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Summary

Rationale: Current guidelines suggest that asthma should be controlled with the lowest dose of
maintenance medication required.
Objectives: To evaluate the effects of a low dose of inhaled corticosteroid compared to
a placebo, on airway inflammation and responsiveness in patients with mild symptomatic
asthma.
Methods: In this randomized double-blind, placebo-controlled, parallel group study, we looked
at the influence of inhaled fluticasone propionate 250 mg/day for 3 months followed by 100 mg/
day for 9 months on airway inflammation and methacholine responsiveness in non-smoking
subjects with mild allergic asthma. Subjects were evaluated at baseline and 3, 6, 9 and 12
months after treatments; a 2-week evaluation of respiratory symptoms and peak expiratory
flow measurements was done before each visit.
Results: Fifty-seven subjects completed the 3-month study period. Airway responsiveness, ex-
pressed as the PC20 methacholine, increased by 0.27 and 1.14 doubling concentrations,
onsiveness; ATS, American Thoracic Society; ECRHS, European Community Respiratory Health Survey;
ced expiratory volume in one second; FEV1/FVC, ratio of forced expiratory volume in one second/
propionate; P, placebo; PC20, provocative concentration inducing a 20% fall in FEV1; PEF, peak

ening.
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respectively, in placebo-treated (n Z 33) and in fluticasone-treated (n Z 24) asthmatic
subjects (p Z 0.03). An additional improvement in PC20 up to 2.16 doubling concentrations
was observed in the fluticasone-treated group during the 9-month lower-dose treatment
(p Z 0.0004, end of low-dose period compared with placebo). Sputum eosinophil counts
decreased after 3 months of fluticasone 250 mg/day compared with placebo (p< 0.0001) and
remained in the normal range during the 9-month lower-dose treatment. Respiratory symp-
toms and peak expiratory flows did not change significantly throughout the study in both
groups.
Conclusion: In mild asthma, keeping a regular minimal dose of ICS after asthma control has
been achieved, may lead to a further reduction in airway responsiveness and keep sputum
eosinophil count within the normal range.
ª 2009 Elsevier Ltd. All rights reserved.
Introduction

Inhaled corticosteroids (ICS) are widely used to treat
asthma.1 In mild asthma, fluticasone, at a dose of 1000 mg/
day, reduced methacholine responsiveness by slightly less
than 2 doubling concentrations over a period of 2 months
and significantly reduced airway inflammation.2 In mild to
moderate asthma, low ICS doses also have significant
effects on these parameters; a 14-week treatment with
fluticasone propionate, 200 mg/day, reduced methacholine
responsiveness by 1.86 doubling doses and eliminated the
eosinophilic airway inflammation assessed by induced
sputum analysis.3 Previous studies suggested that subjects
with mild asthma who are at high risk of asthma exacer-
bations could particularly benefit from early ICS treat-
ment.4e11 ICS provided better asthma control than
bronchodilators alone in patients with mild asthma not
considered to need maintenance treatment.2,4,12 Ideally,
the minimum dose of ICS necessary to maintain asthma
control should be used to minimize side effects.5,7,8,13e17

Based on the fact that mild asthma is often undertreated
and that regular ICS help eliminate airway inflammation
and possibly prevent the progression of asthma, the OPTIMA
and the START studies evaluated low-dose ICS in mild
persistent asthma and showed a reduction of asthma
exacerbations after, respectively, one year of treatment
with BUD 200 mg/day and 3 years with budesonide 400 mg/
day.4,6,12,18e21 In another study by Boushey et al., a regular
one-year treatment with budesonide 400 mg/day had
a similar effect on asthma control, frequency of exacer-
bations and quality of life as an intermittent treatment22

