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Data Selection
Sources: Medical literature published in any language since 1966 on fluticasone propionate, identified using AdisBase (a proprietary database
of Adis International, Auckland, New Zealand), Medline and EMBASE. Additional references were identified from the reference lists of
published articles. Bibliographical information, including contributory unpublished data, was also requested from the company developing
the drug.
Search strategy: AdisBase search terms were ‘fluticasone’and ‘asthma’. Medline and EMBASE search terms were ‘fluticasone’ and ‘asthma’.
Searches were last updated 22 March, 1999.
Selection: Studies in patients with asthma who received fluticasone propionate ≤500 µg/day. Inclusion of studies was based mainly on the
methods section of the trials. When available, large, well controlled trials with appropriate statistical methodology were preferred. Relevant
pharmacodynamic and pharmacokinetic data are also included.
Index terms: Asthma, fluticasone propionate, pharmacodynamics, pharmacokinetics, therapeutic use.



3.5.2 Comparisons with Other Inhaled Corticosteroids  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 795
3.6 Device Preference  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 795
3.7 Pharmacoeconomic Studies  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 796

4. Tolerability  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 797
5. Dosage and Administration .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 798
6. Place of Inhaled Fluticasone Propionate in the Management of Mild to

Moderate Asthma  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 798

Summary
Abstract Fluticasone propionate is a corticosteroid with comparatively high receptor af-

finity and topical activity. Inhaled fluticasone propionate≤500µg/day provided
effective corticosteroid maintenance treatment in patients with mild to moderate
asthma in randomised, controlled clinical studies of 4 to 24 weeks in duration.
Dosages of 50 to 250µg twice daily produced consistent improvement in spiro-
metric measures of lung function, reduced the frequency of as-neededβ2-agonist
bronchodilator use, asthma symptom scores and night-time wakenings, and pre-
vented asthma exacerbations compared with placebo. Fluticasone propionate
≤250µg twice daily provided significantly greater improvements in lung function
than nedocromil 4mg 4 times daily, theophylline (5 to 15 mg/L) or zafirlukast
20mg twice daily. Health-related quality of life improved significantly with
fluticasone propionate 88µg twice daily, but not zafirlukast 20mg twice daily or
placebo. In comparative trials in which fluticasone propionate was given at half
the dosage of beclomethasone dipropionate, budesonide or flunisolide, flutica-
sone propionate≤250µg twice daily produced equivalent or greater improvement
in spirometric parameters and equivalent reductions in the use of as-needed
β2-agonists than beclomethasone dipropionate, budesonide or flunisolide. Fluti-
casone propionate 250µg twice daily was generally more effective than triamcin-
olone acetonide 200µg 4 times daily in two 24-week trials.

The combination of inhaled fluticasone propionate≤250 plus salmeterol
≤50µg twice daily allowed for the use of lower dosages of the inhaled corticoste-
roid.

The incidence of adverse events in patients receiving inhaled fluticasone pro-
pionate 50 to 250µg twice daily was similar to that in beclomethasone dipropion-
ate 168 to 500µg twice daily and budesonide 100 to 600µg twice daily recipients
and greater than that in recipients of triamcinolone acetonide 200µg 4 times daily
in comparative trials. The incidence of oral candidiasis was≤8% in patients
treated with fluticasone propionate≤250µg twice daily or other agents. There was
no evidence of clinically significant hypothalamo-pituitary-adrenal (HPA) axis
suppression with fluticasone propionate≤250µg twice daily in comparative
trials.

Conclusions.Inhaled fluticasone propionate≤500µg/day is an effective anti-
inflammatory therapy for mild to moderate asthma in adolescents and adults. The
drug is more effective than nedocromil, theophylline or zafirlukast and is at least
as effective as other inhaled corticosteroids administered at twice the fluticasone
propionate dosage. The addition of inhaled salmeterol allows the use of lower
maintenance dosages of fluticasone propionate. The drug is well tolerated and
there is no evidence of a clinically significant effect of this dosage on HPA axis
function. Hence, fluticasone propionate≤500 µg/day is a particularly suitable
agent for patients with mild to moderate asthma.
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Pharmacological
Properties

Fluticasone propionate≤250µg twice daily attenuates antigen processing,
suppresses recruitment and activation of inflammatory cells and reduces the
thickness of the basement membrane in the airways of patients with mild asthma.
At dosages ranging from 100 to 250µg/day the drug generally reduced bronchial
hyperresponsiveness, as measured by the dose of inhaled histamine, methachol-
ine or adenosine 5′-monophosphate required to provoke a 20% decline (PD20) in
forced expiratory volume in 1 second (FEV1) in patients with mild to moderate
asthma. The PD20for histamine was significantly greater after 2 weeks’ treatment
with fluticasone propionate 100µg twice daily than zafirlukast 20mg twice daily
in a crossover study. Fluticasone propionate 250µg and salmeterol 50µg, each
given alone or in combination, reduced bronchial hyperresponsiveness in patients
with significant diurnal variation in the PD20 of methacholine.

In general, fluticasone propionate≤250µg twice daily had minimal effects on
hypothalamo-pituitary-adrenal (HPA) axis function in adult patients with mild to
moderate asthma enrolled in placebo-controlled studies and there was no differ-
ence in HPAaxis function when fluticasone propionate dosages≤500µg/day were
compared with other inhaled corticosteroids in clinical trials.

Plasma concentrations of fluticasone propionate were below the limit of de-
tection (<0.025µg/L) after inhalation of 100µg twice daily for 4 weeks. Concen-
trations of the drug in peripheral lung tissue exceeded those in plasma by
approximately 100-fold and fluticasone propionate could be detected in lung
tissue and serum for 16.3 and 13.3 hours, respectively, after inhalation of a single
1000µg dose prior to pneumonectomy or lobe resection. The oral and pulmonary
bioavailability of fluticasone propionate was, respectively, <1% and 14.9% in
healthy volunteers. The terminal elimination half-life of fluticasone propionate
was 7.6 to 14.4 hours after inhalation of a single 1000µg dose or inhalation of
1000µg twice daily for 7 days from a dry powder inhaler.

Therapeutic Efficacy Fluticasone propionate 50 to 500µg/day produced improvements in lung function
in patients with mild to moderate persistent asthma in randomised, comparative
trials of 4 to 24 weeks’ duration. Improvements in morning and evening peak
expiratory flow rate (PEF) and FEV1 in patients treated with fluticasone propio-
nate 25 to 250µg twice daily were generally significantly greater than in those
treated with placebo, inhaled nedocromil 4mg 4 times daily, oral theophylline
(titrated to plasma concentrations of 5 to 15 mg/L) or oral zafirlukast 20mg twice
daily. In comparative trials with inhaled beclomethasone 168 to 500µg twice
daily, budesonide 200 to 600µg twice daily or flunisolide 500µg twice daily, in
which fluticasone propionate was given at half or less than half the microgram
dosage of the other inhaled corticosteroid (i.e. fluticasone propionate 50 to 250µg
twice daily), improvements in morning and/or evening PEF in fluticasone propio-
nate recipients were generally similar to, or significantly greater than, those in
patients treated with the comparator. In two 24-week trials, improvements in
morning PEF and FEV1 after 24 weeks were significantly greater in fluticasone
propionate 250µg twice daily recipients than in triamcinolone acetonide 200µg
4 times daily or placebo recipients.

In concert with improvements in lung function, requirements for as-needed
β2-agonists and nocturnal awakenings generally decreased and asthma symptoms
improved in patients treated with fluticasone propionate 25 to 250µg twice daily
in comparative trials. The frequency of as-neededβ2-agonist use decreased sig-
nificantly in fluticasone propionate 25 to 250µg twice daily recipients compared
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with those receiving placebo, nedocromil 4mg 4 times daily or zafirlukast 20mg
twice daily. Recipients of fluticasone propionate 100 but not 50µg twice daily
used significantly less supplementary salbutamol compared with theophylline-
treated patients. The frequency of as-neededβ2-agonist use decreased from base-
line in comparative trials in which fluticasone propionate was administered at
half or less than half the microgram dose of beclomethasone dipropionate 200 to
336µg twice daily or budesonide 200 or 400µg twice daily. Furthermore, require-
ments for supplementary salbutamol decreased significantly in patients treated
with fluticasone propionate 250µg twice daily compared with those receiving
triamcinolone acetonide 200µg 4 times daily or placebo.

The frequency of withdrawal from comparative trials because of loss of effi-
cacy generally declined in patients treated with fluticasone propionate 25 to
250µg twice daily. More than half (52 to 71%) of the placebo-treated patients
withdrew from 5 of 7 placebo controlled trials because of asthma exacerbations;
however, the frequency of withdrawal was significantly lower in fluticasone pro-
pionate 25 to 250µg twice daily recipients (6 to 37%) with no statistical differ-
ences between fluticasone propionate dosage groups. Loss of efficacy was
significantly less frequent in fluticasone propionate 250µg twice daily (15%) than
nedocromil 4mg 4 times daily recipients (27%) in 1 trial, but not in a second.
Significantly fewer fluticasone propionate 50 or 100µg twice daily recipients
experienced asthma exacerbations (≤19%) compared with those receiving theo-
phylline (38%) or placebo (52%) during a 12-week trial. Withdrawal because of
loss of efficacy occurred infrequently in comparative trials involving fluticasone
propionate 50 to 250µg twice daily and beclomethasone dipropionate 200 to
500µg twice daily (≤20.8%) or budesonide 100 to 600µg twice daily (≤7.8%)
with no significant differences between treatment groups. Loss of efficacy was
significantly less frequent in fluticasone propionate 250µg twice daily (17%) or
triamcinolone acetonide 200µg 4 times daily recipients (≤33%) than placebo
(≤65%) in two 24 week trials, in 1 of which there was a significant difference in
the frequency of loss of efficacy between fluticasone propionate and triamcino-
lone acetonide groups.

Fluticasone propionate≤250µg twice daily had a beneficial effect on health-
related quality of life (QOL) in patients with mild to moderate asthma. Health
status, as measured by a disease- specific instrument (Living with Asthma), sleep
patterns, and scores on the physical functioning and role-physical dimensions of
the Medical Outcomes Study Short Form-36 (SF-36) improved significantly in
fluticasone 50, 100 and 250µg twice daily recipients compared with placebo.
Those in the 2 higher dosage groups also had significantly higher SF-36 scores
in health perceptions, vitality and mental health compared with placebo.

In other studies, QOL was measured with the Asthma Quality of Life Ques-
tionnaire (AQLQ). Global AQLQ scores and scores on each of the 4 domains
(Activity Limitation, Asthma Symptoms, Emotional Function and Environmental
Exposure) were significantly higher after 12 weeks treatment with fluticasone
propionate 88µg twice daily than either zafirlukast 20mg twice daily or placebo
and more patients treated with fluticasone propionate than zafirlukast or placebo
experienced moderate or large improvements in Global AQLQ scores. In another
study Global AQLQ scores and scores on 3 of the 4 domains on the scale (all
except Environmental Exposure) were significantly higher after 24 weeks of
treatment with fluticasone propionate 250µg twice daily than with either triam-
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cinolone acetonide 200µg 4 times daily or placebo. Moreover, the difference in
global AQLQ scores between fluticasone propionate and placebo recipients was
considered to be clinically significant.

Combining inhaled salmeterol with fluticasone propionate may improve
asthma control and allow for the use of a lower fluticasone propionate dosage.
The combination of salmeterol 42µg plus fluticasone propionate 220µg twice
daily produced significantly greater improvements in FEV1 compared with either
drug given separately. Loss of efficacy was significantly less frequent in those
treated with salmeterol 50µg plus fluticasone propionate 100µg twice daily (5%)
compared with either drug given alone (≤24%) or placebo (44%).

Equivalent daily dosages of fluticasone propionate≤500µg/day administered
once or twice daily improved or maintained lung function in patients with mild
to moderate asthma. However, twice daily, compared with once daily adminis-
tration generally provided numerically greater improvement in morning and eve-
ning PEF.

Tolerability The incidence of adverse effects was generally not significantly different in pa-
tients treated with inhaled fluticasone propionate≤250µg twice daily or placebo
in comparative studies. Withdrawal because of adverse events occurred in≤4%
and ≤2% of fluticasone propionate and placebo recipients, respectively. Oral
candidiasis and dysphonia (hoarseness) or pharyngitis were reported by≤6% and
≤3% of fluticasone propionate and placebo recipients, respectively.

In trials comparing fluticasone propionate≤250µg twice daily with either
beclomethasone dipropionate or budesonide, the frequency of adverse events was
similar between groups. Oral candidiasis was reported by≤6.5% of patients re-
ceiving fluticasone propionate or the other inhaled corticosteroid in these studies.

The frequency of treatment-related adverse events was significantly greater
in patients treated with fluticasone propionate 250µg twice daily (20%) than
either triamcinolone acetonide 200µg 4 times daily (5%) or placebo (5%) in 1
trial. In a second, similar trial, the incidence of oral candidiasis was significantly
greater in fluticasone propionate 250µg twice daily recipients (8%) than either
triamcinolone acetonide 200µg 4 times daily (3%) or placebo recipients (1%).

In trials comparing fluticasone propionate≤250µg twice daily with other in-
haled corticosteroids or nedocromil <10% of patients were withdrawn from any
treatment group because of adverse events.

Dosage and
Administration

In the UK the recommended dosage of inhaled fluticasone propionate for patients
aged≥16 years with mild asthma is 100 to 250µg twice daily and for those with
moderate asthma, 250 to 500µg twice daily.

In the US, the recommended dosage in patients≥12 years of age is 88 to 440µg
twice daily by metered dose inhaler or 100 to 500µg twice daily by dry powder
inhaler.

1. Introduction

Asthma is a chronic inflammatory disorder of
the airways. The disease is associated with signif-
icant morbidity and impinges on the quality of life
of patients. Indeed, a survey in California revealed
that one-third of patients with asthma had cancelled

activities and approximately half had missed at
least 1 day of school or work because of asthma in
the previous month.[1] Furthermore, in adult pa-
tients with asthma, lung function declines signifi-
cantly over time and there is an increased risk of
mortality compared with healthy individuals.[2,3]

Hence, the ideal therapy for asthma would not only
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alleviate patients’ symptoms, but would arrest or
reverse the underlying disease process and improve
health-related quality of life (QOL) as measured by
a valid instrument.

Corticosteroids are the most effective anti-
inflammatory agents for asthma and, across the en-
tire spectrum of severity for this condition, inhaled
corticosteroids are recognised as the preferred pre-
ventive therapy.[4] In the last decade, guidelines for
the diagnosis and management of asthma have
been developed and disseminated.[5-8] Contempo-
rary guidelines recommend early intervention with
inhaled corticosteroids with the goal of minimising
symptoms and maintaining normal activity levels,
including exercise.[6-8]

Figure 1 depicts the classification scheme devel-
oped by the Global Initiative for Asthma (GINA).[6]

The GINA and US guidelines recommend that
daily preventive therapy be instituted in all patients
with persistent asthma.[6,8] The British guidelines
on asthma management recommend daily preven-
tive therapy in all patients requiring as-neededβ2-
agonist bronchodilators more than once per day.[7]

Inhaled fluticasone propionate is a well estab-
lished corticosteroid therapy for severe asthma that
has been previously reviewed inDrugs.[9] This re-
view will evaluate the use of inhaled fluticasone pro-
pionate at dosages≤500µg/day in adults and ado-
lescents with mild to moderate asthma. Fluticasone
propionate was administered by inhalation unless
specified otherwise.

