PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Dose Response of Inhaled Corticosteroidsin Children With Persistent Asthma: A
Systematic Review
Linjie Zhang, Inge Axelsson, Mei Chung and Joseph Lau
Pediatrics 2011;127;129-138; originally published online Dec 6, 2010;
DOI: 10.1542/peds.2010-1223

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://www.pediatrics.org/cgi/content/full/127/1/129

PEDIATRICS isthe official journal of the American Academy of Pediatrics. A monthly
publication, it has been published continuously since 1948. PEDIATRICS is owned, published,
and trademarked by the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk
Grove Village, Illinois, 60007. Copyright © 2011 by the American Academy of Pediatrics. All
rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from www.pediatrics.org. Provided by Health Internetwork on April 2, 2011


http://www.pediatrics.org/cgi/content/full/127/1/129
http://www.pediatrics.org

REVIEW ARTICLES

Dose Response of Inhaled Corticosteroids in Children
With Persistent Asthma: A Systematic Review

AUTHORS: Linjie Zhang, MD, PhD,? Inge Axelsson, MD,P-¢
Mei Chung, PhD, MPH,4 and Joseph Lau, MD¢

Maternal and Child Health Unit, Faculty of Medicine, Federal
University of Rio Grande, Rio Grande, Brazil; *Department of
Pediatrics and Research and Development Unit, Ostersund
Hospital, Ostersund, Sweden; °Department of Health Sciences,
Mid Sweden University, Ostersund, Sweden; and %Institute for
Clinical Research and Health Policy Studies, Tufts Medical
Center, Boston, Massachusetts

KEY WORDS

inhaled corticosteroids, asthma, dose-response relationship,
treatment efficacy, adverse event, systematic review, meta-
analysis

ABBREVIATIONS

ICS—inhaled corticosteroid
BDP—beclomethasone dipropionate
RCT—randomized controlled trial
PEF—peak expiratory flow
FEV,—forced expiratory volume in 1 second
Cl—confidence interval
SMD—standardized mean difference
WMD—weighted mean difference
MDI—metered-dose inhaler
DPl—dry powder inhaler

www.pediatrics.org/cgi/doi/10.1542/peds.2010-1223
doi:10.1542/peds.2010-1223
Accepted for publication Oct 12, 2010

Address correspondence to Linjie Zhang, MD, PhD, Maternal and
Child Health Unit, Faculty of Medicine, Federal University of Rio
Grande, Rua Visconde de Paranagua 102, Centro, Rio Grande-RS,
Brazil. E-mail: zhanglinjie63@yahoo.com.br

PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).
Copyright © 2011 by the American Academy of Pediatrics

FINANCIAL DISCLOSURE: The authors have indicated they have
no financial relationships relevant to this article to disclose.

PEDIATRICS Volume 127, Number 1, January 2011

Downlcaded from www.pediatrics.org. Provided by Health Internetwork on April 2, 2011

&

OBJECTIVE: To assess the dose-response relationship (benefits and
harms) of inhaled corticosteroids (ICSs) in children with persistent
asthma.

METHODS: We conducted a systematic review and meta-analysis of
randomized controlled trials (RCTs) that compared =2 doses of ICSs in
children aged 3 to 18 years with persistent asthma. Medline was
searched for articles published between 1950 and August 2009. Main
outcomes of our analyses included morning and evening peak expira-
tory flow, forced expiratory volume in 1 second, asthma symptom
score, 3,-agonist use, withdrawal because of lack of efficacy, and ad-
verse events. Meta-analyses were performed to compare moderate
(300—400 pg/day) with low (=200 pug/day beclomethasone-
equivalent) doses of ICSs.