although the methodology of this study was criticized.8

The use of continuous low-dose ICS in mild or mild
intermittent asthma was recently evaluated in two studies
comparing the effects of fluticasone propionate (FP) at
a daily dose of 250 mg, respectively during 11 and 6 months,
and resulted in an improvement lung function and airway
hyperresponsiveness (AHR) and a reduction of asthma
exacerbations.23,24 However, in one of these studies, 34% of
patients were already using ICS before randomisation.23 In
another study, a dose of FP 100 mg twice daily and a daily
dose of combined salmeterol 50 mg and FP 100 mg improved
similarly peak expiratory flows in ICS-naı̈ve patients with
mild asthma albeit FP 100 mg twice daily was better in
reducing exacerbations rates.25
As few studies analyzed the effect of a prolonged
treatment with a low dose of ICS on airway responsiveness
(AHR) and inflammation in mild asthma, the objective of
this study was to evaluate in patients with clinically
controlled mild steroid-naı̈ve asthma previously treated
with a short-acting b2-agonist only whether a low dose of
inhaled corticosteroids (100 mg/day during 9 months),
which is the lowest dose of the GINA low-dose category,
would maintain the improvement in airway inflammation
and airway responsiveness obtained after a short-course of
low-dose inhaled corticosteroids (3-month course of FP
250 mg/day) in subjects with mild asthma.26
Methods

Study design: multicentric double-blind placebo-controlled
randomized study comparing fluticasone propionate (FP)
250 mg/day followed by a 9-month maintenance treatment
of FP 100 mg/day to placebo in mild steroid-naı̈ve asthmatic
subjects.

Subjects

Subjects aged 18e45 years were recruited from Asthma and
Respiratory Allergy clinics of participating institutions and
from advertisements in local media.

Inclusion criteria included: mild stable asthma with
intermittent asthma symptoms (less than twice a week in
the last 3 months); a provocative concentration of meth-
acholine inducing a 20% fall in forced expiratory volume in
one second (PC20 FEV1) between 0.5 and 16 mg/mL,
a FEV1> 70% predicted, current exposure to a relevant
indoor allergen, no respiratory infection within 6 weeks of
the beginning of the study and use of a short-acting b2-
agonist alone (less than 3 times per week). Patients with
a PC20 between 8 and 16 mg/mL had a known history of
asthma with previously measured PC20< 8 mg/mL. All
patients were enrolled out of the pollen season to minimize
seasonal allergic exposure at entry in the study.

Exclusion criteria included lifetime previous use of any
bronchial anti-inflammatory agents; uncontrolled asthma,
smoking history >10 packs-years, smoking in the last twelve
months and pregnancy, breastfeeding or inadequate
contraception.
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Study protocol

On baseline evaluation (visits 1e2), subjects completed the
ECRHS respiratory questionnaire27 and had an allergy skin-
prick test. A methacholine inhalation test and induced
sputum analysis were done twice at a two-week interval.
Means of both evaluations were considered as baseline
values. Subjects were then randomly assigned by a collab-
orator not implicated in the study to receive either the
placebo during one year or a 3-month course of fluticasone
propionate (FP) 250 mg/day followed by a 9-month main-
tenance treatment of FP 100 mg/day. A subject number was
provided to preserve the blinding during the study so that
neither the subjects nor the investigators were aware of
the treatment group assignment. Treatments were taken
blindly with a metered-dose inhaler at 18� 2 h. Compliance
to therapy was monitored by questionnaire and by checking
Diskus counters. Subjects came to the laboratory every 3
months during treatment (visits 3e6) for a methacholine
inhalation test and induced sputum analysis. They were
questioned on asthma exacerbations (periods of increased
asthma symptoms with an increased use or need to use
asthma medication) in the period preceding study visits.
During the study, they received no corticosteroid treatment
except the study medication. Rescue bronchodilators
(short-acting b2-agonist) could be taken on demand. No
other asthma medication was allowed.

Symptoms scores and peak expiratory flow (PEF) were
measured during 2 weeks at baseline evaluation and every
three months during treatment periods.

The primary outcome variable was methacholine airway
responsiveness. Secondary outcome variables were airway
inflammation measured by induced sputum, respiratory
symptoms, peak expiratory flows and asthma exacerbations.

