemic effects of 
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high-dose ICS (eg. adrenal axis suppression and effects on growth) an additional benefit of 
ICS/LABA in this population may be the ability to gain asthma control with a lower dose of 
ICS.  In this regard, for children younger than 12 years of age, the addition of formoterol to 
budesonide provides a definitive benefit beyond that of ICS alone for patients not adequately 
controlled on ICS. 

Assessment of risk profile of formoterol  

The clinical program that specifically supported the 2006 FDA approval of SYMBICORT 
pMDI included data from 31 clinical studies (16 phase II/III trials) in which 9315 subjects 
aged 6 and above were evaluated; a total of 6434 of these subjects received SYMBICORT 
pMDI.  No deaths were reported during randomized treatment and no findings of concern 
were observed regarding risk of asthma-related death, intubations, or hospitalizations; 
however, given the low incidence of these events, this program was of insufficient size to 
draw definitive conclusions.  

The overall safety of formoterol is supported by extensive data from clinical trials and 
postmarketing use. As of December 2006, AstraZeneca had studied over 72,000 subjects with 
mild, moderate, and severe asthma in 64 clinical trials of 3-12 months duration.  Of these 
subjects, approximately 50,000 were treated with formoterol-containing products.  The safety 
data presented in this briefing document were selected on the basis of criteria outlined by the 
FDA in their requests for data from AstraZeneca with particular focus on asthma-related 
serious adverse events (deaths, hospitalizations, and intubations) occurring during randomized 
treatment.   

The adjudicated data included a total of 23,510 patients, 13,542 exposed to formoterol 
(approximately 20% received SYMBICORT pMDI), and 9,968 exposed to non-LABA 
treatment.  The vast majority of patients in this dataset were treated with ICS at baseline, and 
most were expected to have continued concomitant ICS during randomized treatment based 
on study protocol designs.  In this large number of patients, the number of deaths from any 
cause during randomized treatment was low (7 of 23,510).  There were 3 deaths in patients on 
formoterol-containing treatment and 4 deaths in patients on non-LABA treatment; none of 
these occurred in the clinical studies contained in the US NDA for SYMBICORT pMDI.  No 
deaths were asthma-related and there was only 1 asthma-related intubation (in a formoterol-
exposed patient).  While the overall event rate is low, in this large population of over 23,000 
patients, there is no evidence of any imbalance in deaths favoring non-LABA treatments. 

There was also no indication of an increased risk of asthma-related hospitalizations during 
randomized formoterol-containing treatment compared with non-LABA treatment for patients 
receiving treatment for up to 1 year.  In addition, time to first asthma-related hospitalization 
was prolonged in the formoterol-exposed group compared to the non-LABA-exposed group.  
Similar results were obtained for patients treated with ICS + formoterol compared to ICS 
alone.  In this analysis, the benefit of ICS + formoterol, relative to ICS alone, was not only 
maintained but appeared to increase over time. 
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Of the 3670 patients <18 years treated with formoterol, there were no deaths during 
randomized treatment.  For patients 12 to <18 years of age, the proportion of patients with an 
asthma-related hospitalization was numerically lower in the group exposed to formoterol-
containing products than the group exposed to non-LABA treatment (0.92% vs 1.30%), 
whereas among patients below 12 years of age, the proportion was numerically higher in the 
formoterol-exposed patients (25 out of 2155 [1.16%]) compared to the non-LABA-exposed 
patients (14 out of 1268 [1.10%]).  The slight imbalance against formoterol-treatment in the 
younger age group results from a high number of asthma-related hospitalizations in one arm 
of study SD-039-0673; in this arm, patients were treated with an exploratory low dose of 
SYMBICORT TURBUHALER (80/4.5 μg once daily) that proved to be subtherapeutic.  
When data from this arm of Study SD-039-0673 were excluded from the overall analysis, 
results were consistent with those for patients 12 years and older. 

When analyzed by sex, race, severity (based on FEV1), and dose there were no findings that 
suggested an increased risk in the formoterol-exposed group compared to non-LABA 
treatment. 

Overall, there is no indication of increased risk of asthma-related deaths or hospitalizations in 
patients using formoterol-containing treatment compared with non-LABA treatment. Because 
AstraZeneca has relatively little data on the use of formoterol as monotherapy, the impact of 
adding ICS to formoterol alone on the risk of asthma-related deaths, intubations, or 
hospitalizations could not be adequately assessed. 

Importantly, as per guidelines and recommended clinical practice, the clinically relevant 
question is whether there is increased risk of adding formoterol to maintenance ICS therapy.  
Analysis of AstraZeneca’s data showed that the addition of formoterol to ICS compared with 
ICS treatment alone presented no additional risk of asthma-related deaths, intubations or 
hospitalizations.  These data provide strong evidence that there is no additional risk of adding 
formoterol to maintenance therapy with ICS.   

Post-treatment asthma-related deaths and asthma-related hospitalizations  

In the post-treatment period, there were 1 asthma-related death and 5 asthma-related 
hospitalizations in 13,542 formoterol-exposed patients, and there were 5 asthma-related 
hospitalizations in 9,968 non-LABA-exposed patients.  Hence, there were too few events 
reported following the randomized treatment period from which to draw definitive 
conclusions regarding asthma-related death.  With regard to asthma-related hospitalizations, 
no apparent increased risk was observed for patients previously treated with formoterol vs 
non-LABA therapy.   

Epidemiology of asthma since LABA introduction 

LABAs were first introduced into the US market in 1994, when salmeterol was approved as a 
monotherapy.   Initial concerns about the safety of LABAs were based on findings from the 
SNS and SMART studies.  Subsequent to this, some meta-analyses heavily weighted by the 
SMART study attributed an increase in asthma-related mortality to the use of LABAs (eg, 
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Salpeter et al 2006). However, the rate of asthma deaths has decreased each year since 2000, 
despite increasing use of LABAs for asthma treatment.  Concurrently, there has been no 
observed increase in rates of asthma-related hospitalizations or hospital out-patient and 
emergency department visits (Moorman et al 2007).  Consistent with guideline changes, 85% 
of LABA use in the US is now in the form of combination ICS/LABA treatment (Wijesinghe 
et al 2008).   

Similar epidemiological trends are apparent outside of the US.  In Canada, asthma mortality 
and hospitalization rates have decreased continuously both before and after the 1999 
implementation of the International Classification of Diseases Tenth Revision  (ICD-10) 
(Public Health Agency of Canada 2007).  In the UK, asthma mortality rates have gradually 
been declining since the late 1980s; current mortality rates are generally lower than those seen 
in 1960 (Anderson et al 2007).  A case control study investigating the association between 
bronchodilator treatment and death from asthma in the UK between 1994 and 1998 (Anderson 
et al 2005) found that use of LABA was, if anything, associated with an inverse association 
with asthma mortality.  Others have drawn similar conclusions (eg, DiSantostefano et al 
2008).   

Therefore, there is no evidence from epidemiological data that the introduction of LABAs has 
been associated with an increase in mortality or hospitalizations due to asthma; rather, there is 
some evidence to indicate that the introduction of LABAs and ICS/LABA combinations has 
been associated with a reduction in asthma-related mortality.  

Pharmacogenetic effects on response to LABA 

Considerable attention has been devoted to variation in response to β2 agonist therapy and the 
impact of polymorphisms in the β2-adrenergic receptor gene (ADRB2) on the safety and 
efficacy profiles of these medications. However, since the July 2005 PADAC meeting, a 
substantial body of evidence has emerged including analyses derived from more than 4000 
genotyped patients in SYMBICORT studies of 3 to 12 months duration. Analyses of this 
dataset, which included over 700 patients identified as Arg/Arg, those believed to be the most 
at risk, demonstrate no differential impact due to ADBR2 polymorphisms on measures of lung 
function, asthma control, or exacerbations in patients maintained on LABA therapy taken with 
ICS.  This conclusion applies to the amino acid 16 Arg/Gly polymorphisms as well as 
haplotype effects across the entire gene.  These data strongly suggest that the findings in the 
GSK SMART study and 4 placebo-controlled studies conducted with Foradil Aerolizer are not 
related to known ADRB2 polymorphisms.  At this time, therapeutic recommendations based 
on known ADRB2 polymorphisms are unfounded. 

Post-marketing surveillance  

As of 30 September 2008, the estimated postmarketing exposure to AstraZeneca formoterol 
containing products approached 6 billion treatment days (SYMBICORT pMDI >48 million, 
SYMBICORT TURBUHALER >4.4 billion, OXIS TURBUHALER >1.4 billion).  

The post-marketing experience with SYMBICORT and OXIS includes isolated reports of 
possible asthma-related death and/or other SAEs due to asthma-related symptoms (including 
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hospitalizations).  No new safety signals around asthma have emerged from the 
post-marketing data analysis, and AstraZeneca considers the current benefit/risk 
communication in the US Prescribing Information to be appropriate.  

As a result of the FDA approval, AstraZeneca implemented a post-approval US Patient Risk 
Management Plan for SYMBICORT pMDI.  In addition to the routine post-marketing 
surveillance activities (such as adverse event collection and assessment, reporting and analysis 
processes), this plan includes enhanced pharmacovigilance practices for specific adverse 
events of interest, including asthma and asthma-related deaths and other serious adverse 
events. AstraZeneca remains committed to keep these important adverse events under close 
surveillance and will continue to gather and assess information as new studies complete and 
additional information is reported.   

Overall benefit to risk 

AstraZeneca data is supportive of LABA usage as described in current evidence-based 
national and international asthma treatment guidelines, which recommend that patients with 
persistent asthma should always receive concomitant anti inflammatory medication (eg, 
inhaled corticosteroid) before considering starting maintenance treatment with a long-acting 
β2-agonist.  

In patients age 12 and above, the benefit of formoterol in combination with budesonide, has 
been unequivocally demonstrated in numerous AstraZeneca clinical trials.  These benefits 
include improvements across a range of measures of asthma control such as lung function; 
asthma worsening and exacerbations; asthma symptoms, use of rescue medication, and 
asthma-related quality of life measures in patients with moderate and severe asthma.  Many of 
these benefits are apparent even when compared to high doses of ICS monotherapy.   

In children younger than 12 years of age, the benefits of an ICS such as budesonide have been 
well demonstrated in numerous clinical trials.  In studies presented in this document, 
evaluating children between the age of 6 to <12, the additional benefits of adding formoterol 
to budesonide compared to budesonide alone have been clearly demonstrated on measures of 
control such as FEV1 and PEF as well as in some measures of Health-related Quality of Life 
(HRQL) across a range of ICS doses, while parity on other measures of control was observed 
in patients with asthma previously treated with ICS.  In light of potential systemic effects of 
high-dose ICS (eg. adrenal axis suppression and effects on growth) an additional benefit of 
ICS/LABA in this population may be the ability to gain asthma control with a lower dose of 
ICS.  In this regard, for children younger than 12 years of age, the addition of formoterol to 
budesonide provides a definitive benefit beyond that of ICS alone for patients not adequately 
controlled on ICS. 

This document has reviewed asthma-related serious adverse events of possible concern using 
data specified by and provided to the FDA earlier this year. The adjudicated data included a 
total of 23,510 patients, 13,542 exposed to formoterol and 9,968 exposed to non-LABA 
treatment.  There was no indication of any increased risk of asthma-related deaths, intubations 
or hospitalizations with formoterol compared with non-LABA treatment in this large number 
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of patients.  In addition, the rate of asthma-related hospitalizations was lower for formoterol- 
vs non-LABA exposed patients.  

Importantly, as per guidelines and recommended clinical practice, the clinically relevant 
question is whether there is increased risk of adding formoterol to maintenance ICS therapy.  
Analysis of AstraZeneca’s data showed that the addition of formoterol to ICS compared with 
ICS treatment alone presented no additional risk of asthma-related deaths, intubations or 
hospitalizations.  These data provide strong evidence that there is no additional risk of adding 
formoterol to maintenance therapy with ICS.     

Based on a comprehensive review of the safety and efficacy of formoterol-containing 
products, AstraZeneca believes that SYMBICORT pMDI exhibits a favorable benefit-risk 
profile in patients 6 years of age and older. The currently approved SYMBICORT pMDI 
prescribing information and Medication Guide (Appendix F) for patients greater than 12 years 
of age appropriately convey any potential risks regarding the use of SYMBICORT.  
SYMBICORT pMDI offers an important therapeutic option for asthma patients who cannot be 
adequately controlled on other asthma-controller medications (eg, low- to medium-dose ICS) 
or whose disease severity clearly warrants initiation of treatment with two maintenance 
therapies. 

1. BACKGROUND 

1.1 Purpose 
The purpose of this document is to provide the Pulmonary/Allergy Drugs (PADAC), Drug 
Safety and Risk Management (DSaRM), and Pediatric (PAC) Advisory Committees with a 
review of the benefits and risks of the long-acting β2-adrenoceptor agonist (LABA) formoterol 
in adult and pediatric patients with asthma.  The document focuses on data generated in 
clinical trials and collected through post-marketing surveillance with AstraZeneca’s 
formoterol-containing products in both the US and the rest of world.  

1.2 Product background  
The LABA marketed by AstraZeneca is formoterol fumarate dihydrate (hereafter formoterol), 
which is marketed in the US in a fixed combination with the inhaled corticosteroid (ICS) 
budesonide as SYMBICORT® Inhalation Aerosol (pMDI).  Outside of the US, formoterol is 
marketed by AstraZeneca both as a monoproduct, OXIS™ TURBUHALER®, and in 
combination with budesonide as SYMBICORT TURBUHALER.     

Although there are physical differences in these formoterol-containing products manufactured 
by AstraZeneca (pMDI and TURBUHALER) the dose of formoterol provided by each is 
essentially similar.  Therapeutic equivalence studies (SD 039-0681 and SD 039-0682) support 
these similarities in dose, therefore the data for all formoterol-containing products 
manufactured by AstraZeneca are felt to be relevant to the assessment of benefit/risk. A short 
description of each product follows. 
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1.2.1 SYMBICORT pMDI 

In the US, SYMBICORT Inhalation Aerosol is delivered with a pressurized metered-dose 
inhaler (hereafter referred to as SYMBICORT pMDI) and is available in 2 strengths, 80/4.5 
and 160/4.5, delivering 80 and 160 μg of budesonide, respectively, and 4.5 μg of formoterol 
fumarate dihydrate per inhalation.  Each dose (160/9 μg or 320/9 μg) is administered as 2 oral 
inhalations (of 80/4.5 and 160/4.5 μg, respectively) twice daily (bid).  The FDA approved 
SYMBICORT pMDI (New Drug Application [NDA] 21-929) for the long-term maintenance 
treatment of asthma in patients 12 years of age and older on 21 July 2006.  A supplemental 
NDA (sNDA) was submitted in June 2008 supporting an indication of long-term maintenance 
treatment of asthma with SYMBICORT pMDI in pediatric patients 6 to <12 years of age with 
a starting dose of 80/9 μg bid (40/4.5 μg, 2 inhalations).  It should be noted that while there 
are differing doses of SYMBICORT pMDI available, it is only the ICS component that 
changes in each (ie, 80, 160 or 320 μg); the dose of formoterol remains constant (18 μg daily) 
regardless of patient population or ICS dose.   

SYMBICORT pMDI should only be used for patients not adequately controlled on other 
asthma-controller medications (eg, low- to medium-dose inhaled corticosteroids) or whose 
disease severity clearly warrants initiation of treatment with two maintenance therapies.  
SYMBICORT pMDI is not indicated for patients whose asthma can be successfully managed 
by inhaled corticosteroids or other controller medications along with occasional use of inhaled 
short-acting β2-agonists (SABAs). The maximum daily recommended dose is 640/18 μg 
budesonide/formoterol (given as two inhalations of SYMBICORT pMDI 160/4.5 twice daily) 
for patients 12 years of age and older.  

1.2.2 SYMBICORT TURBUHALER 

SYMBICORT TURBUHALER is a dry-powder inhaler containing budesonide and 
formoterol, available in 3 strengths: 80/4.5, 160/4.5 and 320/9 μg/inhalation 
(budesonide/formoterol delivered doses).  It was first approved in Sweden in 2000, and as of 
August 2008, it had been approved in 101 countries for long-term maintenance treatment of 
asthma.  Of these, 91 had also approved SYMBICORT for use as maintenance and reliever 
therapy for the treatment of asthma (ie, patients take a daily maintenance dose of 
SYMBICORT and in addition take SYMBICORT as needed in response to symptoms), and 
88 had approved use in patients with COPD.  

SYMBICORT TURBUHALER is indicated in the regular treatment of asthma in patients 
6 years of age and older where use of an ICS/LABA combination therapy is appropriate.  

Recommended doses range from 80/4.5 μg one inhalation twice daily up to 320/9 μg two 
inhalations twice daily.  As a maintenance and reliever therapy, SYMBICORT 
TURBUHALER can be used occasionally in doses up to 1920/54 μg/day for a limited period 
of time.  
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1.2.3 OXIS TURBUHALER 

OXIS TURBUHALER is a dry-powder inhaler containing formoterol available in strengths of 
4.5 and 9 μg/inhalation (delivered doses).  OXIS TURBUHALER was first approved in 
Sweden in 1996 and as of August 2008 was approved in 79 countries.  OXIS TURBUHALER 
is indicated as add-on therapy to maintenance treatment with inhaled corticosteroids, for the 
relief of broncho-obstructive symptoms and prevention of exercise-induced symptoms in 
patients with asthma when adequate treatment with corticosteroids is not sufficient. For 
asthma treatment, the normal dose is 4.5 to 9 μg once or twice daily.  Regular daily doses 
should not exceed 36 μg (18 μg in children), although occasional doses up to 54 μg (36 μg in 
children) are allowed within a 24-hour period.  

1.3 Regulatory background 
1.3.1 LABA-related regulatory actions in the US 

Salmeterol was the first LABA approved in the US.  It was approved in 1994 as Serevent 
Inhalation Aerosol and in 1997 as Serevent Diskus.  The first ICS/LABA combination, Advair 
(fluticasone propionate and salmeterol inhalation powder), was approved in 2000.  Formoterol 
was first approved as the monotherapy, Foradil® (formoterol fumarate inhalation powder), in 
2001, and as the ICS/LABA combination, SYMBICORT pMDI, in 2006.  All of these 
products have an asthma indication.  Prior to 2006, both Serevent (salmeterol) and Foradil 
(formoterol) US labeling allowed for these LABAs to be used alone or in combination with 
ICS for the maintenance treatment of asthma.   

The Salmeterol Multi-Centre Asthma Research Trial (SMART) (Nelson et al 2006) was 
initiated by GlaxoSmithKline (GSK) in 1996 in consultation with the US Food and Drug 
Administration (FDA) as a large, controlled, prospective safety study to clarify signals from 
the Serevent Nationwide Surveillance (SNS) study (Castle et al 1993) that chronic use of 
Serevent® (salmeterol xinafoate) might be associated with severe, adverse asthma outcomes.  
SMART was halted prematurely in January 2003, when a planned interim analysis showed 
that salmeterol might be associated with an increased risk of severe asthma exacerbations, 
particularly in African Americans.  

Novartis conducted three pivotal Phase 3 studies evaluating formoterol (Foradil) 12 μg bid 
and 24 μg bid as part of the original Foradil NDA.  Due to concerns related to apparent dose-
related serious asthma exacerbations, a Phase IV study similar in design to that of the Phase 3 
studies was subsequently conducted by Novartis and reviewed by FDA.  Although there were 
no deaths, and this study did not demonstrate a dose-related signal, the FDA did not believe 
this study contributed any important new information, as it was too small to definitively 
substantiate or refute the findings of the SMART study.  

Results of the GSK SMART study of salmeterol and the 4 placebo-controlled studies 
conducted with formoterol (Foradil Aerolizer) were the primary focus of the PADAC meeting 
on 13 July 2005.  The Committee recommended that all LABA-containing products marketed 
in the US should have a boxed warning added to their prescribing information.   
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On 18 November 2005, the FDA issued a public health advisory on Serevent, Advair® 
(fluticasone propionate/ salmeterol xinafoate, GSK) and Foradil® (formoterol, Novartis) 
requesting that new warnings be added to the labels of these products.  The updated labels 
warned that the drugs "may increase the chance of severe asthma episodes, and death when 
these episodes occur" and were changed to recommend that these products be used only as 
additional therapy for patients not adequately controlled on other asthma-controller 
medications (eg, low- to medium-dose inhaled corticosteroids) or whose disease severity 
clearly warrants initiation of treatment with 2 maintenance therapies.  Subsequently, the 
prescribing information for any LABA-containing product has included similar warnings and 
precautions.   

Therefore, when SYMBICORT pMDI was approved in the US in July 2006, the following 
boxed warning was included in the prescribing information:   

WARNING  
Long-acting beta2-adrenergic agonists may increase the risk of asthma-related death. 
Therefore, when treating patients with asthma, SYMBICORT should only be used for 
patients not adequately controlled on other asthma-controller medications (eg, low-to-
medium dose inhaled corticosteroids) or whose disease severity clearly warrants 
initiation of treatment with two maintenance therapies. Data from a large placebo-
controlled US study that compared the safety of another long-acting beta2-adrenergic 
agonist (salmeterol) or placebo added to usual asthma therapy showed an increase in 
asthma-related deaths in patients receiving salmeterol. This finding with salmeterol may 
apply to formoterol (a long-acting beta2-adrenergic agonist), one of the active ingredients 
in SYMBICORT (see WARNINGS).  

On 28 November 2007, a Pediatric Advisory Committee (PAC) meeting was held as a routine 
1-year post-exclusivity review of the safety of salmeterol in children, as mandated by the Best 
Pharmaceuticals for Children Act (BPCA).  The Office of Surveillance and Epidemiology, 
FDA, provided an analysis of observational and pharmacoepidemiology studies that had 
become available subsequent to the 2005 PADAC review, including a subgroup analysis of 
the pediatric populations in clinical trials.  

The committee recommended updating the label for LABA-containing products to convey that 
the current warnings may also apply to pediatric patients and that data are not adequate to 
determine whether the concurrent use of inhaled corticosteroids or other asthma-controller 
therapy modifies this risk.  The PAC agreed with an FDA recommendation to continue 
assessing the risks of LABAs and to seek advice from a future advisory committee.  

Consequently, in January 2008, FDA requested manufacturers of LABA-containing products 
to provide information regarding controlled clinical studies to further evaluate the safety of 
LABAs in the treatment of asthma.  Furthermore, the 10-11 December 2008 joint meeting of 
PADAC, DSaRM, and PAC, to which this briefing document relates, will review the benefits 
and risks of LABAs.  
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1.3.2 LABA-related regulatory actions and data reviews outside of the US 

Health authorities outside of the US (eg, Canada, EU and some Asian countries) have also 
required changes in the labeling information for LABA-containing products as a result of the 
2005 PADAC meeting.  In addition, in 2007 the Medicines and Healthcare products 
Regulatory Agency (MHRA) in the UK conducted a full review of the safety and efficacy of 
LABAs in the treatment of asthma and COPD.  The MHRA concluded (as published in the 
6 January 2008 MHRA Drug Safety Update) that: 

• The available genetic data do not support making alternative recommendations for 
the use of LABA in patients of black or Asian ethnic origin 

• Epidemiological data show that since the introduction of LABA, there has been a 
decrease in asthma-related hospitalizations in adolescents and a decrease in asthma-
related mortality in all ages 

• Data from randomized controlled clinical studies do not suggest a similar safety 
concern to that shown in postmarketing studies, probably because of more-
consistent use of concomitant inhaled corticosteroids in randomized controlled 
settings.  The data support the use of LABA in conjunction with inhaled 
corticosteroids in the treatment of moderate to severe asthma consistent with the 
guideline on the management of asthma from the British Thoracic Society and 
Scottish Intercollegiate Guidelines Network.  

• To aid compliance with the concomitant use of inhaled corticosteroids and LABA, a 
combination inhaler should be used when appropriate 

In 2008, the MHRA requested further information to support a therapeutic review of LABA 
use in the treatment of asthma in children under 12 years of age.  AstraZeneca provided a 
response in June 2008; no conclusions have yet been published.   

1.4 Disease background 
1.4.1 Disease pathophysiology and prevalence 

Asthma is a complex chronic disorder characterized by airflow obstruction, bronchial 
hyper-responsiveness, and underlying airway inflammation. Clinically it is characterized by 
recurrent episodes of coughing (particularly at night or early in the morning), wheezing, 
breathlessness, and chest tightness. These episodes are usually associated with widespread but 
variable airflow obstruction that is often reversible either spontaneously or with treatment. 

More than 22 million Americans have asthma, and it is one of the most common chronic 
diseases of childhood, affecting an estimated 6 million children (EPR III 2007).  Over 30 
million people in Europe are affected by asthma, with the UK having the highest prevalence in 
the world, occurring in 16% of the population (GINA 2007).  The burden of asthma affects 
patients, their families, and society in terms of days lost from work and school, lessened 
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quality of life, and avoidable emergency department (ED) visits, hospitalizations, and even 
deaths.  

Asthma increased in prevalence during 1980-1996 in the United States (Moorman et al 2007). 
Efforts have been made to address this trend by intervening at the individual patient/provider 
and the societal level to increase asthma awareness and improve adherence to asthma 
treatment guidelines. Although the exact etiology of asthma is unknown, adherence to an 
appropriate medical treatment regimen and environmental management should reduce the 
occurrence of exacerbations and lessen the hardship of this disease. 

1.4.2 Therapeutic approach to asthma 

The therapeutic approach to asthma is focused on addressing the 2 major components of the  
disease, namely inflammation and bronchoconstriction.  Although bronchodilators alone can 
reduce symptoms, long-term control of asthma requires that the underlying inflammatory 
process also be addressed.   

Asthma treatment is approached in a step-wise fashion based on level of symptomatology and 
response to therapy. The first National Asthma Education and Prevention Program (NAEPP) 
guidelines were published in 1991, and updates were made in 1997, 2002, and most recently 
in 2007 EPR III 2007.  It is important to note that prior to 2006, both Serevent and Foradil US 
labeling allowed for these LABAs to be used as monotherapy or in combination with ICS for 
the maintenance treatment of asthma.   

The current guidelines for adults and youths ≥12 years with asthma are shown in Figure 1 
below. 
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Figure 1 Stepwise approach to managing asthma in youths ≥12 years and adults, 
according to the EPR III treatment guidelines 

 

Stepwise Approach for Managing Asthma  Stepwise Approach for Managing Asthma  

in Patients Aged  in Patients Aged  12 12 Years and above Years and above 

ICS = inhaled corticosteroids; LABA = long -acting  β 2 - agonist; LTRA =  leukotriene receptor antagonist.
Adapted from National Asthma Education and Prevention Program.  Expert Panel Report 3: Guidelines for the Diagnosis and Manageme nt of Asthma (EPR - 3 2007). U.S.  
Department of Health and Human Services. Available at: http:// www.nhlbi.nih.gov/guidelines/asthma/asthgdln.pdf . Accessed August 29, 2007.

Step 1 Step 1 
Preferred: Preferred: 
SABA PRN SABA PRN 

Step 2 Step 2 
Preferred: Preferred: 

Low Low - - dose ICS  dose ICS  (A) (A) 
Alternative: Alternative: 

Cromolyn  Cromolyn  (A) (A) , , 
LTRA LTRA (A) (A) ,  ,  

Nedocromil  Nedocromil  (A (A ) ) , , 
oror

Theophylline  Theophylline  (B) (B) 

Step 3Step 3
Preferred: Preferred: 

Low Low - - dose ICS +  dose ICS +  
LABA  LABA  (A)(A)

OR  OR  
Medium Medium - - dose ICS dose ICS 

(A) (A) 
Alternative:Alternative:

Low Low - - dose ICS + dose ICS + 
either either LTRA LTRA (A)(A), , 
Theophylline Theophylline (B)(B),,

or Zileuton or Zileuton (D)(D)

Step 5Step 5
Preferred:Preferred:

HighHigh--dose ICS + dose ICS + 
LABA LABA (B)(B)

ANDAND

Consider Consider 
OmalizumabOmalizumab
for Patientsfor Patients
Who HaveWho Have

Allergies Allergies (B)(B)

Step 4Step 4
Preferred:Preferred:

MediumMedium--dosedose
ICS + LABA ICS + LABA (B)(B)

Alternative:Alternative:
MediumMedium--dose dose 

ICS + ICS + 
eithereither

LTRA LTRA (B)(B), , 
Theophylline Theophylline (B)(B),,
or Zileuton or Zileuton (D)(D)

Step 6 Step 6 
Preferred: Preferred: 

High High - - dose ICS +  dose ICS +  
LABA + Oral  LABA + Oral  

Corticosteroid Corticosteroid 
AND AND 

Consider  Consider  
Omalizumab for  Omalizumab for  
Patients Who Patients Who 
Have Allergies Have Allergies 

Intermittent Intermittent 
Asthma Asthma 

Persistent Asthma: Daily MedicationPersistent Asthma: Daily Medication
Consult with asthma specialist if Step 4 care or higher is requiConsult with asthma specialist if Step 4 care or higher is required. red. 

Consider consultation at Step 3.Consider consultation at Step 3.

Step Up IfStep Up If
NeededNeeded

(first, check (first, check 
adherence, adherence, 

environmental environmental 
control, and control, and 
comorbid comorbid 

conditions)conditions)

Step Down If Step Down If 
PossiblePossible

(and asthma is (and asthma is 
well controlled at well controlled at 
least 3 months)least 3 months)

Assess Assess 
ControlControl

Quick Quick - - Relief Medication for All Patients Relief Medication for All Patients 
• • SABA as needed for symptoms. Intensity of treatment depends on sSABA as needed for symptoms. Intensity of treatment depends on severity of symptoms: up to 3 treatments at  everity of symptoms: up to 3 treatments at  

20 20 - - minute intervals as needed. Short course of systemic oral corticminute intervals as needed. Short course of systemic oral corticosteroids may be neededosteroids may be needed
• • Use of SABA >2 days a week for symptom relief (not prevention ofUse of SABA >2 days a week for symptom relief (not prevention ofEIB) generally indicates inadequate control  EIB) generally indicates inadequate control  

and the need to step up treatment and the need to step up treatment 

Each Step: Patient education, environmental control, and managemEach Step: Patient education, environmental control, and managem ent of comorbidities ent of comorbidities 
Steps 2 Steps 2 - - 4: Consider subcutaneous allergen immunotherapy for patients who4: Consider subcutaneous allergen immunotherapy for patients who have allergic asthma have allergic asthma 

 

 

The current guidelines reaffirm that ICS is the preferred long-term control therapy for all ages.  
As noted in the figure, LABAs used as an adjunct to ICS therapy are preferred in Steps 3 and 
higher to provide long-term control of asthma symptoms; the addition of LABA to low-dose 
ICS has equal weight with the option of increasing from a low- to a medium-dose of ICS for 
youths ≥12 years and adults who have moderate persistent asthma or asthma inadequately 
controlled on low-dose ICS.  This Step 3 recommendation represents the most significant 
difference in the 2007 update of the guidelines with regard to LABA use; previously the 
addition of LABA to low-dose ICS in that patient population was the preferred treatment 
option.   