RESULTS: Fourteen RCTs (5768 asthmatic children) that evaluated 5
ICSs were included. The pooled standardized mean difference from 6
trials revealed a small but statistically significant increase of moder-
ate over low doses in improving forced expiratory volume in 1 second
(standardized mean difference: 0.11 [95% confidence interval: 0.01—
0.21]) among children with mild-to-moderate asthma. There was no
significant difference between 2 doses in terms of other efficacy out-
comes. Local adverse events were uncommon, and there was no evi-
dence of dose-response relationship at low-to-moderate doses.

CONCLUSIONS: Compared with low doses, moderate doses of ICSs may
not provide clinically relevant therapeutic advantage in children with
mild-to-moderate persistent asthma. Additional RCTs are needed to
clarify the dose-response relationship of ICSs in persistent childhood
asthma. Pediatrics 2011;127:129-138
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Inhaled corticosteroids (ICSs) are cur-
rently considered the first-line treat-
ment for persistent childhood asthma;
however, uncertainty remains regard-
ing the optimal dose. The most recent
asthma guidelines recommend a dose
of up to 400 ug/day beclomethasone
dipropionate (BDP)-hydrofluoroalkane
equivalent for children with mild-to-
moderate persistent asthma,'® but
these recommendations are generally
based on results from individual ran-
domized trials rather than a body of
evidence that has been critically ap-
praised by a systematic review.

For adolescent and adult patients, sev-
eral meta-analyses have revealed that
most of the clinical and functional ben-
efits of ICSs are achieved with a dose of
~200 pg/day of fluticasone or equiva-
lent, and the maximum effect is ob-
tained with a dose of ~500 wg/day of
fluticasone or equivalent.*-6 The dose
above that leads to minimal further im-
provement and may be more likely as-
sociated with adverse effects.

In childhood asthma, the dose-
response relationship of ICSs has not
been well established. Several Co-
chrane systematic reviews in which
this issue was addressed included pe-
diatric patients; however, no conclu-
sion has been drawn exclusively for
this population.”® Only 1 recently pub-
lished meta-analysis, which included 7
randomized trials, examined the dose-
response relationship of inhaled fluti-
casone in children with asthma.!® This
study found that the dose-response
curve for therapeutic effects of inhaled
fluticasone seems to plateau at be-
tween 100 and 200 wg/day. However,
given that only 2 to 3 trials have con-
tributed available data to the analyses
and comparison of only 2 doses (100 vs
200 wg/day), the results of this meta-
analysis should be interpreted with
caution. Moreover, the adverse effects
of inhaled fluticasone were not sys-
tematically evaluated in this review.
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Thus, we conducted a systematic review
and meta-analysis to assess the relation-
ship between dose and treatment re-
sponse (benefits and harms) of ICSs in
children with persistent asthma.

METHODS

Data Sources and Search Strategy

We searched the Ovid Medline data-
base for articles published be-
tween 1950 and August 2009. The
search terms “asthma” and “inhaled
corticosteroids” and specific ICSs
(beclomethasone, budesonide, fluti-
casone, mometasone, ciclesonide,
triamcinolone, and flunisolide) and
their synonyms or brand names were
crossed with a highly sensitive search
strategy to identify relevant random-
ized controlled trials (RCTs). Full
search strategies are listed in Supple-
mental Table 4. We also searched the
clinical study register of GlaxoSmith-
Kline, the manufacturer of fluticasone
and beclomethasone, for potentially
relevant unpublished studies. Beside
RCTs, we also identified systematic re-
views in which ICSs were compared with
placebo or different doses of corticoste-
roids and included children with asthma
by searching the Cochrane Database of
Systematic Reviews (The Cochrane Li-
brary, 2009, issue 2) and the Database of
Abstracts of Reviews of Effects. Refer-
ence lists of identified trials and system-
atic reviews were scanned for additional
relevant trials.

