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ABSTRACT

Background

In cystic fibrosis (CF) airway obstruction and recurrent respiratory infection lead to inflammation, long-term lung damage, respiratory
failure and death. Anti-inflammatory agents, e.g. oral corticosteroids are used since inflammation occurs early in disease. This is an update
of a previously published review.

Objectives

To assess the effectiveness of oral corticosteroids in respiratory complications in CF, particularly lung function and adverse events. We
examined long-term use (over 30 days) only.

Search methods

We searched the Cochrane CF and Genetic Disorders Group Trials Register comprising references identified from comprehensive electronic
database searches and handsearches of relevant journals and abstract books of conference proceedings.

Most recent search: 28 August 2015.

Selection criteria

Randomised trials comparing oral corticosteroids given for more than 30 days with placebo or no additional therapy in people with CF.

Data collection and analysis

Two authors independently assessed study eligibility and quality.

Main results

Of eleven studies identified, three (354 participants) were included: two with four-year follow up and one with 12-weeks follow up. Data
were lacking on predefined outcomes; common outcomes were examined at different time-points and presented differently. Meta-analyses
were not possible.

In one study, oral corticosteroids at prednisolone-equivalent dose of 1 mg/kg alternate days slowed progression of lung disease; at two
and four years, % predicted FEV in the 1 mg/kg group changed significantly more than in the placebo group (P <0.02). During the first two
years, the 2 mg/kg group was not significantly different from the placebo group. Linear growth retardation was observed from six months
in the 2 mg/kg alternate days prednisolone group and from 24 months in the 1 mg/kg alternate days prednisolone group.

Adverse events terminated one four-year study early. Year 10 follow up showed catch-up growth started two years after treatment ceased.
Alternate-day treatment with oral corticosteroids may have impaired growth until adulthood in boys.
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Authors' conclusions

Oral corticosteroids at prednisolone-equivalent dose of 1 to 2 mg/kg alternate days appear to slow progression of lung disease in CF; benefit
should be weighed against occurrence of adverse events. Risk-benefit analysis of low-dose alternate days corticosteroids is important. No
further trials of this intervention are anticipated, and hence the review will no longer be regularly updated. However, if any new data are
published, these will be incorporate when available.

PLAIN LANGUAGE SUMMARY
Use of oral steroids for cystic fibrosis

Cysticfibrosis causes frequent lunginfection and the airways become blocked with mucus. Thisin turn leads to inflammation, which causes
more lung damage and more mucus to be produced. Corticosteroids are strong drugs given to treat this inflammation. The review includes
three trials; one for 12 weeks and two with four-year follow up. We could not combine any data. Trials showed that oral steroids of 1mg/
kg to 2 mg/kg (prednisolone equivalent) given every other day seemed to slow the advance of lung disease. However, there are serious
adverse effects such as cataracts and the slowing of growth at the higher dose. These led to one trial stopping early. Follow-up data show
that catch-up growth started two years after treatment ceased. Treatment must use the lowest effective dose and the shortest duration of
therapy to reduce the risk of a permanent effect on growth. A dose of 1 mg/kg on alternate days might be considered for up to 24 months,
but close attention should be paid to adverse effects. We do not expect any further trials of this treatment to be undertaken, so we do not
plan to continue to regularly update the review. However, if any new information is published, we will include this when it is available. This
is an update of a previously published review.

Oral steroids for long-term use in cystic fibrosis (Review) 2
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BACKGROUND

Description of the condition

The defective cystic fibrosis (CF) gene is responsible for causing an
abnormal airway surface environment, which leads to both airway
obstruction by mucus plugging and recurrent respiratory infection.
This leads to inflammation and eventually long-term lung damage
(bronchiectasis), respiratory failure and death. The persistent
presence of pathogenic organisms, including Staphylococcus
aureus, Haemophilus influenza, and Pseudomonas aeruginosa in
the airways is associated with a powerful inflammatory response
which is ineffective in clearing the organisms from the lungs
(Balfour-Lynn 1996).

It has been recognised that the inflammatory process itself may
contribute to lung injury (Konstan 1996). The most characteristic
feature of lung inflammation in CF is the influx of huge numbers
of white cells, called neutrophils, into the airways (Konstan
1993). These numerous neutrophils break down and release a
number of substances, including deoxyribonucleic acid (DNA),
which makes the sputum thick and sticky. They also release
products which cause direct lung damage. These include oxygen
metabolites (oxidants) and elastase, which damages the airway
wall and increases mucus secretion, therefore aggravating airway
obstruction. Elastase also causes the secretion of a substance
called IL-8, a type of cytokine, which attracts more neutrophils into
the airways.

Bronchoscopy combined with bronchoalveolar lavage (BAL), a
technique of examining the airways and getting information
about the composition of airway fluids, have helped further
understanding of inflammation and lung injury in CF. The
inflammatory process occurs early in life, a recent study showing
showed that lung inflammation can occur in CF infants as young
as four weeks (Khan 1995). Another study showed that even
infants without clinically obvious lung disease still had evidence of
airway infection with inflammation predominated by neutrophils
(Armstrong 1995). Studies have also shown that the inflammatory
response is also detectable in the airways of people with clinically
mild disease (Konstan 1994). BAL in people with CF with mild lung
disease has been shown to contain large numbers of inflammatory
cells, including neutrophils and free elastase (Konstan 1994).

How the intervention might work

Current evidence suggests that inflammation in CF occurs early
in life and may contribute to lung damage. This is the rationale
for the use of anti-inflammatory therapy in CF. Corticosteroids are
powerful anti-inflammatory agents which have been used widely
in a number of diseases for several decades and have several
important effects on neutrophils, such as stopping the neutrophils
converting to their active state (Schleimer 1990) and stopping them
producing digestive enzymes (Llewellyn-Jones 1994).

Why it is important to do this review

This review aims to determine whether there is clear evidence that
one anti-inflammatory treatment, oral corticosteroids, is beneficial
in the treatment of lung disease in people with CF. However, the use
of corticosteroids is also associated with well-known, significant
side effects. Use of high doses, particularly over a prolonged period
of time is associated with changes in appearance including a
'moon-face’, weight gain, centripetal redistribution of fat, muscle

wasting, acne, bruising, thinning of the skin and stretch marks.
High doses can also precipitate or exacerbate existing diabetes
mellitus. Prolonged use is associated with osteoporosis (thinning
of the bones) and cataract formation. Corticosteroids also increase
the risk of contracting certain types of infection and reduce the
capacity of the body to respond to serious infection. In children, one
of the most worrying side effects is suppression of growth.

This is an update of a previously published review (Cheng 1999;
Cheng 2011; Cheng 2013).

OBJECTIVES

The objective of this review is to determine the effectiveness of oral
corticosteroids in the management of CF. We wished to test the
hypotheses that oral corticosteroids:

1. reduce the number of days of intravenous antibiotics for
respiratory exacerbations;

2. reduce the need for hospital admission for respiratory
exacerbations;

3. improve or prevent the decline in objective tests of lung function
(forced expiratory volume in one second (FEV;); forced vital

capacity (FVC); and forced expiratory flow 25-75% (FEF;5_75));
4. improve exercise tolerance;
5. improve nutritional status;

6. are associated with adverse effects including changes
in appearance including Cushingoid appearance, growth
suppression, diabetes mellitus, cataracts, osteoporosis and
opportunistic infection;

7. improve quality of life;
8. improve survival.

We intended to assess the above hypotheses for long-term anti-
inflammatory use only.

METHODS

Criteria for considering studies for this review
Types of studies

Randomised controlled trials, published and unpublished.

Types of participants

Children and adults, of any age, with defined CF diagnosed
clinically and by sweat or genetic testing. People with CF at all
stages of lung disease were included.

Types of interventions

Where oral corticosteroids have been compared to placebo or
existing conventional therapy for at least 30 days.