2. Pharmacological Properties

Corticosteroids inhibit cytokine secretion, lym-
phocyte migration and produce a marked reduction
in the number of eosinophils, mast cells, macro-
phages and T lymphocytes in bronchial epithelium
and submucosa in humans. Plasma exudation, mu-
cus secretion and goblet cell hyperplasia are also
reduced. These drugs also may prevent down-reg-
ulation of β2-receptors, thereby maintaining air-
way responsiveness toβ2-agonist bronchodilat-
ors.[10] Clinically, these effects result in a decline
in airway hyperresponsiveness. Among the cur-
rently available inhaled corticosteroids, flutica-
sone propionate has the greatest topical activity,
lipophilicity and affinity for the glucocorticoid re-
ceptor.[4,11]

Available evidence suggests that, in addition to
the above-mentioned effects, inhaled fluticasone
propionate attenuates antigen processing, suppresses
recruitment and activation of inflammatory cells
and reduces the thickness of the basement mem-
brane in the airways of patients with mild
asthma.[12,13] Infiltration of eosinophils and mast
cells into the lamina propria was significantly at-
tenuated, degranulation of mast cells was sup-
pressed and the thickness of the basement mem-
brane decreased by 23.4% in 9 patients treated with
inhaled fluticasone propionate 250µg twice daily
for 6 weeks (table I).[12] There were no significant
changes in any of these parameters in 8 placebo
recipients.[12] The percentage of cells expressing
intracellular adhesion molecule-1 (ICAM-1) and

Asthma
severity

Lung function

PEF or FEV1
a PEF variability b

Intermittent

Symptom
frequency

Nocturnal
symptoms

Exacerbations

≤60%

≥80%

>30%

<20%

Continual

≤2/week

Frequent

≤2/month

Frequent

Are brief

Persistent Moderate

Mild

>60<80%

≥80%

>30%

20-30%

Daily

>2/week<1/day

>1/week

>2/month

Affect activity

May affect activity

Severe

Mild

Fig. 1. The asthma classification scheme developed by the Global Initiative for Asthma.[6] The presence of ≥1 feature in a severity
level is sufficient to place a patient in that level. Daily preventive therapy is recommended for all patients with persistent asthma.
Severe exacerbations may affect patients at any level of severity. The focus of this review includes patients with mild to moderate
persistent asthma (shaded area). a = predicted values based on age, gender and height. b = variability between morning and evening.
FEV1 = forced expiratory volume in 1 second; PEF = peak expiratory flow rate.
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the β2-integrin, macrophage-1 (MAC-1), and tryp-
tase levels in bronchoalveolar lavage (BAL) fluid
were significantly reduced by fluticasone propio-
nate 250µg twice daily.[12] ICAM-1 and MAC-1 are
associated with recruitment of eosinophils to sites
of inflammation and are elevated in patients with
asthma. Moreover, expression of heat shock pro-
tein 70 (hsp70) and HLA-DR, 2 proteins thought
to be involved in antigen processing by antigen
presenting cells, was significantly reduced after 6
weeks’ treatment with fluticasone propionate
250µg twice daily (n = 8) compared with placebo
(n = 10).[13]

2.1 Effects on Bronchial Hyperresponsiveness

Bronchial hyperresponsiveness may be assessed
by provocation with inhaled allergen, histamine or
an anticholinergic compound such as methachol-
ine. In such assays the efficacy of an antiasthmatic
medication is expressed as the dose of the provoc-
ative substance required to elicit a decline in some

objective measure of lung function to below a pre-
determined threshold. Hence, the dose required to
provoke a 20% decline (PD20) in forced expiratory
volume in 1 second (FEV1) should increase signif-
icantly with an effective medication.

Short term treatment with fluticasone propio-
nate 100 to 250µg twice daily generally reduced
bronchial hyperresponsiveness in patients with
mild to moderate asthma. Although there was no
significant difference in the PD20 of methacholine
after 8 weeks in 138 patients randomised to treat-
ment with fluticasone propionate 50 or 100µg twice
daily or placebo, the mean log PD20 of methachol-
ine, expressed as the average of 4 determinations
during the 8-week study, was significantly (p < 0.05)
greater in fluticasone propionate 100µg twice daily
recipients than fluticasone propionate 50µg twice
daily or placebo recipients.[14]

In another placebo-controlled trial, the mean
PD20 of methacholine increased more than 2-fold
from baseline (2.45 g/L) to end-point (7.09 g/L;
p < 0.02) in 9 patients with asthma treated with
fluticasone propionate 250µg twice daily, but was
unchanged in 8 placebo recipients (baseline PD20

= 3.36; end-point PD20 = 3.73 g/L) at the end of the
6-week study.[12]

Fluticasone propionate reduced bronchial hyper-
responsiveness to a greater extent than the leuko-
triene type-1 receptor antagonist zafirlukast in a
crossover study.[15] After 2 weeks, the mean PD20s
for histamine in 25 patients treated with fluticasone
propionate 100µg or zafirlukast 20mg twice daily
were 1.61 and 0.99 g/L, respectively (p < 0.05).[15]

Fluticasone propionate 250µg and salmeterol
50µg, each given alone or in combination, reduced
bronchial hyperresponsiveness in 46 patients
with significant diurnal variation in the PD20 of
methacholine (p < 0.05 for PD20 at 4:00amvs
4:00pm).[16] The PD20 for methacholine at these
times increased by 1.5 to 3.0 (p = 0.02 to < 0.001
vs baseline) doubling doses for all 3 treatments,
although there was no significant difference in the
degree of improvement between the 3 treatments.
Furthermore, increases in the PD20 for inhaled
adenosine 5′-monophosphate (measured in the

Table I. Anti-inflammatory effects of inhaled fluticasone propionate
250µg twice daily for 6 weeks in the lungs of adult patients with mild
asthma (FEV1 ≥ 82% predicted) as measured by bronchoalveolar
lavage (BAL) and bronchial biopsies in 2 randomised, double-blind,
parallel-group studies[12,13]a

Bronchial
biopsyb

Decreased number of eosinophils* and mast
cells** in bronchial mucosa[12]

Decreased percentage of degranulated mast
cells in bronchial mucosa*[12]

Down-regulation of hsp70 and HLA-DR in
epithelial cells*[13]

Decrease in basement membrane thickness*[12]

BAL fluidb Decreased percentage of cells expressing
ICAM-1* and MAC-1*[12]

Decreased concentration of tryptase***[12]

Down-regulation of hsp70*** and HLA-DR* in
cells[13]

a Patients had not received inhaled corticosteroids for ≥ 6
months prior to enrolment.

b All statistical comparisons are between end of treatment and
baseline in 8[13] and 9[12] fluticasone propionate recipients.
There were no significant differences between baseline and
end of treatment in 10[13] and 8[12] placebo recipients.

FEV1 = forced expiratory volume in 1 second; hsp70 = heat shock
protein 70; ICAM-1 = intracellular adhesion molecule-1; MAC-1 =
macrophage-1 (CD11b/CD18), a β2-integrin; *p < 0.05; **p < 0.01;
***p < 0.001 vs baseline.
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morning) of 2.9 to 5.7 doubling doses occurred in
each treatment group (p = 0.003 to < 0.0001vs
baseline) with no statistically significant between-
group differences.[16]

2.2 Effects on Adrenal Function

All corticosteroids have the potential to sup-
press hypothalamo-pituitary-adrenal (HPA) axis
function as a result of negative feedback inhibition
of the pituitary gland. However, fluticasone propi-
onate undergoes considerable first-pass metabo-
lism which minimises systemic exposure to swal-
lowed drug and reduces the likelihood of adrenal
suppression.[17]

Fluticasone propionate≤500 µg/day generally
had minimal effects on HPA axis function in pa-
tients with mild to moderate asthma. Mean plasma
cortisol levels, a relatively insensitive measure of
HPA axis function,[18] were not significantly differ-
ent from baseline after 4 to 12 weeks treatment with
fluticasone propionate≤500µg/day or placebo.[19-21]

Similar results were obtained in studies which used
more sensitive tests of HPA axis function including
corticotrophin stimulation[19,21-24]and urinary free
cortisol excretion.[19]

In general, there were no differences in HPA
axis function when fluticasone propionate≤500
µg/day was compared with other inhaled cortico-
steroids. Mean plasma cortisol values, urinary cor-
tisol levels and/or the response to stimulation with
tetracosactide (tetracosactrin) were similar in pa-
tients treated with multiple doses of fluticasone pro-
pionate≤500 µg/day, beclomethasone dipropionate
400 µg/day,[25] budesonide 200 to 800µg/day,[26-31]

triamcinolone acetonide 600 to 1000µg/day[32-35]

or flunisolide 1000µg/day.[33,36]

Although the clinical significance of small,
short term perturbations in markers of HPA axis
function are unclear, mean serum cortisol levels
were significantly higher in 108 patients treated
with fluticasone propionate 100µg twice daily (429
nmol/L) than in 114 patients treated with beclo-
methasone dipropionate 200µg twice daily (394
nmol/L; p = 0.006) for 4 weeks. Nonetheless, mean
serum cortisol levels remained within the normal

range in both groups (140 nmol/L).[37] In the same
study, mean serum cortisol levels were signifi-
cantly higher in 80 fluticasone propionate recipi-
ents (811 nmol/L) than in 87 beclomethasone
dipropionate recipients (724 nmol/L; p = 0.024) in
response to an injection of tetracosactide.[37]

Inhaled fluticasone propionate had a greater ef-
fect on HPA axis function than the same microgram
dose of inhaled budesonide in 1 study. In a double-
blind, crossover study, 12 patients received flutica-
sone propionate or budesonide 250, 500 or 1000µg
twice daily or placebo for 4 days.[38] Mean plasma
cortisol values and urinary cortisol/creatinine
ratios were significantly (p < 0.05) lower in flutica-
sone propionate than budesonide or placebo recip-
ients (plasma cortisol levels were 331, 414 and 398
nmol/L and urinary cortisol/creatinine ratios were
3.1, 5.5 and 5.2 nmol/mmol in fluticasone propio-
nate 250µg twice daily, budesonide 250µg twice
daily and placebo recipients, respectively).[38] It is
difficult to interpret these results in the absence of
measures of therapeutic efficacy, since a clinically
meaningful comparison would have involved ther-
apeutically equivalent dosages.

2.3 Pharmacokinetic Properties

Limited pharmacokinetic data from patients
with mild to moderate asthma receiving fluticasone
propionate are available. Few pharmacokinetic
studies have included inhaled dosages≤250µg
twice daily. Moreover, in patients with mild to
moderate asthma plasma, concentrations of flutica-
sone propionate were below the limit of detection
(<0.025µg/L) after inhalation of 100µg twice daily
for 4 weeks (table II).[20,39] The following descrip-
tion of the pharmacokinetics of fluticasone propi-
onate is a summary of data obtained in patients and
volunteers receiving inhaled dosages≥500µg/day
or oral or intravenous dosages. The pharmacoki-
netic properties of fluticasone propionate have also
been extensively reviewed elsewhere.[40-42]

Depending on the inhalation device used, ap-
proximately 10 to 30% of an inhaled dose of an
inhaled corticosteroid is deposited in the lung
(reviewed by Meibohm et al.[40]) Available evidence
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suggests that the inhaled rather than the swallowed
fraction of a dose of fluticasone propionate results
in systemic exposure. Fluticasone propionate under-
goes considerable first-pass metabolism; <1% of a
200µg oral dose of fluticasone propionate reaches
the systemic circulation.[43] However, 14.9% of a
1000µg inhaled dose, administered as a dry pow-
der, was absorbed from the lungs in 12 healthy vol-
unteers.[43] Furthermore, concentrations of the
drug in peripheral lung tissue exceeded those in
plasma by approximately 100-fold and fluticasone
propionate could be detected in lung tissue and se-
rum for 16.3 and 13.3 hours, respectively, after in-
halation of a single 1000µg dose from a dry powder
inhaler prior to pneumonectomy or lobe resec-
tion.[44] The volume of distribution of fluticasone
propionate was estimated to be 4.2 L/kg and 91%
of the drug in circulation was bound to plasma pro-
teins.[45] The drug is not significantly bound to
transcortin in plasma.[45]

In patients with mild to moderate asthma, the
area under the plasma concentration-time curve at

steady state was similar after inhalation of flutica-
sone propionate 500µg twice daily from either the
Diskhaler® (0.412 µg/L • h; n = 78) or the Dis-
kus®/Accuhaler® (0.474µg/L • h; n = 64) delivery
devices.[46] These results suggest that the 2 devices
have similar efficiency in delivering the drug to the
lung.

In healthy volunteers, the bioavailability of flu-
ticasone propionate was considerably greater (≈58%
greater) than in patients with mild to moderate
asthma.[46] The reason for this difference is not
readily apparent and further studies are required to
confirm and explain this discrepancy.

The mean terminal elimination half-life of flu-
ticasone propionate after intravenous infusion of
a single 500 or 1000µg dose was 7.8 hours,[47] 14.4
hours[43] after inhalation of a single 1000µg dose
and 11.1 hours after inhalation of 1000µg twice
daily for 7 days[48] from a dry powder inhaler. The
longer terminal elimination half-life after inhaled
administration compared with intravenous admin-
istration suggests that this parameter is governed
by the slow rate of absorption of the drug from the
lung (reviewed by Meibohm et al.[40]).

Fluticasone propionate is rapidly cleared from
the systemic circulation. The total systemic clear-
ance of the drug in healthy volunteers following
intravenous administration was 66 L/h.[47] Flutica-
sone propionate undergoes oxidative metabolism
via cytochrome P450 3A4 in the gut and liver and
the only circulating metabolite, the 17β-carboxylic
acid derivative of the parent compound, is pharma-
cologically inactive.[40,45] Renal clearance accounts
for less than 0.02% of the total clearance of fluti-
casone propionate.[45]

3. Therapeutic Efficacy of Inhaled
Fluticasone Propionate

Fluticasone propionate≤500 µg/day has been
compared with placebo,[14,19-22,49-51] theophyl-
line,[52] nedocromil,[53,54] zafirlukast,[55] and other
inhaled corticosteroids including beclomethasone
dipropionate,[25,37,56-58]budesonide,[27-29,59-62]fluni-
solide[63-65] and triamcinolone acetonide[66,67] in
adults and adolescents with mild to moderate

Table II. Mean steady-state pharmacokinetic values of inhaled
fluticasone propionate (FP) in adults with mild to moderate asthma

Reference
[study duration
(wk)]

Treatment
(no. of
patients)

Cmax

(µg/L)
AUC12

(µg/L • h)
C12

(µg/L)

Falcoz et al.[39]

(4)
FP 100µg bid
DH (10)

BDL BDL BDL

FP 500µg bid
DH (10)

0.096a 0.491 0.037

FP 500µg bid
DH (15)

0.120a 0.412 0.032

FP 500µg bid
DK (13)

0.092a 0.474 0.040

Lawrence et al.[20]

(4)
FP 100µg bid
DH (6)

BDL BDL

FP 500µg bid
DH (9)

0.116a 0.629a

FP 20mg od
PO (5)

0.248a 1.230a

a Median values.