The study was approved by the institutional Ethics
Committee and all subjects gave written informed
consent.
Study tests

Atopy was confirmed by skin-prick tests with 16 common
allergens including household animals, pollens; house dust
and house dust mites, moulds and cockroach. Spirometry
was done according to current ATS standards using 3
reproducible measurements of FEV1. Methacholine chal-
lenges were done at the same time of day, in the morning,
according to a standard method described by Hargreave
et al.28 using a calibrated spirometer satisfying ATS
recommendations.29,30 At first visit, the rating of the
perception of bronchoconstriction-induced symptoms was
determined on a modified Borg Scale (0e10) during the
methacholine inhalation test before each FEV1 measure-
ment.30,31 Sputum was induced with hypertonic saline by
the method described by Pin et al.32 and modified by Piz-
zichini et al.33

Symptoms of cough, shortness of breath, chest tight-
ness, wheeze and phlegm production were evaluated daily
during 2 weeks before each visit on a scale from 0 to 5,
where 0 Z no symptoms, 1 Z minimal, 2 Z light, 3 Z mo-
derate, 4 Z severe, and 5 Z very severe symptoms.
Patients noted all scores on a diary card and the mean daily
symptoms score was obtained. Peak expiratory flows were
measured morning and evening in triplicate, using a mini-
Wright device (Allen & Hanburys, Glaxo, Toronto, Montreal)
and the best result was kept.

Statistical analysis

Results are expressed as mean� SD or as otherwise
specified.

No formal power calculation was performed. According
to a study by Inman et al.,34 we anticipated that a number
of 12 subjects per group should be sufficient to observe
significant changes in airway responsiveness with 90%
power. Regarding airway inflammation, Bettiol et al.35

showed that a sample size of 11 subjects per group had
a 70% power to detect a 50% reduction in sputum eosinophil
counts.

From subjects’ characteristics data, one-way ANOVA and
Fisher’s exact test were used to analyze continuous and
categorical variables respectively. All cell count variables
as well as PC20 were log-transformed to stabilize variance.
Variables expressed in percentage were analyzed using the
sin�1 (O) transformation.36 Statistical results from these
parameters were expressed with transformed values. To
compare groups at baseline and at 3 months, a three-way
ANOVA was used to analyze data. One factor (fixed) was
associated to the comparison among the groups of subjects
(placebo or FP). One factor was linked to the subjects’
effect (random nested effect). The third factor (fixed) was
associated to the comparison between visits (at baseline
and 3 months). This factor was analyzed as repeated
measurements. An interaction effect between the fixed
factors was added to the statistical model. A compound
symmetric structure (with a constant variance and constant
covariance) was used as covariance matrix. The same
statistical approach was used to compare groups over the
time course (3, 6, 9 and 12 months) using a homogeneous
first-order autoregressive structure for repeated measure-
ments and using their associated baseline value as cova-
riate. All variables were analyzed using the appropriate
transformation (log and sin�1 (O) transformations). Statis-
tical results from these parameters were expressed with
transformed values. Results of representative measures
between 3 and 12 months were expressed using the back
transformation with the 95% confidence intervals from
least-square means adjusted for baseline values. The
univariate normality assumption was verified with the
ShapiroeWilk test and the Brown and Forsythe’s variation
of Levene’s test statistic was used to verify the homoge-
neity of variances. Multivariate normality was verified with
Mardia tests. All assumptions were fulfilled. The results
were considered significant with p-values <0.05. The data
were analyzed using the statistical package program SAS
v9.1.3 (SAS Institute Inc., Cary, NC).

Results

Sixty-nine subjects were enrolled into the study; 34 were
randomized in the placebo group and 35 in the treatment
group. One subject was excluded in the placebo group
because of an exacerbation of asthma which required
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treatment with inhaled corticosteroids; there were no
other asthma exacerbations throughout the study. The
study patient flow is summarized in Fig. 1.

Baseline measures of PC20, FEV1, FVC and induced
sputum parameters

On entry in the study, AHR to methacholine ranged from
0.83 to 16 mg/mL (mean: 4.1 mg/mL) and mean baseline
FEV1 was 99.2� 12.4% of predicted values for all subjects.
Subjects’ baseline characteristics for the placebo- and FP-
treated groups are summarized in Table 1. Mean baseline %
predicted FEV1 (p Z 0.82), FVC (p Z 0.16) and PC20 were
similar in both groups. Mean baseline ratios for FEV1/FVC
were respectively, 82.3� 7.4% and 84.2� 6.2% in the
placebo- and the FP-treated groups (p< 0.0001). Borg
scores (mean� SD) at PC20 for perception of methacholine-
induced respiratory symptoms were not significantly
different in subjects from the placebo or FP groups for
breathlessness (2.0� 1.7 and 1.9� 1.2, respectively), chest
tightness (1.9� 1.0 and 2.4� 1.8), wheeze (0.7� 1.0
33 completed Visit 3

