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Abstract

Background:

Many children with severe persistent allergic (IgE-mediated) asthma remain inadequately controlled despite

treatment with high-dose inhaled corticosteroids (ICS) plus a long-acting �2-agonist (LABA).

Research and design methods:

This pre-specified analysis of a randomized, double-blind, placebo-controlled trial evaluated the efficacy

and safety of omalizumab in children (6–512 years) with perennial allergen sensitivity, and history of asthma

exacerbations and symptoms despite treatment with ICS (fluticasone�500mg � day�1 or equivalent) plus a

LABA. Patients received omalizumab (75–375 mg once or twice a month by subcutaneous injection, as

determined from dosing tables) or placebo over 52 weeks (24-week fixed-steroid then 28-week

adjustable-steroid phases).

Results:

Out of 246 randomized patients (omalizumab, n¼ 166; placebo, n¼ 80), efficacy was analysed in 235

(omalizumab, n¼ 159; placebo, n¼ 76). Over the 24-week fixed-steroid phase, omalizumab reduced the

rate of clinically significant asthma exacerbations (worsening symptoms requiring doubling of baseline ICS

dose and/or systemic steroids) by 34% versus placebo (0.42 vs 0.63, rate ratio 0.662; P¼ 0.047). Over 52

weeks, the exacerbation rate was reduced by 50% (P50.001). Omalizumab had an acceptable safety

profile, with no statistically significant (P50.05) differences in adverse events observed between

omalizumab and placebo.

Conclusion:

Add-on omalizumab is well-tolerated and reduces exacerbations in children (6–512 years) with severe

persistent allergic asthma, inadequately controlled despite high-dose ICS plus a LABA. It should be noted

that the sample size was not based on providing statistical power in the severe subgroup, and no corrections

were made for multiple comparisons; however, outcomes consistently favoured omalizumab.

Introduction

The high prevalence of paediatric asthma in Europe places a burden on children,
their families and society1. The prevalence of severe asthma symptoms has
recently been estimated to range from 3.8% (Asia-Pacific region and
Northern and Eastern Europe) to 11.3% (North America) in 13- to 14-year-olds
and 3.2% (Asia-Pacific region and Northern and Eastern Europe) to 9.5%
(Oceania) in 6- to 7-year-olds2. Severe asthma results in a higher incidence of
symptoms and a greater risk of asthma exacerbations, compared with mild-
to-moderate disease3,4. A European survey showed that only 5.8% of children
(mean age [SD], 8.8 [4.1] years) with asthma met all of the Global Initiative for
Asthma (GINA) 1995 criteria5 for asthma control despite currently available
therapies4.
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Asthma exacerbations are associated with loss of lung
function6, hospital admissions7, and time lost from work
and school8,9. They are frequently treated with oral corti-
costeroids (OCS), which, if used in multiple bursts over
a period of years, can result in serious side-effects such as
reduced bone mineral accretion and increased risk of
osteopenia10. OCS use has also been associated with arter-
ial hypertension, diabetes, hypothalamic–pituitary–
adrenal axis suppression, obesity, cataracts, glaucoma,
skin thinning leading to cutaneous striae and easy bruising,
and muscle weakness11. Although rare, withdrawal of OCS
can elicit adrenal failure5.

Severe asthma in adults and children is associated with
persistent symptoms and poor response to therapy12. In
adults, combinations of inhaled corticosteroids (ICS)
and long-acting �2-agonists (LABAs) are effective in
many patients, but 38% of patients in one study remained
inadequately controlled despite their use13. Another study
showed that, despite treatment with high-dose ICS plus a
LABA (and some additional controller medications) over
90% of patients required an emergency room visit, almost
50% required hospitalization, and over 98% of patients
required OCS bursts (approximately four per patient) in
the previous year14. In children, although asthma control
can be improved by intensifying treatment, enhancing
adherence, improving inhaler technique or altering the
child’s environment, at least 50% of children with severe
asthma are poorly controlled despite multiple controller
medications15,16. In children receiving ICS, particularly
at high doses, evidence of adrenal suppression can be
found17. Additionally, adrenal crises have been reported
in children treated with excessively high ICS doses18; how-
ever, these have not been observed in clinical trials5.
Although LABAs are commonly used as add-on therapy
in children whose asthma is insufficiently controlled by
medium doses of ICS or as single dose therapy before vig-
orous exercise5, the benefit versus risk involved is not well
documented in children19. LABAs have been associated
with hospitalization in children, and there is conflicting
evidence regarding their effect on exacerbation rates20.