Study Selection

Inclusion and exclusion criteria were
defined a priori. To be included in this
review, studies had to meet all of the
following criteria: (1) study design:
RCT; (2) participants: children aged 3
to 18 years at study entry with a diag-
nosis of persistent asthma based on
clinical and/or functional criteria; (3)
interventions and comparisons: 1CSs
given in 2 or more different doses via
the same delivery system for at least 4

weeks compared or not with placebo
or other interventions; and (4) out-
comes: at least 1 of the following mea-
sures was obtained: efficacy outcome
measures included peak expiratory
flow (morning and evening [PEF,,, and
PEF.y, respectivelyl), forced expira-
tory volume in 1 second (FEV,), asthma
symptom score, frequency of noctur-
nal awakening, frequency of S,
agonist use, withdrawals because of
lack of efficacy, exercise-induced
bronchoconstriction expressed as
percentage decrease in FEV, from
the preexercise value, airway hyper-
responsiveness measured by the dose
of methacholine that caused a 20% re-
duction in FEV, (PD,, methacholine),
health-related quality of life question-
naire, and airway inflammatory bio-
markers (sputum eosinophils, leuko-
trienes in exhaled breath condensate,
or fractional exhaled nitric oxide);
safety outcome measures were lin-
ear growth, hypothalamic-pituitary-
adrenal function, withdrawal because
of adverse events, and local adverse
events such as oral candidiasis, dys-
phonia/hoarseness, cough, and phar-
yngitis/sore throat.

We excluded crossover trials without a
washout period or a washout period of
<2 weeks, trials that compared single
doses of ICSs with placebo or other in-
terventions, trials that included pedi-
atric patients but had no separate data
available for the 3- to 18-year age
group, and trials that evaluated a step-
wise approach to corticotherapy. We
also excluded trials that involved pa-
tients with a diagnosis of “mild
asthma” and were not explicitly classi-
fied as having persistent asthma, and
clinical and functional parameters of
those patients were suggestive of mild
intermittent asthma.

Two investigators independently
screened the titles and abstracts
of publications identified by the
searches. Full articles were retrieved
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when they seemed to meet the inclu-
sion criteria or there were insufficient
datainthetitles and abstracts to make
a clear decision for their inclusion. The
definitive inclusion of trials was made
after reviewing the full-text articles.
Any disagreement between 2 review-
ers about study inclusion was resolved
by consensus.

Data Extraction and Assessment of
Risk of Bias in Included Studies

Data from each included study were
extracted by 1 reviewer using a stan-
dardized form and confirmed by an-
other reviewer. Intention-to-treat data
sets were used whenever available.
Two reviewers independently as-
sessed the risk of bias in included tri-
als by examining the 6 key domains
according to the recommendations
of the Cochrane Collaboration': (1)
method of random-sequence genera-
tion; (2) method of allocation conceal-
ment; (3) method of blinding; (4) de-
scription of incomplete outcome data;
(5) evidence of selective outcome re-
porting; and (6) evidence of other bias.
Any disagreement between 2 review-
ers about data extraction and study
quality assessment was resolved by
consensus.

Data Synthesis

We used narratives to summarize the
main results of efficacy, safety, and dose-
response relationship of ICSs in child-
hood asthma. Quantitative syntheses
were performed whenever there were
available data from the primary studies.

Binary data were synthesized by using
risk ratios and 95% confidence inter-
vals (Cl) as the effect measures. A cor-
rection value of 0.5 was added to all
cells of a 2-by-2 table with a 0 event.
The standardized mean difference
(SMD) and 95% Cl were used as the
metrics of effect size for PEF,,,, PEF,,,,
and FEV,, because at least 1 of these
outcomes was measured as a percent-
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age of predicated values in 2 trials'2'3
but as absolute values in other tri-
als."*'"The SMD converts all outcomes
to a common scale, measured in units
of SDs rather than original units of
measurement. This conversion makes
it more difficult to interpret the re-
sults. For continuous outcomes mea-
sured in the same units across
studies, such as symptom score and
the need for [,-agonist use, the
weighted mean difference (WMD)
and 95% Cl were used as the effect
measures. A random-effects model
(DerSimonian and Laird method)
was used for the meta-analyses.