The guidelines suggest that selection of a treatment option at Step 3 should weigh the “high 
quality evidence demonstrating the benefits of adding LABA to low-dose ICS against the 
potential risk of rare life-threatening or fatal exacerbations with the use of LABA.”  They 
acknowledge that comparator studies demonstrate significantly greater improvements when 
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LABA is added to ICS compared to other adjunctive therapies.  Furthermore, the addition of 
LABA to ICS more consistently results in improvements in the impairment domain and 
reduces the frequency of exacerbations to a greater degree than increasing the dose of ICS.  If 
the risk domain is of particular concern, then a balance of potential risks needs to be 
considered.  LABA in combination with ICS is the preferred treatment option in Steps 4 
through 6, ie for patients with increasing asthma severity. 

The Global Initiative for Asthma (GINA 2007) guidelines concur with the above, in that 
LABAs are not recommended as monotherapy, but when used in combination with ICS are 
the preferred treatment for asthma patients ≥5 years when a medium dose of ICS fails to 
achieve asthma control.  The impact of the recent discussion on LABA safety was an 
increased emphasis in the 2007 update of the GINA guideline on the importance of only using 
LABA in combination with an appropriate dose of ICS.  

These guidelines illustrate the limited number of therapeutic options for asthma treatment, 
especially for patients with more severe disease.   

1.4.3 Epidemiology of asthma since introduction of inhaled β2-agonists  

Initial concerns regarding the use of SABAs arose as a result of two “epidemics” of asthma 
deaths (for review, see Nelson 2006).  The first (in the UK and other countries), lasting from 
1959 to 1966, was temporally linked to the introduction of a new inhaler delivering a higher 
dose of isoproterenol than that used in other countries.  The second, in the late 1970’s in New 
Zealand, was linked to use of fenoterol, a SABA dispensed at a higher relative dose than 
albuterol.   

Salmeterol was introduced in the US as a monotherapy in 1994, and then as a single inhaler 
combination therapy with fluticasone in 2000.  Foradil (formoterol fumarate inhalation 
powder) was introduced in US as a monotherapy in 2001, and as a single inhaler combination 
therapy with budesonide (SYMBICORT) in 2007.   

Initial concerns about the safety of LABAs were based on findings from the SNS and SMART 
studies, which both evaluated salmeterol. Subsequent to this, some meta-analyses heavily 
weighted by the SMART study attributed an increase in asthma-related mortality to the use of 
LABAs (eg, Salpeter et al 2006). It should be noted that evaluation of mortality trends are 
complicated by methodological issues, specifically, the change from International 
Classification of Diseases Ninth Revision (ICD-9) to International Classification of Diseases 
Tenth Revision (ICD-10) coding for deaths in 1999 interrupted the previous mortality trend 
line.  However, even taking this into account, the rate of asthma deaths has decreased each 
year since 2000, despite increasing use of LABAs for asthma treatment.  Concurrently, there 
has been no observed increase in rates of asthma-related hospitalizations or hospital out-
patient and emergency department visits (Moorman et al 2007).  Consistent with guideline 
changes, 85% of LABA use in the US is now in the form of combination ICS/LABA 
treatment (Wijesinghe et al 2008).  
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In Canada, asthma mortality and hospitalization rates have decreased continuously both before 
and after the 1999 implementation of the ICD-10 (Public Health Agency of Canada 2007), and 
in the UK, asthma mortality rates have gradually been declining since the late 1980s; current 
mortality rates are generally lower than those seen in 1960 (Anderson et al 2007).  A case 
control study investigating the association between bronchodilator treatment and death from 
asthma in the UK between 1994 and 1998 (Anderson et al 2005) found that use of LABA was, 
if anything, associated with an inverse association with asthma mortality.  Others have drawn 
similar conclusions (eg, DiSantostefano et al 2008).   

Therefore, there is no evidence from epidemiological data that the introduction of LABAs has 
been associated with an increase in mortality or hospitalizations due to asthma; rather, there is 
some evidence to indicate that the introduction of LABAs and ICS/LABA combinations has 
been associated with a reduction in asthma-related mortality.  

1.5 Pharmacology of long-acting β2-agonists 
Formoterol and salmeterol are classified as long-acting β2-agonist because they have a longer 
duration of effect than previously available short-acting β2-agonist, i.e., more than 12 hours.  
However, they have different chemical structures and resulting pharmacological profiles.  For 
example, salmeterol is >20-fold more lipophilic than formoterol; the property of lipophilicity 
is reflected in how a molecule interacts with cells and tissues, its onset of action, clearance, 
and accumulation (Anderson et al 1994).  

The LABA, formoterol, has a rapid onset of action, similar to that of SABAs (Seberova and 
Andersson 2000) and faster than that of salmeterol (Palmqvist et al 1997).  This difference in 
onset of action is thought to result in part from the difference in lipophilicity, the more 
hydrophilic nature of formoterol resulting in rapid diffusion through the lipid bilayer and to 
the active site of the receptor (Anderson et al 1994).  The clinical implication is that 
formoterol relieves bronchoconstriction as rapidly as SABAs. As a result there has been a 
change in nomenclature in the GINA guideline from “short-acting” to “rapid-acting” 
β2-agonist, recognizing that formoterol has both rapid-onset and long-acting characteristics.   

Consistent with other β2-agonists, formoterol and salmeterol cause dose related changes in 
heart rate, diastolic blood pressure, and plasma glucose and potassium concentrations (Guhan 
et al 2000).  For formoterol, it has been shown that tolerance develops to systemically 
mediated effects such as palpitations, tremor and effect on serum potassium during regular 
high or moderate dose treatment (Rosenborg et al 2000, Tötterman et al 1998).  Systemically 
mediated side effects have a short duration, comparable to that for SABAs.  Simultaneously 
accounting for local bronchodilating and systemic effects indicated that the relative 
therapeutic index (i.e., the ratio of therapeutic indices) is favorable for formoterol in 
comparison with the rapid but short-acting salbutamol (Rosenborg et al 2002).  

1.6 Published literature since the 2007 Advisory Committee meeting 
A selection of meta-analyses related to the safety of LABAs, published after the Advisory 
Committee meeting in 2007, are briefly reviewed in Appendix E.  These publications include 
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data that contribute to the scientific debate regarding LABA safety.  The data from pediatric 
patients are relatively limited in these publications. Because the meta-analysis by Salpeter and 
colleagues was central to the 2007 Advisory Committee discussion, it is also critiqued in 
Appendix E. 

2. BENEFIT/RISK OF FORMOTEROL IN ASTHMA PATIENTS 

2.1 Benefits of formoterol 
2.1.1 LABAs as a therapeutic option 

Despite improvements in asthma control observed following initiation of ICS, a substantial 
proportion of asthma sufferers, both adult and pediatric, continue to have impairment of lung 
function, regular symptoms and occasional exacerbations leading to emergency room 
treatment or hospitalizations (EPR III 2007).  Prior to the introduction of LABAs, therapeutic 
options for these patients were limited to increased use of SABAs in combination with high 
dose ICS, methylxanthines (eg, theophylline), or even oral corticosteroids.  

The advent of LABAs provided important additional clinical benefit compared with ICS 
treatment alone.  Formoterol reduced severe exacerbations both when added to a low (100 μg 
bid) and to a higher (400 μg bid) dose of budesonide in patients with moderate to severe 
asthma, in addition to improving lung function and symptoms (Pauwels et al 1997).  In 
patients already receiving ICS, adding formoterol was more effective than doubling the ICS 
dose (O’Byrne et al 2001).   

Today, there remain a limited number of therapeutic options for asthma treatment beyond ICS.  
For patients not controlled on ICS treatment alone (eg, low to medium dose), the alternative 
treatment options other than the addition of LABAs are to increase the ICS dose or to use 
other adjunctive treatment such as theophylline or leukotriene modifiers. For the most severe 
patients, consideration of chronic therapy with injectables such as omalizumab or use of oral 
corticosteroids may also be considered. Most of these options are recognized to have limited 
additional effectiveness and in some cases incur the risk of significant short and long-term 
toxicity. Ultimately, in patients inadequately controlled on maintenance therapy and 
experiencing asthma worsening, adjunctive medications with potential undesirable side 
effects, such as oral corticosteroids, may be necessary (EPR III 2007).  

The benefits of LABA treatment have been summarized in a large number of reviews and 
evidence-based analyses (eg, OHSU draft, 2008).  In addition, the recognized benefits of 
LABA treatment form the basis for their preferred status as adjunctive therapy in treatment 
guidelines (EPR III 2007, GINA 2007).  In summary, there is consistent evidence: 

• ICS is an effective monotherapy for the treatment of mild-to-moderate asthma.  
LABAs should only be used as additional therapy for patients not adequately 
controlled on other asthma controller medications, eg, low-to-medium dose ICS. 
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• The addition of a LABA to an ICS provides greater efficacy than continuing with 
the current dose of ICS alone for patients with poorly controlled persistent asthma, 
based on a variety of variables, including lung function, asthma symptoms, asthma 
exacerbations and health-related quality of life, and adjunctive medication 
requirements.  For children, the demonstrated benefit has generally been limited to 
lung function variables.  

• The addition of a LABA to an ICS provides greater efficacy than a higher dose of 
ICS for adults and adolescents with persistent asthma, based on symptom-related 
variables.  There is also a trend towards fewer asthma exacerbations, but not 
statistically significant in meta-analyses.  There are insufficient published data to 
draw similar conclusions in children under 12 years.   

2.1.2 AstraZeneca data demonstrating the clinical benefit of formoterol 

2.1.2.1 Initial trials demonstrating benefit of budesonide + formoterol 

The advent of LABAs provided important additional clinical benefit compared with ICS 
treatment alone. The clinical benefits of combination therapy with budesonide and formoterol 
were first demonstrated in the landmark FACET and OPTIMA trials.  In these studies, the 
overall effectiveness of ICS plus a LABA on measures of control was demonstrated for low 
and high doses of ICS in patients with a range of asthma severity.  In patients already 
receiving ICS, adding formoterol was more effective than doubling the ICS dose (O’Byrne et 
al 2001). As seen in Figure 2, the FACET study, which evaluated moderate-to-severe asthma 
patients, demonstrated that formoterol (“F” in Figure 2) reduced severe exacerbations both 
when added to a low (100 μg bid, “BUD200” in Figure 2) and to a higher (400 μg bid, 
“BUD800” in Figure 2) dose of budesonide, in addition to improving lung function and 
symptoms (Pauwels et al 1997).   
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Figure 2 Effect on severe asthma exacerbations of adding formoterol to both a low 
and a high dose of ICS in Study 37-3018 

 

The AstraZeneca clinical trials database generally reflects the international asthma treatment 
guidelines and labeling for formoterol-containing products, ie, most subjects studied received 
concomitant anti-inflammatory medication along with a LABA.  

As of December 2006, AstraZeneca had studied over 72,000 subjects with mild, moderate, 
and severe asthma in 64 clinical trials of 3-12 months duration.  Of these subjects, 
approximately 50,000 were treated with formoterol-containing products.  Overall, the 
population included subjects with a wide range of demographic characteristics and baseline 
asthma severity. These studies confirmed the benefit of treatment with LABA alone and in 
combination with ICS on clinical endpoints, including lung function, asthma symptoms, 
health-related quality of life, and asthma exacerbations.  

2.1.2.2 Clinical benefits of SYMBICORT pMDI  

The clinical program that specifically supported the 2006 FDA approval of SYMBICORT 
pMDI included data from 31 clinical studies (16 phase II/III trials) in which 9315 subjects 
aged 6 and above were evaluated; a total of 6434 of these subjects received SYMBICORT 
pMDI.  The program evaluated the safety and efficacy of 3 doses of SYMBICORT pMDI 
(80/9 μg bid, 160/9 μg bid, and 320/9 μg bid) with the objective of demonstrating that 
SYMBICORT pMDI provides greater efficacy benefits than each of the individual 
components formoterol and budesonide and that there was no increased risks beyond that of 
the well established individual components.  Overall, the population included subjects with a 
wide range of demographic characteristics and baseline asthma severity, with both sexes, 
various races, and subjects with mild, moderate, and severe asthma well represented.  

Findings from the 2 pivotal studies, SD-039-0716 and SD-039-0717 (Corren et al 2007, 
Noonan et al 2006) that supported FDA approval are presented below.  SYMBICORT pMDI 
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dosages of 160/9 μg, and 320/9 μg twice daily (each dose administered as 2 inhalations of the 
80/4.5- and 160/4.5-μg strengths, respectively) were compared with the monocomponents 
(budesonide and formoterol) and placebo to provide information about appropriate dosing to 
cover a range of asthma severity. In these two clinical studies, improvements in key efficacy 
endpoints were greater with SYMBICORT pMDI than with the use of either budesonide or 
formoterol alone.  In addition to these two pivotal studies, safety and effectiveness of 
SYMBICORT pMDI in patients 12 years of age and older were demonstrated in studies up to 
12 months (Peters et al 2008, Morice et al 2008a, Busse et al 2008) that included long-term 
exposure to a high dose of SYMBICORT pMDI (1280/36 μg/day, twice that of the highest 
recommended dose). 

An indication for twice-daily use in pediatric subjects (6 to <12 years of age) was not sought 
in the original NDA because chemistry manufacturing and control (CMC) information was 
still being generated to support the approval of the 40/4.5 μg formulation strength (80/9 μg 
dose).  However, an sNDA is currently under FDA review to support approval of 
SYMBICORT pMDI for the long-term maintenance treatment of asthma in patients 6 years of 
age and older; see Section 3.1.2 for additional details.  

Study SD-039-0717 was a randomized, double-blind, parallel-group, 12-week study 
comparing SYMBICORT pMDI with placebo and with each of its components as 
monoproducts in asthma patients 12 years and older.  The co-primary efficacy variables were 
predose FEV1 and baseline-adjusted average 12-hour postdose FEV1.  Figure 3 demonstrates 
the change in predose FEV1 from baseline (“Day 1 predose FEV1” in the figure) to end of 
treatment (up to 12 weeks, identified as “Final visit [EOT] predose FEV1” in the figure).  In 
addition, 12-hour postdose FEV1 is shown at end of treatment.  With regard to both co-
primary endpoints, the ICS/LABA combination showed superiority over placebo and each 
monoproduct. 
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Figure 3 Change from baseline in FEV1 at end of treatment in Study SD-039-0717 

 

  

In addition, for key secondary endpoints (percentage of subjects who had a predefined asthma 
event; asthma symptoms as measured by percentage of symptom-free days; and health-related 
quality of life as assessed by the overall AQLQ[S] score), SYMBICORT pMDI also showed 
superiority over both placebo and over the monoproducts.   

Time to first predefined asthma event was assessed as a measure of asthma control, and was 
longer for patients treated with combination of budesonide and formoterol compared to those 
treated with placebo, formoterol, and budesonide (see Figure 4).   
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Figure 4 Time (days) to first CRF predefined asthma event in Study SD-039-0717: 
Kaplan-Meier survival curves  
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For the second pivotal study, SD-039-0716 (figures not included in this document), results for 
the co-primary and most secondary efficacy variables were similar to the findings presented 
above. However, because the patient population had somewhat less severe disease, parity to 
ICS was observed for some secondary measures of asthma control. 

In both pivotal studies, following the initial dose of SYMBICORT, FEV1 improved markedly 
during the first 2 weeks of treatment, continued to show improvement at the Week 6 
assessment, and was maintained through Week 12.  

No diminution in the 12-hour bronchodilator effect was observed with either SYMBICORT 
160/9 μg or SYMBICORT 320/9 μg twice daily, as assessed by FEV1, following 12 weeks of 
therapy or at the last available visit. 

Reduction in asthma symptoms and in albuterol rescue use, as well as improvement in 
morning and evening PEF, occurred within 1 day of the first dose of SYMBICORT; 
improvement in these variables was maintained over the 12 weeks of therapy. 

In addition to the US clinical program, a clinical trial program bridging the SYMBICORT 
pMDI to the SYMBICORT TURBUHALER was conducted to support approval of 
SYMBICORT pMDI in the EU.  All therapeutic equivalence studies in this program achieved 
their primary and secondary objectives of showing superiority over budesonide as 
monotherapy and therapeutic equivalence of SYMBICORT pMDI to SYMBICORT 
TURBUHALER.  These results further support the relevance of the OXIS and SYMBICORT 
TURBUHALER data to the benefit/risk assessment of formoterol. 

2.1.3 Summary of clinical benefit 

In patients 12 years and above, the benefit of formoterol in combination with budesonide over 
ICS or LABA monotherapy, has been unequivocally demonstrated in numerous AstraZeneca 
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clinical trials.  These benefits include improvements across a range of measures of asthma 
control such as lung function; asthma worsening and exacerbations; asthma symptoms, use of 
rescue medication, and asthma-related quality of life measures in patients with moderate and 
severe asthma.  Many of these benefits are apparent even when compared to high-dose 
ICS monotherapy.  These conclusions are consistent with approved labeling and current 
evidence-based treatment guidelines, and demonstrate that SYMBICORT is an important 
therapeutic option for patients not adequately controlled on other asthma-controller 
medications (eg, low- to medium-dose inhaled corticosteroids) or whose disease severity 
clearly warrants initiation of treatment with 2 maintenance therapies.  

2.2 Assessment of risk profile of formoterol during randomized 
treatment in clinical trials 

The safety of formoterol is supported by extensive data from clinical trials and postmarketing 
use. As of December 2006, AstraZeneca had studied over 72,000 subjects with mild, 
moderate, and severe asthma in 64 clinical trials of 3-12 months duration.  Of these subjects, 
approximately 50,000 were treated with formoterol-containing products.  In addition, as of 
30 September 2008, the estimated postmarketing exposure to AstraZeneca 
formoterol-containing products approached 6 billion treatment days (SYMBICORT pMDI 
>48 million, SYMBICORT TURBUHALER >4.4 billion, OXIS TURBUHALER >1.4 
billion).  

The following sections review the safety information requested by the FDA, with particular 
focus on asthma-related serious adverse events (deaths, hospitalizations, and intubations).  
AstraZeneca has also provided additional analyses that we believe are relevant in the 
discussion of the safety of formoterol. 

2.2.1 Methodology 

2.2.1.1 Selection of data 

The safety data presented in this briefing document were selected on the basis of criteria 
outlined by the FDA in their requests for data from AstraZeneca and other pharmaceutical 
sponsors.  As previously noted, safety information for all formoterol-containing products 
marketed by AstraZeneca was considered relevant although only SYMBICORT pMDI is 
currently approved in the US.  

The criteria for inclusion were as follows: 

• All blinded, parallel-arm, randomized, controlled trials conducted with LABA in 
treatment of asthma 

• Trials in which the compound was administered as randomized treatment with or 
without ICS or other adjunctive therapy 

• Both placebo and active-controlled trials 
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• Trials in which there was a randomized, blinded phase followed by an open-label 
extension, but only including the blinded phases of the trial 

• Randomized, double-blind, cross-over trials, but only the first period 

• Trials in which unblinded and unlocked data were available 1 January 2008 

The criteria for exclusion were as follows:  

• Trials in indications other than asthma, uncontrolled trials, or trials primarily to 
obtain clinical pharmacology data 

Note that according to the FDA request, only events occurring during randomized treatment 
are included in the primary analyses in this briefing document.  Thus, events with an onset 
date after the date of last dose are not included in analyses.  However, for the sake of 
completeness, deaths (any cause), intubations, and asthma-related hospitalizations with an 
onset date after the date of last dose are also briefly discussed.  

2.2.1.2 Adjudication of data 

The FDA gave recommendations for the following standardized procedure for adjudicating all 
serious adverse events for the selected trials: “All serious adverse events reported in the trials 
should be reviewed, in a manner blind to treatment, to determine whether the event involved 
death, hospitalization or intubation.  For events involving one or more of these outcomes, it 
should be determined whether the event occurred in the setting of an acute asthma 
exacerbation or was otherwise asthma-related. The determination of asthma-relatedness 
should be based on the clinical judgment of at least one physician (blind to treatment) it may 
be useful to have more than one physician review the events for asthma-relatedness, especially 
if the determination is not obvious. Please do not rely upon the coded adverse event term to 
determine asthma-relatedness, as the reliability and validity of the specific terms for asthma 
may be variable.”  

AstraZeneca identified 1357 SAEs from clinical trials meeting the outlined inclusion criteria.  
The narratives for these SAEs were re-blinded prior to the implementation of the following 
3-step adjudication procedure, conducted by physicians who were blinded to treatment.  

1. An AstraZeneca Patient Safety physician deselected all SAEs from the 1357 that 
clearly did not belong to any of the relevant categories (all-cause death, asthma-
related death, asthma-related intubation, or asthma-related hospitalization). 

2. Two AstraZeneca physicians with training as specialists in pulmonology 
independently adjudicated all remaining narratives (n=477). 

3. A third AstraZeneca specialist in pulmonology assessed and adjudicated any cases 
where agreement between the physicians was not reached in Step 2 (n=3).  
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Only adjudicated data are presented here, and thus the results are not necessarily identical with 
previously published results.  For example, the recently published summary of AstraZeneca 
formoterol safety data (Sears et al 2008) includes open-label studies (eg the RELIEF study 
with approximately 18,000 participants [Pauwels et al 2003]) and SAEs that did not require 
hospital admission that were excluded from the adjudicated data.  However, the conclusions 
reached based on the adjudicated data do not differ substantially from those previously 
published based on unadjudicated data.  

2.2.1.3 Disposition of safety results 

The following presentations show results for the combined adjudicated population, including 
patients of all ages, by randomization to formoterol-containing treatment vs non-LABA 
treatment; these groups will hereafter be referred to as “formoterol-exposed” and 
“non-LABA-exposed,” as outlined in Table 1.  A later section (Section 3) will show 
corresponding results for the pediatric population (ie, a subset of the above).  An overview of 
the design of included trials can be found in Appendix A and safety results are summarized by 
trial in Appendix B.  Only studies including a non-LABA comparator are included in the 
summary presentations; however, for the sake of completeness, Appendix B includes a 
by-study presentation of results for studies in which all treatment arms included a LABA (not 
including open label studies).   

Furthermore, asthma-related adverse events as presented in the SYMBICORT pMDI 4-month 
safety update and the pediatric sNDA are included as Appendix D.  In these submissions 
asthma events or potentially asthma-related events were defined and categorized consistent 
with data from another clinical program with the same LABA (formoterol delivered as Foradil 

Aerolizer, Novartis Pharmaceuticals) in the 13 July 2005 PADAC meeting.  In the 
SYMBICORT pMDI clinical program, there were no deaths or findings of concern; however, 
the study population was of insufficient magnitude to draw definitive conclusions.  

In addition to analyses based on the data provided to the FDA, certain analyses considered to 
be of interest have been done (within the same population) which are not directly verifiable 
from the database provided to the FDA.  These include asthma-related SAEs, total number of 
asthma-related hospitalizations, and discontinuations due to any cause.  The analysis of 
discontinuations is based on summaries in the individual clinical study reports. These analyses 
will be presented in Section 2.2.7. 

2.2.1.4 Statistical analysis 

In addition to a descriptive presentation of results, the risks of all-cause mortality and asthma-
related events have been analyzed.  This has been done in two ways, one using a simple 
pooled unstratified analysis and one using stratification by study (Mantel-Haenszel approach 
adjusted for exposure).  The pooled analysis simply combines treatment arms across trials and 
compares event totals between LABA and non-LABA containing groups; all trials are 
included, even those with no events, though no allowance is made for possible differences 
between trials in this analysis which could lessen the comparability between groups and 
possibly introduce a degree bias.  The stratified analysis combines the data differently, 
allowing for possible differences between trials and thus reduces the likelihood of bias.  For 
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the assessment of relative risk, this approach only includes trials with at least one event, 
though the related and subsidiary risk difference analysis is stratified by trial and includes all 
trials, even those with no events.  Among the 23,510 patients included in this dataset there was 
no asthma-related deaths and only 1 intubation during randomized treatment; thus too few 
events to perform a statistical analysis.  

In the pooled unstratified analysis, differences in risks were expressed by the odds ratio (OR) 
with the associated 95% confidence interval and p-value calculated with an exact method 
(StatXact® version 8.0.0; Cytel® Inc., Cambridge, USA). Due to the low frequency of events 
in these analyses the odds ratio is a good approximation of relative risk (RR). Therefore the 
presented odds ratios may well be interpreted as relative risks.   

Because some patients may experience multiple asthma-related hospitalizations, a description 
of the rate of asthma-related hospitalizations allowing for multiple events within a patient was 
calculated via a Poisson regression adjusting for exposure time (StatXact®). 

Mantel-Haenszel estimates of relative risk 

For each event of interest, data were combined across trials using the Mantel-Haenszel 
approach to estimate the overall relative risk via Breslow and Day (Breslow and Day 1987).  
This approach allows for differing exposure times between groups.  Confidence intervals were 
provided using the method described by Robins et al (Robins et al 1986).  Note that only trials 
with at least one event will contribute to this overall RR estimate.  A subsidiary Mantel-
Haenszel risk difference analysis was therefore performed, which includes all trials 
(Greenland and Robins 1985).  As expected, these results were in line with Mantel-Haenszel 
relative risk analysis and thus only the relative risk results are presented in this document. 

Overall event rates for formoterol-containing and non-LABA treatments across trials were 
provided using a weighted average corresponding to the Mantel-Haenszel estimate of the 
common relative risk.  In this way, incidence rates for formoterol-containing and non-LABA 
treatments were consistent with the overall Mantel-Haenszel relative risk estimate in that the 
ratio of incidence rates (formoterol-containing/non-LABA) would exactly equal the overall 
relative risk.  Confidence intervals (CIs) for within treatment events rates were calculated 
using a normal approximation (Greenland and Robins 1985).   

For individual studies, a descriptive 95% credibility interval for the RR was provided using 
the method of Barker and Cadwell (Barker and Cadwell 2008) with an uninformative uniform 
prior; the median of the posterior distribution was used to provide a point estimate for the 
relative risk.  These were provided to account for individual studies in which no events were 
observed, as this interval is calculable even when the number of events within each treatment 
group is equal to 0.  The credibility interval quickly converges with the conventional 
asymptotic CI for the event rate ratio as the number of events increases. 
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Visual display of individual trial and overall relative risk estimates  

Throughout this document, where the overall Mantel-Haenszel relative risk for a given event 
has been calculated, the results are displayed visually along with individual trial data in a 
forest plot format.   The individual trial data are plotted with the point estimate represented by 
a box symbol for which the relative size is governed by the total number of events observed in 
that trial, ie the smaller the box size the fewer events occurred in that trial.  Each trial in the 
forest plot is labelled by both the study number and the number of events/total exposure in 
patient-years in the formoterol-exposed group versus the number of events/total exposure in 
years in the non-LABA-exposed group.   For the individual studies, 95% credibility intervals 
are presented to ensure all trials are accounted for, including those in which no events were 
observed. 

Kaplan Meier survival curves 

Survival curves of the Kaplan Meier type were used to describe the time pattern of the 
occurrences of the events.   

2.2.1.5 Overview of dataset 

The data for formoterol-containing products is derived from SYMBICORT pMDI, 
SYMBICORT TURBUHALER and OXIS TURBUHALER trials.  The contribution of each 
product to the “formoterol-exposed” treatment group as well as the “non-LABA” treatment 
group are summarized in Table 1.  Note that in the majority of cases, the formoterol was 
received in conjunction with ICS.  The dataset included a total of 23,510 patients, whereof 
13,542 received formoterol-containing products.  Of the patients in the formoterol-exposed 
group, approximately 20% received SYMBICORT pMDI.  

Table 1 Overview of dataset (adjudicated data, all ages) 

Treatment Patients 
(N) 

Total exposure (1000 
treatment years) 

Dose 

Formoterol-exposed patients 

OXIS TURBUHALER 2690 1.33 9, 18, 36 μg; prn 

OXIS TURBUHALER + 
PULMICORT TURBUHALER/pMDI 

2328 0.96 Range 160/9 to 1280/36 μg 

SYMBICORT TURBUHALER 5861 3.24 Range 80/4.5 to 1280/36 μg; 
maintenance and prn: adjustable 
dosing 

SYMBICORT pMDI 2663 0.95 Range 160/9 μg to 1280/36 μg 

Total  13542 6.49  

Non-LABA-exposed patients 

PULMICORT TURBUHALER/pMDI 6913 3.74 Range 160 μg to 1280 μg 

Terbutaline 1285 0.71 2000 μg; prn 

Placebo 1374 0.43  
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Table 1 Overview of dataset (adjudicated data, all ages) 

Treatment Patients 
(N) 

Total exposure (1000 
treatment years) 

Dose 

Fluticasone 396 0.05 500 μg 

Total 9968 4.92  

Total – all trials 23510 11.41  

 

2.2.2 Baseline characteristics of the adjudicated population (all ages) 

Baseline characteristics for the entire adjudicated population (all ages) are shown in Table 2.   

Table 2 Baseline characteristics (adjudicated population, all ages) 

  Treatment group 
Parameter Class Formoterol-

exposed 
(N=13542) 

Non-LABA-
exposed  
(N=9968) 

Total  
(N=23510) 

Age (years) N 13542 9968 23 510 
 Mean 33.9 34.8 34.2 
 Range 4.0-87.0 4.0-87.0 4.0-87.0 
Age group 4-11 years 2155 (15.9%) 1268 (12.7%) 3423 (14.6%) 
 12-17 years 1515 (11.2%) 1155 (11.6%) 2670 (11.4%) 
 ≥18 years 9872 (72.9%) 7545 (75.7%) 17417 (74.1%) 
Sex Female 7175 (53.0%) 5264 (52.8%) 12439 (52.9%) 
 Male 6367 (47.0%) 4704 (47.2%) 11071 (47.1%) 
Race Asian 1026 (7.6%) 678 (6.8%) 1704 (7.2%) 
 Black or African American 436 (3.2%) 252 (2.5%) 688 (2.9%) 
 White 11 355 (83.9%) 8567 (85.9%) 19 922 (84.7%) 
 Other 711 (5.3%) 464 (4.7%) 1175 (5.0%) 
 Unknown 14 (0.1%) 7 (0.1%) 21 (0.1%) 
BMI at entry (kg/m2) N 13 385 9908 23 293 
 Mean 24.7 24.8 24.7 
 Range 11.1-64.7 11.7-58.8 11.1-64.7 
FEV1 at baseline (%PN) N 13 011 9537 22 548 
 Mean 79.9 79.9 79.9 
 Range 19.0-180.0 18.0-175.0 18.0-180.0 
ICS use at baseline No 1775 (13.1%) 1980 (19.9%) 3755 (16.0%) 
 Yes 11 767 (86.9%) 7988 (80.1%) 19 755 (84.0%) 
Smoker at baseline No 7604 (56.2%) 6199 (62.2%) 13 803 (58.7%) 
 Yes 689 (5.1%) 693 (7.0%) 1382 (5.9%) 
 Unknown 5249 (38.8%) 3076 (30.9%) 8325 (35.4%) 
Region US 2849 (21.0%) 1432 (14.4%) 4281 (18.2%) 
 Non-US 10 693 (79.0%) 8536 (85.6%) 19 229 (81.8%) 
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2.2.3 All-cause mortality in the adjudicated population 

2.2.3.1 All-cause mortality in trials comparing formoterol-exposed vs non-LABA  

Table 3 presents the number of patients who died due to any cause (including asthma) during 
randomized treatment.  Overall the number of deaths from any cause was low (7 of 23,510).  
There were 3 deaths in patients on formoterol-containing treatment and 4 deaths in patients on 
non-LABA treatment.  For Subject SD-037-0345/181/30801 of the formoterol-containing 
group, the original cause of death was reported as status asthmaticus; however, adjudication 
determined that cause of death was septic shock.  A short description of the 7 deaths is 
presented in Table 4 and narrative descriptions can be found in Appendix C.  There were no 
deaths during randomized treatment for any treatment group in the clinical studies contained 
in the US NDA for SYMBICORT pMDI.   