Types of outcome measures
Primary outcomes

1. Objective lung function tests
a. forced expiratory volume at one second (FEV), forced vital

capacity (FVC), forced expiratory flow from 25% to 75% of
vital capacity (FEF;5.75) (% predicted) absolute change from

baseline

Oral steroids for long-term use in cystic fibrosis (Review)
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b. FEVy, FVC, FEF,5.75 (% predicted) post-treatment

2. Number of days of intravenous antibiotics for respiratory
exacerbations

3. Hospitalisation rates for respiratory exacerbations

Secondary outcomes

1. Objective change in exercise tolerance as measured by a
maximal exercise test, including a 12-minute walk if this had
been measured

2. Change in growth and nutritional indices expressed as change
in z scores for height and weight, change in body mass index,
percentage weight for height and height and weight centiles. As
increase in weight or percentage ideal body weight for height
might occur at the expense of reduced growth velocity, we
wished to consider these in the context of change in height.
Z score is a measure of nutritional status, where weight is
expressed as a percentage of ideal for height and then compared
to the standard for the population (Frisancho 1990).

3. Occurrence of adverse effects such as changes in appearance
including Cushingoid appearance, growth impairment as
measured by change in z score for height, cataracts,
osteoporosis, obesity, diabetes mellitus requiring regular
treatment, occurrence of opportunistic infection categorised
as mild (e.g. oral or vaginal thrush, ringworm) or serious (e.g.
shingles, herpes virus, life-threatening infection). Other adverse
effects if noted were also assessed. If data were available, we
planned to assess bone mineral density z score as a continuous
variable.

4. Quality of life
5. Survival or age at death

Search methods for identification of studies
Electronic searches

Relevant studies were identified from the Group's Cystic Fibrosis
Trials Register using the terms: anti-inflammatory AND oral AND
steroid.

The Cystic Fibrosis Trials Register is compiled from electronic
searches of the Cochrane Central Register of Controlled Trials
(CENTRAL) (updated each new issue of The Cochrane Library),
weekly searches of MEDLINE, a search of Embase to 1995 and the
prospective handsearching of two journals - Pediatric Pulmonology
and the Journal of Cystic Fibrosis. Unpublished work is identified
by searching the abstract books of three major cystic fibrosis
conferences: the International Cystic Fibrosis Conference; the
European Cystic Fibrosis Conference and the North American
Cystic Fibrosis Conference. Additional references were found from
reference lists. For full details of all searching activities for the
register, please see the relevant sections of the Cystic Fibrosis and
Genetic Disorders Group Module.

Date of the most recent search of the Group's Cystic Fibrosis Trials
Register: 28 August 2015.

Searching other resources

Full text searching of the Journal of Pediatrics was also undertaken
from the years 1948 to 1997.

Data collection and analysis
Selection of studies

We (KC and RS) independently applied inclusion criteria to all
potential reports.

Data extraction and management

Weindependently attempted to extract data from each randomised
controlled trial (RCT) from text, tables and figures. For continuous
outcomes, we intended to record either mean absolute change
from baseline for each group or mean post-treatment or
intervention values and standard deviation or standard error for
each group.

We planned to group outcome data into those measured at
one, three, six, twelve months and annually thereafter. However,
outcome data were recorded at other time periods and reported
within this review. For future updates, if outcome data are recorded
at other time periods then consideration will be given to examining
these as well.

Assessment of risk of bias in included studies

In order to assess the risk of bias in the included studies,
we followed the guidance given in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2009). We considered
such aspects as generation of randomisation sequence and
allocation concealment. If we regarded these as adequately
performed, then there was a low risk of bias to the study; if
we regarded these as inadequately performed, then there was
a high risk of bias to the study; and if they were considered
unclear then the risk of bias was unclear too. We also considered
the degree of blinding and the risk of bias increased as the
number of people blinded to the intervention decreased. Finally,
we considered whether issues resulting from incomplete outcome
data were adequately addressed and whether this led to a low, high
or uncertain risk of bias.

Measures of treatment effect

We aimed to calculate a pooled estimate of the treatment effect for
each outcome across studies. For binary outcomes, we planned to
express this as a pooled odds ratio (OR) (the odds of an outcome
among treatment allocated participants to the corresponding odds
among controls) and for continuous outcomes, we would express
a pooled estimate of the treatment effect by calculating the mean
difference (MD).

The data from these studies are essentially longitudinal in nature.
The extractions below are the best that can be hoped for given
the constraints of extracting summaries from published reports,
although we recognise there are potentially issues of multiple
end points. We would require individual patient data for a fuller
analysis, but the merits of making the necessary investment are
best judged after reviewing the available studies on the basis of
reports.

Unit of analysis issues

We did not include any cross-over studies; we do not plan to
include any cross-over studies in the future as we feel these are not
appropriate to this intervention.

Oral steroids for long-term use in cystic fibrosis (Review)
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Dealing with missing data

Where sufficient data were not available in the published reports or
in the abstract from the conference proceedings, we attempted to
contact first and last authors of the studies to obtain individual or
summary data.

In order to allow an intention-to-treat analysis, we planned to
collect data on the number of participants with each outcome
event, by allocated treated group, irrespective of compliance and
whether or not the participant was later thought to be ineligible or
otherwise excluded from treatment or follow up.

Assessment of heterogeneity

We intended to test for heterogeneity between study results using
a standard chi squared test and the 12 statistic (Higgins 2003). We
planned to grade the degrees of heterogeneity using the 12 values as
follows: low (0% to 40%), moderate (30% to 60%), substantial (50%
to 90%) and considerable (75% to 100%).

Data synthesis

We have analysed the data using a fixed-effect model. If, in future
updates of this review, we identify substantial or considerable
heterogeneity, we will consider analysing the data using a random-
effects model.

Subgroup analysis and investigation of heterogeneity

For future updates, if there are sufficient numbers of studies we will
explore the following sources of heterogeneity:

1. age of participants;
2. interaction with other drugs.

Sensitivity analysis

We will also examine the robustness of our results using a sensitivity
analysis including and excluding studies with a high risk of bias.

RESULTS

Description of studies
Results of the search

Eleven studies were identified by the searches. Three studies met
the inclusion criteria (Auerbach 1985; Eigen 1995; Greally 1994);
four studies were excluded (Cohen-Cymberknoh 2008; Dovey 2007,
Linnane 2001; Pantin 1986); and four studies are listed as awaiting
classification (we do not currently have sufficient details to assess
whether these studies are eligible for inclusion in our review and
have contacted the authors of the study for more information)
(Kapustina 2008; Nyamugunduru 1998; Pukhalsky 2007; Pukhalsky
2008).

Included studies

Summary details are given in the Characteristics of included studies
tables, including the time points reported in the primary studies.

Seven studies were identified by the searches, of which three, with
a total of 354 participants, met the inclusion criteria.

Participants

The ages of the participants ranged from 1 year to 19.5 years. In one
study, the participants were stated as having mild to moderate lung
disease, but an objective measure of lung disease, such as mean per
cent predicted FEVy, was not reported (Auerbach 1985). In the other
two studies the upper or lower limits of severity of lung disease
were stated as FEV; less than 85% predicted in one (Greally 1994);

and as FEV; greater than 60% predicted in the other (Eigen 1995).

Interventions

Two studies examined alternate-day corticosteroids (Auerbach
1985; Eigen 1995), in the third study corticosteroids were given daily
for the first two weeks and then on alternate days for 10 weeks
(Greally 1994). In each study the comparison of treatment was with
placebo and in one study two doses were compared with placebo
(Eigen 1995). The dose of prednisolone varied from 1mg/kg day on
alternate days (Eigen 1995) to 2 mg/kg on alternate days (Auerbach
1985; Eigen 1995) to 2 mg/kg daily for 14 days followed by 1 mg/kg
on alternate days for 10 weeks (Greally 1994).

The duration of administration of oral corticosteroids and follow
up ranged from 12 weeks (Greally 1994) to four years (Auerbach
1985; Eigen 1995). Although not strictly a 'short-term' study
(less than 30 days), the study by Greally was a short-term one
in comparison to the other two studies (Greally 1994). It was
also primarily explanatory rather than pragmatic; its aim was to
explore the biological mechanisms of oral corticosteroids, rather
than to give treatment recommendations (Murray 1991). The
authors had previously demonstrated higher serum concentration
of interleukin-lalpha and interleukin-2R in participants with CF
compared to controls; and in this study aimed to investigate
the effect of oral prednisolone on these interleukins and also
immunoglobulin G (IgG). In one of the long-term studies no
intermediate outcome data were presented between baseline and
four years (Auerbach 1985).