For the purpose of this review, the daily
doses of IGSs were converted into a BDP-
hydrofluoroalkane equivalent, with a
dose ratio of 1/1 for budesonide (1/2 for
nebulized budesonide) and BDP via chlo-
rofluorocarbon metered-dose inhaler
(MDI) or dry powder inhaler (DPI), and
2/1  for fluticasone, mometasone,
ciclesonide, and Qvar (IVAX LLC, Teva
Group, Petah, Tikva, Israel) BDP-
hydrofluoroalkane. These dose equiva-
lents, recommended in the British
asthma guidelines, are based on ran-
domized efficacy trials that compared
different ICSs, as well as pharmacoki-
netic proprieties of the drugs.

We planned a priori 3 pairwise com-
parisons of different daily doses of
ICSs (BDP-equivalent): 100 to 200 vs
>200 to 400 wg/day; >200 to 400 vs
>400 wg/day; and 100 to 200 vs >400
ng/day. However, there were suffi-
cient data only for 1 comparison
(300—400 vs =200 mg/day), which
corresponded approximately to com-
parison of moderate and low doses
of ICSs.

We estimated the heterogeneity
among studies that used the /? statis-
tic. /2 ranges from 0% to 100% and
measures the degree of inconsistency
across studies; values of 25%, 50%,
and 75% correspond to low, moderate,
and high heterogeneity, respectively.'s

REVIEW ARTICLES

We planned to perform subgroup anal-
yses to explore the possible causes for
heterogeneity across studies, such as
type of corticosteroids, drug-delivery
device, interval of administration, du-
ration of treatment, and severity of
asthma. We conducted sensitivity anal-
yses that excluded 2 trials in which
PEFs PEFpy, and/or FEV, were
measured as a percentage of the
predicated values rather than abso-
lute values.’?'3 Sensitivity analyses
were also conducted to compare 3
methods (DerSimonian and Laird,
Mantel-Haenszel, and Peto) of meta-
analysis for rare events such as the
majority of adverse events of [CSs. The
Peto and Mantel-Haenszel methods
were reported to be less biased for
meta-analysis with rare events.!

The statistical analysis was per-
formed by using Stata 11.0 (Stata
Corp, GCollege Station, TX). Reporting
of this review follows the recommen-
dation of the PRISMA (Preferred Re-
porting ltems for Systematic Reviews
and Meta-analyses) statement.”

RESULTS

From 1687 citations identified through
the electronic search, 37 full-text arti-
cles were retrieved for further evalua-
tion. Twenty-four articles were ex-
cluded: 4 had a treatment period of
<4 weeks,2-% 5 included patients
with a diagnosis of probable mild in-
termittent asthma,2*28 5 included pa-
tients younger than 3 years?% 3
evaluated a stepwise approach to
corticotherapy,3-3¢ 3 were crossover
or consecutive treatment studies with-
out a washout period or a washout pe-
riod of <2 weeks,’-%% and 4 were non-
randomized studies or subgroup
reporting of a previous study.*=* Thir-
teen randomized trials were included
in the review (Fig 1).1271744-50 One addi-
tional relevant study was found by
searching the reference lists of 16 sys-
tematic reviews.’" This unpublished
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Citations identified through

electronic search

Clearly not meeting the inclusion criteria

after reviewing the abstracts (n = 1647)

(N=1687)

Non-English citations (n = 3)
-Potentially relevant (n= 1)
-Unclear regarding study design and

patient’s age (n = 2)

Full-text articles retrieved for

(n=37)

v

Articles included in

Additional trials found
by searching reference

. L. systematic review
lists and GSK clinical

(n=13)

Excluded (n=24)

more detailed evaluation || -Treatment period less than 4 wk (n = 4)

-Mild asthma but not classified as
persistent (n = 5)

-Children younger than 3y included
(n=5)

-Assessment of stepwise approach to

trial register (n=1)

corticotherapy (n = 3)

