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ABSTRACT: The dose dependency of the effects of inhaled corticosteroids on
markers of asthmatic airway inflammation have not been well studied. There is a need
to study the dose/response effects on this inflammation.

In order to determine the dose/response effects of fluticasone propionate (FP), 24
asthmatic subjects were randomized to low- (100 mg.day-1) or high-dose (1,000 mg.day-1)
FP for six weeks followed by placebo for 3 weeks.

During treatment, the median increase in forced expiratory volume in one second
(FEV1)was12%inthehigh-dosegroup(p<0.05)and10%inthe low-dosegroup(p<0.05)
(p>0.05 between groups); the median decrease in the percentage of sputum eosinophils
was 93% in the high-dose group (p<0.05) and 46% in the low-dose group (p<0.05)
(p>0.05 between groups). Symptoms, salbutamol use, morning peak flow, provocative
concentration of methacholine causing a 20% fall in FEV1 (PC20), sputum eosinophil
cationic protein concentration and tryptase activity improved significantly in both
groups (p<0.05), but only the improvement in salbutamol use was greater in the high-
dose group (p<0.05). During the run-out, the improvements in FEV1 and PC20 were
rapidly reversed in both groups, but the improvements in peak flow and tryptase activity
persisted; the improvement in sputum eosinophil concentration persisted only in the
high-dose group (p<0.05).

It was concluded that dose/response effects for FP are not easily demonstrable
because low-dose FP is quite effective. For most outcomes, the effects of high- and low-
dose FP are relatively short-lived after treatment is stopped. This finding raises
questions about the extent to which inhaled corticosteroids are disease-modifying in
asthma.
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Inhaled corticosteroids are the most effective treatment
currently available for asthma [1]. The prevailing hypo-
thesis regarding their efficacy is that they reduce airway
inflammation and, in so doing normalize airway function
and improve asthma control [2]. The coincidence of a re-
duction in airway eosinophilic inflammation and an impr-
ovement in asthma control in some studies of inhaled
corticosteroids [3, 4] supports this hypothesis but does
not prove it, since the association may not be causal in
nature. In fact, the relationships between airway inflamm-
ation, airway function and response to treatment in asthma
are poorly understood [5]. For example, it was recently
found that treatment of asthmatic subjects with beclometh-
asone dipropionate at a low dose of 336 mg.day-1 caused
significant improvements in markers of asthma control but
had only minimal effects on several markers of inflamma-
tion in induced sputum [6]. Other recent studies of inhaled
corticosteroids have also found dissociations between the
effects of inhaled steroids on airway function and their
effects on various markers of airway inflammation [7±10].
In addition, it has been demonstrated that asthma control
deteriorates within hours to days after inhaled cortico-

steroid treatment is stopped [6, 10±12]. This is surprising,
since reducing airway inflammation is generally thought of
as a disease-modifying action and, as such, would be
expected to produce benefits that persist for some time after
treatment is stopped. Finally, if one presumes that the
prompt deterioration in asthma after inhaled corticosteroid
treatment is stopped reflects the use of a dose inadequate to
suppress inflammation, then it would have been expected
that higher doses would have greater effects. Surprisingly,
it has proven difficult to demonstrate a dose/response effect
for inhaled corticosteroids on usual asthma outcome
indicators such as forced expiratory volume in one second
(FEV1) [13±17]; however, one study has reported the dose
dependency of inhibition of exercise-induced bronchos-
pasm [18] and another the dose dependency of prevention
of asthma exacerbations [19]. To the authors' knowledge,
no study has examined the dose dependency of the effects
of inhaled corticosteroids on markers of inflammation in
asthma nor on the duration of benefit after therapy is
stopped.

The aim of this study was to explore further the rela-
tionship between airway inflammation and airway function
in asthma by examining the dose/response effects of an
inhaled corticosteroid, fluticasone propionate (FP), in asth-
matic subjects. It was hypothesized that high-dose FP wouldFor editorial comments see page 3
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cause a greater reduction in markers of airway inflammation
than would low-dose FP and that this greater anti-inflam-
matory effect would translate to greater efficacy in asthma
control both during treatment and after treatment is stopped.
The specific research question addressed was whether high-
dose FP (1,000 mg.day-1) is more effective than low-dose FP
(100 mg.day-1) in reducing airway inflam-mation, improv-
ing asthma control and providing longer-lasting benefit after
treatment is stopped.

