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ABSTRACT: The aim of the present study was to determine the effect of treatment
with omalizumab, an anti-immunoglobulin E antibody, on asthma-related quality of life
(AQoL) in patients with moderate-to-severe allergic asthma.

A total of 546 patients with allergic asthma were randomised to double-blind
subcutaneous treatment with either placebo or omalizumab for 52 weeks. A constant
beclomethasone dipropionate dose was maintained during the first 16 weeks (steroid-
stable phase). This was followed by a 12-week steroid-reduction phase. The core study
was followed by a 24-week double-blind extension phase. AQoL was evaluated at
baseline and at the end of the steroid-stable (week 16), steroid-reduction (week 28) and
extension phases (week 52) using the Juniper Asthma Quality of Life Questionnaire
(AQLQ).

Baseline AQLQ scores were comparable for the two treatment groups. Relative to
placebo, omalizumab-treated patients demonstrated statistically significant improve-
ments from baseline across all four AQLQ domains, as well as overall AQoL score, at
weeks 16 (except environmental exposure), 28 and 52. Patients on omalizumab were
also more likely to achieve clinically significant improvements in AQoL during the
course of the study. Overall, almost 70% of patients and investigators rated treatment
with omalizumab as "excellent/good", compared withy40% of placebo recipients.

Clinical studies show that omalizumab enhances disease control whilst reducing
corticosteroid consumption in patients with allergic asthma. The results of the present
study show that these changes are paralleled by improvements in asthma-related quality
of life that are meaningful to such patients.
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It is well established that asthma-related symptoms
and the ever-present risk of serious exacerbations
requiring emergency treatment and/or hospitalisation
exert a profoundly negative effect on various aspects
of quality of life (QoL) [1, 2]. Many clinical trials
involving patients with asthma have therefore
assumed that an improvement in symptoms and
other conventional clinical indices (e.g. spirometry)
leads to concomitant changes in the patient9s QoL.
However, whilst providing valuable information about
the status of the affected organ system, conventional
clinical measures rarely fully capture the extent of the
patient9s functional impairment and decreased well-
being [3, 4]. Thus, in order to obtain a holistic view of
the patient9s health status, both conventional clinical
measures and the patient9s health-related QoL should
be evaluated during asthma therapy.

The pathophysiology of asthma is allergy related
in w90% of cases [5]. Central to the mechanisms of
allergic inflammation is the release of a number of
pro-inflammatory mediators after allergen binding to
immunoglobulin (Ig)E on the surface of effector cells

[6–10]. Targeting of IgE therefore represents a pro-
mising basis for the development of new therapeutic
agents for the treatment of allergic asthma. Moreover,
stopping the allergic cascade at this early stage may
bring about improvements in other IgE-mediated
allergic (atopic) diseases, such as seasonal allergic
rhinitis, which is highly prevalent in patients with
allergic asthma [11].

Omalizumab is the first anti-IgE agent to undergo
clinical evaluation in the treatment of IgE-mediated
diseases [12]. A recombinant humanised monoclonal
anti-IgE antibody [13], omalizumab forms complexes
with circulating free IgE and prevents it binding
to high- and low-affinity receptors on effector cells,
thereby inhibiting allergen-induced activation [14–16].
Indeed, the pronounced reduction in serum-free IgE
concentrations after the first injection of omalizumab
in patients with allergic asthma [17] attenuates both
the early and late asthmatic responses to inhaled
allergen [18, 19].

Recently, the authors reported that subcutaneous
treatment with omalizumab improved asthma control
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and allowed a significant reduction in the dose of
inhaled corticosteroids in a large placebo-controlled
trial in patients with moderate-to-severe allergic
asthma [20, 21]. In the present study, the findings
of the effect of omalizumab on asthma-related QoL
(AQoL), which was evaluated in parallel with routine
clinical indices in this clinical trial, are reported.