-Cross-over or consecutive treatment

sections without a washout period or

v
\A Total number of trials

included in  systematic

review (n = 14)

<2 wk(n=3)
-Nonrandomized studies or subgroup

analysis of previous study (n = 4)

FIGURE 1

Flow diagram of trial identification and selection.

trial was also located by searching the
GlaxoSmithKline clinical trial register.
From this database, we also obtained
some relevant unreported data for 3
included trials.'31416

Table 1 summarizes the characteris-
tics of 14 included trials. All were mul-
ticenter, randomized, double-blind,
and parallel-group trials that involved
atotal of 5768 children with persistent
asthma who were living in 26 countries
across 5 continents (Africa, Asia, Eu-
rope, North America, and South Amer-
ica). All trials were sponsored by mul-
tinational pharmaceutical companies
that manufacture ICSs. Despite the fact
that all trials were described as ran-
domized and double-blind, the meth-
ods of random-sequence generation
and allocation concealment were ex-
plicitly reported for only 51517464950 gnd
1trials,'” respectively. For this reason,
the risk of bias was classified as un-
clear for the majority of the included
trials.

Dose-Response Relationship for
Efficacy

For all 8 placebo-controlled efficacy
trials, significant benefits of ICSs in
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improving clinical and functional
outcome measurements were re-
ported, despite the variation in type
of corticosteroids, daily dose, drug-
delivery device, interval of adminis-
tration, duration of treatment, and
severity of asthma.'2-141644454748 The
lowest effective daily doses of ICSs
used in the primary studies were 40,
80, 100, 100, and 200 ug/day for
ciclesonide (hydrofluoroalkane MDI),
beclomethasone (hydrofluoroalkane
Autohaler), fluticasone (Diskhaler),
mometasone (DPI), and budesonide
(Turbuhaler), respectively.

Table 2 shows the pooled results of
the comparisons of clinical and func-
tional benefits between moderate and
low doses of ICSs. Six trials in chil-
dren with mild-to-moderate persistent
asthma contributed data to the meta-
analyses.'”"" The results were pre-
sented as the mean change from base-
linetothe end point, defined as the last
measurement,'31416 or to completion
of the trial.’2''7 All pooled effect esti-
mates (SMD) were in favor of moder-
ate doses in improving PEF,,,, PEFpy,
FEV,, asthma symptom score, and the
need for B,-agonist use, but the differ-

ence was statistically significant only
for FEV, (pooled SMD: 0.11 [95% Cl:
0.01-0.21]). No significant heterogene-
ity across studies was observed in any
outcomes (/7 = 0%) except the need
for B,-agonist use (2 = 65%). In sen-
sitivity analyses, a statistically signifi-
cant superiority of moderate over low
doses of ICSs was also observed only
for FEV, (pooled WMD: 0.028 L [95% Cl:
0.002—0.061). The small number of in-
cluded trials made it impossible to
perform planned subgroup analyses.

There was no significant difference be-
tween moderate and low doses of ICSs
interms of withdrawal because of lack
of efficacy (Fig 2).

Dose-Response Relationship for
Adverse Events

Three trials assessed adverse effects
of ICSs given at different doses on lin-
ear growth. From 2 trials, there was no
report of any significant effects of
1-year treatments with fluticasone
(100 and 200 wg/day) or ciclesonide
(40 and 160 ug/day) compared with
placebo."' The pooled result from 2
trials revealed no significant differ-
ence between effects of moderate and
low doses of ICSs on linear growth ve-
locity (WMD: —0.13 cm/year [95%
Cl —0.29t0 0.03]). Authors of the other
trial reported that all 1-year active
treatments with beclomethasone (BDP
800 wg/day, BDP 400 wg/day, and BDP
400 pg/day plus salmeterol 100 g/
day) resulted in a decrease in linear
growth velocity, and a greater growth
reduction was observed with high
doses of BDP (800 wg/day).“

