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Asthma is a chronic inflammatory disease of
the bronchial mucosa with hyperreactivity and re-
versible bronchospasm secondary to certain stim-
uli [1]. Consequently, chronic anti-inflammatory
treatment, usually with inhaled corticosteroids, is
required for patients with persistent asthma. To al-
leviate acute bronchospasm, patients use inhaled
short-acting bronchodilators, eg, beta-agonists or

ipratropium bromide. Long-acting formulations
of beta-agonists have been developed in the
1990ies which provide bronchodilatation for 8 to
12 hours after a single inhalation. A preparation
combining the inhaled corticosteroid (ICS), fluti-
casone, and the long-acting beta agonist (LABA),
salmeterol, was licensed for asthma treatment in
1998. This medication provides asthma control

Questions under study: if patients with asthma
remain symptomatic in spite of chronic treatment
with inhaled corticosteroids (ICS), increasing the
ICS dosage or adding another drug to the treat-
ment regimen are possible therapeutic alterna-
tives. We compared the efficacy and safety of com-
bined salmeterol fluticasone therapy (SFC, 50/250
µg twice daily) with twice the dose of fluticasone
propionate (FP, 500 µg b.i.d.) in symptomatic asth-
matics. 

Methods: this prospective, double-blind study
was conducted in 76 study centres. 365 sympto-
matic patients with moderate asthma aged >18
years and receiving ICS in a dose equivalent to
1,000 µg beclomethasone propionate per day were
randomly assigned to receive either salmeterol xi-
nafoate (50 µg) and fluticasone propionate (250 µg)
in a single dry powder inhaler (Diskus  ) or 500 µg
FP twice daily. The primary efficacy endpoint 
was morning peak expiratory flow rate (PEFR).
Secondary measurements included forced expira-
tory volume in 1 second (FEV1), asthma symptom
scores, and use of rescue medication. 

Results: combined salmeterol fluticasone ther-

apy resulted in significantly greater improvements
in PEFR and symptom control than doubling the
dose of FP. At week 12, morning PEFR had in-
creased by 52 L/min from baseline in patients on
SFC and by 36 L/min in subjects receiving FP. The
adjusted difference between groups was 16.6 L/
min (95% confidence interval, 1.1 to 32.0 L/min).
In the SFC group, the percentage of symptom-free
days increased from baseline by 49% of days as
compared with 38% of days after FP (adjusted dif-
ference: 12.6% of days, 95% CI 4.0 to 20.7). Qual-
ity of life improved to a greater degree after SFC
therapy, and patients regarded study drugs as su-
perior to their previous asthma medication. Ad-
verse event profiles were similar between groups.

Conclusions: the combination of salmeterol 
50 µg and fluticasone 250 µg in a single dry pow-
der inhaler was superior to twice the dose of FP
(500 µg). It seems justified to add salmeterol rather
than increasing the ICS dose if symptomatic asth-
matics require supplementary therapy.
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Introduction



and relief of symptoms in a single inhaler, and the
convenience of the combination product may im-
prove patient adherence to the prescribed drug
regimen [2]. 

Combined treatment with both ICS and
LABA has been found in randomised controlled
trials to be more effective than a higher dose of the
inhaled corticosteroid [3, 4–6]. 

Evidence from basic research has accumulated
indicating complementary modes of action of cor-
ticosteroids and long acting beta agonists. Three
major hypotheses have been generated: 1, a direct
effect of LABAs on inflammatory cells and pro-
duction of inflammatory mediators, 2, an additive
effect of both drugs on asthma-specific inflamma-
tory processes, and 3, an effect of ICSs on b2-re-
ceptor synthesis.

The present clinical trial was designed to study
the efficacy and tolerability of the salmeterol
fluticasone combination in comparison with dou-
bling the dose of fluticasone in patients with mod-
erate symptomatic asthma. Asthma symptoms,
peak expiratory flow rates and lung function tests
were regularly assessed during the 12 week treat-
ment period. We also determined how patients and
their physicians assessed the efficacy of treatment
and how patients described their quality of life
during treatment. The aim of the study was to
determine whether combination therapy with
salmeterol (50 µg) and fluticasone (250 µg) was
superior to 500 µg fluticasone twice daily.
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Patients and methods
Study design and ethical aspects

This was a multi-centre, randomised, double-blind
trial comprising a 2-week screening period and a 12-week
treatment period in which the twice daily administration
of the combination product (250 µg fluticasone propionate
plus 50 µg salmeterol xinafoate) was compared with that
of 500 µg fluticasone. Patients from 76 study centres (pri-
vate practices or outpatient clinics at hospitals) were ad-
mitted to the screening phase. There were five study vis-
its: at start of screening (week –2), at randomisation / start
of treatment (week 0), and at weeks 2, 6, and 12 of treat-
ment (end of study). The study was conducted in accor-
dance with the Declaration of Helsinki, the German Drug
Law (Arzneimittelgesetz), and with Good Clinical Prac-
tice Guidelines as issued by the European Community.
Approval from the ethics committee was obtained for each
participating centre, and patients gave their written in-
formed consent before entering the study.

