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Introduction
!

The Global Initiative for Asthma (GINA) guideline
emphasises the combination of inhaled cortico-
steroids (ICSs) and long-acting β2-agonists
(LABAs) as the first-choice treatment in patients
with asthma who are not controlled with ICS
alone (GINA treatment Step 3 and higher) [1].
These treatments can be administered via two se-

parate inhalers or as a fixed-dose combination via
a single inhaler; the latter approach may have
benefits with regard to patient adherence, if both
components are clinically indicated [2]. This is
particularly important in the era of uncertainty
and continuous discussion about rare, potentially
fatal side effects of LABA monotherapy, given that
fixed-combination dosing with a single inhaler
ensures concomitant delivery of ICS and LABA [3].
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Abstract
!

Background: This non-interventional real-life
study (NCT00884689) compared budesonide/for-
moterol (Symbicort®) maintenance and reliever
therapy (SMART™) with a free combination of in-
haled corticosteroid (ICS)+ long-acting β2-agonist
(LABA) (in separate inhalers) and as-needed
short-acting β2-agonist (SABA) in adult asthma
patients with an exacerbation in the past 24
months.
Methods: Asthma patients received SMART™ or
free-combination ICS+LABA and as-needed SABA
for 6 months. Allocation of patients and doses
prescribed were at physician’s discretion. No
other restrictions applied. Primary endpoint:
mean no.of rescue medication puffs/day.
Results: 482 patients were included (SMART™
n=310; free combination n=172). SMART™ pa-
tients used less rescue medication vs the free-
combination group (mean difference –0.27
puffs/day; p=0.013). Severe asthma exacerba-
tions were rare (mean rate 0.20 vs 0.17/year for
SMART™ vs free combination). The mean ICS
dose was 615µg in SMART™ and 678µg in free-
combination group.
Conclusions: In this real-life setting, SMART™-
treated patients used less rescue medication de-
spite a lower ICS burden vs conventional asthma
management with three different inhalers.

Zusammenfassung
!

Hintergrund: Diese nicht-interventionelle Studie
(NCT00884689) verglich Budesonid/Formoterol
(Symbicort® maintenance and reliever therapy,
SMART™) mit der freien Kombination eines inha-
lativen Kortikosteroids (ICS) und langwirksamem
Beta2-Sympathomimetikums (LABA) in separaten
Inhalatoren in Verbindungmit einem kurzwirksa-
men Beta2-Sympathomimetikum (SABA) als Be-
darfsmedikation.
Methode: Die Zuteilung von erwachsenen Pa-
tienten und die verschriebene Dosis lagen im Er-
messen des Arztes. Primärer Endpunkt war die
mittlere Anzahl der Hübe der Notfallmedikation
pro Tag.
Ergebnisse: 482 Patienten wurden in die Studie
eingeschlossen (SMART™ n=310; freie Kombina-
tion n=172). Die SMART™ Gruppe verwendete
weniger Notfallmedikation als die freie Kombina-
tionsgruppe (mittlere Differenz –0,27 Hübe/Tag;
p=0,013). Schwerwiegende Asthma-Exazerbatio-
nen waren selten (mittlere Rate 0,20 vs. 0,17/Jahr
für SMART™ vs. freie Kombination). Die mittlere
ICS-Dosis (BDP Äquivalent) betrug 615µg
(SMART™-Gruppe) und 678µg (freie Kombina-
tion).
Schlussfolgerung: Unter Alltagsbedingungen im
Vergleich zur freien Kombination verwendeten
Patienten unter SMART™ Regime, trotz einer ge-
ringeren ICS-Gesamtdosis, weniger Notfallmedi-
kation.
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The fixed-dose combination of budesonide/formoterol (Symbi-
cort® Turbuhaler®, AstraZeneca) can be used as both mainte-
nance and reliever therapy in adults [4]. This treatment strategy
is known as SMART™ (Symbicort® maintenance and reliever
therapy), and is recommended in doses of 160/4.5 μg per inhala-
tion, administered as either one or two inhalations twice daily
and additional as-needed reliever doses. A series of randomised,
controlled trials (RCTs) has demonstrated the clinical superiority
of the SMART™ regimen over the conventional free combination
of ICS and LABAwith additional short-acting β2-agonist (SABA) as
required, via separate inhaler [5–7]. However, the external valid-
ity of data gathered from carefully controlled RCTs in the real
world is questionable [8]. Indeed, the effectiveness of the
SMART™ treatment regimen in comparison with traditional
treatment (ICS, LABA and reliever from three discrete inhalers)
under real-life conditions is not clear.
This non-interventional study, performed in a real-life clinic set-
ting, therefore aimed to evaluate the use of rescue medication
and health-related quality of life (HRQL) in adult patients with
asthma who received budesonide/formoterol as maintenance
therapy plus additional inhalations as needed to control symp-
toms (SMART™, single-inhaler therapy). These patients were
compared with patients who received a free combination of an
ICS and an inhaled LABA plus as-needed use of SABA, all via sepa-
rate inhalers. The prescribed doses used in this study were at the
discretion of the treating physician according to the recommen-
dations of the package inserts of each medication.