AUC12 = area under the plasma concentration-time curve to 12
hours post-dose; BDL = below the detection limit (<0.025 µg/L);
bid = twice daily; Cmax = maximum plasma concentration; C12 =
plasma concentration 12 hours post-dose; DH = Diskhaler® dry
powder inhaler; DK = Diskus® dry powder inhaler; od = once daily;
PL = placebo; PO = orally.
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asthma. Once and twice daily dosage regimens of
the drug have been compared in this patient
group.[68-72] Fluticasone propionate≤500 µg/day
has also been studied in combination with salmet-
erol.[73-83] In this section, the results of multicentre,
randomised, parallel group, comparative studies
evaluating fluticasone propionate≤500µg/day are
reviewed. Many of these trials were double-
blind.[14,19-22,25,37,49,50,52,55-57,64,66-70,75-79,82]In some tri-
als, fluticasone propionate dosages≥500µg/day were
also studied.[19,20,25,50,79]Results for these dosage
groups are beyond the scope of this review and are
generally not presented.

Most trials used quantitative measures of lung
function [e.g. a minimum unmedicated FEV1 or peak
expiratory flow rate (PEF),≥15% reversibility of
bronchoconstriction after inhalation of salbutamol
(albuterol), diurnal variation in PEF] and/or
asthma symptoms (frequency of as-neededβ2-
agonist bronchodilator usage, asthma symptom
scores, nocturnal awakenings) for inclusion cri-
teria. All patients were using short-actingβ2-
agonist bronchodilators on an as-needed basis and
may have been receiving other asthma therapies
including inhaled corticosteroids, sodium cromo-
glycate (cromolyn sodium), nedocromil, theophyl-
line or inhaled long-actingβ2-agonist bronchodi-
lators before enrolment. All trials excluded patients
receiving oral corticosteroids.

Asthma severity represents a continuum rather
than a collection of discrete and mutually exclusive
categories. Accordingly, the inclusion criteria for
most trials did not correspond to specific categories
of asthma severity such as those in contemporary
asthma guidelines.[6-8] Most trials used broad in-
clusion criteria which resulted in the recruitment of
patient groups with a wide range of disease sever-
ity. Hence, in addition to including patients with
mild or moderate asthma, some trials allowed for
the inclusion of patients with more severe impair-
ment of airflow (i.e. FEV1 or PEF≤60% of the
predicted value for their age, gender and
height).[20-22,27-29,49,50,52,55,59,63,66,67,76,78,83]Inclu-
sion criteria and baseline characteristics are
provided in the text and tables to assist the reader

in assessing the severity of asthma of patients in-
cluded in the various studies.

A 1- or 2-week run-in period, during which time
baseline data were collected, was employed in all
trials. In studies which recruited inhaled corticoste-
roid users, the regular inhaled corticosteroid was
stopped before or after the run-in period. In other
studies, recent use of inhaled corticosteroids was
an exclusion criterion.[14,21,22,49,52,54,55,61,64,72,83]

All patients were offered inhaled salbutamol or
terbutaline on an as-needed basis and some trials
allowed patients to continue established steroid-
sparing therapies.[19,22]The duration of active treat-
ment ranged from 4 to 24 weeks.

Objective and subjective measures were used to
evaluate the efficacy of fluticasone propionate and
comparators in the various trials. Morning PEF was
the most frequent objective outcome assessment;
FEV1 and other spirometric measures were report-
ed less often. Quantitative asthma symptom scores
[ranging from 0 (no symptoms) to 3 (severe symp-
toms that interfere with daily activities or interrupt
sleep)], the frequency of as-neededβ2-agonist
bronchodilator usage and nocturnal awakenings
were recorded daily by patients in diary cards in
many studies. Loss of efficacy was usually defined
by objective criteria, with patients withdrawn from
the study if they had an asthma exacerbation or if
an objective measure of lung function declined be-
low a predefined threshold (e.g. FEV1 decreased by
≤15% from baseline).

QOL was measured with valid, disease-specific
instruments [i.e. Asthma Quality of Life Question-
naire (AQLQ) or the Living With Asthma question-
naire] in several studies. The AQLQ consists of a
32 items which evaluate the degree of impairment
in QOL in 4 domains (Activity Limitation, Symp-
toms, Emotional Function and Environmental
Stimuli) over the preceding 2 weeks.[84] Lower
scores indicate a greater degree of impairment in
QOL. A change of 0.5 in the mean Global AQLQ
score or in the mean score in any of the 4 domains
is considered to be clinically significant; changes
of 1 and 1.5 units represent moderate and large
changes in QOL, respectively.[85]
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The Living With Asthma Questionnaire is a
valid disease specific instrument that was used to
measure QOL in 1 study.[51] The questionnaire con-
sists of 20 items and lower scores are correlated
with greater QOL.[51]

In most studies the dosage of fluticasone propi-
onate was reported as the total dose delivered per
actuation (‘actuator dose’) of the delivery device
(i.e. fluticasone propionate 25, 50, 100 and 250µg).
However, in accord with US labelling, the dosage
was reported as the portion of the dose delivered
through the mouthpiece of the delivery device in
several studies (‘mouthpiece dose’).[55,57,76,82,83]

To facilitate comparisons between studies, the
reader should bear in mind that fluticasone propi-
onate 88, 110 and 220µg are mouthpiece doses
which are equivalent to actuator doses of 100, 125
and 250µg; beclomethasone dipropionate 168 and
336µg (mouthpiece doses) are equivalent to beclo-
methasone dipropionate 200 and 400µg (actuator
doses) and; salmeterol 42µg (mouthpiece dose) is
equivalent to salmeterol 50µg (actuator dose).

3.1 Comparisons with Placebo

In adult patients with asthma, inhaled flutica-
sone propionate 25 to 250µg twice daily produced
consistent improvements in lung function com-
pared with placebo.[14,19-22,49,50]Statistically sig-
nificant improvements in morning and evening
PEF and FEV1, compared with placebo, were ob-
tained in all fluticasone propionate dosage groups
in all studies, with 1 exception (morning and eve-
ning PEF in patients receiving 25µg twice daily in
Sheffer et al.;[49] table III). In general, there were
no significant differences between fluticasone pro-
pionate dosage groups; however, in 1 study, im-
provement in morning PEF was greater with fluti-
casone propionate 100µg twice daily than 250µg
twice daily.[50] Significant increases in forced ex-
piratory flow at midphase (FEF25-75) and forced
vital capacity (FVC) were obtained with flutic-
asone propionate 25 to 250µg twice daily in the 2
studies that reported these parameters (p < 0.05[21]

and p < 0.01[19] vsplacebo). Normal lung function,
defined as≥85% of the patient’s predicted FEV1,

was achieved by 23 to 28% of patients receiving
fluticasone propionate (25, 50 or 100µg twice
daily) and 10% of those receiving placebo in 1
study (statistical significance not reported).[49]

In concert with improvements in lung function
there was a general decrease in the frequency of
as-neededβ2-agonist usage and nocturnal awaken-
ings, and a decrease in asthma symptom scores in
fluticasone propionate recipients. Indeed, the fre-
quency of as-needed salbutamol usage declined
significantly in every study[14,19-22,49,50]and the
frequency of nocturnal awakenings was signifi-
cantly lower with fluticasone propionate treatment
than placebo in all but 1 study.[14] Improvement in
nocturnal awakenings from a study in which pa-
tients had a high baseline frequency is presented in
figure 2.[21] Asthma symptom scores decreased
from baseline to end-point in all fluticasone propi-
onate dosage groups in all studies (range –0.01 to
–0.36),[14,19-22,49,50]and overall symptom scores
were significantly lower in fluticasone propionate-
than placebo-treated patients at end-point in 5
studies.[14,19,20,22,50]

Fluticasone propionate≤250µg twice daily con-
sistently reduced the frequency of asthma exacer-
bations in placebo-controlled studies. In 5 of 7
studies, more than half (52 to 71%) of the patients
receiving placebo withdrew studies because of loss
of efficacy; however, the frequency of withdrawal
for loss of efficacy in fluticasone propionate recip-
ients in these studies (6 to 37%) was significantly
lower (table III). There were no significant differ-
ences in the frequency of withdrawal for loss of
efficacy between fluticasone propionate dosage
groups in any of these 5 studies,[19,20,22,49,50]or be-
tween fluticasone propionate- and placebo-treated
patients in the 2 remaining studies.[14,21]

Fluticasone propionate had a beneficial effect
on QOL in patients with moderate asthma (FEV1

50 to 80% of the predicted value for their age,
gender and height) in 1 study. After 12 weeks’treat-
ment, recipients of fluticasone propionate 50 (n =
89), 100 (n = 84) or 250µg twice daily (n = 91) had
significantly better health status (p≤ 0.05), as mea-
sured by a disease-specific instrument (Living with
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Table III. Summary of multicentre, randomised, double-blind, parallel-group trials comparing inhaled fluticasone propionate (FP) ≤ 500 µg/day
with placebo (PL) in adults with asthma

Reference
[duration (wk)]

Dosage (delivery device)
[no. of patientsa]

Baseline characteristics (mean) Results at end-point

FEV1 (L)
[% predicted]

β2-agonist
usage
(puffs/day)

FEV1 (L)b PEF (am, pm;
L/min)bc

β2-agonist
usage
(puffs/day)b

LOE
(%)

Chervinsky et
al.[19] (8)def

FP 25µg bid (MDI) [78] 2.66 [72] ↑0.09** ↑11**, ↑7** ↓0.63** 23***

FP 100µg bid (MDI) [80] 2.75 [72] ↑0.14** ↑15**, ↑12** ↓0.65** 13***

PL [80] 2.53 [71] ↓0.26 ↓19, ↓23 ↑0.2 63

Lawrence et
al.[20] (6)def

FP 100µg bid (DH) [63] 2.5 [67] 3.6 ↑0.27** ↑15** ↓1.0** 6***

PL [64] 2.42 [65] 4.2 ↓0.19 ↓15 ↑0.7 52

Noonan et al.[14]

(8)egh
FP 50µg bid (MDI 1%) [76] 2.37 ↑0.30* ↑29*, ↑16* ↓0.93* 11

FP 100µg bid (MDI 1%) [73] 2.77 ↑0.38* ↑34*, ↑29* ↓1.39* 3

FP 100µg bid (MDI 10%) [74] 2.35 ↑0.24* ↑28*, ↑18* ↓1.43* 3

PL [74] 2.95 ↓0.08 0, ↑8 ↑0.11 22

Pearlman et
al.[22] (12)egh

FP 50µg bid (DH) [85] 2.41 [66] 4.1 ↑0.43*** ↑20***, ↑7*** ↓0.9*** 13***

FP 100µg bid (DH) [81] 2.57 [66] 3.4 ↑0.47*** ↑16***, ↑8*** ↓1.1*** 13***

FP 250µg bid (DH) [86] 2.55 [67] 3.8 ↑0.44*** ↑27***, ↑18*** ↓1.2*** 7***

PL [75] 2.41 [67] 3.5 ↓0.22 ↓24, ↓23 ↑1.7 65

Sheffer et al.[49]

(12)egh
FP 25µg bid (MDI) [76] 2.43 [64] 3.99-4.73i ↑0.40* ↑31, ↑22 ↓1.58* 37*

FP 50µg bid (MDI) [79] 2.38 [62] ↑0.51* ↑27*, ↑21* ↓1.81* 25*

FP 100µg bid (MDI) [79] 2.45 [63] ↑0.42* ↑45*, ↑35* ↓1.85* 33*

PL [73] 2.36 [62] ↑0.14 ↑12, ↑8 ↓0.28 53

Wasserman et
al.[21] (12)egh

FP 50µg bid (DH) [79] 2.68 3.0 ↑0.59* ↑33*, ↑26* ↓1.31* 10

FP 100µg bid (DH) [78] 2.57 3.2 ↑0.54* ↑42*, ↑30* ↓1.57* 6

FP 250µg bid (DH) [82] 2.66 3.1 ↑0.58* ↑39*, ↑31* ↓1.51* 8

PL [82] 2.6 3.3 ↑0.24 ↑7, ↑8 ↓0.19 18

Wolfe et al.[50]

(12)defhj
FP 100µg bid (MDI) [75] 2.38 [66] 3-4i ↑0.39*** ↑25*† ↓0.91-1.43k*

**
14***

FP 250µg bid (MDI) [68] 2.34 [66] ↑0.30*** ↑16* 14***

PL [69] 2.3 [64] ↓0.31 ↓9 ↑1.25 71

a Number of patients included in the efficacy analysis, except in Sheffer et al.,[49] for which the number of patients enrolled is presented.

b Mean change from baseline.

c When only 1 value is provided, it is the morning value.

d Data from a higher FP dosage group are not presented as FP dosages >500 µg/day are outside the scope of this review.

e Patients had an unmedicated FEV1 between 60 and 90%,[19] 60 and 85%,[14] 50 and 80%[20-22,50] or 45 and 75%[49] of the predicted
value for their age, gender and height.

f Patients were receiving inhaled corticosteroids at the time of enrolment (beclomethasone dipropionate 400 to 800 µg/day;[19,50] or ≥336
µg/day or triamcinolone acetonide ≥800 µg/day[20]).

g Patients had not received inhaled corticosteroids previously[14] or within 1 month of enrolment.[21,22,49]

h Adolescents aged ≥ 12 years were included.

i Mean baseline β2-agonist usage (puffs/day) across all treatment groups.

j Use of a spacer device was prohibited.

k The range includes the value for an FP 500µg twice daily dosage group.

am = morning; β2-agonist usage = use of as-needed β2-agonist bronchodilators; bid = twice daily; DH = Diskhaler® dry powder inhaler;
FEV1 = forced expiratory volume in 1 second; LOE = withdrawal for loss of efficacy/asthma exacerbation during the study; MDI = metered
dose inhaler; MDI 1% = metered dose inhaler with 1% lecithin; MDI 10% = metered dose inhaler with 10% lecithin; PEF = peak expiratory
flow rate; pm = evening; ↓ indicates decrease; ↑ indicates increase; *p < 0.05, **p < 0.01, *** p ≤ 0.001 vs PL; †p = 0.039 vs FP 250µg bid.
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Asthma), and significantly better sleep patterns
(p ≤ 0.0001) compared with placebo (n = 78).[51]

Patients in all 3 dosage groups had higher scores
on the physical functioning and role-physical di-
mensions of a general health status questionnaire
(Medical Outcomes Study Short Form-36; p≤
0.0001),[51] and those in the 2 highest dosage
groups had significantly higher scores on general
health perceptions (p < 0.03), vitality (p < 0.007)
and mental health (p < 0.03) compared with pla-
cebo.[51]

The results of placebo-controlled studies in
patients with mild to moderate asthma show that
there is little difference in the clinical response to
dosages of fluticasone propionate≤250µg twice
daily. Although statistically significant increases in
morning (4.3 L/min for each doubling dose; p =
0.001) and evening PEF (3 L/min for each dou-
bling dose; p = 0.017), and the proportion of
symptom-free days (2% increase per doubling
dose; p = 0.048) have been demonstrated with
fluticasone propionate 100 to 800µg/day, the clin-
ical significance of such a shallow dose-response
relationship is unclear.[25] Hence, it appears that in
patients with mild to moderate asthma, maximum
clinical benefit may be achieved with dosages as
low as 50 to 100µg twice daily.