Materials and methods

Study design and patients

The present QoL study was conducted as part of
a multicentre, randomised, double-blind, placebo-
controlled clinical trial with omalizumab, for which
the protocol and main clinical/tolerability findings are
reported in full elsewhere [20, 21]. Briefly, the study
enrolled patients aged 12–75 yrs with a diagnosis of
moderate-to-severe allergic asthma of o1 yr9s dura-
tion, a total serum IgE level of 30–700 International
Unit (IU)?mL-1 and a positive skin-prick test to at
least one common allergen (Dermatophagoides farinae,
D. pteronyssinus, dog or cat). All patients had stable
disease and required regular treatment with inhaled
corticosteroids (dose equivalent to 500–1,200 mg?day-1

of beclomethasone dipropionate (BDP)), but were
symptomatic even with such treatment. After screen-
ing, patients entered a run-in period of 4–6 weeks,
during which time all patients were switched to
inhaled BDP and the dose was adjusted to establish
the lowest dose required for control of asthma
symptoms and peak expiratory flow (PEF) at levels
acceptable to the patient and investigator. Patients
were maintained on this dose of BDP for the final
4 weeks of run-in (baseline). Eligible patients were
subsequently randomised to subcutaneous treatment
with either placebo or omalizumab every 2 or 4 weeks
(o0.016 mg?kg-1?IgE-1 (IU?mL-1) per 4 weeks) for 52
weeks. The baseline dose of concomitant BDP was
maintained during the first 16 weeks of the study
(steroid-stable phase). In the following 12 weeks
(steroid-reduction phase), the BDP dose was reduced
by 25% every 2 weeks over the first 8 weeks until total
elimination, or until there was a decrease in forced
expiratory volume in one second (FEV1) of o20%
compared to the last measurement of the previous
phase or the development of an event defining asthma
worsening, as follows: 1) deterioration of symptoms
requiring an urgent or unscheduled physician visit; 2)
PEF of f50% of patient9s personal best; 3) decrease
in morning PEF of o20%, compared to the last week
of the previous phase, on two or more of 3 successive
days; 4) increase in rescue medication of o50%,
compared to the average use for the last week of the
previous phase and exceeding eight puffs of salbu-
tamol per day, on 2 or more of 3 successive days; 5)
more than 2 of 3 successive nights disrupted due to
asthma symptoms requiring rescue medication.

If there was a decrease in FEV1 of o20%, or
asthma worsening occurred, then the previous dose of
BDP was resumed. Once the lowest effective dose of
BDP for asthma control was established, patients
were maintained on this dose for the remaining 4

weeks of the core study. The use of rescue inhaled
salbutamol was permitted throughout the core study.

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.

The study was conducted in accordance with the
Declaration of Helsinki. All patients (or their parents
or guardians, when appropriate) provided written
informed consent prior to the initiation of study.
Ethical approval was obtained from the relevant
institutional review board of each study centre.

Measurement of asthma-related quality of life

AQoL was assessed at baseline and at the end of the
steroid-stable, steroid-reduction and extension phases
using the disease-specific Juniper Asthma Quality of
Life Questionnaire (AQLQ) [22]. This questionnaire,
which has good reliability and responsiveness with
excellent cross-sectional and longitudinal validity [23],
comprises 32 questions ("items") grouped into four
categories ("domains"): activity limitations (11 items),
emotions (five items), symptoms (12 items), and
exposure to environmental stimuli (four items). Each
question was answered by the patient on a 7-point
scale according to the level of impairment in the
preceding 2 weeks, from 1 (extremely impaired) to 7
(no impairment); lower AQLQ scores therefore reflect
increased impairment. To avoid logistical problems,
all patients completed the adult version of the AQLQ
(regardless of their age).

Evaluation of treatment effectiveness

Upon completion of the core study, subjective and
objective global evaluations of treatment effective-
ness were determined by investigators and patients
as "excellent" (complete control of asthma), "good"
(marked improvement of asthma), "moderate" (dis-
cernible but limited improvement in asthma), "poor"
(no appreciable change in asthma) or "worse".

Statistical analysis

Statistical analyses were performed for all random-
ised patients. The "last observation carried forward"
approach was used within a phase for patients who
discontinued prematurely from the study. The main
analysis concerned the change from baseline in
domain scores and overall score to the end of the
steroid-stable, steroid-reduction and extension phases.
Between-treatment differences were evaluated using
an analysis of covariance model, fitting treatment,
centre and dosing schedule as factors and baseline as
a covariate. All data from the extension period were
analysed post hoc. Further analyses were performed to
determine the proportion of patients in each treatment
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group achieving a clinically significant improvement
in QoL (i.e. an increase in domain or overall QoL
score of o0.5 points) as well as those achieving a large
improvement (increase in score of o1.5 points relative
to baseline) [24]. This analysis was performed post hoc
using a Chi-squared test. The between-treatment
analyses of patient and investigator global evaluations
of treatment effectiveness at the end of the core
study were performed using the generalised Cochran-
Mantel-Haenszel (van Elteren) test, stratified by treat-
ment schedule. Statistical significance was accepted
when pv0.05 (two-sided).