Methods
!

Study design and patients
Patients were recruited from the German centres involved in the
EuroSMART study [9]. By collecting data from a real-life popula-
tion, very few restrictions by inclusion and exclusion criteria
were applied. However, to ascertain that only asthma patients
with an indication for GINA Step 3 treatment were included, (his-
torical) proof of reversible airway flow limitation and asthma
exacerbation history were required. Therefore, this multicentre,
non-interventional, real-life study (AstraZeneca study code: NIS-
RDE-SYM-2009/1; ClinicalTrials.gov identifier: NCT00884689)
included male and female outpatients aged ≥18 years who had a
diagnosis of asthma with reversible obstruction confirmed
within the previous 5 years. Patients were receiving either bude-
sonide/formoterol SMART™ therapy (single inhaler) or a free
combination of ICS plus LABA with SABA rescue medication (via
three separate inhalers) for ≥3 months, with no change in treat-
ment within 1 month of study entry. Patients were also required
to have had a severe asthma exacerbation within the past 24
months, but not within 1 month of study entry. Severe asthma
exacerbations were defined as occurrence of at least one of the
following: use of systemic glucocorticosteroids due to asthma
for ≥3 days; unscheduled healthcare visit due to asthma; and
hospitalisation and/or emergency room visit due to asthma re-
quiring treatment with systemic glucocorticosteroids. Patients
who had used oral, rectal or parenteral glucocorticosteroids
within 30 days, used β-blockers or who had a respiratory infec-
tion within 30 days were excluded from participation in the
study.

Treatments
Asthma medication and doses used were not assigned randomly
and were administered at the discretion of the prescribing physi-
cian, according to standard medical practice, in a naturalistic
study design. Treatments were obtained as commercially avail-
able medication; the sponsor did not provide any medication for
this study. Investigators were provided with the package insert
for budesonide/formoterol including dosage and SMART™ treat-
ment principles. No other restrictions were applied. No concom-
itant therapies were disallowed (with the exception of systemic
corticosteroids and β-blockers), but investigators were asked to
take into account relevant information from the budesonide/for-
moterol summary of product characteristics [4]. Likewise, the
only direction given to investigators regarding the comparator
group was that these patients had to be treated with ICS plus
LABA and as-needed SABA via separate inhalers and should be
treated according to the relevant information in the product
package inserts. The physician had to document relevant data
during a routine visit at inclusion, approximately three (visit 2)
and six months (visit 3) after start of treatment.

