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Comparison of short courses of oral
prednisolone and fluticasone propionate in the
treatment of adults with acute exacerbations of
asthma in primary care

Mark L Levy, Craig Stevenson, Toni Maslen

Abstract
Background- Oral corticosteroids used in
short courses for acute asthma are re-
garded as safe, although the frequent use of
these drugs may result in patients suffering
from systemic side effects. It has become
common practice for patients to increase
their own inhaled corticosteroid intake
when their asthma goes out of control, but
it has never been established whether a
high dose of inhaled corticosteroid can
be as effective as a short course of oral
corticosteroid in the treatment of acute
exacerbations.
Methods - A multicentre, randomised,
double blind, double dummy, parallel
group study was undertaken to determine
whether the introduction of a high dose of
inhaled fluticasone propionate (2 mg
daily) is as effective as a short reducing
course of oral prednisolone (starting at
40 mgday and reducing by 5 mg every
other day) in the treatment of acute ex-
acerbations of asthma not considered
severe enough for admission to hospital
but requiring treatment with oral cortico-
steroid.
Results - Four hundred and thirteen adult
asthmatic subjects who presented to their
general practitioner with an acute ex-
acerbation of asthma were recruited in 47
general practices in the United Kingdom.
Treatment failures, defined as a reduction
in peak expiratory flow (PEF) to below
60% of the patient's bestlpredicted value
on two consecutive occasions or persistent
symptoms with no improvement on three
consecutive days, occurred in 23% of
patients who received oral prednisolone
and 27% who received inhaled fluticasone
propionate (difference in percentage of
treatment failures 4.3, 95% CI -4.1 to
12.8, p = 0.31). In each group 48% were
classified as treatment successes, defined
as a 10% or greater increase in percentage
bestlpredicted morning PEF. Both treat-
ments were equally well tolerated.
Conclusions - There is no evidence of a
significant difference in efficacy between a
reducing dose course of oral prednisolone
and high dose inhaled fluticasone pro-
pionate in mild exacerbations of asthma
which do not require admission to hos-
pital.
(Thorax 1996;51:1087-1092)
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Corticosteroids are the most effective anti-in-
flammatory therapy available for the treatment
of asthma. Current asthma management guide-
lines recommend that inhaled corticosteroids
are introduced at a very early stage in the
treatment of all but the mildest of asthmatics.'
These guidelines also recommend the use of
oral corticosteroids in the treatment of acute
attacks of asthma. There is good evidence to
suggest that oral corticosteroids prevent the
progression of exacerbations, decrease the need
for admission to hospital, and reduce morbidity
due to asthma in adults2 and children.3 It is
questionable whether frequent short courses of
oral corticosteroids may result in the systemic
side effects with which these drugs are
associated such as suppression of the
hypothalamic-adrenal axis and osteoporosis.4

It is recognised that in chronic adult asthma
inhaled steroids may help to reduce long term
oral corticosteroid use5-7 and to improve lung
function with a less pronounced effect on
adrenocortical action when used instead of
or combined with oral prednisolone.' Previous
studies have demonstrated the benefits of
patients increasing their own inhaled cortico-
steroid intake when peak expiratory flow rates
fall below a critical level through self-man-
agement plans discussed with their own phys-
icians.9 However, it has never been established
whether a high dose ofan inhaled corticosteroid
can be as effective as a short course of oral
corticosteroid in the treatment of acute ex-
acerbations.
We have therefore examined whether the

introduction of a high dose of inhaled flu-
ticasone propionate (2 mg daily) could be as
effective as a short reducing course of oral
corticosteroid in the treatment of acute ex-
acerbations of asthma which were not con-
sidered severe enough to necessitate admission
to hospital but which did, in the opinion of the
general practitioner, require treatment with oral
corticosteroid.

Methods
The randomised, double blind, double dummy,
parallel group study was conducted in 74
general practice centres throughout the UK
between June 1993 and June 1994. The study
was conducted in accordance with good clinical
practice guidelines issued by the European
Commission in 199010 and with the Declaration
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of Helsinki. Approval was obtained from the
Royal College of General Practitioners
(RCGP) research ethics commnittee and the
appropriate local research ethics committees.
Adult asthmatic patients were considered