Admission and exclusion criteria

Patients aged 18 to 70 years who had their asthma di-
agnosed at least 6 months before the screening visit were
eligible for the screening phase of the study. The diagno-
sis was made according to the German asthma guidelines
[7]. Admission was possible if the patient had asthma of
moderate severity (ie, asthmatic symptoms less than once
per day, but not more frequently than twice per week, dur-
ing the daytime, or asthmatic symptoms at least twice per
month, but less than once per week, at night time, a forced
expiratory volume in 1 second, FEV1, between 50% and
80% of predicted, and an increase in FEV1 after 200 µg of
inhaled salbutamol of at least 15% from baseline). Further
entry criteria were: the patient was a non- or ex-smoker,
and asthma had been treated with inhaled corticosteroids
(beclomethasone dipropionate (BDP) or budesonide, 800
to 1000 µg per day, or fluticasone, 500 µg per day) for at
least 3 months prior to the study. Treatment with theo-
phylline, cholinergic drugs, or leukotrienes was permitted
provided the dose was not changed during the trial. 

Patients who had received previous therapy with in-
haled long-acting beta agonists, oral beta-agonists, oral or
parenteral corticosteroids during the preceding 4 weeks
were excluded. Further exclusion criteria were: change of
asthma medication, treatment with other study medica-
tion, respiratory tract infection or hospital stay due to res-
piratory problems during the preceding 4 weeks; inability

of the patient to correctly administer study drugs; known
allergy to components of the study medication; severe
concomitant illness or other chronic respiratory disease
(such as cystic fibrosis or interstitial fibrosis); and in
women, inadequate contraception, pregnancy or lacta-
tion.

During the screening phase, patients recorded
asthma symptoms and peak flow measurements in the
diary cards (see below), while continuing their usual
asthma medication. After two weeks, they returned for the
second study visit to determine whether they had been
symptomatic and were eligible for receiving study med-
ication. At least one of the following criteria had to be met
for inclusion into the treatment period: use of rescue med-
ication on ≥ 7 of 14 days, OR total asthma symptom score
≥ 10 points (the sum of scores from 14 days and nights).
Patients were not admitted to the treatment phase if en-
tries into the diaries were incomplete and not considered
reliable by the study physician, or if they had experienced
a respiratory tract infection during the screening period.

Patient diaries and peak flow measurements

Patient diaries were used twice daily for the report of
asthma symptoms, peak flow rates and use of salbutamol
rescue medication. Daytime and night-time asthma symp-
toms were recorded on five-point scales according to the
following classification: 1. daytime symptoms: 0 = no
symptoms, 1 = symptoms for one short period during the
day, 2 = symptoms for two or more short periods, which
did not affect normal activity, 3 = frequent symptoms dur-
ing the day, which did not affect normal activity, 4 = symp-
toms for most of the day which affected normal daily
activity; 2. night-time symptoms: 0 = no symptoms, 1 =
symptoms causing awakening once during the night, 2 =
symptoms causing awakening twice or more, 3 = symp-
toms causing the patient to be awake most of the night, 
4 = symptoms so severe that the patient did not sleep. 
Patients were taught how to use a mini-Wright peak-flow
meter. They were asked to record throughout the study
the best of three blows each morning and evening, before
use of any medication. Patient diaries were collected at
each study visit and replaced by new ones.

Respiratory function tests

Spirometric measures of pulmonary function were
made at each clinic visit. Patients had to perform forced



expiratory manoeuvres while taking flow-volume mea-
surements. Reference data from the European Commis-
sion for Coal and Steel (ECSC) related to sex and height
were used as normal values [8].

Quality of life measurements

Health-related quality of life was assessed by means
of an asthma-specific questionnaire, the asthma quality of
life questionnaire [9]. The validated German version of
this instrument was used. At the start and end of the treat-
ment phase, patients answered questions on a scale from
1 (most severe impairment) to 7 (least impairment). The
32 items were grouped into four dimensions (asthma
symptoms, physical activity, environment, and emotions),
and a mean individual score could also be calculated.

Randomisation and study medication

Study medication was administered for twelve weeks.
A computer generated randomisation code was used to al-
locate half of the patients to each of the two treatment legs.
Randomisation was in balanced blocks of four with each
centre allocated at least one block, and sequentially num-
bered, opaque, sealed envelopes were used for the proce-
dure. 

Patients were either treated with the combination
product, fluticasone 250 µg plus salmeterol 50 µg (group
SFC), or with fluticasone in a dose of 500 µg (group FP).
Study treatment was provided in Diskus  powder inhalers.
Each morning and evening, patients inhaled one dose
from the powder inhalation device. Patients were asked to
inhale salbutamol rescue medication if they developed
acute asthmatic symptoms. This drug was provided in
metered dose inhalers containing 300 puffs of 100 µg
salbutamol. Use of rescue medication was recorded in the
patient diaries.

End-points and required number of patients 

The primary end-point of the study was morning
peak expiratory flow rate (PEFR) from diary cards at week
12 compared with measurements obtained during the
screening period. To identify a difference of 15 l/min be-
tween treatment groups with a power of 80% at an alpha
level of 0.05, 174 patients with useable data per group were
required assuming a standard deviation of morning PEFR
of 50 l/min in both groups. 