1 discontinuation due to asthma
exacerbation

34 allocated to placebo

106 patient

69 rando

24 completed Visit 4

 9 lost to follow-up

22 completed Visit 5

 2 lost to follow-up

18 completed Visit 6

4 lost to follow-up

Follow
Visit

Follow
Visit

Follow
Visit

Follow
Visit

Continued allocation
to placebo

Figure 1 Study
and1.1� 1.4), phlegm production (0.9� 1.2 and 0.5� 0.8)
or cough (1.2� 1.1 and 1.0� 1.0) (p> 0.05).

At baseline, means of induced sputum total number of
cells � 106 of the placebo (0.295, 95% confidence interval
(CI): 0.184e0.470) and FP groups (0.382, 0.228e0.637)
were similar (p Z 0.12). Cell differentials were not signifi-
cantly different between groups for macrophages:
(respectively 69, 95% CI: 61e76 and 65, 55e73) p Z 0.24,
eosinophils: (1.3, 0.2e3.2 and 1.7, 1.0e2.5) p Z 0.62,
neutrophils: (26, 17e34 and 28, 20e38) p Z 0.57, lympho-
cytes: (1.5, 0.6e2.7 and 0.9, 0.2e2.0) p Z 0.44 and bron-
chial cells: (1.4, 0.7e2.4 and 1.9, 0.9e3.2) p Z 0.92.

Baseline measures of symptoms and PEF

Asthma symptoms measured during the weeks before
treatments were similar in the placebo and FP groups with
respective average scores of 0.4� 0.6 and 0.3� 0.5 per day
(p> 0.05) corresponding to minimal symptoms. Mean AM/PM
PEF were respectively 412� 82/423� 84 L/min in the
placebo group and 484� 73/489� 73 L/min in the FP group,
37 not randomized:

24 not meeting inclusion criteria
7 refused to participate
6 other reasons

24  completed Visit 3

 1  non compliance to treatment
10  lost to follow-up

35 allocated to fluticasone
propionate 250µg/day

s enrolled

mized

20 completed Visit 4

 4 lost to follow-up

16 completed Visit 5

4 lost to follow-up

13 completed Visit 6

3 lost to follow-up

-Up
 3

-Up
 4

-Up
 5

-Up
 6

Allocation to fluticasone
propionate 100µg/day

patient flow.



Table 1 Subjects’ characteristics.

Mild asthma

Placebo
group(n Z 33)

FPa group
(n Z 24)

Gender M/F 10M/23F 11M/13F
Age (years) Mean� SD 27� 7 26� 8
Atopy (n)

Indoor allergens 33 24
Outdoor allergens 28 19

Smoking status (n)
Non-smoker 28 18
Ex-smokerb 5 6

FEV1 (L) Mean� SD 3.33� 0.62 3.55� 0.62
% predicted 98.5� 12.5 97.2� 10.5

FVC (L) Mean� SD 4.09� 0.83 4.17� 0.77
% predicted 101.6� 12.3 97.1� 11.6

Ratio FEV1/FVC� SD (%) 82.3� 7.4 84.2� 6.2
PC20 (mg/mL)

(Geometric mean
of baseline visits)

3.2 3.9

a FP: Fluticasone propionate.
b Ex-smoker: Smoking history <10 pack-years and no smoking

in the last year.
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corresponding to 81%/82% and 88%/92% of predicted values
(p Z 0.006 between groups).

Expiratory flows and methacholine responsiveness
during treatments

During treatment and maintenance periods, FEV1 increased
progressively up to a 6% improvement from baseline at the
end of the study in the FP group while it fluctuated in the
group placebo and increased only by 1% (Fig. 2, p Z 0.054
between both groups). Baseline forced vital capacity did
Figure 2 Percent change in FEV1 before and after treatment
(dark shade background) and maintenance treatment (light
shade background) for subjects who received placebo (blank
circle) or FP (dark circle). Bars represent sem. Compared with
baseline FEV1 at the end of maintenance treatment improved
by 6% in the FP group and 1% in the placebo group. *p Z 0.054.
not change significantly in any group before and after the
treatment period (data not shown). FEV1/FVC ratios did not
vary significantly compared to baseline (both groups:
p> 0.05) during and after treatment (Table 2).