eligible for entry into the study ifthey presented
to their GP with a mild exacerbation of asthma
which, in the clinician's opinion, was not severe
enough to necessitate admission to hospital but
which did require treatment with a short course
of oral corticosteroid. Patients were only
entered into the study if their peak expiratory
flow (PEF) measured immediately on pre-
sentation, or one hour after any acute therapy
with a bronchodilator where appropriate, was
at least 60% of best or, where not available,
60% of the predicted" value, but no greater
than 90% of best/predicted - this PEF value is
referred to as the entry PEF throughout the
remainder of this report. Suitable patients were
then randomised in a double blind fashion by
the general practitioner, in balanced blocks of
six, to receive either inhaled fluticasone pro-
pionate 1 mg twice daily via a Volumatic or a
reducing course of oral prednisolone (starting
at 40 mg and reducing by 5 mg every two days)
for a period of 16 days. All concurrent asthma
medications, including existing inhaled cortico-
steroid therapies and non-asthma medications,
were continued throughout the study.
On entry to the study demographic details

and asthma history were recorded. After check-
ing inhaler technique, patients were given the
first dose of both oral and inhaled study med-
ication on day 1 before leaving the surgery.
The second daily dose of inhaled study med-
ication was taken by the patients before retiring
to bed that evening. During the first week of
the study patients returned to the doctor's
surgery every two days to be examined. All
patients kept a daily record booklet in which
use of the study medications was recorded. An
asthma symptom score, morning and evening
PEF (best of three using a mini-Wright PEF
meter prior to bronchodilator medication), and
the need to use the rescue medication provided
(oral prednisolone 40 mg) in case of treatment
failure were also recorded daily. At each visit
the physician recorded changes in medication,
intercurrent illness, and adverse events.
The primary outcome measure was "treat-

ment failure". A patient was categorised as a
treatment failure if (a) PEF fell below 60% of
the best/predicted value on two consecutive
occasions (for example, morning and evening
or vice versa), or (b) a symptom score of 3 was
recorded on three or more consecutive days (a
score of 3 indicated that the symptoms were
the same as or worse than on entry to the
study), or (c) the patient withdrew from the
study because of uncontrolled symptoms or
an adverse event related to asthma. Patients
defined as treatment failures were withdrawn
from the study and given appropriate additional
treatment.
The intended power of the study was 80%

(at the 5% significance level) to detect a differ-
ence in the proportion of treatment failures
between treatments of 10 percentage points or
greater, assuming a failure rate of 20% in the

oral prednisolone group and a higher rate of
failure in the fluticasone propionate group. The
failure rate and its significance was a clinical
judgement and, in consultation with the ethics
committee of the RCGP, it was agreed that a
difference of 10 percentage points or more in
the failure rate between the two groups would
be of clinical significance. Based on these cri-
teria a total of 582 patients was required. How-
ever, this was a difficult population of patients
to recruit and the study was ended when a total
of 413 patients was recruited.
The difference in the proportion oftreatment

failures was analysed using a test based on the
normal approximation of the binomial dis-
tribution. A logistic regression analysis was
performed to assess the relationship ofthe three
factors: treatment, patient's entry PEF, and
existing dose of inhaled corticosteroid on entry,
with the dependent variable, treatment failure
(yes/no). The statistical package used in the
analysis was GLIM V4.0 for PC Windows.
Any patient not categorised as a treatment

failure, who demonstrated an improvement of
at least 10% in percentage best/predicted morn-
ing PEF during the course of the 16 day treat-
ment period from day 2 (the first available
morning PEF value), was classified as a treat-
ment success.
The daily asthma symptom scores and the

changes seen in the mean diurnal variation in
PEF were examined. Diurnal variation was
calculated as the percentage amplitude of the
mean. 2 Where medians are quoted in the text,
the adjacent figures in brackets represent the
lower and upper quartiles (ql;q3). All analyses
were performed on an intention-to-treat basis.
For evaluable patients not completing the
study, their data were included in the analyses
up until they withdrew. Statistical comparisons
were based on two sided tests.

Results
Seventy four centres were set up but only 47
of these recruited the 413 patients randomised
to treatment (median five patients (3;10) per
centre). The randomisation process was suc-
cessful in providing well matched groups of
patients for age, height, and sex, as well as
duration/severity of asthma and entry dosages
of inhaled corticosteroid medication (table 1).
Six patients in the fluticasone group and four
in the prednisolone group were not considered
evaluable for the treatment failure and success
criteria, either because they were withdrawn in
error by the investigator (seven patients) or
because they did not complete at least 12 days
of the study (three patients). The total number
of evaluable patients in each group was 200 in
the fluticasone group and 203 in the pred-
nisolone group.