In summary, inhaled fluticasone propionate
≤250µg twice daily produced consistent improve-
ments in lung function, reduced the severity of
symptoms, the frequency of as-needed salbutamol
usage and nocturnal awakenings, prevented exac-
erbations and improved QOL in patients with mild
to moderate asthma compared with placebo.

3.2 Comparisons with Nonsteroidal Agents
with Anti-Inflammatory Properties

Inhaled corticosteroids are acknowledged to be
the most effective anti-inflammatory therapy for
asthma.[4] Nonetheless, current US[8] and British[7]

guidelines consider inhaled sodium cromoglycate
or nedocromil to be alternatives to inhaled cortico-
steroids in patients with mild chronic asthma.
Moreover, sustained release theophylline and
leukotriene antagonists (e.g. montelukast, zafirluk-

ast, zileuton) are recognised as alternative preven-
tive medications in patients with mild persistent
asthma in the US.[8] Comparative data are available
from controlled trials between fluticasone propio-
nate and nedocromil,[53,54]theophylline[52] or zafir-
lukast[55] Results of these trials provide insight into
the relative effectiveness of these agents in patients
with mild to moderate asthma.

Inhaled fluticasone propionate was more effec-
tive than inhaled nedocromil in patients with mild
to moderate persistent asthma (FEV1 60 to 90% of
the predicted value for their age, gender and
height) in 1 study. Morning and evening PEF and
FEV1 improved significantly in patients treated for
8 weeks with fluticasone propionate 250µg twice
daily than nedocromil 4mg 4 times daily (p < 0.05;
table IV).[53] FEF25-75 also increased to a greater
extent in fluticasone propionate- than nedocromil-
treated patients by the end of the study (38.3vs
18.5 L/sec; p = 0.02). Reductions in the use of as-
needed salbutamol during day and night were both
significantly greater with fluticasone propionate
than nedocromil (fig. 3).[53] However, it should be
noted that approximately 50% of patients enroll-
ed in this trial were receiving beclomethasone
dipropionate≤1000µg/day or equivalent at base-
line.
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Fig. 2. Reductions in nocturnal awakenings with fluticasone pro-
pionate. Frequency of nocturnal awakenings at baseline and
after 12 weeks’ treatment with inhaled fluticasone propionate
50 (FP50; n = 79), 100 (FP100; n = 78) or 250µg (FP250; n =
82) or placebo (PL; n = 82) twice daily by Diskhaler® in a multi-
centre, randomised, double-blind study.[21] *p < 0.05 vs placebo.
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Fluticasone propionate 250µg twice daily and
nedocromil 4mg 4 times daily were compared in a
further study designed to evaluate the ability of
these agents to maintain lung function in patients
with asthma.[54] Only inhaled corticosteroid-naive
patients with chronic asthma were eligible for en-
rolment; however, oral prednisolone 25mg was
given once daily during a 2-week run-in phase.[54]

After 12 weeks’ treatment, morning PEF values in-
creased to a significantly greater extent and signif-

icantly fewer patients withdrew for loss of efficacy
among fluticasone propionate treated-patients (p <
0.05; table IV).[54] Thus, fluticasone propionate
was more effective in maintaining lung function
and preventing exacerbations than nedocromil.

Fluticasone propionate was generally more ef-
fective than theophylline in patients with moderate
to severe persistent asthma (FEV1 45 to 75% of the
predicted value for their age, gender and height)
who were not taking inhaled corticosteroids at

Table IV. Summary of multicentre, randomised, parallel-group trials comparing inhaled fluticasone propionate (FP) ≤ 500 µg/day with
non-steroidal agents with anti-inflammatory properties in adults with asthma

Reference
[duration (wk)]

Dosage (delivery device)
[no. of patients]

Baseline Results at end-point

FEV1 (L) or PEF
(L/min) [% predicted]

FEV1 (L)a PEF (am, pm;
L/min)ab

LOE
(%)

Inhaled nedocromil (NED)
Grison et al.[54] abstract (12)c FP 250µg bid [93] 360d ↑42* 15*

NED 4mg qid [85] 387d ↑9 27

Pauli & Aubert[53] (8)e FP 250µg bid (MDI) [101] 2.35 [71.9]f ↑18.1%* ↑60***, ↑49*** 1

NED 4mg qid (MDI) [103] 2.30 [70.4]f ↑8.4% ↑7, ↑9 9

Theophylline (TH)

Galant et al. [52] (12)ghi FP 50µg bid (MDI) [91] 2.44 [62]f ↑0.66** ↑54*** 13**

FP 100µg bid (MDI) [86] 2.29 [60]f ↑0.65** ↑49*** 19**

TH bid POj [89] 2.40 [62]f ↑0.37 ↑21 38

PL [87] 2.31 [61]f ↑0.19 ↑19 52

Zafirlukast (ZAF)
Johnson et al.[55] abstract (12)ghk FP 88µg bid [214] [67-68]fl ↑0.5*** ↑40.8***, ↑32.1***

ZAF 20mg bid PO [219] ↑0.32 ↑16.7, ↑17.1

PL [229] ↑0.25 ↑8.8, ↑11.5

a Mean change from baseline.

b When only 1 value is provided, it is the morning value.

c Patients were receiving long-acting β2-agonist bronchodilators or theophylline prior to enrolment. The delivery device (i.e. DPI or MDI)
used during the study was not indicated.

d PEF at the end of a 2-week run-in period, during which patients received prednisolone 25mg daily.

e Patients had a baseline FEV1 between 60 to 90% of the predicted value and ≥15% reversibility in FEV1 after inhalation of salbutamol (al-
buterol). No patients had received inhaled NED or sodium cromoglycate within 1 month of enrolment, but ≈50% of those enrolled had
been receiving beclomethasone dipropionate ≤1000 µg/day (or equivalent) prior to enrolment.

f FEV1.

g Double-blind.

h Adolescents ≥ 12 years were included.

i Patients had a baseline FEV1 between 45 to 75% of the predicted value, ≥15% reversibility in FEV1 after inhalation of salbutamol and had
not received inhaled corticosteroids for ≥1 month prior to enrolment.

j Theophylline dosage was titrated to achieve a trough plasma concentration of 5 to 15 mg/L.

k Pooled results from 2 studies of similar design. Patients had a baseline FEV1 between 50 and 80% of the predicted value and were not
receiving inhaled corticosteroids prior to enrolment.

l Mean baseline FEV1 (% predicted) across all treatment groups.

am = morning; bid = twice daily; FEV1 = forced expiratory volume in 1 second; MDI = metered dose inhaler; LOE = withdrawal for loss of
efficacy/asthma exacerbation during the study; PEF = peak expiratory flow rate; PL = placebo; pm = evening; PO = orally; qid = 4 times daily;
↑ indicates increase; *p < 0.05, **p < 0.01, ***p=≤ 0.001 FP vs NED, TH, ZAF and PL.
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baseline. After 12 weeks, improvements in morn-
ing PEF and FEV1 were significantly greater in
recipients of fluticasone propionate 50 or 100µg
twice daily than in recipients of theophylline or
placebo (table IV).[52] Similar trends were ob-
served for FEF25-75 and FVC (p < 0.01 for flutica-
sone propionate 50 or 100µg twice dailyvs theo-
phylline or placebo).[52] Significantly more placebo
and theophylline recipients discontinued treatment
because of loss of efficacy than fluticasone propi-
onate recipients (p < 0.01; table IV); however, the
difference in withdrawal rates between placebo
and theophylline recipients was not significant.
Use of as-needed salbutamol declined significantly
with all active treatments compared with placebo
(fig. 4).[52] Moreover, recipients of fluticasone pro-

pionate 100µg twice daily, but not 50µg twice
daily, used significantly less rescue salbutamol
than theophylline-treated patients. Total asthma
symptom scores decreased significantly in both flu-
ticasone propionate dosage groups compared with
placebo (p≤ 0.05) and symptom scores in flutica-
sone propionate 50µg twice daily recipients were
significantly (p < 0.05) lower than those in theo-
phylline-treated patients; symptom scores in the
theophylline group did not differ significantly
from placebo.[52] There was no difference in the
frequency of nocturnal awakenings between treat-
ments after 12 weeks, although the baseline fre-
quency was quite low (0.2 to 0.4 per week).[52]

In a pooled analysis of 2 studies, fluticasone
propionate 88µg twice daily was superior to oral
zafirlukast 20mg twice daily and placebo in con-
trolling asthma in 662 patients who were not
receiving inhaled corticosteroids at the time of en-
rolment.[55] In the US,[8] but not in Britain,[7] leuko-
triene antagonists (e.g. zafirlukast) are recognised
as alternative preventive agents to inhaled cortico-
steroids in patients with mild persistent asthma.
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Fig. 3. Use of salbutamol (albuterol) in fluticasone propionate-
or nedocromil-treated patients. Daytime and night-time use of
as-needed salbutamol in patients with mild to moderate asthma
(FEV1 60 to 90% of the predicted value for their age, gender
and weight) treated with inhaled fluticasone propionate 250µg
twice daily (FP; n = 101) or nedocromil 4mg 4 times daily (NED;
n = 103) given by metered dose inhaler during an 8-week, multi-
centre, randomised, nonblind parallel-group study.[53] FEV1 =
forced expiratory volume in 1 second; *p ≤ 0.006; **p = 0.0001.
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Fig. 4. Use of salbutamol (albuterol) in fluticasone propionate or
theophylline recipients. Use of as-needed salbutamol in pa-
tients with asthma (FEV1 45 to 75% of the predicted value for
their age, gender and height) treated with inhaled fluticasone
propionate 50µg (FP50; n = 91) or 100µg twice daily (FP100;
n = 86) given by metered dose inhaler, oral theophylline titrated
to achieve a trough plasma concentration of 5 to 15 mg/L (n =
89) or placebo (n = 87) for 12 weeks in a multicentre, double-
blind, randomised, parallel-group study.[52] FEV1 = forced expir-
atory volume in 1 second; *p ≤ 0.05 vs placebo; †p < 0.05 vs
theophylline.
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Improvements in lung function were significantly
greater in fluticasone propionate- than zafirlukast-
or placebo-treated patients after 12 weeks of treat-
ment (table IV). The frequency of salbutamol use
decreased by 2.7 (p≤ 0.001vszafirlukast and pla-
cebo), 2 (p≤ 0.05 vs placebo) and 1.4 puffs/day,
respectively, in patients receiving fluticasone pro-
pionate, zafirlukast and placebo. Night-time awak-
enings in fluticasone propionate-, zafirlukast- and
placebo-treated patients were reduced by 0.35
(p ≤ 0.01vszafirlukast and placebo), 0.27 (p≤ 0.05
vs placebo) and 0.19 awakenings per night. Be-
tween baseline and the end of treatment, symptom
scores decreased by 0.65 (p≤ 0.001vszafirlukast
and placebo) in fluticasone propionate recipients,
0.39 in zafirlukast recipients and 0.47 in those re-
ceiving placebo. The proportion of symptom-free
days also increased significantly between baseline
and the end of treatment in the fluticasone propio-
nate group (fig. 5).[55]

Patients treated with fluticasone propionate also
experienced greater improvements in QOL, as mea-
sured by the AQLQ, than those treated with zafirlu-
kast or placebo. Baseline AQLQ scores were signif-

icantly different between the 3 groups (not pre-
sented in the abstract); however, these differences
were controlled for in the analysis. Global AQLQ
scores improved to a significantly greater extent in
patients treated with fluticasone propionate 88µg
twice daily than those treated with either zafirluk-
ast 20mg twice daily or placebo (32.1%vs23.3 and
21%, respectively), as did improvements in the Ac-
tivity Limitations (26.4% vs 22.9 and 18.4%),
Asthma Symptoms (39.4%vs 26.9 and 25.2%),
Emotional Function (40%vs27.1 and 25.3%) and
Environmental Exposure (36.5%vs26.6 and 27.5%)
domains of the AQLQ (p≤ 0.045 for fluticasone
propionatevs zafirlukast and placebo in each in-
stance).[86] Furthermore, a greater proportion of
fluticasone propionate- than zafirlukast- or placebo-
treated patients experienced moderate (1.0) and
large (1.5) improvements in Global AQLQ scores,
although the statistical significance of the differ-
ences was not reported (section 3).[87]

These results demonstrate that treatment with a
low dosage of fluticasone propionate is superior to
treatment with the recommended dosage of oral
zafirlukast in patients with asthma.

In summary, the results of randomised, compar-
ative trials demonstrate that fluticasone propionate
≤500 µg/day provides better control of persistent
asthma than inhaled nedocromil or oral theophyl-
line or zafirlukast.

3.3 Comparisons with Other 
Inhaled Corticosteroids

In this section the results of comparative trials
between fluticasone propionate≤250µg twice daily
and other inhaled corticosteroids in patients with
mild to moderate asthma are reviewed. Management
guidelines for asthma recommend that fluticasone
propionate be prescribed at half the microgram
dosage of other inhaled corticosteroids.[7,8]

3.3.1 Beclomethasone Dipropionate
In comparative studies, inhaled fluticasone

propionate and beclomethasone dipropionate con-
sistently maintained or improved control of asthma
in patients who were taking inhaled corticosteroids
prior to enrolment.[25,37,56,57] In each study, there
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Fig. 5. Increase in symptom-free days with fluticasone propio-
nate, zafirlukast or placebo in clinical trials. Difference between
the end of 12 weeks’ treatment and baseline in the number of
symptom-free days in patients treated with inhaled fluticasone
propionate 88µg twice daily (FP; n = 214), oral zafirlukast 20mg
twice daily (ZAF; n = 219) or placebo (n = 229) in adults and
adolescents with asthma during 2 multicentre, randomised,
double-blind studies.[55] *p ≤ 0.05 vs placebo; **p ≤ 0.01 vs pla-
cebo and zafirlukast.
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was at least 1 patient group which received flutica-
sone propionate at half the dosage of beclometha-
sone dipropionate.

Treatment with fluticasone propionate 50 to
250µg twice daily or beclomethasone dipropionate
168 to 500µg twice daily for 4 to 12 weeks pro-
duced improvements in morning and evening
PEF,[25,37,56,57]and FEV1[37,56,57] compared with
baseline (table V).

