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ABSTRACT: The ability of omalizumab, an anti-immnoglobulin-E agent, to maintain
long-term disease control in patients with moderate-to-severe allergic asthma was
investigated in a 24-week double-blind extension to a 28-week core trial.
During the extension, 483 of the initial 546 patients were maintained on randomised

treatment and the lowest sustainable dose of beclomethasone dipropionate (BDP) as
established during the steroid-reduction phase of the core trial. The use of concomitant
asthma medication was permitted and investigators were allowed to adjust the BDP
dose or switch patients from BDP to other asthma medications if deemed necessary.
More omalizumab-treated patients (33.5%) than placebo-treated patients (13.5%)

were able to complete the extension period without requiring inhaled corticosteroid
treatment. The mean BDP equivalent dose throughout the extension was lower in the
omalizumab group (25 mg?day-1) than in the placebo group (43 mg?day-1). Disease
control was sustained in 76% of omalizumab patients compared with 59.4% of placebo
patients free from an asthma exacerbation during the extension period. Compared with
placebo, fewer patients in the omalizumab group used other concomitant asthma
medication during the extension. Treatment with omalizumab was well tolerated and
the incidence of adverse events was similar between groups.
In conclusion, these results suggest that omalizumab is a promising new agent for the

long-term control of allergic asthma.
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Current asthma management guidelines stress the
importance of combined pharmacotherapy to control
the underlying inflammatory disease (e.g. with inhaled
corticosteroids) and relieve acute symptoms (e.g. with
short-acting inhaled b2-agonists) [1, 2]. However,
some patients remain symptomatic despite high-dose
inhaled corticosteroids and suffer from frequent
exacerbations [3, 4]. Furthermore, the complexity of
such regimens, e.g. the use of multiple inhalers with
different frequencies of administration, often leads to
poor patient compliance, a major obstacle to success-
ful disease control in the long term. As a consequence,
the level of asthma control in the great majority of
patients falls far short of the goals for long-term
asthma management [5].

In recent years it has become increasingly recog-
nised that immunoglobulin (Ig)-E is a crucial media-
tor of allergic reactions thought to be responsible
for the induction and maintenance of chronic airway
inflammation and asthma-related symptoms [6].

Patients of all ages with allergic asthma have higher-
than-nomal serum IgE levels, which correlate with the
heightened bronchoconstrictor response to a variety
of stimuli and the occurrence of symptoms [7–9].
In these patients, allergen exposure produces a
characteristic cascade of events that is orchestrated
by immune effector cells, specifically mast cells,
T-lymphocytes and eosinophils [10, 11]. Therefore,
targeting factors involved in the allergen-specific
response, such as IgE, is a promising basis for the
development of new therapeutic agents, for the
treatment of asthma.

Omalizumab (Xolair1, Novartis Pharma AG,
Basel, Switzerland/Genentech Inc., South San Fran-
cisco, CA, USA), a recombinant humanised mono-
clonal anti-IgE antibody is the first anti-IgE agent to
undergo clinical evaluation in the treatment of IgE-
mediated diseases [12]. Omalizumab stops the allergic
cascade by binding to circulating unbound "free" IgE
[13]. This leads to a marked decrease in levels of free
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IgE and a downregulation of cellular IgE receptors
[14]. Single doses of omalizumab rapidly reduce free
IgE concentrations by w95% in patients with allergic
asthma [15–17].

Recently, the present authors reported the results
of a 28-week randomised double-blind, placebo-
controlled trial in patients with moderate-to-severe
allergic asthma not adequately controlled with inhaled
corticosteroids. Omalizumab reduced both the inci-
dence and frequency of asthma exacerbations, while
simultaneously reducing the requirement for inhaled
corticosterolds [18]. Other indicators of asthma
control, such as symptom score, the need for rescue
medication and lung function, were also improved by
omalizumab. Omalizumab was well tolerated with
an excellent safety profile.

In the present study, results from a 24-week double-
blind extension to the core study are reported.

Methods

Study design and patients

The methodology of the core study has been
reported previously [18]. Briefly, a multicentre, ran-
domised, double-blind, placebo-controlled, parallel-
group study was conducted in Europe, South Africa,
Australia and the USA. Patients were all sympto-
matic on entry to the study, despite treatment
with inhaled corticosterolds in doses equivalent to
500–1,200 mg?day-1 of beclomethasone dipropionate
(BDP).