Table 3 All-cause mortality during randomized treatment (adjudicated 
population, all ages) 

 Formoterol-exposed Non-LABA-exposed Total 

Patients (N) 13542 9968 23510 

Total exposure (1000 treatment years) 6.49 4.92 11.41 

Number  (%) of  deaths 3 (0.02%) 4 (0.04%) 7 (0.03%) 

Deaths / 1000 treatment years 0.46 0.81 0.61 
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Table 4 Brief description of all-cause deaths during randomized treatment    

Study code/ 
Centre/ Patient No 

Age/ 
Sex/ 
Race 

Randomized treatment (daily dose) ENDTR
TDY 

EVENT
DAY 

ENDTRTDY 
-EVENTDAY  

Onset in relation 
to last dose 

Days since 
randomization 
when death 
occurred 

Cause of death 

Formoterol-exposed patients        

SD-037-0345/181/30801 35/F/X PULMICORT_OXIS_TBH (160/9) 241 237 4 Before 247 Status asthmaticusa 
Septic shock; 
Pneumonia 

SD-039-0349/401/578070 36/M/C SYMBICORT_TBH (640/18) 1 1 0 Same day 1 Completed suicide 

SD-039-0668/286/248 73/F/C SYMBICORT_TBH_SYMBICORT_TB
H_prn (320/9/160/4.5 prn) 

229 214 15 Before 330b Metastases to 
peritoneum 

Non-LABA -exposed patients        

BU-543-0681A/1/1304 67/F/C PULMICORT_TBH (640) 3 3 0 Same day 4 Cerebral hemorrhage 

SD-039-0668/153/945 55/M/C PULMICORT_TBH_BRICANYL_TBH
_prn (640/400 prn) 

91 91 0 Same day 91 Myocardial infarction 

SD-039-0668/153/946 46/F/C PULMICORT_TBH_BRICANYL_TBH
_prn (640/400 prn) 

362 316 46 Before 347 Hypertropic 
cardiomyopathy 

SD-039-0673/572/1742 66/M/O PULMICORT_TBH_BRICANYL_TBH
_prn (640/400 prn) 

304 304 0 Same day 308 Deathc 

a Adjudication determined that cause of death was not status asthmaticus.  Patient was intubated for severe asthma which deteriorated to an antibiotic-resistant nosocomial infection. Patient 
developed pneumonia and sepsis. Probable cause of death was septic shock. See Appendix C for narrative. 

b Cancer diagnosed during treatment. Study drug stopped on day 229. Patient subsequently died due to the cancer. 
c Cause of death unknown. Patient experienced loss of consciousness and cyanosis and died 4 days later.σ 
ENDTRTDY Days on randomized treatment;  EVENTDAY Day of onset of event leading to death. 
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Figure 5 displays the overall Mantel-Haenszel (M-H) relative risk estimate and 95% CI of 
all-cause mortality, stratified by study and adjusted for total exposure times between the 
treatment groups.  Note that although estimates of relative risk (RR) within individual studies 
are also presented (solid boxes), only studies with at least one event have contributed to the 
overall M-H estimate (solid triangle).   

The relative size of each point estimate has been weighted as a function of the total number of 
events observed, ie the smallest solid boxes represent studies in which no events occurred. 
Each study in the analysis has been labelled by both the study number and the number of 
events/total exposure in years in the formoterol-exposed group versus the number of 
events/total exposure in years in the non-LABA group. For the individual studies, 
95% credibility intervals are presented to also include studies in which no events were 
observed. 
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Figure 5 Relative risk estimates of all-cause mortality during randomized 
treatment, overall (Mantel-Haenszel) and by individual trial  
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In general, RR estimates among individual studies are generally centered around the left of the 
line of unity, representing no increased risk for formoterol- versus non-LABA-exposed 
patients.   

The overall M-H estimate of RR (shown as the solid triangle at the bottom of Figure 5 and 
presented in Table 5) stratified by study and adjusting for total exposure time, was 0.64 (95% 
CI: 0.14 to 2.92), again indicating no increase in risk for formoterol- versus non-LABA-
exposed patients.  Note that only the 5 studies with at least 1 event contributed to this 
estimate.  Potential differences in risk across individual studies were examined using a chi-
square test for homogeneity (p=0.311), indicating no evidence of heterogeneity of relative risk 
across the studies. 

Table 5 presents summary output for the overall M-H analysis of RR for all-cause mortality.  
Crude event rates (calculated as number of events divided by total exposure) within treatment 
are presented. Event rates using a weighted average corresponding to the M-H estimate of the 
common relative risk, ie, adjusting for differences in size and duration of individual trials are 
similar to the crude rates.  Event rates are lower for formoterol- versus non-LABA-exposed 
patients by either estimate.   

Table 5 Stratified Mantel-Haenszel analysis for all-cause mortality during 
randomized treatment   

    Mantel-Haenszel analysis 

Treatment No. of 
events 

Total 
exposure 
(years) 

Crude event 
ratea 

Weighted event 
ratea (95% CI) 

RR (95% CI) 

Formoterol 3 6491.2 0.5 0.53 (0.17, 1.66) 0.64 (0.14, 2.92) 

Non-LABA 4 4927.7 0.8 0.82 (0.31, 2.20)  
a Event rate per 1000 treatment years 
 

In conclusion, regardless of the method used, there was no evidence of an increase in all-cause 
mortality in patients receiving formoterol-containing products compared with patients 
receiving non-LABA treatment.  

2.2.3.2 All cause mortality in trials comparing ICS + formoterol vs ICS alone 

This section evaluates all cause mortality during randomized treatment in patients receiving 
ICS + formoterol compared with ICS alone.  Only trials with treatment arms in which patients 
received both ICS and either formoterol or non-LABA treatment as randomized treatment are 
included.  Treatment arms that did not include an ICS are excluded from this analysis, eg, 
formoterol-only or placebo arms.  The actual comparisons consist of budesonide + formoterol 
as monoproducts vs budesonide, or SYMBICORT (either formulation) vs budesonide.  
ICS doses were either equivalent or, in some cases, up to 4 times higher in the non-LABA 
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treatment arms as in the ICS + formoterol treatment arms.  A total of 28 trials were included in 
this analysis. 

Figure 6 displays the overall Mantel-Haenszel (M-H) relative risk estimate and 95% CI of 
all-cause mortality, stratified by study and adjusted for total exposure times between the 
treatment groups, for clinical trials comparing ICS + formoterol versus ICS alone.   

In general, relative risk estimates among individual studies are generally centered around the 
line of unity, representing no increased risk for ICS + formoterol versus ICS monotherapy 
patients.   

The overall pooled M-H estimate of RR (shown as the solid triangle at the bottom of Figure 6 
and presented in Table 6) stratified by study and adjusting for total exposure time, was 0.61 
(95% CI: 0.14 to 2.79), again indicating no increase in risk for ICS + formoterol versus ICS 
monotherapy patients.  Note that only the 5 studies with at least one event have contributed to 
this estimate. Potential differences in risk across individual studies were examined using a chi-
square test for homogeneity (p=0.358), thus indicating no evidence of heterogeneity of 
relative risk across the studies. 
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Figure 6 Relative risk estimates of all-cause mortality overall (M-H) and by 
individual trial, among patients in ICS/LABA vs. ICS trial designs 

 

 

 

Table 6 presents summary output for the overall M-H analysis of RR for all cause mortality.  
As before, both simple event rates and event rates using stratification corresponding to the 
M-H relative risk estimate are provided.  Event rates are lower for ICS + formoterol versus 
ICS monotherapy patients by either estimate.   
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Table 6 Stratified M-H analysis for all-cause mortality during randomized 
treatment, among patients in ICS + formoterol vs. ICS trial designs 

    M-H analysis 

Treatment No. of 
events 

Total 
exposure 
(years) 

Crude event 
ratea 

Weighted event 
ratea (95% CI) 

RR (95% CI) 

ICS + 
formoterol 

3 5531.8 0.5 0.62 (0.20, 1.96) 0.61 (0.14, 2.79) 

ICS 4 3794.2 1.1 1.02 (0.38, 2.73)  
a Event rate per 1000 treatment years. 
 

2.2.4 Asthma-related deaths in the adjudicated population 

There were no asthma-related deaths during randomized treatment among the 23,510 patients 
included in the adjudicated population.   

2.2.5 Asthma-related intubations in the adjudicated population  

There was 1 asthma-related intubation (SD-037-0345/181/30801) during randomized 
treatment in the adjudicated population (n=23,510) (see Table 7); the patient was randomized 
to formoterol-containing treatment.  It should be noted that the final outcome of this event was 
death due to septic shock.  This case was not assessed as an asthma-related death during the 
adjudication procedure.  A short description is presented in Table 4 and a narrative in 
Appendix C.  Given that there was only 1 asthma-related intubation, it is not possible to 
establish any relationship between formoterol and asthma-related intubations.   

Table 7 Asthma-related intubations during randomized treatment (adjudicated 
population, all ages)  

 Formoterol-exposed Non-LABA-exposed Total 

Patients (N) 13542 9968 23510 

Total exposure (1000 treatment years) 6.49 4.92 11.41 

Number (%) of patients with intubation 1 (0.01%) 0 1 (0%) 

Intubations / 1000 treatment years 0.15 0 0.09 

 

2.2.6  Asthma-related hospitalizations in the adjudicated population 

2.2.6.1 Number of patients with at least 1 asthma-related hospitalization  

Table 8 presents the number of patients who were hospitalized at least once for asthma during 
randomized treatment, and also presents an estimate of the rate in relation to the duration of 
the exposure.   
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Table 8 Patients with at least 1 asthma-related hospitalization during 
randomized treatment (adjudicated population, all ages)  

 Formoterol-
exposed 

Non-LABA-
exposed 

Total 

Patients (N)  13542 9968 23510 

Total exposure (1000 treatment years) 6.49 4.92 11.41 

Number (%) of patients with ≥1 asthma-related hospitalization 78 (0.58%) 83 (0.83%) 161 (0.68%) 

Asthma-related hospitalizations/ 1000 treatment yearsa 12.02 16.87 14.11 
a Note that a patient who was hospitalized on more than one occasion has only been presented once in this calculation.  
 

In the formoterol-exposed group, there were 78 (0.58%) patients with at least 1 asthma-related 
hospitalization, compared with 83 (0.83%) in the non-LABA-exposed groups.  The number 
and percentage of patients with ≥1 asthma-related hospitalization was lower in the formoterol-
exposed patients than in the non-LABA-exposed patients. 

2.2.6.2 Asthma-related hospitalizations for formoterol vs non-LABA exposed patients 

Table 9 presents the unstratified relative risk, as approximated by the odds ratio using the total 
number of patients (23,510) and the number of patients experiencing at least one asthma 
hospitalization among formoterol-exposed (78 of 13,542) vs non-LABA-exposed (83 of 
9,968) patients.  

Table 9 Odds ratio for asthma-related hospitalization during randomized 
treatment (adjudicated population, all ages) 

Formoterol-exposed Non-LABA-exposed Comparison formoterol-exposed 
vs non-LABA-exposed 

N No. (%) with ≥1 hosp N No. (%) with ≥1 hosp OR 95% CI 

13542 78 (0.58%) 9968 83 (0.83%) 0.69 (0.50-0.95) 
Hosp  Hospitalization; OR  Odds ratio. 
 

These data indicate there were fewer patients with an asthma-related hospitalization in the 
formoterol-containing treatment group than the non-LABA treatment group. 

Figure 7 displays the overall M-H relative risk estimate and 95% CI of asthma-related 
hospitalizations, stratified by study and adjusted for total exposure times between the 
treatment groups (see Section 2.2.1.4).     
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Figure 7 Relative risk estimates of asthma-related hospitalizations during 
randomized treatment, overall (Mantel-Haenszel) and by individual trial 
for formoterol vs non-LABA exposed patients 
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In general, RR estimates among individual studies are generally centered around the line of 
unity, with more studies to the left of this line than to the right, representing no increased risk 
and possibly a reduction in risk for formoterol versus non-LABA exposed patients.   

The overall pooled M-H estimate of RR (shown as the solid triangle at the bottom of Figure 7 
and Table 10) stratified by study and adjusting for total exposure time, was 0.73 (95% CI: 
0.54 to 1.01), again indicating no increase in risk for formoterol versus non-LABA exposed 
patients.  Note that only 32 studies with at least 1 event contributed to this estimate.  Potential 
differences in risk across individual studies were examined using a chi-square test for 
homogeneity (p=0.141), indicating no evidence of heterogeneity of relative risk across the 
studies. 

Table 10 presents summary output for the M-H analysis of relative risk for asthma-related 
hospitalizations.  As before, both simple event rates and event rates using stratification 
corresponding to the M-H relative risk estimate are provided.  Event rates are lower for 
formoterol versus non-LABA exposed patients by either estimate. 

Table 10 Stratified M-H analysis for asthma-related hospitalizations during 
randomized treatment for formoterol vs non-LABA exposed patients 

    M-H analysis 

Treatment No. of 
eventsa 

Total 
exposure 
(years) 

Crude event 
rateb 

Weighted event rateb 
(95% CI) 

RR (95% CI) 

Formoterol 78 6491.2 12.0 12.05 (9.59, 15.14) 0.73 (0.54, 1.01) 

Non-LABA 83 4927.7 16.8 16.40 (13.17, 20.41)  
a Note that a patient who was hospitalized on more than one occasion has only been counted once in this 

calculation. 
b Event rate per 1000 treatment years 
 

Figure 8 displays the Kaplan-Meier probability curve for time to first hospitalization.   
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Figure 8 Kaplan Meier probability curve for time to first asthma-related 
hospitalization during randomized treatment (adjudicated data, all ages) 

 

The time to first asthma-related hospitalization was prolonged in the formoterol-containing 
group compared to the non-LABA group.  The curves diverge over time, suggesting that the 
benefit of formoterol-containing products with regard to time to first asthma-related 
hospitalization is not only maintained but may increase over time.  This is supported by a 
specific evaluation of long-term studies (see Section 2.2.6.3), which showed no increased risk 
of asthma-related hospitalization for formoterol-exposed patients compared with non-LABA-
exposed patients during long-term treatment. 

2.2.6.3 Asthma-related hospitalizations in long-term trials  

The long-term effects of LABA treatment were studied in 11 trials of 6 to 12 months duration.  
Data from these studies were pooled.  The results for asthma-related hospitalizations are 
summarized in Table 11 and Table 12. 
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Table 11 Patients with at least 1 asthma-related hospitalization in 6 to 12-month 
trials during randomized treatment (adjudicated population, all ages) 

 Formoterol-
exposed 

Non-LABA-
exposed 

Total 

Patients (N) 5991 4859 10 850 

Total exposure (1000 treatment years) 5.03 3.98 9.01 

Number (%) of patients with ≥1 asthma-related hospitalization 53 (0.88%) 64 (1.32%) 117 (1.08%) 

Asthma-related hospitalizations/ 1000 treatment yearsa 10.54 16.08 12.99 
a Note that a patient who was hospitalized on more than 1 occasion has only been included once in this calculation. 
 

Table 12 Odds ratio for asthma hospitalization in 6 to 12 months trials during 
randomized treatment (adjudicated population, all ages) 

Formoterol-exposed Non-LABA-exposed Comparison formoterol-exposed vs 
non-LABA-exposed 

N No. (%) with ≥1 hosp N No. (%) with ≥1 hosp OR 95% CI 

5991 53 (0.88%) 4859 64 (1.32%) 0.67 (0.45-0.98) 

 

From Table 11 and Table 12), there were numerically fewer formoterol-exposed patients 
hospitalized compared to non-LABA-exposed patients. 

Table 13 presents the odds ratio for asthma-related hospitalization from long-term trials 
classified on the basis of onset period: between day 1 and 31; between day 32 and 92; on day 
93 or later.  Five patients reported events in more than 1 of these time-periods.   

Table 13 Odds ratio for asthma hospitalization estimated from the number of 
patients in 6 to 12 months trials by onset period (adjudicated 
population, all ages) 

 Formoterol-exposed Non-LABA-exposed Comparison formoterol-
exposed vs non-LABA-exposed 

Onset Na No. (%) with 
≥1 hospitalization 

Na No. (%) with 
≥1 hospitalization 

OR 95% CI 

Day 1 to 31 5991 5 (0.08%) 4859 8 (0.16%) 0.51   (0.13-1.76) 

Day 32 to 92 5795 16 (0.28%) 4689 16 (0.34%) 0.81  (0.38-1.72) 

Day 93 or later 5558 36 (0.65%) 4466 46 (1.03%) 0.63  (0.39-0.99) 
a Number of patients at risk on day 1, 32 or 93. 
Note: multiple events in same patient allowed (not included in data submitted to FDA). 
 

The results in Table 13 are consistent with the results from the Kaplan Meier survival curve 
(see Figure 8), ie, there is no indication of an increased risk of asthma-related hospitalization 
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in patients receiving formoterol-containing treatment for more than 3 months, compared with 
patients receiving non-LABA treatment.  

2.2.6.4 Asthma-related hospitalizations in trials comparing ICS + formoterol vs ICS 
alone 

This section evaluates asthma-related hospitalizations in patients receiving ICS + formoterol 
compared with ICS alone.  Only trials with treatment arms in which patients received ICS and 
either formoterol or non-LABA treatment as randomized treatment are included. Treatment 
arms that did not include an ICS are excluded from this analysis, eg, formoterol-only or 
placebo arms.  The actual comparisons consist of budesonide + formoterol as monoproducts 
vs budesonide, or SYMBICORT (either formulation) vs budesonide.  ICS doses were either 
equivalent or, in some cases, up to 4 times higher in the non-LABA treatment arms as in the 
ICS + formoterol treatment arms.  A total of 28 trials were included in this analysis. 

Table 14 presents the odds ratio for asthma hospitalization estimated from pooling the number 
of patients in trials comparing ICS + formoterol vs ICS alone.  The odds ratio of 0.68 favored 
the ICS + formoterol treatment, and was in accordance with the results for the overall 
comparison between formoterol-containing treatment vs non-LABA treatment (see Table 9 
and Table 10). 

Table 14 Odds ratio for asthma hospitalization estimated from the number of 
patients in trials comparing ICS + formoterol vs ICS alone 

ICS + formoterol  ICS alone Comparison ICS + formoterol vs ICS alone 

N No. (%) with 
≥1 hospitalization 

N No. (%) with 
≥1 hospitalization 

OR 95% CI 

10852 61 (0.56%) 7309 60 (0.82%) 0.68 (0.47-0.99) 

 
Figure 9 displays the overall M-H relative risk estimate and 95% CI of asthma-related 
hospitalizations by trial comparing patients treated with ICS + formoterol versus ICS, 
stratified by study and adjusted for total exposure times between the treatment groups (see 
Section 2.2.1.4).     
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Figure 9 Relative risk estimates of asthma-related hospitalizations overall  
(M-H) and by individual trial, among patients in ICS + formoterol vs ICS 
trial designs 

 

 

The overall pooled M-H estimate of relative risk (solid triangle at the bottom of Figure 9 and 
presented in Table 15) stratified by study and adjusting for total exposure time, was 0.71 (95% 
CI: 0.49 to 1.02).  Note that only the 22 studies with at least one event have contributed to this 
estimate.  Potential differences in risk across individual studies were examined using a chi-
square test for homogeneity (p=0.044), indicating some evidence of heterogeneity of relative 
risk across the studies.  Thus, the overall pooled M-H estimate of relative risk should be 
interpreted with caution; nevertheless, the unstratified and stratified assessments of risk 
differences are similar. 
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Table 15 presents summary output for the M-H analysis of RR for asthma-related 
hospitalizations among patients in ICS + formoterol vs ICS trial designs.  As before, both 
simple event rates and event rates using stratification corresponding to the M-H relative risk 
estimate are provided.  Overall event rates are lower for ICS + formoterol versus ICS alone by 
either estimate. 

Table 15 Stratified M-H analysis for asthma-related hospitalizations, among 
patients receiving ICS + formoterol vs. ICS 

    M-H analysis 

Treatment No. of 
eventsa 

Total 
exposure 
(years) 

Crude 
event rateb 

Weighted event 
rateb (95% CI) 

RR (95% CI) 

ICS + formoterol 61 5531.8 11.0 11.14 (8.60, 14.42) 0.71 (0.49, 1.02) 

ICS 60 3794.2 15.8 15.65 (12.12, 20.21)  
a Note that a patient who was hospitalized on more than one occasion has only been counted once in this calculation. 
b Event rate per 1000 treatment years. 
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Figure 10 Kaplan Meier probability curve for time to first asthma-related 
hospitalization, among patients on ICS + formoterol vs ICS (28 trials) 
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Figure 10 shows that time to first asthma-related hospitalization was prolonged in the ICS + 
formoterol group compared to the ICS group.  The curves diverge over time, suggesting that 
the benefit of ICS + formoterol, relative to ICS alone, with regard to asthma-related 
hospitalization is not only maintained but may increase over time.  

2.2.6.5 Asthma-related hospitalizations by baseline ICS use 

For completeness, and in order to allow comparison with previous evaluation as part of the 
2005 PADAC meeting, asthma-related hospitalizations were also evaluated in relation to 
baseline ICS use.  In addition to the dataset (ICS + formoterol or ICS alone) described in 
Section 2.2.6.4, this analysis includes approximately 6000 patients not formally randomized to 
either ICS + formoterol or ICS monotherapy arms.  The “ICS use at baseline” group includes 
patients who were expected to continue ICS treatment during the study, concomitant to their 
randomized treatment.  In addition, this group includes the 384 patients in the US pMDI 
studies (SD-039-0716, SD-039-0717, and SD-039-0718) who were on ICS at baseline and 
were subsequently randomized to formoterol monotherapy.  Note that the inclusion of patients 
in the “ICS at baseline” group that may or may not have received ICS provides a worst-case 
perspective on safety if concomitant ICS use is protective.  

Table 16 presents the number of patients with at least 1 asthma-related hospitalization during 
randomized treatment, by baseline ICS use.   

Table 16 Patients with at least 1 asthma-related hospitalization during 
randomized treatment, by baseline ICS use (adjudicated population, 
all ages) 

 Formoterol-exposed Non-LABA-exposed Total 

 
N No. (%) with 

≥1 hosp 
N No. (%) with ≥1 

hosp 
N No. (%) with 

≥1 hosp 

ICS use at baseline 11767 72 (0.61%) 7988 74 (0.93%) 19755 146 (0.74%) 

No ICS use at baseline 1775 6 (0.34%) 1980 9 (0.45%) 3755 15 (0.40%) 

 

In patients using ICS at baseline, the proportion of patients with at least 1 asthma-related 
hospitalization was higher in the non-LABA group than in the formoterol-exposed group.   

In both formoterol- and non-LABA exposed groups, the proportion of patients with at least 
1 asthma-related hospitalization was slightly higher in patients receiving ICS at baseline, 
compared to no ICS at baseline, consistent with the greater asthma severity expected in 
patients previously treated with ICS.   

Although there were no findings of concern identified, these data do not allow conclusions to 
be drawn regarding the potential protective effect of concomitant use of ICS with LABAs.   

Because AstraZeneca has relatively little data on the use of formoterol as monotherapy, 
conclusions could not be drawn regarding safety of ICS/LABA versus LABA alone.  In the 
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384 patients in the SYMBICORT pMDI development program who received OXIS 
TURBUHALER as comparator without concomitant ICS, no asthma-related deaths occurred 
during treatment, and there was only 1 asthma-related hospitalization.  In addition, data from a 
clinical trial (SD-037-0716) in which OXIS TURBUHALER was used as needed in patients 
with intermittent asthma, without concomitant anti-inflammatory therapy, did not indicate any 
increased risk for serious asthma-related events (Chuchalin et al 2005, see also Table 46 in 
Appendix B).  Although reassuring, these data are insufficient to conclude that addition of ICS 
to formoterol is protective based on comparisons to formoterol as monotherapy.  

2.2.6.6 Asthma-related hospitalizations by daily dose of formoterol 

Table 17 presents the number of patients with at least 1 asthma-related hospitalization in the 
formoterol-exposed patients by daily formoterol dose.  There was no tendency towards an 
increase in asthma-related hospitalizations with increasing dose.  The highest rate of asthma-
related hospitalizations occurred in the patients randomized to non-LABA treatment, with the 
exception of the 4.5 μg daily dose. These patients derive from the pediatric arm of Study SD-
039-0673, which received SYMBICORT 80/4.5 μg once daily, believed to be an inadequate 
dose of medication, based on the study outcomes; this is discussed in more detail in Section 
3.2.7.3.   

Table 17 Patients with at least 1 asthma-related hospitalization during 
randomized treatment, by daily dose of formoterol (adjudicated 
population, all ages) 

Daily dose of formoterol Patients (N) Number (%) of patients reporting ≥1 asthma-
related hospitalization 

Patients not exposed to LABA 9968 83 (0.83%) 

Patients exposed to formoterol    

4.5 μg 118 7 (5.93%)a 

9 μg 4463 23 (0.52%) 

18 μg 4565 24 (0.53%) 

36 μg 1088 1 (0.09%) 

As needed use or adjustable dosing 3308 23 (0.70%) 

Total formoterol-exposed 13542 78 (0.58%) 
a Note that these 7 patients are from one arm in Study SD-039-0673 in which patients received exploratory  

treatment with SYMBICORT TURBUHALER 80/4.5 μg once daily.  This dose of medication was 
subtherapeutic, based on the study results. 

 

2.2.6.7 Asthma-related hospitalizations by age, sex and race 

Table 18 presents the number of patients with at least 1 asthma-related hospitalization by age, 
sex and race.  The proportion of patients with asthma-related hospitalization was numerically 
higher in the non-LABA group for all age groups with the exception of patients aged 
<12 years, where the proportion was slightly higher in the formoterol-exposed group (25 out 
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of 2155 [1.16%]) compared to the non-LABA-exposed patients (14 out of 1268 [1.10%]).  As 
mentioned in the previous section, this group includes patients derived from the pediatric arm 
of Study SD-039-0673 that received exploratory treatment with SYMBICORT 80/4.5 μg once 
daily, believed to be a subtherapeutic dose of medication, based on the study outcomes; this is 
discussed in more detail in Section 3.2.7.3.   

The proportion of patients with asthma-related hospitalizations was numerically higher in the 
non-LABA group than in the formoterol-exposed group for both male and female patients, 
and also among Caucasian patients.  For Black patients and patients of Oriental ethnic origin, 
the number of patients was too low to allow any strong conclusions; however, there was no 
indication of an increased risk of asthma-related hospitalizations in the formoterol-exposed 
group compared with the non-LABA group for these patients.    
 

Table 18 Patients with ≥1 asthma-related hospitalization during randomized 
treatment, by age, sex and race (adjudicated population, all ages)  

 Formoterol-exposed Non-LABA-exposed Total 

 
N No. (%) with 

≥1 hosp 
N No. (%) with 

≥1 hosp 
N No. (%) with 

≥1 hosp 

By age group        

4 to 11 2155 25 (1.16%)a 1268 14 (1.10%) 3423 39 (1.14%) 

12 to 17 1515 14 (0.92%) 1155 15 (1.30%) 2670 29 (1.09%) 
18 to 64 9116 35 (0.38%) 6981 45 (0.64%) 16 097 80 (0.50%) 
>65 756 4 (0.53%) 564 9 (1.60%) 1320 13 (0.98%) 
By sex       

Male 6367 34 (0.53%) 4704 34 (0.72%) 11 071 68 (0.61%) 

Female 7175 44 (0.61%) 5264 49 (0.93%) 12 439 93 (0.75%) 

By race       

Caucasian 11 311 58 (0.51%) 8540 68 (0.80%) 19 851 126 (0.63%) 

Black 436 2 (0.46%) 252 3 (1.19%) 688 5 (0.73%) 

Oriental 1026 9 (0.88%) 678 7 (1.03%) 1704 16 (0.94%) 

Other 711 9 (1.27%) 463 5 (1.08%) 1174 14 (1.19%) 

Unknown 58 0 35 0 93 0 
a Note that this includes 7 patients from one arm in Study SD-039-0673 in which patients in an exploratory  treatment 

arm with SYMBICORT TURBUHALER 80/4.5 μg once daily proved to have received a dose of medication that was 
subtherapeutic, based on the study results. 

 

2.2.6.8 Asthma-related hospitalizations by asthma severity (baseline predicted FEV1) 

The number of patients with at least 1 asthma-related hospitalization by baseline FEV1 (% 
predicted) was analyzed to evaluate the possible influence of disease severity (lower FEV1 
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being an indicator of more severe disease).  The percentage of patients with at least 1 
asthma-related hospitalization was lower in the formoterol-exposed group than in the 
non-LABA-exposed group regardless of disease severity, as measured by baseline FEV1 (see 
Table 19).  

Table 19 Patients with ≥1 asthma-related hospitalizations during randomized 
treatment, by baseline percent predicted FEV1 (adjudicated 
population, all ages) 

Baseline % 
predicted FEV1 

Formoterol-exposed Non-LABA-exposed Total 

 
N No. (%) with 

≥1 hosp 
N No. (%) with 

≥1 hosp 
N No. (%) with 

≥1 hosp 

≤29.9 14 0 8 0 22 0 

30-49.9 417 3 (0.72%) 320 6 (1.88%) 737 9 (1.22%) 

50-74.9 4209 30 (0.71%) 3126 35 (1.12%) 7335 65 (0.89%) 

≥75 8371 45 (0.54%) 6083 40 (0.66%) 14454 85 (0.59%) 

Unknown 531 0 431 2 (0.46%) 962 2 (0.21%) 

 

2.2.7 Additional safety information 

The following section summarizes additional safety variables that were considered relevant.   