Results

Patients

A total of 546 patients from 42 centres in nine
countries completed the run-in/baseline phase and
were randomised to study medication: omalizumab,
n=274; placebo, n=272. A total of 487 patients (89%)
completed the core study: omalizumab, n=255 (93%);
placebo, n=232 (85%). Most patient withdrawals
in each treatment group occurred during the initial
16-week steroid-stable phase: omalizumab, n=13;
placebo, n=27. Withdrawal of consent was the most
common reason for discontinuation.

A total of 483 patients continued into the extension
phase of the study: omalizumab, n=254; placebo,
n=229. Nearly three times as many patients in the
placebo group (n=26 (11.4%)) as in the omalizumab
group (n=10 (3.9%)) discontinued prematurely during
the extension. Withdrawal of consent and loss to
follow-up were the most frequent reasons for discon-
tinuation, affecting more placebo than omalizumab
patients in both cases.

Overall, the two treatment groups were well
balanced in terms of demographics and baseline
clinical characteristics, including mean AQLQ
domain and overall scores (table 1). Both treatment
groups included a comparable proportion of minor

protocol violators, the inclusion of which was not
deemed to have affected the results of the study.

Asthma-related quality of life

Relative to placebo, mean AQLQ domain and over-
all scores showed a progressive increase throughout
52-weeks9 treatment with omalizumab, consistent
with an improvement in AQoL (fig. 1). The principal
analysis, however, concerned the change from baseline
in such scores during omalizumab therapy relative to
placebo. Overall, the change from baseline in AQLQ
domain scores for activities, emotions and symptoms,
as well as overall score, showed significant improve-
ment over placebo during the 16 weeks of the steroid-
stable phase (fig. 2). Improvements in AQoL with
omalizumab were sustained during the 12 weeks of the
steroid-reduction phase and showed a progressive
improvement across all four domains and with regard
to the overall score (fig. 2). Improvements in AQoL
with omalizumab were also sustained during the 24-
week extension phase (fig. 2).

Compared with placebo, a greater proportion of
patients on omalizumab achieved a clinically signifi-
cant improvement in AQoL during each phase of the
study (fig. 3). The proportion of patients achieving a
"large" improvement in AQoL, defined as an increase
in domain or overall QoL score of o1.5 points [24], is
shown in figure 3. In terms of overall score, the
proportion of patients who achieved a large improve-
ment in AQoL was significantly higher than placebo
during each phase of the study (fig. 3).

Treatment effectiveness

The improvement in asthma control [20, 21]
and AQoL with omalizumab therapy was paralleled
by patient and investigator opinions of treatment
effectiveness at the end of the core study, which
showed significant superiority for omalizumab relative
to placebo (both pv0.001). Almost 70% of patients
and investigators rated treatment with omalizumab as

Table 1. – Demographics and baseline clinical characteristics (intent-to-treat population)

Omalizumab Placebo

Sex % male 51 47
Mean age yrs 40 (12–76) 39 (12–72)
Mean duration of asthma yrs 20.3 (2–68) 19.1 (1–63)
Mean BDP dose mg?day-1 769 (500–1600) 772 (200–2000)
Mean serum total IgE IU?mL-1 223 (21–785) 206 (22–814)
Mean FEV1 % pred 70 (30–112) 70 (22–109)
Severe asthma n (%)# 60 (22) 59 (22)
Mean AQLQ domain scores

Activities} 4.41 (1.27–7.00) 4.36 (1.67–6.82)
Emotionsz 4.76 (1.40–7.00) 4.65 (1.00–7.00)
Symptoms§ 4.47 (1.45–6.70) 4.39 (2.00–6.42)
Environmental exposureƒ 4.48 (1.00–7.00) 4.25 (1.00–7.00)
Overall score## 4.43 (1.58–6.48) 4.36 (1.84–6.38)

Data are presented with range in parentheses unless otherwise stated. Omalizumab n=274, placebo n=272. BDP: beclomethasone
dipropionate; IgE: immunoglobulin E; IU: International Units; FEV1: forced expiratory volume in one second; % pred: %
predicted; AQLQ: Asthma Quality of Life Questionnaire. #: baseline FEV1 f65% pred and a mean total symptom score ofw4 for
the last 2 weeks of the run-in period; }: omalizumab n=258, placebo n=251;z: omalizumab n=221, placebo n=212; §: omalizumab
n=222, placebo n=212; ƒ: omalizumab n=222, placebo n=211; ##: omalizumab n=257, placebo n=251.