Outcomes
The primary endpoint of this trial was the use of rescue medica-
tion, defined as themean daily number of rescue puffs of budeso-
nide/formoterol SMART™ (regular morning and evening mainte-
nance treatment with budesonide/formoterol was not included)
vs use of SABA in the free-combination arm. This was recorded
using daily patient diaries during the 6-month follow-up period.
Secondary endpoints included: HRQL (differences from baseline
and between group differences, not accounting for baseline dif-
ferences); the number of, and time to, severe asthma exacerba-
tions (defined as deterioration of asthma leading to at least one
of the following: oral/systemic glucocorticosteroid treatment for
≥3 days; unscheduled healthcare visit; or hospitalisation or
emergency room visit requiring treatment with oral/systemic
glucocorticosteroids); change in forced expiratory volume in 1s
(FEV1) from Visit 1 to Visit 3; the number of, and time to, hospita-
lisation and/or emergency room treatments; level of patient sa-
tisfaction with treatment; and tolerability.
HRQL was assessed using the standardised version of the vali-
dated, asthma-specific Asthma Quality of Life Questionnaire
[AQLQ(S)] [10]. This 32-item questionnaire is scored on a 7-point
scale where 1=severe impairment and 7=no impairment; there-
fore, higher scores on the AQLQ(S) indicate more favourable
HRQL. The average daily use of ICS over the entire study period
was calculated in terms of beclomethasone propionate powder
equivalents. The calculation also included the corticosteroids in-
haled during rescue puffs in the SMART™ group; patients in the
free-combination group did not use ICS for reliever inhalation.
Patients were asked to rate their overall satisfaction with their
current treatment by choosing one of the following options:
very satisfied, fairly satisfied, satisfied, dissatisfied or very dissa-
tisfied.
Tolerability was investigated by reporting of adverse events
(AEs), serious AEs and treatment-related AEs. No clinical labora-
tory parameters were assessed.
Patients were followed up at 3 and 6months. The studywasman-
aged by ClinResearch GmbH, Cologne, Germany, an independent
clinical research organisation, and was funded by AstraZeneca.
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Statistical methods
The mean daily number of as-needed puffs of rescue medication
(primary endpoint) was analysed using an analysis of covariance
(ANCOVA) model with treatment as factor. Potential confounders
in the analysis were identified as bodymass index, gender, smok-
ing status and season of the year at the individual study start.
Therefore, a logistic regressionmodel with treatment assignment
as the dependent variable and the confounders found in the first
step as independent factors was applied. Only ‘season at study
start’ had a p-value below the predefined limit of 0.1. Therefore,
the mean number of puffs of rescue medication per day was cal-
culated using ANCOVA with treatment and propensity score as
the factor, where the propensity score was calculated as the
probability of having SMART™ assigned as treatment given the
season at study start.
The difference between the two treatment groups in the change
from baseline in AQLQ(S) scores was evaluated using a t-test,
which did not take baseline differences into account. To assess
the impact of baseline differences, the mean change from base-
line in the overall AQLQ(S) score was analysed using ANCOVA
with treatment as factor and the baseline value as covariate.
It was planned in the study protocol that the time to first severe
asthma exacerbation and the time to first hospitalisation/emer-
gency room treatment would be evaluated. However, due to the
small number of patients who experienced these endpoints, the
planned analyses could not be performed and no robust statisti-
cal comparisons could be made.

Sample size considerations
Approximately 500 patients with asthma were planned to be in-
cluded in this non-interventional study across approximately 60
sites in Germany. From a maximum of 20 patients, each site was
expected to enrol two-thirds of patients who were treated ac-
cording to the budesonide/formoterol SMART™ principle and
one-third of patients who had been prescribed a free-combina-
tion treatment.
While all analyses were carried out for exploratory purposes,
some statistical considerations concerning the sample size were
provided by the protocol. A sample size of 333 patients in the
SMART™ group and 167 patients in the free-combination group
was predicted to have 80% power to detect a difference in the
mean number of rescue medication puffs per day of 0.506, using
a two-group t-test with a two-sided significance level of p<0.05.
A mean of 2.2 puffs per day and a common standard deviation
(SD) of 1.9 were assumed based on data from a subgroup analysis
of GINA treatment Step 3 and 4 patients from a previous study
(DESOLO) [11]. It was estimated that even if the true enrolment
was 350/151 patients, there would be 80% power to detect a dif-
ference in daily use of rescue medication between the two treat-
ment groups of ≥0.52 actuations.

Analysis sets
The safety analysis set included all patients enrolled into the
study; the full analysis set (FAS) was defined as all patients who
had at least one efficacy assessment; and the sensitivity analysis
set (SAS) consisted of all patients with none of the following pro-
tocol deviations: at least one inclusion criteria not fulfilled; date
of written informed consent after date of Visit 1; patient pre-
scribed a treatment other than Symbicort SMART™ or a free
combination of an ICS plus LABA plus as-needed SABA; no severe
asthma exacerbations documented in the last 24 months before

Visit 1; at least one exclusion criteria fulfilled; and the adminis-
tered therapy was not the same as the prescribed therapy.

Ethical considerations
This non-interventional study was performed in accordancewith
the ethical principles outlined in the Declaration of Helsinki and
is consistent with ICH/Good Clinical Practice, applicable regula-
tory requirements in Germany and AstraZeneca policy. All pa-
tients provided written, informed consent prior to study inclu-
sion. The Ethics Committee of the Hessen Medical Association
(Landesärztekammer Hessen) also agreed on the protocol.

Results
!