TREATMENT OUTCOME
Treatment failures
Fifty four patients (27%) who received inhaled
fluticasone propionate were categorised as
treatment failures compared with 46 (22.7%)
who received a reducing course of oral pred-
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Table 1 Baseline patient characteistics

Fluticasone propionate(n = 206) Oral prednisolone(n = 207)

M/F
Mean (SD) age (years)
Mean (SD) height (cm)
Mean (SD) weight (kg)
Duration of asthma in years (%)
<1 year
1-5 years
6-10 years
>10 years

No. of exacerbations in last 12 months
0
1-2
3-5
>5

No. (%) taking inhaled corticosteroid on entry to study
0
<400 jg
401-1000 jg
>1000 jg
median daily dose E

Entry PEF measured in clinic on day 1 (percentage of predicted/best)
< 60%
61-70%
71-75%
76-80%
81-90%
>90%

nisolone (fig 1). The difference in the pro-
portion oftreatment failures was 4.3 percentage
points (95% confidence interval -4.1 to 12.8,
p=0.31). A logistic regression analysis con-

B

48%
(98)

Treatment failures
m Treatment successes
M Neither

Figure 1 Proportion of treatment failures and successes with (A) fluticasone propionate
(n = 200 evaluable) and (B) prednisolone (n = 203 evaluable).

100
M Fluticasone propionate

90 _- = Oral prednisolone

130/15% %17%S 5Y 13% 9% 11% * 9%

7-8_9-10>4%4% 4
1-2 3-4 5-6 7-8 9-10 > 10

Days to failure

Figure 2 Distribution of time to treatment failure for patients classified as a "treatment
failure" (n = 54 on fluticasone and n = 46 on oral prednisolone).

firmed that a comparison of treatment failure,
overall and between treatment groups, was in-
dependent ofthe patient's entry PEF, expressed
as a percentage of best/predicted, and the ex-
isting dose of inhaled corticosteroid on entry.
The reasons for treatment failure were similar
in the two treatment groups with most being
due to reductions in PEF or failure to improve
symptoms.

In the group of patients defined as treatment
failures the median number of days to failure
was three days (1;9) in the fluticasone group
and two days (1;5) in the prednisolone group.
The distribution of the times to treatment fail-
ure for each of the two groups can be seen in
fig 2.

Treatment successes
Patients categorised as treatment failures could
not be categorised as treatment successes. In
both treatment groups 48% of patients had an
improvement of at least 10% in best/predicted
morning PEF and were categorised as treat-
ment successes (fig 1). The median time taken
to achieve success was three days (1;5) in the
fluticasone group and three days (2;6) in the
prednisolone group.

Neither
Twenty nine per cent of patients treated with
oral prednisolone and 25% treated with flu-
ticasone propionate did not meet the study
definition of either a treatment success or fail-
ure.
The mean percentage predicted entry PEF

was similar for patients in all of the outcome
groups with mean (SD) values of 74 (8.4)%,
75 (8)%, and 76.3 (8)% in the "treatment
failure", "treatment success", and "neither"
groups, respectively. The median dose of in-
haled corticosteroid at study entry in these
three groups was 800 jg (400; 1000 ,ug), 600 jig
(0; 1000 jig), and 800 jig (400;1000 jig), re-
spectively.

99/107
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168 (9)
73 (13)
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46 (22)
92 (45)

46 (22)
102 (50)
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75 (36)
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90 K |.* Fluticasone propionate
- A Prednisolone

percentage points (-8.8 to 2.4) in the flu-
ticasone group and by -2.1 percentage points
(-5.6 to 2.3) in the oral prednisolone group
over the course of the study.

SYMPTOMS
The median symptom score recorded by
patients in each treatment group reduced from
3 (2;3) on entry to the study to 1 (0;2) by the
end of treatment.

ADVERSE EVENTS
Both treatment regimens appeared to be
equally well tolerated. Five patients reported

t serious adverse events during the study, three
2 3-4 5-6 7-8 9-10 11-12 13-14 15-16 of whom were receiving inhaled fluticasone

Treatment days propionate. These events included one fatality
due to a cardiac arrest resulting from coronary

I Treatment profiles of mean (95% confidence intervals) percentage predicted artery atheroma. The investigator deemed this
PEF of total sample. Note: the mean values are calculated from the data of death to be unrelated to the study medication.
still in the study at that time point: fiuticasone propionate (n = 204 day 2,
day 15116); prednisolone (n = 203 day 2, n = 165 day 15116).

exacerbation ofasthma and a report of a serious
headache. The two serious events reported by