Outcome measures

Four outcomes, which we had intended to assess, had not
been reported in any of the three RCTs. These were exercise
tolerance, number of days of intravenous antibiotics for respiratory
exacerbations, quality of life and survival. The two outcomes
common to all three studies were lung function and adverse events.

However, data on the lung function primary endpoint were
presented in different ways in each study. In the study by Greally,
lung function was expressed as mean absolute change in per cent
predicted FEV; at 14 days and 12 weeks, with confidence levels for
the change quoted (Greally 1994). In the Auerbach study the mean
absolute level of per cent predicted FEV; at baseline and four years
were reported, together with standard error (Auerbach 1985). In the
third study graphs of mean change from baseline of FEV; and FVC
were shown but no standard errors or standard deviations were
reported (Eigen 1995).

The adverse events reported were not the same in each study.
The Greally study specifically sought the adverse events of
raised blood pressure, high blood sodium, low blood potassium,
fluid retention and blood glucose abnormalities (Greally 1994).
The Auerbach study regularly measured height and weight of
participants, but other adverse effects did not seem to have been
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systematically sought (Auerbach 1985). The Eigen study monitored
adverse events at each clinic visit, i.e. three-monthly, specifically
looking for raised blood glucose levels, cataracts, liver enzyme
abnormalities, or chest infections with unusual organisms (Eigen
1995). In the Effects of interventions section of this review, the
adverse events are described as they have been reported in
the published reports. None of the studies reported whether or
not Cushingoid appearance or osteoporosis had developed. Two
of the three studies reported effect on height (Auerbach 1985;
Eigen 1995); although, as the other study was comparatively
short, there would not have been sufficient time for an effect on
height to have occurred (Greally 1994). Two of the three studies
reported the development of diabetes or glucose intolerance (Eigen
1995; Greally 1994). Two studies evaluating different groups of
participants reported the development of cataracts; one was a four-
year follow-up study (Eigen 1995) and the other a 10-year follow up
of some of the participants in another four-year study (Auerbach
1985). Only one study reported the development of opportunistic
infection (Greally 1994).

In the study by Eigen, due to an excess of adverse events, the
high dose prednisolone (2 mg/kg on alternate days) group was
discontinued prematurely three years after accrual of participants
commenced and the low dose (Img/kg on alternate days) was also
discontinued a year later (Eigen 1995). All three treatment groups
were analysed using a repeated measures ANOVA for the first 24
months, but a second analysis was done comparing the 1 mg/kg
prednisolone group with placebo for 48 months. Participants, who
were in the 2 mg/kg on alternate days group, were not included
in the latter analysis because some participants in this group had
not received the study drug for as long as 24 months. For either
treatment group it was not clear from the report exactly how long
oral corticosteroids were given, but it appears to have been a
variable length of time, depending on when enrolment into the
study took place.

Excluded studies

Four studies were excluded from the review: one study was
not randomised (Pantin 1986) and another study did not meet
our inclusion criteria as the steroids were not given to treat
an exacerbation (Linnane 2001). The third study was excluded
as treatment duration was less than 30 days (Dovey 2007) and
the remaining study was excluded as the steroids were given
to treat allergic bronchopulmonary aspergillosis and not as part
of the general anti-inflammatory management of CF (Cohen-
Cymberknoh 2008).

Risk of bias in included studies
Allocation

Generation of the randomisation sequence, and also the risk of
bias due to this, was unclear in two studies (Auerbach 1985; Greally
1994). We judged the generation of randomisation sequence to be
adequate and estimated the risk of bias from this as low in the
third study, which used a computer-generated random number
sequence in blocks of six (Eigen 1995).

Concealment of allocation was unclearin all three included studies
and we deemed these to have an unclear risk of bias (Auerbach
1985; Eigen 1995; Greally 1994).

Blinding

Double blinding was reported specifically in all three studies
(Auerbach 1985; Eigen 1995; Greally 1994). However, the authors
acknowledge that double-blinding might not have been possible.
At the doses used, it would have been obvious from the
somatic changes resulting from the use of corticosteroids, which
participants were in the treatment group. We therefore judged
all three studies to have an unclear risk of bias due to blinding
(Auerbach 1985; Eigen 1995; Greally 1994).

Incomplete outcome data

Analysis was done on an intention-to-treat basis in two studies and
this led us to estimate a low risk of bias for these studies (Eigen
1995; Greally 1994). In the third study, 45 participants were initially
randomised, but 11 did not complete the study (reasons were given)
(Auerbach 1985). It was unclear whether these 11 withdrawals had
been included in the analysis. We therefore judged this study to
have an unclear risk of bias (Auerbach 1985).

Effects of interventions

Due to the variations in presentation of data and the different time
points at which outcomes were examined, no aggregation of data
was possible. We have been unsuccessful so far in obtaining raw
data from two of the studies; however, we have received the data
from the remaining study (Greally 1994). We have not been able
to contact any of the authors of the study by Auerbach (Auerbach
1985), but have been assured by the authors of the study by Eigen
that they will send us their raw data (Eigen 1995). For this review we
have summarised the data as presented in the published reports.
Hence we currently report P values, rather than actual group data,
with the results of each outcome as a mean for each group or
percentages together with confidence intervals (Cls). However, with
the exception of the study by Greally, this has not been possible
because the data were not expressed in this way in the published
reports (Greally 1994). The authors acknowledge that the reader
will have difficulty in assessing whether a statistically significant
change is also clinically important.

Primary outcomes
1. Objective lung function tests

All studies showed some improvement or delay in decline in lung
function in the oral steroid-treated groups compared with placebo.

a. FEV,/FVC/FEF,5.75 (% predicted) absolute change from baseline

Greally examined lung function at relatively short time points, 14
days and 12 weeks (Greally 1994). Mean absolute change in percent
predicted FEV; with the 95% CI for the difference between groups
were reported at 14 days and 12 weeks. The mean absolute change
in percent predicted FEV; at 14 days was 7.7% in the treatment
group compared to -1.0% in the placebo group (95% CI for the
difference between groups 15.08 to 2.32) and at 12 weeks was 6.3%
in the prednisolone group compared to -1.8% in the placebo group
(95% CI 15.75 to0 0.45). The improvement observed in the treatment
group is likely to be perceived as beneficial by the participant.
We assumed that the standard deviation for both treatment and
control groups was the same and, using the formulae for calculating
the standard error of the difference between two means and
the confidence interval of the difference between two means,
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calculated the standard deviations of the two groups. Data on FEV;
and FVC have been entered into the data tables.

Auerbach reported that at four years the mean per cent predicted
FEV; was significantly higher in the prednisolone group at a dose of
2 mg/kg on alternate days (103%) compared to the placebo group
(87%), P <0.005. At baseline both groups had similar mean per cent
predicted FEV; (Auerbach 1985).

In the study by Eigen, an excess of adverse events resulted in
the high dose prednisolone (2 mg/kg on alternate days) being
discontinued prematurely three years after accrual of participants
commenced and the low dose was also discontinued a year later
(Eigen 1995). All three treatment groups were analysed using a
repeated measures ANOVA for the first 24 months but a second
analysis was done comparing the 1 mg/kg on alternate days
prednisolone group with placebo for 48 months. Actual group data
were not reported.

Actual group data for FEV; and FVC were not reported. With regards
to FVC, when the three groups were compared for the initial 24
months, the mean change in per cent predicted FVC was higher
in the 1 mg/kg group than the placebo group at all six-monthly
time points (P <0.0001); and at all time points the mean change in
per cent predicted FVC was greater in the 2 mg/kg group than the
placebo group (P < 0.01). When the 1 mg/kg prednisolone group
and the placebo group were compared for the first 48 months of
the study, the steroid treated group had a greater change in per
cent predicted FVC, which was sustained throughout the period (P
< 0.0025). At 24 months, 70.4% participants treated with 1 mg/kg
prednisolone had an increase in per cent predicted FVC, compared
with 54.9% participants treated with 2 mg/kg prednisolone and
41.6% participants treated with placebo. With regards to FEVj,
during the first 24 months, the 1 mg/kg prednisolone group had
a significantly greater change from baseline in per cent predicted
FEV; than placebo. There was no significant difference between
the 2 mg/kg group and the placebo group. When the 1 mg/kg
prednisolone group were compared for the full 48 months of the
study, the prednisolone treated group had a better change from
baseline in mean per cent predicted FEV; than the placebo group (P
<0.02), in that there was a decline in mean per cent predicted FEV;

in the placebo group from 79.2% at baseline to 73.4% at 48%, but
no decline in the prednisolone treated group.

