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Abstract
Background: The combination of inhaled corticosteroids (ICS) and long-acting β2-agonists
(LABA) is recommended by treatment guidelines for the treatment of persistent asthma. Two such
combination products, salmeterol/fluticasone propionate (SFC, Seretide™ GSK, UK) and
formoterol/budesonide (FBC, Symbicort™, AstraZeneca, UK) are commercially available.
Objectives: The purpose of these studies was to evaluate and compare the duration of
bronchodilation of both combination products up to 24 hours after a single dose.
Methods: Two randomised, double blind, placebo-controlled, crossover studies were performed.
Study A was conducted in 33 asthmatic adults receiving 400–1200 mcg of budesonide or equivalent.
Serial forced expiratory volume in one second (FEV1) was measured over 24 hours to determine
the duration of effect of both SFC (50/100 mcg) and FBC (4.5/160 mcg). Study B was conducted in
75 asthmatic adults receiving 800–1200 mcg of budesonide or equivalent and comprised a 4 week
run-in of 400 mcg bd Becotide™ followed by 4 weeks treatment with either SFC 50/100 mcg bd
or FBC 4.5/160 mcg bd taken in a cross-over manner. Serial 24-hour FEV1 was measured after the
first dose and the last dose after each 4-weeks treatment period to determine the offset of action
of each treatment.
Results: In study A, a single inhalation of SFC and FBC produced a sustained bronchodilation at
16 hours with an adjusted mean increase in FEV1 from pre-dose of 0.22 L (95% CI 0.19, 0.35 L) for
SFC and 0.25 L (95% CI 0.21, 0.37 L) for FBC, which was significantly greater than placebo for both
treatments (-0.05 L; p < 0.001). In study B, the slope of decline in FEV1 from 2–24 hours post dose
was -16.0 ml/hr for SFC and -14.2 ml/hr for FBC. The weighted mean AUC over 24 hours was 0.21
Lxmin and 0.22 Lxmin and mean change from pre-dose FEV1 at 12 hours was 0.21 L for SFC and
0.20 L for FBC respectively
Conclusion: Both SFC and FBC produced a similar sustained bronchodilator effect which was
prolonged beyond 12 hours post dose and was clearly measurable at 24 h.
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Background

The benefit of adding a long-acting β2-agonist (LABA) to
inhaled corticosteroid therapy (ICS) in the treatment of
asthma is well-established [1-3]. Two such combinations,
salmeterol xinafoate and fluticasone propionate (SFC,
Seretide™) and formoterol and budesonide (FBC, Symbicort™) are widely used and have been shown to be effective in controlling asthma of varying severity in adults and
children [4-8]. A limited number of studies have compared these two combination products [9,10], and the
data imply some different clinical profiles due to the different pharmacological properties of the ICS and LABAs
[9,11-13].
When taken on a regular basis, both SFC and FBC have
shown clinical efficacy compared to placebo in patients
with mild to moderate asthma [14,15]. We therefore
aimed to evaluate and compare the bronchodilator
response of SFC and FBC over a 24-hour period after single or repeated dosing. In addition, we asked whether tolerance to the bronchodilating effect of either treatment
develops after regular twice-daily dosing for four weeks.
This paper describes the combined results of two studies
designed to meet these objectives.

Subjects and methods
Study design
This data represents a combination of two studies. Study
A was a single centre, double blind, randomised, singledose, placebo-controlled, 3-way crossover study conducted in Sweden. Study B was performed at three centres
in the UK and was a double blind, randomised, 2-way, 4week crossover study. Both studies were conducted in
accordance with the Declaration of Helsinki and were
subject to Ethics Committee approval prior to commencement. Written informed consent was obtained from each
patient prior to the initiation of any study-related procedures.
Study population
Both studies
Adults aged ≥ 18 years with a documented clinical diagnosis of asthma for at least 6 months prior to the study were
eligible for entry. Subjects were required to have a prebronchodilator FEV1 of >50% predicted normal and demonstrate an increase from baseline in FEV1 of at least 15%
of the predicted value 15 minutes after administration of
400 mcg of salbutamol. Subjects who were pregnant or
had a smoking history of ≥ 10 pack years, were excluded.
In addition, to ensure that subjects had stable disease, any
subject who had an acute asthma exacerbation requiring
either oral steroid treatment or hospital treatment, a respiratory tract infection or a change in regular asthma medication within the preceding 4 weeks were excluded from
both studies.
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Study A
Subjects were required to be receiving 400–1200 mcg of
budesonide or equivalent for at least 4 weeks prior to the
study. Subjects who had received oral β2-agonists, slow
release bronchodilators, anti-leukotrienes, sodium cromoglycate or nedocromil sodium within the preceding
two weeks were excluded. Subjects were also required to
stop taking long acting β2-agonists 2 weeks prior to visit 1.
Study B
Subjects were required to be receiving between 800–1200
mcg of budesonide or BDP or 400–600 mcg/day of FP or
QVAR for at least 4 weeks prior to the study. Subjects who
had received anti-leukotrienes, theophyllines or oral,
depot or parenteral corticosteroids within 4 weeks prior to
visit 1 were excluded.
Study treatment
Study A
Subjects were randomised to receive a single dose of SFC
50/100 mcg or FBC 4.5/160 mcg or placebo which was
administered in the Clinic. This dose of FBC is the actuated dose from a 6.0/200 mcg inhaler.

