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Abstract Omalizumab (Xolair®) is a subcutaneously
administered monoclonal antibody that targets circulating
free IgE and prevents its interaction with the high-affinity IgE
receptor (FCeRI), thereby interrupting the allergic cascade. In
the EU, the drug is approved as add-on therapy in adults,
adolescents and children aged >6 years with severe persis-
tent allergic asthma. In well designed clinical trials, add-on
omalizumab significantly reduced the asthma exacerbation
rate (primary endpoint) compared with placebo in adults,
adolescents and children with severe persistent allergic
asthma. Furthermore, add-on omalizumab reduced the need
for inhaled corticosteroids in adults and adolescents, and
improved asthma control and symptoms, and asthma-related
quality of life in all age groups. The efficacy of omalizumab
was also demonstrated in the real-world setting, with add-on
therapy leading to reduced rates of hospitalizations, emer-
gency room visits and unscheduled doctor’s visits, as well as
improvements in asthma symptom scores and the physician’s
overall assessment of treatment response. More data are
needed to determine the optimum duration of treatment, and
currently the duration is at the discretion of the treating
physician. Omalizumab was generally well tolerated in
clinical trials; the most common adverse event was transient
injection-site reactions. In cost—utility analyses modelled
over a life-time horizon, add-on omalizumab was cost

The manuscript was reviewed by: J. Bousquet, Hopital Arnaud de
Villeneuve, Montpellier, France; G-J. Braunstahl, Department of
Pulmonary Medicine, St Franciscus Gasthuis, Rotterdam, The
Netherlands; R. Buhl, Pulmonary Department, Mainz University
Hospital, Mainz, Germany; M. Cazzola, Department of System
Medicine, University of Rome ‘Tor Vergata’, Rome, Italy.

K. McKeage (D<)

Adis, 41 Centorian Drive, Private Bag 65901, Mairangi Bay,
North Shore 0754, Auckland, New Zealand

e-mail: demail @springer.com

effective compared with standard therapy, with incremental
cost-effectiveness ratios falling within generally accepted
willingness-to-pay thresholds. Thus, in difficult-to-treat
patients with severe persistent allergic asthma, omalizumab
provides a valuable treatment option.

Effectively reduces exacerbations and asthma
symptoms in adults, adolescents and children (aged
>6 years)

Reduces need for inhaled corticosteroids

Improves asthma-related quality of life

Reduces rate of hospitalizations and emergency room
visits
Generally well tolerated

Considered cost effective compared with standard
therapy alone

1 Introduction

Asthma is a chronic inflammatory disorder of the airways
that is estimated to affect 300 million people worldwide
[1]. Severe asthma is estimated to occur in about 10 % of
this population, and a substantial proportion of severe cases
are attributable to allergic IgE-mediated mechanisms [2].
The clinical spectrum of asthma is highly variable, but
airway inflammation, involving several inflammatory cells
and multiple mediators, is a consistent feature. Airway
hyper-responsiveness and structural changes are also
components of the disease [1].

Asthma severity is classified on the basis of the intensity
of treatment required to achieve good control of symptoms
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[1]. Mild and moderate persistent asthma can generally be
controlled with low-dose inhaled corticosteroids (ICS) and
a long-acting [P,-adrenergic agonist (LABA), whereas
severe persistent asthma is often not well controlled with
these treatments. Asthma is generally classified as severe
when Global Initiative for Asthma (GINA) step 4 treatment
(i.e. as-needed reliever medication plus medium- or high-
dose ICS plus LABA [with or without other controller
medications such as theophylline or a leukotriene receptor
antagonist]) is required to maintain good control, or where
good control is not achieved despite this high-intensity
treatment [1].

Omalizumab (Xolair®) is a subcutaneously adminis-
tered, humanized IgE monoclonal antibody that targets the
allergic asthma inflammatory processes that underlie the
symptoms observed in patients with severe persistent
allergic asthma. In the EU, it is approved as add-on therapy
(i.e. together with an ICS and LABA) for adults, adoles-
cents and children aged >6 years with severe persistent,
inadequately controlled allergic asthma [3]. This article
focuses on the clinical use of omalizumab in these patient
populations, with a brief summary of its pharmacological
properties. A discussion of omalizumab in patients with
moderate to severe allergic asthma (i.e. the approved
indication in the USA and some other countries) is outside
the scope of this review, although some data in this pop-
ulation are included in the tolerability section (Sect. 5).