Eight trials assessed the effects of
ICSs on hypothalamic-pituitary-adrenal
function, but the reported data were not
suitable for meta-analysis. Five 12-week
and one 52-week placebo-controlled tri-
als did not reveal significant effects of
ICSs on adrenal function, irrespective
of type and dose of ICS.131617.4547.48 Fop
2 no-placebo—controlled trials, some
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Author Steroids

Allen et al *® (1998) Fluticasone Diskhaler

Katzetal'  (1998) Fluticasone DPI (
Peden et al™® (1998) Fluticasone DPI
'l
Shapiro et al*®(1998) Budesonide Turbuhaler ——,—
'
Shapiro et al'?(2001) Budesonide Turbuhaler —_——
'
Nayak et al’™® (2002) Beclomethasone HFA :
1
Gelfand et al**(2006) Ciclesonide HFAMDI —_—

Skoner et al'” (2008) Ciclesonide HFAMDI
FLIP39°" Fluticasone DPI

Overall (F=0.0%, P=.567)

Events/N Events/N
RR (95% CI) (300-400 pg/d) ($200 ug/d)

2.06 (0.38-10.99) 4/108 2/111

0.20 (0.01-4.06) 0/86 2/85

1.18 (0.65-2.16)  20/170 18/181

1.12(0.50-2.52) 11/100 10/102

0.87 (0.37-2.04) 9/93 10/90

0.29 (0.06-1.38)  2/117 7120

0.76 (0.42-1.39)  14/253 37/511

0.51(0.16-1.67)  4/202 8/206

\4

2.94 (0.12-71.30) 1/99 0197

0.90 (0.66-1.23) 65/1228 94/1503

FIGURE 2

< 2 .5 o 2 5

Favors 300-400 pg/d Favors=200 pg/d

10

20

Comparison of moderate (300—400 wg/day) and low (=200 ug/day) doses of ICSs in terms of withdrawal as a result of lack of efficacy. HFA indicates

hydrofluoroalkane; RR, risk ratio.

biochemical evidence of adrenal sup-
pression related to ICSs was reported.
One showed a small but statistically sig-
nificant lower 12-hour urine cortisol/
creatinine level after 52 weeks of treat-
ment with fluticasone 400 ug/day
compared with fluticasone 200 wg/day.5
Another trial found that a 12-week treat-
ment with fluticasone 176 ug/day, but
not ciclesonide 80 or 160 wg/day, re-
sulted in a significant decrease from the
baseline in 24-hour urine cortisol/creat-
inine concentrations.*8

Table 3 summarizes the pooled results
of the comparisons of local adverse
events and withdrawal because of ad-
verse effects between moderate and low
doses of corticosteroids. Oral candidia-
sis and dysphonia/hoarseness were un-
common (overall rate: <1% in patients
treated with ICSs). The most common ad-
verse event was pharyngitis/sore throat
(overall rate: 7.7%). There was no signif-
icant difference between moderate and
low doses of ICSs in terms of local ad-
verse events and withdrawal as a result
of adverse effects. No significant hetero-
geneity across studies was observed in
any outcomes (2 = 0%) except dyspho-
nia/hoarseness (P = 39%). Sensitivity
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analyses using 3 different methods (Der-
Simonian and Laird, Mantel-Haenszel,
and Peto) yielded similar results. Sub-
group analyses were not performed be-
cause of the small number of included
trials.

DISCUSSION

Methodologic Limitations

Some methodologic limitations should
be taken into account when interpreting
the results of this review. First, all trials
were described as randomized and
double-blind, but the risk of bias was un-
clear in the majority of studies, because
the methods of random-sequence gener-
ation and allocation concealment were
not explicitly reported. Second, nonuni-
form reporting of continuous efficacy
outcome results and incomplete data
collection and reporting of adverse
events led to a small number of trials
contributing available data for meta-
analyses of the dose response of efficacy
and safety of ICSs. This limitation not only
reduced the power of this review to
show a significant dose-response rela-
tionship but may have also produced bi-
ased results. Third, because of language

limitation we did not include 1 random-
ized trial conducted in Germany that in-
volved 24 children with mild-to-moderate
persistent asthma.s? This 8-week trial
compared 2 doses (200 vs 800 wg/day)
of budesonide. Given the small number
of patients and the use of airway inflam-
mation markers as efficacy outcomes,
exclusion of this study from the review
would not lead to significant changes of
the results of the meta-analyses.