The secondary end-points, evening PEFR, asthma
symptom score, percentage of symptom-free days/nights,
and use of rescue medication were also recorded in patient
diaries. Further secondary end-points were respiratory
function tests obtained at clinic visits. Flow-volume ma-
noeuvres were recorded to measure forced expiratory
volume in one second, FEV1, forced vital capacity, FVC,
and peak expiratory flow, PEF. Asthma quality of life was
assessed at the beginning and end of the study.

Drug Safety 

Safety and tolerability of study medication was as-
sessed by physical examination including oropharyngeal
inspection, heart rate and blood pressure measurements
and by adverse event reporting. Physicians judged the
severity of each adverse event and its relationship to study
medication.

Statistics

Primary and secondary end-points from diary cards
were analysed by calculating the means of values recorded
during the weeks preceding the respective visit. Values of
week 12 represent the mean of diary card entries from the
preceding 21 days, values for week 6 are from the preced-
ing 14 days, and those of base-line from the last 7 days be-
fore randomisation. 95% confidence intervals were calcu-
lated for the difference between adjusted group means,
with baseline value, age, sex and height as continuous
covariates, and less than two years prior treatment with in-
haled corticosteroids or prior treatment with fluticasone
as binary covariates. The primary endpoint was also
analysed according to the duration of prior treatment with
inhaled corticosteroids or with theophylline. All statistical
tests were two-sided at an alpha level of 0.05. 95% confi-
dence intervals were calculated for adjusted differences.
Unless mentioned otherwise, results are from the inten-
tion-to-treat (ITT) groups (see below) and are presented
as means and standard deviations (or 95% confidence
intervals). The ITT group consisted of those patients who
inhaled at least one dose of study medication and had no
critical protocol violation (eg, a missing diary from the
screening period). 
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Results

Patient disposition and base-line 
characteristics

A total of 399 patients were recruited from 76
study centres (figure 1). After the 2-week screen-
ing period, 365 patients fulfilled randomisation
criteria and received either the salmeterol flutica-
sone (50/250 µg) combination (group SFC) or flu-
ticasone 500 µg bid (group FP). The 347 patients
who inhaled study medication and had no critical
protocol violation (e.g., a missing diary from the
screening period) represent the intention-to-treat
(ITT) group, of which 170 belonged to the SFC
group. The per-protocol group consisted of 275
patients (138 from the SFC group) with complete
results and no major protocol violation. 

Demographic data, lung function and diary 
card results at randomisation

Table 1 shows demographic data, asthma
symptoms and lung function test results at ran-
domisation. Mean age of the 347 patients was 49.3
years, and 53.6% were female. The two treatment
groups were comparable with respect to age, sever-
ity of asthma symptoms, or results of respiratory
function tests. During the last seven days of the 2-
week screening period, mean total asthma symp-
tom score was 28 points (of a theoretical maximum
of 56 during day and night), and only 17% of days
were symptom-free. Accordingly, patients inhaled
two to three puffs of salbutamol rescue medication
each day. As required for inclusion of patients into
the study, lung function showed considerable im-
pairment, with decreased means for FEV1 and peak



flow compared to normal values (75% and 73% of
predicted, respectively). 

Efficacy
Morning peak expiratory flow rate

The primary end-point was morning PEFR as
measured by patients throughout the study and
reported in diary cards. Combined salmeterol flu-
ticasone therapy was superior to double dose
fluticasone with respect to the increase in morning
peak expiratory flow rate (Table 2). A significant
improvement was observed already after two
weeks of therapy, when the salmeterol fluticasone
combination group showed an increase of 37 l/min
(or 7.8% of predicted) compared to base-line, and
the fluticasone group had an elevation of 20 l/min
(or 4.5% of predicted). Figure 2 shows morning
and evening PEFR after  6 and 12 weeks compared

to the screening period. Morning PEFR increased
further during the study, so that differences of 19.6
l/min (6.8 to 32.4 l/min) and 16.6 l/min (1.1 to 32.0
l/min) between groups were observed at 6 and 12
weeks, respectively. In the per-protocol groups,
morning PEFR improved by a mean of 48.4 l/min
after 6 weeks and by 51.3 l/min after 12 weeks of
SFC therapy, and the respective increases in the FP
group were 29.9 and 32.9 l/min.

In another analysis, patients were grouped ac-
cording to the duration of previous treatment with
inhaled corticosteroids. Those patients who had
received ICS for more than two years responded
particularly well to salmeterol fluticasone therapy
(+11.3% predicted, n = 88) compared with flutica-
sone (+5.2% predicted, n = 87) at week 12. Analy-
sis of covariance revealed that concomitant theo-
phylline therapy had no influence on the primary
endpoint.

Diary card assessments
Results from diary cards for asthma symptoms

and use of rescue medication at week 12 are given
in Table 2. Both treatment groups improved com-
pared to previous asthma therapy. Significantly
better results were obtained after combined ther-
apy with fluticasone and salmeterol than with dou-
ble-dose fluticasone (p <0.05). Adding salmeterol
to fluticasone improved symptoms and increased
the percentage of symptom-free days to a greater
degree than doubling the ICS dosage.

