
Background: Inhaled corticosteroids are recommended for the
treatment of persistent asthma. Comparative clinical studies
evaluating 2 or more doses of these agents are few.
Objective: We sought to compare the efficacy and safety of 2
doses of fluticasone propionate (88 µg twice daily and 220 µg
twice daily) with 2 doses of beclomethasone dipropionate (168
µg twice daily and 336 µg twice daily) in subjects with persis-
tent asthma.
Methods: Three hundred ninety-nine subjects participated in
this randomized, double-blind, parallel-group clinical trial.
Eligible subjects were using daily inhaled corticosteroids and
had an FEV1 of 45% to 80% of predicted value. Clinic visits,
including spirometry, were conducted every 1 to 2 weeks. Sub-
jects recorded symptoms, use of albuterol, and peak expiratory
flows on daily diary cards.
Results: Fluticasone propionate treatment resulted in signifi-
cantly (P ≤ .034) greater improvements in objective pulmonary
function parameters than did beclomethasone dipropionate
treatment and significantly greater reductions in daily
albuterol use (P ≤ .010) and asthma symptoms (P ≤ .027). Both
low-dose (88 µg twice daily) and medium-dose (220 µg twice
daily) fluticasone propionate significantly increased FEV1
compared with higher doses of beclomethasone dipropionate
(P = .006). Low-dose and medium-dose fluticasone propionate
improved FEV1 by 0.31 L (14%) and 0.36 L (15%), respective-
ly, compared with improvements of 0.18 L (8%) and 0.21 L
(9%) with low-dose and medium-dose beclomethasone dipropi-
onate. The adverse event profiles were similar for both medica-
tions.
Conclusion: Fluticasone propionate provides greater asthma
control at roughly half the dose of beclomethasone dipropi-
onate, with a comparable adverse event profile. (J Allergy Clin
Immunol 1999;103:796-803.)
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Anti-inflammatory therapy, particularly the use of
inhaled corticosteroids, is currently recommended by
national guidelines as the mainstay of treatment to
improve asthma and normalize pulmonary function.1

Preliminary studies suggest that early intervention with
inhaled corticosteroids may prevent the irreversible air-
ways injury that is characteristic of persistent asthma.2-6

Several inhaled corticosteroids have been available for
use in the United States since 1974, namely beclometha-
sone dipropionate, triamcinolone acetonide, and flu-
nisolide. Despite their use for many years, well-con-
trolled clinical comparisons of the efficacy of these
agents are few.7-11 In the first National Institutes of
Health (NIH) asthma guidelines12 published in 1991, no
differentiation was noted between these specific com-
pounds because they were assumed to be comparable on
a per puff or microgram basis based on available
data.13,14 The more recently published NIH guidelines,
however, recognize inherent differences in the pharma-
cologic properties of these agents. This has led to the
establishment of new categories that provide guidance
about low, medium, and high dosage levels for each indi-
vidual inhaled corticosteroid, including the newer, more
potent inhaled corticosteroid fluticasone propionate.1

The objective of this study was to compare the clinical
efficacy of 2 different inhaled corticosteroids, namely
fluticasone propionate and beclomethasone dipropionate,
in the treatment of moderate-to-severe asthma. Unlike
many previous studies in which a single dose of each
drug was compared, this study was designed to compare
2 different, commonly prescribed doses of each drug.1,15

Beclomethasone dipropionate and fluticasone propionate
dose ratios of roughly 2:1 were selected for study on the
basis of previous research16-20 and the purported greater
potency of fluticasone propionate implied by in vitro
data.21 By using dose classifications from the NIH
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Guidelines, 2 low-dose (fluticasone propionate 88 µg
twice daily and beclomethasone dipropionate 168 µg
twice daily) and 2 medium-dose (fluticasone propionate
220 µg twice daily and beclomethasone dipropionate 336
µg twice daily) regimens were evaluated.

METHODS

Subjects

Three hundred ninety-nine subjects were enrolled in this study.
Eligible subjects were nonsmoking males and females aged 12
years or older with an established diagnosis of chronic asthma
requiring daily inhaled corticosteroid therapy for at least 6 months
before the study. Only subjects using 8 to 12 puffs/day of either
beclomethasone dipropionate or triamcinolone acetonide for at least
1 month before the study were eligible for enrollment. In addition,
subjects were required to have an FEV1 between 45% and 80% of
predicted normal value at the screening visit and at baseline. Eligi-
ble subjects also demonstrated reversible lung function (12% or
greater increase in FEV1 after 2 puffs of albuterol). They were per-
mitted to continue theophylline and/or salmeterol during the study
if taken at stable and approved doses and if the morning dose was
withheld before all study visits. No other asthma medications were

permitted other than albuterol metered-dose inhaler (Ventolin
Inhalation Aerosol, Glaxo Wellcome Inc), which was provided for
all subjects to use as needed for relief of symptoms. Subjects were
not eligible for entry into the study if they had received oral or intra-
venous corticosteroids, leukotriene modifiers, sodium cromogly-
cate, or nedocromil sodium for 1 month before the study.