Individuals with asthma have a greater rate of decline in
forced expiratory volume in 1 second (FEV1) than those
without asthma21,22. However, in children, given the rel-
atively short duration of their asthma history compared
with adults, FEV1 values are often normal during periods
of disease stability23, and most children with asthma have
FEV1 values close to normal22,24. In a cohort study of
moderate-to-severe asthma children, reported mean per-
cent predicted FEV1 values in children with mild, moder-
ate and severe asthma were 95.2%, 90.2% and 83.8%,
respectively (i.e. percent predicted FEV1 still exceeded
80% in many children with severe asthma)25.

The majority of children with asthma are atopic26, and
mean serum immunoglobulin E (IgE) is often particularly
high in children with severe asthma27, providing a

particularly strong rationale for investigating anti-IgE
therapy in this population.

Omalizumab is a humanized anti-IgE antibody that has
been previously approved for the treatment of adults and
adolescents (�12 years) with moderate-to-severe (USA)
or severe (European Union [EU]) allergic (IgE-mediated)
asthma28,29. In the EU, the indication has recently been
extended to include children (6–512 years) with severe
allergic (IgE-mediated) asthma. The EU indication stipu-
lates that to be eligible for omalizumab therapy, patients
aged 12 years and over should have reduced lung function
(FEV1580% of predicted), but this is not a requirement in
children. The efficacy and safety of omalizumab have been
demonstrated in adults and adolescents14,30–37. A rando-
mized, double-blind, placebo-controlled study of omalizu-
mab in 334 children (6–12 years) with well controlled
moderate-to-severe allergic asthma has also shown a sim-
ilar efficacy and safety profile of omalizumab in children38.

A recent 52-week study evaluated the efficacy and
safety of omalizumab in children with inadequately
controlled, moderate-to-severe persistent allergic
(IgE-mediated) asthma39. To evaluate the efficacy and
safety of omalizumab in children with severe allergic
asthma, we report the results of a sub-analysis of this study.

Patients and methods

Study design and patients

This pre-specified subgroup analysis was conducted using
data collected in a large randomized, double-blind,
placebo-controlled, parallel-group study39. Details of the
original study have been published previously39. Briefly,
patients (6–512 years) were recruited from approximately
90 centres in Argentina, Brazil, Canada, Colombia,
Poland, South Africa and the USA. Patients had
moderate-to-severe allergic (IgE-mediated) asthma, inade-
quately controlled despite treatment with regular ICS
(fluticasone propionate [FP] dry powder inhaler
�200 mg � day�1 or equivalent) with or without other con-
troller medications (Step 3 or 4 of the National Heart,
Lung and Blood Institute [NHLBI] guidelines40) and a
documented history of inadequately controlled asthma,
including exacerbations, within the previous 2 years.
Patients entered a 1-week screening phase, followed by
an 8-week run-in phase to optimize asthma treatment
and establish baseline asthma control measurements. ICS
and other asthma control medications could be adjusted
during the first 4 weeks of the run-in; further dose adjust-
ments were not permitted during the last 4 weeks of the
run-in. Those who remained inadequately controlled were
then randomized 2:1 to receive omalizumab or placebo for
a 52-week treatment period, consisting of a 24-week
fixed-steroid phase, and a 28-week adjustable-steroid
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phase, during which ICS dose could be reduced by 25–50%
once every 8 weeks if patients met strict reduction criteria.
Omalizumab 75–375 mg was administered once or twice
a month by subcutaneous injection, with the dose deter-
mined using dosing tables, based on the patient’s body
weight and baseline total serum IgE. The primary efficacy
endpoint was the rate of clinically significant asthma
exacerbations (defined below) over 24 weeks in this pop-
ulation. The study is registered at the ClinicalTrials.gov
website (identifier: NCT00079937). The original study
was conducted according to the ethical principles of the
Declaration of Helsinki. The study and any amendments
were reviewed and approved by the Independent Ethics
Committees or Institutional Review Boards for each
centre. Parents or legal guardians were informed of study
procedures and medications and gave written informed
consent.

