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BACKGROUND
The safety of long-acting β2-agonists (LABAs) remains controversial in asthma, particularly in children, which led regulators to
contraindicate LABAs as a single agent in asthma treatment.1
Current evidence regarding the safety of LABAs in combination
with inhaled corticosteroids (ICs), based on meta-analyses of
randomised clinical trials (RCTs), is less consistent. Recently
updated meta-analyses for formoterol and salmeterol failed to
reassure on safety.2,3 Despite the absence of evidence of serious
risk with LABAs associated with ICs, the precision of results was
low owing to infrequent outcomes. Furthermore, RCTs include
highly selected populations, and they are not properly designed
to assess infrequent and/or long-term adverse events in actual
conditions of drug use.4
Evidence is also limited in the observational context. A recent
systematic review assessing the risk of LABAs associated with ICs,
compared with ICs alone, did not indicate any increased risk for
emergency visits or hospital admissions.5 However, no reliable
conclusions could be drawn neither in children, nor on potential
differences between LABAs associated with ICs, in ﬁxed-dose
combinations, and in two separate canisters, due to the lack of
published data for these speciﬁc issues. This review also highlighted
the scarcity of prospective studies and the lack of data on drug
adherence. Most of the observational studies were based on claims
databases, providing only a partial assessment of drug exposure.
There is an evidence gap, as detailed and valid exposure data are
needed. For instance, irregular use of ICs in persistent asthma is a
well-known source of exacerbations.6 Thus, there is a need to
explore potential risks associated with LABAs in real life, with more
extensive assessments of patterns of use, including ICs concomitant
therapy, asthma control and exacerbations over time.
AIMS
The ASTRO-LAB project aims to provide new evidence about the
safety of LABAs in children and adults in routine clinical care. Its
main objective is to investigate with prospective data whether
asthma patients receiving LABAs are at a higher risk of severe
asthma exacerbations (SAEx), taking into account baseline differences in severity. Potential variations of respective drug exposures
to LABAs and ICs over time, using complementary data sources will
also be investigated. In addition, it will be veriﬁed whether
differential adherence to LABAs and to ICs is a possible mechanism
of increased risk of SAEx and other asthma outcomes in patients
1

using these drugs in two separate canisters. A key question that
ASTRO-LAB aims to explore is whether the potential LABAassociated risk can be explained by suboptimal adherence to ICs.
METHODS
ASTRO-LAB is a 24-month prospective observational study in asthma,
conducted in France and in the United Kingdom (UK).

Participants
ASTRO-LAB will include persistent asthma patients treated in primary care,
equally distributed between children (6–17 years) and adults (18–40 years).
Inclusion of patients will be performed between May 2013 and February
2015 in the three steps described hereunder (Figure 1).
Patient pre-selection. British patients aged 6–40 years with at least one
LABA and/or IC prescription during the past 12 months will be pre-selected
from The Health Improvement Network, which is a collection of pseudoanonymised electronic primary care medical records7 collected in approximately 550 general practices in the UK, with 3.6 million active patients.
In France, more than 700 general practitioners will perform a preliminary
selection of asthma patients aged 6–40 years, with at least two
prescriptions of LABAs and/or ICs during the past 12 months, regardless
of associations with other controllers. General practitioners will record all
asthma-related prescriptions during the past 12 months. A similar preselection will be conducted in community pharmacies: pharmacists will
record all asthma-related prescriptions available during this time interval
for patients aged 6–40 years, with at least one dispensing of LABAs and/or
ICs and two pharmacy visits during these past 12 months.
Patient eligibility. From the pre-selection database, the research team will
select, in both countries, patients on the basis of an additional inclusion
criterion, i.e., ⩾ 6 months of prescribed coverage of one of the following
therapy patterns during the past 12 months: ICs without LABAs, LABAs
without ICs, LABAs and ICs as separate inhalers (LABAs+ICs) or ﬁxed-dose
combinations (ﬁgures available in the Supplementary Information). No
change of therapy pattern will be allowed during the last 12 months.
The following exclusion criteria will be checked in pre-selection
databases (for the UK) or during enrolment visit by a general practitioner
or a pharmacist (for France): chronic oral corticosteroid use (⩾15
consecutive days during the past 3 months), history of omalizumab
therapy and/or any other concomitant respiratory disease (chronic
obstructive pulmonary disease, cystic ﬁbrosis, pulmonary ﬁbrosis, bronchiectasis and tuberculosis). In case of SAEx within 2 months before inclusion,
patients will be re-contacted 4 months later, so that they will be free of
recent SAEx when entering the cohort.
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Figure 1.