2. Number of days of intravenous antibiotics for respiratory
exacerbations

This outcome was not reported in any of the four studies.

3. Hospitalisation rates for respiratory exacerbations

Eigen reported that the hospitalisation rates were similar in the
three comparison groups: 52% in the 1 mg/kg group; 59% in the 2
mg/kg group; and 59% in the placebo group (Eigen 1995). It was
also noted that hospitalisations per participant were similar in the
three groups: 1.73in the 1 mg/kg group; 1.82 in the 2 mg/ kg group;
and 1.86 in the placebo group. The periods during which these
hospitalisations per participant were calculated is not clear from
the report.

Auerbach reported that five (24%) of the prednisolone-treated
participants were admitted to hospital nine times during 846
patient-months at risk and 10 (42%) placebo-treated participants

were admitted 35 times during 941 patient-months at risk
(Auerbach 1985).

Greally did not report hospital admissions (Greally 1994).

Secondary outcomes
1. Exercise tolerance

None of the four studies reported this outcome.

2. Growth and nutrition
Height

Height was reported in two studies but presented differently, as
mean height and weightin one study (Auerbach 1985) and as height
z scores in the other (Eigen 1995).

Auerbach demonstrated that the mean height of the prednisolone
group, (2 mg/kg on alternate days) was higher at four years than
the placebo group (Auerbach 1985). In the publication the P value
was stated as P <0.025, but the actual changes in each group were
not reported. However, long-term follow-up data of this study did
suggest an adverse effect on linear growth. In the Auerbach study,
Donati suggested in the 10-year follow-up data of 30 out of the
34 participants that there was substantial impairment in growth
in the participants who received corticosteroids for four years or
more (Donati 1990). Of the 14 participants who were in the original
steroid group, nine took corticosteroids for an average (SD) of 9.5
years (1.2 years) and had a mean z score at 10 years of -1.86 (95%
Cl -2.44 to -1.28), and the five who stopped taking corticosteroids
for 4.5 years (0.46 years) had a mean z score of -1.34 (95% Cl -2.58
to -0.10). In contrast, of the 16 participants in the placebo group,
five never received corticosteroids and five received corticosteroids
for 0.6 years (0.3 years) and had a mean z score of -0.70 (95% ClI
-1.3 to -0.10). The figures for the means and standard deviations
were reported in the original paper (see Table 1), the 95% Cls
have been calculated from these figures. The authors of this review
acknowledge that this was an incomplete follow-up study and that
although one of the 30 participants died; we do not know why data
on the other three were unavailable.

Eigen also showed that treatment with prednisolone adversely
affected growth (Eigen 1995). Evidence of this was apparent six
months from starting the study in the 2 mg/kg prednisolone group,
but not until 24 months in the 1 mg/kg prednisolone group. Linear
growth retardation, as defined in this study by a decrease of one z
score, occurred statistically significantly more often in the steroid-
treated participants at either dose, than those treated with placebo
(P<0.05)inthe 1 mg prednisone group OR 2.58 (95% Cl 1.18 t0 5.63);
and for the 2 mg prednisone group OR 3.70 (95% Cl 1.73 to 7.92)
(Analysis 1.3).

Following six months of treatment and after 12, 18 and 24 months,
the high-dose group had a significantly greater reduction in height
z score than the placebo-treated group (P < 0.001). For the 1 mg/
kg group the height z score was significantly lower than that of the
placebo group after 24 months of treatment and also at 36 and 48
months (P < 0.001). Confidence intervals or standard errors were
not reported. At 24 months the mean change in height z score was
0.02% for the placebo group, -0.1% for the 1 mg/kg prednisolone
group and -0.3% for the 2 mg/kg prednisolone group; at 36 months
-0.01% for the placebo group, -0.25% for the 1 mg/kg group; and at
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48 months -0.05% for the placebo group and -0.5% for the 1 mg/kg
group. These values were read off a graph in the published report.

Lai evaluated long-term growth in 224 of the 243 children enrolled
in the Eigen study (Lai 1999). Growth patterns were examined six to
seven years after prednisolone was discontinued. At this stage (in
1997) 68% of the participants were 18 years or older. Height z scores
among prednisolone-treated participants declined from baseline
to three to four years in both genders. Catch-up growth began two
years after prednisolone was discontinued.

Among the boys, the z scores for height remained significantly
lower after 10 years in those who received prednisolone than in
those who received placebo (P = 0. 03). The mean height for boys
aged 18 years or older was significantly lower (by 13 percentile
points) in the boys who received low-dose prednisolone (P = 0.03);
in the 1mg prednisone group, MD -3.90 (95% ClI -7.77 to -0.03) and
the 2mg prednisone group, MD -4.10 (95% CI -7.82 t0-0.38) (Analysis
1.4). The impact of growth suppression was more pronounced and
final adult height was affected if the prednisolone was started
before puberty. In girls there was no significant difference in height
after 18 years of age in those who received prednisolone compared
to those who received placebo (P = 0.87); in the 1 mg prednisone
group MD -1.00 (95% Cl -4.54 to 2.54) and for the 2 mg prednisone
group MD -0.50 (95% Cl -4.43 to 3.43) (Analysis 1.5). Among the girls,
no significant differences in z scores for height were found among
prednisolone groups after six years (P =0.26). In addition, girls who
started taking prednisolone at younger ages did not have greater
declines in z scores for height than girls who started at older ages.
In the follow up of the Eigen study, Lai did not state whether formal
tests of interaction were undertaken (Lai 1999).

Weight

All three studies presented data on weight (Auerbach 1985; Eigen
1995; Greally 1994). However, only data from two studies could be
entered in the analysis; one study presented data for change in
weight (Greally 1994) and the remaining study presented weight in
kg (Eigen 1995).

Auerbach demonstrated that the mean height and weight of the
prednisolone group, (2 mg/kg on alternate days) was higher at four
years than the placebo group (Auerbach 1985). In the publication
the P values were stated as P < 0.025 for height and P < 0.005 for
weight, but the actual changes in each group were not reported.

Greally reported the change in weight from baseline; weight gain
was higher in the oral steroid group, but the result was not
significant, MD 0.34 (95% ClI -2.32 to 3.00) (Greally 1994) (Analysis
1.6).

Eigen presented absolute values for weight at over 18 years of age
split for males and females. For the boys, weight was higher in both
treatment groups compared to placebo; this was not statistically
significant in the 1mg prednisone group MD -4.60 (95% CI -9.69 to
0.49), but was statistically significant in the 2 mg prednisone group
MD -6.70 (95 % Cl-11.59 to-1.81]) (Analysis 1.7). For the girls, weight
was higherin the 1 mg prednisone group compared to placebo, MD
-2.30 (95% CI -6.74 to 2.14); but lower in the 2 mg prednisone group
compared to placebo, MD 1.70 (95% CI -3.37 to 6.77) (Analysis 1.8).
Neither result was statistically significant for the girls.

Obesity was not reported in any of the studies.

3. Occurrence of adverse effects

(e.g. changes in appearance including Cushingoid appearance,
cataracts, osteoporosis, obesity, diabetes mellitus requiring regular
treatment, occurrence of opportunistic infection categorised as
mild (e.g. oral or vaginal thrush, ringworm) or serious (e.g. shingles,
herpes virus, life-threatening infection))

We described earlier which of these adverse events were
systematically sought during the course of the studies and have
described the occurrence of these outcomes as they were reported
in the published reports. As stated in the 'Description of studies'
section, 95% Cls were not reported. The study by Auerbach was
not analysed on an 'intention-to-treat' basis and there was further
loss to follow up at 10 years (Auerbach 1985). Therefore, it was not
possible to calculate percentages or rates for any adverse effects.
Eigen reported adverse events, but it is not possible to differentiate
whether more than one event occurred in the same participant, so
again itis not possible to report percentages or rates (Eigen 1995).

The development of a Cushingoid appearance was reported in one
study and occurred in four of the prednisolone-treated participants
(2 mg/kg on alternate days) (Auerbach 1985).