Study design and procedures

This randomized, double-blind, double-dummy, parallel-group
clinical trial was conducted at 23 specialty asthma and primary care
study centers. The study protocol and the informed consent docu-
ment were approved by human ethics committees before initiating
this study. Subjects meeting all eligibility criteria and providing writ-
ten informed consent were entered into a 2-week, single-blind, run-
in period in which they took beclomethasone dipropionate 168 µg
twice daily (4 puffs twice daily; Beclovent Inhalation Aerosol, Glaxo
Wellcome Inc) along with placebo in lieu of their previous inhaled
corticosteroid. The single-blind, run-in period evaluated the subject’s
eligibility for the study, assessed compliance with study procedures,
and served as the baseline period for comparative purposes.

Baseline FEV1 measurements were conducted at the end of the
single-blind, run-in period. Subject spirometry and diary data were
reviewed to determine eligibility to enter the double-blind treatment
period. For measurements other than FEV1, baseline was defined as

TABLE I. Subject demographics and asthma history

FP 88µg FP 220µg BDP 168µg BDP 336µg

No. of subjects 99 104 101 95
Mean age, y (±SEM) 38.4 (±1.4) 37.8 (±1.3) 41.5 (±1.5) 39.8 (±1.7)

Range 13-70 13-72 13-83 12-72
Sex, n (%)

M 46 (46%) 50 (48%) 32 (3%) 39 (41%)
F 53 (54%) 54 (52%) 69 (68%) 56 (59%)

Ethnic origin, n (%)
White 91 (92%) 99 (95%) 91 (90%) 91 (96%)
Black 6 (6%) 4 (4%) 6 (6%) 3 
Other 2 (2%) 1 (<1%) 4 (4%) 1 (1%)

Mean, % predicted FEV1 (±SEM) 64.7 (±1.0) 65.6 (±1.0) 64.7 (±1.0) 65.7 (±1.1)
Range 45-80 45-79 45-80 45-80

Baseline inhaled corticosteroid, n (%)
TAA 41 (41%) 36 (35%) 43 (4%) 36 (38%)
BDP 56 (57%) 66 (63%) 56 (55%) 59 (62%)
Flunisolide 2 (2%) 2 (2%) 2 (2%) 0

Concomitant medications, n (%)
Salmeterol 27 (27%) 27 (26%) 23 (23%) 22 (23%)
Theophylline 20 (20%) 17 (16%) 19 (19%) 14 (15%)

All doses were administered twice daily.
FP, Fluticasone propionate; BDP,beclomethasone dipropionate; TAA,triamcinolone acetonide.

TABLE II. Subject disposition

FP 88µg FP 220µg BDP 168µg BDP 336µg Total

No. of subjects 99 104 101 95 399
No. completing study (%) 72 (73%) 82 (79%) 61 (60%) 73 (72%) 288 (72%)
No. withdrawing from study (%) 27 (27%) 22 (21%) 40 (40%) 22 (23%) 111 (28%)
Reasons for withdrawal, n (%)

Lack of efficacy 17 (17%) 16 (15%) 26 (26%) 16 (17%) 75 (19%)
Adverse event 3 (3%) 3 (3%) 4 (4%) 2 (2%) 12 (3%)
Other* 7 (7%) 3 (3%) 10 (10%) 4 (4%) 24 (6%)

All doses were administered twice daily.
FP, Fluticasone propionate; BDP,beclomethasone dipropionate.
*Includes protocol violations and subjects who failed to return.
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the mean of the 7 days before double-blind treatment. Subjects were
randomized without further qualifications if their baseline FEV1
was between 45% and 65% of their predicted normal value. In addi-
tion, subjects with higher pulmonary function, between 65% and
80% of predicted value, were also randomized if they manifested
other indicators of asthma instability during the prior week, includ-
ing using more than 8 puffs/day of supplemental albuterol on any
day, averaging 4 or more puffs/day of albuterol, recording peak
expiratory flow (PEF) values with morning to evening fluctuations
of greater than 20%, or experiencing any nighttime awakening
attributed to asthma that required supplemental albuterol. Subjects
who experienced an asthma exacerbation or significant decline in
pulmonary function during the single-blind, run-in period were not
entered into the double-blind treatment period.

Subjects meeting these criteria were randomly assigned to treat-
ment for 12 weeks. These treatments were fluticasone propionate 88
µg twice daily (2 puffs twice daily, 44 µg/puff; Flovent Inhalation
Aerosol, Glaxo Wellcome Inc), fluticasone propionate 220 µg twice
daily (2 puffs twice daily, 110µg/puff; Flovent Inhalation Aerosol),
beclomethasone dipropionate 168 µg twice daily (4 puffs twice
daily, 42µg/puff; Inhalation Aerosol), or beclomethasone dipropi-
onate 336 µg twice daily (8 puffs twice daily, 42 µg/puff; Beclovent

Inhalation Aerosol). All treatments were administered by means of
metered-dose inhalers without a spacer. The identity of the study
treatment was concealed from both the subject and the investigator
by use of a double-blind, double-dummy system in which the order
of the study inhalers was not specified.