Study ﬂowchart for patient enrolment and follow-up.

Patients’ enrolment. In France, general practitioners and pharmacists will
invite eligible patients to participate in the study during a general
practitioner or pharmacy visit. In the UK, practices will forward postal
invitation packs to eligible patients, who will be invited to contact the
logistic centre by phone or online. A consent acknowledgement will be
collected before any data collection.

Computerised-assisted telephone interviews and text messages:
Trained interviewers will administer computerised-assisted telephone

interviews (CATIs) to patients aged 12–40 years (parents/caregivers of
patients aged 6–11 years) immediately after inclusion and every 4 months,
to assess asthma control, asthma medication used during the past
4 months and SAEx occurrence. If a SAEx is reported, the asthma controland medication-related questions will be repeated for the period before
the SAEx, followed by additional questions (triggers, management).
Patients will also receive monthly text messages inquiring about potential
new SAEx; a positive answer will be followed by an additional CATI
including the above-mentioned SAEx-related questions.
Online surveys: Patients and/or parents/caregivers will be requested to
complete online surveys (adapted to age-speciﬁc requirements) at
12-month intervals on determinants of medication adherence, selfmonitoring of symptoms, triggers and exacerbations management, quality
of inhaler technique, quality of life, demographic and other background
characteristics.
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Data collection
Data collection schedule for patient-, caregiver- and health care professionals (HCP)-reported data is summarised in Figure 2.
Patient-reported data
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Figure 2.

Summary of patient- and physician-reported data at inclusion and during follow-up.

HCP-reported data. HCPs will complete online surveys on their routine
asthma care and determinants of adherence support.
Electronic medical records/claims data. The Health Improvement Network
data will be available in the UK, whereas reﬁll and hospitalisation data will
be obtained from the National Health Insurance System (SNIIRAM) in
France.

Measures
We present the main characteristics of the measures relevant to the
primary research question regarding the safety of LABAs.
Outcomes. The primary outcome will be the occurrence of SAEx,8–10
operationalised as occurrence of patient-reported courses of oral
corticosteroids (⩾3- day duration), unscheduled asthma-related medical
contacts, emergency room visits, hospital admissions and death.
The secondary outcomes will be asthma control, measured with
validated questionnaires—symptoms only Asthma Control Questionnaire
(ACQ-5)11 and the Royal College of Physicians three questions,12,13 as well
as the ﬁve-level European Quality of Life—5 Dimensions (http://www.
euroqol.org/about-eq-5d/publications.html (25 November 2013)). For the
latter, French and UK valuation set will be applied to estimate utilities in
French and English participants, respectively.

Sample size. Sample size computation for required power was based on
differences in binomial proportions of SAEx between the reference ICs
without LABAs group and LABAs with ICs in separate canisters or in
monotherapy group. The hypothesis for the outcome frequency (24%) was
based on asthma-related oral corticosteroid courses reported by patients
during a 12-month period in a pharmacy-based study conducted in 2007
in ICs-treated patients.14 This hypothesis is conservative, as it may
underestimate the true frequency of SAEx, which not only consider oral
corticosteroid courses but also hospitalisations, unplanned medical
contacts and death. Sample size calculations were based on the expected
1.3-fold higher frequency SAEx between the ICs without LABAs group and
the other two groups. Considering a bilateral approach and balanced
counts between groups, it was calculated that a total of 2,200 patients
would be required given a statistical power of 80%, at a signiﬁcance level
of 5%, with a potential 20% loss to follow-up.
Planned analyses