Fluticasone propionate produced significantly
greater spirometric improvements than beclometha-

sone dipropionate in 1 trial in which patients were
receiving beclomethasone dipropionate≥336
µg/day or triamcinolone acetonide≥800µg/day at
baseline.[57] Morning PEF and FEV1 increased sig-
nificantly in recipients of fluticasone propionate
88 or 220µg twice daily compared with beclo-
methasone dipropionate 168µg twice daily (table
V). Improvements in these parameters in the higher
fluticasone propionate dosage group were signifi-
cantly greater than in patients treated with beclo-
methasone dipropionate 336µg twice daily.[57] In

Table V. Summary of multicentre, randomised, double-blind, parallel-group trials comparing inhaled fluticasone propionate (FP) ≤ 500 µg/day
with inhaled beclomethasone dipropionate (BDP) in adults with asthma

Reference
[duration (wk)]

Dosage (delivery device)
[no. of patientsa]

Baseline characteristics
(mean)

Results at end-point

Baseline
FEV1 (L) [%
predicted]

β2-agonist
usage
(puffs/day)

FEV1

(L)b
FVC
(L)b

PEF (am,
pm; L/min)bc

β2-agonist
usage
(puffs/day)b

LOE
(%)

Dahl et al.[25]

(4)def
FP 50µg bid (MDI) [137] [75] 4.0 ↑5, ↑2 ↓0.2g 4

FP 100µg bid (MDI) [134] [70] 4.9 ↑13, ↑7 ↓0.7g 5

FP 200µg bid (MDI) [137] [73] 4.9 ↑15, ↑8 ↓0.6g 2

BDP 200µg bid (MDI) [131] [74] 5.1 ↑11, ↑5 ↓1.1g 2

Leblanc et
al.[37] (4)fh

FP 100µg bid (MDI) [123] 2.34 [74] 4.6 ↑0.07 ↑0.04 ↑17, ↑8 ↓1.5 2

BDP 200µg bid (MDI) [132] 2.21 [70] 4.5 ↑0.15 ↑0.10 ↑17, ↑14 ↓1.1 3

Lundback et
al.[56] (6)fhi

FP 250µg bid (MDI) [193] 2.3 ↑0.13 ↑0.17 ↑19, ↑11 3

FP 250µg bid (DH) [198] 2.49 ↑0.12 ↑0.15 ↑20, ↑15 3

BDP 500µg bid (MDI) [194] 2.42 ↑0.09 ↑0.09 ↑14, ↑14 6

Rapheal et
al.[57] abstract
(12)fjk

FP 88µg bid [99] [65]l ↑0.31* ↑15.8* ↓0.9* 13.1

FP 220µg bid [104] ↑0.36*† ↑24.9*† ↓0.6* 11.5

BDP 168µg bid [101] ↑0.18 ↑0.7 0 20.8

BDP 336µg bid [95] ↑0.21 ↑7.2 ↓0.2 12.6

a Number of patients included in the efficacy analysis, except in Lundback[56] for which the number of patients enrolled is presented.

b Mean change from baseline unless otherwise specified.

c When only 1 value is provided, it is the morning value.

d Data from a higher FP dosage group (400µg twice daily) are not presented as FP dosages >500 µg/day are outside the scope of this
review.

e Use of a spacer device was prohibited.

f Patients were receiving inhaled corticosteroids at the time of enrolment (BDP or BUD ≤ 400 µg/day,[37] 400 to 1000 µg/day,[56] or ≤ 1000
µg/day;[25] or BDP ≥ 336µg/day or triamcinolone acetonide ≥ 800 µg/day[57]).

g Median change from baseline.

h Use of a spacer device was permitted.

i Adolescents aged ≥12 years were included.

j The delivery device (i.e. DPI or MDI) used during the study was not indicated.

k Patients had an unmedicated FEV1 between 45 and 80% of the predicted normal value for their age, gender and height at screening.

l Mean baseline FEV1 (% predicted for patient age, gender and height) across all treatment groups.

am = morning; β2-agonist usage = use of as-needed β2-agonist bronchodilators; bid = twice daily; BUD = budesonide; DH = Diskhaler®

DPI; DPI = dry powder inhaler; FEV1 = forced expiratory volume in 1 second; FVC = forced vital capacity; LOE = withdrawal for loss of
efficacy/asthma exacerbation during the study; MDI = metered dose inhaler; PEF = peak expiratory flow rate; pm = evening; ↓ indicates
decrease; ↑ indicates increase; *p < 0.05 vs BDP 168 bid; †p < 0.05 vs BDP 336µg bid.
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other studies, no significant differences were de-
tected in spirometric endpoints between the flu-
ticasone propionate and beclomethasone dipro-
pionate treatment groups.

Requirements for as-neededβ2-agonist bron-
chodilators generally declined in patients treated
with inhaled fluticasone propionate≤500 µg/day
or beclomethasone dipropionate (table V).[25,37,57]

Use of as-needed salbutamol decreased signifi-
cantly after 12 weeks of fluticasone propionate 88
or 220 µg/day compared with recipients of
beclomethasone dipropionate 168µg twice daily in
1 study.[57]

The frequency of symptom-free days, symptom-
free nights and rescue medication-free days increased
in patients treated with fluticasone propionate
100µg twice daily or beclomethasone dipropionate
200µg twice daily for 4 weeks in 1 study (fig. 6).[37]

Whereas the increase in rescue medication-free
days was significantly greater in patients treated
with beclomethasone dipropionate than fluticasone
propionate (p < 0.05), there was no statistical dif-
ference in the frequency of as-needed salbutamol
usage between the 2 groups (table V).[37]

Withdrawal from studies because of asthma ex-
acerbations appears to reflect the severity of
asthma at baseline. Withdrawal was infrequent
(≤6%) and occurred with similar frequency in
fluticasone propionate and inhaled beclometha-
sone dipropionate recipients in 3 trials that enrolled
patients with mild or moderate asthma (table
V).[25,37,56]In the fourth study, patients with severe
asthma (baseline FEV1 45 to 80% of the predicted
value for their age, gender and height) were in-
cluded and correspondingly higher withdrawal
rates for loss of efficacy were reported (11.5 to
20.8%; table V).[57] Withdrawal rates in patients
treated with fluticasone propionate 88 or 220µg
twice daily or beclomethasone dipropionate 336µg
twice daily (11.5 to 13.1%) were considerably lower
than in recipients of beclomethasone 168µg twice
daily (20.8%), suggesting that the lower beclo-
methasone dipropionate dosage was inadequate for
the severity of asthma examined in this study.[57]

This is not at all surprising as patients were receiv-

ing inhaled beclomethasone dipropionate≥336
µg/day or triamcinolone acetonide≥800µg/day at
baseline.[57]

More patients receiving fluticasone propionate
200µg/day were rated ‘improved or better’by their
physicians than patients receiving beclomethasone
dipropionate 400µg/day in a Japanese study.[58]

However, lung function measurements were not re-
ported in this study.

The results of these trials suggest that flutica-
sone propionate at dosages≤500µg/day is at least
as effective as beclomethasone dipropionate given
at twice the microgram dosage in patients with
mild to moderate asthma.

Inhaled fluticasone propionate and beclometha-
sone dipropionate have also been compared in
studies in which a group of patients received
fluticasone propionate once daily.[71,72] The results
of these studies are described in section 3.5.2.

3.3.2 Budesonide
Fluticasone propionate≤500 µg/day has been

compared with budesonide 200 to 1200µg/day in
patients with mild to moderate asthma. In several
trials, the daily dosage of fluticasone propionate
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was less than or equal to half the daily dosage of
inhaled budesonide.[27-29,60,61]

Mean improvements in morning and/or evening
PEF in fluticasone propionate recipients were sim-
ilar to or exceeded those in budesonide recipients
in trials in which the daily dosage of inhaled flu-
ticasone was less than half or equal to the daily
dosage of budesonide, (table VI).[27-29,60,61]More-
over, improvements in morning PEF were signifi-
cantly greater in fluticasone propionate than
budesonide recipients in 2 studies.[28,61]

The frequency of as-neededβ2-agonist usage
decreased by a similar extent in patients treated
with fluticasone propionate 100 or 200µg twice
daily or budesonide 200 or 400µg twice daily.[28,29]

A greater degree of symptomatic relief was ob-
tained with fluticasone propionate 200µg/day than
budesonide 400µg/day in 1 study.[27] After 8
weeks, the median frequency of symptom-free
days increased more with fluticasone propionate
than budesonide (29 to 53%vsno change; p = 0.05)
as did symptom-free nights (29 to 58%vs 24 to
41%; p = 0.05), rescue medication-free days (0 to
17% vs no change; p = 0.01) and rescue medica-
tion-free nights (43 to 57%vs 29 to 31%; p =
0.02).[27]

Equal daily dosages of fluticasone propionate
and budesonide were compared in 2 trials. In 1
study,[59] patients with mild persistent asthma
(mean FEV1 ≥ 80% of the predicted value for their
age, gender and height) receiving ongoing treat-
ment with 400 to 800µg/day of inhaled beclometha-
sone dipropionate or budesonide were randomised
to receive either fluticasone propionate or budes-
onide at half their previous maintenance dose of
inhaled corticosteroid.[59] Although the increases
in morning and evening PEF from baseline and
reductions in the use of as-neededβ2-agonist med-
ication were greater in patients treated with inhaled
fluticasone propionate than budesonide, the differ-
ences were not statistically significant (table VI).[59]

Withdrawal rates for worsening asthma, which was
not objectively defined, were similar with the 2
therapies.[59]

In another study,[62] patients with mild to mod-
erate persistent asthma (mean FEV1 76.2 to 77.1%
of the predicted value for their age, gender and
height), most of whom (≥73.5%) were inhaled cor-
ticosteroid-naive at baseline, were assigned to re-
ceive fluticasone propionate 200µg twice daily,
budesonide 200µg twice daily or 400µg given in
the evening (nocte).[62] After 8 weeks’ treatment,
mean morning and/or evening PEF had increased
significantly over baseline values in all 3 groups
(evening PEF measurements were not provided for
budesonide 200µg twice daily recipients; table
VI). [62] Improvements in asthma symptom scores
and reductions in the frequency of as-neededβ2-
agonist bronchodilator usage were significant
compared to baseline in fluticasone propionate and
budesonide nocte recipients (p < 0.0001vs base-
line); however, there was no difference between
treatments.[62] Withdrawal rates for inadequate
asthma control were >4 times higher in both budes-
onide groups than in fluticasone propionate recip-
ients; however, the statistical significance of these
differences was not reported (table VI).[62]

The results of these studies suggest that flu-
ticasone propionate is at least as effective as
budesonide when given at half the microgram dos-
age of budesonide in patients with mild to moder-
ate asthma.

The effectiveness of fluticasone propionate
100µg plus salmeterol 50µg twice daily have been
compared with budesonide 400µg twice daily in
patients with moderate persistent asthma.[86] The
results of this study are presented in section 3.4.
Once daily administration of fluticasone propio-
nate 200µg and budesonide 400µg have also been
compared in a randomised study,[88] the results of
which are described in section 3.5.2.

3.3.3 Flunisolide
Inhaled fluticasone propionate 250µg twice

daily has been compared with inhaled flunisolide
500µg twice daily in patients with asthma in 3
comparative studies, 2 of which have been publish-
ed only as abstracts.[64,65] Morning and evening
PEF improved consistently in both fluticasone pro-
pionate- and flunisolide-treated patients (table
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VII). [63-65] The increase in morning and evening
PEF was significantly greater in fluticasone pro-
pionate recipients in 1 study, which enrolled in-
haled corticosteroid-naive patients with moderate
persistent asthma (FEV1 ≤80% of the predicted
value for their age, gender and height).[65] FEV1

increased by 17.2 and 11.9%, respectively, in
fluticasone propionate and flunisolide recipients in
another study (p≤ 0.04).[64]

Greater improvements in asthma symptoms in
fluticasone propionate- than flunisolide-treated
patients were reported in 1 study.[63] Patients with
moderate asthma (FEV1 ≥60% of the predicted
value for their age gender and height) treated
with fluticasone propionate had greater improve-
ments in cough (77vs 64% rated their symptoms
as better; p = 0.03vs flunisolide) and night-time
symptoms (68vs 52% rated their symptoms as

Table VI. Summary of multicentre, randomised, nonblind, parallel-group trials comparing inhaled fluticasone propionate (FP) ≤ 500 µg/day
with inhaled budesonide (BUD) in adults with asthma

Reference
[duration (wk)]

Dosage (delivery device)
[no. of patientsa]

Baseline characteristics (mean) Results at end-point

FEV1 (L) or
PEF (L/min)
[% predicted]

β2-agonist
usage
(puffs/day)

PEF (am, pm;
L/min)bc

β2-agonist
usage
(puffs/day)b

LOE
(%)

Basran[59] (8)de FP 100 or 200µg bid (DH) [92] 2.8 [82]f 3.2 ↑13.9, ↑4.4 ↓0.91 5.4

BUD 100 or 200µg bid (TB) [79] 2.7 [80.4]f 3.2 ↑3.9, ↓4.5 ↓0.41 7.6

Burdon et al.[60]

abstract (4)
FP 250µg bid (DK) [137] 403g

BUD 600µg bid (TB) [140] 400g

Connolly et al.[27]

(8)de
FP 100µg bid (DH) [98] 380.6 [79.1]h ↑39.7 1

BUD 200µg bid (DPI) [91] 379.3 [79.2]h ↑26.1 0

Langdon et al.[28]

(8)de
FP 200µg bid (DH) [138] 381.4h 3i ↑46.1i**, ↑19i ↓1.7i

BUD 400µg bid (DPI) [131] 371.3h 3.6i ↑27.5i, ↑12i ↓1.7i

Langdon et al.[29]

(8)dej
FP 100µg bid (MDI) [81] 333h 3.0 ↑33, ↑18 ↓0.89 2.5

BUD 200µg bid (MDI) [76] 338h 2.92 ↑25, ↑18 ↓0.86 4.9

Steinmetz[61] (6)djk FP 250µg bid (MDI) [235] 342h ↑45*

BUD 600µg bid (TB) [222] 338h ↑30

Venables et al.[62]

(8)de
FP 200µg bid (DH) [74] 406.1 [76.2]h 3.4 ↑32.8††, ↑19.4†i ↓2.1††i 1.4

BUD 200µg bid (TB) [79] 408.4 [77.1]h ↑21.4†† 6.3

BUD 400µg nocte (TB) [77] 398.8 [75.3]h 3.91 ↑32.1††, ↑22.7††i ↓2††i 7.8

a Number of patients included in the efficacy analysis, except in Venables et al.[62] for which the number of patients enrolled is presented.

b Mean change from baseline.

c When only 1 value is provided, it is the morning value.

d Patients had a baseline FEV1 ≥40%,[59] ≥50%,[27-29] ≥60%,[62] 50-80%,[61] or 50 to 90%[60] of the predicted value for their age, gender
and height.

e Patients were receiving inhaled corticosteroids at the time of enrolment (BDP, BUD or FP 0-200 µg/day;[62] BDP or BUD 0-500 µg/day[27]

or 0-600 µg/day;[28] 400-800 µg/day of any inhaled corticosteroid;[59] drug and dosage not specified[29]).

f FEV1.

g PEF at the end of the study.

h PEF.

i Estimated from graphs.

j Use of a spacer device was prohibited.

k Patients had not received inhaled corticosteroids for ≥3 weeks prior to enrolment.

am = morning; β2-agonist usage = use of as-needed β2-agonist bronchodilators; BDP = beclomethasone dipropionate; bid = twice daily;
DH = Diskhaler® DPI; DK = Diskus®/Accuhaler® DPI; DPI = dry powder inhaler; FEV1 = forced expiratory volume in 1 second; LOE = withdrawal
for loss of efficacy/asthma exacerbation during the study; MDI = metered dose inhaler; nocte = in the evening; PEF = peak expiratory flow
rate; pm = evening; TB = Turbuhaler® DPI; ↓ indicates decrease; ↑ indicates increase; * p < 0.01, **p = 0.009, vs BUD; †p < 0.001, ††p <
0.0001 vs baseline.
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better; p = 0.03vs flunisolide) than flunisolide re-
cipients.[63]

Although the evidence is limited, the results of
comparative trials suggest that fluticasone propio-
nate 250µg twice daily is at least as effective as
flunisolide 500µg twice daily.