Total number of asthma-related hospitalizations during randomized treatment 

A separate analysis was done for the total number of asthma-related hospitalizations, ie, 
accounting for multiple asthma-related hospitalizations experienced by a patient.  Nine 
patients reported 2, one patient reported 3 and one patient reported 4 hospitalizations, for a 
total of 14 additional hospitalizations.  Taking into account exposure, there were fewer 
asthma-related hospitalizations in the formoterol-exposed group than the non-LABA-exposed 
group (13 vs 18 per 1000 treatment years, see Table 20).  Using the data in Table 20 for 
Poisson regression (relating number of events to exposure time), the estimated common 
Poisson relative risk for asthma hospitalization over time for formoterol-exposed treatment vs 
non-LABA treatment is 0.73 (95% CI: 0.54-0.99).  These results are very similar to the results 
based on data for patients with at least 1 asthma-related hospitalization (see Section 2.2.6.1).  
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Table 20 Total number of asthma-related hospitalizations allowing for multiple 
events in the same patient (adjudicated population, all ages) 

 Formoterol-
exposed 

Non-LABA-
exposed 

Total 

Total exposure (1000 treatment years) 6.49 4.92 11.41 

Number of hospitalized patients 78 83 161 

Number of additional hospitalizations from patients 
with multiple events 

8 6 14 

Total number of hospitalizations 86 89 175 

Hospitalizations / 1000 treatment years 13.3 18.1 15.3 

 

Asthma-related serious adverse events in the non-adjudicated population 

A brief analysis of asthma-related SAEs has been performed because this was one of the main 
outcome variables in the recent analysis of all AstraZeneca-sponsored randomized, controlled, 
parallel-group asthma trials of 3 to 12 months duration involving formoterol-containing 
treatment.  SAEs that did not require hospitalizations were included in this analysis (Sears et 
al 2008).  All events coded to the following preferred terms (MedDRA 10.0) were regarded as 
asthma-related: Asthma, Asthma exercise induced, Asthma late onset, Asthma prophylaxis, 
Asthmatic crisis, Bronchospasm, Bronchospasm paradoxical, Status asthmaticus.  As 
mentioned previously (see Section 2.2.1.2), identification of asthma-related SAEs overall was 
not a part of the adjudication process, but the same dataset has been utilized for this evaluation 
of asthma-related SAEs as for asthma-related hospitalizations.  

The results for asthma-related SAEs were very similar to those for asthma-related 
hospitalizations (see Table 21 and Table 22), which is to be expected because, based on the 
criteria, most SAEs are classified as serious due to hospitalization.  Due to the similarity of 
results for asthma-related hospitalizations and asthma-related SAEs, no further separate 
presentation of SAEs other than hospitalizations will be made.  

Table 21 Patients with at least 1 asthma-related SAE (non-adjudicated, all ages) 

 Formoterol-
exposed 

Non-LABA-
exposed 

Total 

Patients (N) 13542 9968 23510 

Total exposure (1000 treatment years) 6.49 4.92 11.41 

Number  (%) of  patients with asthma-related SAE 72 (0.53%) 75 (0.75%) 147 (0.63%) 

Asthma SAEsa / 1000 treatment years 11.09 15.24 12.88 
a Note that a patient who had more than one asthma-SAE has only been presented once in this calculation. 
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Table 22 Odds ratio for asthma SAEs (non-adjudicated, all ages) 

Formoterol-exposed Non-LABA-exposed Comparison formoterol-exposed vs non-
LABA-exposed 

N No. with ≥1 asthma-
related SAE 

N No. with ≥1 asthma-
related SAE 

OR 95% CI 

13542  72 (0.53%) 9968 75 (0.75%) 0.71  (0.50-0.99) 

 

The number of patients who reported at least 1 asthma-related SAE is lower than the number 
of patients with adjudicated asthma-related hospitalizations.  In all, there were 
19 hospitalizations that were not identified as asthma-related SAEs.  In most cases this was 
because the event was reported with a preferred term other than asthma, status asthmaticus or 
bronchospasm; the reported terms include bronchitis (n=6), pneumonia (n=5) and upper 
respiratory tract infection (n=2) as the most common.  Five asthma-related SAEs were not 
identified as asthma-related hospitalizations, in most cases because the event was reported as 
serious based on the criterion “medically important event”. 

Discontinuations due to any cause 

In order to assess if any imbalance in the results may be caused by different discontinuation 
rates in the formoterol- and non-LABA treatment groups, clinical study reports were reviewed 
for patients who prematurely discontinued from the trials due to any cause.  Reasons for 
discontinuation were classified as lack of effect, adverse event, lost to follow-up and other 
causes.  The percentage of discontinuations was lower in the formoterol-exposed group than 
in the non-LABA group (12.7% vs 15.4%; see Table 23).  

Table 23 Discontinuations due to any cause (adjudicated population, all ages) 

Treatment Patients (N) Number of discontinuations (%)  

Formoterol-exposed patients 13542 1720 (12.7%) 

Non-LABA-exposed patients 9968 1536 (15.4%) 

Total 23510 3256 (13.8%) 

 

Table 24 presents the crude RR as approximated by the odds ratio obtained from StatXact 
using the pooled number of patients and the number of withdrawals.  A higher proportion of 
patients on non-LABA treatments discontinued the trials prematurely.  This lower withdrawal 
rate in the formoterol group suggests that the favorable results already presented for 
formoterol-containing products compared with non-LABA treatment with regard to asthma-
related hospitalizations may represent a conservative view.  
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Table 24 Odds ratio for discontinuation due to any cause (adjudicated 
population, all ages) 

Formoterol-exposed Non-LABA-exposed Comparison formoterol-exposed 
vs non-LABA-exposed 

N No. (%) discontinued N No. (%)  discontinued OR 95% CI 

13 542  1720 (12.7%) 9968 1536 (15.4%) 0.80  (0.74-0.86) 

 

Other variables of interest 

Although not presented in this document, the possible influence of smoking status and body 
mass index (BMI) at baseline were evaluated.  No influence on the risk of asthma-related 
exacerbations was discerned. 

2.2.8 Overall discussion of asthma-related risks 

The adjudicated data included a total of 23,510 patients, 13,542 exposed to formoterol 
(approximately 20% received SYMBICORT pMDI), and 9,968 exposed to non-LABA 
treatment.  The vast majority of patients in this dataset were treated with ICS at baseline, and 
most were expected to have continued concomitant ICS during randomized treatment based 
on study protocol designs.  In this large number of patients, the number of deaths from any 
cause during randomized treatment was low (7 of 23,510); none of these occurred in the 
clinical studies contained in the US NDA for SYMBICORT pMDI.  There were 3 deaths in 
patients on formoterol-containing treatment and 4 deaths in patients on non-LABA treatment.  
No deaths were asthma-related and there was only 1 asthma-related intubation (in a 
formoterol-exposed patient).  While the overall event rate is low, in this large population of 
over 23,000 patients, there is no evidence of any imbalance in deaths favoring non-LABA 
treatments. 

Among the overall population, there was no indication of an increased risk of asthma-related 
hospitalizations during randomized treatment with formoterol-containing treatment compared 
with non-LABA treatment; rather, there was evidence of a lower rate of asthma-related 
hospitalizations in the formoterol-exposed group. This was also observed for patients 
receiving treatment over longer periods of time (3 months to 1 year). Similarly, the time to 
first asthma-related hospitalization was prolonged in the formoterol-containing group 
compared to the non-LABA group.  When analyzed by sex, race, severity (based on FEV1), 
and dose there were no findings that suggested an increased risk in the formoterol-exposed 
group compared to non-LABA treatment. 

In order to address the question of whether ICS modifies a presumed risk of LABA therapy, 
analysis of all cause mortality and asthma-related hospitalizations in patients randomized to 
receiving ICS + formoterol (N=10,852) compared with ICS alone (N=7,309) was performed. 
Although there were few deaths, results suggested no increase in risk for ICS + formoterol 
versus ICS monotherapy with regard to all cause mortality. As there were no asthma-related 
deaths and only one intubation, no conclusions could be drawn. With regard to asthma-related 
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hospitalizations, results favored ICS + formoterol treatment, and were in accordance with the 
results for the overall comparison between formoterol-containing treatment vs non-LABA 
treatment.  This was also observed for patients receiving treatment over longer periods of time 
(3 months to 1 year).  Similarly, time to first asthma-related hospitalization was prolonged in 
the ICS + formoterol group compared to the ICS group. Results suggested that for 
asthma-related hospitalization, the benefit of ICS + formoterol, relative to ICS alone, is not 
only maintained but may increase over time.  

Overall, there is no indication of increased risk of asthma-related deaths or hospitalizations in 
patients using formoterol-containing treatment compared with non-LABA treatment. Because 
AstraZeneca has relatively little data on the use of formoterol as monotherapy, the impact of 
adding ICS to formoterol alone on the risk of asthma-related deaths, intubations, or 
hospitalizations could not be adequately assessed. 

Importantly, as per guidelines and recommended clinical practice, the clinically relevant 
question is whether there is increased risk of adding formoterol to maintenance ICS therapy.  
Analysis of AstraZeneca’s data showed that the addition of formoterol to ICS compared with 
ICS treatment alone presented no additional risk of asthma-related deaths, intubations or 
hospitalizations.  These data provide strong evidence that there is no additional risk of adding 
formoterol to maintenance therapy with ICS.   

 Appropriateness of current SYMBICORT pMDI label 

As a result of these overall findings AstraZeneca believes that the currently approved 
SYMBICORT prescribing information and Medication Guide (Appendix F) appropriately 
convey any potential risk regarding the use of the combination formoterol and budesonide.  
Specifically the Boxed Warning states:  

WARNING  
Long-acting beta2-adrenergic agonists may increase the risk of asthma-related death. 
Therefore, when treating patients with asthma, SYMBICORT should only be used for 
patients not adequately controlled on other asthma-controller medications (eg, low-to-
medium dose inhaled corticosteroids) or whose disease severity clearly warrants 
initiation of treatment with two maintenance therapies. Data from a large placebo-
controlled US study that compared the safety of another long-acting beta2-adrenergic 
agonist (salmeterol) or placebo added to usual asthma therapy showed an increase in 
asthma-related deaths in patients receiving salmeterol. This finding with salmeterol may 
apply to formoterol (a long-acting beta2-adrenergic agonist), one of the active ingredients 
in SYMBICORT (see WARNINGS).  

The Warning section states: 

Long-acting beta2-adrenergic agonists may increase the risk of asthma-related death. 
Therefore, when treating patients with asthma, SYMBICORT should only be used for 
patients not adequately controlled on other asthma-controller medications (eg, low- to 
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medium-dose inhaled corticosteroids) or whose disease severity clearly warrants 
initiation of treatment with two maintenance therapies.  

− A 28-week placebo controlled US study comparing the safety of salmeterol 
with placebo, each added to usual asthma therapy, showed an increase in 
asthma-related deaths in patients receiving salmeterol (13/13,176 in patients 
treated with salmeterol vs 3/13,179 in patients treated with placebo; RR 4.37, 
95% CI 1.25, 15.34). The increased risk of asthma-related death may represent 
a class effect of the long-acting beta2-adrenergic agonists, including 
formoterol. No study adequate to determine whether the rate of asthma-related 
death is increased with SYMBICORT has been conducted.  

− Clinical studies with formoterol suggested a higher incidence of serious asthma 
exacerbations in patients who received formoterol than in those who received 
placebo. The sizes of these studies were not adequate to precisely quantify the 
differences in serious asthma exacerbation rates between treatment groups.  

Similar safety information can also be found in the Information for Patients, Adverse 
Reactions and Dosage and Administration sections of the SYMBICORT prescribing 
information as well as the FDA-approved Medication Guide that accompanies each 
SYMBICORT inhaler (see Appendix F).  

AstraZeneca believes the new information presented in this briefing document, specifically 
the safety findings as a result of the large number of studies conducted by AstraZeneca with 
formoterol (SYMBICORT [budesonide/formoterol] and OXIS), should be appropriately 
considered and incorporated into future labeling (both in the PI and accompanying Medication 
Guide) to reflect the safety profile of this product when used as indicated.   

3. BENEFIT/RISK OF FORMOTEROL IN PEDIATRIC ASTHMA 
PATIENTS  

3.1 Benefits of formoterol in pediatric patients 
3.1.1 LABAs as a therapeutic option 

Because the November 2007 PAC expressed specific concerns regarding the understanding of 
potential risks of LABA treatment in children with asthma, this document separately considers 
the benefit/risk of formoterol in children (6 to <18).  Salmeterol (as the monotherapy Serevent 
and the ICS/LABA combination Advair) is approved for use in children 4 years of age or 
older, and formoterol (as the monotherapy Foradil) is approved for use in children 5 years of 
age and older. SYMBICORT pMDI is currently approved for the treatment of asthma in 
patients >12 years of age; an sNDA for an indication in children 6 through 11 years is 
currently under review at the FDA.  LABAs are not approved for use in children with asthma 
less than 4 years of age. 
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Although the prevalence and pattern of asthma varies across age groups, the underlying 
pathophysiology and characterizing clinical features of asthma are similar in adults and 
children.  Relative to adolescents and adults, school-aged children are likely to have more 
episodic disease, with relatively normal lung function between episodes. Therapeutic options 
for children are similar to those for adults. 

Similar to adults, asthma treatment in children is approached in a stepwise fashion based on 
level of symptomatology and response to intervention.  The NAEPP guidelines for treatment 
of asthma in children 5 through 11 years are shown in Figure 11 below. As was previously 
noted, LABAs are a treatment option starting at Step 3, as an alternative to increasing ICS 
dose in patients uncontrolled on low- to medium-dose ICS.  Similar to the guidelines for 
patients >12 years, at Step 3 in children 5 to 11 years, the option of adding LABA to low-dose 
ICS or increasing to a medium-dose of ICS are both preferred options, equally weighted.  
Unlike the guidelines for patients >12 years, where these 2 options are preferred over adding 
other adjunctive therapies such as theophylline or LTRAs to low-dose ICS, in children 5 to 11 
these are equally recommended options at Step 3.  At Steps 4 and 5 for children 5 to 11 years, 
ICS plus LABA are the preferred option.  Therefore, it is expected that LABAs may be used 
less frequently in school-aged children with moderate asthma than they are in adolescents and 
adults (EPR III 2007, GINA 2007).  For children <5 years, increasing from low-dose ICS to 
medium-dose ICS is preferred at Step 3, and LABAs are not recommended before Step 4.  
AstraZeneca is not seeking an indication for use in pediatric patients in that age group. 
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Figure 11 Stepwise approach to managing asthma in children 5 to 11 years 
according to EPR III guidelines 

Stepwise Approach for Managing AsthmaStepwise Approach for Managing Asthma
in Children Aged 5 to 11 Yearsin Children Aged 5 to 11 Years

Adapted from National Asthma Education and Prevention Program. Expert Panel Report 3: Guidelines for the Diagnosis and Management of Asthma (EPR-3 
2007). U.S. Department of Health and Human Services. Available at: http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln.pdf. Accessed August 29, 2007.
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Step 6Step 6
Preferred:Preferred:

HighHigh--dose ICS + dose ICS + 
LABA + LABA + 

Oral Systemic Oral Systemic 
CorticosteroidCorticosteroid (D)(D)

Alternative:Alternative:
HighHigh--dose ICS + dose ICS + 
eithereither LTRA LTRA oror

TheophyllineTheophylline
and and 

Oral Systemic Oral Systemic 
Corticosteroid Corticosteroid (D)(D)

 

 

3.1.2 AstraZeneca data demonstrating the clinical benefit of formoterol in pediatric 
patients 

3.1.2.1 Clinical benefits of SYMBICORT pMDI in pediatric patients 

The intended starting dose for pediatric patients 6 years of age and older is 80/9 μg bid and all 
available data from subjects age 6 to <12 were included in the original NDA.  Doses of 80/9 
μg bid, 160/9 μg bid, and 320/9 μg bid were evaluated in this program and showed efficacy in 
children 6 to <12 years of age in short- and long-term (up to 6 months) safety and efficacy 
studies.  As described in the SYMBICORT pMDI PI, 1447 patients 6 to <12 years of age 
participated in placebo- and active-controlled SYMBICORT pMDI studies, of whom 539 
received SYMBICORT twice daily.  Please note that a sNDA to support approval of 
SYMBICORT in pediatric patients 6 to <12 years is currently under FDA review.   

Figure 12 and Figure 13 show the mean (solid boxes) change in predose morning PEF and 
morning FEV1, respectively, for all AstraZeneca trials included in the NDA, by age group 
(6-<12, 12-<16, 16-<65, >65 years) and by individual study, for SYMBICORT versus 
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budesonide.  The SYMBICORT dose and the number of patients treated with budesonide 
versus SYMBICORT, respectively, are shown next to each study number.  Confidence 
intervals are shown and are broad for those subgroups that are small and where the study was 
not powered to show effect in the individual subgroup. 

In general, favorable point estimates for mean morning predose PEF and morning FEV1, 
respectively, were seen in all age groups for SYMBICORT pMDI versus budesonide.  The 
increasing magnitude of effect with increasing age is expected, because lung size increases 
with increasing age. 

Figure 12 Morning predose PEF:  SYMBICORT pMDI versus budesonide for each 
study within each age group 

SYMBICORT pMDI better Budesonide better
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Figure 13 Morning FEV1:  SYMBICORT pMDI versus budesonide for each 
study within each age group 

SYMBICORT pMDI better Budesonide better

 

Note: FEV1 was collected pre-dose in all studies except studies 681 and 682.  
 

As shown in Figure 14 these improvements in lung function were maintained over 26 weeks 
of treatment in an open-label safety study of pediatric patients (6 to <12 years of age) that 
included measures of predose FEV1 (SD-039-0719).  This study was not included in the 
adjudicated data due to open-label design.  In this same open-label study, a high 
SYMBICORT pMDI dose, 640/18 μg daily (n=123), was superior to a corresponding dose of 
budesonide alone (n=63) in improving FEV1 in patients previously treated with ICS.  Thus, 
the added benefit of formoterol can be expected both at low and high doses of ICS, in 
accordance with results for adults and adolescents (see Section 3.2.7.2 for details). 
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Figure 14 Mean percent change from baseline in morning predose FEV1 by visit in 
Study SD-039-0719 (Subjects 6 to <12 years of age) 

 

The effect of SYMBICORT pMDI on asthma control parameters other than lung function in 
subjects 6 to <12 years of age was evaluated in clinical studies with measures including 
assessment of asthma worsening criteria, withdrawal due to asthma worsening criteria, 
symptom scores/symptom free days and the use of rescue medication/rescue-free days.  While 
improvements in measures of asthma control were observed as early as one day in patients 
treated with SYMBICORT, in general, no statistical differences were observed for 
SYMBICORT pMDI versus budesonide during the overall treatment periods. 

In addition to traditional measures of asthma efficacy, some clinical trials in children 6 to <12 
years also assessed measures of Quality of Life and Patient Reported Outcomes.  Against the 
proven active comparator budesonide, statistically significant differences were observed; 
however, the Minimally Important Difference (MID) on measures such as Pediatric Asthma 
Quality of Life Questionnaire (standardized version) (PAQLQ[S]) was inconsistently achieved 
across studies.  It is worth noting that in the long-term safety Study SD-039-0719, the change 
from baseline for the SYMBICORT pMDI 320/9 μg bid group exceeded the MID for the 
PAQLQ(S) on the overall score, as well as the symptom and emotional function domains, and 
approached the MID on the activity limitation domain.  In addition, statistically significant 
improvements in the overall score as well as each of the domain scores were seen for 
SYMBICORT pMDI 320/9 μg bid vs budesonide 320 μg bid.  These findings are further 
supported by analyses of the Pediatric Asthma Caregiver Quality of Life Questionnaire 
(PACQLQ) in Study SD-039-0719 and the PAQLQ(S) in Study SD-039-0682, which showed 
that the MID was met or exceeded in some of the individual domain scores and approached 
the MID on the overall scores. 
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3.1.2.2 Clinical benefits of SYMBICORT TURBUHALER in pediatric patients 

The efficacy of fixed-dose treatment with SYMBICORT TURBUHALER has also been 
demonstrated for pediatric patients previously using ICS, in randomized, controlled, double-
blinded, 12-week studies.  In Study SD-039-0353 (Tal et al 2002), SYMBICORT 
TURBUHALER was compared with a corresponding dose of  ICS alone over 12 weeks in 
patients with asthma aged 4 to 17 years (N=286; 171 <12 years).  Study SD-039-0688 
(Pohunek et al 2006) was similar in design, but limited to patients between 4 to 11 years 
(N=630), and also included the free combination of budesonide and formoterol at 
corresponding doses.  In both studies, SYMBICORT TURBUHALER was superior to 
budesonide with regard to lung function; no benefit could be demonstrated for secondary 
symptom-related variables or health-related quality of life.  

3.1.3 Summary of clinical benefit in pediatric patients 

In summary, the benefits of an ICS such as budesonide in children younger than 12 years of 
age have been well demonstrated by improvements across a range of measures of asthma 
control in numerous clinical trials.  In studies presented in this document, evaluating children 
between the age of 6 to <12, the additional benefits of adding formoterol to budesonide 
compared to budesonide alone have been unequivocally demonstrated on measures of control 
such as FEV1 and PEF as well as in some measures of HRQL across a range of ICS doses, 
while parity on other measures of control was observed in patients with asthma previously 
treated with ICS.  In light of potential systemic effects of high-dose ICS (eg. adrenal axis 
suppression and effects on growth) an additional benefit of ICS/LABA in this population may 
be the ability to gain asthma control with a lower dose of ICS.  In this regard, the addition of 
formoterol to budesonide presents a definitive benefit to patients not adequately controlled on 
ICS monotherapy.  

3.2 Assessment of risk profile of formoterol during randomized 
treatment in pediatric clinical trials  

3.2.1 Scope of presentation 

The presentation of data for pediatric patients <18 years is a sub-set of the data presented 
previously, and is thus also based on the adjudicated data requested by the FDA.  In 
accordance with the previous presentation, only studies including a non-LABA comparator 
are included in the summary presentations; however, Appendix B includes a by-study 
presentation of results for studies in which all treatment arms included a LABA.  For a 
summary of the design of included studies, see Appendix A.  For a presentation of asthma-
related adverse events as presented in the SYMBICORT pMDI 4-month safety update and 
pediatric sNDA, see Appendix D.  

3.2.2 Overview of the dataset in patients <18 years of age  

There were a total of 6093 patients <18 years of age in the adjudicated population.  Of these 
3670 were exposed to formoterol and 2423 were non-LABA exposed during randomized 
treatment.  Note that in the formoterol-exposed group, approximately 95% of patients below 
12 years and 85% of patients 12 to <18 years received ICS at baseline.   
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3.2.3 Baseline characteristics of patients <18 years 

Baseline demographics are presented for the patients aged <18 year, by age group (<12 or 
12 to <18) in Table 25.  
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Table 25 Baseline characteristics (adjudicated population, patients <18 years, by age group) 

Parameter Class Treatment group (patients <12 years) Treatment group (patients 12 to <18 years) 

  Formoterol-
exposed 
(N=2155)  

Non-LABA-
exposed 
(N=1268)  

Total 
(N=3423)  

Formoterol-
exposed 
(N=1515)  

Non-LABA-
exposed 
(N=1155)  

Total 
(N=2670)  

Age (years)  N  2155  1268  3423  1515  1155  2670  
 Mean  8.5  8.6  8.5  13.9  14.1  14.0  
 Range 4.0 -11.0 4.0-11.0 4.0-11.0 12.0-17.0 12.0-17.0 12.0-17.0 
Sex  Female  731 (33.9%)  417 (32.9%)  1148 (33.5%) 617 (40.7%)  430 (37.2%)  1047 (39.2%) 
 Male  1424 (66.1%) 851 (67.1%)  2275 (66.5%) 898 (59.3%)  725 (62.8%)  1623 (60.8%) 
Race  Asian  64 (3.0%)  49 (3.9%)  113 (3.3%) 80 (5.3%)  60 (5.2%)  140 (5.2%) 
 Black or African-American 104 (4.8%)  45 (3.5%)  149 (4.4%) 81 (5.3%)  53 (4.6%)  134 (5.0%) 
 White  1785 (81.6%) 1054 (83.1%) 2812 (82.2%) 1259 (83.1%) 975 (84.4%)  2234 (83.7%) 
 Other  229 (10.6%)  120 (9.5%)  349 (10.2%) 95 (6.3%)  67 (5.8%)  162 (6.1%) 
BMI at entry (kg/m2)  N  2153  1267  3420  1508  1150  2658  
 Mean  18.0  17.9  18.0  21.3  21.0  21.2  
 Range 11.1-36.1 11.7-37.3 11.1-37.3 11.7-48.2 11.7-39.8 11.7-48.2 
FEV1 at baseline (%pred)  N  2148  1265  3413  1472  1116  2588  
 Mean  88.9  88.3  88.7  84.6  85.0  84.8  
 Range 20.0-172.0 39.5-175.0 20.0-175.0 28.0-141.0 37.0-150.0 28.0-150.0 
ICS use at baseline  No  102 (4.7%)  99 (7.8%)  201 (5.9%) 226 (14.9%)  262 (22.7%)  488 (18.3%) 
 Yes 2053 (95.3%) 1169 (92.2%) 3222 (94.1%)  1289 (85.1%) 893 (77.3%)  2182 (81.7%) 
Region  United States  420 (19.5%)  218 (17.2%)  638 (18.6%) 437 (28.8%)  221 (19.1%)  658 (24.6%) 
 Non-United States  1735 (80.5%) 1050 (82.8%) 2785 (81.4%)  1078 (71.2%) 934 (80.9%)  2012 (75.4%) 
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3.2.4 All-cause mortality in patients <18 years in the adjudicated population 

There were no deaths due to any cause (all cause and/or asthma related) in the 
pediatric/adolescent <18 years subset of the adjudicated data set. 

3.2.5 Asthma-related intubations in patients <18 years in the adjudicated population  

There were no asthma-related intubations in patients <18 years in the adjudicated data set.  

3.2.6 Asthma-related hospitalizations in patients <18 years in the adjudicated 
population  

3.2.6.1 Number of patients with at least 1 asthma-related hospitalization in the 
adjudicated population  

Asthma-related hospitalizations for patients <18 years of age are presented in Table 26.  Note 
that “Asthma hospitalizations per 1000 treatment years” does not account for multiple 
occurrences for the same individual.  The presentation gives an estimate of the rate in relation 
to the duration of the exposure.  

  
Table 26 Patients with at least 1 asthma-related hospitalization (adjudicated 

data, patients <18 years, by age group) 

 Formoterol-
exposed 

Non-LABA-
exposed 

Total 

Patients <12 years    
Patients (N) 2155 1268 3423 

Total exposure (1000 treatment years) 0.77 0.48 1.25 

Number (%) of patients with ≥1 asthma-related hospitalization 25 (1.16%)a 14 (1.10%) 39 (1.14%) 

Asthma-related hospitalizations/ 1000 treatment yearsb 32.4 29.4 31.3 

Patients 12 to <18 years    

Patients (N) 1515 1155 2670 

Total exposure (1000 treatment years) 0.76 0.59 1.34 

Number (%) of patients with ≥1 asthma-related hospitalization 14 (0.92%) 15 (1.30%) 29 (1.09%) 

Asthma-related hospitalizations/ 1000 treatment yearsb 18.5 25.5 21.6 
a Note that this includes 7 patients from one arm in Study SD-039-0673 in which patients in an exploratory  treatment 

arm with SYMBICORT TURBUHALER 80/4.5 μg once daily proved to have received a dose of medication that was 
too low, based on the study results.  

b Note that a patient who was hospitalized on more than one occasion has only been included once in this calculation. 
 

For patients 12 to <18 years of age, the proportion of patients with an asthma-related 
hospitalization was numerically lower in the group exposed to formoterol-containing products 
than the group exposed to non-LABA treatment (0.92% vs 1.30%), whereas among patients 
below 12 years of age, the proportion was numerically higher in the formoterol-exposed 
patients (1.16% vs 1.10%).  The slight imbalance against formoterol-treatment in the younger 
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age group results from a high number of asthma-related hospitalizations in one arm of study 
SD-039-0673; in this arm, patients were treated with an exploratory low dose of 
SYMBICORT TURBUHALER (80/4.5 μg once daily) that proved to be subtherapeutic.  
When data from this arm of Study SD-039-0673 are excluded from the overall analysis, 
results were consistent with those for patients 12 years and older, ie, they slightly favor 
formoterol treatment (discussed in more detail in Section 3.2.7.3). 

3.2.6.2 Asthma-related hospitalizations in patients <12 and 12 to <18 years 

Table 27 presents the crude relative risk of asthma-related hospitalization for patients 
<18 years, by age group, as approximated by the odds ratio using the pooled total number of 
patients (6,093) and the number of patients experiencing at least one asthma hospitalization 
among patients randomized to formoterol-containing treatment vs patients randomized to non-
LABA treatment.  There was no evidence of a difference between the formoterol-containing 
and non-LABA treatment groups. 

Table 27 Odds ratio (formoterol-exposed vs non-LABA-exposed) for asthma-
related hospitalization during randomized treatment (adjudicated 
data, patients <18 years, by age group) 

 Formoterol-exposed Non-LABA-exposed Comparison formoterol-exposed 
vs non-LABA-exposed 

Age group N No. (%) with 
≥1 hosp 

N No. (%) with 
≥1 hosp 

OR 95% CI 

<12 years 2155  25 (1.16%) 1268 14 (1.10%) 1.05a (0.52-2.20) 

12 to <18 years 1515  14 (0.92%) 1155 15 (1.30%) 0.71 (0.32-1.58) 
a Note that if the 7 patients below 12 years that received SYMBICORT 80/4.5 μg once daily in Study SD-039-0673 are 

excluded, the OR is 0.80 (95% CI 0.37-1.74). 
 

Figure 15 displays the overall Mantel-Haenszel (M-H) relative risk estimate and 95% CI of 
asthma-related hospitalizations in the <12 years group, stratified by study and adjusted for 
total exposure times between the treatment groups (see Section 2.2.1.4).     
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Figure 15 Relative risk estimates of asthma-related hospitalizations overall (Mantel-
Haenszel) and by individual trial among patients <12 years 

 

 

In general, RR estimates among individual studies are generally centered around the line of 
unity, representing no increased risk for formoterol-exposed versus non-LABA exposed 
patients in the <12 years group.   

The overall pooled M-H estimate of RR (shown as the solid triangle at the bottom of Figure 
15 and presented in Table 28) stratified by study and adjusting for total exposure time, was 
1.22 (95% CI: 0.62 to 2.37). As previously noted, the slight imbalance against formoterol-
treatment in this age group results from a high number of asthma-related hospitalizations in an 
arm of study SD-039-0673 that received a sub therapeutic dose of SYMBICORT.  When data 
from this arm of Study SD-039-0673 are excluded from the overall analysis, results are 
consistent with those for adults and patients 12 years and older, ie they slightly favor 
formoterol treatment (discussed in more detail in Section 3.2.7.3).   

Note that only 9 studies with at least 1 event contributed to this estimate.  Potential differences 
in risk across individual studies were examined using a chi-square test for homogeneity 
(p=0.360), indicating no clear evidence of heterogeneity of relative risk across the studies. 

Table 28 presents summary output for the overall M-H analysis of RR for asthma-related 
hospitalizations among patients <12 years.  As before, both simple event rates and event rates 
using stratification corresponding to the M-H relative risk estimate are provided.  Event rates 
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are numerically higher for formoterol-exposed versus non-LABA-exposed patients by either 
estimate, although the CI for the overall RR includes unity.  When data from the 
subtherapeutic arm of Study SD-039-0673 are excluded, the event rates favor formoterol 
treatment (see Section 3.2.7.3).   