The rationale for the dose selection in this study was 2-fold: 1)
to evaluate the comparative efficacy of commonly prescribed doses
for both fluticasone propionate and beclomethasone dipropionate
and 2) to evaluate the efficacy of fluticasone propionate at roughly
half the microgram dose of beclomethasone dipropionate. Both
doses of fluticasone propionate (88 µg and 220 µg twice daily) are
recommended as starting doses for subjects who are being switched
to fluticasone propionate from other inhaled corticosteroids; the 220
µg twice daily dose is recommended for subjects with more severe
disease or those who have required higher doses of previous inhaled
corticosteroids.15 Beclomethasone dipropionate 168 µg twice daily
is a common starting dose for most subjects. The dose of
beclomethasone dipropionate 336 µg twice daily is also recom-
mended for subjects with more severe asthma.15

Spirometry was performed at the screening visit, at baseline
(randomization visit), and at each visit after 1, 2, 4, 6, 8, 10, and 12
weeks of double-blind treatment. In addition, subjects completed

TABLE III. Efficacy assessments: Mean change from baseline (±SEM) at endpoint

FP > BDP† (P ≤ .034) FP 88µg (n = 99) FP 220µg (n = 101) BDP 168µg (n = 104) BDP 336µg (n = 95)

FEV1, L
Baseline* 2.25 (±0.05) 2.35 (±0.06) 2.18 (±0.06) 2.22 (±0.06)
Change P = .006 0.31 (±0.05)‡ 0.36 (±0.05)‡ 0.18 (±0.04)‡ 0.21 (±0.05)‡

FEF25-75%, L/sec
Baseline* 1.89 (±0.09) 1.87 (±0.08) 1.75 (±0.08) 1.73 (±0.08)
Change P = .015 0.27 (±0.06)‡ 0.41 (±0.07)‡ 0.14 (±0.07)‡ 0.22 (±0.06)‡

FVC, L
Baseline* 3.17 (±0.1) 3.31 (±0.09) 3.05 (±0.1) 3.18 (±0.1)
Change P = .0034 0.33 (±0.07)‡ 0.39 (±0.06)‡ 0.23 (±0.06)‡ 0.24 (±0.06)‡

Morning PEF, L/min
Baseline* 392.3 (±9.3) 403.6 (±9.4) 381.8 (±9.1) 386.1 (±9.3)
Change P ≤ .001 15.8 (±5.0)‡ 22.8 (±4.2)‡ 0.7 (±4.1) 7.2 (±4.2)

Evening PEF, L/min
Baseline* 419.8 (±9.3) 428.7 (±9.5) 400.0 (±9.5) 397.9 (±9.3)
Change P = .06 7.8 (±4.4) 14.2 (±3.8)‡ 2.1 (±4.6) 9.7 (±3.7)‡

Albuterol use, puffs/day
Baseline* 3.4 (±0.3) 3.2 (±0.3) 3.4 (±0.3) 3.2 (±0.3)
Change P = .004 –0.9 (±0.2)‡ –0.5 (±0.2)‡ 0.0 (±0.2) –0.3 (±0.2)

Percent days with 
no albuterol use

Baseline* 26.4 (±3.7) 28.9 (±3.6) 22.7 (±3.4) 27.1 (±3.6)
Change P = .010 15.8 (±3.5)‡ 11.0 (±3.3)‡ 5.0 (±3.3) 7.7 (±3.3)‡

Night awakenings
Baseline* 0.19 (±0.02) 0.27 (±0.04) 0.20 (±0.03) 0.22 (±0.03)
Change P = .458 –0.03 (±0.04) –0.12 (±0.05)‡ –0.03 (±0.04) –0.07 (±0.04)

Symptom scores (0-3
scale)

Baseline* 1.21 (±0.06) 1.27 (±0.06) 1.14 (±0.06) 1.20 (±0.07)
Change P = .024 –0.24 (±0.07)‡ –0.26 (±0.06)‡ –0.05 (±0.06) –0.15 (±0.06)‡

Percent days with no 
symptoms

Baseline* 15.6 (±3.0) 16.9 (±3.0) 17.3 (±3.1) 19.6 (±3.2)
Change P = .027 14.0 (±3.2)‡ 8.7 (±2.8)‡ 4.9 (±3.2) 4.4 (±3.0)

All doses were administered twice daily.
FP, Fluticasone propionate;BDP,beclomethasone dipropionate.
*Treatment groups were comparable at baseline (P ≥ .053).
†Comparison of the combined drug effect of FP versus BDP.
‡Significant improvement from baseline for individual treatments (P < .05).
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diary cards that recorded the use of supplemental albuterol, morn-
ing and evening PEF rates, nighttime awakenings caused by asthma,
and asthma symptoms on a scale from 0 to 3, with 0 representing no
asthma symptoms and 3 representing severe asthma symptoms.

During the double-blind portion of the study, subjects were with-
drawn if they manifested evidence of worsening asthma as measured
by at least 1 of the following parameters: a reduction in FEV1 of 20%
or more below the baseline; 3 or more days in which the PEF was
decreased by 20% or more from the mean baseline; excessive use of
supplemental albuterol (>12 puffs per day) on 3 or more days; or 3
or more nights with awakenings caused by asthma requiring treat-
ment with albuterol. For measurements other than FEV1, baseline
was defined as the mean of the 7 days before double-blind treatment.