3.3.4 Triamcinolone Acetonide
Greater improvement in asthma control was

achieved with fluticasone propionate 250 twice
daily than triamcinolone acetonide 200µg 4 times
daily after 24 weeks in 2 randomised trials of sim-
ilar design.[66,67] Patients in both trials had moderate
to severe persistent asthma (FEV1 50 to 80% of the
predicted value for their age, gender and height) at
baseline and were receiving inhaled corticoste-
roids (beclomethasone dipropionate 400 to 600
µg/day or triamcinolone acetonide 800 to 1200
µg/day) prior to enrolment.

Patients treated with fluticasone propionate
250µg twice daily had significantly greater im-
provements in FEV1 and morning PEF and signif-
icantly greater reductions in the frequency of as-
neededβ2-agonist usage compared with recipients
of triamcinolone acetonide 200µg 4 times daily or
placebo (table VIII).[66,67]The frequency of noctur-
nal awakenings and rates of withdrawal for loss of
efficacy were significantly lower in patients re-
ceiving either active treatment than placebo. Fur-
thermore, in 1 study these parameters improved to
a greater extent in fluticasone propionate than tri-
amcinolone acetonide recipients (p < 0.05).[67]

Overall symptom scores decreased significantly in
fluticasone propionate recipients compared with
placebo in both trials (p < 0.05).[66,67]At the end of
treatment, the frequency of symptom-free days
was significantly greater with either active treat-
ment than placebo in both trials and the frequency
of rescue medication-free days was significantly
greater in fluticasone propionate-treated patients
than triamcinolone acetonide or placebo recipients
in both trials (fig. 7).

QOL was assessed during 1 trial with the
AQLQ.[67] After 24 weeks, patients treated with
fluticasone propionate had significantly higher
global AQLQ scores compared with baseline (0.4

vs0; p < 0.001), triamcinolone acetonide recipients
(0.4vs0; p = 0.007) and placebo recipients (0.4vs
–0.5; p < 0.001).[67] Moreover, scores in 3 of the 4
domains on the scale (Activity Limitation, Asthma
Symptoms and Emotional Function, but not Envi-
ronmental exposure) were significantly greater in
fluticasone propionate than triamcinolone aceto-
nide (p≤ 0.029) or placebo recipients (p≤ 0.008).
Global AQLQ scores were unchanged between
baseline and end-point in triamcinolone acetonide
recipients; nonetheless, they were significantly
greater than those in placebo-treated patients (p≤
0.008), in whom QOL scores decreased signifi-
cantly (p < 0.001). The difference in AQLQ scores
between fluticasone propionate and placebo recip-
ients (0.9) at the end of treatment was clinically
meaningful (defined as a difference≥0.5).[67]

Triamcinolone acetonide 600µg twice daily has
also been compared with fluticasone propionate
220µg twice daily and with fluticasone propionate

Table VII. Summary of multicentre, randomised, parallel-group
trials comparing inhaled fluticasone propionate (FP) ≤ 500 µg/day
with inhaled flunisolide (FLD) in adults with asthma

Reference
[duration (wk)]

Dosage(delivery device)
[no. of patientsa]

Increase in PEF
(am, pm; L/min)b

Bergmann[63] (6)c FP 250µg bid (DPI) [84] ↑66, ↑48

FLD 500µg bid (MDId) [85] ↑58, ↑51

Srebro et al.[64]

abstract (8)e
FP 250µg bid (DH) [164] ↑41

FLD 500µg bid (MDI) [157] ↑29

Trautmann[65]

abstract (6)f
FP 250µg bid (MDI) [169] ↑51*,↑41*

FLD 500µg bid (MDI) [159] ↑26, ↑22

a Number of patients included in the efficacy analysis.

b Mean change from baseline to end-point (when only 1 value is
provided it is the morning value).

c With the exception of 15 patients enrolled in this nonblind
study, the baseline FEV1 was ≥60% of the predicted value for
the age, gender and weight of each patient. Adolescents
Aged ≥ 14 years were included.

d A spacer device was used.

e Patients had not received inhaled corticosteroids for ≥ 4 weeks
prior to this double-blind study.

f Patients enrolled in this nonblind study had not received prior
inhaled corticosteroids and had a baseline FEV1 of ≤80% of
the predicted value for their age, gender and height.[89]

am = morning; bid = twice daily; DH = Diskhaler® DPI; DPI = dry
powder inhaler; FEV1 = forced expiratory volume in 1 second;
MDI = metered dose inhaler; PEF = peak expiratory flow rate; pm
= evening; *p < 0.01; FP vs FLD.
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88µg plus salmeterol 42µg twice daily in patients
with asthma.[76] The results of this study are pre-
sented in section 3.4.

3.4 In Combination with Salmeterol

Combining long-acting inhaledβ2-agonist bron-
chodilators (e.g. salmeterol, formoterol) with in-
haled corticosteroids may improve control of asthma
and allow for the use of a lower inhaled corticoste-
roid dosage. The combination of inhaled salmet-
erol and inhaled fluticasone propionate has been
evaluated in patients with mild to severe persistent
asthma. As yet, most of these studies have been
published only as abstracts.[74-79,82,83,90]

Combining the 2 drugs in the same delivery de-
vice does not alter the efficacy of fluticasone pro-
pionate plus salmeterol treatment. There were no
statistically significant differences in FEV1 or PEF,
and≥32[74] and≥60%[90] of patients were symptom
free at the end of treatment compared with≤2[74]

and ≤35%[90] at baseline in patients treated with
fluticasone propionate (100[90] or 250µg[74]) plus
salmeterol 50µg twice daily given in 2 separate dry
powder inhalers or combined in the same dry pow-
der inhaler (table IX).[74,90]

The results of a 4-week placebo-controlled trial
suggest that fluticasone and salmeterol have addi-
tive effects.[83] After 4 weeks, FEV1 increased by
at least 2-fold in patients (FEV1 50 to 80% of the
predicted value for their age, gender and height)
treated with inhaled salmeterol 42µg plus flutica-
sone propionate 88 or 220µg twice daily compared
with recipients of salmeterol or either dosage of
fluticasone propionate alone (table IX).[83] More-
over, the combination of salmeterol 42µg plus
fluticasone propionate 220µg twice daily, but not
salmeterol 42µg plus fluticasone propionate 88µg
twice daily, produced greater improvements in
FEV1 than either drug given separately (p <
0.05).[83]

Fluticasone propionate 100µg plus salmeterol
50µg twice daily improved lung function, decreased
asthma symptoms and prevented LOE to a greater
extent than either drug given separately. The com-
bination produced a 3-fold greater improvement in

Table VIII
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Table VIII. Summary of multicentre, randomised, double-blind, parallel-group trials comparing inhaled fluticasone propionate (FP) ≤ 500 µg/day with inhaled triamcinolone acetonide
(TAA) in patients aged ≥12 years with asthma

Referencea

[duration
(wk)]

Dosage (delivery device)
[no. of patientsb]

Baseline characteristics (mean) Results at end-point

FEV1 (L)
[% predicted]

β2-agonist
usage
(puffs/day)

nocturnal
wakenings/
wk

FEV1 (L)c am PEF
(L/min)c

β2-agonist
usage
(puffs/day)c

overall
symptom
scorec

nocturnal
awakenings/
wkc

LOE (%)

Condemi et
al.[66] (24)

FP 250µg bid (DH) [95] 2.37 [68] 3.0 0.09 ↑0.27*† ↑21*† ↓0.9*† ↓0.3† ↓0.03† 17††

TAA 200µg qid (MDI) [101] 2.27 [67] 3.3 0.10 ↑0.07† ↓6† ↓0.2 ↓0.1† ↓0.01† 27††

PL [95] 2.25 [66] 3.2 0.08 ↓0.18 ↓28 ↑1.6 ↑0.7 ↑0.27 60

Gross et
al.[67] (24)

FP 250µg bid (DH) [100] 2.38 [66] 3.2 0.09 ↑0.32*† ↑18*† ↓0.6*† ↓0.3† ↓0.04*† 17**††

TAA 200µg qid (MDI) [101] 2.44 [67] 3.2 0.09 ↑0.03† ↓3† ↑0.6† ↓0.1 ↑0.11† 33††

PL [103] 2.51 [68] 3.3 0.10 ↓0.18 ↓24 ↑1.9 ↑0.8 ↑0.26 65

a Patients had a baseline FEV1 of 50 to 80% predicted and had been receiving treatment with beclomethasone dipropionate 400 to 600 µg/day or TAA 800 to 1200 µg/day for
≥4 weeks prior to enrolment.

b Number of patients included in the efficacy analysis.

c Mean change from baseline.

am PEF = morning peak expiratory flow rate; β2-agonist usage = use of as-needed β2-agonist bronchodilators; bid = twice daily; DH = Diskhaler® dry powder inhaler; FEV1 = forced
expiratory volume in 1 second; LOE = withdrawal for loss of efficacy/asthma exacerbation during the study; MDI = metered dose inhaler with spacer device; PL = placebo; qid = 4
times daily; ↓ indicates decrease; ↑ indicates increase; *p < 0.05, **p < 0.01, vs TAA; †p < 0.05, ††p < 0.001 vs PL.
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PEF than fluticasone propionate 100µg given alone,
and significantly decreased asthma symptom scores
and the frequency of as-needed salbutamol use
compared with fluticasone propionate 100µg twice
daily, salmeterol 50µg twice daily or placebo (p≤
0.003) in a 12-week trial.[75] In another trial, in
which 44% of placebo recipients were withdrawn
for loss of efficacy, the frequency of loss of efficacy
was significantly lower in patients treated with
fluticasone propionate 100µg plus salmeterol 50µg
twice daily (5%) than in those treated with either

drug alone or placebo (significance level not pro-
vided; table IX).[78]

The addition of inhaled salmeterol may be an
effective alternative to increasing the dose of in-
haled corticosteroid in patients with uncontrolled
asthma (FEV1 < 80% of the predicted value for
their age, gender and height). In patients with mild
to severe persistent asthma (FEV1 ≥ 40% of the
predicted value for their age, gender and height)
not controlled by inhaled fluticasone propionate
88µg twice daily during a 2- to 4-week run-in period,
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Fig. 7. Symptom-free days and rescue medication-free days in fluticasone propionate, triamcinolone acetonide or placebo recipients
in 2 clinical trials. Difference between the final 3 weeks of the 24-week treatment period (end-point) and the 1-week run-in period
(baseline) in the percentage of symptom-free days and rescue medication-free days in patients receiving inhaled fluticasone propi-
onate 250µg twice daily (FP) given by Diskhaler, inhaled triamcinolone acetonide 200µg 4 times daily (TAA) given by metered dose
inhaler or placebo (PL) in 2 multicentre, randomised, double-blind, parallel-group trials [Condemi et al. (a)[66] and Gross et al. (b)[67]]
Patients had mild to moderate persistent asthma (FEV1 ≥ 60% of the predicted value for their age, gender and height) and had been
receiving treatment with inhaled beclomethasone dipropionate 400 to 600 µg/day or inhaled triamcinolone acetonide 800 to 1200
µg/day prior to enrolment. FEV1 = forced expiratory volume in 1 second; *p < 0.05 vs placebo; † p < 0.05 vs triamcinolone acetonide.
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Table IX. Summary of multicentre, randomised, parallel-group trials comparing inhaled fluticasone propionate (FP) ≤ 500 µg/day plus inhaled salmeterol (SLM) with placebo (PL) or
other therapies in patients with asthma

Reference
[duration (wk)]

Dosage (delivery device)
[no. of patientsa]

Baseline Results at end-point

FEV1 (L) or PEF
(L/min) [% predicted]

FEV1 (L)b amPEF
(L/min)b

LOE
(%)

FP plus SLM in separate delivery devices versus FP plus SLM combined in the same delivery device
Bateman et al.[90] (12)cd FP 100µg plus SLM 50µg bid (DK) [121] 2.42 [75]e ↑0.20 ↑47 0

FP 100µg bid (DK) plus SLM 50µg bid (DK) [123] 2.33 [76]e ↑0.17 ↑39 0

Ringdal et al.[74] abstract
(28f)c

FP 250µg plus SLM 50µg bid (DK) [371] ↑0.26 ↑43

FP 250µg bid (DK) plus SLM 50µg bid (DK) ↑0.24 ↑36

FP plus SLM versus other comparators
Cook et al.[76] abstract
(12)cgh

FP 220µg bid [114] ↑0.45††† ↑33.2†

FP 88µg plus SLM 42µg bid [118] ↑0.46††† ↑42†††

TAA 600µg bid [118] ↑0.20 ↑4.9

Di Lorenzo et al[77] abstract
(24)di

FP 250µg plus SLM 50µg bid (MDI) [177] ↑30 7

BDP 500µg plus SLM 50µg bid (MDI) ↑38 9

Edwards et al.[78] abstract
(12)cdh

FP 100µg bid (DK) [356] [64]ej 12

SLM 50µg bid (DK) 24

FP 100µg plus SLM 50µg bid (DK) 5

PL 44

Gross et al.[75] abstract
(12)cd

FP 100µg bid (DK) [90] 377k ↑18

SLM 50µg bid (DK) [92] 371k ↑0.2

FP 100µg plus SLM 50µg bid (DK) [92] 400k ↑54**

PL [82] 384k ↓23

Ind et al.[79] abstract (24)dgl FP 250µg bid [496] 347k ↑22.5

FP 500µg bid 357.4k ↑21.5

FP 250µg plus SLM 50µg bid 346.6k ↑47.8‡‡‡

Johansson et al.[86]

abstractadm
FP 100µg plus SLM 50µg bid (DK) [349] 383k ↑44††

BUD 400µg bid 382k ↑31

Kalberg et al.[82] abstract
(24)dl

FP 220µg bid (MDI) [489] ↑30 32n

FP 88µg plus SLM 42µg bid (MDI) ↑45‡‡ 20n

Stricker et al.[83] abstract
(4)gko

FP 88µg bid [23] 2.9 [69]e ↑0.3*

FP 220µg bid [23] 2.5 [65]e ↑0.3*

SLM 42µg bid [21] 2.8 [70]e ↑0.3

FP 88µg plus SLM 42µg bid [25] 2.3 [67]e ↑0.6*

FP 220µg plus SLM 42µg bid [21] 2.6 [69]e ↑0.7*†‡

PL [23] 2.4 [68]e 0

a Number of patients included in the efficacy analysis except Ringdal et al.,[74] Di Lorenzo et al.,[77] Edwards et al.,[78] Ind et al.,[79] Johansson et al.[86] and Kalberg et al.[82] for
which the total number of patients enrolled in the trial are presented.
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the addition of inhaled salmeterol 42µg produced
similar[76] or greater (p≤ 0.004)[82] improvements
in morning PEF than increasing the dose of
fluticasone propionate to 220µg twice daily (table
IX). Morover, in 1 of these studies,[82] the fre-
quency of symptom-free days increased by a sig-
nificantly greater amount in patients treated with
combined salmeterol 42µg plus fluticasone propi-
onate 88µg twice daily than with fluticasone pro-
pionate 220µg twice daily (28vs11%; p≤ 0.004).[82]