Table 28 Stratified M-H analysis for asthma-related hospitalizations, among 
patients <12 years 

    M-H analysis 

Treatment No. of 
eventsa 

Total 
exposure 
(years) 

Crude event 
rateb 

Weighted event 
rateb (95% CI) 

RR (95% CI) 

Formoterol 25c 770.5 32.4 35.28 (23.58, 52.78) 1.22 (0.62, 2.37) 

Non-LABA 14 474.3 29.5 29.01 (17.06, 49.33)  
a Note that a patient who was hospitalized on more than one occasion has only been counted once in this 

calculation. 
b Event rate per 1000 treatment years.  

c Note that this includes 7 patients from one arm in Study SD-039-0673 in which patients in an exploratory  treatment 
arm with SYMBICORT TURBUHALER 80/4.5 μg once daily proved to have received a dose of medication that was 
too low, based on the study results. 

 

Figure 16 displays the Kaplan-Meier curve for time to first hospitalization in the <12 years 
group.  The time to hospitalization was similar between treatment groups. 

Figure 16 Kaplan Meier survival curve for time to asthma-related hospitalization 
(adjudicated data, patients <12 years) 
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Relative risk in patients 12 to <18 years 

Figure 17 displays the overall Mantel-Haenszel (M-H) relative risk estimate and 95% CI of 
asthma-related hospitalizations, stratified by study and adjusted for total exposure times 
between the treatment groups (see Section 2.2.1.4).   

Figure 17 Relative risk estimates of asthma-related hospitalizations overall (Mantel-
Haenszel) and by individual trial among patients 12 to <18 years 

 

In general, RR estimates among individual studies are generally centered around the line of 
unity, representing no increased risk for formoterol versus non-LABA exposed patients.   

The overall pooled M-H estimate of RR (shown as the solid triangle at the bottom of Figure 
17 and presented in Table 29) stratified by study and adjusting for total exposure time, was 
0.77 (95% CI: 0.37 to 1.62), again indicating no increase in risk for formoterol versus non-
LABA exposed patients.  Note that only 12 studies with at least 1 event contributed to this 
estimate.  Potential differences in risk across individual studies were examined using a chi-
square test for homogeneity (p=0.360), indicating no clear evidence of heterogeneity of 
relative risk across the studies. 

Table 29 presents summary output for the overall M-H analysis of RR for asthma-related 
hospitalizations.  As before, both simple event rates and event rates using stratification 
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corresponding to the M-H relative risk estimate are provided.  Event rates are lower for 
formoterol versus non-LABA exposed patients by either estimate.   

Table 29 Stratified M-H analysis for asthma-related hospitalizations, among 
patients 12 to <18 years 

    M-H analysis 

Treatment No. of 
eventsa 

Total 
exposure 
(years) 

Crude event 
rateb 

Weighted event 
rateb (95% CI) 

RR (95% CI) 

Formoterol 14 753.7 18.6 19.50 (11.42, 33.32) 0.77 (0.37, 1.62) 

Non-LABA 15 588.0 25.5 25.25 (15.13, 42.16)  
a Note that a patient who was hospitalized on more than one occasion has only been counted once in this 

calculation.  
b Event rate per 1000 treatment years. 
 

Figure 18 displays the Kaplan-Meier curve for time to first hospitalization.  The time to 
hospitalization was similar between treatment groups.  

Figure 18 Kaplan Meier survival curve for time to asthma-related hospitalization 
(adjudicated data, patients 12 to <18 years) 

 

3.2.6.3 Asthma-related hospitalizations in long-term studies  

In order to focus on possible long-term effect of LABA treatment in patients <18 years, data 
from 8 trials of 6 to 12 months duration were pooled.  The results for asthma-related 
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hospitalizations are summarized in Table 30.  There was no evidence of a difference between 
formoterol- and non-LABA-exposed groups for patients <12 years (RR: 1.15; 95% CI: 
0.49-2.90).  For patients aged 12 to <18 years, there was a numerical difference in favor of the 
formoterol-exposed group (OR: 0.40; 95% CI: 0.13-1.08).  

Table 30 Odds ratio of asthma-related hospitalization during randomized 
treatment estimated in 6 to 12-month trials (adjudicated data, patients 
<18 years) 

 Formoterol-exposed Non-LABA-exposed Comparison formoterol-exposed 
vs non-LABA-exposed 

Age group N No. (%) with 
≥1 hosp 

N No. (%) with 
≥1 hosp 

OR 95% CI 

<12 years 528 15 (2.84%) 404 10  (2.48%) 1.15  (0.49-2.90) 

12 to <18 years 752 7  (0.93%) 615 14  (2.28%) 0.40  (0.13-1.08) 
Hosp  Hospitalization; OR  Odds ratio. 
 

The dataset was then updated with information on multiple events, and the asthma-related 
hospitalizations were classified as follows: onset between day 1 and 31, between day 32 and 
92, on day 93 or later. One patient reported events in more than one of these time-periods.  
The patients were then grouped according to their exposure time in studies: treatment duration 
at least 1 day, at least 31 days, or at least 92 days. 

The number of patients who reported at least one asthma-related hospitalization during each of 
these time periods was then related to the number of patients at risk. The results are presented 
in Table 31.  The results are in accordance with the Kaplan Meier survival curves for time to 
asthma-related hospitalization among pediatric patients (see Figure 16 and Figure 18), and 
suggest that there is no increased risk for asthma-related hospitalizations in 
formoterol-exposed patients compared with non-LABA-exposed patients even during 
long-term treatment.  

Table 31 Patients with asthma-related hospitalizations during randomized 
treatment in 6 to 12-month trials by onset period (adjudicated data, 
patients <18 years) 

 Patients <12 years Patients 12 to <18 years 

Onset/Treatment Patients 
(N)a 

Number (%) of 
hospitalized patients 

Patients 
(N)a 

Number (%) of 
hospitalized patients 

Onset between day 1 and 31     

Formoterol-exposed patients 528 0 752 1 (0.13%) 

Non-LABA-exposed patients 404 1 (0.25%) 615 2 (0.33%) 

Onset between day 32 and 92     

Formoterol-exposed patients 519 5 (0.96%) 734 1 (0.14%) 
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Table 31 Patients with asthma-related hospitalizations during randomized 
treatment in 6 to 12-month trials by onset period (adjudicated data, 
patients <18 years) 

 Patients <12 years Patients 12 to <18 years 

Onset/Treatment Patients 
(N)a 

Number (%) of 
hospitalized patients 

Patients 
(N)a 

Number (%) of 
hospitalized patients 

Non-LABA-exposed patients 400 3 (0.75%) 598 5 (0.84%) 

Onset on day 93 or later     

Formoterol-exposed patients 508 10 (1.97%) 704 5 (0.71%) 

Non-LABA-exposed patients 387 7 (1.81%) 573 7 (1.22%) 
a Number of patients at risk on day 1, 32 or 93. 
 

3.2.6.4 Asthma-related hospitalizations in trials comparing ICS + LABA vs ICS alone 

Asthma-related hospitalizations were also evaluated in patients <18 years receiving ICS + 
LABA compared with ICS alone.  Similar to Section 2.2.6.4, only trials with treatment arms 
in which patients received ICS and either formoterol or non-LABA treatment as randomized 
treatment are included. Twenty-two trials were included in this analysis; of these, 20 included 
patients aged 12 to < 18 and 12 included patients aged 4 to <12 (2 trials included only patients 
aged 4 to <12).  ICS doses were generally either equivalent or, in some cases, up to 4 times 
higher in the non-LABA treatment arms as in the ICS + formoterol treatment arms. It should 
be noted, however, that 2 pediatric studies evaluated exploratory doses of ICS+formoterol that 
incorporated formoterol doses substantially below 18 μg daily (SD-039-0673 and 
SD-039-0725), ie, below the intended registered dose of formoterol in children. In both 
studies, there were more asthma-related hospitalizations in the low-dose formoterol treatment 
arms than in higher-dose groups, particularly in children <12. This effect was most notable in 
Study SD-039-0673 where 7 events occurred in the low-dose formoterol treatment arm (see 
Section 3.2.7.3 for further details). These events have been incorporated in the following 
analyses for completeness, but should be carefully considered when drawing conclusions 
based on comparisons of ICS + formoterol vs. ICS. 

Table 32 presents the odds ratio for asthma hospitalization estimated from the number of 
patients in trials comparing ICS + formoterol vs ICS alone.  The results are generally in 
accordance with the overall comparison between formoterol-containing treatment and non-
LABA treatment (see Table 27), with a numerical difference in favor of non-LABA treatment 
in the children under 12 years and a numerical difference in favor of formoterol-containing 
treatment in the patients aged 12 to <18 years. While the odds ratio of 1.38 for patients <12 
appears to favor budesonide alone, the slight imbalance against ICS + formoterol treatment in 
the younger age group results from the 7 events in low-dose SYMBICORT patients from 
study SD-039-0673 who received a SYMBICORT dose of only 80/4.5 μg once daily. When 
the 7 patients in this treatment arm are excluded, the difference in patients below 12 years also 
is numerically in favor of formoterol-containing treatment (OR 0.79 [95% CI 0.24-2.79]). 
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Table 32 Odds ratio of asthma hospitalization estimated from the number of 
patients in trials comparing ICS + formoterol vs ICS alone (patients 
<18 years) 

 Randomized to ICS + 
formoterol 

Randomized to ICS 
alone 

Comparison formoterol + ICS vs 
ICS alone 

Age group N No. (%) with 
≥1 hosp 

N No. (%) with 
≥1 hosp 

OR 95% CI 

<12 years 1489 15 (1.01%)a 820 6 (0.73%) 1.38  (0.50-4.36) 

12 to <18 years 1006 11 (1.09%) 783 12 (1.53%) 0.71  (0.28-1.77) 
a Note that this includes 7 patients from one arm in Study SD-039-0673 in which patients in an exploratory  treatment 

arm with SYMBICORT TURBUHALER 80/4.5 μg once daily proved to have received a dose of medication that was 
too low, based on the study results.   

Note that a patient who was hospitalized on more than one occasion has only been included once in this calculation. 
 

3.2.6.5 Asthma-related hospitalizations by baseline ICS use 

For completeness, and in order to allow comparison with previous analyses performed as part 
of the 2005 PADAC meeting evaluation, asthma-related hospitalizations were evaluated in 
relation to baseline ICS use.  In addition to the dataset (ICS + formoterol or ICS alone) 
described in Section 3.2.6.4, this analysis includes approximately 990 patients not formally 
randomized to either ICS + formoterol or ICS monotherapy arms.  Note that in the 
formoterol-exposed group, approximately 95% of patients below 12 years and 85% of patients 
12 to <18 years received ICS at baseline.  However, this “ICS use at baseline” group includes 
over 800 patients who were either expected to continue ICS treatment during the study but 
were not monitored for compliance with that therapy (approximately 15%), or  were 
participants in US pMDI studies (SD-039-0716, SD-039-0717, and SD-039-0718) who were 
on ICS at baseline, but were subsequently randomized to formoterol monotherapy 
(approximately 6%) (see Section 2.2.6.5).  Note that the inclusion of patients in the “ICS at 
baseline” group that may or may not have received ICS provides a worst-case perspective on 
safety if concomitant ICS use is protective.   

The number of patients <18 years with asthma-related hospitalizations by baseline ICS use is 
presented by age group in Table 33.   

Table 33 Patients with asthma-related hospitalizations during randomized 
treatment by ICS use at baseline (adjudicated data, patients <18 
years, by age group) 

 Formoterol-exposed Non-LABA-exposed 

 N No. (%) with ≥1 hosp N No. (%) with ≥1 hosp 

<12 years 

ICS use at baseline 2053 25 (1.22%) 1169 14 (1.20%) 

No ICS-use at baseline 102 0 99 0 
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Table 33 Patients with asthma-related hospitalizations during randomized 
treatment by ICS use at baseline (adjudicated data, patients <18 
years, by age group) 

 Formoterol-exposed Non-LABA-exposed 

 N No. (%) with ≥1 hosp N No. (%) with ≥1 hosp 

12 to <18 years 

ICS use at baseline 1289 12 (0.93%) 893 15 (1.68%) 

No ICS-use at baseline 226 2 (0.88%) 262 0 

 

Similar to results described in Section 2.2.6.5, in patients using ICS at baseline, the proportion 
of patients 12 to <18 years with asthma-related hospitalizations was higher in the non-LABA 
group than in the formoterol-exposed group.  In patients <12 years, the proportion with 
asthma-related hospitalizations was similar in the non-LABA and formoterol-exposed groups; 
however, when patients from Study SD-039-0673 who received a SYMBICORT dose of only 
80/4.5 μg daily are removed from this analysis, the proportion favors formoterol-exposed 
patients.  In both formoterol- and non-LABA-exposed groups, the proportion of patients with 
at least 1 asthma-related hospitalization was slightly higher in patients receiving ICS at 
baseline, compared to no ICS at baseline, consistent with the greater asthma severity expected 
in patients previously treated with ICS.  Although there were no findings of concern 
identified, these data do not allow conclusions to be drawn regarding the potential protective 
effect of concomitant use of ICS with LABAs. 

3.2.6.6 Asthma-related hospitalizations by daily dose of formoterol 

Table 34 presents the number of patients with asthma-related hospitalizations in formoterol-
exposed patients <18 years of age, by age group and daily formoterol dose.  There was no 
tendency in either age group (<12 or 12 to <18) towards an increase in asthma-related 
hospitalizations with increasing dose of formoterol. The highest rate of asthma-related 
hospitalizations occurred in the patients < 12 randomized to the 80/4.5 μg daily dose 
SYMBICORT in Study SD-039-0673; this was believed to be a subtherapeutic dose of 
medication based on the study results (see Section 3.2.7.3).   

Table 34 Patients with asthma-related hospitalizations during randomized 
treatment by daily dose of formoterol (adjudicated data, patients <18 
years, by age group) 

Daily dose of formoterol <12 years 12 to <18 years 

 N Number (%) with 
≥1 hospitalization 

N Number (%) with 
≥1 hospitalization 

Non-LABA 1268 14 (1.10%) 1155 15 (1.30%) 

4.5 μg 115 7 (6.09%) 1 0 

9 μg 264 2 (0.76%) 475 5 (1.05%) 
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Table 34 Patients with asthma-related hospitalizations during randomized 
treatment by daily dose of formoterol (adjudicated data, patients <18 
years, by age group) 

Daily dose of formoterol <12 years 12 to <18 years 

 N Number (%) with 
≥1 hospitalization 

N Number (%) with 
≥1 hospitalization 

18 μg 1366 8 (0.59%) 494 6 (1.21%) 

36 μg 0 NA  67 0 

As needed use or adjustable dosing 410 8 (1.95%) 478 3 (0.63%) 

Total formoterol 2155 25 (1.16%) 1515 14 (0.92%) 

 

3.2.6.7 Asthma-related hospitalizations by sex and race 

Table 35 presents patients <18 years of age with an asthma-related hospitalization by age 
group (<12 or 12 to <18), sex, and race.  In general, analysis by sex and by race revealed only 
small differences between the formoterol- and non-LABA-exposed treatment groups.  In 
patients <12, there was a slightly higher frequency of asthma-related hospitalizations in the 
formoterol-exposed group compared to the non-LABA-exposed group among Caucasian 
patients; an opposite trend was noted for subjects age 12 to <18.  For Black patients and 
patients of Oriental ethnic origin, the number of patients was too low to allow any definitive 
conclusions; however, there was no indication of an increased risk of asthma-related 
hospitalizations in the formoterol-exposed patients compared with the non-LABA-exposed 
patients. These results are consistent with those described in Section 2.2.6.7. 

Table 35 Patients with asthma-related hospitalizations during randomized 
treatment by sex and race (adjudicated data, patients <18 years, by 
age group) 

 <12 years 12 to <18 years 

 Formoterol-exposed Non-LABA-exposed Formoterol-exposed Non-LABA-exposed 

 N No. (%) 
with ≥1 hosp 

N No. (%) 
with ≥1 hosp 

N No. (%) with 
≥1 hosp 

N No. (%) with 
≥1 hosp 

Patients with asthma-related hospitalizations by sex 
Male 1424 15 (1.05%) 851 9 (1.06%) 898 5 (0.56%) 725 8 (1.10%) 

Female 731 10 (1.37%) 417 5 (1.20%) 617 9 (1.46%) 430 7 (1.63%) 

Patients with asthma-related hospitalizations by race 
Caucasian 1758 19 (1.08%) 1054 7 (0.66%) 1259 11 (0.87%) 975 10 (1.03%) 

Black 104 1 (0.96%) 45 3 (6.67%) 81 1 (1.23%) 53 0 

Oriental 64 2 (3.13%) 49 1 (2.04%) 80 1 (1.25%) 60 5 (8.33%) 

Other 229 3 (1.31%) 120 3 (2.50%) 95 1 (1.05%) 67 0 
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3.2.6.8 Asthma-related hospitalizations by asthma severity (baseline FEV1) 

The number of patients with asthma-related hospitalizations was also analyzed by baseline 
FEV1 to evaluate the possible influence of disease severity (lower FEV1 being an indicator of 
more severe disease).  Table 36 presents asthma-related hospitalizations by FEV1 (as % of 
predicted normal) at baseline for patients <18 years.  There were very few patients (n=49) 
with FEV1 <50% of predicted normal at baseline in either treatment category, and among 
these asthma-related hospitalizations were reported in 2 of 15 patients from the non-LABA 
exposed group.  Overall, differences between the formoterol- and non-LABA-exposed groups 
were small. It should be noted that because the vast majority of patients <18 received ICS at 
baseline, baseline FEV1 may underestimate the asthma severity of the population, limiting the 
conclusions that can be drawn from this analysis. 

Table 36 Patients with asthma-related hospitalizations during randomized 
treatment by baseline percent predicted FEV1 (adjudicated data, 
patients <18 years, by age group) 

 <12 years 12 to <18 years 

 Formoterol-exposed Non-LABA-exposed Formoterol-exposed Non-LABA-exposed 

FEV1 
(%PN) 

N No. (%) 
with ≥1 hosp 

N No. (%) 
with ≥1 hosp 

N No. (%) with 
≥1 hosp 

N No. (%) with 
≥1 hosp 

≤29.9 1 0 0 NA 1 0 0 0 

30-49.9 20 0 6 1 (16.67%) 14 0 9 1 (11.11%) 

50-74.9 330 5 (1.52%) 202 6 (2.97%) 335 4 (1.19%) 248 5 (2.02%) 

≥75 1797 20 (1.11%) 1057 7 (0.66%) 1122 10 (0.89%) 859 9 (1.05%) 

Unknown 7 0 3 0 43 0 39 0 

Total 2155 25 (1.16%) 1268 14 (1.10%) 1515 14 (0.92%) 1155 15 (1.30%) 

 

3.2.6.9 Additional safety information 

The following subsections summarizes results in patients <18 for additional safety variables 
evaluated in the adjudicated dataset, as was presented for patients >18 years in Section 2.2.7. 

Total number of asthma-related hospitalizations during randomized treatment 

For patients <18, a separate analysis was done for the total number of asthma-related 
hospitalizations, ie, allowing for the same patient to experience multiple hospitalizations.  
Three pediatric patients (<18 years) reported 2 and one patient reported 3 hospitalizations, 
which gives an additional 5 hospitalizations.  The results are summarized in Table 37.  

Taking into account exposure, there was a similar number of asthma-related hospitalizations 
in the formoterol-exposed group and the non-LABA-exposed group in patients <12 (32.4 vs 
31.5 per 1000 treatment years).  In patients age 12 to <18 there were fewer asthma-related 
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hospitalizations in the formoterol-exposed group than the non-LABA-exposed group (21.2 vs 
28.9 per 1000 treatment years). 

These results are very similar to the results based on data for patients with at least 
1 asthma-related hospitalization (see Section 3.2.6.1). When compared to results presented in 
Section 2.2.7, results are comparable to those for the overall population, particularly when 
events from Study SD-039-0673 are taken into consideration for the subgroup of patients <12 
years. 

  Table 37 Total number of asthma-related hospitalizations during randomized 
treatment, allowing for multiple events in the same patient 
(adjudicated population, patients <18 years) 

Patients <12 years Patients 12 to <18 years  

Formoterol-
exposed 

Non-LABA-
exposed 

Formoterol-
exposed 

Non-LABA-
exposed 

N 2155 1268 1515 1155 

Total exposure (1000 treatment years) 0.77 0.48 0.76 0.59 

Number of hospitalized patients 25 14 14 15 

Number of additional hospitalizations from 
patients with multiple events 

0 1 2 2 

Total number of hospitalizations 25 15 16 17 

Asthma hospitalizations / 1000 treatment years 32.4 31.5 21.2 28.9 

 

3.2.7 Comment on individual pediatric clinical studies 
As described previously (see Table 27, Table 28, and Table 29), the proportion of patients 
with at least 1 asthma-related hospitalization overall was not higher in patients randomized to 
formoterol-containing treatment than patients randomized to non-LABA treatment.  However, 
there were some studies with diverging results, ie, where the proportion of asthma-related 
hospitalizations was higher in the formoterol-containing treatment group, and the purpose of 
this section is to comment on these studies.  For a summary of asthma-related events by study, 
please see Appendix B. 

3.2.7.1 Study SD-039-0725 

With regard to SYMBICORT pMDI, there were 5 asthma-related hospitalizations during 
formoterol-containing treatment (n=354) as compared with 1 during non-LABA treatment 
(n=169) in Study SD-039-0725.  There were 2 formoterol-containing treatment arms in this 
study, which evaluated both an exploratory once daily (160/9 μg od) and twice daily (80/9 μg 
bid) SYMBICORT pMDI treatment in comparison with budesonide at a corresponding dose.  
Three of the asthma-related hospitalizations occurred in the once-daily arm, and it is possible 
that this is due to inferior efficacy with the once-daily dosing.  It should also be noted that the 
total daily dose of formoterol was only half as high in the once-daily group, and based on the 
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study results it is conceivable that this dose was too low to provide asthma control for this 
group of patients.  For the group of patients randomized to twice-daily SYMBICORT pMDI 
(n=184), the proportion of patients with asthma-related hospitalizations was similar to that in 
the budesonide arm (n=169) (2 vs 1 event). 

3.2.7.2 Study SD-039-0719 

Although not included in the current data set (because it was an open-label trial), a 26-week 
trial for patients 6 to 11 years of age (SD-039-0719) was an important component of the 
SYMBICORT pMDI pediatric clinical program.  In this trial of 186 subjects (2:1 
randomization), 1 SAE of asthma and 1 SAE of pneumonia were identified in the 123 patients 
treated with SYMBICORT vs 0 in the 63 patients treated with budesonide.  Neither SAE led 
to discontinuation from the study. 

3.2.7.3 Study SD-039-0673 

With regard to SYMBICORT TURBUHALER, a finding of interest was the distribution of 
asthma-related hospitalizations in Study SD-039-0673, which was a non-US study evaluating 
use of SYMBICORT TURBUHALER as maintenance and reliever therapy, compared with 
SYMBICORT TURBUHALER fixed dose treatment and compared with a 4-times higher 
fixed dose of budesonide.  This study had 6 parallel arms, as shown in Table 38, which also 
presents the asthma-related hospitalizations by treatment arm.  The children in the fixed-dose 
SYMBICORT arm received only 80/4.5 μg/day, an explorative dose not approved for 
treatment.  The number of patients reporting asthma-related hospitalizations was 7 (5.9%) in 
this treatment group compared to zero in the SYMBICORT as maintenance and reliever 
therapy group (80/4.5 μg once daily and as needed), and 3 (2.8%) in the group receiving a 
4-times higher dose of budesonide without formoterol.   

We conclude that the fixed low dose of SYMBICORT was too low to provide asthma control 
for this population, because the patients who received higher daily doses of formoterol and 
hence of inhaled corticosteroid (in the SYMBICORT maintenance plus reliever therapy arm) 
had no asthma-related hospitalizations.  This is supported by lack of any corresponding 
difference for adults and adolescents, who received a higher maintenance dose of 
SYMBICORT.  It is not possible to differentiate between the benefit of the formoterol and the 
corticosteroid dose, since both differed between the treatment arms. 

Table 38 Summary of asthma-related hospitalizations during randomized 
treatment in Study SD-039-0673 (adjudicated data) 

Treatment and total daily dose (μg) Number of 
patients 

Number (%) of patients 
reporting at least one asthma-
related hospitalization 

Children 4 to ≤11 years 

Budesonide 320 + terbutaline prn  107 3 (2.8%) 

SYMBICORT 80/4.5 + terbutaline prn  118a 7 (5.9%) 

SYMBICORT 80/4.5 + SYMBICORT 80/4.5 prn  118 0 
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Table 38 Summary of asthma-related hospitalizations during randomized 
treatment in Study SD-039-0673 (adjudicated data) 

Treatment and total daily dose (μg) Number of 
patients 

Number (%) of patients 
reporting at least one asthma-
related hospitalization 

Adults and adolescents 12 to <18 years 

Pulmicort 640 + terbutaline prn  818 11 (1.3%)  

SYMBICORT 160/9 + terbutaline prn  788 10 (1.3%) 

SYMBICORT 160/9 + SYMBICORT 80/4.5 prn  804 7 (0.9%) 
a Three of these 118 patients were >11 years old and thus were erroneously randomized to this treatment. 
 

3.2.7.4 Study SD-039-0353 

A further finding of interest is the occurrence of 6 asthma-related hospitalizations (4 of which 
in patients below 12 years) during fixed-dose treatment with SYMBICORT TURBUHALER, 
compared with zero during budesonide treatment in Study SD-039-0353 (Tal et al 2002).  This 
was a randomized, double-blind, 12-week study comparing SYMBICORT TURBUHALER to 
a corresponding dose of budesonide among 286 children <18 years, whereof 171 were below 
12 years of age (90 on SYMBICORT).  However, no such finding was seen in Study SD-039-
0688 (Pohunek et al 2006), which was a larger follow-up study that recruited only children 
below 12 years (N=630, whereof 417 receiving SYMBICORT or formoterol + budesonide).  
This study had a design similar to that of Study SD-039-0353, but included comparison with 
the budesonide + formoterol as monoproducts at corresponding doses, and patients were 
required to have a minimum level of symptoms despite previous use of ICS.  There was only 
1 asthma-related hospitalization seen in this study (in the formoterol + budesonide group).  

Importantly, as indicated by the compiled adjudicated data (see Table 26), there is only a 
small numerical difference between the proportion of patients with asthma-related 
hospitalizations in the formoterol- and non-LABA-exposed treatment groups among patients 
<12 years of age (1.16% vs 1.10%), even taking into account the studies mentioned above.  
For patients 12 to 17 years of age, the numerical difference (0.92% vs 1.30%) was in favor of 
the formoterol-containing treatment group, in accordance with the results for the population as 
a whole.  
 

3.2.8 Overall discussion of asthma-related risks of formoterol in pediatric patients 

The results for patients <18 years in the adjudicated data were in line with results for the 
population as a whole, in that there was no indication of an increased risk of asthma-related 
deaths or hospitalizations in this sub-population.  There were no asthma-related deaths or 
intubations during randomized treatment in patients <18 years.  Neither was there any 
tendency towards an increased risk of asthma-related hospitalizations in this age group.  As 
indicated by the compiled adjudicated data (see Table 26), there is only a small numerical 
difference between the proportion of patients with asthma-related hospitalizations in the 
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formoterol-containing and non-LABA treatment groups among patients <12 years of age 
(1.16% vs 1.10%).  This small difference is unlikely to represent a true imbalance, and 
includes data from studies, described in Section 3.2.7, where exploratory doses of 
SYMBICORT were included. For patients 12 to <18 years of age, the numerical difference in 
the proportion of patients with asthma-related hospitalizations (0.92% vs 1.30%) was in favor 
of the formoterol-exposed group.  

For the comparison of ICS + formoterol vs ICS alone, the results are generally in accordance 
with the overall comparison between formoterol-containing treatment and non-LABA 
treatment (see Table 27).  When the 7 patients from study SD-039-0673 were excluded, 
results in patients below 12 years also numerically favored the formoterol-containing 
treatment. 

Results for asthma-related SAEs as presented in the SYMBICORT pMDI pediatric sNDA are 
consistent with these findings, see Appendix D.   

4. POST-TREATMENT EVENTS IN CLINICAL TRIALS 

All deaths (any cause), asthma-related deaths, asthma-related intubations, and asthma-related 
hospitalizations with an onset date after the date of last dose were also reviewed, adjudicated, 
and are reported in this section and in Appendix C for completeness.  

4.1 All-cause and asthma-related mortality in the adjudicated 
population 

An additional 5 deaths were identified in the 13,542 formoterol-exposed patients occurring 
within 1 to 23 days after the end of randomized treatment and 1 additional death in the 9,968 
non-LABA-exposed group 13 days after the last dose of treatment, with no consistent pattern 
in cause of death observed. Among these 6 patients, only one death was determined to be 
asthma-related in the adjudication process (SD-039-0673/448/1488). This event occurred 1 
day after the last dose of randomized treatment in a patient in the formoterol-exposed group. 
There were no post-treatment asthma-related deaths in patients <18 years in the adjudicated 
dataset.  

Table 39 provides a brief description of all post-treatment deaths.  See Appendix C for subject 
narratives of these cases.   

4.2 Asthma-related intubations in the adjudicated population 
There were no post-treatment asthma-related intubations in the adjudicated population. 

4.3 Asthma-related hospitalizations in the adjudicated population 
There were 10 asthma-related hospitalizations that occurred after the end of randomized 
treatment; these were evenly divided across formoterol vs non-LABA treatment groups (5 in 
each group).
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Table 39 Brief description of all post-treatment deaths (all cause)  

Study code/ 
Center/ Patient 
No 

Age/ 
Sex/ 
Race 

Randomized treatment 
(daily dose) 

ENDT
RTDY

EVEN
TDAY

ENDTRTDY 
-EVENTDAY 

Onset in 
relation to 
last dose 

Days since 
randomization 
when death 
occurred 

Cause of 
death 

Formoterol-exposed patients        

37-3018/47/64719 32/M/C PULMICORT_OXIS_TBH 
(640/18) 

334 336 -2 2 days later 336 Completed 
suicide 

SD-037-
0003/34/3403 

12/M/C OXIS_TBH (18) 26 27 -1 Next day 26 Respiratory 
failure 

SD-039-
0666/105/532 

74/M/C SYMBICORT_TBH (320/9) 56 79 -23 23 days 
later 

79 Cardiac 
arrest 

SD-039-
0673/448/1488 

64/F/O SYMBICORT_TBH_BRICAN
YL_TBH_prn (160/9/400 prn) 

299 300 -1 Next day 300 Asthma 

SD-039-
0673/75/1527 

53/F/C SYMBICORT_TBH_BRICAN
YL_TBH_prn (160/9/400 prn) 

325 326 -1 Next day 326 Sudden 
deatha 

Non-LABA -exposed patients        

SD-039-
0668/327/1774 

23/M/C PULMICORT_TBH_BRICANY
L_TBH_prn (640/400 prn) 

276 289 -13 13 days 
later 

289 Cardiac 
failureb 

a Cause of death unknown. Medical history included hypertension  
b Cause of death unknown. Patient experienced loss of consciousness, cyanosis, and died 4 days later.  
ENDTRTDY Days on randomized treatment;  EVENTDAY Day of onset of event leading to death. 
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4.4 Overall conclusions 
In the post-treatment period, there were 1 asthma-related death and 5 asthma-related 
hospitalizations in 13,542 formoterol-exposed patients, and there were 5 asthma-related 
hospitalizations in 9,968 non-LABA-exposed patients.  Hence, there were too few events 
reported following the randomized treatment period from which to draw definitive 
conclusions regarding asthma-related death.  With regard to asthma-related hospitalizations, 
no apparent increased risk was observed for patients previously treated with formoterol vs 
non-LABA therapy.   