Inadequately controlled severe asthma
subgroup analysis

This report focuses on the subgroup of children with inade-
quately controlled severe asthma, despite receiving
high-dose ICS (�500 mg � day�1 FP or equivalent) and a
LABA, with or without other controller medications,
which corresponds to the omalizumab EU indication in
adults and adolescents.

Efficacy and safety assessments

The primary outcome measure was the rate of clinically
significant exacerbations (worsening of asthma symptoms
requiring doubling of the baseline ICS dose [although it
should be noted that this is no longer recommended in
treatment guidelines5] and/or treatment with systemic cor-
ticosteroids for �3 days) during the 24-week fixed-steroid
phase. The secondary outcome measure was the rate of
clinically significant asthma exacerbations during the
52-week treatment period. Exploratory outcome measures
included the percentage change from baseline in ICS dose
at the end of the 28-week adjustable-steroid phase, the rate
of clinically significant asthma exacerbations over the
28-week adjustable-steroid phase, the rate of clinically sig-
nificant exacerbations over 52 weeks in patients with base-
line percent predicted FEV1 580% and �80%, and the
physician’s global evaluation of treatment effectiveness
(GETE; a five-level evaluation of excellent, good, moder-
ate, poor or worsening) at 52 weeks. Safety was moni-
tored by recording adverse events (AEs), serious AEs
(SAEs), vital signs and any clinically significant changes
in laboratory values, including haematology and blood
chemistry.

Statistical analysis

Efficacy analyses reported here are based on the EU mod-
ified intent-to-treat (EU mITT) population, consisting of
all patients randomized to treatment, who were receiving
at least high-dose ICS plus a LABA, after excluding
patients from centres that were not compliant with
Good Clinical Practice (GCP). The safety population con-
sisted of all patients who were receiving at least high-dose
ICS plus a LABA, received any study drug and had at least
one post-baseline safety assessment. All statistical analyses
were performed on SAS 8.2.

Statistical differences between group baseline charac-
teristics were tested using the F-test, chi-squared test and
Fisher’s exact test, as appropriate. Rate of clinically signif-
icant asthma exacerbations over 24 and 52 weeks were
compared between treatment groups using a two-sided
test at a¼ 0.05 with a generalized Poisson regression
model. The rate ratio (RR) of exacerbations between the
treatment groups and 95% confidence interval (CI) were
obtained. For patients who discontinued early, exacerba-
tion data were imputed for clinically significant exacerba-
tions over 24 and 52 weeks (one added to the total number
for patients who discontinued prematurely, unless they had
an exacerbation �7 days prior to discontinuation). The
percentage change from baseline in ICS dose was com-
pared using the van Elteren test: a nonparametric test
that compares treatments in the presence of blocking
(an extension of Wilcoxon’s rank-sum test)41; percent
change in ICS dose for patients who discontinued before
the 28-week adjustable-steroid phase was imputed as zero.
The numbers of patients rated as excellent or good accord-
ing to the physician’s GETE were compared using the
Cochran Mantel Haenszel test. Assessment of safety was
based on the frequency of all AEs. Statistical differences
between the frequency of AEs reported in the omalizumab
and placebo groups were calculated using Fisher’s
exact test.