Data sources: Medical literature (including published
and unpublished data) on omalizumab in patients with
severe allergic asthma was identified by searching
databases (including MEDLINE and EMBASE) for
articles published from 1996 to 14 June 2013, bibliog-
raphies from published literature, clinical trial regis-
tries/databases and websites (including those of
regional regulatory agencies and the manufacturer). No
language restrictions were applied. Additional infor-
mation (including contributory unpublished data) was
also requested from the company developing the drug.
Search terms: ‘Omalizumab’ and ‘severe allergic
asthma’

Study selection: Studies in patients with severe per-
sistent allergic asthma who received omalizumab.
Inclusion of studies was based mainly on the methods
section of the trials. When available, large, well
designed, comparative trials with appropriate statistical
methodology were preferred. Relevant pharmacody-
namic and pharmacokinetic data are also included.
Keywords: Omalizumab, cost utility, pharmacody-
namics, pharmacokinetics, severe allergic asthma,
therapeutic use, tolerability.

A\ Adis

2 Pharmacodynamic Properties

The pharmacodynamic properties of omalizumab in aller-
gic asthma have been reviewed in detail elsewhere [4—6];
therefore, this section contains a brief overview, with a
focus on recent data.

2.1 Mechanism of Action

Omalizumab is a recombinant DNA-derived humanized
monoclonal antibody [5]. The drug selectively binds to the
Ce3 domain of free IgE, markedly decreasing levels of free
IgE and preventing its interaction with the high-affinity IgE
receptor (FCeRI), primarily on mast cells and basophils,
thereby interrupting the allergic cascade [5]. The reduction
in levels of free IgE following omalizumab administration
leads to a reduction in the expression of FCeRI on
inflammatory cells and, ultimately, a reduction in sputum
and tissue eosinophilia [6, 7]. Omalizumab does not bind to
and cross-link cell-bound IgE, which would cause
degranulation of mast cells and basophils and, therefore,
amplify the allergic cascade [6].

2.2 Effects on IgE and Inflammatory Markers
in Asthma

In vitro, omalizumab inhibited IgE-induced upregulation of
FCeRI levels and FCeRI-mediated histamine release on
human skin mast cells [8]. In patients with severe allergic
asthma, omalizumab treatment added to ICS for 16 weeks
significantly reduced FCeRI expression on basophils
(» < 0.01) and plasmacytoid dendritic cells (p = 0.029)
compared with placebo [9]. However, the reduction in
FCeRI expression did not correlate with an improved
clinical response, as determined by asthma symptoms [9].
Treatment of allergic individuals with omalizumab for
12 weeks suppressed FCeRI-mediated production by
basophils of Th2 cytokines (interleukin [IL]-4, IL-13) and
selected chemokines (IL-8, RANTES [regulated on acti-
vation, normal T-cell expressed and secreted]), which
returned to pre-treatment levels after omalizumab was
withdrawn [10].

In patients (n = 45) with mild to moderate asthma who
underwent bronchoscopic evaluations before and after
16 weeks of treatment, compared with placebo, oma-
lizumab was associated with significant (p < 0.05) reduc-
tions in serum free IgE levels; the number of IgE cells in
airway mucosa; tissue eosinophil numbers; CD3", CD4"
and CD8" T lymphocytes; B lymphocytes and cells
staining for IL-4 [7]. However, omalizumab was not
associated with an improvement in airway hyper-respon-
siveness following a methacholine challenge [7, 11]. In a
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pooled analysis of data from five randomized, double-blind
trials in patients with moderate to severe allergic asthma
receiving moderate to high doses of ICS, eosinophil counts
were significantly (p < 0.0001) reduced from baseline with
omalizumab but not with placebo [12]. Reduced peripheral
blood eosinophil counts were associated with improved
clinical outcomes, including a reduction in the mean
number of asthma exacerbations requiring treatment with
corticosteroids [12].

RANTES and eotaxin concentrations in exhaled breath
condensate, fractional exhaled nitric oxide (FeNO), serum
eosinophil cationic protein and blood eosinophil counts
were also significantly decreased after 16 weeks of oma-
lizumab compared with pre-treatment levels (p < 0.05 to
<0.001) in patients with severe allergic asthma [13, 14].
Levels of peripheral T lymphocytes positive for granulo-
cyte macrophage colony-stimulating factor (GM-CSF), and
IL-2 and IL-13 lymphocytes were reduced to a significantly
greater extent after 12 weeks of omalizumab treatment
than after placebo (p < 0.05 for all) [15].