Respiratory function tests
Pulmonary function tests improved in both

treatment groups during the study (Table 3, Fig-
ure 3). FEV1 increased by 12.3% of predicted after
12 weeks of SFC therapy and by 8.4% after fluti-
casone, respectively. No statistically significant
differences were found between groups with re-
spect to clinic lung function results.

Quality of life and patients’ perspective of drug
efficacy 

At week 12, patients reported considerable im-
provements in asthma related quality of life. Means
of all five test dimensions increased in both groups
(Figure 4). Changes of more than 1 point (out 
of 7) were observed in the SFC group with respect
to asthma symptoms and physical activity as well
as for the mean score. The minimal important
difference of this quality of life score has been
reported to be 0.5 points [10].

Patients and investigators were asked to assess
the efficacy of treatment on a five point scale. After
12 weeks, 82.4% of physicians assessed combined
treatment and 72.3% fluticasone therapy as “ex-
cellent” or “good”. Ratings from patients were
comparably encouraging (81% in the SFC group
and 74.0% in the FP group, respectively). 

Patients were also asked to assess current ther-
apy in comparison to the treatment they had re-
ceived before study entry. Forty-four percent of
SFC patients rated the overall efficacy of study
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Figure 1

Patient disposition.
SM/FP: salmeterol/
fluticasone combina-
tion product.
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Salmeterol/Fluticasone Fluticasone
(50/250 µg) Combination (500 µg)
(n = 170) (n = 177)

Age (yrs) 49.8 (14.2) 48.9 (13.9)

% female 50.6 56.5

Asthma diagnosis

1 to 5 years before entry 30.6 36.2

5 to 19 years before entry 24.1 14.7

Start of inhaled corticosteroids

3 to 5 years before entry 24.7 18.6

>5 years before entry 26.5 30.5

FVC (% pred.) 87.2 (22.8) 88.1 (24.5)

FEV1 (% pred.) 74.5 (19.3) 75.7 (20.2)

MEF25 (% pred.) 30.2 (22.7) 30.6 (18.2)

Peak expiratory flow rate (% pred.) 73.1 (26.0) 73.5 (24.8)

Mean morning PEFR (diary card, l/min) 318 (111) 316 (102)

Mean evening PEFR (diary card, l/min) 333 (110) 330 (105)

Sum of symptom scores (optimum: 0) 27.5 (17.3) 28.9 (17.9)

Percentage of symptom-free days (%) 17 (27) 16 (25)

Salbutamol rescue medication (puffs per day) 2.4 (1.8) 2.7 (2.4)

Table 1

Demographic data,
respiratory function
tests and diary card
data at randomisa-
tion (means and stan-
dard deviations).

Change at 6 Weeks Change at 12 Weeks

Salmeterol/ Fluticasone Adjusted P value# Salmeterol/ Fluticasone Adjusted P value#
Fluticasone (500 µg) differences Fluticasone (500 µg) differences
(50/250 µg) between groups (50/250 µg) between groups 
Combination (95% CI) Combination (95% CI)

Morning PEFR +48 (63) +30 (56) 19.6 0.0027 +52 (76) +36 (65) 16.6 0.0356
(l/min) (6.8; 32.4) (1.1; 32.0)

Evening PEFR +44 (60) +24 (57) 20.2 0.0016 + 46 (73) +29 (65) 18.1 0.0178
(l/min) (7.7; 32.6) (3.1; 33.0)

Symptom score –1.2 (1.4) –0.9 (1.4) –0.4 0.0049 –1.5 (1.4) –1.0 (1.5) –0.5 0.0005
(–0.65; –0.12) (–0.78; –0.22)

Percentage of +40 (39) +29 (39) 12.8 0.0025 +49 (38) +38 (40) 12.6 0.0038
symptom-free (4.5; 21.0) (4.0; 20.7)
days (%) 

Salbutamol use –1.4 (1.8) –1.0 (1.9) –0.5 0.0015 –1.6 (1.9) –1.0 (2.2) –0.84 0.0001
(puffs per day) (–0.85; –0.20) (–1.13; –0.37)

# for the differences between treatment groups

Table 2

Change in morning and evening peak expiratory flow rates, asthma symptoms, and use of rescue medication after 6 and 12 weeks of study medication
in comparison to base-line at randomisation (means, standard deviations), and adjusted differences between groups (95% confidence intervals). The
results are from analysis of co-variance with treatment as experimental factor and baseline values, age, sex, height, duration of preceding treatment
with inhaled corticosteroids shorter than two years (yes/ no), fluticasone medication prior to the study (yes/no), and MEF50 less than 50% of predicted
(yes/no) as co-variates.

drug as “much better” than their previous asthma medication,
41% as “better”, 11% as “similar”, and only 4% as “worse”
than pre-trial medication. The percentages from the FP
group were 34%, 45%, 14%, and 6%, respectively. As shown
in Figure 5, patients assessed the study drug as an improve-
ment in their daily treatment. The ease of use and safe han-
dling of the Diskus® device were most frequently mentioned.
Patients from the SFC group gave more positive ratings than
those from the FP group, for example with respect to long-
term symptom control and avoidance of asthma attacks.