Materials and methods

Subjects

Twenty-four asthmatic subjects were studied (table 1);
all were atopic except subject No.9. The inclusion criteria
were a history of symptoms of asthma, an FEV1 #80% of
the predicted value (or an FEV1 #85% pred and a forced
mid-expiratory flow (FEF25±75%) <75% pred) and bron-
chial hyperreactivity to methacholine (provocative con-
centration of methacholine causing a 20% fall in FEV1

(PC20) #8 mg.mL-1). The exclusion criteria included a
history of corticosteroid use (inhaled or oral) or an upper
respiratory tract infection in the 6 weeks prior to study
entry, tobacco use within the past year and a total smoking
history of >10 pack-yrs. Subjects were recruited from
advertisements placed in local newspapers or from a
database of subjects who had previously participated in
asthma studies at the authors' centre. The recruitment

strategy for the study did not include asking potential sub-
jects to discontinue inhaled corticosteroid medications so
that they could participate in the study. All subjects signed
consent forms approved by the Committee on Human
Research at the University of California, San Francisco.

Protocol

The study involved nine visits to the laboratory over
an 11-week period. The study was a randomized double-
blind parallel-group study with a 2 week run-in, a 6 week
double-blind treatment period with either 100 mg.day-1

(low-dose) or 1,000 mg.day-1 (high-dose) FP, and a 3-week
single-blind placebo run-out period (fig. 1).

Study medication

At the end of the 2-week run-in period (visit 2), subjects
were randomized to receive one of two doses of inhaled FP
in a single dummy design: the 24 drug packets used in the
study were randomly assigned to contain either two 250
mg.puff-1 canisters of FP or one 50 mg.puff-1 canister of FP
and one "dummy" placebo canister. Drug packets were
identified by number (1±24), and treatment assignment to
subjects was determined by the order in which the subjects
entered the treatment phase. The subjects were instructed
to take one puff from each canister twice daily. Subjects
were asked to use an EllipseTM spacer device (Allen and
Hanburys, Glaxo Inc., Durham, NC, USA), which has a
volume of 200 mL. At the first visit and each subsequent
visit, subjects were observed during an inhalation manoe-
uvre in order to ensure adequate inhaler technique and
instruction in proper technique was provided, if needed.

At the conclusion of the 6-week double-blind period
(visit 5), the two double-blind drug canisters were replaced
with identical placebo canisters which the subjects used for
the remaining 3-week single-blind run-out period. Thro-
ughout the study, salbutamol inhalers were provided for
symptomatic control of asthma symptoms, and the subjects
were not permitted to use any other asthma medications.

Rationale for selection of doses of fluticasone propi-
onate

Two doses of FP were compared, 100 and 1,000 mg.day-1.
The 100 mg.day-1 dose is lower than that recommended in
the package insert, but has been shown to improve FEV1 in
subjects with mild and moderate asthma [13]. The 10-fold
difference in dose was considered likely to reveal a dose/
response relationship were such a relationship easily
demonstrable.

Asthma symptoms

During visit 1 subjects were taught how to complete a
diary card which recorded asthma symptoms, rescue salbu-
tamol use, nocturnal asthma awakenings and peak flow
rates. The symptom component of the diary included daily
self-assessments of shortness of breath, chest tightness,
wheezing, cough and sputum production on a scale from 0

Table 1. ± Clinical characteristics of study subjects

Subject
No

Age
yrs Sex

FEV1

% pred
PC20

mg.mL-1

High-dose FP (1,000 mg.day-1)
1 45 F 70 0.29
2 33 M 72 0.69
3 52 M 80 1.31
4 55 F 71 3.30
5 41 M 77 0.51
6 31 M 58 0.34
7 54 M 57 0.16
8 32 M 59 0.16
9 51 M 72 1.25
10 35 M 70 0.77
11 49 F 62 0.10
12 39 M 81 1.31
Mean 43 69 0.53*
Low-dose FP (100 mg.day-1)
13 32 M 71 0.44
14 26 M 75 0.23
15 22 M 84 0.48
16 42 M 67 0.31
17 29 M 59 0.18
18 32 M 59 0.18
19 54 M 56 0.16
20 48 M 76 0.36
21 33 M 77 0.89
22 26 M 65 0.20
23 35 M 50 0.009
24 32 M 52 0.53
Mean 34 66 0.28*