In the placebo group, AHR did not change from baseline to
the 3-month visit with respective mean PC20 values of 3.2
and 4.2 mg/mL (Table 2). Mean PC20 decreased slightly at 6-
and 9-month visits to 2.6 mg/mL and increased to 3.8 mg/ml
after the 12-month visit (p Z 0.04 between visits at 6, 9 and
12 months). The final PC20 was not significantly different
from the baseline value (p> 0.05). In the FP group, PC20

increased from 3.9 mg/mL at baseline to 7.9 mg/mL after
the 3-month visit (p< 0.0001). It kept on increasing during
the maintenance period up to 14.5 mg/mL at the 12-month
visit (p Z 0.27). Consequently, the FP group final PC20 was
higher than the one observed at baseline and also higher
than the final PC20 of the placebo group (p Z 0.0004).

When the variations in AHR were expressed in change in
doubling PC20 values,37 the FP-treated group and the
placebo group improved by 1.14 and 0.27 doubling
concentrations respectively, at the 3-month visit (p Z 0.03,
Fig. 3). During the maintenance treatment, in the placebo
group, PC20 fluctuated by around 0.5 doubling concentra-
tions from baseline (p> 0.05) while in the FP group, it went
up by 2.16 doubling concentrations compared to baseline
value, providing an additional improvement of more than
one doubling concentration during the maintenance period
compared with the end of the 250 mg/day treatment
period.
Airway inflammation during treatments

Total number of cells in induced sputum was unchanged
after the 3-, 6-, 9- and 12-month visits in both groups and
remained similar between groups (data not shown,
p Z 0.39). At the 3-month visit, the mean percentage of
eosinophils decreased from 1.3% to 0.3% (p Z 0.0002) in the
FP group while it did not significantly change in the placebo
group: 1.7e1.8% (p> 0.05, Fig. 4). At the 6-, 9- and
12-month visits, there were no significant differences
compared with baseline sputum eosinophils within groups
(p> 0.05). However, at the 6- and 9-month visits, mean
eosinophil counts were significantly lower in the FP group
compared with the placebo group (both p Z 0.02). At the
12-month visit, all subjects were out of pollen season and
eosinophil counts were low in both groups (p> 0.05).

Symptoms and PEF after treatments

Compared with baseline, respiratory symptoms did not
change significantly in the placebo (0.5� 0.7) and the FP
(0.3� 0.2) groups after the first treatment (p> 0.05) and
the maintenance treatment (p> 0.05; placebo: 0.3� 0.6,
0.3� 0.6 and 0.2� 0.2 respectively; FP: 0.3� 0.3, 0.4� 0.4
and 0.1� 0.2).

Mean AM/PM PEF (% of predicted values) were not
significantly different from baseline (p> 0.05) in both the
placebo and FP groups, after first treatment (Placebo: 83/
81 respectively and FP: 89%/88%) and the 6-, 9- and 12-
month visits (Placebo: 83/83, 85/83, 88/86 and FP: 90/93,
90/90, 92/90).



Table 2 Adjusted meansa and 95% CI for PC20 methacholine, FEV1, FEV1/FVC and sputum eosinophils.

Placebo group FPb group

PC20

(mg/mL)
FEV1

(% predicted)
Ratio
FEV1/FVC (%)

Sputum
eosinophils (%)

PC20

(mg/mL)
FEV1

(% predicted)
Ratio
FEV1/FVC (%)

Sputum
eosinophils (%)

Baseline 3.2
(2.7e5.6)

98.5
(94.2e102.8)

82.3
(79.8e84.8)

1.7
(1.1e2.5)

3.9
(2.7e5.6)

97.2
(92.7e101.6)

84.2
(82.0e86.3)

1.3
(0.2e3.2)

Visit 3
3 months
post-treatment

4.2
(2.9e6.0)

101.2
(98.6e103.7)

83.6
(82.5e84.8)

1.8
(0.9e3.0)

7.9
(5.2e12.2)

102.9
(99.8e105.9)