Studied exposure groups will be based on four initial therapy patterns.
Preliminary results on pre-selected populations revealed that, for instance,
only 2.4% of patients were prescribed LABAs without ICs in France, and
virtually none in the UK. Given these low frequencies, patients under LABA
monotherapy would be merged with those receiving ICs and LABAs as
separate canisters, after having preliminarily veriﬁed their comparability.
Hence, three groups have been considered for sample size power
computation: LABAs with ICs in separate canisters or in monotherapy,
LABA/ICs ﬁxed-dose combinations and ICs without LABAs.

Safety analyses: Between-group comparisons. As ﬁrst approach, the time
to the occurrence of the ﬁrst SAEx will be compared between the initial
exposure groups (ICs without LABAs group as reference) with survival
analyses (Kaplan–Meier, Cox Model). The total number of SAEx per patient
during a 12-month period will be also compared using Poisson regression.
Cohort analyses with time-dependent variables. Patients’ actual exposure
to LABAs and ICs may change over follow-up owing to the prescriber or
patient. In these analyses, such changes will be taken into account. Timedependent variables, reﬂecting LABAs or ICs exposure over follow-up, will
be constructed. The association between exposure to LABAs over time and
the occurrence of SAEx will be investigated, after adjusting in particular for
concomitant exposure to ICs. Survival analyses and hierarchical longitudinal models will be applied. Different markers of drug exposure and
adherence will be successively explored.
Case–crossover study and nested case–control study approaches. As in
a case–crossover design patients are their own controls, LABAs and ICs
studied drug exposure patterns occurring just before a SAEx (case period)
will be compared with those observed during a preceding regular CATI
with no SAEx reported (control period), thus eliminating any potential
inﬂuence of patients ﬁxed characteristics. A nested case–control study
approach will be also considered.
Adjustment for asthma baseline severity. Analyses will be adjusted for the
different markers of asthma baseline severity, as it is a potential
confounding factor when assessing LABA-related risk, except for the
case–crossover approach.
Complementary analyses will be considered with the French patients,
using claims data.
Adherence analyses: The relationships between medication adherence
determinants and behaviours and asthma-related outcomes will be
investigated based on a theoretical model of asthma management.
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Medication use and adherence. Medication use will be assessed via CATIs
for each daily inhaled medication separately, with questions referring to
different time intervals and behaviours: number of doses used the day
before the interview, number of days with 0% and 100% adherence during
the previous 7 days, number of days of non-use during the previous
4 weeks, treatment interruptions longer than a week in the previous
4 months, and medication overuse (for a speciﬁc time interval or
occasional) in the previous 4 months. Patient/caregiver-reported drug
exposure and adherence will be computed via algorithms developed in
preliminary analyses.

Therapy patterns, sample size and planned analyses
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These analyses will further examine the hypothesis that LABA risk in
asthma may be partly owing to suboptimal adherence to ICs, with initial
symptoms masked by concomitant LABA use, leading to severe and
sudden SAEx. Moreover, they also aim to identify important
and changeable causes of nonadherence from a patient, caregiver and
HCP perspective, with a view to improving adherence support in
primary care.

Ethics
ASTRO-LAB study has been approved by Ethics and Regulatory Boards in
both countries.