As some regulatory agencies have requested incorporation of this data into analyses (ie, 
during treatment+post treatment), it is important to note that no meaningful changes in overall 
results or conclusions followed when these events where included in analyses presented 
within this briefing document. 

5. OVERALL BENEFIT/RISK OF FORMOTEROL IN CLINICAL 
TRIALS  

AstraZeneca’s clinical trial data is supportive of LABA usage as described in current 
evidence-based national and international asthma treatment guidelines, which recommend that 
patients with persistent asthma should always receive concomitant anti inflammatory 
medication (eg, inhaled corticosteroid) before considering starting maintenance treatment with 
a long-acting β2-agonist.  

In patients age 12 and above, the benefit of formoterol in combination with budesonide, has 
been unequivocally demonstrated in numerous AstraZeneca clinical trials.  These benefits 
include improvements across a range of measures of asthma control such as lung function; 
asthma worsening and exacerbations; asthma symptoms, use of rescue medication, and 
asthma-related quality of life measures in patients with moderate and severe asthma.  Many of 
these benefits are apparent even when compared to high doses of ICS monotherapy.   

The benefits of an effective ICS such as budesonide in children younger than 12 years of age 
have been well demonstrated by improvements across a range of measures of asthma control 
in numerous clinical trials.  In studies presented in this document, evaluating children between 
the ages of 6 to <12, the additional benefits of adding formoterol to budesonide compared to 
budesonide alone have been unequivocally demonstrated on measures of control such as FEV1 
and PEF as well as in some measures of HRQL across a range of ICS doses, while parity on 
other measures of control was observed in patients with asthma previously treated with ICS.  
In light of potential systemic effects of high-dose ICS (eg, adrenal axis suppression and effects 
on growth) an additional benefit of ICS/LABA in this population may be the ability to gain 
asthma control with a lower dose of ICS.  In this regard, the addition of formoterol to 
budesonide presents a definitive benefit to patients not adequately controlled on ICS 
monotherapy. 
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This document has reviewed asthma-related serious adverse events of possible concern using 
data specified by and provided to the FDA earlier this year. The adjudicated data included a 
total of 23,510 patients, 13,542 exposed to formoterol and 9,968 exposed to non-LABA 
treatment.  There was no indication of any increased risk of asthma-related deaths, intubations 
or hospitalizations with formoterol compared with non-LABA treatment in this large number 
of patients.  In addition, the rate of asthma-related hospitalizations was numerically lower for 
formoterol- vs non-LABA-exposed patients. In a subset analysis, the addition of formoterol to 
ICS presented no additional risk of asthma-related deaths, intubations or hospitalizations 
compared with ICS treatment alone.  The results for patients <18 years in the adjudicated data 
were in line with results for the population as a whole, in that there was no indication of an 
increased risk of asthma-related deaths or hospitalizations in this sub-population.  

Based on a comprehensive review of the safety and efficacy of formoterol-containing 
products, AstraZeneca believes that SYMBICORT pMDI exhibits a favorable benefit-risk 
profile in patients 6 years of age and older. The currently approved SYMBICORT pMDI 
prescribing information and Medication Guide (Appendix F) for patients greater than 12 years 
of age appropriately convey any potential risks regarding the use of SYMBICORT.  
SYMBICORT pMDI offers an important therapeutic option for asthma patients who cannot be 
adequately controlled on other asthma-controller medications (eg, low- to medium-dose ICS) 
or whose disease severity clearly warrants initiation of treatment with two maintenance 
therapies. 

6. PHARMACOGENETICS 

Polymorphisms in the β2 adrenergic receptor gene (ADRB2) have been genotyped in human 
populations within the last decade to evaluate pharmacogenetic responses on the safety and 
efficacy of β2-agonist therapy in asthma. Particular attention has been focused on the Arg/Gly 
polymorphism at amino acid 16, especially in the African American population where a 
higher frequency of patients genotyped as Arg/Arg has been observed compared to the 
Caucasian population. 

Results from several small studies have suggested that patients genotyped Arg/Arg at amino 
acid 16 manifest an impaired lung function response to regularly administered albuterol (qid), 
a practice no longer considered appropriate (Israel et al 2000, Israel et al 2004). However, 
with 1 exception (Wechsler et al 2006), a number of analyses have found no relationship of 
ADRB2 polymorphisms to variations in response to LABA therapy (Hancox et al 1998, Taylor 
et al 2000, Bleecker et al 2006). In general, for many studies, small sample size (Arg/Arg 
subjects ranging in number from 8 to 37) and methodologic considerations have made it 
difficult to draw definitive conclusions. 

In order to further evaluate this issue, AstraZeneca collected samples for genetic testing from 
more than 4000 patients in SYMBICORT studies. The duration of treatment ranged from 
3 months to 1 year, included placebo and active-treatment controls, and evaluated measures of 
lung function and asthma control.  This data set, which included over 700 patients identified 
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as Arg/Arg, those believed to be at highest risk, was of sufficient size and scope to define the 
relationship of polymorphisms and haplotype effects across the entirety of the ADRB2 gene to 
asthma outcomes. AstraZeneca made a voluntary submission of this pharmacogenetic data to 
the FDA in October of 2006 under the auspices of the Critical Path Initiative. Importantly, this 
dataset included 2 long-term studies in patients treated with ICS+LABA (Bleecker et al 
2007a).  The first study included 363 Arg/Arg patients and demonstrated no influence of 
specific 11 SNPs or haplotypes across the ADRB2 gene on lung function response or on 
exacerbations. A second study, conducted in the US, confirmed these findings. These data 
show that neither polymorphisms at amino acid 16 nor other evaluated ADRB2 SNPS or 
haplotypes affect the safety or efficacy of SYMBICORT therapy in this subpopulation of 
asthma patients. 

The pharmacogenetic analyses of AstraZeneca data as well as similar analyses on patients 
treated with FP/SM (Bleecker et al 2006) represent new information since the July 2005 
PADAC meeting and have called into question the relevance of initial findings to patients 
treated with ICS/LABA combination therapy.  These new analyses strongly suggest that the 
findings in the GSK SMART study and Mann pooled analysis are not related to known 
ADRB2 polymorphisms.  Importantly, it should be recognized that therapeutic 
recommendations based on known ADRB2 polymorphisms are unfounded and, in fact, may 
place patients at substantial risk should prescribers respond by either restricting therapeutic 
choices for poorly controlled patients or by discontinuing effective regimens in well-
controlled patients.   

7. ONGOING ASTHMA STUDIES 

The data in this document are from completed asthma studies conducted by AstraZeneca.  
However, for transparency, there are currently 6 ongoing asthma clinical studies being 
conducted by AstraZeneca (details in Table 40, below).  Four of these are controlled clinical 
trials similar in design and duration to the large number of completed studies presented in this 
document.  The safety data from these trials are not likely to alter the conclusions in this 
document.  In addition, there is 1 pharmacoepidemiology study and 1 patient registry study 
being conducted outside the US for the Symbicort Maintenance and Reliever indication.    
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Table 40 Ongoing asthma studies 

Anticipated LABA Safety 
population 

Study 
identifier 

Location 
(US/ 
non-US) 

Treatment 
approach 
evaluated 

Comparator Design /  
Duration 

Target 
population  / 
age 

Total 
Planned 
Enrollment ≥12 

years old 
≥18 

years old 
Total 

Reference 

D5896C00022 US Symbicort 
Fixed Main 

Budesonide 
pMDI 

d-b / 
52 wk 

African 
American/ 
≥12 years  

720 360  360 Recruiting 

D5896C00021 US Symbicort 
Fixed Main 

Budesonide 
pMDI 

d-b /  
12 wk 

Hispanic 
asthmatics/ 
≥12 years 

240 120  120 Treatment 
phase 

D589BL00003 US Symbicort 
Fixed Main 

Budesonide 
DPI 

d-b / 
12 week 

African 
Americans/ 
≥12 years  

300 150  150 Recruiting 

D5890C00003 Non-US Symbicort 
Maintenance 
and Reliever 

Symbicort 
TBH bid + 
Terbutaline prn 

d-b / 
52 wk 

Asthmatics/ 
≥18 years  

100  100 100 Treatment 
phase 

D5890C00017 Non-US Symbicort 
Maintenance 
and Reliever 

N/A N/A Pharmaco epi 
study 
Asthma / All 
Ages 

1000   1000 Recruiting, 
data base 
study 

D5890C00018 Non-US Symbicort 
Maintenance 
and Reliever 

N/A  52 wk Patient 
Registry 
Asthma / All 
Ages 

8000   8000 Recruiting  



AZ Briefing document 
3 November 2008 

95 

8. THEORETICAL CONCERNS REGARDING USE OF LABAS 

There have long been concerns that treatment with β2-agonists, whether short-acting or 
long-acting, by effective relief of symptoms could mask an increase in airway inflammation 
and delay awareness of worsening asthma.  Formoterol in the form of OXIS TURBUHALER 
has not been found to cause or mask any underlying airway inflammation over 12 months if 
used together with a low dose of budesonide in patients with moderate asthma (Kips et al 
2000).  In this study, after a 4-week run-in on budesonide 800 μg bid, no significant changes 
in the proportion of inflammatory cells or ECP levels in sputum were observed during the 
ensuing 1-year treatment with budesonide 100 μg bid plus formoterol or budesonide 400 μg 
bid.  Clinical asthma control was not significantly different between both groups.  
Furthermore, as previously described, adding formoterol to either 100 or 400 μg bid of 
budesonide reduced the number of severe asthma exacerbations over the 12-month study 
period of the FACET study (Pauwels et al 1997).  In summary, masking of airway 
inflammation does not appear to be a clinical problem when LABAs are used together with 
ICSs.  

Another possible mechanism behind an increased risk of serious asthma exacerbations is that 
regular use of β2-agonists leads to development of desensitization of the β2-receptor and 
tolerance to the effect of β2-agonists.  This has been shown in experimental situations using 
methacholine or adenosine phosphate challenge and exercise challenge with both formoterol 
and salmeterol, although the relevance of this phenomenon in terms of long-term asthma 
control remains unclear (Hancox and Taylor 2001, Lipworth 1997).  Long-term asthma 
clinical trials with formoterol have shown that there is no reduction in bronchodilator effect, 
and thus, benefit is maintained over time when formoterol is used together with ICS 
(FitzGerald et al 1999, Rabe 2001, Kips et al 2000, Pauwels et al 1997).  This has been 
confirmed in recent studies with SYMBICORT pMDI maintenance treatment (Corren et al 
2007, Noonan et al 2006) and with SYMBICORT TURBUHALER as maintenance and 
reliever therapy (Kuna et al 2007, O’Byrne et al 2005, Rabe et al 2006a, Rabe et al 2006b, 
Scicchitano et al 2004), where results for lung function, symptom control, reliever use and 
severe exacerbations all confirmed maintained benefit over 6 to 12 month treatment periods in 
clinical studies allowing occasional use of up to 54 μg of formoterol per day, in combination 
with budesonide.  

It has been shown that ICSs can modulate β2-receptors and their function by protection against 
desensitization and inflammation-induced receptor down-regulation and uncoupling (Aziz and 
Lipworth 1999, Johnson 2002, Tan et al 1997).  Such effects of ICS may be beneficial also 
from a safety perspective, as they allow patients who are experiencing a worsening of their 
asthma to receive adequate effect of their rescue medication.  This is supported by data from 
Study SD-039-0728 (Peters et al 2008), a randomized, double-blind, parallel-group study in 
which the long-term (1-year) safety of SYMBICORT pMDI at twice the highest approved 
dose in the US (ie, 1280/36 μg/day) was evaluated in comparison with a corresponding dose 
of budesonide and in comparison with half the dose of SYMBICORT pMDI (640/18 μg/day) 
among patients ≥12 years.  In a subset of patients, albuterol response was evaluated in the 
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setting of maintenance therapy with either SYMBICORT pMDI or budesonide alone.  
Subjects in the SYMBICORT pMDI groups experienced similar small decreases from 
baseline in post-albuterol maximum FEV1 at Week 6, end of Month 6, and for treatment 
average, compared with subjects in the budesonide group, but the post-albuterol maximum 
FEV1 values achieved were generally higher for each SYMBICORT pMDI group than for the 
budesonide group.  Importantly, in all groups, substantial bronchodilation with albuterol was 
seen following the initial dose of 4 inhalations, indicating that adequate bronchodilation can 
be achieved with rescue medication during long-term treatment with SYMBICORT pMDI.  

9. FORMOTEROL POST-MARKETING EXPERIENCE 

9.1 General considerations regarding post-marketing reporting 
As part of the formal safety evaluation of AstraZeneca’s formoterol-containing products, 
spontaneous adverse event reports are collected in an ongoing fashion and evaluated on a 
periodic basis.  Data from spontaneous reporting are especially important for generating  
hypotheses concerning potential safety signals, but have multiple limitations with regard to 
validation and quantitation of signals.  The section below outlines the spontaneously-reported 
adverse events of particular focus in this review, ie asthma-related serious adverse events 
including deaths and hospitalizations.  However, these spontaneously-reported events should 
not be viewed in isolation and should be interpreted in the context of the more comprehensive 
and better-validated data from randomized control trials, as presented in previous sections of 
this document.  

9.2 Background 
As of 30 September 2008, the estimated postmarketing exposure to AstraZeneca formoterol-
containing products approached 6 billion treatment days (SYMBICORT pMDI >48 million, 
SYMBICORT TURBUHALER >4.4 billion, OXIS TURBUHALER >1.4 billion).  This 
section provides an overview of asthma-related deaths and other asthma-related serious 
adverse events (including deaths and hospitalizations) spontaneously reported to AstraZeneca 
through 30 September 2008. The search was conducted for all post-marketing serious adverse 
events using Medical Dictionary for Regulatory Activities (MedDRA) preferred terms (PTs) 
version 11.0 included in the narrow Standardised MedDRA Query 20000025 Asthma/ 
Bronchospasm (Asthma, Asthma exercise induced, Asthma late onset, Bronchospasm, Status 
asthmaticus, Infantile asthma, Analgesic asthma syndrome, Asthmatic crisis and Bronchial 
hyperreactivity). 

9.3 Respiratory-related deaths 
There were 5 spontaneous reports of asthma-related deaths for SYMBICORT (3 with the 
pMDI formulation and 2 with the TURBUHALER formulation) and 2 spontaneous reports of 
asthma-related death for OXIS TURBUHALER. 

Four of the 5 SYMBICORT reports (2008UW15559, 2007UW25601, 2006AP03797, 
2008AP05209) involved patients 7 through 15 years of age with a history of severe asthma 
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who died from acute asthma exacerbations.  None of these reports contained sufficient 
information to suggest a causal relationship to SYMBICORT. 

Details relevant to potential SYMBICORT relatedness for the 5 deaths are provided below: 

In report 2007UW25601, the patient, age 11 years, had been prescribed SYMBICORT pMDI; 
however, it was uncertain whether SYMBICORT pMDI was ever administered.   

In report 2008UW15559, the patient, age 7 years, was reported as having severe asthma since 
the age of 2 years (including multiple episodes of hospitalizations and steroid dosing), and the 
treating physician reported a clear improvement after switching from Advair to SYMBICORT 
pMDI.  The patient complained of increasing asthma symptoms for several days prior to his 
death.  He was prescribed ipratropium/albuterol nebulizer treatments; however, he collapsed at 
home before the treatments were initiated; unsuccessful resuscitation attempts were made. 

Report 2008UW13220 described an 18-year-old pregnant (16 weeks’ gestation) patient who 
experienced asthma-related respiratory problems a few days prior to collapsing from acute 
bronchospasm and/or asthma at home.  She had a history of moderate asthma which 
reportedly was controlled with montelukast and SYMBICORT pMDI.  In this report the 
specific details leading up to the event were unavailable because the event occurred at home.  
No further evaluation took place in the ER, because upon arrival in the ER, CPR was being 
conducted.  It is not known if an autopsy was done.  Due to the limited information available 
in this report, a proper assessment is not feasible. 

In addition to the asthma-related death reports mentioned above, 2 reports in adults described 
non-asthma-related fatal respiratory events (ie, angioedema leading to respiratory failure, and 
cardio-respiratory arrest) after treatment with SYMBICORT pMDI. Both patients had severe 
underlying cardiac disease, along with other confounding factors, which may have contributed 
to the eventual outcome of death.  The indication for SYMBICORT use in both reports was 
non-asthmatic. 

The following asthma-related deaths have been reported for SYMBICORT TURBUHALER 
and OXIS TURBUHALER. 

Report 2006AP03797 described a 15-year-old male being treated with SYMBICORT 
TURBUHALER (unknown dose and duration) for asthma.  At an unknown time after starting 
treatment the patient died from an acute asthma exacerbation; an autopsy was not performed.  
Other concomitant medications were not reported. The reporting physician indicated that the 
patient had a known history of being non-compliant with his medication.   

Report 2008AP05209 described a 13-year old male patient who experienced an asthma flare-
up 6 months after the start of treatment with SYMBICORT TURBUHALER. The patient was 
treated with oral prednisolone. A few days later, the patient experienced a respiratory arrest 
and died. It is unclear whether the respiratory arrest was directly related to the asthma 
exacerbation and limited information on this precludes a proper case assessment. 
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The first OXIS TURBUHALER report (2000AD00129) described a 77-year old female 
patient on treatment with OXIS TURBUHALER who was found dead after 17 days of 
treatment.  Apart from asthma bronchiale she had no relevant medical history.  The reported 
cause of death after an autopsy was asthma bronchiale, hypertension, and cardiosclerosis. 

The second OXIS TURBUHALER report (2000AD00141) described a 16-year-old boy with a 
history of asthma for several years who developed a severe asthmatic attack with 
bronchospasms followed by respiratory arrest and cardiac arrest leading to death.  A day prior 
to the event, he experienced increased shortness of breath and worsening of asthma symptoms 
and initiated treatment with OXIS TURBUHALER several times.  The next morning, he 
experienced another onset of respiratory distress and collapsed 3 hours later.  Resuscitation 
was successful and patient was intubated but died four days later.  No autopsy was performed; 
however, probable cause of death was reported as brain stem death due to hypoxic cardiac 
arrest following a severe asthma attack.  The patient had been receiving salbutamol and 
beclomethasone for many years but reportedly had not taken any salbutamol on the morning 
of the arrest.   

In both OXIS TURBUHALER reports, causal relationship to OXIS TURBUHALER was 
difficult to assess due to lack of information on the time preceding the events and the patients’ 
medical histories.   

9.4 Asthma-related serious adverse events (SAE) and hospitalizations 
Overall, AstraZeneca’s global safety database includes 623 SAE reports for SYMBICORT 
(507 for TURBUHALER and 116 for pMDI); 182 of the 623 SAE reports were serious due to 
hospitalization. As shown in Table 41, 64 (10%) of the 623 SAE reports included 
asthma-related events.  The 5 asthma-related deaths previously described are included in these 
SAE counts; 16 of the 64 asthma-related SAEs were serious due to hospitalization. 

Table 41 Serious asthma-related events with the use of SYMBICORT from post-
marketing surveillance 

Event 
Preferred Term 

Number of SAE 
reports 

Number of 
hospitalizations 

Number of SAE reports per 
SYMBICORT Formulation 
Turbuhaler/pMDI 

Asthma 50 14 44/6 

Asthmatic crisis 2 1 2/0 

Bronchospasm 12 1 6/6 

Total 64 16 52/12 

 

Based on the estimated total patient exposures for the SYMBICORT TURBUHALER 
(>4 billion patient treatment days) and pMDI (>48 million patient treatment days) 
respectively, Table 41 suggests that the number of spontaneously reported asthma-related 
SAEs for the pMDI is relatively higher than that for the TURBUHALER.  Several factors are 
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likely to account for this difference. First, SYMBICORT pMDI is a newly-launched product 
and had a boxed warning regarding potential for asthma-related deaths and/or hospitalizations 
in its prescribing information at the time of launch; in contrast, SYMBICORT 
TURBUHALER was launched in 2000, before safety concerns regarding LABAs had been 
raised. It is well recognized that spontaneous reporting is greatest in the immediate post-
launch period (known as the “Weber effect”), and that awareness of safety concerns also 
increases the number of spontaneously reported events.  In addition, it is well known that there 
are reporting differences between the US and other countries and that in the US, the sensitivity 
to drug-related safety concerns is currently very high.  Furthermore, based on overall 
availability and prescribing of AstraZeneca formoterol-containing products across the world, 
US physicians have less familiarity with the combination of budesonide and formoterol, the 
two components in SYMBICORT, than prescribers outside of the US. 

AstraZeneca’s global safety database includes 89 SAE reports for OXIS TURBUHALER.  Of 
these, 29 reports were serious due to hospitalization.  As shown in Table 42, ten (11%) of the 
89 SAE reports include asthma-related events.  The 2 asthma-related deaths previously 
described are included in the total number of asthma-related SAEs.); 1 of the 
10 asthma-related SAEs was serious due to hospitalization. 

Table 42 Serious asthma-related events with the use of OXIS TURBUHALER 

Event 
Preferred Term 

Number of SAE reports Number of hospitalisations 

Asthma 7 1 

Bronchospasm 3 0 

Total 10 1 

 

9.5 Summary and conclusions 
In summary, the post-marketing experience with SYMBICORT and OXIS includes isolated 
reports of possible asthma-related death and/or other SAEs due to asthma-related symptoms 
(including hospitalizations).  These events cannot be assessed quantitatively because there is 
uncertainty on both the denominator (actual number of patients on the drug) and the 
numerator (the actual number of events).  For many reports a clear cause for the observed 
event was lacking, and/or the medical circumstances around the time of the event were absent 
and/or incompletely documented.  

It is expected that asthma patients would experience asthma-related events even when 
appropriately treated, and the recommended clinical use of LABAs, ie at Steps 3-6 of the 
treatment guidelines, suggests that these products are most likely to be used in moderate to 
severe asthma patients who are at greater risk of hospitalization and death than asthma 
patients with milder disease.  These inherent limitations make it impossible to draw firm 
conclusions from this spontaneously-reported data.  However, it can be generally concluded 
that no new safety signals around asthma have emerged from the post-marketing data analysis, 
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and that the current risk communication in the US Prescribing Information appropriately 
conveys any potential risks regarding the use of SYMBICORT.   

10. ASTRAZENECA’S CURRENT PHARMACOVIGILANCE 
PROCESS FOR SYMBICORT pMDI 

As a result of the FDA approval, AstraZeneca implemented a post-approval US Patient Risk 
Management Plan for SYMBICORT pMDI.  In addition to the routine post-marketing 
surveillance activities (such as adverse event collection and assessment, reporting and analysis 
processes), this plan includes enhanced pharmacovigilance practices for specific adverse 
events of interest, including asthma and asthma-related deaths and other serious adverse 
events.  

The enhanced pharmacovigilance consists of enhanced follow-up activities, which include 
direct telephone contact with the initial AE reporter and site visits (if necessary) in order to 
obtain high-quality post-marketing reports.  For asthma specifically, AstraZeneca is 
conducting these enhanced follow-up activities for all fatal or other serious asthma and 
asthma-related events, which include bronchospasm, wheezing, dyspnea and chest tightness.  
Practically, for individual post-marketing cases, AstraZeneca makes at least 3 attempts to 
obtain additional medical information if incomplete information is received in the initial 
report.  The first step is typically a direct telephone contact with the initial reporter.  However, 
written requests through regular mail, e-mail or fax are used if the initial telephone contact is 
unsuccessful.  In order to facilitate data collection AstraZeneca created a questionnaire to 
gather additional medical information on asthma events.  Also, in the case of an initial 
consumer report, efforts are made to obtain additional medical details from the Health Care 
Provider (HCP) upon receipt of consent from the consumer.  

AstraZeneca also conducts pro-active ongoing monitoring of all post-approval SYMBICORT 
pMDI AE data to ensure an ongoing assessment of the products’ risk profile. Besides the 
individual case review, a drug safety surveillance team conducts aggregate AE data review 
and safety data mining on a regular basis.  Whenever safety signals are identified they are 
further discussed and evaluated during AstraZeneca’s Safety Evaluation and Review Meeting 
(SERM) process, which leads to appropriate safety conclusions and actions (eg, label changes) 
on the reviewed safety data.  

Also in other countries worldwide, other procedures for enhanced pharmacovigilance are in 
place.   

11. OVERALL CONCLUSIONS ON BENEFIT/RISK 

A comprehensive review of the available safety and efficacy data for formoterol-containing 
products marketed by AstraZeneca (SYMBICORT pMDI, SYMBICORT TURBUHALER, 
OXIS TURBUHALER) has been conducted.  AstraZeneca believes that SYMBICORT pMDI, 
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which is currently approved for the long-term maintenance treatment of asthma in the US for 
patients 12 years of age and older, has a favorable benefit-risk profile when used as indicated.   

Numerous AstraZeneca clinical trials have unequivocally demonstrated the benefit of 
formoterol in combination with budesonide over ICS alone or LABA monotherapy. In patients 
age 12 years and above, these benefits include improvements across a range of measures of 
asthma control such as lung function, asthma worsening and exacerbations, asthma symptoms, 
use of rescue medication, and asthma-related quality of life in patients with moderate to severe 
asthma. Many of these benefits are apparent even when compared to high-dose ICS 
monotherapy.  In children 6 to 11 years of age, the additional benefits of adding formoterol to 
budesonide compared to budesonide alone have been clearly demonstrated on measures of 
control such as FEV1 and PEF, as well as in some measures of HRQL across a range of ICS 
doses.  In these clinical trials, as demonstrated by an extensive review including blinded 
adjudication of serious asthma-related events during randomized treatment, there was no 
evidence of increased risk in any age group for asthma-related deaths, intubations, or 
hospitalizations in formoterol vs non-LABA exposed patients.  

The FDA requested data on all-cause deaths, asthma-related deaths, asthma-related 
intubations, and asthma-related hospitalizations during randomized treatment.  AstraZeneca’s 
adjudicated data included a total of 23,510 patients, 13,542 exposed to formoterol, and 9,968 
exposed to non-LABA treatment.  For all-cause mortality, there were 3 deaths in patients on 
formoterol-containing treatment and 4 deaths in patients on non-LABA treatment; none of 
these occurred in the clinical studies contained in the US NDA for SYMBICORT pMDI.  No 
deaths were asthma-related and there was only 1 asthma-related intubation (in a formoterol-
exposed patient).  While the overall event rate is low, in this large population of over 23,000 
patients, there is no evidence of any imbalance in deaths favoring non-LABA treatments.  
There was also no indication of an increased risk of asthma-related hospitalizations during 
randomized formoterol-containing treatment compared with non-LABA treatment for patients 
receiving treatment for up to 1 year.  AstraZeneca also reviewed events that occurred after the 
end of the randomized treatment; no consistent patterns were observed. 

The post-marketing experience with SYMBICORT and OXIS TURBUHALER includes 
isolated reports of possible asthma-related death and/or other SAEs due to asthma-related 
symptoms (including hospitalizations). Although the inherent limitations of this data make it 
impossible to draw firm conclusions, no new safety signals around asthma emerged from the 
post-marketing data analysis. 

Epidemiological data also support a favorable benefit-risk profile.  There is no evidence from 
epidemiological data that the introduction of LABAs has been associated with an increase in 
mortality or hospitalizations due to asthma; rather, there is some evidence that the introduction 
of LABAs and ICS/LABA combinations has been associated with a reduction in 
asthma-related mortality. 

AstraZeneca therefore believes that the currently approved SYMBICORT pMDI prescribing 
information and Medication Guide (Appendix F) for patients greater than 12 years of age 
appropriately convey any potential risks regarding the use of SYMBICORT.  SYMBICORT 
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pMDI offers an important therapeutic option for asthma patients who cannot be adequately 
controlled on other asthma-controller medications (eg, low- to medium-dose ICS) or whose 
disease severity clearly warrants initiation of treatment with two maintenance therapies. 

AstraZeneca believes the new information presented in this briefing document, specifically 
the safety findings as a result of the large number of studies conducted by AstraZeneca with 
formoterol (SYMBICORT [budesonide/formoterol] and OXIS), should be appropriately 
considered and incorporated into future labeling (both in the PI and accompanying Medication 
Guide) to reflect the safety profile of this product when used as indicated.   