85.0
(83.7e86.3)

0.3
(0e1.0)

Visit 4
6 months
post-treatment

2.6
(1.7e3.8)

98.8
(95.9e101.6)

83.0
(81.8e84.3)

2.8
(1.4e4.6)

10.9
(6.9e17.1)

103.1
(99.8e106.2)

85.1
(83.6e86.5)

0.7
(0.1e1.7)

Visit 5
9 months
post-treatment

2.6
(1.7e3.9)

99.6
(96.5e102.7)

82.9
(81.6e84.3)

3.5
(2.0e5.5)

11.1
(6.8e18.3)

104.3
(100.7e107.8)

85.9
(84.3e87.4)

0.8
(0.1e1.9)

Visit 6
12 months
post-treatment

3.8
(2.4e6.0)

100.1
(96.8e103.5)

83.4
(82.0e84.9)

1.6
(0.5e3.2)

14.5
(8.4e25.1)

104.8
(100.8e108.7)

85.5
(83.8e87.2)

0.5
(0e1.6)

a Means adjusted for baseline values.
b Fluticasone propionate.
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Figure 3 Mean changes (sem) in doubling concentrations of
methacholine after treatment (dark shade background), and
during maintenance treatment (light shade background) in the
placebo (blank circle) and the FP (dark circle) groups. The
improvement in number of doubling concentrations was
significant in the FP group after treatment (p Z 0.006).
Compared with placebo at each visit: *p Z 0.03, **p< 0.0001,
yp Z 0.0004.
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Discussion

Initiating ICS treatment with a high dose, then reducing to
the minimum (step-down) has been suggested in asthma
although treatment may also be initiated with a low dose
then increased if asthma is still uncontrolled.3,7,38,39 This
study showed that a minimal dose of 100 mg/day of FP,
Figure 4 Adjusted mean sputum eosinophil counts (95% CI)
before and after treatment (dark shade background), and
maintenance treatment (light shade background) in the
placebo- (blank circle) and the FP-treated (dark circle) groups.
Treatment with FP reduced sputum eosinophils compared with
baseline (p< 0.0001). Compared with placebo at each visit:
*p Z 0.0002, **p Z 0.02. Measures from 3 to 12 months
adjusted for baseline values.
maintained the significant improvement in AHR and
reduction in airway inflammation obtained after a 3-month
treatment with a low dose of 250 mg/day of FP in mild
asthma. After 9 months of maintenance treatment with this
minimal dose, airway responsiveness and FEV1 were still
improved compared to the placebo group and sputum
eosinophils remained in the normal range.

The fact that FEV1 and FVC were in the normal range at
baseline may explain the small change in lung function
after ICS and lack of statistical significance compared to
other studies.40,41 Patients’ asthma symptoms scores and
PEF measures following FP low-dose treatment and main-
tenance period remained similar to baseline. The possibility
that symptoms were present but not recognized is very
unlikely since our patients were good perceivers as
confirmed by a perception score of light to moderate
symptoms for a 20% decrease in FEV1 on the first meth-
acholine test.42 The fact that our patients had mild asthma,
few symptoms and normal baseline PEF may explain this
apparent lack of effect of treatment on these parameters.
In subjects with moderate asthma, doses of 50 and 200 mg/
day of FP were efficient to improve FEV1, AM PEF and
reduce asthma symptoms.40,43 A dose of budesonide
equivalent to 125 mg/day of FP also improved lung function
and reduced symptoms and risks of severe exacerbations in
corticosteroid-naı̈ve patients with moderate asthma.4

Adjustments of therapy with ICS by relying on measures
of AHR or by assessing sputum eosinophils help to maintain
adequate asthma control, especially in reducing the risks of
asthma exacerbation.44e46 However, a controversy exists
whether to maintain or stop low-dose ICS when patients
with mild persistent asthma become asymptoma-
tic.8,15,18,47e49 In patients taking ICS, current guidelines,
recommend regular therapy with ICS in keeping with the
OPTIMA and the START trials while Boushey et al. suggested
a similar effect of intermittent use of ICS together with an
action plan to control asthma exacerbations.4,6,12,15,22