During a 4–6 week run-in period, all patients were
switched to receive treatment with the inhaled
corticosterold BDP at the minimum dose required
to achieve sustainable symptom control. Following
run-in, patients were randomised to receive either
omalizumab or placebo administered subcutaneously
every 2 or 4 weeks (o0.016 mg?kg-1?IgE (Interna-
tional Units?mL-1) every 4 weeks) for 28 weeks.
During the first 16 weeks of treatment, the dose of
BDP was maintained at a constant (steroid-stable
phase). In the following 12 weeks, the dose of BDP
was gradually reduced, where clinically possible, by
25% of the baseline dose every 2 weeks for 8 weeks, in
order to reach a minimum effective dose (steroid-
reduction phase). The lowest BDP dose required for
asthma control was maintained for the remaining 4
weeks of the core study. The use of rescue medication
with salbutamol, delivered by a pressurised metered-
dose inhaler (100 mg?puff-1), was allowed throughout
the study. No other asthma medication was permitted.

The study was conducted in accordance with the
Declaration of Helsinki, all patients (or their legal
guardian if the patient was v18 yrs old) having
provided written consent prior to the conduct of
study procedures. Ethical approval was obtained from
the relevant institutional review board of each study
centre.

The core study was followed by a 24-week double-
blind extension during which patients continued on
randomised treatment and the lowest effective dose of
BDP (which could be adjusted accordingly). During

the extension phase, the use of concomitant asthma
medication was liberalised and investigators were
allowed to administer additional asthma medication
and/or switch patients to other asthma medications if
deemed necessary.

Outcome measures

During the extension, asthma exacerbations, forced
expiratory volume in one second (FEV1), BDP use and
concomitant asthma medication use were assessed.

An exacerbation was defined as worsening of
asthma requiring treatment with oral or parenteral
corticosteroids or doubling of the patient9s most
recent BDP maintenance dose.

Because patients were permitted to change from
BDP to other inhaled corticosteroids during the
extension, an equivalence table based on the National
Institutes of Health Guidelines for the Diagnosis
and Management of Asthma was produced so that
corticosteroid use could be expressed as "BDP
equivalents" (table 1). This equivalence table was
also used to determine the BDP dose administered
during the run-in period of the core study when
patients were switched from their regular inhaled
corticosterold.

Spirometry was performed at each visit. Patients
were requested to refrain from taking any reliever
medication during the 6 h prior to lung function
testing at the clinic. After a 15 min rest, patients
performed at least three forced expiratory manoeu-
vers. The highest of the three FEV1, values obtained
were recorded at each visit. Lung function testing was
performed prior to administration of the study drug.

The long-term safety and tolerability profile of
omalizumab was evaluated over the entire 52-week
study. Details of adverse events were collected every
2–4 weeks during the study on a form that recorded all
events, irrespective of suspected relationships to the
study drug and of mild, moderate or serious severity.
Anti-omalizumab antibody levels (Fab) were mea-
sured by solid-phase enzyme-linked immunosorbent
assay [19].

Statistical analysis

Statistical analyses were performed using data from
all patients entering the extension phase.

Table 1. –Conversion of inhaled corticosteroid dose to
beclomethasone dipropionate (BDP) equivalent dose#

Drug Dose

Fluticasone propionate 1 puff (50 mg?puff-1)
Triamcinolone acetonide 2 puffs (100 mg?puff-1)
Budesonide Turbuhaler 0.25 puffs (200 mg?puff-1)
Budesonide Turbuhaler 0.5 puffs (100 mg?puff-1)
Budesonide MDI 1 puff (100 mg?puff-1)
Flunisolide 1 puff (250 mg?puff-1)

MDI: metered dose inhaler. #: comparable to l puff BDP
(100 mg?puff-1

=valve dose).
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The number of asthma exacerbations per patient
and the number of patients experiencing at least one
asthma exacerbation were analysed using the genera-
lised Cochran-Mantel-Haenszel test (van Elteren test),
stratified by dosing schedule (2 or 4 weekly dosings).
An adjustment was made for patients who discon-
tinued prematurely during the extension phase,
adding one exacerbation for every 2 weeks of missed
extension phase to any observed exacerbation count in
that phase. Asthma exacerbations were not counted as
adverse events unless they were serious (e.g. resulted
in hospitalisation). This study was powered to show a
between treatment difference in the number of asthma
exacerbations in the core phase [18].