Patients
The flow of patients through this study is shown in●" Fig.1. The
first patient was enrolled into the study on 21 April 2009 and the
last patient’s final visit was 02 June 2010. A total of 498 patients
were enrolled at 49 sites in Germany; of these, 482 patients were
included in the FAS. Patients’ demographic and clinical character-
istics were similar between the SMART™ and free-combination
treatment groups (●" Table1). However, patients in the SMART™
group were more likely to be very satisfied with their current
treatment (39.0% vs 23.3%) than free-combination treatment re-
cipients.
273 (88.1%) of the patients in the SMART™ group had been re-
ceiving Symbicort® for more than 6 months before study entry;
152 (88.4%) of the patients in the free-combination group had
been taking the ICS product they received during the study for 6
months before entering the study.
Overall, patients had high mean ± SD AQLQ(S) scores (5.37±1.02
and 4.89±1.19 points in the SMART™ and free-combination
group, respectively) and high levels of treatment satisfaction:
98.1% of the SMART™ and 89.0% of the free-combination group
were very satisfied, fairly satisfied or satisfied with treatment.

Enrolled (safety analysis set) n = 498

Free
combination

n = 178
(35.7 %)

Symbicort
SMART™
n = 320
(64.3 %)

FAS n = 482

Free
combination

n = 172
(35.7 %)

Symbicort
SMART™
n = 320
(64.3 %)

SAS n = 406

Free
combination

n = 129
(31.8 %)

Symbicort
SMART™
n = 277
(68.2 %)

Fig.1 Flow of patients
who received SMART™
or a free combination of
ICS plus LABA and as-
needed SABA through
the study. The safety
analysis set consisted of
all patients enrolled in
the study; the FAS was
defined as all enrolled
patients who had at
least one efficacy as-
sessment. The SAS in-
cluded patients with no
protocol deviations.

Abbreviations: FAS, full analysis set; ICS, inhaled corticosteroid; LABA,
long-acting β2-agonist; SABA, short-acting β2-agonist; SAS, sensitivity
analysis set; SMART™, Symbicort® [budesonide/formoterol] maintenance
and reliever therapy.
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Use of rescue medication (primary endpoint)
In the FAS, the least squares mean daily number of rescue
medication puffs (primary endpoint) was 0.557 in SMART™-
treated patients and 0.822 in free-combination recipients.
This represents a difference of –0.266 (95% confidence inter-
val [CI] –0.474, –0.057) puffs per day in favour of SMART™
(p=0.013). The difference between the treatment groups in
the SAS was –0.209 (95% CI –0.414, –0.004), again favouring
SMART™ (p=0.046). The unadjusted mean daily number of
rescue medication puffs was 0.548 for SMART™ and 0.839 for
the free-combination cohort.

AQLQ(S)
The mean ± SD AQLQ(S) global score was higher in the SMART™
group than in the free-combination treatment group at study end
(5.60±0.99 vs 5.29±1.15 points). However, the mean AQLQ(S)
global score change from baseline to study end (in-group differ-
ence) was greater in the free-combination group than in
SMART™ recipients (●" Table2).
Improvements in the AQLQ(S) domain scores for symptoms, ac-
tivity limitation, emotional function and environmental stimuli
were seen within both treatment groups (in-group differences
in terms of change from baseline;●" Table2). While some statis-
tically significant differences between SMART™-treated patients
and the free-combination group were seen with regard to the
mean AQLQ(S) global and domain scores (data not shown), the
test used to generate the p-values did not take into account dif-
ferences between the treatment groups in terms of the AQLQ(S)
scores at baseline. As the SMART™ group had higher AQLQ(S)
scores at baseline, the change in the AQLQ(S) global score during
the study was tested by ANCOVA with treatment as factor and
baseline as covariate, to investigate the impact of these baseline
differences. This test resulted in a p-value of 0.9545, indicating
no significant difference between the treatment groups in terms
of the improvement in the global score of the AQLQ(S) when tak-
ing into consideration baseline AQLQ(S) scores.

Health care utilization and asthma exacerbations
Overall, the incidence of severe asthma exacerbations was similar
in the SMART™ and free-combination treatment groups, both up
to 3 months and between 3–6 months’ follow-up (●" Table3).
This corresponds to an estimated mean annualised severe ex-
acerbation rate of 0.20 (95% CI 0.14, 0.29) among SMART™ recip-
ients and 0.17 (95% CI 0.10, 0.29) among those who received the

Table 2 Change from baseline to
6 months (study end) in AQLQ(S)
scores in patients who received
SMART™ or a free combination of
ICS plus LABA and as-needed SABA
(full analysis set; last observation
carried forward)

1
.