LUNG FUNCTION patients receiving oral prednisolone included
Mean morning PEF, expressed as a percentage a re-exacerbation of asthma and a report of
of best/predicted, increased at a similar rate shortness of breath. None of these five serious
over the 16 day study period in both treatment events was thought to be likely to be related to
groups. The mean levels in percentage pre- the study drug.
dicted morning PEF over the treatment period Forty four per cent of patients in both treat-
can be seen in fig 3. In fig 4 the changes in ment groups reported minor adverse events
percentage predicted morning PEF for those with most of them being disorders of the di-
patients in both treatment groups who com- gestive, nervous, or respiratory systems. There
pleted the study period are shown. A similar was no difference in the incidence of oral can-
proportion of patients in each treatment group didiasis between the two groups, with six
was above and below 85% predicted PEF at patients having a positive swab for candida in
the end of the study. the fluticasone treated group and eight having
The median diurnal variation in PEF, cal- a positive swab in the oral prednisolone group.

culated as the percentage amplitude of the
mean, was 7.5% (2.7;12.9) in the fluticasone
propionate group and 6.4% (3.1;12.1) in the
oral prednisolone group over the first 48 hours
of the study. It decreased by a median of -2.0

Discussion
We have found no evidence in this study of
a significant difference in efficacy between a
reducing dose course of oral prednisolone and
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high dose inhaled fluticasone propionate in
mild exacerbations of asthma which do not
require hospital admission. Whether inhaled
fluticasone propionate could be as effective as
oral prednisolone in the treatment of more
severe exacerbations, either in primary care or
hospital, needs further investigation.

This study was unable to show any significant
differences in clinical outcome between the two
treatment groups. This may have been due to
the reduced power of the study which arose

from the difficulty experienced in recruiting
patients. In the event we have presented data
on 403 (evaluable) patients rather than the
intended 582, and although this is still a large
sample of patients in which to investigate the
outcome, we estimate the final power to detect
our defined outcomes at the 5% level to be of
the order of 57%. We also acknowledge that
the observed difference in the proportions of
treatment failures, which is accepted as the best
estimate of the true treatment differ-
ence,'3 favoured oral prednisolone though this
difference in treatment failure was 4.3 per-
centage points which is well below our pre-
defined minimum clinical difference of 10
percentage points. The proportion of successes
was similar with both treatments.

Oral corticosteroids are widely accepted as

the treatment of choice in acute exacerbations
of asthma' and their efficacy is proven.23 How-
ever, they have been shown to have significant
systemic activity. Following long term treat-
ment, systemic side effects with oral cortico-
steroids can include weight gain, adrenocortical
suppression, skin thinning with easy bruising,
and osteoporosis.'6 The cumulative effects of
repeated short courses of oral corticosteroid
may make asthmatic patients susceptible to
these potential effects. The topical nature of
inhaled corticosteroids limits this potential.
Noonan et al6 demonstrated a reduction in
oral steroids to zero in approximately 75% of
patients following the introduction of inhaled
fluticasone propionate compared with only 3%
of patients given placebo. In the same study
the number of patients with abnormal plasma
cortisol levels following the introduction of
inhaled fluticasone propionate was lower than
in the placebo group. These results6 suggest
that both fluticasone propionate and pred-
nisone can be effective treatments for asthma
and that the incidence of systemic side effects
is reduced following replacement of oral steroid
by inhaled fluticasone propionate. Using a high
dose of an inhaled corticosteroid instead of a
course of oral corticosteroids in the treatment
of acute exacerbations of asthma may therefore
be safer in the long term with respect to sys-
temic side effects, although our study has not
specifically addressed this issue.
When designing this study one difficulty

faced was the selection ofthe oral corticosteroid
regimen to be used. Canvassing of general
practitioners indicated a wide variation in the
dosages of oral corticosteroids prescribed and
their duration of use. Although recent data
suggest that there is no additional benefit from
tapering oral steroids when treating acute ex-

acerbations of asthma,'7 the oral steroid re-

gimen selected for this study was representative
of the clinical practice at the time the study was
designed. The reducing course chosen should
have provided sufficient steroid cover to achieve
a clinical benefit, particularly in patients who
continued to take their existing inhaled cortico-
steroid therapy. The BTS guidelines on the
management of acute asthma' recommend the
use of 30-60 mg of prednisolone daily for 1-3
weeks after an asthma attack. In our study
patients were prescribed at least 30 mg a day
for six days. The failure ofthe oral prednisolone
regimen to improve percentage best/predicted
PEF to above 85% by day 16 in over 50% of
our patients who completed the study may
support Webb's conclusion that oral pred-
nisolone should be prescribed at a dose of
0.6 mg/kg body weight (that is, 40 mg daily in
a 70 kg man) for at least two weeks following
an acute asthma attack.'8
About half of the patients who were defined