BDP dose, expressed as percentage of baseline of
core study dose, was analysed at 4-weekly intervals
during the extension phase using the Wilcoxon-rank
sum test. The percentage of patients with no inhaled
corticosterold use during the extension and the
percentage of patients with o50% reduction from
baseline in their inhaled corticosteroid dose through-
out the extension phase were analysed using the
generalised Cochran-Mantel-Haenszel test stratified
by dosing schedule.

FEV1 was analysed using an analysis of covariance
model, fitting centre, sex, treatment schedule and
treatment as factors and baseline as a covariate.

The incidence of adverse events was examined using
the generalised Cochran-Mantel-Haenszel test stra-
tified by dosing schedule.

Statistical significance was accepted as pv0.05
(two-sided). All analyses of efficacy parameters in
the extension were performed post hoc.

Results

Patients

A total of 483 (254 omalizumab, 229 placebo) out
of the 546 (88%) patients randomised to the core study
entered the 24-week double-blind extension.

Nearly three-times as many patients in the placebo
group (26, 11.4%) as in the omalizumab group (10,
3.9%) discontinued prematurely during the extension.
Withdrawal of consent and loss to follow-up were
the most frequent causes of premature termination,
affecting more placebo than omalizumab patients in
both cases. Two omalizumab patients discontinued
due to adverse events. The adverse events causing
discontinuation were prostate cancer and "severe
dryness of eyes, mouth and sinuses". This second
case was investigated extensively and it transpired
that the symptoms had been present for 1 yr prior
to commencement of the study. Neither event was
considered by the investigators to be related to the
study drug.

A summary of patient demographics and baseline
characteristics is reported in table 2.

Asthma exacerbations

As in the core study, the number of asthma exacer-
bations per patient during the extension phase was

significantly lower in the omalizumab group com-
pared with the placebo group (pv0.001) (table 3). The
percentage of patients experiencing at least one exa-
cerbation was also significantly lower in omalizumab-
treated patients compared with placebo (pv0.001)
(table 3).

Beclomethasone dipropionate dose

During the extension, patients treated with omali-
zumab were able to maintain a significantly lower
intake of inhaled corticosteroids compared with
placebo (pv0.001) (fig. 1). The mean BDP equiva-
lent dose during the extension was 253 mg?day-1 in the
omalizumab group compared with 434 mg?day-1 in the
placebo group.

A significantly greater proportion of omalizumab
recipients completed the 24-week extension without
requiring any inhaled corticosteroid treatment com-
pared with placebo (fig. 2). Furthermore, more than

Table 2. –Summary of demographic and baseline# char-
acteristics (all extension patients)

Omalizumab Placebo

Subjects 254 229
Sex M:F n 130:124 109:120
Race caucasian:other n 239:15 203:26
Age yrs 41 (12–76) 40 (13–72)
Duration of asthma yrs 21 (2–68) 19 (1–63)
Smoking status n (%)

Nonsmoker 197 (77.6) 175 (76.4)
Exsmoker 57 (22.4) 54 (23.6)

Daily BDP dose mg 766.1 (500–1600) 777.3 (400–1800)
Serum total

IgE IU?mL-1
220.2 (21–785) 204.1 (25–814)

FEV1 % pred 70.0 (32–112) 70.4 (22–109)
FEV1 reversibility %} 26.3 (10–86) 25.7 (12–103)
Asthma severityz n (%)

Moderate 197 (77.6) 176 (76.9)
Severe 57 (22.4) 53 (23.1)

Data are presented as mean (range) unless otherwise stated.
M: male; F: female; BDP: beclomethasone dipropionate;
IgE: immunoglobulin-E; IU: International Units; FEV1:
forced expiratory volume in one second. #: baseline of core
study; }: % increase in FEV1 from baseline within 30 min of
taking 200 mg salbutamol; z: severe=baseline FEV1 f65%
pred and a mean total symptom score ofw4 out of 9 for the
last 14 days of the run-in period.