1090 R. BUHL ET AL.



"excellent/good", compared with y40% of those on
placebo (fig. 4). These effects were obtained even
though there was a significantly greater reduction in
the dose of inhaled corticosteroid in the omalizumab-
treated patients.

Discussion

It is becoming increasingly recognised amongst
healthcare providers that asthma causes significant
impairment of physical and psychosocial well-being in
the affected individual. Consequently, improving the
health-related QoL of patients should be one of the

primary goals in asthma treatment. This is particu-
larly important because traditional clinical param-
eters, such as lung function, have, at best, only weak
associations with QoL [4, 25], an understanding that
has led to a more holistic approach to management
in recent years. Assessment of health-related QoL, in
addition to standard clinical indices of airways status,
has therefore become an integral part of the deter-
mination of treatment response in asthma patients.
Omalizumab, a recombinant humanised monoclonal
anti-IgE antibody, is the first anti-IgE agent to under-
go clinical evaluation in the treatment of allergic asth-
ma. The current authors have previously reported that
the addition of this agent to the therapeutic regimen
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Fig. 1. – Mean domain and overall asthma-related quality-of-
life scores for a) activities, b) emotions, c) symptoms, d)
exposure and e) overall, as determined by the Juniper Asthma
Quality of Life Questionnaire, during treatment with omalizu-
mab ($) or placebo (#) in patients with moderate-to-severe
allergic asthma.
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of patients with allergic asthma simultaneously
reduces both asthma exacerbations and inhaled corti-
costeroid requirement, whilst improving other para-
meters of disease control [20, 21]. The findings of the
present QoL study, performed in parallel with the
clinical evaluations in this clinical trial, show that such
changes are clinically significant to patients, with
marked improvement in all aspects of their AQoL.

The authors utilised the AQLQ in the present study,
a rigorous questionnaire that was specifically designed

to be sensitive to small, within-subject changes in
AQoL over time. With this questionnaire, an increase
in domain or overall score of o0.5 points indicates
a clinically significant improvement in AQoL, with
increases from baseline of o1.5 points reflecting a
"large" improvement [24]. This analytical approach
allows a meaningful interpretation of the effect of
therapeutic intervention on AQoL. Repeated use of
questionnaires is as valid for measuring asthma
control as daily diary data [26]. In the present study,
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Fig. 2. – Adjusted mean change from baseline in asthma-related
quality-of-life scores, as determined by the Juniper Asthma
Quality of Life Questionnaire, during treatment with omalizumab
(h) or placebo (p) in patients with moderate-to-severe allergic
asthma. a) End of steroid-stable phase, b) end of steroid-reduction
phase and c) end of extension phase. An increase in score of o0.5
points from baseline indicates a clinically significant improvement
(?????) [24]. *: pv0.05 versus placebo; **: pv0.01 versus placebo;
***: pv0.001 versus placebo.
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baseline [24]. *: pv0.05 versus placebo; **: pv0.01 versus placebo.
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it is evident that, compared with placebo, a greater
proportion of patients on omalizumab achieved a
clinically significant improvement in AQoL during
each phase of the study. Moreover, with regard to
overall AQoL score, the proportion of patients who
achieved a large improvement in AQoL was signi-
ficantly greater in patients on omalizumab than on
placebo during each phase of the study. It is worth
noting that the clinically significant improvement in
QoL with omalizumab was achieved despite the signi-
ficant concomitant reduction in reliance on inhaled
corticosteroids [20, 21]. Such findings provide com-
pelling evidence that omalizumab targets a cause of
the underlying allergic disease, thereby permitting
enhanced asthma control, which consequently leads
to a clinically significant improvement in AQoL. This
has considerable clinical importance given the poten-
tial side-effects of long-term therapy with higher doses
of inhaled corticosteroids, which are a real concern in
the treatment of this chronic disease [27]. The fact that
omalizumab therapy was highly rated by patients and
investigators alike reinforces these findings.