SMART™

(n=310)

Free combination

(n=172)

AQLQ(S) score, mean (SD) Baseline Change from baseline Baseline Change from baseline

Global score 5.37 (1.02) 0.25 (0.82) 4.89 (1.19) 0.42 (0.89)

Symptoms subscore 5.34 (1.12) 0.23 (0.97) 4.84 (1.26) 0.41 (1.01)

Activity limitation subscore 5.38 (1.04) 0.24 (0.82) 4.91 (1.21) 0.41 (0.94)

Emotional function subscore 5.56 (1.22) 0.29 (1.00) 5.00 (1.41) 0.38 (1.00)

Environmental stimuli subscore 5.20 (1.31) 0.24 (1.01) 4.84 (1.43) 0.46 (1.17)

Abbreviations: AQLQ(S), standardised version of the Asthma Quality of Life Questionnaire; ICS, inhaled corticosteroid; LABA, long-acting
β2-agonist; SABA, short-acting β2-agonist; SD, standard deviation; SMART™, Symbicort® [budesonide/formoterol] maintenance and
reliever therapy.
1 The differences between the two treatment groups in terms of the changes from baseline were evaluated by a t-test. While some of
these differences attained statistical significance, the test does not take into account differences in baseline scores; the results of this
testing are, therefore, not shown.

Table 1 Baseline demographic and clinical characteristics of patients who
received SMART™ or a free combination of ICS plus LABA and as-needed SABA
(full analysis set).

Characteristics SMART™

(n=310)

Free combination

(n=172)

Age, years 49.1 (15.2) 51.4 (15.4)

Male, n (%) 119 (38.4) 59 (34.3)

Smoking status, n (%):

Current smokers 31 (10.0) 18 (10.5)

Ex-smokers 63 (20.3) 37 (21.5)

Never-smokers 216 (69.7) 117 (68.0)

Pulmonary function

FEV1, l 2.64 (0.87) 2.45 (0.73)

PEF, l/s 6.16 (2.16) 5.65 (2.08)

VC, l 3.45 (1.02) 3.33 (0.91)

Severe asthma exacerbations
within 24 months

1.4 (0.7) 1.7 (1.5)

Asthma treatment Step, n (%):1

GINA Step 3 238 (76.8) 138 (80.2)

GINA Step 4 72 (23.2) 34 (19.8)

Comorbid allergy, n (%)2 27 (8.7) 13 (7.6)

AQLQ(S) global score 5.37 (1.02) 4.89 (1.19)

Therapy satisfaction, n (%):

Very satisfied 121 (39.0) 40 (23.3)

Fairly satisfied 94 (30.3) 55 (32.0)

Satisfied 89 (28.7) 58 (33.7)

Unsatisfied 6 (1.9) 19 (11.0)

Prior medication, n (%)3 35 (11.3) 7 (4.1)

Concomitant medication, n (%)3

Systemic corticosteroids 13 (4.2) 5 (2.9)

Systemic antibacterials 5 (1.6) 0 (0.0)

Cough and cold preparations 5 (1.6) 0 (0.0)

Systemic antihistamines 0 (0.0) 1 (0.6)

Values presented are mean (SD), unless otherwise stated.
Abbreviations: AQLQ(S), standardised version of the Asthma Quality of Life Ques-
tionnaire; FEV1, forced expiratory volume in 1 s; GINA, Global Initiative for Asthma; ICS,
inhaled corticosteroid; LABA, long-acting β2-agonist; PEF, peak expiratory flow; SABA,
short-acting β2-agonist; SD, standard deviation; SMART™, Symbicort® [budesonide/
formoterol] maintenance and reliever therapy; VC, vital capacity.
1 Although all included patients had to be on ICS+LABA, investigators were asked to
assess asthma severity retrospectively (i. e. before treatment was introduced).

2 Allergy included: seasonal allergy, multiple allergies, hypersensitivity and house dust
allergy.

3 Prior medication was defined as medication that was discontinued on the calendar
day prior to the first study visit, or earlier; only drugs for asthma treatment were re-
corded.
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free combination. Throughout the study duration, two SMART™
recipients (0.6%) required emergency room treatment and one
patient in the free-combination group (0.6%) was hospitalised
due to asthma.
The time to the first severe asthma exacerbation and the time to
first hospitalisation/emergency room treatment were not eval-
uated as no robust statistical comparisons could be made due to
the small number of patients who experienced these endpoints.