Development of cataracts was reported in two studies. The 10-
year follow-up report of the Auerbach study by Donati reported
that two participants had developed cataracts (Donati 1990). Eigen
reported that during the first 24 months, cataracts were seen
more often in participants in the 2 mg/kg prednisolone group (11
participants) compared to the 1 mg/kg group (three participants)
(Eigen 1995). We also noted that seven participants in the placebo
group developed cataracts.

Osteoporosis was not specifically noted, but in the follow
up to the Auerbach study, Donati reported that two of the
prednisolone-treated participants (2mg/kg on alternate days)
developed multiple bone fractures (Donati 1990).

Diabetes mellitus requiring regular treatment was not specifically
reported in any of the four studies but all four noted varying degrees
of glucose intolerance. In the short-term study, Greally reported
that one participant developed hyperglycaemia (17 mmol/L) at
the end of two weeks of 2 mg/kg prednisolone which settled
on the alternate-day regimen (Greally 1994). In the follow up
to the Auerbach study, Donati reported that glucose intolerance
occurred in 2 of the 14 prednisolone-treated participants (2 mg/
kg on alternate days) in whom data were available (Donati 1990).
Eigen noted that abnormalities in glucose metabolism (elevated
haemoglobin Alc, raised fasting blood glucose concentration or
glucose in the urine) were seen more often in the prednisolone 2
mg/kg group than in the 1 mg/kg group (P < 0.05) but there was
no difference between the 1 mg/kg and placebo groups (P < 0.05)
(Eigen 1995).

Interestingly, occurrence of opportunistic infection was reported
only in the shorter-term study (Greally 1994). No opportunistic
infections occurred in the treated group but it was not reported
whether any occurred in the control group.

4. Quality of life

This was not specifically reported in any of the three studies.
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5. Survival or age at death

This was not reported in any of the three studies.

Although not a specific outcome, Auerbach reported that during
four years of the study, one participant from the placebo group and
none from the prednisolone group died (Auerbach 1985).

DISCUSSION

Oral corticosteroids at a dose of 1 mg/kg to 2 mg/kg (prednisolone
equivalent) administered on alternate days over 12 weeks to 4 years
appeared to slow the progression of lung disease in CF as supported
by FEV; and FVC values documented longitudinally. However, in the
long term this benefit needs to be weighed against the occurrence
of adverse effects (glucose abnormalities, cataracts and growth
retardation), especially linear growth suppression. At the higher
dose of 2 mg/kg on alternate days, the occurrence of adverse
events resulted in early termination of one study by a data safety
monitoring committee, outweighing any beneficial effects on lung
function (Eigen 1995). The number of days participants had been
taking the dose of 2 mg/kg on alternate days was not stated in
the published report. Accrual of participants took place between
April 1986 and December 1987. Termination of the high dose was
in August 1990. Although adverse events were not reported in
the other study which used this dose, this may be due to the
smaller sample size used (Auerbach 1985). It was disappointing
that the contrasting results of the two studies using the higher
dose, 2 mg/kg on alternate days, could not be aggregated because
of differing presentation of data and the lack of any interim data
between baseline and four years in one of these studies. We have
attempted unsuccessfully to obtain the raw data from these two
studies. Even at the lower dose of 1 mg/kg on alternate days,
recommendations to terminate the study prematurely were made,
due to the occurrence of adverse effects (glucose abnormalities,
cataracts and growth retardation) (Eigen 1995). Long-term follow
up of the Eigen study has shown that the height deficit in boys
persisted six to seven years after discontinuation of prolonged
alternate-day treatment with prednisolone (Lai 2000). It is likely
that the shorter adult height was due partly to the effect of long-
term treatment with prednisolone and not just the underlying CF.
This difference was not seen in girls. These long-term data suggest
thatwhen oral corticosteroids are used in people with CF, treatment
regimens need to be adjusted to find the lowest effective dose
and the shortest duration of therapy in order to minimise the risk
of permanent growth impairment, especially in boys. It is very
important that the benefits in improved lung function are weighed
against the risk to long-term growth.

Although the shorter-term study was primarily explanatory,
examining the biological effects of corticosteroids on inflammatory
markers, lung function was also assessed and showed an
improvement in FEV; at both 14 days and 12 weeks, but in this
relatively short time period no adverse effects occurred (Greally
1994).

It is disappointing that effects on survival and quality of life
measures were not assessed. The development of Cushingoid
appearance was reported in only one study (Auerbach 1985). This is
a particularly important outcome to people with CF as the resulting
effect on quality of life might not compensate for any improvement
in breathlessness.

Although we have not been able to perform a formal meta-analysis
for any outcome at any time-point, this review has summarised the
best information currently available. It is important to note that
of the three studies included in this review only one was assessed
to be of good quality (Eigen 1995). Information to fully assess the
quality of the other two studies was not available (Auerbach 1985;
Greally 1994). We have been unable to contact any of the authors of
the Auerbach study (Auerbach 1985), but we have been assured that
the data from the Eigen study (Eigen 1995), currently on a data tape
will be sent to us in due course. We hope to include a quantitative
analysis in a future update of this review.

We have identified three abstracts presented at conferences
relating to the same RCT by Nyamugunduru (Nyamugunduru 1998).
To our knowledge, this is not yet published. The RCT seems to be
eligible for inclusion in the review; however, the information in the
abstract is insufficient for assessing methodological quality. The
lung function data are not presented in a format which can be
aggregated with existing included data. We have written again to
the authors for further information.

AUTHORS' CONCLUSIONS

Implications for practice

Current evidence suggests that oral corticosteroids at a
prednisolone equivalent dose of 2 mg/kg on alternate days is
effective but should not be used due to the high risk of occurrence
of important side effects. A dose of 1 mg/kg on alternate days
might be considered for up to 24 months but close attention to the
occurrence of adverse effects is warranted.

Implications for research

Although oral corticosteroids at a dose of 1 mg/kg to 2 mg/kg on
alternate days appear to slow the progression of lung disease in
CF, this is at the expense of the occurrence of adverse events. The
evidence from Eigen's study suggests that growth retardation may
appear after 24 months of treatment with prednisolone at 1 mg/kg
on alternate days and as early as six months with a dose of 2 mg/kg
on alternate days (Eigen 1995). Therefore, further RCTs examining
the effectiveness and safety of treatment on a long-term basis
are not warranted. However, a survival analysis from the 10-year
follow-up study (Auerbach 1985) or indeed from the other long-
term study (Eigen 1995) would be helpful in determining whether
the use of oral corticosteroids has any effect on long-term survival.
It would seem prudent to address the effectiveness of alternative
anti-inflammatory agents in future RCTs.

We recommend that any future studies should adequately consider
adverse effects particularly quality of life measures to assess
acceptability to participants. We would urge trialists to recognise
that the results of individual RCTs are likely to be included in
systematic reviews such as this. They should therefore consider
standardising the presentation of outcomes to enable the data to
be aggregated. However, despite these recommendations, we do
not anticipate any further trials of this intervention, and hence we
do not plan to update the review on a regular basis. If we become
aware that any new data have been published, we will incorporate
these into the review.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Auerbach 1985

Study characteristics

Methods

Randomised.
Double-blinded.

Participants

45 participants recruited aged 1 - 12 years.

CF diagnosed on clinical features and raised sweat electrolytes. Mild to moderate pulmonary disease.
24 assigned to placebo group and 21 to prednisone group.

11 participants did not complete study (7 placebo, 4 prednisone) - 2 moved cities, 5 excluded for non-
compliance and steroids prescribed to 4 for clinical indications.

Interventions

Prednisone 2 mg/kg (maximum 60 mg) on alternate days or placebo.

Outcomes The following were measured at baseline and 6 monthly: FEVy; FVC; PEFR.
Liver function tests (aspartate aminotransferase, alkaline phosphatase, bilirubin and lactate dehydro-
genase), glycosylated haemoglobin, circulating immune complexes, IgG, IgM, I1gA, albumin, total pro-
tein, C3, C4, total white cell count, erythrocyte sedimentation rate and haematocrit.
Height and weight measurements (not stated how frequently measured) expressed as percentage of
mean height or weight for age from reference standards.

Notes

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Described as randomised, but method not stated.

tion (selection bias)

Allocation concealment Unclear risk Unclear.