Exploratory retrospective analyses of data from the
EXTRA study [16] (Sect. 4.1.1) indicate that levels of the
Th2 inflammatory biomarkers FeNO, peripheral blood
eosinophil counts and serum periostin may be useful in
identifying patients with severe allergic asthma most likely
to respond to omalizumab treatment [17]. Treatment effect
on protocol-defined asthma exacerbations was compared
after 48 weeks of treatment in patients divided into sub-
groups of low- and high-biomarker levels at baseline. The
difference in exacerbation rate between omalizumab and
placebo groups was significant in the three high-biomarker
level subgroups (p < 0.07 to <0.001), but not in the low-
biomarker level subgroups, suggestive of a greater treat-
ment benefit with omalizumab in patients with higher
levels of these biomarkers [17].

Recent evidence from a modelled analysis indicates that
IgE production decreases over time during omalizumab
treatment (54 % per year) suggesting that indefinite treat-
ment may not be required (see Sect. 8) [18]. While oma-
lizumab significantly reduced free serum IgE levels from
baseline after 16 weeks of treatment (p < 0.001), there was
no correlation between free serum IgE levels and treatment
response [19].

Chronic airway inflammation is thought to result in
airway remodelling in patients with severe asthma and,
while there are limited data on the effects of omalizumab
on this complex process [20], evidence suggests that it may
have the potential to reduce airway remodelling. In a
16-week study using computed tomography to determine
airway thickness in patients with severe asthma (n = 30),
omalizumab plus conventional asthma therapy was asso-
ciated with reduced airway wall thickness (p < 0.01)
compared with conventional therapy alone [21].

Furthermore, decreased wall thickness was associated with
more favourable clinical outcomes, such as improvements
in forced expiratory volume in 1s (FEV;). In patients
(n = 11) with severe persistent allergic asthma, there was a
significant (p < 0.05) decrease in mean reticular basement
membrane thickness after 12 months’ omalizumab treat-
ment compared with pre-omalizumab treatment, as deter-
mined in bronchial biopsies [22].

In clinical studies, serum free IgE levels were reduced in
a dose-dependent manner within 1 hour of omalizumab
administration, and reduced levels were maintained
between doses [3]. IgE levels returned to pre-treatment
levels 1 year after omalizumab was discontinued, and there
was no evidence of a rebound in IgE levels after a washout
of the drug [3].

3 Pharmacokinetic Properties

The following summary of pharmacokinetic properties is
taken from studies in adult and adolescent patients with
allergic asthma that are reported in the European Medicines
Agency’s Summary of Product Characteristics (SPC) [3].

The mean absolute bioavailability of omalizumab after
subcutaneous administration is 62 % [3]. The drug is
absorbed slowly, and following a single subcutaneous dose,
peak serum concentrations were reached after a mean of
7-8 days [3]. Linear pharmacokinetics were observed at
omalizumab doses >0.5 mg/kg. At steady state, area under
the serum concentration-time curve (AUC) values from
day O to 14 were up to 6-fold higher than those calculated
after the first dose. Similar serum concentration-time pro-
files of omalizumab were observed when the drug was
administered as a lyophilised or liquid formulation [3].
Following subcutaneous administration, the apparent vol-
ume of distribution in patients with asthma was
78 + 32 mL/kg [3].

Omalizumab had a mean serum elimination half-life of
26 days in patients with asthma [3]. The mean apparent
clearance was 2.4 £ 1.1 mL/kg/day, although clearance
was approximately doubled when body weight doubled.
Omalizumab clearance involves IgG clearance processes
and is also dependent on clearance via specific binding and
complex formation with IgE, which is eliminated via the
liver and in bile.

Population pharmacokinetic data show that dosage
adjustment of omalizumab is not required based on age
(6-76 years), ethnicity or sex [3]. No pharmacokinetic data
are available on the use of omalizumab in patients with
hepatic or renal impairment [3]. The use of omalizumab in
pregnant women has not been adequately studied, and the
drug should not be used in this population unless clearly
necessary [3].
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There is little potential for interactions between oma-
lizumab and other agents as cytochrome P450 enzymes,
efflux pumps and protein-binding mechanisms are not
involved in the drug’s clearance [3]. In clinical studies, the
safety of omalizumab was not altered when co-adminis-
tered with commonly prescribed asthma medications.