Lung function
The baseline FEV1 values were similar between both groups
(SMART™, 2.64±0.87 l; free combination 2.45±0.73 l [mean±
SD]). FEV1 improved in both groups during the study. The mean
±SD improvement was slightly higher with SMART™ than in the
free-combination group at both 3 (0.06±0.33 vs 0.03±0.33 l) and

6 (0.13±0.48 vs 0.07±0.43 l) months (in-group differences were
assessed, as per protocol, due to lack of randomisation).

Daily inhaled steroid use
The prescribed mean±SD daily dose of ICS (including rescue ICS)
throughout the study duration was approximately 10% lower in
the SMART™ group than in the free-combination group (615±
318 μg vs 678±380 μg, respectively).

Use of systemic corticosteroids
During the study, 13 (4.2%) SMART™ and five (2.9%) free-combi-
nation recipients used systemic corticosteroids.

Treatment satisfaction
High levels of treatment satisfaction were reported for both
groups at baseline, although the proportion of patients who re-
ported being very satisfied with their treatment was higher for
SMART™ than for free combination treatment (39.0% vs 23.3%,
respectively;●" Fig.2). In both treatment arms, the number of pa-
tients who were either very or fairly satisfied with their asthma
treatment increased slightly over time. At all timepoints, the pro-
portion of patients who were very satisfied with treatment was
higher (unadjusted for baseline) in the SMART™ group than
among patients who received free-combination therapy. The
proportion of patients who were very satisfied was 50.0% in the
SMART™ group and 34.3% in the free-combination group at Visit
2, and 54.2% and 39.0%, respectively, at Visit 3 (●" Fig.2). By Visit
3, 258 (83.2%) patients in the SMART™ group and 120 (69.8%)
patients in the free-combination group confirmed a treatment
satisfaction level of very satisfied or fairly satisfied.

Healthcare resource utilisation and sick leave
During the observation period, the proportion of patients who
consulted a physician for any reason was similar with SMART™
and free-combination therapy (105 [33.9%] vs 62 [36.0%] of pa-
tients, respectively). Additional diagnostic tests (e.g., pulmonary

Baseline

Very satisfied

Unsatisfied

Fairly satisfied

Very unsatisfied

Satisfied

Missing data

3 months

Symbicort Turbuhaler SMART™
(n = 310)

Free combination treatment
(n = 172)

6 months Baseline 3 months 6 months
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Fig.2 Patients’ level of satisfaction with SMART™
or a free combination of ICS plus LABA and as-
needed SABA at baseline, 3 months and 6 months
(full analysis set). Abbreviations: ICS, inhaled corti-
costeroid; LABA, long-acting β2-agonist; SABA,
short-acting β2-agonist; SMART, Symbicort® [bude-
sonide/formoterol] maintenance and reliever ther-
apy.

Table 3 Severe asthma exacerbations in patients who received SMART™ or a
free combination of ICS plus LABA and as-needed SABA (full analysis set).

SMART™

(n=310)

Free combination

(n=172)

Exacerbations at 0–3 months:

Patients, n (%) 10 (3.2) 5 (2.9)

Episodes per patient, range 1–3 1–2

Exacerbations at 3–6 months:

Patients, n (%) 13 (4.2) 8 (4.6)

Episodes per patient 1 1

Extrapolated mean annual
exacerbation rate, n episodes
(95% CI)

0.20 (0.14, 0.29)1 0.17 (0.10, 0.29)1

The annual exacerbation rate was estimated by translating the reported numbers of
episodes into estimated mean numbers per year using a Poisson regression model
with treatment as factor and total time in study (in years) as offset variable.
Abbreviations: CI, confidence interval; ICS, inhaled corticosteroid; LABA, long-acting
β2-agonist; SABA, short-acting β2-agonist; SMART™, Symbicort® [budesonide/formo-
terol] maintenance and reliever therapy.
1 Between-treatment p=0.66.
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function tests) were performed in 18 (5.8%) patients in the
SMART™ group and 16 (9.3%) patients in the free-combination
group.
Confirmed sick leave was reported for 27 (8.7%) patients in the
SMART™ group and 11 (6.4%) patients in the free-combination
group.

Safety
Overall, seven (2.2%) patients in the SMART™ group and seven
(3.9%) patients in the free-combination group reported one or
more AEs. Three AEs were judged to be related to asthma treat-
ment (one incidence of hoarseness and one of oral candidiasis in
the free-combination group, and one case of hoarseness in the
SMART™ group). None of the serious AEs reported during the
trial were considered to be related to either SMART™ or free-
combination therapy.