AstraZeneca remains committed to close surveillance of adverse events (as described in 
Section 10) and will continue to gather and assess information as new studies are completed 
and additional information is reported.  Any findings that change the current safety profile will 
be promptly reviewed and appropriate actions (ie, label changes) will be implemented. 
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Appendix A: Overview of included trials 

SUMMARY OF TRIALS THAT INCLUDED BOTH LABA AND NON-LABA TREATMENTS 

Table 43 Summary of trials including both LABA and non-LABA treatments  

Safety population Reference Study 
identifier 

Location 
(US/non-
US) 

Treatment 
approach 
evaluated 

Comparator Design 
Duration 

Target 
pop 

4-11 12-17 18-64 ≥65 Total  

SYMBICORT pMDI studies 

SD-039-0716  US Fixed 
maintenance 

Budesonide 
Formoterol 
Placebo 

d-b, p-g 
12 wk 

≥6 31 75 390 15 511 Corren et al 2007 

SD-039-0717 US Fixed 
maintenance 

Budesonide 
Formoterol 
Budesonide + 
formoterol 
Placebo 

d-b, p-g 
12 wk 

≥12 - 43 516 37 596 Noonan et al 2006 

SD-039-0718  US Fixed 
maintenance 

Budesonide 
Formoterol 

d-b, p-g 
12 wk 

6-15 256 155 - - 411 Pearlman et al 2008 

SD-039-0725  US Fixed 
maintenance 

Budesonide d-b, p-g 
12 wk 

6-15 351 170 - - 521 Noonan et al 2008 

SD-039-0726 US Fixed 
maintenance 

Budesonide 
Placebo 

d-b, p-g 
12 wk 

≥16 - 28 704 19 751 Bleecker et al 
2007b 

SD-039-0728 US Fixed 
maintenance 

Budesonide d-b, p-g 
52 wk 

≥12 - 90 564 54 708 Peters et al 2008 

D5896C00001 US Fixed 
maintenance 

Budesonide d-b, p-g 
12 wk 

≥12 - 97 502 19 618 LaForce et al 2008 

SD-039-0681 Non-US Fixed 
maintenance 

Budesonide  
Symbicort TBH 

d-b, p-g 
12 wk 

≥12 1 107 520 51 679 Morice et al 2007 

SD-039-0682  Non-US Fixed 
maintenance 

Budesonide  
Symbicort TBH 

d-b, p-g 
12 wk 

6-11 622 - - - 622 Morice et al 2008b 
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Table 43 Summary of trials including both LABA and non-LABA treatments  

Safety population Reference Study 
identifier 

Location 
(US/non-
US) 

Treatment 
approach 
evaluated 

Comparator Design 
Duration 

Target 
pop 

4-11 12-17 18-64 ≥65 Total  

SYMBICORT TURBUHALER studies 

BA-039-0001 Non-US Adjustable 
maintenance 

Budesonide d-b, p-g 
4 mo 

≥19 - - 117 16 133 Pohl et al 2006 

SD-039-0348 Non-US Fixed 
maintenance 

Budesonide d-b, p-g 
12 wk 

≥18 - - 440 27 467 Lalloo et al 2003 

SD-039-0349 Non-US Fixed 
maintenance 

Budesonide 
Budesonide + 
formoterol 

d-b, p-g 
12 wk 

≥18 - - 305 57 362 Zetterström et al 
2001 

SD-039-0353  Non-US Fixed 
maintenance 

Budesonide d-b, p-g 
12 wk 

4-17 171 115 - - 286 Tal et al 2002 

SD-039-0618  Non-US Fixed 
maintenance 

Fluticasone d-b, p-g 
12 wk 

≥18 - 1 319 24 344 Bateman et al 2003 

SD-039-0665 Non-US Fixed 
maintenance 

Budesonide d-b, p-g 
12 wk 

≥18 - - 543 73 616 Kuna et al 2006 

SD-039-0666 Non-US Fixed 
maintenance 

Budesonide d-b, p-g 
12 wk 

≥18 - - 478 45 523 Buhl et al 2003 

SD-039-0667 Non-US Maintenance 
and reliever 

Budesonide + 
terbutaline prn 

d-b, p-g 
6 mo 

12-80 1 108 551 36 696 Rabe et al 2006a 

SD-039-0668 Non-US Maintenance 
and reliever 

Budesonide + 
terbutaline prn 

d-b, p-g 
12 mo 

12-80 1 120 1620 149 1890 Scicchitano et al 
2004 

SD-039-0671 Non-US Fixed 
maintenance 

Fluticasone d-b, p-g 
2 wk 

≥18 - 1 431 6 438 Eliraz et al 2002 

SD-039-0673  Non-US Maintenance 
and reliever 

Symbicort + 
terbutaline prn 
Budesonide + 
terbutaline prn 

d-b, p-g 
12 mo 

4-80 341 316 1922 174 2753 O’Byrne et al 
2005(total pop) 
Bisgaard et al 
2006(pediatric pop) 
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Table 43 Summary of trials including both LABA and non-LABA treatments  

Safety population Reference Study 
identifier 

Location 
(US/non-
US) 

Treatment 
approach 
evaluated 

Comparator Design 
Duration 

Target 
pop 

4-11 12-17 18-64 ≥65 Total  

SD-039-0688 Non-US Fixed 
maintenance 

Budesonide 
Budesonide + 
formoterol 

d-b, p-g 
12 wk 

4-11 630 - - - 630 Pohunek et al 2006 

SD-039-0689 Non-US Fixed 
maintenance 

Budesonide (3 mo) 
Budesonide + 
formoterol (6 mo) 

d-b, p-g 
3/6 mo 

≥12 - 13 392 51 456 Jenkins et al 2006 

SD-039-0714 Non-US Fixed 
maintenance 

Budesonide d-b, p-g 
12 wk 

12-17 2 268 - - 270 Data on file 

OXIS TURBUHALER studies 

37-3002 Non-US Maintenance Placebo d-b, p-g 
4 wk 

≥18 - - 192 29 221 Schreurs et al 1996 

37-3006 Non-US Maintenance Placebo 
Terbutaline 

d-b, p-g 
12 wk 

≥18 - - 294 49 343 Ekström et al 1998a 

37-3008 Non-US Maintenance Placebo d-b, p-g 
6 mo 

≥18 - - 225 14 239 van der Molen et al 
1997 

37-3018 Non-US Maintenance Budesonide d-b, p-g 
12 mo 

18-70 - 2 799 52 853 Pauwels et al 1997 

37-3026 Non-US Maintenance Placebo 
Terbutaline 

d-b, p-g 
12 wk 

≥18 - - 333 63 396 Ekström et al 1998b 

37-3027 Non-US Maintenance Placebo d-b, p-g 
7 d 

≥18 - - 165 - 165 Data on file 

37-3041 Non-US Maintenance Budesonide d-b, p-g 
12 mo 

18-70 - - 58 2 60 Kips et al 2000 

39-3002-1 Non-US Maintenance Budesonide d-b, c-o, 
4 wk 

18-60 - - 21 - 21 Data on file 

BU-543-
0681A 

Non-US Maintenance Budesonide d-b, p-g 
4 wk 

≥12 - 73 541 49 663 Price et al 2002 
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Table 43 Summary of trials including both LABA and non-LABA treatments  

Safety population Reference Study 
identifier 

Location 
(US/non-
US) 

Treatment 
approach 
evaluated 

Comparator Design 
Duration 

Target 
pop 

4-11 12-17 18-64 ≥65 Total  

DC-037-0002 Non-US Maintenance Placebo d-b, p-g 
3 mo 

6-11 301 - - - 301 Zimmerman et al 
2004 

SD-004-0216 Non-US Maintenance Placebo 
Zafirlukast 

d-b, p-g 
8 wk 

12-70 - 35 309 8 352 Data on file 

SD-037-0003 Non-US Maintenance Placebo d-b, p-g 
3 mo 

6-17 126 122 - - 248 Von Berg et al 2003 

SD-037-0011 Non-US Maintenance Placebo 
Terbutaline 

d-b, p-g 
2 wk 

≥18 - - 70 2 72 Lipworth et al 1998 

SD-037-0345 Non-US Maintenance Placebo 
Budesonide 

d-b, p-g 
12 mo 

≥12 1 217 1685 67 1970 O’Byrne et al 2001 

SD-037-0745 Non-US Maintenance Placebo d-b, p-g 
1 mo 

≥20 - - 203 79 282 Data on file 

SD-037-0123 Non-US As-needed Terbutaline d-b, p-g 
12 wk 

≥18 - - 323 39 362 Tattersfield et al 
2001 

SD-037-0695  Non-US As-needed Terbutaline d-b, p-g 
6 mo 

6-17 324 228 - - 552 Villa et al 2002 

SD-037-0714  Non-US As-needed Terbutaline d-b, p-g 
12 mo 

≥6 118 83 251 3 455 Chuchalin et al 
2005 

SD-037-0716 Non-US As-needed Terbutaline d-b, p-g 
12 mo 

≥6 146 203 314 11 674 Chuchalin et al 
2005 
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SUMMARY OF TRIALS IN WHICH ALL TREATMENT ARMS CONTAINED LABA TREATMENT 

Table 44 Summary of trials in which all arms contained LABA treatment 

Safety population Study identifier Location 
(US/non-US) 

Treatment 
approach 
evaluated 

Comparator Design 
Duration 

Target pop 

4-11 12-17 ≥18 ≥65 Total 

Reference 

SYMBICORT TURBUHALER studies 

AF-039-0001 Non-US As needed Formoterol 
prn 

d-b, p-g 
6 mo 

6-65 - 2 90 - 92 Haahtela et al 2006 

D5890C00002 Non-US Maintenance and 
reliever 

Salmeterol/ 
fluticasone 

d-b, p-g 
6 mo 

≥12 - 324 1817 163 2304 Bousquet et al 2007 

DC-039-0002 Non-US Fixed 
maintenance 

Budesonide 
+ formoterol 

d-b, p-g 
1 mo 

18-75 - - 224 13 237 Data on file 

SD-039-0686 Non-US Adjustable 
maintenance 

Fixed 
maintenance 
with: 
Symbicort or 
Salmeterol/ 
fluticasone 

d-b/open, 
p-g, 6 mo 

≥12 - 15 572 71 658 Aalbers et al 2004 

SD-039-0734 Non-US Maintenance and 
reliever 

Symbicort + 
formoterol 
prn 
Symbicort + 
terbutaline 
prn 

d-b, p-g 
12 mo 

≥12 - 354 2742 286 3382 Rabe et al 2006b 

SD-039-0735 Non-US Maintenance and 
reliever 

Symbicort + 
terbutaline 
prn 
Salmeterol/ 
fluticasone + 
terbutaline 
prn 

d-b, p-g 
6 mo 

≥12 2 619 2505 195 3321 Kuna et al 2007 
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Table 44 Summary of trials in which all arms contained LABA treatment 

Safety population Study identifier Location 
(US/non-US) 

Treatment 
approach 
evaluated 

Comparator Design 
Duration 

Target pop 

4-11 12-17 ≥18 ≥65 Total 

Reference 

OXIS TURBUHALER studies 

37-3007-1 Non-US Maintenance Formoterol d-b, c-o,  
2 wk 

≥18 - - 54 12 66 Data on file 

SD-037-0175 Non-US Maintenance and 
as needed 

Terbutaline d-b, p-g,  
3 mo 

≥18 - - 327 30 357 Ind et al 2002 

37-3011-1 Non-US Maintenance Formoterol d-b, c-o, 
2 wk 

≥18 - 1 53 12 66 Data on file 

37-3040-1 Non-US Maintenance Salmeterol d-b, c-o, 
3 wk 

≥18 - - 38 1 39 Data on file 
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Appendix B: Summary of safety results by study 

SUMMARY OF SAFETY RESULTS, BY STUDY, FOR TRIALS THAT INCLUDED BOTH LABA AND 
NON-LABA TREATMENT ARMS 

Table 45 Asthma-related hospitalizations by trial for trials including both LABA and non-LABA treatment 
(adjudicated data, all ages) 

Study code Number of patients Number of asthma-related 
hospitalizations 

Percent of patients reporting asthma-
related hospitalizations 

 Formoterol Non-LABA Total  Formoterol Non-LABA Total  Formoterol Non-LABA Total  

SYMBICORT pMDI trials 

SD-039-0716 253 258 511 1 0 1 0.40% 0% 0.20% 

SD-039-0717 362 234 596 4 0 4 1.10% 0% 0.67% 

SD-039-0718 266 145 411 1 0 1 0.38% 0% 0.24% 

SD-039-0725 352 169 521 4 1 5 1.14% 0.59% 0.96% 

SD-039-0726 453 298 751 0 0 0 0% 0% 0% 

SD-039-0728 575 133 708 2 1 3 0.35% 0.75% 0.42% 

D5896C00001 465 153 618 0 0 0 0% 0% 0% 

SD-039-0681 462 217 679 0 1 1 0% 0.46% 0.15% 

SD-039-0682 415 207 622 0 2 2 0% 0.97% 0.32% 

SYMBICORT TURBUHALER trials 

BA-039-0001 65 68 133 0 0 0 0% 0% 0% 

SD-039-0348 230 237 467 1 0 1 0.43% 0% 0.21% 

SD-039-0349 238 124 362 0 0 0 0% 0% 0% 

SD-039-0353 148 138 286 6 0 6 4.05% 0% 2.10% 

SD-039-0618 168 176 344 0 3 3 0% 1.70% 0.87% 
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Table 45 Asthma-related hospitalizations by trial for trials including both LABA and non-LABA treatment 
(adjudicated data, all ages) 

Study code Number of patients Number of asthma-related 
hospitalizations 

Percent of patients reporting asthma-
related hospitalizations 

 Formoterol Non-LABA Total  Formoterol Non-LABA Total  Formoterol Non-LABA Total  

SD-039-0665 409 207 616 1 1 2 0.24% 0.48% 0.32% 

SD-039-0666 352 171 523 1 0 1 0.28% 0% 0.19% 

SD-039-0667 354 342 696 0 1 1 0% 0.29% 0.14% 

SD-039-0668 947 943 1890 5 14 19 0.53% 1.48% 1.01% 

SD-039-0671 218 220 438 0 1 1 0% 0.45% 0.23% 

SD-039-0673 1828 925 2753 24 14 38 1.31% 1.51% 1.38% 

SD-039-0688 417 213 630 1 0 1 0.24% 0% 0.16% 

SD-039-0689 341 115 456 0 0 0 0% 0% 0% 

SD-039-0714 136 134 270 0 1 1 0% 0.75% 0.37% 

OXIS TURBUHALER trials 

37-3002 165 56 221 1 0 1 0.61% 0% 0.45% 

37-3006 114 229 343 0 3 3 0.00% 1.31% 0.87% 

37-3008 125 114 239 1 1 2 0.80% 0.88% 0.84% 

37-3018 426 427 853 2 7 9 0.47% 1.64% 1.06% 

37-3026 135 261 396 0 4 4 0% 1.53% 1.01% 

37-3027 123 42 165 0 0 0 0% 0% 0% 

37-3041 29 31 60 1 0 1 3.45% 0% 1.67% 

39-3002-1 14 7 21 0 0 0 0% 0% 0% 

BU-543-0681A 333 330 663 0 1 1 0% 0.30% 0.15% 

DC-037-0002 200 101 301 1 1 2 0.50% 0.99% 0.66% 

SD-004-0216 118 234 352 1 0 1 0.85% 0% 0.28% 
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Table 45 Asthma-related hospitalizations by trial for trials including both LABA and non-LABA treatment 
(adjudicated data, all ages) 

Study code Number of patients Number of asthma-related 
hospitalizations 

Percent of patients reporting asthma-
related hospitalizations 

 Formoterol Non-LABA Total  Formoterol Non-LABA Total  Formoterol Non-LABA Total  

SD-037-0003 164 84 248 2 0 2 1.22% 0.00% 0.81% 

SD-037-0011 44 28 72 0 0 0 0% 0% 0% 

SD-037-0123 182 180 362 0 0 0 0% 0% 0% 

SD-037-0345 869 1101 1970 7 12 19 0.81% 1.09% 0.96% 

SD-037-0695 277 275 552 7 7 14 2.53% 2.55% 2.54% 

SD-037-0714 228 227 455 3 5 8 1.32% 2.20% 1.76% 

SD-037-0716 333 341 674 1 2 3 0.30% 0.59% 0.45% 

SD-037-0745 209 73 282 0 0 0 0% 0% 0% 

Total 13542 9968 23510 78 83 161 0.58% 0.83% 0.68% 
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Table 46 Asthma-related hospitalizations by trial for trials including both LABA and non-LABA treatment 
(adjudicated data, patients <18 years) 

Study code Number of patients Number of asthma-related 
hospitalizations 

Percent of patients reporting asthma-
related hospitalizations 

 Formoterol Non-LABA Total  Formoterol Non-LABA Total  Formoterol Non-LABA Total  

SYMBICORT pMDI trials 

SD-039-0716 55 51 106 1 0 1 1.82% 0% 0.94% 

SD-039-0717 26 17 43 1 0 1 3.85% 0% 2.33% 

SD-039-0718 266 145 411 1 0 1 0.38% 0% 0.24% 
SD-039-0725 352 169 521 4 1 5 1.14% 0.59% 0.96% 

SD-039-0726 8 20 28 0 0 0 0% 0% 0% 

SD-039-0728 77 13 90 0 0 0 0% 0% 0% 

D5896C00001 73 24 97 0 0 0 0% 0% 0% 

SD-039-0681 73 35 108 0 0 0 0% 0% 0% 

SD-039-0682 415 207 622 0 2 2 0% 0.97% 0.32% 

SYMBICORT TURBUHALER trials 

SD-039-0353 148 138 286 6 0 6 4.05% 0% 2.10% 

SD-039-0618 0 1 1 - 0 0 - 0% 0% 

SD-039-0667 56 53 109 0 1 1 0% 1.89% 0.92% 

SD-039-0668 56 65 121 1 5 6 1.79% 7.69% 4.96% 

SD-039-0671 0 1 1 - 0 0 - 0% 0% 

SD-039-0673 444 213 657 10 7 17 2.25% 3.29% 2.59% 

SD-039-0688 417 213 630 1 0 1 0.24% 0% 0.16% 

SD-039-0689 10 3 13 0 0 0 0% 0% 0% 

SD-039-0714 136 134 270 0 1 1 0% 0.75% 0.37% 
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Table 46 Asthma-related hospitalizations by trial for trials including both LABA and non-LABA treatment 
(adjudicated data, patients <18 years) 

Study code Number of patients Number of asthma-related 
hospitalizations 

Percent of patients reporting asthma-
related hospitalizations 

 Formoterol Non-LABA Total  Formoterol Non-LABA Total  Formoterol Non-LABA Total  

OXIS TURBUHALER trials 

37-3018 2 0 2 0 - 0 0% - 0% 

BU-543-0681A 36 37 73 0 0 0 0% 0% 0% 

DC-037-0002 200 101 301 1 1 2 0.50% 0.99% 0.66% 

SD-004-0216 11 24 35 0 0 0 0% 0% 0% 

SD-037-0003 164 84 248 2 0 2 1.22% 0.00% 0.81% 

SD-037-0345 93 125 218 2 1 3 2.15% 0.80% 1.38% 

SD-037-0695 277 275 552 7 7 14 2.53% 2.55% 2.54% 

SD-037-0714 102 99 201 2 3 5 1.96% 3.03% 2.49% 

SD-037-0716 173 176 349 0 0 0 0% 0% 0% 

Total 3670 2423 6093 39 29 68 1.06% 1.20% 1.12% 
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Table 47 Safety data by trial and treatment arm for trials including both LABA and non-LABA treatment: 
number of patients reporting ≥1 event 

Trial/ treatment (μg unless otherwise specified) N Exposure 
(days) 

Data from adjudication procedure 

   Any death Asthma-related 
death 

Asthma-related 
intubation 

Asthma-related 
hospitalization 

SYMBICORT pMDI trials 
SD-039-0681       

PULM_CFC 400 bid 217 16 952    1 

SYMB_HFA 320/9 bid 233 18 118     

SYMB_TBH 320/9 bid 229 18 087     

SD-039-0682       

PULM_CFC 200 bid 207 16 707    2 

SYMB_HFA 160/9 bid 203 16 280     

SYMB_TBH 160/9 bid 212 17 428     

SD-039-0716       

OXIS_TBH 9 bid 123 8217     

PLACEBO  131 7227     

PULM_HFA 160 bid 127 9745     

SYMB_HFA 160/9 bid 130 10 169    1 

SD-039-0717       

OXIS_TBH 9 bid 123 7121     

PLACEBO  125 6169     

PULM_HFA 320 bid 109 7786     

PULM_HFA_OXIS_TBH 320/9 bid 115 8571    1 

SYMB_HFA 320/9 bid 124 9147    3 
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Table 47 Safety data by trial and treatment arm for trials including both LABA and non-LABA treatment: 
number of patients reporting ≥1 event 

Trial/ treatment (μg unless otherwise specified) N Exposure 
(days) 

Data from adjudication procedure 

   Any death Asthma-related 
death 

Asthma-related 
intubation 

Asthma-related 
hospitalization 

SD-039-0718       

OXIS_TBH 9 bid 138 9662    1 

PULM_HFA 80 bid 145 10 119     

SYMB_HFA 80/9 bid 128 9066     

SD-039-0725       

PULM_HFA 160 qd 169 14 382    1 

SYMB_HFA 80/9 bid 184 16 263    2 

SYMB_HFA 160/9 qd 168 14 093    2 

SD-039-0726       

PLACEBO  153 10 982     

PULM_HFA 320 qd 145 12 338     

SYMB_HFA 160/9 qd 152 13 361     

SYMB_HFA 160/9 bid 154 13 386     

SYMB_HFA 320/9 qd 147 12 804     

SD-039-0728       

PULM_HFA 640 bid 133 42 913    1 

SYMB_HFA 640/18 bid 443 142 902     

SYMB_HFA 320/9 bid 132 43 044    2 
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Table 47 Safety data by trial and treatment arm for trials including both LABA and non-LABA treatment: 
number of patients reporting ≥1 event 

Trial/ treatment (μg unless otherwise specified) N Exposure 
(days) 

Data from adjudication procedure 

   Any death Asthma-related 
death 

Asthma-related 
intubation 

Asthma-related 
hospitalization 

D5896C00001       

PULM_HFA 320 qd 153 12 283     

SYMB_HFA 160/9 qd 157 12 205     

SYMB_HFA 160/9 bid 155 12 340     

SYMB_HFA 320/9 qd 153 12 297     

Total: SYMBICORT pMDI trials 5417 592 164 0 0 0 17 

SYMBICORT TURBUHALER trials 
BA-039-0001       
PULM_TBH AD 68 7973     
SYMB_TBH AD 65 8634     
SD-039-0348       
PULM_TBH 200 bid 237 18 684     
SYMB_TBH 80/4.5 bid 230 18 497    1 
SD-039-0349       
PULM_OXIS_TBH 9 plus 400 bid 115 8607     
PULM_TBH 400 bid 124 9566     
SYMB_TBH 320/9 bid 123 9289 1    
SD-039-0353       
PULM_TBH 200 bid 138 11 167     
SYMB_TBH 160/9 bid 148 11 882    6 
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Table 47 Safety data by trial and treatment arm for trials including both LABA and non-LABA treatment: 
number of patients reporting ≥1 event 

Trial/ treatment (μg unless otherwise specified) N Exposure 
(days) 

Data from adjudication procedure 

   Any death Asthma-related 
death 

Asthma-related 
intubation 

Asthma-related 
hospitalization 

SD-039-0618       
FLUT  250 bid 176 13 869    3 
SYMB_TBH 160/4.5 bid 168 13 777     
SD-039-0665       
PULM_TBH 160 qd 207 16 194    1 
SYMB_TBH 160/9 qd 202 15 775     
SYMB_TBH 80/4.5 bid 207 16 584    1 
SD-039-0666       
PULM_TBH 320 qd 171 13 782     
SYMB_TBH 160/4.5 bid 176 14 063    1 
SYMB_TBH 320/9 qd 176 14 124     
SD-039-0667       
PULM_TBH_ 320 evening plus TERB_TBH_prn  342 59 105    1 
SYMB_TBH_160/9 evening plus SYMB_TBH_prn  354 61 283     
SD-039-0668       
PULM_TBH 320 bid plus _TERB_TBH_prn 943 304 334 2   14 
SYMB_TBH 320/9 evening plus _SYMB_TBH_prn  947 312 109 1   5 
SD-039-0671       
FLUT  250 bid 220 3403    1 
SYMB_TBH 80/4.5 bid 218 3338     
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Table 47 Safety data by trial and treatment arm for trials including both LABA and non-LABA treatment: 
number of patients reporting ≥1 event 

Trial/ treatment (μg unless otherwise specified) N Exposure 
(days) 

Data from adjudication procedure 

   Any death Asthma-related 
death 

Asthma-related 
intubation 

Asthma-related 
hospitalization 

SD-039-0673       
PULM_TBH 320 od plus _TERB_TBH_prn  107 35 435    3 
PULM_TBH 320 bid plus _TERB_TBH_prn  818 267 597 1   11 
SYMB_TBH 80/4.5 bid plus _TERB_TBH_prn 788 256 429    10 
SYMB_TBH 80/4.5 od plus _TERB_TBH_prn  118 41 082    7 
SYMB_TBH 80/4.5 bid plus _SYMB_TBH_prn 804 265 097    7 
SYMB_TBH 80/4.5 od plus _SYMB_TBH_prn  118 40 582     
SD-039-0688       
PULM_OXIS_TBH 9 plus 200 bid 201 16 525    1 
PULM_TBH 200 bid 213 17 486     
SYMB_TBH 160/9 bid 216 17 607     
SD-039-0689       
PULM_OXIS_TBH 18 plus 800 bid 115 9582     
PULM_TBH 800 bid 115 9338     
SYMB_TBH 640/18 bid 226 18 675     
SD-039-0714       
PULM_TBH 200 bid 134 10 283    1 
SYMB_TBH 160/4.5 bid 136 10 597     
Total: SYMBICORT TURBUHALER trials 9864 1 982 354 4 0 0 74 
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Table 47 Safety data by trial and treatment arm for trials including both LABA and non-LABA treatment: 
number of patients reporting ≥1 event 

Trial/ treatment (μg unless otherwise specified) N Exposure 
(days) 

Data from adjudication procedure 

   Any death Asthma-related 
death 

Asthma-related 
intubation 

Asthma-related 
hospitalization 

OXIS TURBUHALER TRIALS 
37-3002       
OXIS_TBH 9 µg bid 55 1537    1 
OXIS_TBH 18 µg bid 55 1548     
OXIS_TBH 4.5 µg bid 55 1550     
PLACEBO  56 1526     
37-3006       
TERB_TBH 500 µg qid 116 9190    3 
OXIS_TBH 9 µg bid 114 9460     
PLACEBO  113 8862     
37-3008       
OXIS_TBH 18 µg bid 125 20 069    1 
PLACEBO  114 18 344    1 
37-3018       
PULM_OXIS_TBH 80/9 µg bid 211 65 012    1 
PULM_OXIS_TBH 320/9 µg bid 215 67 976    1 
PULM_TBH 80 µg bid 213 64 488    3 
PULM_TBH 320 µg bid 214 66 933    4 
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Table 47 Safety data by trial and treatment arm for trials including both LABA and non-LABA treatment: 
number of patients reporting ≥1 event 

Trial/ treatment (μg unless otherwise specified) N Exposure 
(days) 

Data from adjudication procedure 

   Any death Asthma-related 
death 

Asthma-related 
intubation 

Asthma-related 
hospitalization 

37-3026       
TERB_TBH 500 µg qid 132 10 378    2 
OXIS_TBH 4.5 µg bid 135 11 235     
PLACEBO  129 10 216    2 
37-3027       
OXIS_TBH 9 µg bid 42 334     
OXIS_TBH 18 µg bid 40 316     
OXIS_TBH 4.5 µg bid 41 320     
PLACEBO  42 327     
37-3041       
PULM_OXIS_TBH 80/9 µg bid 29 9400    1 
PULM_TBH 320 µg bid 31 10 481     
39-3002-1       
OXIS_TBH 9 µg bid 7 179     
PULM_OXIS_TBH 160/9 µg bid 7 201     
PULM_TBH 160 µg bid 7 226     
BU-543-0681A       
PULM_OXIS_TBH 320/9 µg bid 333 9575     
PULM_TBH 320 µg bid 330 9431 1   1 
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Table 47 Safety data by trial and treatment arm for trials including both LABA and non-LABA treatment: 
number of patients reporting ≥1 event 

Trial/ treatment (μg unless otherwise specified) N Exposure 
(days) 

Data from adjudication procedure 

   Any death Asthma-related 
death 

Asthma-related 
intubation 

Asthma-related 
hospitalization 

DC-037-0002       
OXIS_TBH 9 µg bid 95 7311    1 
OXIS_TBH 4.5 µg bid 105 8672     
PLACEBO  101 7257    1 
SD-004-0216       
PULM_OXIS_TBH 9 plus 200 µg bid 118 6533    1 
PULM_TBH 200 µg bid 116 6548     
PULM_TBH // ACCOLATE 200 µg plus 20 mg bid 118 6317     
SD-037-0003       
OXIS_TBH 9 µg bid 83 6888    1 
OXIS_TBH 4.5 µg bid 81 6526    1 
PLACEBO  84 6624     
SD-037-0011       
TERB_TBH 2 mg qid 14 251     
OXIS_TBH 18 µg bid 15 281     
OXIS_TBH 4.5 µg bid 14 256     
OXIS_TBH 9 µg morning 15 264     
PLACEBO qid 14 271     
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Table 47 Safety data by trial and treatment arm for trials including both LABA and non-LABA treatment: 
number of patients reporting ≥1 event 

Trial/ treatment (μg unless otherwise specified) N Exposure 
(days) 

Data from adjudication procedure 

   Any death Asthma-related 
death 

Asthma-related 
intubation 

Asthma-related 
hospitalization 

SD-037-0123       
TERB_TBH_prn Bricanyl 500 prn 180 13 655     
OXIS_TBH_prn Oxis 4,5 prn 182 14 404     
SD-037-0345       
PLACEBO  239 75 921     
PULM_OXIS_TBH 4,5 plus 80 ug bid 554 178 912 1  1 3 
PULM_OXIS_TBH 4,5 plus 160 ug bid 315 105 128    4 
PULM_TBH 80 ug bid 550 177 404    4 
PULM_TBH 160 ug bid 312 104 540    8 
SD-037-0695       
TERB_TBH_prn Bricanyl 250 prn 275 45 596    7 
OXIS_TBH_prn Oxis 4,5 prn 277 46 064    7 
SD-037-0714       
TERB_TBH_prn Bricanyl 500 prn 227 72 640    5 
OXIS_TBH_prn prn 228 75 501    3 
SD-037-0716       
TERB_TBH_prn Bricanyl 500 prn 341 107 771    2 
OXIS_TBH_prn Oxis 4,5 prn 333 106 530    1 
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Table 47 Safety data by trial and treatment arm for trials including both LABA and non-LABA treatment: 
number of patients reporting ≥1 event 

Trial/ treatment (μg unless otherwise specified) N Exposure 
(days) 

Data from adjudication procedure 

   Any death Asthma-related 
death 

Asthma-related 
intubation 

Asthma-related 
hospitalization 

SD-037-0745       

OXIS_TBH 9 µg bid 70 1994     

OXIS_TBH 18 µg bid 69 1962     

OXIS_TBH 4.5 µg bid 70 1997     

PLACEBO  73 2056     

Total: OXIS TURBUHALER trials 8229 1 605 188 2 0 1 70 
FLUT fluticasone; PULM Pulmicort; SYMB Symbicort; TBH Turbuhaler; TERB terbutaline; CFC “Old pMDI”; HFA “New pMDI”;.  
 