4 Therapeutic Efficacy

The therapeutic efficacy of subcutaneous omalizumab as
add-on therapy with ICS-based treatment has been evalu-
ated in several clinical trials in adults and adolescents
(aged >12 years) (Sect. 4.1), and children (aged >6 years)
(Sect. 4.2) with severe persistent allergic asthma.

The omalizumab dose was based on body weight and
pre-treatment total serum IgE levels, as recommended in
the prescribing information [3]. The dose is calculated to
ensure that patients receive at least 0.016 mg/kg/IgE
(IU/mL) every 4 weeks, and injections were administered
monthly, or every 2 weeks for higher dosages.

4.1 Adults and Adolescents
4.1.1 Randomized Studies

Eligible patients were aged 12-75 years (mean age
39-46 years) with severe persistent allergic asthma with
objective evidence of an allergy to >1 perennial aeroal-
lergen and inadequately controlled with ICS [16, 23-26].
Patients were required to have a total serum IgE level of
>30 to <700 IU/mL [16, 23-26] (subsequent to these tri-
als, the baseline range of total serum IgE levels deter-
mining eligibility for omalizumab treatment was increased
[Sect. 7]). Where stated, patients were also required to have
a baseline FEV, of >40 and <80 % of the predicted normal
value [16, 23-25] and >12 % reversibility in FEV; within
30 min of administration of a short-acting B,-adrenergic
agonist (SABA; otherwise referred to as rescue medication)
[23-25]. Exclusion criteria included elevated IgE levels for
reasons other than atopy [16, 23-26], <3 months of therapy
with stable doses of immunosuppressants [23, 25] and a
smoking history of >10 pack years [16, 24, 25]. In all
studies, patients continued treatment with ICS and rescue
medication with SABAs was permitted. Patients were able
to continue LABA therapy in all studies except one [23],
and continued stable doses of theophylline or anti-leuko-
trienes were allowed in all studies except two [23, 26].
The primary efficacy endpoints included the exacerba-
tion rate (generally defined as a worsening of asthma
symptoms and a requirement for treatment with systemic
corticosteroids or double the baseline ICS dose; see
Table 1) [16, 23, 24], the corticosteroid sparing effect [26]
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and persistence of response (as determined by the physi-
cian’s global evaluation of treatment effectiveness [GETE];
defined in Table 2) [25]. Analyses were performed in the
intent-to-treat (ITT) populations, although the INNOVATE
study evaluated patients randomized subsequent to a pro-
tocol amendment (primary ITT population) based on
changes to GINA guidelines [24]. Also in the INNOVATE
study, a difference between treatment groups in asthma
exacerbation rates in the year prior to the study was noted,
so a post hoc adjustment was made to the primary endpoint
analysis to factor in these differences [24].

4.1.1.1 Exacerbations The per patient asthma exacerba-
tion rate was significantly lower in patients treated with
add-on omalizumab than with placebo in all studies eval-
uating this outcome as the primary endpoint, with relative
reductions ranging from 25 to 48 % (Table 1) [16, 23, 24].

In the study by Busse et al. [23], the efficacy of oma-
lizumab versus placebo was evaluated during an initial
16-week period when beclomethasone dipropionate (BDP)
doses were kept stable followed by a 12-week corticoste-
roid-reduction phase during which BDP doses were
reduced by approximately 25 % of the baseline dose every
2 weeks for 8 weeks until treatment was discontinued or
asthma symptoms worsened [23]. On study entry, each
patient had been switched from their current ICS dose to
the equivalent dose of BDP. During the corticosteroid-
stable and -reduction phases, the asthma exacerbation rate
was significantly lower in the omalizumab group than in
the placebo group (Table 1). Furthermore, during a double-
blind, placebo-controlled, 24-week extension phase
(n = 460), the significant difference in favour of oma-
lizumab was maintained, and this was despite sustained
significant (p < 0.001) reductions in the use of ICS
achieved during the corticosteroid-reduction phase [27].
During the extension phase, the exacerbation rate in the
omalizumab and placebo groups was 0.60 versus 0.83
(p = 0.023) per patient and the proportion of patients
experiencing at least one exacerbation was 31.8 versus
42.8 % (p = 0.015) [27].

Also in the study by Busse et al. [23], significantly fewer
omalizumab recipients than placebo recipients experienced
at least one asthma exacerbation in the corticosteroid-stable
(14.6 vs. 23.3 %; p = 0.009) and -reduction (21.3 vs.
32.3 %; p = 0.004) phases. Furthermore, the mean dura-
tion of exacerbations was shorter with omalizumab than
with placebo in the corticosteroid-stable (7.8 vs. 12.7 days;
p < 0.001) and -reduction (9.4 vs. 12.6 days; p = 0.021)
phases [23].