Evidence for Dose-Response
Relationship of Efficacy

Meta-analysis of the data was only
available for comparison of moderate
and low doses of ICSs and the small
number of trials contributed to the
analyses. The pooled SMD suggests the
superiority of moderate over low
doses of ICSs in improving FEV, among
children with mild-to-moderate persis-
tent asthma. However, the increase of
FEV, was small (28 mL) and probably
only of marginal clinical relevance.
There was no evidence of dose-
response relationship of ICSs for other
clinical and functional outcomes.

No significant difference was found be-
tween moderate and low doses of ICSs in
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TABLE 5 Comparison of Moderate and Low Doses ofICSs in Terms of Local Adverse Events and Withdrawal Because of Adverse Effects

Study ICS Moderate vs Adverse Events, No. of Events/No. of Patients; RR (95% Cl)
Low Doses, Withdrawals Oral Candidiasis Dysphonia/ Cough Pharyngitis/Sore
pg/d
Hoarseness Throat
Allen et al™ FLU Diskhaler 200 vs 100 1/108 vs 0/111; 1/108 vs 3/111; 0/108 vs 3/111; 4/108 vs 3/111; 1/108 vs 4/111;
(1998) 3.08 (0.13, 74.85) 0.34 (0.04-3.24) 0.15(0.01-2.81) 1.37 (0.31-5.98) 0.26 (0.03-2.26)
Katz et al'* FLU DPI 200 vs 100 4/87 vs 5/85; 2/87 vs 1/85; 3/87 vs 0/85; 0/87 vs 1/85; —
(1998) 0.79 (0.22-2.84) 1.95 (0.18-21.15) 6.84 (0.36—130.47) 0.32 (0.01-7.89)
Shapiro et al*®  BUD Turbuhaler 400 vs 200 — 1/100 vs 0/102; — — —
(1998b) 3.06 (0.13—-74.22)
Peden et al'® FLU DPI 200 vs 100 1/170 vs 3/170; — — — —
(1998) 0.40 (0.15-1.11)
Shapiro et al'?  BUD Turbuhaler 400 vs 200 4/93 vs 5/90; — — — 6/93 vs 4/90;
(2001) 0.77 (0.21-2.79) 1.45 (0.42—-4.97)
Nayak et al'® BDP HFA 160 vs 80 1/117 vs 1/120; — — 9/117 vs 7/120; 9/117 vs 13/120;
(2002) Autohaler 1.03 (0.06—16.21) 1.32 (0.51-3.42) 0.71 (0.32-1.60)
Berger et al*  MOM DPI 200 vs 100 — 0/99 vs 0/98 — — 5/99 vs 9/98;
(2006) 0.55 (0.19-1.58)
Gelfand et al**  CIC HFA MDI 160 vs 40-80  16/253 vs 41/515; 2/253 vs 1/513; — — 14/253 vs 22/515;
(2006) 0.79 (0.45-1.39) 4.07 (0.37-44.69) 1.14 (0.70-1.86)
Skoner et al'”  CIC HFA MDI 160 vs 40 8/219 vs 14/221; 0/219 vs 0/221 0/219 vs 0/221 — 37/219 vs 44/221;
(2008) 0.58 (0.25-1.35) 0.85 (0.57-1.26)
Pedersen et CIC HFA MDI 160 vs 80 — 1/242 vs 0/252; — — —
al*t (2009) 3.12 (0.13-76.30)
FLIP39®! FLU DPI 200 vs 100 2/99 vs 6/97; — 1/99 vs 1/97; 3/99 vs 1/97; 1/99 vs 3/97;
0.33 (0.07—1.58) 0.98 (0.06—15.40) 294 (0.31-27.77) 0.33 (0.04-3.09)
Pooled result — — — 7/1108 vs 5/1384; 4/513 vs 4/514; 16/411 vs 12/413; 73/988 vs 99/1252;