DISCUSSION
ASTRO-LAB presents several innovative aspects that will allow a
unique perspective on LABA safety and asthma management, in
real-life conditions. Data will be collected from complementary
sources to assess patients’ drug exposure. This will allow assessing
more elaborated markers of drug exposure and adherence to
check the robustness of our ﬁndings.
The direct assessment of patients’ adherence to therapy,
including potential changes over time, will enable us to
distinguish the confounding role of inadequate adherence to ICs
from LABA-speciﬁc risk, as differential adherence between LABAs
and ICs may contribute to the occurrence of SAEx for patients
receiving both classes in separate canisters.
Methodological limitations and practical difﬁculties must be
acknowledged. The scarcity of patients prescribed LABAs in
monotherapy may prevent any reliable conclusion for this nonrecommended therapy pattern.6,15 Pre-selection process between
countries will differ: pre-existing prescribing database in the UK
versus an ad hoc prescription register collected by physicians
themselves purposely for the study. This difference is owing to
practical access to existing prescribing data (possible in the UK
only, in the context of ASTRO-LAB). Nevertheless, the same
inclusion/exclusion criteria will be eventually applied to all
patients in both countries. A potential bias inherent to prospective
studies will be that patients’ interaction with ﬁeld study
procedures (for example, questionnaires and CATIs) may modify
their behaviours and beliefs regarding medication intake. Nonetheless, this potential bias will inﬂuence all treatment groups
equally.
Practical difﬁculties have to be addressed in this multifaceted
project. Different national regulatory requirements and health care
systems between France and the United Kingdom compelled us to
consider speciﬁc recruitment processes for each country, while
attempting to maintain the two processes as similar as possible to
minimise bias.
Given its unique perspective on asthma care, ASTRO-LAB will
provide new information on LABA safety of substantial interest to
regulators, HCPs, patients and the scientiﬁc community. Moreover,
developing new methods of assessing drug exposure and
adherence will make a valuable contribution beyond the ﬁeld of
asthma care. The investigation of multifaceted insight into asthma
management in two different medical systems may be informative
for the improvement of asthma care.
Further information can be found in the Supplementary
Information.

ASTRO-LAB study design. MdB and ALD developed and managed the procedures for
assessing patient-reported outcomes, self-management behaviours and quality of
care. MdB and ALD contributed to drafting the manuscript. MF and GH contributed to
study conception by summarising and updating published evidence. They
participated in study design, being specially involved in the ASTRO-LAB analyses
strategy and health-related quality of life measurement. They also critically revised
the protocol. LL drafted the manuscript and participated in the development of the
study protocol, with contributions on methodological aspects. SH coordinates the
ASTRO-LAB project at a management level and contributes to methodological and
practical aspects. DV is in charge of the management of UK patients and practices
recruitment and The Health Improvement Network (THIN) data set extractions for
ASTRO-LAB analyses. All the authors critically reviewed the manuscript.

COMPETING INTERESTS
During the past 5 years, EVG has received funds for research, participations to
congresses and consulting from ALK-ABELLO, BIF, MSD, ASTRA-ZENECA and CHIESI.
During the past 5 years, EVG has been the main investigator of epidemiologic studies
sponsored by GSK, MSD, CHIESI and PFIZER. The other authors declare no conﬂict of
interest.

FUNDING
ASTRO-LAB is funded by the European Commission through the Seventh Framework
Program (FP7-Grant Agreement n° 282 593) and gathers seven partners in a
Consortium: Université Claude Bernard Lyon 1, University of Nottingham, Kappa
Santé SAS, Cegedim Strategic Data Medical Research Limited, University of
Amsterdam, Consortio Mar Parc de Salut de Barcelona and Lyon Ingénierie Projets.

REGISTRATION
The project is registered in the European Network of Centres for Pharmacoepidemiology and Pharmacovigilance (ENCePP) registry.

REFERENCES

All the authors have been actively involved in the study at different capacities. EVG
(guarantor) was involved in the development of ASTRO-LAB. He is responsible for the
scientiﬁc coordination of the project and has been involved in all methodological and
practical aspects. He participated in the drafting of the manuscript. NT and SS are in
charge of ASTRO-LAB patient and general practitioner (GP) recruitments in France,
data collection via CATI, online questionnaires and text messages and data
management. They took part in the creation of the project. They participated in
the drafting of the protocol. MdB was involved in the design, and ALD in reﬁning, of