*: geometric mean; FEV1: forced expiratory volume in one sec-
ond; PC20: provocative concentration of methacholine causing a
20% fall in FEV1; FP: fluticasone propionate; F: female; M: male.
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(none) to 10 (severe). The maximum possible daily score
was 50 (5610). The diary cards were reviewed and coll-
ected at all study visits.

Peak flow

During visit 1, subjects were-instructed to record twice
daily peak flow measurements using a MiniWright Peak
Flow Meter (Clement Clarke, Columbus, OH, USA) and
were asked to bring their peak flow meters to the labora-
tory at each visit for quality assessment with a flow/volume
calibrating syringe (Jones, Inc., Oakbrook, IL, USA) using
a previously described scheme for peak flow quality assu-
rance [20]. Five peak flow meters, used by three subjects,
failed relative bias or precision criteria during the study.
In each case, the subject was provided with a new device
of similar relative bias to use for the remainder of the
study.

Pulmonary function tests and allergen skin testing

Bronchodilators were withheld for 8 h prior to testing.
Spirometry, methacholine challenge and allergen skin test-
ing were performed as previously described [6].

Sputum induction

All subjects were pretreated with 400 mg salbutamol
administered by means of a metered-dose inhaler, and spi-
rometry was repeated 10 min later. All subjects had an
FEV1 of >60% pred following salbutamol pretreatment.
Subjects then underwent standardized 20-min sputum
induction as previously described [21]. Saliva collected
during sputum induction was discarded and the induced
sputum was processed as previously described [22]. The
eosinophil cationic protein concentration (ECP) and tryp-
tase activity in the induced sputum were determined in
batched samples using commercially available radioimm-
unoassays (Pharmacia Diagnostics, Inc., Fairfield, NJ,
USA). The lower limit of detection for the ECP assay was
2 ng.mL-1; for the tryptase assay, the lower limit was 2
IU.L-1.

Sample size calculation

Data from two previous studies in the authors' labora-
tory guided the sample size calculation, which was based
on estimated changes in sputum eosinophil percentage
during treatment [6, 23]. For the purposes of planning the
study reported here, it was assumed that the effects of
low-dose FP would be similar to the authors' previously
documented effects of low-dose beclomethasone dipro-
pionate [6] and that the effects of high-dose FP would be
similar to the authors' previously documented effects of
prednisone [23]. Using these assumptions, it was calcu-
lated that 12 subjects per arm would suffice to detect an
effect size of 50% with a variability of this effect of 40%
(standardized effect size 1.25, alpha 0.05, beta 0.8) [24].

Statistics

The baseline values were calculated as the means of the
different parameters recorded during the 2-week run-in
period (i.e. day 14 to day 0). For spirometric outcomes, the
change from baseline was calculated based on the percen-
tage change except for the FEV1 data expressed as a per-
centage of the predicted value, where absolute difference
was used. For the PC20 data, the changes from baseline
were calculated in terms of doubling concentrations. For
sputum data, the change from baseline was calculated based
on absolute differences. Within-group changes in outcome
variables during the course of the study were compared
using repeated-measures analysis of variance (or the equiv-
alent nonparametric Friedman test if the data were not
normally distributed). If a significant within-group differ-
ence was found using these tests, the paired t-test or the
Wilcoxon signed-rank test, as appropriate, was used. Be-
tween-group changes (high- versus low-dose FP) in out-
come variables were compared using the unpaired t-test or
the Mann-Whitney U-test, as appropriate. Spearman's rank-
order tests wereused to determine correlationsbetween data.
A p-value of <0.05, using two-sided tests of significance,
was considered significant.

Results

Baseline differences in FEV1, PC20, and morning peak
flow between the groups were not statistically significant.