Table 3. –Asthma exacerbations during the extension (all
extension patients)

Omalizumab Placebo

Subjects n 254 229
Mean number of

exacerbations per
patient n (95% CI)

0.48 (0.30–0.66) 1.14 (0.81–1.46)***

Patients with one
or more asthma
exacerbations n (%)

61 (24) 93 (40.6)***

Data were analysed using the generalised Cochran-Mantel-
Haenszel test. CI: confidence internal. ***: pv0.001.
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half of the omalizumab-treated patients participated
in the extension using f50% of a BDP equivalent
dose of inhaled corticosteroid relative to baseline (i.e.
start of core phase) versus approximately one-third of
placebo recipients (fig. 2).

Concomitant asthma medication use

During the 24-week extension, the rise of concomi-
tant asthma medication was lower in the omalizumab
group than in the placebo group (table 4).

Forced expiratory volume in one second

No statistically significant differences in FEV1 were
seen between the treatment groups at any time point
during the extension phase.

Safety and tolerability

As in the core study [18], treatment with omalizu-
mab was well tolerated. The overall incidence of
adverse events was comparable between the treatment
groups during the 24-week extension (p=0.548) and
for the entire 52-week study period (p=0.579) (table 5).
Although a slightly higher incidence of adverse events
affecting the digestive system (including nausea, gas-
troenteritis, diarrhoea, abdominal pain, dyspepsia and
toothache) was detected in the omalizumab group
(affecting 32% of omalizumab patients versus 25% of
placebo patients over the 52-week period), there was
no particular adverse event which was common to
either group.

Nine (3.5%) patients on omalizumab and 10 (4.4%)
patients on placebo had serious adverse events during
the extension. These included four patients (1.7%)
on placebo compared with one (0.4%) patient on
omalizumab who experienced asthma exacerbations
resulting in hospitalisation.

There were no adverse events suggestive of immu-
nological reactions during the 24-week extension.
Local injection-site symptoms were associated with
5.3% of omalizumab injections and 4.3% of placebo
injections, the majority of which were mild-to-
moderate in severity.

No patient on omalizumab developed anti-
omalizumab antibodies.

Discussion

Anti-inflammatory agents are considered to be the
cornerstone of therapy for patients with persistent
asthma [1]. However, current asthma therapies are
aimed at reducing inflammation and symptoms only
after the allergic process has begun. As IgE is an early
and central factor responsible for the induction and
progression of allergic reactions, it is a promising
target in the treatment of asthma. A clear advantage
of blocking IgE is that the allergic cascade is
interrupted at the initiation stage prior to mediator
release.

Omalizumab, a recombinant humanised mono-
clonal anti-IgE antibody is the first anti-IgE agent to
undergo clinical evaluation in the treatment of allergic
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Table 4. –Percentage of patients receiving concomitant
asthma medications by drug class (all extension patients)

Drug class Omalizumab Placebo

Subjects n 254 229
Inhaled corticosteroids 64.6 84.7

Fluticasone propionate 0.8 2.2
Budesonide 0.0 1.3

Long acting b2-agonists 11.0 17.0
Salmeterol hydroxynaphthoate 5.9 11.4
Formoterol fumarate# 4.7 5.7

Leukotriene inhibitors
and antagonists

0.4 3.5

Xanthines 0.4 0.0

Data are presented as %. #: formoterol not marketed in
USA.
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asthma. The present authors have reported previously
that 28 weeks of treatment with omalizumab simul-
taneously reduces both asthma exacerbations and
corticosteroid requirement, while improving other
parameters of disease control in patients with
moderate-to-severe allergic asthma [18]. The results
of this 24-week double-blind extension show that
omalizumab continues to reduce the frequency and
incidence of asthma exacerbations while allowing
sustained reduction in the need for inhaled corticos-
teroids and other concomitant asthma medication.

Analysis of asthma exacerbations during the exten-
sion phase revealed that, compared with placebo,
significantly fewer omalizumab patients experienced
an asthma exacerbation. The mean number of exa-
cerbations per patient was also significantly lower in
favour of omalizumab. This is entirely consistent with
observations during the core study [18] and was
achieved even though patients on omalizumab main-
tained a lower dose of inhaled corticosteroids and
used fewer other concomitant asthma medications.
The tendency towards more frequent discontinuations
in the placebo group observed in the core phase [18]
persisted in the extension, with 26 (11.4%) placebo
patients discontinuing prematurely from the exten-
sion compared with 10 (3.9%) omalizumab patients.
This imbalance probably reflects the patients9 overall
satisfaction with treatment.