Safety and Tolerability
Adverse events

A total of 92 patients experienced adverse events during
the treatment phase of the study with similar frequencies in
both groups (SFC: 26.3%, FP: 24.2%). The most common
diagnosis was respiratory tract infection (12 in the SFC group
and 25 in the FP group). Only few asthma exacerbations were
observed during the twelve weeks treatment period: four in
the fluticasone and one in the combination product group.
There were 13 adverse drug reactions during salmeterol flu-
ticasone treatment and 17 during fluticasone inhalation, of



which the following occurred in more than one pa-
tient per group: dysphonia (3 in the SFC group and
3 in the FP group), moniliasis (1 vs 3), arrhythmia
(0 vs 2), weight gain (2 vs 1), and speech disorder
(2 vs 0). Forty-one events which were possibly or
probably related to study drug were reported in 28
patients, of whom 13 received fluticasone. 

Four serious adverse events (SAEs) were de-
scribed: an arm fracture, nasal surgery, coronary
artery disease, and asthma exacerbation. The lat-
ter was rated as possibly related to study drug
(fluticasone) by the physician. Two unrelated SAEs
were observed in the SFC group.
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Figure 2

Mean morning (circles) and evening (squares) peak
expiratory flow rates (l/min), as measured by patients 
during treatment.

Figure 3

Spirometry results during treatment: Forced vital capacity,
FVC, and forced expiratory volume in 1 second, FEV1, ex-
pressed as percentages of the predicted value (means).

After 6 Weeks After 12 Weeks

Salmeterol/ Fluticasone Salmeterol/ Fluticasone
Fluticasone (500 µg) Fluticasone (500 µg)
(50/250 µg) (n = 177) (50/250 µg) (n = 177)
Combination Combination
(n = 170) (n = 170)

Forced vital capacity, FVC 94 (26) 91 (24) 95 (28) 93 (28)
(% predicted)

Forced expiratory 84 (24) 82 (22) 86 (26) 83 (24)
volume in 1 sec, 
FEV1 (% pred.)

Peak expiratory flow rate, 83 (27) 81 (24) 84 (27) 83 (27)
PEFR (% pred.)

Table 3

Pulmonary function
test results after 6
and 12 weeks of
treatment (means
and standard devia-
tions in parentheses).
There were no statis-
tically significant dif-
ferences between
groups, as deter-
mined by analysis of
co-variance.

Figure 4

Improvement in quality of life.

Figure 5

Patients’ rating of study drugs in comparison to their 
previous asthma medication.



Heart rate and blood pressure
Systolic and diastolic blood pressure remained

stable during treatment (from a mean of 130/80
mm Hg at week 0 to 129/79 mm Hg at week 12,

respectively). Mean heart rate did not change
throughout the study (change: –0.3/min in the
SFC group and –0.9/min in group FP).
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Discussion

Patients with asthma who are symptomatic
while receiving anti-inflammatory therapy require
supplementary medication. This double-blind,
prospective trial shows that the combination of sal-
meterol xinafoate, a long-acting beta agonist, and
fluticasone propionate, a potent inhaled corticos-
teroid, in a single dry powder inhaler (50/250 µg
Diskus) is more effective in this situation than dou-
bling the dose of fluticasone to 1000 µg per day. 

According to current asthma guidelines two
different treatment options are available if asth-
matic patients remain symptomatic: adding an-
other drug (eg, theophylline, a LABA or a leuko-
triene antagonist) to the treatment regimen or
increasing the dose of inhaled corticosteroids [7,
11]. The present trial demonstrates that adding
salmeterol provided more benefit than doubling
the dose of fluticasone. Clinically relevant in-
creases in morning PEFR were achieved in pa-
tients receiving double dose (500 µg) fluticasone
twice daily as well as in patients inhaling a com-
bination of salmeterol (50 µg) and fluticasone 
(250 µg). The frequency of asthma symptoms de-
creased, and patients had more symptom-free days
and used less rescue medication with the salme-
terol fluticasone combination product. When
comparing the results of both groups, statistically
significant differences in favour of the combina-
tion were present early in the study. Already after
two weeks of treatment, morning PEFR had in-
creased by 37 l/min in comparison to only 20 l/min
in the double dose fluticasone group. Morning
PEFR was chosen as primary end-point because
the “morning dip” with unstable PEFR-values is
characteristic for symptomatic asthma. For this
reason this parameter has been used as a primary
end-point in many clinical trials. In the present
study, both spirometric and diary card peak flows
improved by 11.7 percent of the predicted value
after SFC, but spirometry PEF had a considerably
larger standard deviation (21.5% of predicted)
than diary PEF (15.6% of predicted), resulting in
statistically insignificant changes in spirometry.
Furthermore, diary card data represent individual
means from multiple measurements performed 
by the patient during a one or two week period,
whereas spirometry at a clinic visit is performed
only at one time-point and requires optimal per-
formance of patient, laboratory personnel and
spirometry equipment. From 2 to 12 weeks in the
present study, peak expiratory flow rates increased
further and in parallel in both groups, so that a 16.6
l/min difference in morning PEFR between treat-
ments was present at the end of the trial. 