(selection bias)

Blinding (performance Unclear risk Described as double-blind, but this might not have been possible since at the

bias and detection bias) doses used, it would have been obvious which participants were in the treat-

All outcomes ment group.

Incomplete outcome data  Low risk 11 participants did not complete study (7 placebo, 4 prednisone) - 2 moved

(attrition bias)
All outcomes

cities, 5 excluded for non-compliance and steroids prescribed to 4 for clinical
indications.

Eigen 1995

Study characteristics

Methods

Randomised within each centre by computer-generated random number sequence in blocks of 6.
Double-blinded. Parallel study.
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Eigen 1995 (Continued)

Multicentre (15 centres).

Participants

285 participants recruited.

CF diagnosed on clinical features and 2 raised sweat chloride (or sweat sodium) values.

Inclusion criteria: aged 6 - 14 years; clinical stability without hospitalisation for CF-related problems
within 2 months of entry; serum 1gG within 2 standard deviations of normal for centre or hypogamma-
globulinaemia; reliable performance of lung function tests for at least 6 months prior to enrolling in tri-
al; FEV > 60% predicted and FEV1/FVC ratio > 60% predicted.

Exclusion criteria included previous treatment with oral, inhaled or nasal corticosteroids for more than
2 weeks within 6 months of entry or any form of corticosteroids in previous month, evidence of liver
disease, treatment with non-steroidal anti-inflammatory treatment.

Interventions

Prednisone 2 mg/kg or prednisone 1 mg/kg or placebo on alternate days (maximum dose 60 mg). Par-
ticipants who missed 30% or more of total prescribed study medication were labelled as non-compli-
ant but still included in analysis.

Outcomes Primary outcomes were lung function (FEVy, FVC), serum IgG concentrations, growth and hospitalisa-
tion rates.
Lung function was assessed at baseline and at 6, 12, 18, 24, 30, 36, 42 and 48 months.
Serum IgG was measured at baseline and at 3, 6, 12, 24, 36, 42 and 48 months.
Height and weight were measured by techniques standardised across all participating centres. Height
scores were calculated on the basis of age-stratified normal populations.
Adverse events were monitored every 3 months with emphasis on raised blood glucose concentration,
cataracts, raised liver enzymes and respiratory infection with unusual organisms (opportunistic infec-
tion).
Growth was assessed in a 10-year follow-up study.
Notes
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Randomised within each centre by computer-generated random number se-
tion (selection bias) quence in blocks of 6.
Allocation concealment Unclear risk Unclear.
(selection bias)
Blinding (performance Unclear risk Described as double-blind and same number of tablets given for each regi-
bias and detection bias) men, but true blinding might not have been possible since at the doses used,
All outcomes it would have been obvious from treatment effects which participants were in
the treatment group.
Incomplete outcome data  Unclear risk Participants who missed 30% or more of total prescribed study medication
(attrition bias) were labelled as non-compliant but still included in analysis.
All outcomes
Greally 1994
Study characteristics
Methods Randomised.

Double-blinded.

Participants

24 participants aged 5.5 years to 19.5 years recruited.
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Greally 1994 (Continued)

CF diagnosed by raised sweat sodium (>70 mmol/l) and established respiratory disease (FEV; <85%
predicted).

Interventions Soluble prednisolone 2 mg/kg/ daily for 14 days and then 1 mg/kg/ day on alternate days for 10 weeks
(maximum dose 40 mg) or identical inert placebo tablets.

Outcomes The following were measured at baseline, 14 days and 12 weeks: FEVy, FVC, Serum interleukin- 1- al-
pha, interleukin- 2R, 1gG.
Specific side effects (raised blood pressure, high blood sodium, low blood potassium, fluid retention
and glucose intolerance) were looked for at each visit.

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Described as randomised, but method not stated.

tion (selection bias)

Allocation concealment Unclear risk Unclear.
(selection bias)

Blinding (performance Unclear risk Described as double-blind and placebo and prednisolone tablets were identi-
bias and detection bias) cal, but true blinding might not have been possible since at the doses used, it
All outcomes would have been obvious which participants were in the treatment group.
Incomplete outcome data  Low risk No withdrawals.

(attrition bias)
All outcomes

CF: cystic fibrosis

FEV1: forced expiratory volume at one second
FVC: forced vital capacity

IgA: immunoglobulin A

1gG: immunoglobulin G

IgM: immunoglobulin M

mmol/l: millimoles per litre

PEFR: peak expiratory flow rate

P. aeruginosa: Pseudomonas aeruginosa

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Cohen-Cymberknoh 2008 Trial of treatment of ABPA (a specific condition) rather than part of the general anti-inflammatory
management of CF.

Dovey 2007 Steroids given for less than 30 days.
Linnane 2001 Crossover study, each arm lasting 5 days only (9 day washout).
Pantin 1986 Not randomised.

ABPA: allergic bronchopulmonary aspergillosis
CF: cystic fibrosis
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Characteristics of studies awaiting classification [ordered by study ID]

Kapustina 2008

Methods

Comparison of inhaled and oral steroids; not clear if randomised.

Participants

40 children with cystic fibrosis (23 female, 17 male), aged 5 - 17.4 years. All patients had "severe"
phenotype.

Interventions

14 children inhaled corticosteroids for mean (SD) 34.29 (37.62) months (range 6 -120 months).
26 children received oral steroids (0,5 mg/kg every other day) for mean (SD) 33.04 (37.98) months
(range 1 - 185 months).

All patients received adequate basic therapy including calcium (500-1000 mg/day) and vitamin D
(100-400 IU/day) supplementation.

Outcomes

BMD (g/cm2) in the lumbar spine (L2 - L4)

Notes

Published as abstract only.

Nyamugunduru 1998

Methods

Described as randomised (method not stated), double-blind (not specified who) parallel trial.

Participants

51 children with cystic fibrosis.

3 children excluded - 1 had allergic bronchopulmonary aspergillosis, 2 on nasogastric feeds.

Interventions

14 days of high-dose prednisolone (2 mg/kg once daily, maximum 30 mg daily) compared to place-
bo in addition to intravenous antibiotics in acute respiratory exacerbations.

Outcomes Spirometry (FEVy, FVC), serum IL-8 levels.
Notes Published as three separate abstracts only, numbers of participants don't agree across the publica-
tions (50, 48, 48)
Pukhalsky 2007
Methods Comparison of azithromycin, prednisolone and no treatment; not clear if randomised.

Participants

136 CF patients (mean (SD) age 12.0 (0.6) years) and 100 healthy children (mean (SD) age 11.5 (0.9)
years). Of the 136 CF patients, 83 received no anti-inflammatory treatment, 16 received an alternat-
ed course of prednisolone and 37 were treated with azithromycin.

Interventions

No treatment versus alternated prednisolone (0.3 to 0.5 mg/kg body weight every other day) ver-
sus azithromycin (500 mg orally 2 times a week).

Outcomes Levels of plasma cytokines (IL-10, IFNy, TGF-1, TNF-a)
Notes Possibly same trial as Pukhalsky 2008 - trying to contact authors to clarify.
Oral steroids for long-term use in cystic fibrosis (Review) 16
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Pukhalsky 2008

Methods Comparison of azithromycin, prednisolone and no treatment; not clear if randomised.

Participants 160 children with CF and 100 healthy controls. Of the 160 children with CF, 90 received no anti-in-
flammatory treatment and 70 received anti-inflammatory treatment (either azithromycin or pred-
nisolone).

Interventions Azithromycin Group (n =48): 500 mg orally 3 times a week.

Prednisolone Group (n =22): 0.3 mg/kg body weight every other day.

Outcomes Plasma cytokines including IL-10, [FNy and TGF-R1, hepatobiliary abnormalities.

Notes Possibly same trial as Pukhalsky 2007 - trying to contact authors to clarify.