Spirometry, methacholine challenge and sputum induction

Twice daily peak flow and asthma symptom recording

Screening Placebo run-outFluticasone propionate 100 or 1000 µg·day-1

Study day
-14 0 14 28 42 45 49 56 63

Fig. 1. ± Diagrammatic representation of the 11-week randomized double-blind parallel group trial. On day 28, spirometry and diary card review were
carried out but methacholine challenge and sputum induction were not.
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All 12 subjects randomized to treatment with high-dose FP
completed the study. Of the 12 subjects in the low-dose
group, one (No.19) developed an upper respiratory infec-
tion during the last week of the run-out period which nec-
essitated withdrawal from the study, and another subject
(No.14) withdrew 3 days into the run-out period for per-
sonal reasons. Data on withdrawn subjects were included
in the dataset until the time of withdrawal.

Pulmonary function, salbutamol use, and asthma symp-
toms

The mean FEV1, FEF25±75% and morning peak flow
rates increased significantly during the double-blind treat-
ment period in both the high- and low-dose group (figs. 2
and 3, table 2). The change from baseline in these pul-
monary function parameters was not significantly differ-
ent between the groups. The improvement in post-
salbutamol FEV1 did not last long, however; it was not
significantly greater than baseline 3 days after treatment
was stopped (data not shown).

The PC20 increased significantly (i.e. bronchial reactiv-
ity to methacholine decreased) during the double-blind
treatment period in both groups (table 2), but the change in
the high-dose FP group after 42 days of treatment (median
increase of 1.5 doubling concentrations) was not signi-
ficantly different from that in the low-dose FP group (in-
crease of 1.3 doubling concentrations; p=0.95 at 6 weeks)
(table 2).
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45, 0.4±10.0; day 49, 0.0±15.6; day 56, 1.1±17.3; day 63, 0.7±32.6; and
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Fig. 3. ± a) Morning peak flow; b) salbutamol use; and c) composite
symptom score in the low- (100 mg.day-1; n) and high-dose (1,000
mg.day-1; u) fluticasone propionate (FP) (BL; mean data from the 2-
week run-in period), during double-blind treatment (days 1±42) and
during the placebo run-out phase (days 43±63). Data are presented as
mean�SEM and salbutamol use as the mean from a 1-week period. There
was a strong trend for a decrease in asthma symptoms in the low-dose
group during treatment (p=0.051 at day 42). *: p<0.05 versus baseline; +:
p<0.05 versus change from baseline in low-dose FP group.
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The frequency of rescue salbutamol inhalations decrea-
sed significantly during the double-blind treatment period
in both the high- and low-dose group (fig. 3) (at week 1
only in the low-dose group and at all time points in the
high-dose group), but decreased significantly more in the
high-dose group than in the low dose group (p=0.049,
between groups). The asthma symptom score decreased
significantly during treatment in the high-dose FP group
(p=0.037), and there was a strong trend toward improve-
ment in the low-dose FP group (p=0.051). However, the
change in asthma symptom score during treatment in the
two groups was not significantly different (fig. 3) (p=
0.34, between groups).

The treatment-associated improvements in spirometric
values and methacholine reactivity were short-lived; the
improvements in these outcomes largely reversed 3±7 days
after double-blind treatment was stopped (figs. 2 and 3,
table 2). In contrast, the improvements in peak flow
persisted for 3 weeks after therapy in both groups, as did
improvements in symptom score and salbutamol usage in
the high-dose group. The between-group differences in the
time course of reversal of improvement in rescue salbu-
tamol use were statistically significant, but none of the
other between-group differences were statistically signi-
ficant.

Markers of inflammation in induced sputum

The percentage of eosinophils in induced sputum de-
creased significantly after 14 days of treatment in both
treatment groups; the percentage of eosinophil remained
significantly lower than baseline only in the high-dose FP
group after 42 days of treatment (fig. 2). In the high-dose
FP group the median value for the change in sputum
eosinophil percentage from baseline to the end of the
double-blind treatment was 93%; seven of the 12 subjects
experienced a >90% reduction and eight a >50% reduc-
tion. In the low-dose FP group, the median value for the
change in sputum eosinophil from baseline to the end of

the double-blind treatment was 46%; three of the 12
subjects showed a >90% reduction and six a >50% reduc-
tion. The changes in sputum eosinophil percentage from
baseline to 14 and 42 days of treatment did not differ sig-
nificantly between the two groups (p>0.05 for both time
points).