1.65 (0.52-5.25)

0.99 (0.12-8.33)

1.35 (0.65-2.81)

0.88 (0.67—1.45)

RR indicates risk ratio; FLU, fluticasone; BUD, budesonide; HFA, hydrofluoroalkane; MOM, mometasone; CIC, ciclesonide; —, not available/applicable.

terms of withdrawal because of lack of
efficacy. Despite the fact that most of the
study reports did not clearly describe
the criteria for “lack of efficacy,” this
outcome is generally defined by using
clinical and/or functional parameters
indicating no improvement or even
worsening.'*5 These results suggest
that moderate doses of ICSs do not pro-
vide additional therapeutic benefits over
low doses of ICSs in children with mild-
to-moderate persistent asthma.

Evidence for Dose-Response
Relationship of Adverse Events

Although ICSs are generally consid-
ered safe treatment for children with
asthma, the potential systemic ad-
verse effects such as adrenal suppres-
sion, linear growth retardation, and ef-
fects on bone mass, are still of
concern.s® A limited number of studies
included in this review assessed ad-
verse effects of ICSs given at different
doses on linear growth and on
hypothalamic-pituitary-adrenal function,

136 ZHANG et al

and their findings were inconsistent.
There are no suitable data for investigat-
ing dose-response relationship of sys-
temic adverse effects of ICSs.

Local adverse events of ICSs, such as
oropharyngeal candidiasis, dysphonia
(hoarseness), sore throat, and cough,
have no serious consequences but
may lead to poor tolerability and ad-
herence with treatment*These ad-
verse effects generally result from the
deposition of active drugs in the oro-
pharynx during inhalation. The inci-
dence of local adverse events of ICSs
vary widely across studies, probably
because of variation in type and dose
of ICSs, drug-delivery device, and study
methodology.* In this review, the most
common local adverse event was phar-
yngitis/sorethroat (overall rate: 7.7%).
Oral candidiasis and dysphonia/
hoarseness were uncommon (overall
rate: <1%). There was no evidence of
dose-response relationship of ICSs at
low-to-moderate doses in terms of lo-

cal adverse events and withdrawal be-
cause of adverse events.

CONCLUSIONS

Current evidence is insufficient to de-
fine the dose-response relationship of
ICSs in terms of efficacy and safety in
children with persistent asthma. How-
ever, at least 2 observations could be
made on the basis of the data of this
review: (1) Compared with low doses
(=200 pg/day), moderate doses
(300—400 wg/day) of ICSs may not pro-
vide clinically relevant therapeutic ad-
vantage for children with mild-to-
moderate persistent asthma, and the
likelihood of withdrawal because of
lack of efficacy seems to be similar at 2
dose ranges. (2) There is no evidence
of adose-response relationship of ICSs
at low-to-moderate doses in terms of
local adverse events and withdrawal
because of adverse events.

The results of this review reveal a sig-
nificant gap in understanding the
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dose-response relationship of ICSs in
children with persistent asthma,
which makes it impossible to recom-
mend the optimal doses of ICSs for
these patients. Additional high-quality
randomized trials are needed to com-
pare efficacy and safety of different
doses of IGSs in children with persis-
tent asthma, especially higher dose
ranges in patients with more severe
asthma. Differences in responsiveness
to ICSs may be expected between se-
vere and mild or moderate persistent
asthma and between 1CS-naive pa-
tients andthose receiving ICSs at study
entry.% Previous trials have generally
not taken these factors into account in
study design. The small number of tri-
als included in this review also makes
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