The magnitude of changes observed with
combined salmeterol fluticasone therapy was com-
parable to that reported in previous studies. The
phase III trial by Ind and co-workers comprised six
months treatment with either fluticasone 1000 µg,
fluticasone 500 µg or salmeterol 100 µg plus fluti-
casone 500 µg per day [6]. Morning peak expira-
tory flow rate improved by 48 l/min after six
months of combined treatment and by 22 l/min
after double dose fluticasone. The greatest in-
crease was observed within the first month of treat-
ment. Time without asthma symptoms increased
significantly, and patients had 65% of days and
95% of nights free from symptoms after six
months. In the present study, symptom-free days
increased from 17% at base-line to 65% after 12
weeks of combined salmeterol fluticasone therapy
and from 16% to 53% after fluticasone propionate. 

A meta-analysis summarised the results of nine
randomised clinical trials including 3685 patients
with bronchial asthma symptomatic on inhaled
steroids who received additional salmeterol or an
increased dose of inhaled corticosteroids [12].
Asthma control was significantly better after
adding salmeterol than after at least doubling the
ICS dose: patients had 15% more days and 8%
more nights without asthma symptoms and 20%
fewer days which required the use of rescue med-
ication. Likewise, improvement in lung function
was more pronounced in the salmeterol group,
with a 28 l/min larger increase of morning peak ex-
piratory flow rate after six months of salmeterol
plus inhaled steroid therapy than after increasing
the inhaled steroid dose. A stronger effect of sal-
meterol plus inhaled steroid therapy was also seen
with respect to the number and severity of asthma
exacerbations, which are regarded as a marker for
control of underlying inflammation [12]. Another
recent literature review showed that the addition
of salmeterol to low-dose fluticasone propionate
provided better control of asthma than increasing
the dose of fluticasone propionate [13]. Greater
improvements in FEV1, peak expiratory flow, and
symptom control were achieved with combined
treatment. 

Regarding the prolonged administration of
salmeterol, a long-term study demonstrated that
its bronchodilator properties, as indicated by hy-
perresponsiveness to methacholine, were sus-
tained over 52 weeks of treatment [14].

These results from clinical trials suggest that
salmeterol and inhaled corticosteroids have a com-
plementary role in the treatment of bronchial
asthma. However, this was demonstrated only in



patients who continued to have asthmatic symp-
toms with moderate doses of inhaled corticos-
teroids. Researchers have presented experimental
data regarding possible synergistic effects of these
substances. The combination of salmeterol and
low dose fluticasone reduced the number of airway
mast cells and T-cells compared with the same
dose of fluticasone and did not lead to increased
airway inflammation [15]. Inhaled corticosteroids
increased b2-receptor synthesis in vivo at clinical
doses by activating the b2-receptor gene [16]. In
the presence of salmeterol and fluticasone, the de-
gree of translocation of the glucocorticoid recep-
tor to the nucleus increased [17]. If patients are ex-
posed to high doses of salbutamol, a down-regula-
tion of b2-receptors on circulating lymphocytes
may occur, and this can be prevented by systemic
steroids [18]. Furthermore, the number of cellular
b2-receptors increased after ICS therapy. Con-
cerning inflammatory responses in the airways,
steroids increase apoptosis (cell death) of
eosinophils, and the potency of fluticasone to in-
duce eosinophil apoptosis was increased 3–5 fold
in the presence of salmeterol [19]. The release of
the cytokine GM-CSF by human airway epithelial
cells is inhibited by both steroids and LABAs. A
combination of ICS and LABA had increased in-
hibitory activity over each drug alone [20]. Thus,
recent advances in basic research support the hy-
pothesis of a synergistic action of LABAs and in-
haled corticosteroids.

In summary, the present trial demonstrated
that administering salmeterol to asthmatic patients
who have symptoms despite a daily dose of 1000
µg beclomethasone or 500 µg fluticasone resulted
in greater asthma control, less need for rescue
medication and better lung function than doubling
the dose of fluticasone. This improvement was
achieved without any additional safety concerns.
Considering the possible adverse effects of long-
term high-dose ICS treatment, it seems justified to
add salmeterol rather than to increase the ICS
dosage when supplementary therapy is required.
For the convenience of the patient, combined

therapy is available in a single dry powder inhaler.
A decision as to whether the new treatment is ad-
equate can be made early, since the effects of sal-
meterol are noticeable within two weeks.