As observed for the clinical indices of treatment
efficacy [20, 21], notable improvements in AQoL
occurred among some patients on placebo. Such
findings have been observed in previous placebo-
controlled AQoL studies in asthma patients [28],
although a marked placebo-effect response is not
unique to the treatment of this disease [29]. One

possible explanation for the high placebo response in
the present study is improved compliance with BDP
treatment. Unfortunately, it is impossible to avoid the
improved compliance trap unless clinical trials are
preceded by a very long (months) run-in period during
which compliance is carefully monitored and a
significant percentage of patients can be lost due to
the very improvements seen in the present study.
Indeed, close monitoring by the investigator, with
repeated encouragement to adhere to therapeutic
regimens combined with perfect and immediate treat-
ment of any complaint of the patient (be it related to
asthma or not), undoubtedly contributed towards the
significant placebo response. Against this background,
adding omalizumab was still able to significantly
improve both disease control and AQoL. The optimal
utility of this agent may therefore be apparent in
patients who are poorly controlled despite optimal
therapy and good compliance.

During the extension phase it was apparent that,
while the improvement in AQLQ domain and overall
scores versus baseline was still significantly higher
for those receiving active treatment (see fig. 2), the
differences to placebo were less marked compared to
the other two phases. This result was not entirely
unexpected, as patients were permitted to use con-
comitant asthma medication throughout the extension
phase, and the placebo-treated patients used more
of such medications than those randomised to omali-
zumab [21]. For example, some 85% of placebo
recipients received inhaled corticosteroids during the
extension phase, while 17% and 3.5% of patients,
respectively, were treated with additional long-acting
b2-agonists and leukotriene receptor antagonists.
Corresponding values for the omalizumab treatment
arm were 65%, 11% and 0.4%, respectively [21].
Another factor likely to have contributed to the
increased placebo response during the extension phase
was the higher discontinuation rate among placebo
recipients, which may have served to increase the
proportion of patients with a good placebo response.
Moreover, the additional benefit of omalizumab
becomes clearer when looking at the proportion of
patients who achieved a large, clinically relevant
improvement in AQoL and the patient and investi-
gator opinions of treatment effectiveness, both of
which showed significant superiority for omalizumab
than placebo.

The present study enrolled adolescent (w12 yrs old)
and adult patients with allergic asthma. In order
to avoid the methodological problem of using two
different questionnaires in the same trial, the adult
version of the AQLQ was used exclusively in the
present trial. Only 35 patients aged 12–17 yrs were
enrolled and were evenly distributed between the two
groups. An analysis including and excluding these
subjects showed that they did not influence the results
of the present study.

As previously mentioned, improved patient com-
pliance with prescribed medication may partly explain
an improvement in disease management and hence
AQoL. Indeed, existing treatment with inhaled corti-
costeroids and bronchodilators may be complicated by
the use of multiple inhalers with different administration
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(h) or placebo (p) in patients with moderate-to-severe allergic
asthma. pv0.001 for both.
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schedules that can give rise to poor patient compli-
ance. With convenient subcutaneous administration
every 2 or 4 weeks by their attending physician,
treatment with omalizumab may overcome the poten-
tial for poor compliance with anti-asthma therapy.

Whilst the main tolerability findings of this study
are reported in full elsewhere [20, 21], it is important
to re-consider the side-effects of omalizumab in
relation to any possible impact they may have on
QoL. Overall, the side-effects of omalizumab and
placebo were similar with no clinically relevant differ-
ences. As such, the tolerability profile of omalizumab
is unlikely to have had a negative effect on the QoL
findings of the present study.

In conclusion, the results of the present study show
that omalizumab therapy is associated with clinically
significant improvement in all aspects of asthma-
related quality of life in patients with moderate-to-
severe allergic asthma. The improvement in patient
functioning and well-being paralleled earlier findings
of enhanced disease control, even though there was a
significant reduction in inhaled corticosteroid con-
sumption, during omalizumab therapy in this patient
population [20, 21]. Taken together, these findings
indicate that omalizumab is a promising new agent for
the treatment of allergic asthma.
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