Comparative safety data was assessed by clinical adverse events,
vital signs, oropharyngeal examinations, clinical laboratory tests,
and physical examinations.

Statistical analysis

All subjects who received double-blind study drug were includ-
ed in all efficacy and safety analyses. Statistical tests were 2 sided,
with significance levels of .05. Sample size was calculated based on
the primary efficacy variable, morning FEV1. A sample size of 100
subjects per treatment arm was planned on the basis of assumptions
from previous studies in which the standard deviation for FEV1 was
0.55 L. This would provide power at the 80% level to detect a dif-
ference in FEV1 of at least 0.25 L.

The primary objective of this study was to test for differences
between fluticasone propionate and beclomethasone dipropionate at
doses commonly used to treat patients with persistent asthma. A 2 ×
2 factorial analysis22 evaluated both drug effects (fluticasone propi-

onate vs beclomethasone dipropionate) and dose effects (low vs
medium). Individual treatment group means were pooled to test
drug and dose effects once a significant interaction between treat-
ment drug and treatment dose was ruled out.

The 2 × 2 factorial analysis was conducted for the primary effi-
cacy variable, morning predose FEV1, and all the other efficacy
variables, including forced expiratory flow (FEF25-75%), forced vital
capacity (FVC), morning and evening PEF, probability of remain-
ing in the study, albuterol use, nighttime awakenings, and asthma
symptoms. Statistical testing was conducted at each visit, at study
endpoint, and on weekly means of diary data. Study endpoint was
computed by using the last evaluable measurement for each subject,
regardless of whether the subject completed the study.

Additionally, comparisons between the individual treatment
means were performed for the efficacy and demographic variables
by using ANOVA. Duration of subject participation in the study was
analyzed by using the Kaplan-Meier product-limit method. Fisher’s
exact test was used to test for treatment differences in the incidence
of adverse events.

RESULTS

Disposition and demographics

There were no statistically significant differences
between treatments groups at baseline (Table I). The mean
age ranged from 37.8 to 41.5 years. Approximately 50% of
the subjects had long-standing asthma, with a duration in
excess of 15 years. The mean percent predicted FEV1 was
64% to 65%. The use of concurrent salmeterol and theo-
phylline were similar across treatment groups.

FIG 1. Mean change from baseline at endpoint in morning predose FEV1. Comparison of drug effect for com-
bined data for fluticasone propionate (FP) (0.33 L) versus combined data for beclomethasone dipropionate
(BDP) (0.20 L). Mean baseline FEV1 was comparable across treatment groups (range, 2.18 L to 2.25 L; P = .163).
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FVC. All treatment groups significantly improved rela-
tive to baseline; however, a significant drug effect was
observed in favor of fluticasone propionate treatment at
endpoint for both parameters (P ≤ .034, Table III).

The mean change from baseline for morning PEF is
displayed in Fig 2. Fluticasone propionate treatment
provided significantly greater improvement when com-
pared with beclomethasone dipropionate treatment at
endpoint and in all of the other time points except week
2 (P ≤ .004). The fluticasone propionate treatment
groups experienced a significant improvement in morn-
ing PEF relative to baseline, but the beclomethasone
dipropionate groups did not (Table III). A similar trend
was seen in evening PEF, but the improvement observed
in response to fluticasone propionate compared with
beclomethasone dipropionate did not achieve statistical
significance.

Supplemental albuterol use, asthma 

symptoms, and probability of remaining in

the study

Only the fluticasone propionate groups demonstrated a
significant reduction in supplemental albuterol use com-
pared with baseline (defined as the mean daily use for the

Withdrawal because of lack of efficacy was similar
across the groups (Table II). Withdrawal because of
adverse events and other reasons were also similar.

Pulmonary function

The baseline values and change from baseline to end-
point results for all of the efficacy variables are displayed
in Table III. The FEV1 for all treatment groups improved
with respect to baseline; however, a significant drug
effect was observed in favor of fluticasone propionate
compared with beclomethasone dipropionate in the mean
change in FEV1 from baseline at endpoint (P = .006, Fig
1). At endpoint, mean FEV1 values in the low- and medi-
um-dose fluticasone propionate treatment groups
improved by 0.31 L (14%) and 0.36 L (15%), respective-
ly, compared with improvements of 0.18 L (8%) and 0.21
L (9%) in the low- and medium-dose beclomethasone
dipropionate treatment groups, respectively. Pairwise
comparisons showed that low-dose fluticasone propi-
onate caused greater improvement in FEV1 compared
with low-dose beclomethasone dipropionate (P = .048)
In addition, medium-dose fluticasone propionate caused
greater improvement in FEV1 than medium-dose
beclomethasone dipropionate (P = .034).