Discussion
!

There is strong evidence of the benefits of SMART™ in the treat-
ment of patients with asthma from the largest ever performed in-
ternational asthma RCT program [5–7,9,12–16], and these find-
ings have been supported by real-life studies [9,17,18]. However,
all three of these real-life studies have assessed SMART™ in ran-
domised studies where the treatment arm was predefined. Data
confirming the effectiveness of this treatment regimen in a real-
life situation where all the patients are treated at the complete
discretion of the physician are still sparse. This naturalistic non-
interventional study, performed in a real-life clinical setting,
therefore aimed to evaluate the use of rescue medication and
HRQL in adult patients with a confirmed asthma diagnosis.
In this study, routine assessments were performed under real-life
conditions, with no intervention by the sponsor with regard to
patient selection, diagnostic procedures or therapeutic decisions.
Thus, real-life patient management with no dose restrictions
could be studied for both study arms (SMART™ and free combi-
nation) [19]. Real-life observations from non-interventional
studies can be strikingly different from data gathered in RCTs.
For example, recently published data show that leukotriene an-
tagonists can be as effective as ICS in the routine asthma clinical
setting, irrespective of a myriad of clinical trial data showing su-
periority of ICS [20].Archibald Cochrane stated that “[b]etween
measurements based on RCTs and benefit … in the community
there is a gulf which has been much under-estimated” [21].
Evaluation of asthma treatment success in patients in a real-life
clinical situation is much more challenging than assessment of
outcomes within the context of a RCT. The usual endpoints such
as assessment of lung function at standardised control visits or
physician assessment of exacerbations are not feasible in a non-
interventional study, and daily measurements of peak expiratory
flow would be too demanding for real-life conditions. Moreover,
self-assessment of exacerbations is less reliable than physician
assessment in RCTs. Thus, exacerbations could not be used as a
primary outcome. Therefore, the number of rescue puffs per day
was chosen as the most reliable, responsive and ascertainable
single primary variable for assessment of asthma control. The
choice of this parameter as the primary outcome is supported by
a recent publication, which showed that airway obstruction labi-
lity may allow for a more complete assessment of disease activity
[22]. Furthermore, this endpoint also allows evaluation of drop-
outs without introducing a ‘healthy survivor’ bias. Evaluations of