CF: cystic fibrosis
FEV;: forced expiratory volume at one second

FVC: forced vital capacity
SD: standard deviation

DATA AND ANALYSES

Comparison 1. Oral corticosteroids (any dose) versus placebo

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.1 Absolute change in per 1 Mean Difference (IV, Fixed, 95% Cl)  Subtotals only
cent predicted FEV1

1.1.1 Up to 2 weeks 1 24 Mean Difference (IV, Fixed, 95% Cl)  8.70[2.32, 15.08]
1.1.2 Up to 12 weeks 1 24 Mean Difference (IV, Fixed, 95% CI) ~ 8.10 [0.45, 15.75]
1.2 Absolute change in per 1 Mean Difference (IV, Fixed, 95% CI) ~ Subtotals only

cent predicted FVC

1.2.1 Up to 2 weeks 1 24 Mean Difference (IV, Fixed, 95% Cl) 12.81[4.73,20.89]
1.2.2 Up to 12 weeks 1 24 Mean Difference (IV, Fixed, 95% Cl)  6.70[-2.12, 15.52]
1.3 Growth retardation (at 4 1 0Odds Ratio (M-H, Fixed, 95% Cl) Totals not selected
years)

1.3.1 1 mg prednisone 1 0Odds Ratio (M-H, Fixed, 95% Cl) Totals not selected
1.3.22 mg prednisone 1 0Odds Ratio (M-H, Fixed, 95% Cl) Totals not selected
1.4 Height at age over 18 years 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected
(boys)

1.4.1 1 mg prednisone 1 Mean Difference (IV, Fixed, 95% Cl) ~ Totals not selected
1.4.2 2 mg prednisone 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected

Oral steroids for long-term use in cystic fibrosis (Review) 17
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.5 Height at over 18 years 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected
(girls)
1.5.1 1 mg prednisone 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected
1.5.2 2 mg prednisone 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected
1.6 Absolute change in weight 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected
(kg)
1.6.1 Up to 12 weeks 1 Mean Difference (IV, Fixed, 95% CI)  Totals not selected
1.7 Weight at over 18 years 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected
(boys)
1.7.1 1 mg prednisone 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected
1.7.2 2 mg prednisone 1 Mean Difference (IV, Fixed, 95% Cl) ~ Totals not selected
1.8 Weight at over 18 years 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected
(girls)
1.8.1 1 mg prednisone 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected
1.8.2 2 mg prednisone 1 Mean Difference (IV, Fixed, 95% Cl) ~ Totals not selected
1.9 Adverse events 1 Peto Odds Ratio (Peto, Fixed, 95% Totals not selected

Cl)
1.9.1 Cataracts (1 mg pred- 1 Peto Odds Ratio (Peto, Fixed, 95% Totals not selected
nisone) (up to 4 years) Cl)
1.9.2 Cateracts (2 mg pred- 1 Peto Odds Ratio (Peto, Fixed, 95% Totals not selected
nisone) (up to 3 years) Cl)
1.9.3 Diabetes mellitus (1 mg 1 Peto Odds Ratio (Peto, Fixed, 95% Totals not selected
prednisone) (up to 4 years) Cl)
1.9.4 Diabetes mellitus (2 mg 1 Peto Odds Ratio (Peto, Fixed, 95% Totals not selected
prednisone) (up to 3 years) Cl)
1.9.5 Glucosoria (1 mg pred- 1 Peto Odds Ratio (Peto, Fixed, 95% Totals not selected
nisone) (up to 4 years) Cl)
1.9.6 Glucosoria (2 mg pred- 1 Peto Odds Ratio (Peto, Fixed, 95% Totals not selected
nisone) (up to 3 years) cl)
1.9.7 Hyperglycemia (1 mg 1 Peto Odds Ratio (Peto, Fixed, 95% Totals not selected
prednisone) (up to 4 years) Cl)
1.9.8 Hyperglycemia (2 mg 1 Peto Odds Ratio (Peto, Fixed, 95% Totals not selected
prednisone) (up to 3 years) Cl)
1.10 Mortality 1 Peto Odds Ratio (Peto, Fixed, 95% Totals not selected

Cl)

Oral steroids for long-term use in cystic fibrosis (Review)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1.10.1 At 4 years 1 Peto Odds Ratio (Peto, Fixed, 95% Totals not selected
Cl)

Analysis 1.1. Comparison 1: Oral corticosteroids (any dose) versus
placebo, Outcome 1: Absolute change in per cent predicted FEV1

Oral corticosteroid Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
1.1.1 Up to 2 weeks
Greally 1994 7.7 7.97 12 -1 7.97 12 100.0% 8.70 [2.32, 15.08]

Subtotal (95% CI) 12 12 100.0% 8.70 [2.32, 15.08]
Heterogeneity: Not applicable
Test for overall effect: Z = 2.67 (P = 0.007)

1.1.2 Up to 12 weeks

Greally 1994 6.3 9.56 12 -1.8 9.56 2 100.0% 8.10[0.45, 15.75]
Subtotal (95% CI) 12 12 100.0% 8.10 [0.45 , 15.75]
Heterogeneity: Not applicable

Test for overall effect: Z = 2.08 (P = 0.04)

Ju

o

Test for subgroup differences: Chi2 = 0.01, df = 1 (P = 0.91), I2 = 0% _1:0 _:5 5 10
Favours placebo Favours oral steroid

Analysis 1.2. Comparison 1: Oral corticosteroids (any dose) versus
placebo, Outcome 2: Absolute change in per cent predicted FVC

Oral corticosteroid Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI

1.2.1 Up to 2 weeks
Greally 1994 10.4 10.1 12 -2.41 10.1 12 100.0% 12.81[4.73, 20.89] _._
Subtotal (95% CI) 12 12 100.0% 12.81 [4.73, 20.89] ‘
Heterogeneity: Not applicable
Test for overall effect: Z = 3.11 (P = 0.002)
_._
-

1.2.2 Up to 12 weeks

Greally 1994 4.7 11.02 12 -2 11.02 12 100.0% 6.70 [-2.12, 15.52] -
Subtotal (95% CI) 12 12 100.0% 6.70 [-2.12, 15.52] -
Heterogeneity: Not applicable

Test for overall effect: Z = 1.49 (P = 0.14)

Test for subgroup differences: Chi2 = 1.00, df = 1 (P = 0.32), I2 = 0.2% 20 o 20
Favours placebo Favours oral steroid

Oral steroids for long-term use in cystic fibrosis (Review) 19
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Analysis 1.3. Comparison 1: Oral corticosteroids (any dose)
versus placebo, Outcome 3: Growth retardation (at 4 years)

Oral steroids Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.3.1 1 mg prednisone
Eigen 1995 24 95 11 95 2.58[1.18, 5.63] ——
1.3.2 2 mg prednisone
Eigen 1995 31 95 11 95 3.70 [1.73, 7.92] ——
001 0.1 1 10 100
Favours oral steroids Favours placebo
Analysis 1.4. Comparison 1: Oral corticosteroids (any dose)
versus placebo, Outcome 4: Height at age over 18 years (boys)
Oral steroids Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total 1V, Fixed, 95% CI 1V, Fixed, 95% CI
1.4.1 1 mg prednisone
Eigen 1995 170.7 7.6 34 174.6 6.8 21 -3.90[-7.77,-0.03] PR T—
1.4.2 2 mg prednisone
Eigen 1995 170.5 6.6 31 174.6 6.8 21 -4.10[-7.82,-0.38] —_—
-10 5 0 5 10
Favours placebo Favours oral steroids
Analysis 1.5. Comparison 1: Oral corticosteroids (any dose)
versus placebo, Outcome 5: Height at over 18 years (girls)
Oral steroids Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Fixed, 95% CI 1V, Fixed, 95% CI
1.5.1 1 mg prednisone
Eigen 1995 159.3 4.9 20 160.3 6.9 23 -1.00 [-4.54 , 2.54] R
1.5.2 2 mg prednisone
Eigen 1995 159.8 6.7 23 160.3 6.9 23 -0.50[-4.43, 3.43] _
-10 5 5 10