Similar results were observed for both FEF25-75%and

FIG 2. Mean change from baseline in morning PEF. Comparison of drug effect for combined fluticasone pro-
pionate (FP) data and combined beclomethasone dipropionate (BDP) data. Mean baseline morning PEF val-
ues were comparable across treatment groups (range, 382 L/min to 404 L/min; P = .365).
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7 days before double-blind treatment; Table III). When the
2 inhaled corticosteroids were compared, fluticasone pro-
pionate provided a significantly greater reduction in
albuterol use than did beclomethasone dipropionate (P =
.004 at endpoint). Albuterol use declined by 0.9 (26%) and
0.5 (16%) puffs/day in the low and moderate fluticasone
propionate treatment groups, respectively, whereas it was
unchanged in the beclomethasone dipropionate 168 µg
twice daily group and reduced by 0.3 (9%) puffs/day in the
beclomethasone dipropionate 336 µg twice daily group.

The percentage of days in which no albuterol was used
was significantly higher with fluticasone propionate
treatment than with beclomethasone dipropionate treat-
ment (P = .010 at endpoint, Table III). Significant drug
effects were observed at endpoint in favor of fluticasone
propionate for both asthma symptom scores (P = .024)
and in the percentage of days in which no symptoms
were recorded (P = .027). There were no significant drug
effects noted in the analysis of nighttime awakenings or
in the Kaplan-Meier estimates of the probability of
remaining in the study over time.

Dose effects

Analyses were conducted on each efficacy variable to
evaluate whether the effects seen were related to the dose
of inhaled corticosteroid or the actual inhaled corticos-
teroid received. The pooled effects of low doses (fluticas-
one propionate 88 µg twice daily and beclomethasone
dipropionate 168 µg twice daily) and medium doses (flu-
ticasone propionate 220 µg twice daily and beclometha-
sone dipropionate 336 µg twice daily) were compared. No
significant dose effects were observed for any of the effi-
cacy variables, including pulmonary function assessments,
albuterol use, symptom scores, nighttime awakenings, and
the probability of remaining in the study over time, indi-
cating that the effects seen were caused by the drug and
not the dose. Numeric differences were observed between
low and medium doses of each inhaled corticosteroid, but
these differences were not statistically significant.

Asthma severity

An analysis was conducted to examine the effects of
baseline asthma severity on FEV1 after treatment. Patients
were classified as having mild* (baseline FEV1 >65% to
80% of predicted value) or moderate/severe asthma (base-
line FEV1 ≥45% to 65% of predicted value). Subjects
were distributed in similar numbers between the mild (n
= 210) and moderate/severe (n = 189) subject groups for
both low and medium doses of fluticasone propionate and
beclomethasone dipropionate. The results from this
analysis were consistent with those seen in the combined
population. Subjects with mild asthma experienced simi-
lar increases in FEV1, with low and medium doses of flu-
ticasone propionate producing a 0.36 L and 0.35 L
change, respectively. In more impaired subjects, the medi-

um dose of fluticasone propionate appeared more effec-
tive, with a 0.37 L change in FEV1 compared with a 0.25
L change with the low dose. These trends were consistent
for morning PEF, albuterol use, and symptom scores.
None of the differences between doses were statistically
significant because the study was not powered for this
analysis. Regardless of severity, fluticasone propionate
was consistently more effective than beclomethasone
dipropionate at both the low and medium doses.

Safety

All treatments were well tolerated in this study. Three
subjects receiving each drug were withdrawn because of
adverse events that were considered to be possibly relat-
ed to the use of study medication: headache, insomnia,
jitters, and tachycardia (fluticasone propionate 88 µg
twice daily); edema and muscle pain (fluticasone propi-
onate 220 µg twice daily); fatigue and light-headedness
(fluticasone propionate 220 µg twice daily); rash
(beclomethasone dipropionate 168 µg twice daily);
hoarseness (beclomethasone dipropionate 168 µg twice
daily); and headache (beclomethasone dipropionate 168
µg twice daily).

There were no significant differences across treatment
groups in the overall incidence of adverse events poten-
tially related to study treatment (range, 9% to 15%; P =
.664) or the most commonly reported of these events:
hoarseness (range, 3% to 7%; P = .577), throat irritation
(range, 1% to 3%; P = .797), candidiasis (range, 1% to
4%; P ≤ .472), or headaches (range, 1% to 3%; P = .721).
No differences in physical findings or laboratory tests
were seen among treatment groups.

DISCUSSION

Comparative efficacy studies of inhaled corticosteroids
need to be carefully designed with respect to dose, patient
population, and clinical endpoints. It has been suggested
that meaningful comparisons of inhaled corticosteroids
should be based on low, clinically comparable doses using
meaningful endpoints (eg, improved asthma control) in
subjects treated for an appropriate period of time.23 When
beclomethasone dipropionate and triamcinolone acetonide
were compared as suggested above, there was little evi-
dence to suggest that these agents could be differentiated
with respect to clinical efficacy.24 These study design
issues become even more important since the introduction
of more potent agents, such as fluticasone propionate, par-
ticularly given the differences in the pharmacokinetic and
pharmacodynamic properties of inhaled corticosteroids25

and the significant differences in the recommended dose
ranges for these drugs.1 Studies attempting to compare flu-
ticasone propionate with other inhaled corticosteroids on
the basis of equal (and high) microgram doses26-32 are
misleading because they do not compare clinically com-
parable doses and do not reflect the effects that would be
observed at lower, commonly prescribed doses. Further-
more, single-dose studies27,32 and studies in normal vol-
unteers26,27,32,33also fail to sufficiently consider the rele-

*Classifications were based on the original study definitions and may not
reflect subject populations as defined in the current National Heart, Lung,
and Blood Institute asthma guidelines.