Results

Disposition and baseline characteristics

Of the 628 patients who received at least one dose of study
drug in the original study (omalizumab n¼ 421; placebo
n¼ 207 [one placebo-treated patient was not randomized
but was included in the safety population]), 246 patients
with severe asthma were included in the safety population
of the current analysis (omalizumab n¼ 166; placebo
n¼ 80; Figure 1A). From this population, 11 patients
were excluded from the EU mITT due to non-compliance
with GCP. The EU mITT population therefore consisted
of 159 omalizumab-treated patients and 76 placebo-treated
patients. Of these, 134 (84.3%) omalizumab-treated
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patients and 64 (84.2%) placebo-treated patients com-
pleted the study (Figure 1B).

Baseline demographic and clinical characteristics were
generally well balanced between both treatment groups,
although children in the omalizumab group were slightly
older (Table 1). All patients were using ICS (mean [SD]
dose of 744.0 [262.73]mg FP [or equivalent] per day) and

a LABA. Additionally, 135 patients (57.4%) were receiv-
ing anti-leukotriene therapy, six (2.6%) were receiving
maintenance OCS and one (0.4%) was receiving theo-
phylline. Patients had experienced a mean of 2.8 exacer-
bations in the year prior to study entry. At baseline, 181
patients (77.0%) had a daytime asthma symptom score�1
(scale: 0–4, where 0¼no symptoms; 4¼ breathing

*One patient in the placebo group was not randomized and therefore excluded from 

the ITT/mITT populations, but included in the safety populations. 
†Includes seven patients who were subsequently excluded from the EU mITT due to 

study centre non-compliance with GCP. 
‡Includes four patients who were subsequently excluded from the EU mITT due to 

study centre non-compliance with GCP. 

Eligible for study entry
n = 628*

(A)

(B)

Randomized
n = 627*

Omalizumab
n = 421

Placebo
n = 206

High-dose ICS + LABA at baseline
n = 246

Omalizumab
n = 166†

Randomized
n = 235

Placebo
n = 76

Omalizumab
n = 159

Discontinued: n = 25 (15.7%) Discontinued: n = 12 (15.8%)

• Adverse events:      2 (1.3%)

• Unsatisfactory
   therapeutic effect:      1 (0.6%)

• Protocol violation:      5 (3.1%)

• Protocol violation:      2 (2.6%)

• Withdrew consent:    12 (7.5%)

• Lost to follow-up:      4 (2.5%)

• Administrative problems:   1 (0.6%)

• Withdrew consent:      4 (5.3%)

• Lost to follow-up:      4 (5.3%)

• Administrative problems:   2 (2.6%)

Completed 52 weeks
n = 134 (84.3%)

Completed 52 weeks
n = 64 (84.2%)

Placebo
n = 80‡

Figure 1. Patient disposition in the original study (A) and in the inadequately controlled severe subgroup (B).
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problems at rest with major discomfort that limits routine
activity) on �20 of the past 28 days, and 180 (76.6%) had
night-time awakenings requiring rescue medication more
than once per week.

Efficacy

Over the 24-week fixed-steroid phase, the rate of clinically
significant asthma exacerbations was significantly lower in
omalizumab-treated patients than in the placebo group
(0.42 vs 0.63). The RR (omalizumab:placebo) (95% CI)
was 0.662 (0.441, 0.995) equating to a 34% reduction with
omalizumab (P¼ 0.047; Figure 2). Over the 52-week treat-
ment period, the rate of clinically significant asthma
exacerbations was 0.73 in omalizumab-treated patients
and 1.44 in placebo-treated patients (RR [95% CI]:
0.504 [0.350, 0.725]; P50.001), equating to a reduction
of 50% (Figure 3). During the 52-week treatment period,
within the EU mITT population, 92% of clinically signif-
icant asthma exacerbations were treated with OCS.

The percentage reductions in ICS dose from baseline to
the end of the 28-week adjustable-steroid phase were small
and similar in both groups (omalizumab 2.5%; placebo
2.0%). Despite this, omalizumab further reduced asthma
exacerbation rates over the 28-week adjustable-steroid
phase. Over the 28-week adjustable-steroid phase
(Weeks 25 to 52), the rate of clinically significant
asthma exacerbations was 0.29 in omalizumab-
treated patients and 0.77 in placebo-treated patients,

(RR [95% CI]: 0.372 [0.243, 0.568]; P50.001), equating
to a rate reduction of 63% (Figure 2).