Medication was administered as one inhalation from a
Diskus inhaler containing either SFC or placebo followed
by one inhalation from a breath actuated device containing either FBC or placebo according to their blinded randomisation order generated. Inhalation from the Diskus
was first so that the onset of action of formoterol could
not be unblinded. Subjects attended the Clinic for three
24-hour intensive study days with a washout period of 3–
7 days between study days. Subjects took their usual permitted asthma medication between study days and salbutamol was provided for relief medication.
Study B
All subjects received open label Becotide™ 400 mcg twice
daily during a 4 week run-in. Subjects were subsequently
randomised to receive 4 weeks treatment with either SFC
50/100 mcg twice daily administered from a Diskus
inhaler or FBC 4.5/160 mcg twice daily from a breath
actuated device. This dose of FBC is the actuated dose
from a 6.0/200 mcg inhaler.

Becotide 400 mcg twice daily was given for 4-weeks during the washout period and subjects then crossed over to
receive the active medication that they did not receive during the first 4-week period for a further 4-weeks. Subjects
attended the Clinic for four 24-hour intensive study days
on day 1 and day 28 of each treatment period. Salbutamol
was provided for relief medication.
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Outcome measures
In study A, FEV1 was measured pre-dose (Time 0), and
then 0.5, 1, 2, 4, 6, 8, 10, 12, 14, 16, 20 and 24 hours following a single morning dose of study medication. An earlier time point was not chosen as this has already been
assessed in a previous study [9]. Measurements were made
using a Vitalograph Spirometer, which was calibrated regularly.

In study B, FEV1 was measured pre-dose and at 0.5, 1, 2, 4,
6, 8, 10, 12, 14, 16, 20 and 24 hours following a single
morning dose of study medication using a KoKo™ spirometer. Subjects were given a mini-Wright™ peak flow meter
(Clement Clark, UK) to measure the highest of three
morning and evening peak expiratory flow (PEF) measurements during the run-in, treatment and washout periods. Where possible, peak flow measurements were
performed at the same time of day prior to study drug or
use of relief salbutamol.
Safety was assessed by monitoring adverse events.
Statistical analysis
In study A, the primary assessment of efficacy was the
mean change from pre-dose FEV1 (on each study day) to
16 hours post-dose. Sixteen hours was chosen as subjects
commonly have 16 hours between twice daily dose
regimes. In order to detect a difference of 180 mL between
the treatments, at a two-sided α = 0.05 significance level
with 80% power, 32 subjects were required to complete
all the treatment periods. Analysis of covariance appropriate for cross-over study designs which included terms for
subject, treatment and period was used to estimate the
treatment difference and p-value and to calculate the 95%
confidence interval for this difference.

In study B, the primary efficacy endpoints were the slope
of decline in FEV1 from 2 hours post-dose, the area under
the FEV1 curve (AUC) (0–24 hours) and the mean change
from pre-dose FEV1 at 12 hours post dose. Secondary endpoints were based on serial FEV1 measurements after a single dose after 4 weeks of treatment (as for the primary
endpoint). The sample size was determined on the basis
of anticipated differences between treatments in the mean
change from pre-dose FEV1 at 12 hours, which was
thought to be the least sensitive of all three endpoints. In
order to detect a difference of 180 mL between the treatments, at a two-sided α = 0.05 significance level with 90%
power, 58 subjects were required to complete both treatment periods. The slope coefficient was analysed using
analysis of covariance, which included terms for subject,
treatment, period and baseline, and was used to estimate
the treatment difference and p-value and to calculate the
95% confidence interval for this difference. The AUC FEV1
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and mean change from pre-dose FEV1 at 12 hours postdose were also analysed using ANCOVA.
Lung function endpoints calculated from the DRC were
analysed using analysis of covariance, allowing for effects
due to subject, centre, treatment and period.