802 Raphael et al J ALLERGY CLIN IMMUNOL

MAY 1999

vancy of study design and provide little information that
can be generalized to subjects with asthma. This study has
attempted to examine important clinical endpoints at clin-
ically relevant doses that are common and likely to be pre-
scribed frequently by specialists and primary care
providers for subjects with asthma.

This is the first study to compare the efficacy of 2
inhaled corticosteroids at 2 different dosages in subjects
with asthma. This clinically relevant, unique design per-
mitted the evaluation of both drug effects (fluticasone
propionate vs beclomethasone dipropionate) and dose
effects (low vs medium). Fluticasone propionate treat-
ment at approximately one half of the dose provided sig-
nificantly greater improvements in lung function (FEV1,
FEF25-75%, FVC, and morning PEF) than beclometha-
sone dipropionate. Additionally, significantly greater
reductions in albuterol use and symptoms were observed
with fluticasone propionate compared with beclometha-
sone dipropionate. All treatments were well tolerated,
with a comparable adverse event profile.

Although significant differences between drugs (fluti-
casone propionate vs beclomethasone dipropionate) were
observed in this study, no significant differences in dose
(low vs medium) were observed. An analysis of the study
population on the basis of asthma severity did not reveal
a strong dose response, although there were trends that
subjects with moderate/severe asthma improved more
with the medium dose of fluticasone propionate than
with the low dose. Other fluticasone propionate studies
that have evaluated this portion of the dose-response
curve in similar patient populations have also failed to
demonstrate a significant dose response.34-37 Dose-
response relationships have been reported with fluticas-
one propionate when other endpoints have been evaluat-
ed, such as the prednisone reduction capabilities of fluti-
casone propionate at the high end of the dosing range38

and with indices of bronchial hyperresponsiveness to
methacholine.39 No dose-response studies have been
reported with beclomethasone dipropionate using the
low and medium doses in this study.

All subjects were taking beclomethasone dipropionate
168 µg twice daily (low dose) during the run-in period,
and therefore the low-dose beclomethasone dipropionate
treatment arm served as the control group for this study.
Because no increase or change in drug regimen was made
on randomization to study treatment in this group, signifi-
cant changes in asthma control were not expected nor were
they consistently observed. Condemi et al40 and Gross et
al41 observed a similar phenomenon in subjects who
received 8 puffs/day of triamcinolone acetonide at baseline
and then after randomization in a double-blind trial.

Improvement in asthma control has been previously
reported in subjects who were switched from a lower to a
higher dose of beclomethasone dipropionate, as they were
in this study.42,43 However, the magnitude of the improve-
ment in these studies was modest in comparison with the
improvements that were observed in this and other stud-
ies when subjects have been switched from other inhaled
corticosteroids to fluticasone propionate.34-37,40,41

The results from the current study are consistent with
other studies that have evaluated beclomethasone dipro-
pionate and fluticasone propionate in dose ratios of
approximately 2:1.7-11,16,17In all of these studies, the
efficacy of fluticasone propionate has been demonstrated
to be at least as good, and sometimes better, than twice
the dose of beclomethasone dipropionate, with a compa-
rable safety profile.

The adverse-event profiles of fluticasone propionate
and beclomethasone dipropionate were similar. The
adverse events that were observed were expected given
the study population and the known effects of inhaled
corticosteroid therapy. The systemic effects of inhaled
corticosteroids were not addressed in this 12-week clini-
cal trial; however, the comparative systemic effects of
fluticasone propionate and beclomethasone dipropionate
have been evaluated by others.15,16 In general the doses
required to produce systemic effects exceed the doses of
fluticasone propionate and beclomethasone dipropionate
that are appropriate for the population treated in this
study. The risk/benefit ratio of increasing doses of
inhaled corticosteroids in subjects with more severe
asthma needs to be evaluated with respect to the re-
quirements for good asthma control, safety, and the
availability of alternative add-on therapies (eg, long-
acting bronchodilators).

In conclusion, fluticasone propionate doses of 88 µg
twice daily and 220 µg twice daily are superior to
beclomethasone dipropionate doses of 168 µg twice
daily and 336 µg twice daily in improving pulmonary
function (FEV1, FEF25-75%, FVC, and morning PEF) and
in decreasing asthma symptoms and the need for supple-
mental albuterol. This improvement in asthma control
was achieved conveniently (4 puffs/day vs 8 to 16
puffs/day) and with comparable adverse events.

We thank Michael Wisniewski, PhD, for his statistical analyses
and the FLTA4015 Clinical Study Group.

REFERENCES

1. Guidelines for the diagnosis and management of asthma. Expert Panel
Report II. Bethesda (MD): National Institutes of Health, National Heart,
Lung, and Blood Institute; 1997. NIH publication no. 97-4051.

2. Chetta A, Foresi A, Del Donno M, Bertorelli G, Pesci A, Olivieri D. Air-
ways remodeling is a distinctive feature of asthma and is related to sever-
ity of disease. Chest 1997;111:852-7.