The levels of ECP in induced sputum decreased
significantly during the double-blind treatment period in
both the high- and low-dose groups (table 2), but the
change between groups was not significantly different. The
decrease in ECP concentration was 37% from baseline to
the end of the double-blind treatment in the high-dose
group and 41% in the low-dose group. Similarly, the
tryptase activity of induced sputum decreased significantly
during the double-blind treatment period in both the high-
and low-dose groups (fig. 4), but the change was not
significantly different between groups. The decrease in
tryptase activity was 85% from baseline to the end of the
double-blind treatment in the high-dose group and 57% in
the low-dose group.

The treatment-associated improvement in sputum eosin-
ophil percentage in the high-dose FP group was more
persistent than that in the low-dose FP group, i.e. the high-
dose group showed a significantly greater suppression of
sputum eosinophil percentage after treatment was stopped
than did the low dose group (fig. 2). In contrast, there was
no significant between-group difference in the persistence
of the treatment-associated reductions in ECP concentra-
tion after treatment was stopped. The treatment-asso-
ciated improvement in sputum tryptase activity persisted
in both the low- and high-dose FP groups after treatment
was stopped; the change in sputum tryptase activity from
baseline to the run-out visits was not significantly differ-
ent between groups (fig. 4).

Correlations

In all 24 subjects, the change in FEV1 from baseline to
day 42 was significantly correlated with the change in

Table 2. ± Comparison of effect of fluticasone propionate (FP) at low and high dose on asthma control outcomes and
markers of inflammation in induced sputum

Screening day Treatment day Placebo run-out day

-14 0 14 28 42 45 49 56 63

Low-dose FP (100 mg.day-1)
FEV1 L 2.63�0.17 2.84�0.19 3.21�0.22* 2.95�0.18 3.09�0.22* 2.95�0.14 2.98�0.18 2.87�0.17 2.72�0.16
FEF25±75% L.min-1 1.62�0.19 1.79�0.23 2.18�0.22* 1.93�0.16 2.07�0.24* 2.02�0.18 1.97�0.18 1.83�0.19 1.74�0.18
PC20 mg.mL-1 0.27

(0.1±0.9)
0.43

(0.2±2.9)
0.63

(0.3±2.5)* ND
0.71

(0.2±10.0)*
0.33

(0.1±1.3)
0.49

(0.2±1.6)
0.40

(0.2±1.5)
0.36

(0.2±1.5)
ECP ng.mL-1 172

(23±758)
227

(27±1790)
154

(24±282)* ND
139

(50±529)
200

(62±732)
222

(42±742)
232

(40±1470)
200

(77±2864)
High-dose FP (1,000 mg.day-1)
FEV1 L 2.35�0.14 2.43�0.17 2.75�0.18* 2.73�0.18* 2.75�0.20* 2.57�0.17 2.57�0.20 2.44�0.18 2.40�0.18
FEF25±75% L.min-1 1.46�0.16 1.54�0.17 1.87�0.17 1.89�0.13* 1.86�0.15* 1.72�0.15 1.70�0.16 1.59�0.14 1.55�0.15
PC20 mg.mL-1 0.61

(0.1±3.3)
0.38

(0.1±2.4)
0.95

(0.1±11.2)* ND
0.90

(0.1±5.4)*
0.72

(0.1±5.5)*
0.90

(0.2±12.0)*
0.35

(0.1±3.5)
0.41

(0.1±2.3)
ECP ng.mL-1 149

(35±702)
147

(27±344)
84

(24±165)* ND
86

(26±306)
112

(38±299)
128

(33±498)
88

(14±352)
122

(59±477)

Data are presented as mean�SEM, geometric mean (range) (provocative concentration of methacholine causing a 20% fall in forced
expiratory volume in one second (FEV1) (PC20)) or median (range) (eosinophil cationic protein (ECP)). FEF25±75: forced mid-
expiratory flow; ND: no determined. *: p<0.05 versus baseline (mean of day -14 and day 0).
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sputum eosinophil (rs=0.45, p=0.032) and with the change
in sputum ECP concentration (rs=0.67, p=0.001). In con-
trast, the change in FEV1 from baseline to day 42 was not
significantly correlated with sputum tryptase activity
(rs=0.104, p=0.62).