However, a transient improvement in airway responsiveness
and reduction in airway inflammation after short-term
treatment with ICS followed by a loss of these benefits over
the next few weeks after cessation of treatment has been
often observed in subjects with mild to moderate
asthma.3,4,39,44,45,50,51

Another recent study in which corticosteroid-naı̈ve
patients with asymptomatic airway hyperresponsiveness
received a high dose of fluticasone for 6 weeks, showed
that the beneficial effects of the treatment on airway
responsiveness were no longer evident two weeks after
cessation of the ICS.52 In this last study, subjects did not
reach a plateau of improvement of airway responsiveness
and it is unknown if a treatment prolonged over the 6-week
period would have provided further benefits. The loss of
beneficial effect after cessation of treatment is also true
for sputum eosinophil counts, their increase being
a predictor of loss of asthma control and risk of exacerba-
tions.3,38,51,53 As long-term use of low doses of ICS has
minimal adverse effects on child growth and on bone
mineral density in adults, this could be considered a safe
and effective treatment strategy for both populations.54e56

Our study further documents the benefits of pursuing
a minimal dose of ICS to maintain the improvement
obtained with a low dose of ICS in mild asthma.
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In these patients, the reduction of sputum eosinophils
and their maintenance within the normal range may reduce
the risks of clinical exacerbations3,57e61 and possibly the
risk of airway remodelling.62 Regular maintenance treat-
ment has been shown to be beneficial in patients with mild
persistent asthma.25 This is supported by the demonstration
that a 3-year treatment with 400 mg/day of budesonide
improved asthma control and reduced asthma exacerba-
tions in adults not previously using regular glucocorticos-
teroids.12 As a dose of 250 mg/day of FP followed by
a maintenance dose of 100 mg/day of FP was efficient to
improve and maintain sputum eosinophils in the normal
range and to improve significantly airway responsiveness in
patients with mild asthma, we suggest that, in these
patients, especially those with a high risk of aggravating
their asthma, a prolonged treatment with ICS, at a low dose
(the lowest currently recommended in guidelines) is
a valuable asthma preventative treatment, minimizing
airway hyperresponsiveness and keeping induced sputum
eosinophils within the normal range in most patients.
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Inhibitory effects of BAY X 7195, a CYS leukotriene 1 receptor
antagonist, on allergen-induced asthmatic responses. Ann
Allergy Asthma Immunol 1997;79:155e61.

38. O’Byrne PM. Initiation, dose reduction, and duration of inhaled
corticosteroid therapy. Immunol Allergy Clin North Am 2005;
25:511e21.

39. Reddel HK, Jenkins CR, Marks GB, et al. Optimal asthma
control, starting with high doses of inhaled budesonide. Eur
Respir J 2000;16:226e35.

40. Gershmann NH, Wong HH, Liu JT, Fahy JV. Low- and high-dose
fluticasone propionate in asthma; effects during and after
treatment. Eur Respir J 2000;15:11e8.

41. Nelson H, Wolfe JD, Gross G, et al. Efficacy and safety of flu-
ticasone propionate 44 microg/salmeterol 21 microg adminis-
tered in a hydrofluoroalkane metered-dose inhaler as an initial
asthma maintenance treatment. Ann Allergy Immunol 2003;
91:263e9.

42. Boulet LP, Leblanc P, Turcotte H. Perception scoring of induced
bronchoconstriction as an index of awareness of asthma
symptoms. Chest 1994;105:1430e3.

43. Chervinsky P, Van As A, Bronsky EA, et alThe Fluticasone
Propionate Study Group. Fluticasone propionate aerosol for
the treatment of adults with mild to moderate asthma.
J Allergy Clin Immunol 1994;94:676e83.

44. Olivieri D, Chetta A, Del Donno M, et al. Effect of short-term
treatment with low-dose inhaled fluticasone propionate on
airway inflammation and remodeling in mild asthma: a placebo-
controlled study. Am J Crit Care Med 1997;155:1864e71.

45. Sovijarvi AR, Haahtela T, Ekroos HJ, et al. Sustained reduc-
tion in bronchial hyperresponsiveness with inhaled flutica-
sone propionate within three days in mild asthma: time
course after onset and cessation of treatment. Thorax 2003;
58:500e4.