During the extension, significantly more patients on
omalizumab (57%) were able to reduce their inhaled
corticosteroid dose by o50% compared with those on
placebo (32%), and sustain this reduced dose through-
out the extension. The fact that there was a slight
increase in the dose of inhaled corticosteroids in both
treatment groups during the course of the extension
(fig. 1) may reflect the fact that changes in BDP dose
and the use of other inhaled corticosterolds were not
discouraged during this phase.

It is well established that asthma control improves
considerably in a clinical-trial setting, even for pati-
ents on placebo treatment. One possible explanation
for this is improved compliance because of close moni-
toring by an investigator and repeated encouragement

to adhere to therapeutic regimens. Compliance among
asthma patients requiring long-term treatment is often
poor, particularly for those requiring inhaled cortico-
steroids. In a recent survey among European patients
with moderate and severe persistent asthma, the most
disturbing finding was the high level use of as-required
bronchodilator medications and the low level use of
anti-inflammatory medications [5]. It is possible that
new types of asthma medications such as omalizumab,
which considerably reduce dependence on inhaled
corticosteroids and require much less frequent admin-
istration, will improve asthma control by improving
compliance and facilitating long-term treatment.

There were no significant differences in FEV1

between the treatment groups during the extension
phase. This result is not unexpected. Patients were
permitted to use concomitant asthma medication
throughout the extension phase and the placebo-
treated patients used more asthma medication than
the omalizumab-treated patients (table 4). In parti-
cular, the use of bronchodilators could potentially
confound spirometric values in this phase of the study.
The addition of an anti-inflammatory agent that does
not possess acute bronchodilator properties would
not, therefore, be expected to provide further large
improvements in FEV1.

As demonstrated in other studies [19], the safety
profile of omalizumab was reassuring, and treatment
was well tolerated over the entire 52-week treatment
period.

In conclusion, the results of this study indicate that
omalizumab is effective in the long-term control of
patients with allergic asthma, controlling disease while
reducing corticosteroid requirement. Such findings
indicate that omalizumab is a promising new agent
for the treatment of allergic asthma. It may be parti-
cularly useful in patients suffering from persistent
symptoms even with conventional treatment. The
dosing schedule may greatly enhance compliance in
allergic asthma patients requiring complex therapeutic
regimens. In addition, as omalizumab is effective in
the management of allergic rhinitis [19], it may benefit

Table 5. –Patients with adverse events (AE) in most frequently affected body systems (o5% in either group)

24-week double-blind extension
(all extension patients)

52-week overall safety
(all randomised patients)

Omalizumab Placebo Omalizumab Placebo

Total patients studied 254 (100) 229 (100) 274 (100) 272 (100)
Total patients with an AE 161 (63.4) 151 (65.9) 229 (83.6) 232 (85.3)
Body system affected

Respiratory 84 (33.1) 97 (42.4) 160 (58.4) 173 (63.6)
Infections and infestations 49 (19.3) 53 (23.1) 124 (45.3) 132 (48.5)
Nervous 40 (15.7) 40 (17.5) 99 (36.1) 90 (33.1)
Musculoskeletal 40 (15.7) 27 (11.8) 86 (31.4) 78 (28.7)
Body as a whole 35 (13.8) 36 (15.7) 78 (28.5) 81 (29.8)
Digestive 33 (13.0) 22 (9.6) 88 (32.1) 69 (25.4)
Skin and appendages 22 (8.7) 17 (7.4) 46 (16.8) 44 (16.2)
Special senses 12 (4.7) 13 (5.7) 35 (12.8) 26 (9.6)
Urogenital and reproductive 16 (6.3) 19 (8.3) 36 (13.1) 33 (12.1)
Cardiovascular 2 (0.8) 3 (1.3) 13 (4.7) 17 (6.3)

Data are presented as n (%).
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patients with concomitant lung, nose and eye
symptoms.
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