Discussion

The main findings of the present study are that dose/
response effects of FP on outcomes including FEV1, PC20

and sputum eosinophilia are not easily demonstrable in
moderate asthma, largely because low-dose FP is quite
effective, and that treatment-associated improvements rev-
erse quite quickly in both the low- and high-dose groups.

A variety of outcome indicators of asthma control were
examined, including FEV1, peak flow, methacholine reac-
tivity, asthma symptom score and rescue salbutamol use.
Both low- and high-dose FP treatment resulted in statist-
ically significant improvements from baseline during the
treatment phase in most of these outcomes. For example,
the FEV1 and morning peak flow increased from baseline
by ~15% following 6 weeks of treatment in both groups,
and the PC20 increased by ~1 doubling concentration in

both groups. The high-dose group had greater reductions in
rescue salbutamol use than did the low-dose group, even
though the effects of the two treatment regimens on asthma
symptom score were not significantly different. Overall,
these findings indicate that dose/response effects of FP on
usual measures of asthma control are not easy to demon-
strate. These findings are consistent with those reported
previously in other studies [13, 14, 16]; only when large
numbers of subjects are studied is it possible to find a dose/
response effect of inhaled corticosteroids on FEV1 [19, 25,
26].

The present study examined asthma control outcomes
not only during 6 weeks of treatment with low- and high-
dose FP ("on treatment effect") but also during the 3 weeks
after treatment was stopped ("off treatment effect"). It was
reasoned that dose/response effects might be more easily
demonstrable for the off-treatment effects because greater
anti-inflammatory effects of FP might translate to a more
persistent benefit after treatment cessation. Surprisingly,
the off-treatment effects of low- and high-dose FP were
similar for most clinical outcomes. The only clinical out-
come for which there was a dose/response effect of the
higher dose during the off-treatment period was rescue
salbutamol use. Neither dose of FP had a significant off-
treatment effect on FEV1; the FEV1 was no longer signi-
ficantly greater than baseline in either group 3 days after
treatment cessation and the improvement in FEV1 was
nearly completely reversed within 2 weeks of treatment
cessation. The short off-treatment effect of inhaled cortico-
steroids on FEV1 has been noted previously [10±12],
although the authors believe that this study is the first to
examine dose/response effects on this outcome variable.
Both doses of FP had persistent effects on morning peak
flow, with significant improvements compared to baseline
noted 3 weeks after treatment cessation in both groups.
Thus, the off-treatment effects of FP on peak flow and
FEV1 were dissociated, perhaps reflecting greater effects
on the large central airways (reflected in the peak flow
measurement) than in the more peripheral airways (reflec-
ted in the FEV1 measurement).

Although no statistically significant difference for the
off-treatment effect of FP on methacholine reactivity was
found, the improvement in PC20 in the high-dose group
was sustained for 2 weeks, whereas it was reversed in the
low-dose group within 3 days.