Favours placebo

Favours oral steroids
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Analysis 1.6. Comparison 1: Oral corticosteroids (any dose)
versus placebo, Outcome 6: Absolute change in weight (kg)
Oral corticosteroids Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Fixed, 95% CI 1V, Fixed, 95% CI
1.6.1 Up to 12 weeks
Greally 1994 0.35 4.27 13 0.01 2.31 12 0.34[-2.32,3.00] I
R S R B
Favours placebo Favours oral steroids
Analysis 1.7. Comparison 1: Oral corticosteroids (any dose)
versus placebo, Outcome 7: Weight at over 18 years (boys)
Oral steroids Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total 1V, Fixed, 95% CI 1V, Fixed, 95% CI
1.7.1 1 mg prednisone
Eigen 1995 59.1 9.3 34 63.7 9.4 21 -4.60 [-9.69, 0.49] [ E—
1.7.2 2 mg prednisone
Eigen 1995 57 7.9 31 63.7 9.4 21 -6.70[-11.59, -1.81] R E—
o 5 0 5 10
Favours oral steroids Favours placebo
Analysis 1.8. Comparison 1: Oral corticosteroids (any dose)
versus placebo, Outcome 8: Weight at over 18 years (girls)
Oral steroids Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Fixed, 95% CI 1V, Fixed, 95% CI
1.8.1 1 mg prednisone
Eigen 1995 49.6 7.6 20 51.9 7.2 23 -2.30[-6.74,2.14] _
1.8.2 2 mg prednisone
Eigen 1995 53.6 10.1 23 51.9 7.2 23 1.70 [-3.37, 6.77] R S
A0 5 0 5 10

Favours oral steroids Favours placebo
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Analysis 1.9. Comparison 1: Oral corticosteroids (any dose) versus placebo, Outcome 9: Adverse events

Oral corticosteroids Placebo Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Peto, Fixed, 95% CI Peto, Fixed, 95% CI
1.9.1 Cataracts (1 mg prednisone) (up to 4 years)
Eigen 1995 3 95 7 95 0.43[0.12, 1.54] -
1.9.2 Cateracts (2 mg prednisone) (up to 3 years)
Eigen 1995 11 95 7 95 1.63[0.62 , 4.29] 1
1.9.3 Diabetes mellitus (1 mg prednisone) (up to 4 years)
Eigen 1995 3 95 1 95 2.76[0.38, 19.92] R S T
1.9.4 Diabetes mellitus (2 mg prednisone) (up to 3 years)
Eigen 1995 6 95 1 95 4.37[0.97,19.71] | E—
1.9.5 Glucosoria (1 mg prednisone) (up to 4 years)
Eigen 1995 6 95 4 95 1.52[0.43, 5.42] R E—
1.9.6 Glucosoria (2 mg prednisone) (up to 3 years)
Eigen 1995 10 95 4 95 2.51[0.85, 7.43] i I
1.9.7 Hyperglycemia (1 mg prednisone) (up to 4 years)
Eigen 1995 3 95 2 95 1.50[0.26 , 8.85] R I —
1.9.8 Hyperglycemia (2 mg prednisone) (up to 3 years)
Eigen 1995 10 95 2 95 4.12[1.28,13.22] T T
0.05 02 i 5 20
Favours experimental Favours control
Analysis 1.10. Comparison 1: Oral corticosteroids (any dose) versus placebo, Outcome 10: Mortality
Oral corticosteroids Placebo Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Peto, Fixed, 95% CI Peto, Fixed, 95% CI
1.10.1 At 4 years
Auerbach 1985 0 21 1 24 0.15[0.00, 7.80] 1

0.002

Favours steroids

01 1 10

Favours control
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ADDITIONAL TABLES

Table 1. Long-term growth - follow up data at 4 years (Auerbach 1985)

Time Group | Group Il Group Il Group IV

n=9 n=>5 n=10 n=6

Mean SD Mean SD Mean SD Mean SD
Baseline -0.44 0.73 -0.30 0.85 -0.75 0.78 -1.64 0.45
End of study (4 years) -0.89 0.42 -0.62 0.84 -0.79 0.86 -1.58 0.58
Follow up (10 yrs) -1.86 0.89 -1.34 1.42 -0.70 0.69 -2.02 0.74

Group I: originally randomised to steroids for 4 years, continued on steroids for mean (SD) 9.5 (1.2) years

Group II: originally randomised to steroids for 4 years, ceased taking steroids after mean (SD) 4.5 (0.46) years
Group IlI: originally randomised to placebo for 4 years, 5 in this group never received steroids and 5 received variable doses of steroids for mean (SD) 0.6 (0.3) years
Group IV: originally randomised to placebo for 4 years, subsequently received steroids for mean (SD) 3.6 (1.2) years

SD: standard deviation
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WHAT'S NEW

Date Event

Description

8 April 2021 Review declared as stable

Due to a lack of research in this area the Editorial Board of the
Cystic Fibrosis and Genetic Disorders Review Group have decid-
ed to no longer update this review.

HISTORY

Protocol first published: Issue 1, 1997
Review first published: Issue 1, 1998

Date Event

Description

1 December 2015 New search has been performed

There are no trials included in the review and we have not identi-
fied any relevant trials up to September 2015. We will continue to
run searches to identify any potentially relevant trials; however,
we do not plan to update other sections of

the review until new trials are published.

1 December 2015 New citation required but conclusions

have not changed

Since no new trials were included in this update of the review,
our conclusions remain the same.

The authors are of the opinion that even though the benefits and
risks of this intervention have not yet been as fully delineated,
there are unlikely to be any new trials of this intervention under-
taken. Therefore, this review will no longer be updated. A search
of the Cystic Fibrosis & Genetic Disorders Review Group's Trials
Registers will still be undertaken every two years, but the review
will not be updated and re-published unless any new data be-
come available.

We have not included any new data in this update of the review
and hence our conclusions remain the same.

A search of the Cochrane Cystic Fibrosis & Genetic Disorders Cys-
tic Fibrosis Trials Register identified three new references to two
studies (all published as abstracts only). Two references relating
to a single study have been excluded (Cohen-Cymberknoh 2008)
and a further reference has been listed as 'Awaiting assessment'
until we are able to contact the authors clarify whether it meets
the review's inclusion criteria (Pukhalsky 2007).

Contact details updated.

The remit of the review has been changed to focus on long-term
use of oral steroids, i.e. over 30 days. The use of oral steroids for
30 days or less will be the subject of another Cochrane review. As
a result of this change, a study previously included in the review
has now been excluded due to duration of treatment (Dovey
2007).

12 August 2013 Review declared as stable

3June 2013 New citation required but conclusions
have not changed

3June 2013 New search has been performed

24 January 2013 Amended

13 June 2011 New citation required and conclusions
have changed

13 June 2011 New search has been performed

A search of the Cystic Fibrosis Trials Register identified two new
studies which were potentially eligible for inclusion in this review
(Kapustina 2008; Pukhalsky 2008). Due to a lack of information

Oral steroids for long-term use in cystic fibrosis (Review)
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Date

Event

Description

relating to our inclusion criteria, both these studies have been
listed as 'Awaiting classification' until we are able to clarify de-
tails with the primary investigators.

9 November 2009

New search has been performed

A search of the Group's Cystic Fibrosis Trials Register did not
identify any new references potentially eligible for inclusion in
this review.

1 October 2009

Amended

Clarified weight data from Greally study with authors and includ-
ed in the review.

8 January 2009

New search has been performed

One study has been moved from 'Awaiting classification' and is
now included in the review (Dovey 2007a).

28 August 2008

New search has been performed

A search of the Group's Cystic Fibrosis Trials Register identified
one reference, which was an additional reference to a study al-
ready listed as 'Awaiting classification' (Dovey 2007a). We plan to
assess this study for the next update.

27 August 2008

Amended

Converted to new review format.

23 May 2007

New search has been performed

A search was run in November 2006, and references to two new
studies were identified. One study was not eligible for inclusion
as the treatment was not for an exacerbation and is listed in 'Ex-
cluded studies' (Linnane 2001). The other study has been listed
as 'Awaiting assessment' until further details can be obtained
from the authors (Dovey 2004).

23 February 2006

New search has been performed

A search was run in November 2005, and one new reference was
identified which was an additional reference to an already in-
cluded study (Greally 1992). There was no new information avail-
able from this reference.

23 February 2005

New search has been performed

A search was run in August 2004, but no new references were
identified for inclusion in, or exclusion from this review.

19 November 2003

New search has been performed

A search was run in October 2003, but no new references have
been found.

19 November 2003

Amended

Some minor changes have been made to the text following com-
ments from the medical statistician at the editorial base.

22 April 2002 New search has been performed Date of the most recent search of the Group's trials register: April
2002, no new references were found.
1 July 1999 New citation required and conclusions Substantive amendment, re-formatted.

have changed
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