Over 52 weeks, clinically significant exacerbations
were significantly reduced in patients with baseline per-
cent predicted FEV1580%, (0.84 vs 1.64; RR [95% CI]:
0.512 [0.315, 0.833]; P¼ 0.007), and in those with baseline
percent predicted FEV1�80% (0.66 vs 1.35; RR [95% CI]:
0.488 [0.279, 0.854]; P¼ 0.012).

Table 1. Baseline demographic and clinical characteristics (modified intent-to-treat population).

Omalizumab
(n¼ 159)

Placebo
(n¼ 76)

P value Total
(n¼ 235)

Mean (SD) age, years 9.1 (1.71) 8.6 (1.74) 0.049a 9.0 (1.73)
Age distribution, n (%)

6–9 years 76 (47.8) 47 (61.8) 0.044b 123 (52.3)
10–11 years 83 (52.2) 29 (38.2) 112 (47.7)

Sex, n (%)
Male 102 (64.2) 52 (68.4) 0.519b 154 (65.5)
Female 57 (35.8) 24 (31.6) 81 (34.5)

Race, n (%)
Caucasian 92 (57.9) 48 (63.2) 0.437c 140 (59.6)
Black 50 (31.4) 21 (27.6) 71 (30.2)
Asian 0 1 (1.3) 1 (0.4)
Other 17 (10.7) 6 (7.9) 23 (9.8)

FEV1, %-predicted [n¼ 158] [n¼ 76] [n¼ 234]
Mean (SD) 81.8 (17.49) 82.6 (19.49) 0.776a 82.1 (18.12)

FEV1 reversibility*, % [n¼ 77] [n¼ 36] [n¼ 113]
Mean (SD) 29.4 (19.94) 25.1 (14.81) 0.25a 28.0 (18.50)

Historical FEV1 reversibilityy, % [n¼ 82] [n¼ 39] [n¼ 121]
Mean (SD) 24.4 (14.06) 25.2 (10.93) 0.762c 24.7 (13.09)

Mean (SD) serum total IgE, IU/ml 452.4 (328.30) 414.0 (305.63) 0.392c 440.0 (320.99)

SD¼ standard deviation; FEV1¼ forced expiratory volume in 1 s; IgE¼ immunoglobulin E.
*Percentage increase over baseline within 30 min of rescue medication.
yWithin the past 12 months.
aF-test.
bChi-squared test.
cFisher’s exact test.

Placebo

Omalizumab
2.4

34% reduction
P = 0.047
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63% reduction
P < 0.001

0.63

0.42

Week 0–24 Week 25–52

0.29

0.77

2.0

1.6

1.2

0.8

0.4

0

Figure 2. Clinically significant asthma exacerbation rates (95%
confidence intervals) during the fixed-steroid phase (Weeks 0–24) and
steroid-adjustment phase (Weeks 25–52) in patients with severe
asthma treated with add-on omalizumab (n¼ 159) or placebo (n¼ 76)
in the EU mITT.
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More omalizumab-treated patients than placebo-
treated patients were assessed as having an excellent or
good response by the physician’s GETE at 52 weeks
(118 [74.2%] vs 42 [55.3%]; P50.001).

Safety

The mean exposure to omalizumab or placebo was 49.8 and
49.1 weeks, respectively, and 93% of patients completed at
least 28 weeks on omalizumab. The overall incidence of
AEs was similar in both groups (Table 2). Pyrexia was the

only AE that occurred with a frequency� 5% higher in the
omalizumab group (18.7%) than in the placebo group
(8.8%), but this difference was not statistically significant
(P¼ 0.059). Of these reported incidences of pyrexia, three
(two in patients receiving omalizumab and one in patients
receiving placebo) were reported on the day of injection.
Upper respiratory tract infection, sinusitis, viral upper
respiratory tract infection, and streptococcal pharyngitis
were more frequent in the placebo group (�5%) than in
the omalizumab group.