The effects of low- and high-dose FP on eosinophil
percentage, ECP concentration and tryptase activity in
induced sputum were examined. It was found that high-
dose FP was associated with a larger reduction in sputum
eosinophil percentage than was low-dose FP, but this
between-group difference was not significant. The off-
treatment effect of high-dose FP on sputum eosinophil
percentage was significantly greater than the off-treatment
effect of low-dose FP. Thus, sputum eosinophil percentage
represented an outcome for which a dose/response effect
was not evident during treatment but became evident after
treatment was stopped. The reductions in sputum ECP
concentration associated with low-dose and high-dose FP
were not as great as the effects on sputum eosinophil per-
centage. Both low-dose and high-dose FP were associated
with a significant within-group reduction in sputum tryp-
tase activity, which persisted in both groups for the entire 3
week off-treatment period.
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Fig. 4. ± Tryptase activity in induced sputum at baseline (mean of day -
14 and day 0), during treatment (days 14 and 42) and during the run-out
phase (days 45, 49, 56 and 63) in: a) the low-dose fluticasone propionate
(FP) group (100 mg.day-1); and b) the high-dose FP group (1,000
mg.day-1). *: p<0.05 versus baseline. None of the changes from baseline
in the high-dose group were significantly different from those found in
the low-dose group.
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Two assumptions were made in predicting that 12
asthmatic subjects per arm would provide sufficient power
to detect dose/response effects of FP on sputum eosinophil
percentage. First, it was assumed that the effects of 6 weeks
of treatment with FP 1,000 mg.day-1 on sputum eosinophil
percentage would be as great as those previously observed
with 6 days of prednisone 0.5 mg.kg.day-1 [23]. Secondly,
it was assumed that the effects of 6 weeks of treatment
with FP 100 mg.day-1 would be as small as the effects pre-
viously observed with 4 weeks of beclomethasone
dipropionate 336 mg.day-1 [6]. The first of these assum-
ption proved correct, but the effects of FP 100 mg.day-1

on sputum eosinophil percentage proved greater and more
variable than those previously observed with beclometha-
sone dipropionate 336 mg.day-1 [6]. The data for the change
in sputum eosinophil percentage in the current study were
affected by the fact that five subjects in the high-dose group
and four in the low-dose group had a low percentage of
sputum eosinophils (<2%) in their induced sputum at
baseline. This finding suggests that subjects should be
screened for the presence of sputum eosinophilia (>2%) as
an eligibility criterion for studies that examine sputum
eosinophil percentage as an outcome. Such an approach
was considered for this study but decided against on the
reasoning that sputum ECP concentration was an addi-
tional outcome that could be evaluated in subjects with low
sputum eosinophil percentage. However, in this and other
studies [6, 23], the sputum ECP concentration has proven
less sensitive to change than the sputum eosinophil
percentage.

In examining the relationships between the effects of
low- and high-dose FP on markers of airway inflammation
and on asthma control outcomes during the off-treatment
period, it is dear that the persistent effects or otherwise of
either high- or low-dose FP on sputum eosinophil percen-
tage or sputum tryptase activity were not always mirrored
by their persistent effects on other asthma control out-
comes. For example, although a sustained reduction in
sputum eosinophil percentage during the off-treatment
period in the high-dose treatment group was associated
with a sustained reduction in rescue salbutamol require-
ments, this sustained reduction in sputum eosinophil per-
centage was not associated with any significant sustained
improvements in FEV1 or methacholine reactivity. In add-
ition, although no sustained reduction in sputum eosinophil
percentage was observed during the off-treatment period in
the low-dose treatment group, this group nevertheless
showed sustained improvements in peak flow similar to the
improvement observed in the high-dose treatment group.
Furthermore, although the on-treatment reduction in spu-
tum tryptase activity was sustained during the off-treat-
ment period in both treatment groups, this persistent
reduction was not associated with persistent effects on any
asthma control outcomes except peak flow (both groups)
and salbutamol use (high-dose group only) during the off-
treatment period. These observations serve to emphasize
that the relationship between these markers of airway in-
flammation and airway function in moderate asthma is
complex, and that the relationship differs depending on the
outcome studied. An important outcome not studied in this
clinical trial was asthma exacerbation rate, which is an
outcome that often drives dosing regimens of inhaled
corticosteroids and that may be more closely related to

airway inflammation than some of the outcomes measured
in the present study.

In summary, it was found that both low- and high-dose
fluticasone propionate improved most outcomes of asthma
control during treatment but that dose/response effects
were difficult to demonstrate because low-dose fluticasone
propionate was quite effective. Dissociations between
effects of treatment on markers of inflammation and on asth-
ma control outcomes were evident, most notably during the
off-treatment period. It was concluded that the relationship
between airway inflammation, airway function and asthma
symptoms is complex. In addition, the rapidity of the off-
treatment effect for most asthma control outcomes in both
the low- and high-dose groups raises questions about the
extent to which inhaled corticosteroids, even in high-doses,
are disease-modifying in asthma.
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