1 Chowdhury BA, Dal Pan G. The FDA and safe use of long-acting beta-agonists in
the treatment of asthma. N Engl J Med 2010; 362: 1169‑1171.
2 Cates CJ, Jaeschke R, Schmidt S, Ferrer M. Regular treatment with salmeterol and
inhaled steroids for chronic asthma: serious adverse events. Cochrane Database
Syst Rev 2013; 3: CD006922.
3 Cates CJ, Jaeschke R, Schmidt S, Ferrer M. Regular treatment with formoterol and
inhaled steroids for chronic asthma: serious adverse events. Cochrane Database
Syst Rev 2013; 6: CD006924.
4 Strom BL. Pharmacoepidemiology. John Wiley & Sons Ltd, 2008, p 1–889.
5 Hernández G, Avila M, Pont À, Garin O, Alonso J, Laforest L et al. Long-acting
beta-agonists plus inhaled corticosteroids safety: a systematic review and
meta-analysis of non-randomized studies. Respir Res 2014; 15: 83.
6 GINA Report Global Strategy for Asthma Management and Prevention.
1–214. http://www.ginasthma.org/documents/4.
7 Blak BT, Thompson M, Dattani H, Bourke A. Generalisability of The Health
Improvement Network (THIN) database: demographics, chronic disease prevalence and mortality rates. Inform Prim Care 2011; 19: 251‑255.
8 Reddel HK, Taylor DR, Bateman ED, Boulet L-P, Boushey HA, Busse WW.
An ofﬁcial American Thoracic Society/European Respiratory Society
statement: asthma control and exacerbations: standardizing endpoints
for clinical asthma trials and clinical practice. Am J Respir Crit Care Med 2009; 180:
59‑99.
9 Busse WW, Morgan WJ, Taggart V, Togias A. Asthma outcomes workshop: overview. J Allergy Clin Immunol 2012; 129(3 Suppl): S1‑S8.
10 Fuhlbrigge A, Peden D, Apter AJ, Boushey HA, Camargo CA Jr, Gern J et al.
Asthma outcomes: exacerbations. J Allergy Clin Immunol 2012; 129(3 Suppl):
S34‑S48.
11 Juniper EF, Svensson K, Mörk A-C, Ståhl E. Measurement properties and interpretation of three shortened versions of the asthma control questionnaire. Respir
Med 2005; 99: 553‑558.
12 Thomas M, Gruffydd-Jones K, Stonham C, Ward S, Macfarlane TV. Assessing
asthma control in routine clinical practice: use of the Royal College of Physicians «
3 questions ». Prim Care Respir J 2009; 18: 83‑88.
13 Pinnock H, Burton C, Campbell S, Gruffydd-Jones K, Hannon K, Hoskins G
et al. Clinical implications of the Royal College of Physicians three questions in
routine asthma care: a real-life validation study. Prim Care Respir J 2012; 21:
288‑294.

npj Primary Care Respiratory Medicine (2015) 15040

© 2015 Primary Care Respiratory Society UK/Macmillan Publishers Limited

CONTRIBUTIONS

ASTRO-LAB and safety of LABAs
E Van Ganse et al

5
14 Chamba G. Evaluation de l’Impact d’un Entretien Pharmaceutique Structuré sur la
Prise en Charge du Patient Asthmatique. Agence pour la promotion de la pratique
ofﬁcinale (Pharmakeion) [Assessment of the impact of pharmaceutic interviews in the
management of asthma patients] For the French Council of Pharmacists 2008, p 1–33.
15 British Thoracic Society. British Guideline on the Management of Asthma—A
national clinical guideline, revised January 2012. British Thoracic Society and
Scottish Intercollegiate Guidelines Network 2012.

This work is licensed under a Creative Commons Attribution 4.0
International License. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated
otherwise in the credit line; if the material is not included under the Creative Commons
license, users will need to obtain permission from the license holder to reproduce the
material. To view a copy of this license, visit http://creativecommons.org/licenses/
by/4.0/

Supplemental Information accompanies the paper on the npj Primary Care Respiratory Medicine website (http://www.nature.com/npjpcrm)

© 2015 Primary Care Respiratory Society UK/Macmillan Publishers Limited

npj Primary Care Respiratory Medicine (2015) 15040