Similar results were obtained in patients with
moderate asthma not controlled (PEF < 90% of the
predicted value for their age, gender and height) by
4 weeks’ treatment with fluticasone propionate
250µg twice daily.[79] The addition of salmeterol
50µg twice daily produced significantly greater
improvement in PEF than doubling the dose of
fluticasone propionate (p < 0.0001; table IX). In
addition to the superior improvement in lung func-
tion, a significantly greater proportion of patients
treated with the combination had median symptom
scores of 0 than those receiving fluticasone propi-
onate 250 or 500µg twice daily alone.[79]

Fluticasone propionate 100µg (or 88µg) plus
salmeterol 50µg (or 42µg) twice daily produced
significantly greater spirometric improvements
than triamcinolone acetonide 600µg twice daily or
budesonide 400µg twice daily. Spirometric im-
provements in patients treated with salmeterol
42µg plus fluticasone propionate 88µg twice daily
or inhaled fluticasone propionate 220µg twice
daily were significantly greater than those in pa-
tients treated with inhaled triamcinolone acetonide
600µg twice daily (table IX).[76] Similarly, after 12
weeks fluticasone propionate 100µg plus salmeterol
50µg twice daily produced significantly greater
improvements in morning (p = 0.006) and evening
(mean difference = 14L; p = 0.002) PEF than
budesonide 400µg twice daily in patients with
moderate asthma (mean PEF = 76% of the pre-
dicted value for their age, gender and height).[86]

Improvement in morning PEF and withdrawal
rates for loss of efficacy were similar after 24
weeks in patients treated with inhaled fluticasone
propionate 250µg plus salmeterol 50µg twice daily
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b Mean change from baseline.

c Adolescents aged ≥ 12 years were included.

d Double-blind.

e FEV1.

f PEF results were those obtained after 12 weeks.

g The delivery device (i.e. DPI or MDI) used during the study was not indicated.

h Patients had a baseline FEV1 of 40 to 85% predicted[76,78] plus ≥15% reversibility in FEV1 despite inhaled corticosteroid treatment.[76]

i Patients were receiving inhaled corticosteroids (400 to 1000 µg/day BDP or flunisolide) and long-acting inhaled β2-agonists prior to enrolment.

j Mean baseline FEV1 across all treatment groups.

k PEF.

l Only patients who were symptomatic after receiving FP 88[82] or 250µg bid[79] for 2 to 4 weeks were eligible for enrolment.

m Patients had a baseline FEV1 of 76% of the predicted value for their age, gender and height and were receiving inhaled corticosteroids ≤500µg prior to enrolment.

n Number of patients (not percentage) requiring oral corticosteroids for asthma exacerbations.

o Patients had a baseline FEV1 of 50 to 80% of the predicted value for their age, gender and height plus ≥15% reversibility in FEV1 and were not receiving inhaled
corticosteroids prior to enrolment.

amPEF = morning peak expiratory flow rate; BDP = beclomethasone dipropionate; bid = twice daily; DK = Diskus®/Accuhaler® DPI; DPI = dry powder inhaler; FEV1 = forced expiratory
volume in 1 second; LOE = loss of efficacy/asthma exacerbation during the study; MDI = metered dose inhaler; PEF = peak expiratory flow rate; TAA = triamcinolone acetonide;
*p < 0.05 vs PL; **p < 0.001 vs PL and other agents; †p < 0.05 vs TAA 600µg bid or SLM 42µg bid; ††p = 0.006 vs BUD 400µg bid; ††† p < 0.001 vs TAA 600µg bid; ‡p < 0.04 vs FP
220µg bid; ‡‡p ≤ 0.004 vs FP 220µg bid; ‡‡‡p < 0.0001 vs FP 250 or 500µg bid.
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or inhaled beclomethasone dipropionate 500µg
twice daily plus salmeterol 50µg twice daily (table
IX). [77]

Reductions in nocturnal airway obstruction im-
proved daytime cognitive performance in patients
with asthma. Performance on psychometric tests in
patients with mild persistent asthma (mean FEV1

82.4%; n = 46) and considerable circadian varia-
tion in PEF (mean = 22.9%) were evaluated in a
randomised double-blind, parallel-group study.[91]

At baseline, 16 healthy volunteers completed the
paced auditory serial addition test (PASAT) more
quickly than patients with asthma (p < 0.05).[91]

Moreover, patients with >20% circadian variation
in PEF performed less well on the PASAT test than
patients with <20% variation in PEF.[91] Treatment
with inhaled fluticasone propionate 250µg twice

daily (n = 16), salmeterol 50µg twice daily (n = 16),
or the 2 drugs combined (n = 14) for 6 weeks re-
duced the variation in PEF to≤10% in all 3 groups
and improved performance on psychometric tests
to levels comparable with healthy controls.[91]

QOL, as measured by the AQLQ, and sleep quality
improved significantly in patients treated with
fluticasone propionate 250µg plus salmeterol 50µg
twice daily. After 12 weeks’ treatment, clinically
significant differences (≥0.5 points) were seen in
mean total AQLQ scores and scores on each of the
4 domains of the AQLQ between patients receiving
the combination and those treated with salmeterol
50µg twice daily alone (≥ 0.84; p≤ 0.001) or pla-
cebo (≥ 0.96; p≤ 0.001).[92] In patients receiving
combined fluticasone propionate plus salmeterol,
mean total AQLQ scores were greater than in pa-
tients treated with fluticasone propionate 250µg
twice daily (0.45; p≤ 0.05); however, this differ-
ence was not clinically significant.[92] Sleep qual-
ity, as measured by a 3-item sleep scale, improved
significantly in patients receiving the combination,
but not in those receiving salmeterol alone or pla-
cebo (p < 0.001).[92]

3.5 Once Daily Administration

3.5.1 Comparisons with Placebo
Once daily administration of fluticasone propi-

onate≤500 µg/day improved or maintained lung
function and improved QOL in patients with mild
to moderate asthma (table X).[68,69] Morning PEF
was significantly greater in patients with mild
asthma and both morning and evening PEF were
significantly greater in patients with moderate
asthma after 12 weeks’ treatment with fluticasone
propionate 100µg or 250µg twice daily, respec-
tively, compared with once daily administration of
the same daily dosage.[68] Nevertheless, pulmonary
function remained within 5% of baseline in the pa-
tients receiving once daily fluticasone propionate,
many of whom had been receiving inhaled cortico-
steroids (≤500µg/day) prior to the study.[68] In an-
other study, morning PEF was significantly greater
after 12 weeks’ treatment with fluticasone propio-
nate 250µg twice daily or 500µg once daily than

Table X. Summary of multicentre, randomised, double-blind,
parallel-group trials of inhaled fluticasone propionate (FP) ≤500
µg/day given in 1 or 2 daily doses in adults with asthma

Reference
[duration (wk)]

Dosage regimen (delivery
device) [no. of patientsa]

PEF (am,
pm; L/min)b

Boulet et al.[68]

abstract (12)c
FP 100µg bid [457] ↑19*, ↑13

FP 200µg od ↑10, ↑10

Boulet et al.[68]

abstract (12)d
FP 250µg bid [443] ↑17**, ↑10*

FP 500µg od ↑1, ↑5

Clifford et al.[69]

abstract (12)
FP 250µg bid (DK) [85] ↑35††

FP 500µg od (DK) [80] ↑23††

PL [80] ↓15

Kerwin et al.[70]

abstract (12)
FP 100µg od (DK) [79] ↑1

FP 200µg od (DK) [81] ↑11†

FP 500µg od (DK) [86] ↑28*†

PL [84] ↓15

a Number of patients included in the efficacy analysis, except
Boulet,[68] for which the total number of patients enrolled in
each arm of the trial is presented.

b Mean change from baseline to end-point (when only 1 value is
provided, it is the morning value).

c Patients were receiving inhaled corticosteroids (0-500 µg/day)
prior to enrolment. Inhaler type (i.e. DPI or MDI) not indicated.

d Patients were receiving inhaled corticosteroids (400-1200
µg/day) prior to enrolment. Inhaler type (i.e. DPI or MDI) not
indicated.

am = morning; bid = twice daily; DK = Diskus® DPI; DPI = dry
powder inhaler; MDI = metered dose inhaler; od = once daily;
PEF = peak expiratory flow rate; PL = placebo; pm = evening;
↓ indicates decrease; ↑ indicates increase; *p < 0.05, **p < 0.001
vs other FP dosage regimen(s), †p < 0.05, ††p < 0.001 vs placebo.
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placebo, with no significant difference between the
2 fluticasone propionate dosages.[69] Asthma symp-
tom scores decreased significantly (–0.32 and –0.33
with 500µg daily and 250µg twice daily, respec-
tively, vs 0.16 with placebo) and global AQLQ
scores increased significantly (0.81 and 0.46vs
–0.22; p < 0.001) in fluticasone propionate recipi-
ents compared with placebo recipients in the latter
trial.[69,93]

Fluticasone propionate 100, 200 or 500µg once
daily maintained or improved morning PEF com-
pared with placebo in patients with moderate to
severe persistent asthma (FEV1 45 to 75%) pre-
viously treated with inhaled corticosteroid orβ2-
agonist therapy (table X). After 12 weeks, morning
PEF increased significantly in recipients of
fluticasone propionate 200 or 500µg once daily
compared with placebo.[70] Moreover, the frequency
of as-needed salbutamol use and nocturnal awak-
enings, and asthma symptom scores decreased
significantly in patients treated with fluticasone
propionate 200 or 500µg once daily than placebo
(p < 0.05).[70] The frequency of as-needed salbu-
tamol usage was significantly lower in patients
treated with fluticasone propionate 100µg once
daily than placebo; however, there were no statis-
tically significant differences between these 2
groups for any other efficacy parameters.

The results of these studies demonstrate that
once daily administration of fluticasone propionate
maintains or improves lung function in patients
with mild to moderate asthma.

3.5.2 Comparisons with Other 
Inhaled Corticosteroids
In 299 inhaled corticosteroid-naive patients

with asthma, fluticasone propionate 200µg once
daily or 100µg twice daily or beclomethasone
dipropionate 168µg twice daily (i.e. twice the daily
dosage of fluticasone propionate) generally im-
proved control of asthma.[72] PEF (p < 0.005) and
FEV1 (p < 0.05) increased and usage of as-needed
β2-agonists decreased (p < 0.05) significantly in
patients receiving active treatment compared with
placebo.[72] Significantly fewer fluticasone propi-
onate than placebo recipients were withdrawn for

loss of efficacy (7 and 5 patients from once and
twice daily groupsvs19 from placebo; p < 0.01).[72]

In contrast, the number of beclomethasone
dipropionate recipients (not presented) withdrawn
for loss of efficacy did not differ from placebo.

In another study, in which patients were receiv-
ing inhaled beclomethasone dipropionate≥400
µg/day or triamcinolone acetonide≥800 µg/day
prior to enrolment (n = 271) greater spirometric
improvements were obtained with twice daily than
once daily administration of fluticasone propio-
nate.[71] Improvements in FEV1 were significantly
greater in patients receiving either fluticasone pro-
pionate 100µg or beclomethasone 168µg twice
daily than placebo (p≤ 0.002).[71] Lung function
did not deteriorate in patients receiving fluticasone
propionate 200µg once daily (mean FEV1 increased
by 0.11L), but there was no significant difference
in the FEV1 in patients in this group and the pla-
cebo group at end-point (p = 0.055). Nonetheless,
asthma symptom scores (p < 0.04), rescue salbut-
amol usage (p≤ 0.003) and withdrawal rates for
loss of efficacy (p < 0.05) were significantly lower
in patients receiving all active treatments com-
pared with placebo.[71]

In a further comparative trial, once daily admin-
istration of fluticasone propionate 200µg or
budesonide 400µg for 12 weeks provided similar
improvements in morning PEF in patients with
mild to moderate asthma (n = 219).[88]

These trials provide further evidence that once
daily administration of fluticasone propionate is
effective in maintaining or improving lung func-
tion in patients with mild to moderate asthma.

3.6 Device Preference

Fluticasone propionate is currently available in
a pressurised metered dose inhaler (MDI) and 2
different breath activated dry powder inhalers
(DPI), the Diskhaler® and the Diskus®/Accuhaler®.
There were no differences in any outcome meas-
ures (morning and evening PEF, the frequency of
symptom-free days or nights and requirements for
as-needed salbutamol) when equivalent dosages
of fluticasone propionate were administered with
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the MDI or Diskhaler® DPI (100µg twice daily)
in 296 adult patients (use of a spacer device was
permitted with the MDI),[94] or when the Disk-
haler® DPI and the Diskus®/Accuhaler® DPI (250µg
twice daily) were compared in 364 patients with
mild to moderate asthma.[95]

The 2 DPI devices have a high rate of patient
acceptance,[95-97] although most patients enrolled
in randomised, double-blind, double dummy trials
preferred the Diskus®/Accuhaler® to the Diskhaler®

(61.4vs25.4%[96]; 65vs25%[95]) and more patients
preferred the MDI to the Diskhaler® in a further
study (40vs33%).[56]

The Diskus®/Accuhaler® received higher pref-
erence ratings than the Turbuhaler® from patients
with asthma.[98,99] When interviewed in their own
homes, significantly more patients (n = 159) pre-
ferred the Diskus®/Accuhaler® (65%; p < 0.001vs
the Turbuhaler®) and perceived it to be easier to use
than the Turbuhaler® (p = 0.002).[98] In a nonblind,
parallel-group study, more patients (n = 277) as-

signed to the Diskus®/Accuhaler® used the device
correctly the first time (81vs 61%) and found it
very easy to use (65vs 47%) compared with the
Turbuhaler®.[99] In another nonblind, study in
which fluticasone propionate was compared with
budesonide (see table VI[62]), more patients pre-
ferred the Turbuhaler® than the Diskhaler® (59 vs
41%; p = 0.015) during a 4 week crossover
phase.[62]

3.7 Pharmacoeconomic Studies

The cost effectiveness of fluticasone propionate
has been compared with that of budesonide[100-102]

and flunisolide[103,104] in adult patients with mild
to moderate asthma.