SUMMARY OF SAFETY RESULTS BY STUDY FOR TRIALS IN WHICH ALL TREATMENT ARMS 
CONTAINED LABA TREATMENT 

Table 48 Asthma-related hospitalizations by trial for trials in which all arms contained LABA treatment 
(adjudicated data, all ages) 

Study code Number of patients Number of asthma-related hospitalizations Percent of patients reporting asthma-
related hospitalizations 

 Formoterol Salmeterol Total  Formoterol Salmeterol Total  Formoterol Salmeterol Total  

SYMBICORT TURBUHALER TRIALS 

AF-039-0001 92  92 0  0 0% - 0% 

D5890C00002 1151 1153 2304 4 4 8 0.35% 0.35% 0.35% 

DC-039-0002 237  237 0  0 0% - 0% 
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Table 48 Asthma-related hospitalizations by trial for trials in which all arms contained LABA treatment 
(adjudicated data, all ages) 

Study code Number of patients Number of asthma-related hospitalizations Percent of patients reporting asthma-
related hospitalizations 

 Formoterol Salmeterol Total  Formoterol Salmeterol Total  Formoterol Salmeterol Total  

SD-039-0686 434 224 658 0 0 0 0% 0% 0% 

SD-039-0734 3382  3382 63  63 1.86% - 1.86% 

SD-039-0735 2202 1119 3321 21 14 35 0.95% 1.25% 1.05% 

OXIS TURBUHALER trials 

37-3007-1 66  66 0  0 0% - 0% 

37-3011-1 66  66 0  0 0% - 0% 

37-3040-1 19 20 39 0 0 0 0% 0% 0% 

SD-037-0175 357  357 4  4 1.12% - 1.12% 
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Table 49 Asthma-related hospitalizations by trial for trials in which all arms contained LABA treatment 
(adjudicated data, patients <18 years) 

Study code Number of patients Number of asthma-related 
hospitalizations 

Percent of patients reporting asthma-
related hospitalizations 

 Formoterol Salmeterol Total  Formoterol Salmeterol Total  Formoterol Salmeterol Total  

SYMBICORT TURBUHALER trials 

AF-039-0001 2 0 2 0 - 0 0% - 0% 

D5890C00002 163 161 324 0 1 1 0% 0.62% 0.31% 

SD-039-0686 11 4 15 0 0 0 0% 0% 0% 

SD-039-0734 354 0 354 4 - 4 1.13% - 1.13% 

SD-039-0735 410 211 621 0 0 0 0% 0% 0% 

OXIS TURBUHALER trial 

37-3011-1 1 0 1 0 - 0 0% - 0% 
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Table 50 Safety data by trial and treatment arm for trials in which all arms contained LABA treatment. Number 
of patients reporting ≥1 event 

Trial/ treatment (μg) N Data from adjudication procedure 
  

Exposure 
(days) Any death Asthma-related 

death 
Asthma-related 
intubation 

Asthma-related 
hospitalization 

SYMBICORT TURBUHALER trials 

AF-039-0001       

OXIS_TBH_prn  47 6992     

SYMB_TBH_prn  45 7082     

D5890C00002       

SERETIDE_50/500 bid plus TERB_TBH_prn  1153 198 631    4 

SYMB_TBH_320/9 bid plus SYMB_TBH_prn 1151 200 192 1   4 

DC-039-0002       

PULM_OXIS_TBH 320/9 bid 120 3380     

SYMB_TBH 320/9 bid 117 3299     

SD-039-0686       

SERETIDE 50/250 µg bid 224 6754     

SYMB_TBH 320/9 µg bid 215 6502     

SYMB_TBH ind 219 6578     

SD-039-0734       

SYMB_TBH_ 160/4.5 bid plus TERB_TBH_prn  1138 381 451 1   25 

SYMB_TBH_160/4.5 bid plus OXIS_TBH_prn 1137 386 820 1   23 

SYMB_TBH_160/4.5 bid plus SYMB_TBH_prn  1107 377 137    15 

SD-039-0735       

SERETIDE_50/250 bid plus TERB_TBH_prn  1119 184 943 1   14 

SYMB_TBH_320/9 bid plus TERB_TBH_prn 1099 180 254    12 
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Table 50 Safety data by trial and treatment arm for trials in which all arms contained LABA treatment. Number 
of patients reporting ≥1 event 

Trial/ treatment (μg) N Data from adjudication procedure 
  

Exposure 
(days) Any death Asthma-related 

death 
Asthma-related 
intubation 

Asthma-related 
hospitalization 

SYMB_TBH_160/4.5 bid plus SYMB_TBH_prn  1103 180 870 1 1 1 9 

Total: SYMBICORT TURBUHALER trials 9994 2 130 885 5 1 1 106 

OXIS TURBUHALER trials 
37-3007-1       
FORMOTEROL_FORADIL 24 µg bid 33 503     
OXIS_TBH 18 µg bid 33 518     
37-3011-1       
FORMOTEROL_FORADIL 12 µg bid 35 530     
OXIS_TBH 9 µg bid 31 479     
37-3040-1       
OXIS_TBH 9 µg bid 19 646     
SALM 50 µg bid 20 694     
SD-037-0175       
OXIS_TBH_ 9 bid plus TERB_TBH_prn  181 13 984     
OXIS_TBH_9 bid plus OXIS_TBH_prn 176 13 885    4 
Total: OXIS TURBUHALER trials 528 31 239 0 0 0 4 

PULM Pulmicort; SALM Salmerterol; SYMB Symbicort; TERB Terbutaline; TBH Turbuhaler.  
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Appendix C: Narratives of patients who died (all cause)  
Table 51 Unblinded death narratives  

CASE_
ID 

TRIAL CENTER PID NARRATIVE 

1999AD
01020 

BU-543-
0681 

5604 1304  The patient was diagnosed with an intracerebral haemorrhage on day three of treatment with 
investigational product. She had developed a severe headache the same day, and lost consciousness an 
hour later. The patient was admitted to hospital and MRI revealed a cerebral bleed. The day after the 
patient was transferred to another hospital where she was pronounced brain dead. Ventilation was 
discontinued and the patient's liver and kidneys were removed for transplantation. 
Additional information from formoterol safety database: The patient was randomized to Pulmicort 
Turbuhaler 

1998AD
01220 

SD-037-
0345 

181 30801  The patient was hospitalized due to an asthma attack of severe intensity on day 238 of treatment with the 
investigational product. An orotracheal intubation was performed and the patient was helped with 
mechanical ventilation. During the hospitalization she received treatment with Rohypnol (flunitrazepam), 
cimetidine, methylprednisolone, Enoxaparin (heparin-fraction), aminophylline, Nubain (nalbuphine), 
ceftriaxone, metoclopramide, insuline, dopamine and noradrenaline. The investigational product was 
discontinued. The condition deteriorated due to a nosocomial infection, resistant to the administered 
antibiotic treatment. The patient developed pneumonia and a septic chock. She died at the Respiratory 
Intensive Care Unit after eight days. Probable cause of death was septic chock. Afterwards a multiresistant 
Moraxella catarrhalis was observed in culture.  
Additional information from formoterol safety database: The patient was randomized to Pulmicort 
Turbuhaler plus Oxis Turbuhaler 

1999AD
01130 

SD-039-
0349 

401 578070  The patient committed suicide on day one of treatment with the investigational product. He came to the 
clinic in the morning and received the first dose of the investigational product, but it is not known if he 
received any more. 
Additional information from formoterol safety database: The patient was randomized to Symbicort 
Turbuhaler 
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Table 51 Unblinded death narratives  

CASE_
ID 

TRIAL CENTER PID NARRATIVE 

2002U
W02181 

SD-039-
0668 

153 945  {MYOCARDIAL INFARCTION}A report has been received from a study investigator from Canada 
concerning a 55 year old Caucasian male patient who enrolled in an efficacy and safety study of 
Symbicort (budesonide/formoterol) Turbuhaler (STEP study) as single therapy in patients with moderate-
severe asthma. Comparison with conventional asthma therapy, Pulmicort (budesonide) Turbuhaler as 
maintenance therapy, complemented with Bricanyl (terbutaline). The study is double-blind, randomized, 
active-controlled and parallel group designed. Medical history and concurrent condition included asthma 
which was first diagnosed in 1998, allergies, and nasal polyps. The patient had no previous cardiac or 
hypertension history. Concomitant medications included budesonide nasal spray and vitamin B complex. 
The patient was placed on therapy with the study medication on 15-Nov-2001 for the treatment of asthma. 
On 08-Feb-2002, the patient began experiencing an increase in epigastric pain. On the evening of 13-Feb-
2002, the patient experienced a collapse and died around 7:00 PM. The last dose of the investigational 
product was taken on 13-Feb-2002. The cause of death was myocardial infarction. The investigator 
considered the event to be severe in intensity and not related to study medication or other medication that 
the patient was taking. Summary of follow up information received by AstraZeneca on 15-Feb-2002: The 
intensity and the event stop date were provided. Summary of follow up information received by 
AstraZeneca on 13-Sep-2002: The causality for other medication (not related) was provided. No further 
information is available. The treatment code for this patient was unblinded on 03-May-2003; the patient 
was receiving PULMICORT as maintenance, complemented with BRICANYL as needed. 
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Table 51 Unblinded death narratives  

CASE_
ID 

TRIAL CENTER PID NARRATIVE 

2002U
W15510 

SD-039-
0668 

153 946  {HYPERTROPHIC CARDIOMYOPATHY}A report was received from an investigator regarding a 47 
year-old female who was a participant in the trial entitled, Efficacy and Safety of Symbicort 
(budesonide/formoterol) Turbuhaler as Single Therapy in patients with moderate-severe asthma. 
Comparison with conventional therapy, complemented with Bricanyl (terbutaline Turbuhaler) 
(STEP).Medical history included hypertension, nasal polyps, allergies, insomnia, depression, hip pain, 
occasional lightheadedness, and migraines with visual disturbances. The patient has been smoking 
cigarettes for approximately 26 years. Surgical history included a hysterectomy. Concomitant medications 
included Nasacort (triamcinolone acetonide), Apo-Methopromazine (methopromazine), conjugated 
estrogens, venlafaxine, and losartan.It was reported the patient had a routine electrocardiogram (EKG) 
done as follow-up for this study and paroxysmal atrial fibrillation was noted. She was asymptomatic. She 
was seen by a cardiologist on 16-JUL-2002. Her EKG that day showed a complete left bundle branch 
block and a sinus rhythm of 79 per minute. She had a submaximal stress test done where she achieved 
only 74% of her predicted heart rate with no significant EKG changes. An echocardiogram done on 26-
AUG-202 showed that the left ventricle appeared to be dilated, a dyskinetic septum, and an ejection 
fraction of 37%. Results from a heart catheterization on 27-SEP-2002 showed a dilated left ventricle, 
moderate global hypokinesis - more pronounced on the anterior wall, calcification in the proximal left 
coronary artery (LAD), minimal lesion coronary artery disease and dilated cardiomyopathy. Treatment 
included the continuation of Hyzaar. The patient expired on 28-OCT-2002. An autopsy report indicated 
that the lungs were clear and the cause of death was attributed to a likely arrhythmia due to hypertrophic 
cardiomyopathy. Study drug dosing started on 16-NOV-2001 and stopped on 15-AUG-2002 (estimated 
date). The investigator assessed the event as not related to study drug and severe in intensity. Summary of 
follow-up information received by AstraZeneca on 28-JAN-2003 provided information regarding start and 
stop dates for study drug dosing, event intensity, and action taken with study drug. Summary of follow-up 
received on 04-MAR-2003 provided the autopsy reports findings' cause of death as likely arrhythmia due 
to hypertrophic cardiomyopathy. Summary of follow-up information received by AstraZeneca on 18-Mar-
2003: The investigator's causality has been changed from related to not related. Company Clinical 
Comment: the subject had significant underlying cardiac abnormalities. The treatment code for this patient 
was unblinded on 13-Nov-2002; the patient was receiving Pulmicort Turbuhaler and Bricanyl. 
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Table 51 Unblinded death narratives  

CASE_
ID 

TRIAL CENTER PID NARRATIVE 

2002PK
00648 

SD-039-
0668 

286 248  {PERITONEAL METASTASES}A prelimary report has been received concerning a 74-year-old female 
who is enrolled in a double-blind, randomized, active-controlled, parallel group designed study: Efficacy 
and safety of Symbicort (budesonide/formoterol) Turbuhaler as Single Therapy in patients with moderate-
severe asthma. Comparison with conventional asthma therapy, Pulmicort (budesonide) Turbuhaler as 
maintenance therapy, complemented with Bricanyl (terbutaline) Turbuhaler. The patient started therapy 
with the investigational product on 31-Aug-2001. Concomitant medication was not reported. In  Apr-02, 
eight months after commencing study treatment, abdominal CT showed peritoneal metastases. Histology 
revealed an adenocarcinoma of unkown primary site at time of this report. Study medication was 
withdrawn on 15-Apr-2002. Three months later the patient died due to progression of peritoneal 
metastases. The reporter considered there was no reasonable possibility that the event may have been 
caused by investigational product. Follow up received on 10-Sep-2002 included outcome death. Follow-
up information after SAE reconciliation on 10-Feb-2003: study medication was stopped and the patient 
was withdrawn from the study on 15-Apr-2003. Narrative updated. The treatment code for this patient was 
unblinded on 03-May-2003; the patient was receiving SYMBICORT as maintenance, complemented with 
SYMBICORT as needed. 

2002AP
02464 

SD-039-
0673 

572 1742  {DEATH CAUSE UNKNOWN, LOSS OF CONSCIOUSNESS, CYANOSIS}A report has been received 
from a study investigator concerning a 67 year-old male patient who is enrolled in a double-blind, 
randomized study to assess the efficacy and safety of Symbicort (budesonide/formoterol) Turbuhaler as 
single therapy in patients with mild-moderate asthma, in comparison with Symbicort Turbuhaler or 
Pulmicort Turbuhaler as maintenance therapy, both complemented with Bricanyl Turbuhaler (STAY).The 
patient was diagnosed with asthma in 1990, and was concurrently suffering from dyspepsia, stomach 
function disorders and chronic sinusitis.  He concomitantly received Topaal (multiple ingredients 
including alginic acid). The patient had been enrolled in the study since 21st August 2001.  Forty-three 
weeks and three days later the patient experienced loss of consciousness and cyanosis.  He was admitted 
and withdrawn from trial therapy.  He received cardiopulmonary resuscitation but died on 24 June 2002, 
four days after being admitted.  The cause of death was given as unknown and an autopsy was not 
performed. The reporter did not consider there to be a causal relationship between trial therapy and the 
events. The treatment code for this patient was unblinded on 26-Apr-2003; the patient was receiving 
PULMICORT as maintenance, complemented with BRICANYL as needed. 
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Table 51 Unblinded death narratives  

CASE_
ID 

TRIAL CENTER PID NARRATIVE 

POST TREATMENT 

1995AD
00851 

37-3018 47 64719  The patient died due to suicide, hanging (suicide attempt) two days after stopping the study medication 
which he had for 334 days. The investigator reported that there was no depression before the suicide but 
that the patient had talked about suicide to colleagues many years  prior to the event. 
Additional information from formoterol safety database: The patient was randomized to Pulmicort 
Turbuhaler plus Oxis Turbuhaler 

1996AD
00902 

SD-037-
0003 

34 3403  {RESPIRATORY FAILURE}The patient woke up at night, after 26 days of treatment with 
investigational product, with fatigue and moderate dyspnoea. He took four inhalations of Bricanyl 
(terbutaline) Turbuhaler and felt better. He went to the toilet and after defecation, the patient fell, had a 
convulsion and a respiratory arrest. The patient arrived at hospital after about an hour. After resuscitation 
at the emergency room, a recovery of cardiac pulse was obtained but the patient's EEG was plain. A CT-
scan of the patient's brain showed a cerebral haemorrhage with blood clots. The patient was maintained 
with cardio- pulmonary support and two days after the event he was declared dead. The patient had a 
family history of diagnosed aneurysm. At visit 1 in the study (one month and 13 days prior to the event) 
the patient's blood pressure was 105/55 and his pulse rate 92. At visit two (13 days later) his blood 
pressure was 110/65 and pulse rate 76.Summary of follow up information received by AstraZeneca 16-
Sep-2002 included information originating from a legal procedure. According to four external experts, 
there is no relationship between Oxis Turbuhaler and the death. The autopsy report states the cause of 
death as respiratory failure. The clinical event has been recoded to respiratory failure. 
Additional information from formoterol safety database: The patient was randomized to Oxis Turbuhaler 

2000AD
01025 

SD-039-
0666 

105 532  The patient had a fatal cardiac arrest on day 79 of treatment with the investigational product. At the time 
of his death he was in Brazil, and died at hospital there. There are no laboratory or ECG measurements 
available. He had a medical history of adult diabetes mellitus, stable ischaemic heart disease, myocardial 
infarction and was on anticoagulant treatment. No autopsy was performed. No further information is 
available. 
Additional information from formoterol safety database: The patient was randomized to Symbicort 
Turbuhaler 
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Table 51 Unblinded death narratives  

CASE_
ID 

TRIAL CENTER PID NARRATIVE 

2002SE
05537 

SD-039-
0668 

327 1774  {CARDIAC FAILURE, CELEBRAL OEDEMA} A report has been received from a study investigator 
concerning a 23-year-old male who is enrolled in a double-blind, randomized, active-controlled, parallel 
group design study. Efficacy and safety of Symbicort Turbuhaler as Single Therapy in patients with 
moderate-severe asthma. Comparison with conventional asthma therapy, Pulmicort Turbuhaler as 
maintenance therapy, complemented with Bricanyl Turbuhaler. The patient had previously this year, on 
12-Jul-2002, been hospitalized due to an asthmatic attack and he had also experienced severe asthma 
exacerbation on 1-Jul-2002 and 4-Sep-2002. He had a concurrent disease of allergic rhinitis that had 
aggravated and he was a habitual smoker. At visit number one the physical examination showed no 
abnormalities in general appearance, mouth, teeth, throat, cardiovascular, lungs and abdomen. His pulse 
was 65 beats/min and his blood pressure was 121/72 mmHg. On 1-Oct-2002 the patient discontinued the 
study because of the three severe asthma exacerbations within three months. Two weeks after the study 
terminated the patient died at home because of acute cardiac failure followed by cerebral oedema. No 
autopsy was performed.  The investigator considered that there was no reasonable possibility that the 
study medication may have caused the event. Follow-up information received on 28-Oct-2002 included: 
concomitant medication, medical history, patient details. The treatment code for this patient was 
unblinded on 03-May-2003; the patient was receiving PULMICORT as maintenance, complemented with 
BRICANYL as needed. 

2002SE
01735 

SD-039-
0673 

75 1527  {SUDDEN DEATH} A report has been received concerning a 54 year-old female who is enrolled in the 
SD-039-0673 Symbicort study, a double-blind, randomized, active-controlled, parallel group design study. 
Efficacy and safety of budesonide/formoterol (Symbicort) Turbuhaler as Single Therapy in patients with 
mild-moderate asthma. Comparison with Symbicort Turbuhaler and Pulmicort Turbuhaler as maintenance 
therapy, both complemented with Bricanyl Turbuhaler (STAY).The subject had been receiving double-
blind treatment for 46 weeks and four days when she was found dead in her bed on 03-Mar-2002. Cause 
of death is unknown. The date of last contact with the patient (being alive) was on 10-Jan-2002. No 
autopsy was performed. The subject had a medical history of hypertension and rhinitis allergic. 
Concomitant medication was Verapamil. Serious criteria were sudden death. Summary of follow-up 
information received by AstraZeneca 25-JAN-2003: Changed event from death to sudden death and the 
cause of death from pulmonary embolism to unknown. Summary of follow-up information received by 
AstraZeneca 10-MAR-2003: Enrolment ID and changed action taken from NA to none. The treatment 
code for this patient was unblinded on 26-Apr-2003; the patient was receiving SYMBICORT as 
maintenance, complemented with BRICANYL as needed. 
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Table 51 Unblinded death narratives  

CASE_
ID 

TRIAL CENTER PID NARRATIVE 

2002AP
01643 

SD-039-
0673 

448 1488  {SEVERE ASTHMA EXACERBATION}A report containing minimal information has been received 
concerning a 65 year old female patient enrolled in study SD-039-673 (STAY) looking at the efficacy and 
safety of budesonide/formoterol (Symbicort) Turbuhaler as Single Therapy in patients with mild-moderate 
asthma. Comparison with Symbicort Turbuhaler and Pulmicort Turbuhaler as maintenance therapy, both 
complemented with Bricanyl Turbuhaler.  The patient had a history of severe asthma exacerbations. The 
patient received her first dose of study medication on 16 August 2001.  On 11 June 2002, she was 
apparently well during the morning but developed dyspnoea, chest pain and tremors later in the day.  She 
was nebulized at home with ventolin, which provided no relief.  She was rushed to a nearby hospital 
where she died, despite attempts at cardiopulmonary resuscitation. The reporting investigator considered 
that there was no relationship between the event and trial therapy. The treatment code for this patient was 
unblinded on 26-Apr-2003; the patient was receiving SYMBICORT as maintenance, complemented with 
BRICANYL as needed. 
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Appendix D: Asthma-related adverse events as presented in 
SYMBICORT pMDI applications to FDA 
The following data supported the NDA for SYMBICORT pMDI 4-month safety update and 
pediatric sNDA.  The data presented here include long-term safety studies (715 and 719) that 
were not relevant for the adjudicated data presented in the main part of the document, due to 
the open-label design.   

Table 52 Overview of asthma-related AEs during randomized treatment for 
SYMBICORT pMDI and budesonide (from 4-month safety update) 

 SYMBICORT pMDI Budesonide 

Class effect category/  
Type of event 

NDA 
N=2193 

4MSU 
N=1856 

NDA+4MSU
N=4049 

NDA 
N=1182 

4MSU 
N=286 

NDA+4MSU 
N=1468 

Total asthma-related events 
(AZ), n (%) of subjects 148 (6.7) 151 (8.1) 299 (7.4) 90 (7.6) 19 (6.6) 109 (7.4) 
Asthma-related events (AZ) 
that were serious and/or led to 
discontinuation 30 (1.4) 13 (0.7) 43 (1.1) 28 (2.4) 1 (0.3) 29 (2.0) 
Serious asthma-related events 
(AZ) 14 (0.6) 3 (0.2) 17 (0.4) 4 (0.3) 0 4 (0.3) 
Asthma-related events (AZ) 
leading to discontinuation 22 (1.0) 11 (0.6) 33 (0.8) 27 (2.3) 1 (0.3) 28 (1.9) 

Total asthma-related events 
(Novartis), n (%) of subjects 145 (6.6) 139 (7.5) 284 (7.0) 89 (7.5) 17 (5.9) 106 (7.2) 
Asthma-related events 
(Novartis) that were serious 
and/or led to discontinuation 30 (1.4) 13 (0.7) 43 (1.1) 28 (2.4) 1 (0.3) 29 (2.0) 
Serious asthma-related events 
(Novartis) 14 (0.6) 3 (0.2) 17 (0.4) 4 (0.3) 0 4 (0.3) 
Asthma-related events 
(Novartis) leading to 
discontinuation 22 (1.0) 11 (0.6) 33 (0.8) 27 (2.3) 1 (0.3) 28 (1.9) 
Note: Application of the Novartis definition of asthma-related events was not included in the initial NDA, but was provided 

for NDA data for comparison purposes.  
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Table 53 Overview of asthma-related AEs during randomized treatment: 
(SYMBICORT pMDI pediatric studies) 

 Treatmenta, number (%) of subjects with an adverse event 

Event of interest 
SYMBICORT 

pMDI bid 
N=539 

Budesonidea

N=479 
Formoterol bid 

N=90 
SYMBICORT 

TURBUHALER bid
N=212 

Subjects with ≥1 AE representing 
asthma or potentially asthma-
related AEs 61 (11.3) 52 (10.9) 9 (10.0) 9 (4.2) 
Asthma-related events that were 
serious and/or led to discontinuation 7 (1.3) 14 (2.9) 1 (1.1) 0 
Serious asthma-related events  2 (0.4) 3 (0.6) 0 0 
Asthma-related events leading to 
discontinuation 6 (1.1) 13 (2.7) 1 (1.1) 0 
a Budesonide group comprises both bid and qd dose groups. 
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Appendix E: Review of published literature 
Sears et al 2008 

An analysis of all AstraZeneca-sponsored randomized, controlled, parallel-group asthma trials 
of 3 to 12 months duration involving formoterol was published in September 2008 (Sears et al 
2008).  The analysis examined whether asthma-related, cardiac-related or all-cause mortality 
or morbidity were increased with formoterol use.  Despite data on over 68 000 patients, there 
was insufficient evidence to conclude whether formoterol has any effect on asthma mortality.  
However, asthma-related serious adverse events (SAEs) were significantly reduced with 
formoterol, and cardiac-related SAEs were not increased, compared with non-LABA 
treatment.  Note that this dataset included open-label studies and was therefore considerably 
more extensive than the dataset that is the basis for presentations given in this briefing 
document (see Section 2.2.1 for details regarding trials requested by FDA).  

Bateman et al 2008 

A recently published summary of 66 GlaxoSmithKline trials with almost 21 000 participants 
evaluated the incidences of severe asthma-related events (intubations, deaths and severe 
exacerbations) in persons receiving salmeterol plus ICS compared with ICS alone (Bateman et 
al 2008).  There was one asthma-related death and one asthma-related intubation in patients 
receiving both salmeterol and ICS, compared with no such events in patients on ICS alone.  
No difference in risk of asthma-related hospitalizations was seen; however, in a subset of 
24 trials, the risk of severe exacerbations was decreased with salmeterol and ICS compared 
with ICS alone.  

Jaeschke et al 2008a and 2008b 

A further systematic review and meta-analysis was published in September 2008, evaluating 
the impact of LABA on asthma-related and total morbidity and mortality in patients 
concomitantly using ICS (Jaeschke et al 2008a).  Based on 62 studies with over 29 000 
participants, it was concluded that in patients with asthma using ICS, LABA use did not 
increase the risk of asthma-related hospitalizations.  Asthma-related deaths and intubations 
were too infrequent to establish LABA’s relative effect on these outcomes.  

A further review by the same authors (Jaeschke et al 2008b) studied the safety of formoterol 
more specifically, in a subset of the above data.  In 16 trials with over 10 000 participants, of 
whom 5996 on formoterol, there were 2 asthma-related deaths and no asthma-related non-fatal 
intubations.  The risk of asthma-related hospitalizations and asthma-related serious adverse 
events was statistically significantly lower in patients with formoterol and ICS than patients 
with ICS alone.  

OHSU 2008 (draft review) 

A draft drug class review on controller medications for asthma was made available for public 
comment in September 2008 by the Oregon Health and Science University (OHSU).  With 
regard to the safety of LABAs, the report concludes that LABAs should not be used as 
monotherapy because they increase the risk of asthma-related deaths.  Indirect evidence 
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suggests that the potential for increased risk of asthma-related death for those taking LABAs 
may be confined to patients not taking ICSs at baseline.  The review points out that published 
pediatric data (ie, for patients under 12 years) are limited, and that results for older age groups 
are not necessarily applicable to pediatric populations.  

Cates and Cates 2008a and b 

A Cochrane review was published in 2008 (Cates and Cates 2008a) of serious adverse events 
during regular treatment with salmeterol versus placebo or short-acting β2-agonists, excluding 
trials that included randomization to treatment containing ICS.  An increased risk of serious 
adverse events was reported with regular salmeterol compared with placebo and an increase in 
risk of asthma-related mortality in patients not using ICS was reported, based on the SNS 
study and Salmeterol Multi-centre Asthma Research Trial.  The increase in asthma-related 
mortality was smaller in patients taking ICS at baseline, but it could not be concluded that ICS 
abolished the risks of regular salmeterol.  

A corresponding review of formoterol was also published in 2008 (Cates and Cates 2008b) of 
serious adverse events during regular treatment with formoterol versus placebo or short-acting 
β2-agonists, and excluding trials that included randomization to treatment containing ICS.  
Three deaths were identified on formoterol treatment compared with none on placebo; the 
difference was not statistically significant.  Non-fatal serious adverse events were significantly 
increased when formoterol was compared with placebo, but not compared with regular 
albuterol or terbutaline.   

It can be noted that both of the above Cochrane reviews (Cates and Cates 2008a, Cates and 
Cates 2008b) are based on previously published data, and thus do not contribute anything 
substantially new.  The conclusion in these reviews that ICS does not appear to abolish the 
increased risk of serious adverse events seems poorly grounded, because the reviews excluded 
all trials in which patients were randomized to ICS-containing treatment.  

Lasserson et al 2008 

A further Cochrane review (Lasserson et al 2008) compared fixed-dose treatment with 
budesonide/formoterol and salmeterol/fluticasone with regard to exacerbations requiring oral 
steroid treatment, hospital admission and serious adverse events.  No statistically significant 
differences were found between treatments.  

Meta-analysis by Salpeter and colleagues 

A meta-analysis was published in 2006 concluding that LABAs have been shown to increase 
severe and life-threatening asthma exacerbations, as well as asthma-related deaths (Salpeter et 
al 2006).  It was further speculated that of the 5000 annual asthma deaths in the US, 4000 
might be due to the introduction of LABAs (see Section 1.4.3 for comment on epidemiology 
and changes in methods for calculation of asthma mortality over this period).  Extensive 
criticism of the meta-analysis has appeared on the website for letters to the journal in which it 
was published and in subsequent publications (eg, Chinchilli 2007).  AstraZeneca’s major 
concerns with regard to this publication are as follows:  
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• Of the 19 trials included, most of the data (26 353 of 33 826 patients) originate from 
the Salmeterol Multi-Center Asthma Research Trial.  

• The majority of patients (78%) were on salmeterol.  Less than 3000 patients were 
on formoterol, whereof less than 500 on OXIS; thus less than 1% of the safety data 
collected by AstraZeneca for formoterol were included in this meta-analysis.  

• No patients on fixed ICS/LABA combination were included in the analysis, and 
several landmark studies with data evaluating the benefit of adding a LABA to an 
ICS, (eg, Pauwels et al 1997) were omitted.  

• In order to be included in the meta-analysis, the trial publication had to present data 
on asthma-related SAEs.  It is more likely that this information is included in the 
publication when the number of such events is high (especially on active treatment), 
and less likely when no or very few such events occurred.  

Since the results for the meta-analysis by Salpeter and colleagues is dominated by data from 
the Salmeterol Multi-Center Asthma Research Trial (Nelson et al 2006), some further 
comments will be made regarding this study.  

It has been suggested that poorer outcome in African Americans that participated in the 
Salmeterol Multicenter Asthma Research Trial could be due to genetic reasons, since several 
studies suggest that Arg-Arg homozygotes fail to respond to regular short-acting β2-agonist or 
long-acting β2-agonist therapy, and this genotype is over-represented in the African American 
population.  However, extensive pharmacogenetic data from SYMBICORT studies (Bleecker 
et al 2007a) provide no support for the hypothesis that β2-adrenoceptor polymorphism affects 
the safety or efficacy of formoterol when used in combination with budesonide as therapy for 
asthma patients.  

It cannot be excluded that other genetic factors may affect response to β2-agonists; but we 
believe the more important factor in the Salmeterol Multicenter Asthma Research Trial was 
the level of ICS use.  African Americans enrolled in this study used less ICS than Caucasians 
(38% versus 49%), despite baseline data indicating that they had more severe asthma than the 
study population as a whole.  The relatively low use of ICS in African American asthma 
patients in the US has also been observed in other clinical trials, which have also shown that 
the lower use of inhaled corticosteroid in African Americans is paralleled by inferior asthma 
control (Krishnan et al 2006, LeNoir 1999, Lieu et al 2002, Mannino et al 2002, Shireman et 
al 2002, Zoratti et al 1998).  AstraZeneca therefore consider it likely that the increased risk 
seen in African Americans in the Salmeterol Multicenter Asthma Research Trial is related to 
underlying socio-economic differences that are manifested in low use of ICS in this 
subpopulation, despite the African American study subjects having more severe asthma.  

Results from the Salmeterol Nationwide Surveillance study (Castle et al 1993) were one of the 
reasons for initiating the Salmeterol Multicenter Asthma Research Trial.  In this 16-week trial, 
the incidence of asthma-related deaths was numerically higher (12 vs 2, ie, 0.07% vs 0.02%), 
although not statistically significantly so, in patients treated with salmeterol 50 μg twice daily 
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than in patients treated with albuterol 200 μg 4 times daily, both as additions to the patients’ 
usual asthma therapy.  Patients without anti-inflammatory therapy were allowed to participate, 
making up approximately 25% of the study population. According to the publication, “for 10 
of the patients who died from asthma, the independent consultants considered that their 
asthma could possibly have been more appropriately treated by earlier or higher doses of 
inhaled corticosteroid.”  This strengthens the conclusion of the importance of an adequate ICS 
dose in patients using a LABA.  

It should be noted that AstraZeneca has not conducted any trial with formoterol comparable to 
the Salmeterol Multicenter Asthma Research Trial, ie, where patients with persistent asthma 
were not required to used concomitant ICS.  Due to the importance of concomitant anti-
inflammatory treatment, the great majority of patients receiving formoterol in AstraZeneca 
trials have received concomitant anti-inflammatory treatment, usually ICS. 
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