The authors wish to acknowledge the participation of
the following investigators: P. J. Arens, Neuss; D. Auge,
Koblenz; M. Barczok, Ulm; K.-C. Bergmann, Bad Lipp-
springe; A. Bezler, Aalen; H. Binder, Alzenau; K. Böge,
Steinhagen; P. L. Bölcskei, Nürnberg; R. Bonnet, Bad
Berka; K. Colberg, Bad Segeberg; W. Dohmen, Aachen;
G. Eckhardt, Leipzig; M. Einenkel, Annaberg-Buchholz;
W. Feußner, Kassel; R. Gebhard, Berlin; K. P. Gehrig,
Hameln; J. Groth, Neuwied; K. Günsberg, Berlin; H.-L.
Hahn, Wiesbaden; K. Harzbecker, Aue; J. Hegenbarth,
Bremerhaven; A. Hellmann, Augsburg; R. M. Huber,
München; H. Huckauf, Berlin; M. Jachmann, Münner-
stadt; M. Jahn, Braunschweig; M. Jonas, Oldenburg; 
F. Karmann, Fürstenfeldbruck; S. Kaspari, Lüneburg; F.
Käßner, Groß Gaglow; G. Klein, Lörrach; R. Kottmann,
Krefeld; H.-O. Kühl, Elmshorn; E. Laake, Dresden; 
M. Lang, München; H. Laßmann, Saalfeld; J. Leierseder,
Mühldorf; A. Linnhoff, Berlin; P. Mantz, Offenbach; 
P. Mayr, Stockach; A. Meyer, Hamburg; W. Mitlehner,
Berlin; M. Möckesch, Weinheim; S. Molitor, Hannover;
R. Morawa, Kitzingen; N. Naber, Cloppenburg; M. Otto,
Frankfurt; A. Overlack, Bonn; N. Peslis, Eschwege; H.
Prelicz, Landshut; H. Querfurt, Bochum; F. Reibel, Wein-
heim; U. Reinert, Frankfurt; M. Rieß, Kassel; J. Rumpf,
Hof; E. Scharf, Braunschweig; J. Schauer, Leipzig; E.
Scheer, Berlin; B. Schmorell, Forchheim; G. Scholz, Of-
fenbach; G. Schultze-Werninghaus, Bochum; J. Seifert,
Bitterfeld; M. Selbitschka, Coswig; U. Steinhauser, Sins-
heim; C. Storz, Sindelfingen; B. Timm-Labsch, Bernau;
H. A. Trauth, Marburg; B.-G. Trümper, Erfurt; M. Voll-
muth, Nürnberg; A. Wagner, Fellbach; U. Westerhausen,
Berlin; K.-H. Winterstein, Königs Wusterhausen; H.
Worth, Fürth; W. Zachgo, Geesthacht.

Correspondence:
Prof. Dr. med. Karl-Christian Bergmann
Allergie- und Asthmaklinik
An der Martinusquelle 10
D-33175 Bad Lippspringe 
Germany
E-Mail: iaak-bergmann@t-online.de

S W I S S  M E D  W K LY 2 0 0 4 ; 1 3 4 : 5 0 – 5 8 ·  w w w. s m w. c h 57

References

1 National Heart, Lung, and Blood Institute, National Institutes
of Health. Internationaler Konsensus-Bericht zur Diagnose
und Behandlung des Asthma bronchiale. Pneumologie 1993;47:
245–88.

2 Nelson HS. Advair: combination treatment with fluticasone
propionate/salmeterol in the treatment of asthma. J Allergy Clin
Immunol 2001;107:398–416.

3 Greening AP, Ind PW, Northfield M, Shaw G. Added salme-
terol versus higher-dose corticosteroid in asthma patients with
symptoms on existing inhaled corticosteroid. Allen & Hanburys
Limited UK Study Group. Lancet 1994;344:219–24.

4 Pauwels RA, Lofdahl CG, Postma DS, Tattersfield AE, O’Byrne
P, Barnes PJ, et al. Effect of inhaled formoterol and budesonide
on exacerbations of asthma. Formoterol and Corticosteroids
Establishing Therapy (FACET) International Study Group. N
Engl J Med 1997;337:1405–11.

5 Woolcock A, Lundback B, Ringdal N, Jacques LA. Comparison
of addition of salmeterol to inhaled steroids with doubling of
the dose of inhaled steroids. Am J Respir Crit Care Med
1996;153:1481–8.

6 Ind PW, dal Negro R, Colman NC, Fletcher CP, Browning D,
James MH. Addition of salmeterol to fluticasone propionate
treatment in moderate-to-severe asthma. Respir Med 2003;
97:555–62.

7 Wettengel R, Berdel D, Hofmann D, Krause J, Kroegel C,
Kroidl RF, et al. Empfehlungen zur Asthmatherapie bei
Kindern und Erwachsenen. Pneumologie 1998;52:591–601.

8 Quanjer PH. Standardized lung function testing. Report Work-
ing Party “Standardization of Lung Function Tests”, European
Community for Coal and Steel. Bull Europ Physiopathol Respir
1983;19:1–95.



9 Juniper EF, Guyatt GH, Epstein RS, Ferrie PJ, Jaeschke R,
Hiller TK. Evaluation of impairment of health related quality
of life in asthma: development of a questionnaire for use in clin-
ical trials. Thorax 1992;47:76–83.

10 Juniper EF, Guyatt GH, Willan A, Griffith LE. Determining a
minimal important change in a disease-specific Quality of Life
Questionnaire. J Clin Epidemiol 1994;47:81–7.

11 Guidelines for the diagnosis and management of asthma. Na-
tional Heart, Lung, and Blood Institute. National Asthma Ed-
ucation Program. Expert Panel Report. J Allergy Clin Immunol
1991;88:425–534.

12 Shrewsbury S, Pyke S, Britton M. Meta-analysis of increased
dose of inhaled steroid or addition of salmeterol in symptomatic
asthma (MIASMA). BMJ 2000;320:1368–73.

13 Heyneman CA, Crafts R, Holland J, Arnold AD. Fluticasone
versus salmeterol/low-dose fluticasone for long-term asthma
control. Ann Pharmacother 2002;36:1944–9.