Inhaled fluticasone propionate was more cost
effective than budesonide when given at doses that
were less than half of or equal to the dose of
budesonide (table XI).[100,101] When the costs of
medications, physician visits and hospitalisations
incurred during a clinical trial (see table VI[61])

Table XI. Cost-effectiveness comparisons of inhaled fluticasone propionate (FP) ≤500 µg/day and other inhaled corticosteroids in adults with
asthma

Reference
(country and year)

Dosage Successful
treatment
(% of patients)a

Symptom-free
days
(%)

Cost of successful
treatment
(per patient)

Cost per
symptom-free day

Comparisons with budesonide (BUD)
Booth et al.[100] (UK 1995)b FP 200µg bid (DH) 57 £11.18/week

BUD 400µg bid (TB) 46 £11.98/week

Steinmetz et al.[101]

(Germany 1997)c
FP 250µg bid (MDI) 47 40 DM9.00/day DM10.58

BUD 600µg bid (MDI) 42 34 DM12.36/day DM15.26

Venables et al.[102]

(UK 1996)b
FP 200µg bid (DH) 48 48 £2.08/day £2.08

BUD 200µg bid (TB) 39 39 £1.44/day £1.44

BUD 400µg nocte (TB) 45 43 £1.20/day £1.26

Comparisons with flunisolide (FLD)
Volmer et al.[103] abstract
(Germany)d

FP 250µg bid (DH) 55.3 14.4 DM338.8 DM13.13

FLD 500µg bid (MDI) 44.5 11.2 DM369.1 DM14.78

Volmer et al.[104] abstract
(Germany)d

FP 250µg bid (DH) 56.8 15.3 DM314.46/patient DM11.79

FLD 500µg bid (MDI) 39.6 12 DM375.32/patient DM12.50

a Defined as an increase of 5%[100,102] or 10%[101,103,104] in predicted peak expiratory flow rate.

b Costs accounted for included study medication, other asthma medications and medication required to manage adverse events.

c Costs accounted for included study medication, other asthma medications, medications required to manage adverse events, physician of-
fice visits and hospitalisations.

d The nature of the costs and the year in which they were incurred was not provided.

bid = twice daily; DH = Diskhaler® dry powder inhaler; DM = Deutschmark; MDI = metered dose inhaler; nocte = in the evening; TB =
Turbuhaler® dry powder inhaler; £ = pounds sterling.
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were collated, fluticasone propionate 250µg twice
daily was more cost effective than budesonide
600µg twice daily from a German third-party payer
perspective.[101] Fluticasone propionate was cost
effective when total treatment costs were changed
by ±20%, PEF values were varied by±10% or the
cost per puff of budesonide was reduced by 30%
in univariate sensitivity analyses. In a similar eco-
nomic analysis of a UK study (see table VI[28]),[100]

the cost of successful treatment with fluticasone
propionate 200µg twice daily was lower than
budesonide 400µg twice daily and remained lower
when the minimum improvement in PEF varied
from 1 to 10% in a sensitivity analysis (table
XI). [100] Only medication costs were accounted for
in this analysis.

In a further comparison, in which only medica-
tion costs were accounted for, budesonide 200µg
twice daily or 400µg nocte was more cost effective
than fluticasone propionate 200µg twice daily.[102]

However, the same dosage of fluticasone propio-
nate and budesonide were used in this study (see
table VI[62]), which does not reflect the recommen-
dations for 2-fold dosage differences in contempo-
rary asthma treatment guidelines.[7,8]

Two analyses have shown fluticasone propio-
nate 250µg twice daily to be more cost effective
than flunisolide 500µg twice daily (table XI).[103,104]

These studies are available only as abstracts, in
which the nature of the costs included and ex-
cluded were not disclosed and no sensitivity anal-
yses were presented.

These cost-effectiveness studies suggest that
inhaled fluticasone propionate is more cost effec-
tive than budesonide and possibly flunisolide when
the dosage of fluticasone propionate is less than
half the dose of budesonide or flunisolide. How-
ever, only a portion of the direct costs associated
with asthma care were considered in these trials
and the often substantial indirect costs associated
with asthma (absence from school or work, loss of
wages, lost productivity) were not considered.

4. Tolerability

The incidence of adverse events in clinical trials
was generally not significantly different in patients
treated with fluticasone propionate≤250µg twice
daily compared with placebo.[19-22,49,50]The over-
all incidence of adverse events ranged from 4 to
11% in placebo recipients and 10 to 19% in flutica-
sone propionate recipients in comparative stud-
ies.[14,21,22,49,50]In only 1 trial did more fluticasone
propionate than placebo recipients experience
more adverse events (p = 0.05 for fluticasone pro-
pionate 50 or 100µg twice daily vs placebo).[49]

Withdrawal from a study because of an adverse
event was rare, occurring in≤4 and≤2% of flutica-
sone propionate and placebo recipients, respec-
tively.[14,20-22,49,50] Oral candidiasis, dysphonia
(hoarseness) or pharyngitis were reported by≤6%
and ≤3% of fluticasone propionate and placebo
recipients, respectively.[19-22,49,50]

In trials comparing fluticasone propionate 50 to
250µg twice daily with either beclomethasone
dipropionate 168 to 500µg twice daily or budeson-
ide 100 to 600µg twice daily, the frequency of ad-
verse events was similar. Oral candidiasis was re-
ported in≤6.5% of fluticasone propionate recipients
and in≤5.4% of patients receiving either inhaled
beclomethasone dipropionate or budesonide in
these trials.[25,27-29,37,56,61,62]

A higher frequency of adverse events was re-
ported in trials comparing fluticasone propionate
250µg/day and triamcinolone acetonide 200µg 4
times daily. The frequency of treatment-related ad-
verse events was significantly (p < 0.001) greater
in patients treated with fluticasone propionate
250µg twice daily (20%) than either triamcinolone
acetonide 200µg 4 times daily (5%) or placebo
(5%) in 1 trial.[67] In another study, which employed
the same design, the frequency of adverse events
in fluticasone propionate, triamcinolone acetonide
and placebo recipients was 15, 8 and 13%, respec-
tively.[66] There were no differences in the inci-
dence of individual adverse events with the excep-
tion of oral candidiasis, which was reported by 8%
of fluticasone propionate recipients, 3% of triam-
cinolone acetonide recipients and 1% of placebo-
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treated patients (p = 0.035 for fluticasone propio-
natevs triamcinolone acetonide or placebo).[66]

In trials comparing fluticasone propionate
≤250µg twice daily with other inhaled corticoste-
roids or nedocromil, <10% of patients were with-
drawn from any treatment group because of ad-
verse events.[25,27,28,37,53,59,61,62,66,67]No unexpected
adverse events have been associated with flutica-
sone propionate in patients with mild to moderate
asthma.

5. Dosage and Administration

Ideally the initial dosage of inhaled corticoste-
roid should be sufficient to promptly establish dis-
ease control and abolish symptoms in patients with
persistent asthma.[7,8] Once control is established,
particular attention should be paid to establishing
the lowest effective maintenance dosage for any
given patient as, although systemic adverse effects
are unusual with the dosages used for mild to mod-
erate asthma, the lowest effective dosage is desired
in any patient treated with inhaled corticoste-
roids.[7,8] A step-wise dosage reduction should be
considered once control of asthma is achieved. The
British guidelines recommend reducing the daily
dosage of inhaled corticosteroid by 25 to 50% at 1-
to 3-month intervals while carefully monitoring the
patient.[7]

In the UK, the manufacturer recommends using
inhaled fluticasone propionate for the prophylactic
management of mild asthma when patients require
intermittent symptomatic bronchodilator medica-
tion on a regular basis. In patients aged≥16 years,
the initial dosage of fluticasone propionate for mild
asthma is 100 to 250µg twice daily. For moderate
asthma, defined as unstable or worsening symp-
toms despite prophylactic therapy or broncho-
dilator medication, the recommended initial dosage
is 250 to 500µg twice daily. The recommended dos-
age range for patients≥16 years of age is 100 to
1000µg twice daily. In patients <16 years of age the
recommended dosage is 50 to 100µg twice daily.
Fluticasone propionate is available as a dry powder
(in the Accuhaler® and Diskhaler® inhalation de-
vices) and as a metered dose inhaler in the UK.[105]

In the US, in patients aged≥12 years who are
either corticosteroid-naive or have previously used
other inhaled corticosteroids for asthma, the rec-
ommended dosage range is 88 to 440µg twice daily
when administered by metered dose inhaler1 and
100 to 500µg twice daily when administered as a
dry powder in the Rotadisk® inhalation device.[45]

The maximum recommended dosage in the UK
and US is, respectively, 1000 and 880µg twice
daily.[45,105]Dosage adjustments are not required in
elderly patients.[45]

Patients should be instructed to rinse their
mouth after inhalation to reduce the incidence of
hoarseness and/or oral candidiasis.[45,105]

6. Place of Inhaled Fluticasone
Propionate in the Management of 
Mild to Moderate Asthma

Inflammation of the airways is the fundamental
characteristic of asthma. In patients with mild
asthma not previously treated with inhaled cortico-
steroids, including newly diagnosed patients, there
is evidence of airway mucosal inflammation, with
epithelial changes and increased numbers of eosin-
ophils, lymphocytes, macrophages and mast cells
present in lung tissue.[106,107]Moreover, in patients
with mild asthma, there is a correlation between the
quantity of inflammatory cells in BAL fluid, the
magnitude of bronchial hyperresponsiveness and
the degree of impairment of FEV1.[108] Anti-in-
flammatory therapy is essential to control the dis-
ease process in patients, including those with mild
asthma.

Anti-inflammatory therapy produces signifi-
cant improvement in patients with mild asthma.
The thickness of the basement membrane was sig-
nificantly reduced in patients with mild asthma af-
ter treatment with inhaled corticosteroids.[12,109]

Inhaled corticosteroids reduced bronchial hyper-
responsiveness, improved lung function and amel-

1 Different dosage recommendations reflect differences in
labelling requirements in the UK, where the total dose deliv-
ered per actuation (e.g. 50, 100, 250µg) is used, and in the
US, where the portion of the dose delivered through the
mouthpiece (e.g. 88, 220µg) is used.

798 Jarvis & Faulds

 Adis International Limited. All rights reserved. Drugs 1999 May; 57 (5)



iorated symptoms to a significant extent compared
with β2-agonist bronchodilator therapy alone in
patients with mild asthma.[110-112] Furthermore,
when inhaled corticosteroids were introduced
shortly (i.e.≤6 months) after diagnosis of mild or
moderate asthma, the improvement in lung func-
tion was significantly greater compared with later
(i.e.≥2 years) intervention, independent of patient
age.[113] More impressively, these improvements
were maintained over a period of at least 2
years.[110,113,114]

There is evidence that early intervention with
inhaled corticosteroids may prevent admissions to
hospital because of asthma exacerbations. A case-
control study revealed that initiation of inhaled
corticosteroids within 12 months of the diagnosis
of asthma reduced the risk of hospitalisation for
asthma, relative to patients receiving theophylline,
by up to 80% during the following year.[115]

These findings support the recommendation
that inhaled corticosteroids be introduced early in
the management of asthma.[6-8] For example, the
GINA guidelines recommend the introduction of
inhaled corticosteroids when asthma symptoms
occur more than once weekly or when night-time
symptoms occur more than twice monthly.[8]

In spite of the evidence that patients with mild
asthma benefit from inhaled corticosteroids, and
the availability of treatment guidelines that advo-
cate the use of these drugs, there are indications
that inhaled corticosteroids are underused. Among
asthma patients enrolled in a California health
maintenance organisation, fewer than 40% of those
with mild to moderate asthma had obtained an in-
haled corticosteroid in the previous 6 months.[116]

Moreover, of those who had a corticosteroid in-
haler at home,≤42.5% of patients had used it daily
during the preceding month.[1] In Britain, more
than one-third of adolescents aged 12 to 14 years
whose sleep was disturbed by asthma on more than
1 occasion per week were not receiving inhaled
corticosteroids.[117] Similarly, a survey in France
revealed that, of those in whom anti-inflammatory
therapy was mandated by guidelines, 62 and 84%
of patients in Montpellier and Paris, respectively,

were not receiving inhaled corticosteroids.[118] Other
studies provide further evidence of the underuse of
inhaled corticosteroids[119-121]or link underuse of in-
haled corticosteroids with adverse outcomes.[122-124]

In patients with mild to moderate asthma,
fluticasone propionate≤250µg twice daily pro-
vides consistent control of asthma. In placebo-con-
trolled trials, the drug produced significant im-
provements in objective and subjective measures
of lung function, reduced the frequency of exacer-
bations and improved QOL. In comparative trials,
fluticasone propionate was superior to nedocromil,
theophylline or zafirlukast. The drug was at least
as effective as inhaled beclomethasone dipropion-
ate, budesonide or flunisolide when given at half
the dosage of the comparator. Moreover, fluticasone
propionate 250µg twice daily was generally more
effective than triamcinolone acetonide 200µg 4
times daily. The drug is also effective when given
once daily, which may be preferred by some pa-
tients.

Corticosteroid sparing therapies, such as in-
haled long actingβ2-agonists (e.g. salmeterol,
formoterol) may be used to minimise the mainte-
nance dosage of inhaled corticosteroids. In com-
parative studies in patients with mild to moderate
asthma, the addition of an inhaled long actingβ2-
agonist bronchodilator, salmeterol, to fluticasone
propionate 88 to 250µg twice daily was as effective
as doubling the dosage of fluticasone propionate.
Furthermore, the frequency of asthma exacerba-
tions was significantly lower in patients receiving
combined salmeterol 50µg plus fluticasone propi-
onate 100µg twice daily than in patients treated
with either drug alone.[78]

Inhaled fluticasone propionate≤500 µg/day
was well tolerated in patients with mild to moder-
ate asthma. Oropharyngeal adverse effects oc-
curred with low frequency and there was no evi-
dence of clinically significant impairment of HPA
axis function.

In conclusion, fluticasone propionate≤500
µg/day is an effective anti-inflammatory therapy
for mild to moderate asthma in adolescents and
adults. The drug is more effective than nedocromil,

Fluticasone Propionate in Mild to Moderate Asthma 799

 Adis International Limited. All rights reserved. Drugs 1999 May; 57 (5)



theophylline or zafirlukast in these patients and is
at least as effective as other inhaled corticosteroids
when given at half the microgram dosage of the
other agent. The addition of inhaled salmeterol al-
lows for the use of low maintenance dosages of
fluticasone propionate. The drug is well tolerated
and there is no evidence of a clinically significant
effect of these dosages on HPA axis function.
Hence, fluticasone propionate≤500 µg/day is a
particularly suitable agent for use in patients with
mild to moderate asthma.
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