46. O’Byrne PM. Daily inhaled corticosteroid treatment should be
prescribed for mild persistent asthma. Pro. Am J Respir Crit
Care Med 2005;172:410e2.

47. Boushey HA. Daily inhaled corticosteroid treatment should not
be prescribed for mild persistent asthma. Con. Am J Respir Crit
Care Med 2005;172:412e4.

48. Powell H, Gibson PG. Initial starting dose of inhaled cortico-
steroids in adults with asthma: a systematic review. Thorax
2004;59:1041e5.

49. Dusser D, Montani D, Chanez P, et al. Mild asthma: an expert
review on epidemiology, clinical characteristics and treatment
recommendations. Allergy 2007;62:591e604.

50. Tonelli M, Bacci E, Dente FL, et al. Predictors of symptom
recurrence after low-dose inhaled corticosteroid cessation in
mild persistent asthma. Respir Med 2006;100:622e9.

51. Convery RP, Leitch DN, Bromly C, Ward RJ, Bartlett G,
Hendrick DJ. Effect of inhaled fluticasone propionate on
airway responsiveness in treatment-naive individuals e a lesser
benefit in females. Eur Respir J 2000;15:19e24.

52. Belda J, Parameswaran K, Lemière C, Kamada D,
O’Byrne PM, Hargreave FE. Predictors of loss of asthma

http://http://www.ginasthma.com


Benefits of a minimal dose of ICS in mild controlled asthma 1563
control induced by corticosteroid withdrawal. Can Respir J
2006;13:129e33.

53. Boulet LP, Milot J, Gagnon L, Poubelle PE, Brown J. Long-term
influence of inhaled corticosteroids on bone metabolism and
density. Are biological markers predictors of bone loss? Am
Respir J Crit Care Med 1999;159:838e44.

54. Agertoft L, Pedersen S. Effect of long-term treatment with
inhaled budesonide on adult height in children with asthma. N
Engl J Med 2000;343:1064e9.

55. Visser E, van der Veer E, Postma DS, et al. Side-effects of
fluticasone in asthmatic children: no effects after dose
reduction. Eur Respir J 2004;24:420e5.

56. Leuppi JD, Salome CM, Jenkins CR, et al. Predictive markers
of asthma exacerbation during stepwise dose reduction of
inhaled corticosteroids. Am J Respir Crit Care Med 2001;
163:406e12.

57. Green RH, Brighting CE, Mc Kenna S, et al. Asthma exacerba-
tions and sputum eosinophil counts: a randomized controlled
trial. Lancet 2002;360:1715e21.
58. Belda J, Giner J, Casan P, Sanchis J. Mild exacerbations and
eosinophilic inflammation inpatients with stable,well-controlled
asthma after 1 year of follow-up. Chest 2001;119:1011e7.

59. Giannini D, Di Franco A, Cianchetti S, et al. Analysis of induced
sputum before and after withdrawal of treatment with inhaled
corticosteroids in asthmatic patients. Clin Exp Allergy 2000;
30:1777e84.

60. Jayaram L, Pizzichini MM, Cook RJ, et al. Determining asthma
treatment by monitoring sputum cell counts: effect on exac-
erbations. Eur Respir J 2006;27:483e94.

61. Chetta A, Foresi A, Del Donno M, Bertorelli G, Pesci A,
Olivieri D. Airway remodelling is a distinctive feature of asthma
and is related to severity of disease. Chest 1997;111:852e7.

62. Laitinen LA, Laitinen A, Haahtela T. A comparative study of
the effects of an inhaled corticosteroid: budesonide and
a beta 2-agonist: terbutaline on airway inflammation in
newly diagnosed asthma: a randomized double-blind
parallel-group controlled trial. J Allergy Clin Immunol 1992;
90:32e42.


	Benefits of low-dose inhaled fluticasone on airway response and inflammation in mild asthma
	Introduction
	Methods
	Subjects
	Study protocol
	Study tests
	Statistical analysis

	Results
	Baseline measures of PC20, FEV1, FVC and induced sputum parameters
	Baseline measures of symptoms and PEF
	Expiratory flows and methacholine responsiveness during treatments
	Airway inflammation during treatments
	Symptoms and PEF after treatments

	Discussion
	Conflict of interest and financial disclosure statement
	Acknowledgements
	References