Results
Demography
A total of 33 subjects were recruited into study A of whom
all were randomised and received all three study medications. A total of 206 subjects were recruited into study B of
which 75 were randomised, 67 subjects received both SFC
and FBC. Of the 131 patients withdrawn prior to randomisation, 118 did not fulfill the entry criteria. There
were nine withdrawals post-randomisation in study B, of
which seven were due to adverse events. The baseline
characteristics of subjects in both studies, including dose
of inhaled corticosteroid are shown in Table 1.
Primary endpoints
Study A
Both SFC and FBC increased FEV1 at 16 hours post dose to
a similar extent. The improvement from pre-dose baseline
was 0.22 L for SFC and 0.25 L for FBC, which was statistically significant compared with placebo for both treatments (-0.05 L; p < 0.001) (Table 2).
Study B
For the three primary endpoints of mean change from predose FEV1 at 12 hours, area under the FEV1 curve
(weighted mean) over 24 hours, and slope of decline from
2 hours post-dose to 24 hours, both SFC and FBC resulted
in a sustained bronchodilation > 12 hours with no statistical difference between the treatments (Table 3).
Secondary endpoints
Study A
The mean change in FEV1 from pre-dose baseline was
measured for 24 hours following administration of a single inhalation of study medication (Figure 1). At each
evaluated time point, the mean change in both the SFC
and FBC group was statistically significant compared with
placebo and was similar for the two active treatments with
no statistical difference between them at any time point
(Table 4).
Study B
Baseline mean FEV1 increased after 4 weeks treatment
from 2.75 L to 2.87 L for SFC and from 2.78 L to 2.88 L
for FBC. After 4 weeks regular treatment, the increase in
FEV1 from pre-dose over 24 hours was similar to the values measured before 4 weeks treatment with a sustained
bronchodilation > 12 hours and no statistical difference
between the treatments (Figures 2 and 3). The adjusted
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Table 1: Patient Demography

Characteristic
Number of subjects screened
Number of subjects randomised
Mean age (years) (sd)
Sex: Males/females %
Mean % predicted FEV1 (sd)
Mean % reversibility (sd)
Duration of asthma (n):
< 5 years
10–20 years
>20 years
Current smoker, n (%)
Dose of ICS at screening for randomised patients (n)
BDP: 200 mcg bd/400 mcg bd/500 mcg bd
Budesonide: 200 mcg bd/300 mcg bd/400 mcg bd/600 mcg bd
FP: 100 mcg/250 mcg bd

Study A

Study B

33
33
40.2 (14.3)
48/52
80.5 (12.4)
18.9 (6.9)

206
75*
36.4 (12.5)
48/52
82.8 (17.0)
28.7 (17.6)

2
9
22
1 (3%)

5
31
39
12 (16%)

2/1/0
10/1/13/0
2/4

5/23/15
0/0/21/1
2/8

* the majority of screen failures demonstrated insufficient bronchodilator reversibility

mean change from pre-dose baseline in peak FEV1 from
30 minutes to 24 hours post dose was 0.48 L and 0.53 L
for SFC and FBC prior to 4-weeks treatment (treatment
difference SFC-FBC -0.05 L; 95% CI -0.14, 0.04 L) and
0.32 L and 0.37 L after 4-weeks treatment (treatment difference SFC-FBC -0.05 L; 95% CI -0.11, 0.01 L).
For diary card parameters, the adjusted mean change from
baseline in morning PEF was 25 L/min in both the SFC
and FBC groups. In addition, the median number of days
with no use of relief medication was 63% in the SFC
group and 61% in the FBC group and the median number
of nights with no use of relief medication was also similar
with 93% in the SFC group compared to 89% in the FBC
group. There was no statistical difference between the
groups regarding any of these parameters.
Safety
There were no adverse events reported in study A. In study
B, 32 subjects in each group experienced an adverse event
during treatment of which headache was the most common reported by 9 subjects receiving SFC (12%) and 13

subjects receiving FBC (19%). There were no serious
adverse events.