HRQL and other conventional asthma-related efficacy param-
eters were chosen as secondary variables in this study.
In our setting, a sample size with 2:1 allocation (SMART™ and
free combination) was calculated assuming a between-treatment
difference of 0.506 puffs of rescue medication per day, based on
data attained from a previous RCT (DESOLO), which had a very
similar design [11]. In the 498 patients enrolled in the present
study, the least squares mean for the difference between treat-
ment groups was only one-half of this estimate (–0.266; p=
0.013). The smaller between-treatment difference may have
been caused by the smaller mean daily number of rescuemedica-
tion puffs than expected based on data from DESOLO, and further
highlights the difference between pragmatic non-interventional
studies and RCTs. Nevertheless, a significant benefit of SMART™
can be shown for the primary outcome.
Shortly after completion of the EuroSMART RCT [9], which had
similar inclusion criteria to those for the present non-interven-
tional study, the same investigators were recruited. Consequent-
ly, the EuroSMART cohort and the patient population included in
the present study are comparable. Prior to inclusion, >88% of pa-
tients in both treatment arms had been receiving the same asth-
ma treatment for >6 months. This resulted in a population of pa-
tients who had good HRQL and high levels of satisfaction with
treatment in both groups. We therefore may have observed a
ceiling effect for further clinically meaningful changes, consecu-
tively seeing a small effect, even in cases where the recorded
changes achieved statistical significance. It is also important to
note that the AQLQ(S) endpoint comparison is biased due to
baseline differences since the study was not randomised). While
the mean AQLQ(S) global score was slightly higher in the
SMART™ group than in the free-combination group at study
end, this value at baseline was considerably higher in the
SMART™ vs the free-combination treatment group (with the re-
sulting difference being greater in the free-combination group).
When baseline AQLQ(S) scorewas included in the statistical anal-
ysis there was no difference between the treatment groups.
Similarly, the mean annualised number of exacerbations in the
present study was low (0.20 episodes for SMART™ vs 0.17 epi-
sodes for free-combination treatment). Again, this incidence is
less than one-half of the expected, given that patients who had
at least one severe exacerbation in the previous 24 months were
recruited. However, this has previously been observed in large
RCTs and could be partially related to the precision of retrospec-
tively collected data. Regardless of the cause of this discrepancy,
asthma exacerbations requiring systemic corticosteroids were
rare in this population of intensively pre-treated patients who
were satisfied with their treatment and had good HRQL. There-
fore, robust statistical analysis of the difference between treat-
ment groups could not be performed. The reasons outlined
above, together with the difference in exacerbation reporting be-
tween RCTs and this real-life study, would also explain the lack of
difference between treatments in the reduction in number of ex-
acerbations observed here compared with the greater reduction
in number of exacerbations observed with SMART™ vs compara-
tor arms in RCTs [23].
As expected, clinic assessments of FEV1, with no standardised
washout periods as is the case in real life, are not suitable for
evaluation of between-group differences. There was, however, a
marked mean improvement from baseline, especially in the
SMART™ group, despite the fact that this population had better
FEV1 values at baseline. This could also be related to the better ad-
herence observed with treatment with just one inhaler.
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If the number of rescue medication puffs per day, HRQL and the
number of exacerbations are a surrogate marker for asthma con-
trol, it is notable that the same, or better, control can be achieved
with a lower corticosteroid burden, despite the fact that ICS was
also used (in addition to LABA) in the SMART™ group as a reliever
medication, as well as part of maintenance treatment.
The strengths of this non-interventional study include close
quality assurance and on-site monitoring, experienced investiga-
tors who participated in the previous EuroSMART RCT [9] and
verified asthma diagnosis, resulting in a relatively homogenous
population with GINA Step 3 treatment and presumed severity
grade of 3 or 4. This is particularly important given prior findings
that one-third of patients treated with asthma drugs in the com-
munity do not have asthma [24]. The real-life setting of this study
may be considered a bias; however, we consider this to be a
strength, as it means that we were able to clarify the effective-
ness of SMART™ outside the stringent RCT environment.
Limitations inherent to the nature of the non-interventional
study design should be considered. Real-life patient adherence
is not comparable with surveillance in RCTs for a number of rea-
sons including drug holidays, running out of drugs and drug pref-
erences, among many. Indeed, register studies of 1-year treat-
ment duration have shown that patients take far less than one-
half of their prescribed doses [25–27]. The most important lim-
itation of this non-interventional study is the fact that patients
who previously took part in a RCTwere included. As already dis-
cussed, these patients could have been better controlled and
more adequately pre-treated in comparison with treatment-na-
ïve or non-study patients. A confounding factor to this is that
the prescribed doses used in the free-combination arm of the
study were at the discretion of the treating physician according
to the recommendations of the package inserts of each medica-
tion; this could result in possible bias and create a wide variety
of ICS/LABA treatment regimens (and possibly outcomes) for the
free-combination arm. Despite this, benefits in the daily number
of rescue medication puffs used (primary endpoint) were ob-
served.
Most secondary variables showed either significant or numerical
benefit in favour of SMART™ or the two treatment regimens
were, for other secondary variables, at least equally effective.
The differences between the treatment groups that were ob-
served in this non-interventional study are not as marked as
those previously seen in the SMART RCTs, particularly with re-
gard to HRQL [6,18]. A number of factors may underlie these
blunted effect sizes. Firstly, RCTs select the ‘best candidates’ for
treatment; i.e., pre-treated, but still symptomatic, patients who
have room for improvement [5–7,9,12–16,18]. Non-interven-
tional studies offer treatments for patients who are less likely to
show improvements, such as the pre-treated population enrolled
in the present study. Secondly, real-life patient assessment is in-
ferior to RCT patient assessment, as RCTs can enforce a standard-
ised treatment duration and washout periods, as well as being
able to assess trough and peak effects. In this study, we aimed to
assess real-life management of patients with asthma and the
treating physicians were given limited guidance regarding thera-
peutic decisions. Thirdly, in real-life naturalistic trials, patients
with significant co-morbidities and concomitant treatments
with potential interactions are included. While the physicians
were asked to consider the prescribing information for SMART™
and themedications used in the free combination plus as-needed
SABA therapy arm, we cannot guarantee that patients did not re-
ceive contraindicated concomitant medications.

Treatment adherence with the simple SMART™ strategy could
play an important role comparedwith conventional three inhaler
treatment; however, the non-interventional study design is not
suitable for assessment of adherence.
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