3. Jeffery PK, Godfrey RW, Adelroth E, Nelson F, Rogers A, Johansson S-
A. Effects of treatment on airway inflammation and thickening of base-
ment membrane reticular collagen in asthma. Am Rev Respir Dis
1992;145:890-9.

4. Haahtela T, Jarvinen M, Kava T, Kiviranta K, Koskinen S, Lehtonen K,
et al. Effects of reducing or discontinuing inhaled budesonide in patients
with mild asthma. N Engl J Med 1994;331:700-5.

5. Selroos O, Pietnalho A, Lofross A-B, Riska H. Effect of early vs late
intervention with inhaled corticosteroids in asthma. Chest
1995;108:1228-34.

6. vanEssen-Zandvliet EF, Hughes MD, Waalkens HJ, Duiverman EJ,
Pocock SJ, Kerrebijn KF, et al. Effects of 22 months of treatment with
inhaled corticosteroids and/or β-agonists on lung function, airway
responsiveness, and symptoms in children with asthma. Am Rev Respir
Dis 1992;146:546-54.

7. Leblanc P, Mink S, Keistinen T, Saarelainen PA, Ringdal N, Payne SL. A
comparison of fluticasone propionate 200 µg/day with beclomethasone
dipropionate 400 µg/day in adult asthma. Allergy 1994;49:284-90.



J ALLERGY CLIN IMMUNOL

VOLUME 103, NUMBER 5, PART 1

Raphael et al 803

8. Dahl R, Lundback B, Malo J-L, Mazza JA, Nieminen MM, Saarelainen
P, et al. A dose-ranging study of fluticasone propionate in adult patients
with moderate asthma. Chest 1993;104:1352-8.

9. Lundback B, Alexander M, Day J, Hebert J, Holzer R, Van Uffelen R, et
al. Evaluation of fluticasone propionate (500 µg day–1) administered
either as dry powder via a Diskhaler inhaler or pressurized inhaler and
compared with beclomethasone dipropionate (1000 µg day–1) adminis-
tered by pressurized inhaler. Respir Med 1993;87:609-20.

10. Gustafsson P, Tsanakas J, Gold M, Primhak R, Radford M, Gillies E.
Comparison of the efficacy and safety of inhaled fluticasone propionate
200 µg/day with inhaled beclomethasone dipropionate 400 µg/day in
mild and moderate asthma. Arch Dis Child 1993;69:206-11.

11. Pauwels RA, Yernault JC, Demedts MG, Geusens P. Safety and efficacy
of fluticasone and beclomethasone in moderate to severe asthma. Am J
Respir Crit Care Med 1998;157:827-32.

12. National Asthma Education Program Expert Panel Report. Executive
summary: guidelines for the diagnosis and management of asthma.
Bethesda (MD): National Institutes of Health (National Heart, Lung, and
Blood Institute); 1991. NIH publication no. 91-3042A.

13. McCubbin MM, Milavetz G, Grandgeorge S, Weinberger M, Ahrens R,
Sargent C, et al. A bioassay for topical and systemic effect of three
inhaled corticosteroids. Clin Pharm Ther 1995;57:455-60.

14. Kamada A. Therapeutic controversies in the treatment of asthma. Ann
Pharmacother 1994;28:904-14.

15. Physician’s desk reference. 51st ed. Montvale (NJ): Medical Economics
Co; 1997.

16. Barnes NC, Marone G, Di Maria GU, Visser S, Utama I, Payne SL, et al.
A comparison of fluticasone propionate, 1 mg daily, with beclometha-
sone dipropionate, 2 mg daily, in the treatment of severe asthma. Eur
Respir J 1993;6:877-84.

17. Barnes NC, Hallett C, Harris TAJ. Clinical experience with fluticasone
propionate in asthma: a meta-analysis of efficacy and systemic activity
compared with budesonide and beclomethasone dipropionate at half the
microgram dose or less. Respir Med 1998;92:95-104.

18. Lorentzen KA, van Helmond LM, Bauer K, Langaker KE, Bonfazi F,
Harris TAJ. Fluticasone propionate 1 mg daily and beclomethasone
dipropionate 2 mg daily: a comparison over 1 yr. Respir Med
1996;90:609-17.

19. Bootsma GP, Dekhuijzen PNR, Festen J, Mulder PGH, Swinkels LM,
van Herwaarden CLA. Fluticasone propionate does not influence bone
metabolism in contrast to beclomethasone dipropionate. Am J Respir Crit
Care Med 1996;153:924-30.

20. Bootsma GP, Dekhuijzen PNR, Festen J, Mulder PGH, van Herwaarden
CLA. Comparison of fluticasone propionate and beclomethasone dipro-
pionate on direct and indirect measurements of bronchial hyperrespon-
siveness in patients with stable asthma. Thorax 1995;50:1044-50.

21. Johnson M. Development of fluticasone propionate and comparison with
other inhaled corticosteroids. J Allergy Clin Immunol 1998;101:S434-9.