Discussion
A single inhalation of SFC 50/100 mcg or FBC 4.5/160
mcg resulted in a similar, prolonged duration of bronchodilation over 24 hours which was statistically significant when compared with placebo over the whole 24 h
observation period. A comparison of FEV1 before and after
four weeks dosing with either SFC 50/100 mcg or FBC 4.5/
160 mcg twice daily was of a similar duration for each
treatment with a small reduction in magnitude, demonstrating a lack of development of clinically important tolerance of the bronchodilating activity with regular
administration.
Before starting these studies, we hypothesised that the
pharmacological differences of the long-acting β2-agonist
component of the two combination products could result
in a different duration of effect over a 24-hour treatment
period [16,17]. Thus, in vitro it has been shown that salmeterol has a longer duration of effect than formoterol, but

Table 2: FEV1 (L) at 16 hours post-dose after a single inhalation of either SFC (50/100 mcg), FBC (4.5/160 mcg) or placebo (Study A).

Baseline adjusted mean (se)
Adjusted mean change at 16 hours from baseline (se)
Statistical difference (se)
95% CI
P value
Statistical difference (se)
95% CI
P value

Placebo (n = 33)

SFC (n = 33)

FBC (n = 33)

2.74 (0.04)
-0.05 (0.04)

3.01 (0.04)
0.22 (0.04)
SFC vs placebo
0.27 (0.04)
0.19, 0.35
<0.001
SFC vs FBC
-0.02 (0.04)
-0.10, 0.06
0.617

3.03 (0.04)
0.25 (0.04)
FBC vs placebo
0.29 (0.04)
0.21, 0.37
<0.001
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Table 3: Analysis of primary endpoints (Study B) prior to 4-weeks regular treatment with SFC (50/100 mcg) or FBC (4.5/160 mcg)

SFC (n = 74)

Slope of decline in FEV1 (ml/hr) from 2–24 hours post dose
Adjusted mean (se)
Area under FEV1 curve (weighted mean, Lxmin)
Adjusted mean (se)
Mean change from pre-dose FEV1 (L) at 12 hours post dose
Adjusted baseline mean (se)
Adjusted mean change (se)

FBC (n= 69)

Statistics SFC-FBC
Difference (se)

95% CI

P value

-15.97 (1.91)

-14.15 (1.98)

1.82 (2.04)

-5.88, 2.24

0.375

0.21 (0.04)

0.22 (0.04)

-0.01 (0.04)

-0.09, 0.06

0.721

2.97 (0.04)
0.21 (0.04)

2.96 (0.04)
0.20 (0.04)

0.01 (0.04)

-0.08, 0.09

0.892

in clinical studies the duration is the same over 24 hours
of monitoring. Therefore, it is important to evaluate the
true offset of effect of these drugs beyond the 12 hour time
point. A number of studies have shown that both salmeterol and formoterol have a long-lasting clinical efficacy
after a single daily dose, which maintains significance
above baseline at a 12 hour monitoring time point
[12,13,18-25]. In the current study (study A), both SFC
and FBC produced a similar prolonged bronchodilation
beyond 12 hours which was statistically and clinically significant compared with placebo at 16 hours. This is
important as subjects may frequently have an interval of
up to 16 hours or more between doses which is why 16
hours was chosen as the primary time point for comparison in this study. The peak increase in FEV1 between the
two drugs was also similar with the peak effect at 5.6
hours following a single inhalation of both SFC 50/100

mcg and FBC 4.5/160 mcg. Although the difference
between both drugs and placebo was statistically significant throughout the 24 hour measurement period, it is
unlikely that the difference at the 24 hour point is clinically significant as the lung function values after either
treatment approached their respective baseline values.
Formoterol has been shown to have a faster onset of
action than salmeterol during the first two hours after
inhalation [12,13,24]. FBC also has a faster onset of
action than SFC with a significant difference in the percentage increase in FEV1 at 3 minutes post FBC dose compared to a single inhalation of SFC [9]. The difference in
early improvement in lung function is however not significant at later time points, which indicates that the difference in bronchodilation between the two combinations
diminishes with time. FBC has also been demonstrated to

C hange from pre-dose FE V 1 (L )

0.5
0.4
0.3
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SFC
FBC

0.2
0.1
0
-0.1
-0.2
0
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2

4

6

8

10

12

14

16

20

24

Time (hours)
Figure
1 1 vs time over 24 hours after single inhalation of SFC (50/100 mcg), FBC 4.5/160 mcg or placebo (study A)
Mean FEV
Mean FEV1 vs time over 24 hours after single inhalation of SFC (50/100 mcg), FBC 4.5/160 mcg or placebo (study A).
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Table 4: Adjusted mean change (se) from pre-dose FEV1 (L) over 24 hours after a single inhalation of SFC (50/100 mcg), FBC (4.5/160
mcg) or placebo (Study A).