The overall incidence of SAEs was lower in the omali-
zumab group than the placebo group (3.6% vs 10.0%).
With the exception of two reports of pneumonia in the
placebo group, SAEs were reported by only one patient per
treatment group. One patient in the omalizumab group
had an SAE that was suspected to be study-drug related
(a moderate tic disorder). There were no deaths in either
group. One omalizumab-treated patient discontinued the
study due to an SAE (bronchitis, not suspected to be
study-drug related).

No new safety concerns relating to AEs of particular
clinical interest37 were evident. No cases of serum sickness
were reported. One omalizumab-treated patient had an
anaphylactic reaction, but the event was attributed to
administration of meperidine. In the original study39,
one patient in the placebo group also experienced an ana-
phylactic reaction (attributable to ingestion of nuts), but
this patient did not meet the severe asthma criteria for the
EU safety population. No malignancy was reported in
omalizumab-treated patients. In the original study39, one
malignancy was reported in the placebo group, but this
patient did not meet the severe asthma criteria for the
EU safety population. Few patients experienced
pre-specified changes in laboratory values (one omalizu-
mab patient in the EU safety population had a transient
low platelet count, but this had returned to normal on
re-testing, with no associated bleeding disorders) and over-
all rates were similar in both groups. No thrombocytopenia
was reported in the original study39.

Discussion

This subgroup analysis of children with inadequately con-
trolled severe allergic (IgE-mediated) asthma enrolled in
a double-blind, placebo-controlled study showed that
add-on omalizumab reduced clinically significant exacer-
bations by 34% compared with placebo over 24 weeks, and
by 50% over 52 weeks. The greater reduction in exacerba-
tions over the whole treatment period may be reflective of
the emergence of full treatment effect with time, as sup-
pressed free IgE levels down-regulate high-affinity IgE
(FceRI) receptors expressed on pro-inflammatory cells42.
The definition of clinically significant exacerbations in
this study is robust and compares favourably with other

Table 2. Incidence of adverse events (AEs) in the safety population.

Omalizumab
(n¼ 166)

Placebo
(n¼ 80)

P valuea

Patients with any AE, n (%) 155 (93.4) 76 (95.0) 0.779
Discontinued due to AE 2 (1.2) 0 1.000
Patients with SAEs, n (%) 6 (3.6) 8 (10.0) 0.073

Most frequent AEs*, n (%)
Nasopharyngitis 49 (29.5) 20 (25.0) 0.545
Upper respiratory

tract infection
40 (24.1) 28 (35.0) 0.094

Sinusitis 36 (21.7) 23 (28.8) 0.265
Pyrexia 31 (18.7) 7 (8.8) 0.059
Cough 27 (16.3) 12 (15.0) 0.854
Headache 24 (14.5) 12 (15.0) 1.000
Pharyngolaryngeal pain 21 (12.7) 10 (12.5) 1.000
Vomiting 19 (11.4) 10 (12.5) 0.834
Bronchitis 19 (11.4) 12 (15.0) 0.421
Viral upper respiratory

tract infection
12 (7.2) 11 (13.8) 0.107

Pharyngitis, streptococcal 11 (6.6) 11 (13.8) 0.093

AE¼ adverse event; SAE¼ serious adverse event.
*Those occurring in �10% of patients in either treatment group.
aFisher’s exact test.

Placebo

Omalizumab2.4

50% reduction
P < 0.001
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1.44

0.73

Week 0–52

2.0

1.6

1.2

0.8

0.4

0

Figure 3. Clinically significant asthma exacerbation rates (95% confidence
intervals) during the overall 52-week treatment period in patients with
severe asthma treated with add-on omalizumab (n¼ 159) or placebo
(n¼ 76) in the EU mITT.
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major studies. These exacerbations represent clinically
important events and, at the set thresholds, may develop
into serious or even life-threatening events without
prompt treatment.