14 Kemp JP, DeGraff ACJ, Pearlman DS, Wang Y, Arledge TE,
Welch MB, et al. A 1-year study of salmeterol powder on pul-
monary function and hyperresponsiveness to methacholine. J
Allergy Clin Immunol 1999;104:1189–97.

15 Sue-Chu M, Wallin A, Wilson S, Ward J, Sandström T,
Djukanovic R, et al. Bronchial biopsy study in asthmatics treated
with low and high dose fluticasone propionate (FP) compared
to low dose FP combined with salmeterol. Eur Respir J
1999;14[Suppl 30]:S124. 

16 Baraniuk JN, Ali M, Brody D, Maniscalco J, Gaumond E,
Fitzgerald T, et al. Glucocorticoids induce beta2-adrenergic re-
ceptor function in human nasal mucosa. Am J Respir Crit Care
Med 1997;155:704–10.

17 Rudiger J, Bihl MB, Cornelius BC, Block LH, Johnson M, Per-
rechoud AP, et al. Addition of beta-2-agonists to glucocorti-
coid treatment augments glucucoticoid action via transcription
factor C/EBPAlpha [B88]. Am J Respir Crit Care Med 2000;
161(No.3):1. 

18 Tan KS, Grove A, McLean A, Gnosspelius Y, Hall IP, Lipworth
BJ. Systemic corticosteriod rapidly reverses bronchodilator sub-
sensitivity induced by formoterol in asthmatic patients. Am J
Respir Crit Care Med 1997;156:28–35.

19 Anenden V, Egemba G, Kessel B, Johnson M, Costello J, Kil-
feather S. Salmeterol facilitation of fluticasone-induced apop-
tosis in eosinophils of asthmatics pre- and post-antigen chal-
lenge. Eur Respir J 1998;12[28 (Suppl.)]:1107.

20 Korn SH, Wouters EF, Wesseling G, Arends JW, Thunnissen
FB. Interaction between glucocorticoids and beta-2-agonists:
alpha and beta glucocorticoid-receptor mRNA expression in
human bronchial epithelial cells. Biochem Pharmacol 1998;56:
1561–9.

Salmeterol/fluticasone propionate combination for symptomatic moderate asthma 58



What Swiss Medical Weekly has to offer:

• SMW’s impact factor has been steadily 
rising, to the current 1.537

• Open access to the publication via
the Internet, therefore wide audience 
and impact

• Rapid listing in Medline
• LinkOut-button from PubMed 

with link to the full text 
website http://www.smw.ch (direct link
from each SMW record in PubMed)

• No-nonsense submission – you submit 
a single copy of your manuscript by 
e-mail attachment 

• Peer review based on a broad spectrum 
of international academic referees

• Assistance of our professional statistician
for every article with statistical analyses

• Fast peer review, by e-mail exchange with
the referees 

• Prompt decisions based on weekly confer-
ences of the Editorial Board

• Prompt notification on the status of your
manuscript by e-mail

• Professional English copy editing
• No page charges and attractive colour 

offprints at no extra cost

Editorial Board
Prof. Jean-Michel Dayer, Geneva
Prof. Peter Gehr, Berne
Prof. André P. Perruchoud, Basel
Prof. Andreas Schaffner, Zurich 

(Editor in chief)
Prof. Werner Straub, Berne
Prof. Ludwig von Segesser, Lausanne

International Advisory Committee
Prof. K. E. Juhani Airaksinen, Turku, Finland
Prof. Anthony Bayes de Luna, Barcelona, Spain
Prof. Hubert E. Blum, Freiburg, Germany
Prof. Walter E. Haefeli, Heidelberg, Germany
Prof. Nino Kuenzli, Los Angeles, USA
Prof. René Lutter, Amsterdam, 

The Netherlands
Prof. Claude Martin, Marseille, France
Prof. Josef Patsch, Innsbruck, Austria
Prof. Luigi Tavazzi, Pavia, Italy

We evaluate manuscripts of broad clinical
interest from all specialities, including experi-
mental medicine and clinical investigation.

We look forward to receiving your paper!

Guidelines for authors:
http://www.smw.ch/set_authors.html

All manuscripts should be sent in electronic form, to:

EMH Swiss Medical Publishers Ltd.
SMW Editorial Secretariat
Farnsburgerstrasse 8
CH-4132 Muttenz

Manuscripts: submission@smw.ch
Letters to the editor: letters@smw.ch
Editorial Board: red@smw.ch
Internet: http://www.smw.ch

Swiss Medical Weekly: Call for papers
Swiss 
Medical Weekly

The many reasons why you should 
choose SMW to publish your research 

Official journal of
the Swiss Society of Infectious disease
the Swiss Society of Internal Medicine
the Swiss Respiratory Society

Impact factor Swiss Medical Weekly 

0 . 7 7 0

1 . 5 3 7

1 . 1 6 2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
2

2
0

0
3

2
0

0
4

Schweiz Med Wochenschr (1871–2000)

Swiss Med Wkly (continues Schweiz Med Wochenschr from 2001) 

Editores Medicorum Helveticorum