as treatment failures failed to respond to treat-
ment within the first two days (46% in the
fluticasone propionate group and 54% in the
prednisolone group; fig 2). For those patients
who "failed" the median time to treatment
failure was three days in the fluticasone pro-
pionate group and two days in the prednisolone
group; some patients took up to 10 days to be
defined as treatment failures. These data are
consistent with a study conducted by Bucknall
et al which showed that a significant proportion
of patients were still suffering from symptoms
13 days after being discharged from hospital
following an acute asthma attack.'9 Levy et al
also found that, in 66% of patients on whom
data were available, PEF variation was greater
than 15% two months after attending hospital
for an acute exacerbation of asthma.20 These
data suggest that, after initial treatment for
acute asthma (hospital or community), patients
should be seen frequently - we suggest daily
for the first three days then weekly for at least
four weeks or until the clinical signs and symp-
toms have resolved.

It could be argued that the early withdrawal
(median 2 days) of patients from the study
because of treatment failure meant they were
not given enough time to respond to treatment.
However, this was a double blind, double
dummy study and therefore we felt ethically
obliged to withdraw these patients for safety
reasons. The median time to withdrawal was
similar irrespective of the treatment group, so
this study criterion did not unbalance the study
in terms of the conclusions.
The severity of the asthma exacerbations

reported can be defined in terms of PEF ex-
pressed as a percentage of best/predicted value.
For the purpose of this study the first PEF
recorded was measured after acute treatment
with a bronchodilator (entry PEF) where this
was indicated. The use of the entry PEF (one
hour after bronchodilator) prevents an as-
sessment ofthe true severity ofthe exacerbation
on presentation to the surgery. Approximately
50% of the patients entered into the study had
an entry PEF that ranged from 50% to 75%
ofthe best/predicted value. The BTS guidelines
for the management ofasthma recommend that
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oral prednisolone be given to patients whose
PEF lies between 50% and 75% of predicted
or best, 15-30 minutes after nebulised
bronchodilator.1 Half of the patients recruited
into the study did meet this criterion, but the
only guidance given to doctors participating in
the study was that, in their opinion, patients
should require a course of oral corticosteroids
to be considered for inclusion. The number of
patients entered into the study whose entry
PEF was greater than 75% of best/predicted
indicates that PEF is not the only criterion
used by general practitioners to assess whether
courses of oral corticosteroids are indicated.
Whilst most asthma attacks are treated by gen-
eral practitioners"22 there is wide variation in
the treatment provided, often at variance with
recommended guidelines. In one study re-
ported by Neville et al"2 56% of asthmatic
patients suffering acute attacks of asthma were
treated with systemic corticosteroids; their clin-
ical severity ranged from "not breathless" to
"too breathless to talk". Our study suggests
that general practitioners use other parameters
such as clinical signs and patient's previous
history in addition to lung function when de-
ciding when to initiate courses of oral cortico-
steroids. Furthermore, our results provide
some guidance for general practitioners in de-
ciding whether to prescribe an oral or inhaled
steroid for the management of mild ex-
acerbations of asthma. We suggest that, if the
PEF on presentation or after treatment with
bronchodilator therapy is above 60% best or
predicted, high dose inhaled steroids may be
used instead of oral steroids.

Diurnal variation in PEF is sometimes used
as an indicator of instability of asthma. In this
study the diurnal variation in PEF measured
in both treatment groups was less than 8%
during the first 48 hours of acute treatment.
This low value in itself would not be indicative
of a lack of asthma control requiring treatment
with oral corticosteroids, so based on the di-
urnal variation alone very few of these patients
would have been recruited into this study. How-
ever, it is important to note that both treatments
did reduce the median diurnal variation by
about two percentage points whilst increasing
percentage predicted morning PEF by an av-
erage of 11 percentage points.

In conclusion, we have found no evidence
of a significant difference in efficacy between a
reducing dose course of oral prednisolone and

high dose inhaled fluticasone propionate in
mild exacerbations of asthma. However, we
acknowledge that prednisolone produced a
slightly lower proportion of treatment failures
and that the power of our study was low. We
are unable to comment on the relative profile
ofunwanted effects from these alternative ther-
apies.

We thank the participating general practitioners for their ex-
cellent co-operation with this study which was sponsored by
Glaxo Pharmaceuticals UK Ltd.
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