The reduction in clinically significant asthma exacer-
bations in the severe subpopulation is consistent with
those previously reported in children with moderate-
to-severe asthma in the original study (31% and 43%
over 24 and 52 weeks, respectively)39, and with the
annualized 38% reduction in adults and adolescents with
severe persistent allergic (IgE-mediated) asthma35. It is
also consistent with those previously reported in children
with well-controlled moderate-to-severe allergic asthma
(32% over 16 weeks and 53% following a subsequent
8-week steroid-reduction phase)38.

In the severe subpopulation in this analysis, the mean
baseline percent predicted FEV1 (82.1%) is consistent
with that previously reported for severe asthma in this
age group (83.8%)25. In adults with severe asthma, annual-
ized reduction in exacerbations with omalizumab in
patients with percent predicted FEV1 �80% at baseline
were significant (31%; P ¼ 0.0003)35, but of a lower mag-
nitude than those seen in children with percent predicted
FEV1 �80% over 52 weeks in the current study (51%;
P¼ 0.012). In the current analysis, exacerbations were
reduced by a similar magnitude, irrespective of whether
baseline percent predicted FEV1 was above or below
80% (51% and 49% reductions, respectively).

The safety profile of omalizumab in this analysis reflects
that seen in the larger population in the original study39.
The overall incidence of AEs was similar in both omalizu-
mab and placebo groups, SAEs were less frequent in the
omalizumab group, and no new safety concerns were
evident.

The reduction in asthma exacerbations and favourable
safety and tolerability profile that are associated with oma-
lizumab in the present analysis are important, as there are
limited options available to improve asthma control in
children with severe asthma who are already receiving at
least high-dose ICS and a LABA. Reduction in exacerba-
tions may benefit the patient both in terms of the risks
associated with the exacerbation itself, and the risks asso-
ciated with using OCS in their treatment. Routine use of
OCS is not recommended in children, due to the adverse
effects associated with prolonged use, and repeated use of
short courses of OCS has been shown to reduce bone
mineral accretion in children10.

The plateau effect in ICS dose is well recognized in
asthma guidelines. GINA guidelines state that “The pre-
ferred treatment at Step 4 is medium or high-dose ICS plus
LABA; however, in most patients the increase from
medium to high-dose ICS provides relatively little addi-
tional benefit”5. Despite an ICS dose of �500 mg/day FP
(or equivalent), more than double the maximum approved
dose in children, plus a LABA and other controller

medications (e.g. 57% were receiving anti-leukotriene
therapy), asthma symptoms of patients in this study
remained inadequately controlled during the run-in. The
addition of omalizumab to the treatment regimen of these
patients increased symptom control in terms of exacerba-
tions, suggesting a real treatment benefit in patients
uncontrolled by maximum doses of ICS, in whom further
increases of ICS dose may not improve asthma control.

A number of limitations of the present analysis should
be noted. Although these analyses were pre-specified, the
sample size was not based on providing statistical power in
the severe subgroup, as was the case for the primary objec-
tive of the original study. As the effect of omalizumab
therapy seen in this severe subgroup was similar to that
observed in the core study population39, despite the
reduced power of the study, it is reasonable to assume
the results are a real effect of omalizumab. Significant dif-
ferences that favoured omalizumab were still seen in most
efficacy outcomes. In addition, as no corrections were
made for multiple comparisons, it is possible that signifi-
cant differences may have arisen due to chance; however,
the consistent differences that favoured omalizumab for a
variety of outcomes indicates that this is unlikely. Finally,
the doubling of baseline ICS dose is no longer recom-
mended in treatment guidelines, and this criterion, com-
pared with current guidelines, may have allowed the
inclusion of more exacerbation episodes. Nevertheless, in
this severe subgroup examined in this study, most exacer-
bations were treated with OCS.

Conclusion

The present sub-group analysis shows that omalizumab has
an acceptable safety and tolerability profile and reduces
asthma exacerbations in children with inadequately
controlled severe allergic (IgE-mediated) asthma.
Omalizumab may provide an important new means of
improving control of severe asthma and reducing the risk
of exacerbations in children.
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