22. Cochran W, Cox G. Experimental designs. New York: John Wiley and
Sons, Inc; 1950.

23. Kamada AK, Szefler SJ. How should inhaled glucocorticoids be com-
pared? J Allergy Clin Immunol 1997;99:735-7.

24. Bronsky E, Korenblat P, Harris AG, Chen R. Comparative clinical study
of beclomethasone dipropionate and triamcinolone acetonide in persis-
tent asthma. Ann Allergy Asthma Immunol 1998;80:295-302.

25. Derendorf H, Hochhaus G, Miebohm B, Mollmann H, Barth J. Pharma-
cokinetics and pharmacodynamics of inhaled corticosteroids. J Allergy
Clin Immunol 1998;101:S440-6.

26. Lonnebo A, Grahnen A, Jansson B, Brundlin RM, Ling-Andersson A,
Eckernas S-A. An assessment of the systemic effects of single and repeat-
ed doses of inhaled fluticasone propionate and inhaled budesonide in
healthy volunteers. Eur J Clin Pharmacol 1996;49:459-63.

27. Grove A, Allam C, McFarlane LC, McPhate G, Jackson CM, Lipworth
BJ. A comparison of the systemic bioactivity of inhaled budesonide and
fluticasone propionate in normal subjects. Br J Clin Pharmacol
1994;38:527-32.

28. Fabbri L, Burge PS, Croonenborgh L, Warlies F, Weeke B, Ciaccia A.
Comparison of fluticasone propionate with beclomethasone dipropionate
in moderate to severe asthma treated for one year. Thorax 1993;48:817-
23.

29. Boe J, Bakke P, Rodolen T, Skovlund E, Gulsvik A. Highdose inhaled
steroids in asthmatics: moderate efficacy gain and suppression of the
hypothalamic-pituitary-adrenal (HPA) axis. Eur Respir J 1994;7:2179-
84.

30. Clark DJ, Lipworth BJ. Adrenal suppression with chronic dosing of flu-
ticasone propionate compared with budesonide in adult asthmatic
patients. Thorax 1997;52:55-8.

31. Wilson AM, McFarlane LC, Lipworth BJ. Dose-response effect for
adrenal suppression with repeated twice daily inhaled fluticasone propi-
onate and triamcinolone acetonide in adult asthmatics. Am J Respir Crit
Care Med 1997;156:1274-7.

32. Wilson AM, Clark DJ, McFarlane L, Lipworth BJ. Adrenal suppression
with high doses of inhaled fluticasone propionate and triamcinolone ace-
tonide in healthy volunteers. Eur J Clin Pharmacol 1997;53:33-7.

33. Grahnen A, Eckernas SA, Brundin RM, Ling-Andersson A. An assess-
ment of the systemic activity of single doses of inhaled fluticasone pro-
pionate in healthy volunteers. Br J Clin Pharmacol 1994;38:521-5.

34. Chervinsky P, van As A, Bronsky E, Dockhorn R, Noonan M, LaForce C,
et al. Fluticasone propionate aerosol for the treatment of adults with mild
to moderate asthma. J Allergy Clin Immunol 1994;94:676-83.

35. Wolfe JD, Selner JC, Mendelson LM, Hampel F, Schaberg A. Effective-
ness of fluticasone propionate in patients with moderate asthma: a dose-
ranging study. Clin Ther 1996;18:635-46.

36. Pearlman DS, Noonan MJ, Tashkin DP, Goldstein MF, Hamedani AG,
Kellerman DJ, et al. Comparative efficacy and safety of twice daily fluti-
casone propionate powder versus placebo in the treatment of moderate
asthma. Ann Allergy Asthma Immunol 1997;78:356-62.

37. Lawrence M, Wolfe J, Webb DR, Chervinsky P, Kellerman D, Schaum-
berg JP, et al. Efficacy of inhaled fluticasone propionate in asthma results
from topical and not from systemic activity. Am J Respir Crit Care Med
1997;156:744-51.

38. Noonan M, Chervinsky P, Busse WW, Weisberg SC, Pinnas J, deBois-
blanc BP, et al. Fluticasone propionate reduces oral prednisone use while
it improves asthma control and quality of life. Am J Respir Crit Care Med
1995;152:1467-73.

39. Noonan MJ, Chervinsky P, Wolfe J, Liddle R, Kellerman DJ, Crescenzi
KL. Dose-related responses to inhaled fluticasone propionate in patients
with methacholine-induced bronchial hyperresponsiveness: a double-
blind, placebo-controlled study. J Asthma 1998;35:153-64.

40. Condemi JJ, Chervinsky P, Goldstein MF, Ford LB, Berger WE, Ayars
GH, et al. Fluticasone propionate powder administered through Diskhaler
versus triamcinolone acetonide aerosol administered through metered-
dose inhaler in patients with persistent asthma. J Allergy Clin Immunol
1997;100:467-74.

41. Gross GN, Wolfe JD, Noonan MJ, Pinnas JL, Pleskow WW, Nathan RA,
et al. Differential effects of inhaled corticosteroids: fluticasone propi-
onate versus triamcinolone acetonide. Am J Man Care 1998;4:233-44.

42. Greening AP, Ind PW, Northfield M, Shaw G. Added salmeterol versus
higher-dose corticosteroid in asthma patients with symptoms on existing
inhaled corticosteroids. Lancet 1994;344:219-24.

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