Time post dose (hr)

Placebo

SFC

FBC

0.5
1
2
8
12
16
20
24

0.04 (0.02)
0.10 (0.03)
0.14 (0.03)
0.14 (0.04)
0.06 (0.04)
-0.05 (0.04)
-0.15 (0.04)
-0.06 (0.04)

0.31 (0.02)*
0.37 (0.03)*
0.41 (0.03)*
0.38 (0.04)*
0.31 (0.04)*
0.22 (0.04)*
0.08 (0.04)*
0.06 (0.04)**

0.36 (0.02)*
0.38 (0.03)*
0.44 (0.03)*
0.42 (0.04)*
0.31 (0.04)*
0.25 (0.04)*
0.13 (0.04)*
0.07 (0.04)***

* p < 0.001 vs placebo; ** p = 0.007 vs placebo; *** p = 0.004 vs placebo.

provide rapid bronchodilation that patients could feel in
a situation mimicking an acute state of moderate to severe
bronchoconstriction, whereas SFC took longer to produce
relief from bronchoconstriction [10]. Although the duration of the study by Palmqvist et al. was sufficient to compare the speed of onset of bronchodilator effect of the
combination products, it was insufficient to compare
duration of action or to compare time to achieve asthma
control, which is more relevant than the onset of bronchodilation for a maintenance therapy.
Present asthma treatment guidelines recommend that the
combination of ICS and LABA should be given as maintenance therapy for persistent asthma. In our studies we
detected no statistical or clinical difference in FEV1 or

other parameters between SFC and FBC at any time point
from 30 minutes to 24 hours post dosing. The study was
powered to detect a difference in FEV1 between the treatments of 180 ml, which was not observed.
The statistically significant difference in FEV1 between placebo and both combinations 24-hours post-dose argues
that at least in some patients, once daily administration is
possible for maintenance of control. However, the overall
evidence of the efficacy of combination treatments in
asthma are built on studies with a twice daily regimen and
therefore this should remain a general recommendation.
We have also compared the bronchodilator response after
four weeks of regular dosing after which any additional

3.2

F EV 1 (L )

3.1
3
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FBC prior
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20

24

Time (hours)
Figure
mcg
2(study
B)
over 24 hours after the first dose of regular treatment with SFC (50/100 mcg bd) and FBC (4.5/160
Meanbd)
FEV
1 measurements
Mean FEV1 measurements over 24 hours after the first dose of regular treatment with SFC (50/100 mcg bd) and FBC (4.5/160
mcg bd) (study B).
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response attributable to the combination with corticosteroid would be evident (study B). A run-in and wash-out
period of four weeks treatment with BDP 800 mcg daily
ensured wash-out of any effects of the study drugs. The
mean reversibility in FEV1 at inclusion was approximately
19% showing that subjects had room for improvement.
Compared with original baseline treatment, there was an
improvement in FEV1 in both groups. After four weeks of
regular twice daily dosing, the increase in FEV1 values seen
at 12 hours after dosing were less than those obtained
prior to 4 weeks treatment. However, because the morning FEV1 prior to dosing of study drugs was higher compared to the first day, which results in less scope for
additional bronchodilation. The treatment effect on absolute FEV1 values seen at 12 hours were only slightly lower
than those obtained prior to four weeks treatment and the
bronchodilation effect was maintained after 8 weeks
chronic dosing, which although was reduced, indicated
no development of clinical tolerance.
It has been suggested that prolonged administration of
long-acting beta-agonists produces tolerance to bronchoprotective stimuli. However, a meta-analysis of nine clinical studies has shown that addition of salmeterol to
patients symptomatic on inhaled steroids resulted in protection against bronchoconstrictor stimuli which showed
no attenuation after 16 weeks of treatment [26]. Previous
data has also shown that chronic dosing with salmeterol
does not lead to a reduction in either the peak or the duration of bronchodilator response [27].
An improvement in morning PEF over four weeks regular
treatment was also seen in both treatment groups which
was of a similar magnitude although this was achieved at
half the microgram corticosteroid dose in SFC than FBC.
In a direct comparison of both combinations over 12
weeks in symptomatic moderate to severe asthmatics, a
similar improvement in lung function was also seen with
a dose of SFC which had three times less microgram corticosteroid dose than FBC [28].
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