The 25 % relative reduction in the asthma exacerbation
rate achieved with omalizumab versus placebo in the
48-week study by Hanania et al. [16] (EXTRA study;
Table 1) was accompanied by a significantly increased
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Table 1 Efficacy of add-on omalizumab on the asthma exacerbation rate in patients with severe persistent allergic asthma

Reference Design Duration Treatment Pt no. Mean FEV, Exacerbations/pt® RR in exacerbations/pt®
[trial name] (weeks) (% of predicted) vs. PL (%)
at BL
Adults and Adolescents
Bousquet et al. [25] r,0l,mc 32 OMA 272 63.0 0.55%** 44
OAT 128 61.1 0.98
Busse et al. [23] r,db,mc 16 [CSS phase] OMA 268 68.2 0.28%*P 48
PL 257 67.7 0.54
12 [CSR phase] OMA 268 0.39%:# 41
PL 257 0.66
Hanania et al. [16] r,db,mc 48 OMA 427 65.4 0.66%+° 25
[EXTRA] PL 421 64.4 0.88
Holgate et al. [26] r,db,mc 16 [CSS phase] OMA 126 62.9 0.15 35
PL 120 66.0 0.23
16 [CSR phase] OMA 126 0.19 44
PL 120 0.34
Humbert et al. [24] r,db,mc 28 OMA 209 61.0 0.68%° 26
[INNOVATE] PL 210 61.6 0.91
Children (aged 6 to <12 years)
Kulus et al. [28] Sub-analysis® 24 [CSS phase] OMA 159 81.8 0.42%° 34
PL 76 82.6 0.63
28 [CSR phase] OMA 159 0.29%3 63
PL 76 0.77
52 [total] OMA 159 0.73%*% 50
PL 76 1.44

Results are shown for the ITT populations, except for the INNOVATE study, which shows results for the population randomized after a protocol
amendment (primary ITT)

OMA or PL were administered in addition to standard asthma therapy

BL baseline, CS corticosteroids, CSR CS reduction, CSS CS stable, db double blind, FEV; forced expiratory volume in 1 s, /CS inhaled CS, ITT
intent to treat, mc multicentre, OAT optimized asthma therapy, ol open label, OMA omalizumab, PL placebo, pt/s patient/s, r randomized, RR
relative reduction

*p < 0.05, ¥ p < 0.01, *** p < 0.001 vs. PL or OAT

* Exacerbations were defined as a worsening of asthma symptoms, as determined by the requirement for treatment with systemic CS [16, 23-26,
28], and/or doubling of baseline ICS dose [23, 28], or an increase of >20 mg/day of oral CS [16]

b Primary endpoint

¢ Results are from a sub-group analysis of children with uncontrolled severe, allergic asthma who were part of a large randomized, double-blind
study in children with moderate to severe allergic asthma [29]

time to the first asthma exacerbation in the group receiving
omalizumab (hazard ratio 0.74; 95 % CI 0.60-0.93;
p = 0.008).

As well as the 26 % relative reduction in the asthma
exacerbation rate achieved with omalizumab versus pla-
cebo in the 28-week study by Humbert et al. [24]
(INNOVATE study; Table 1), severe exacerbations (peak
expiratory flow [PEF] or FEV,; <60 % of personal best,
requiring treatment with systemic corticosteroids) (0.24 vs.
0.48; p = 0.002) and emergency room visits for asthma
(0.24 vs. 0.43; p = 0.038) were also significantly reduced
with omalizumab versus placebo.

Two 32-week studies evaluated asthma exacerbations as
secondary endpoints [25, 26]. In the study by Bousquet
et al. [25], there were significantly fewer exacerbations
(Table 1), severe exacerbations (p = 0.023) and hospital-
izations for asthma exacerbations (p = 0.037) in the
omalizumab group than in the optimized asthma therapy
(OAT) group (optimized according to GINA 2004 step 4
treatment guidelines). The study by Holgate et al. [26]
reported a 35 and 44 % lower exacerbation rate with
omalizumab than with placebo in the corticosteroid-stable
and —reduction phases, respectively, but the difference did
not reach statistical significance.
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Table 2 Description of asthma rating scales used in randomized and observational studies

Rating scale

Description

Asthma control questionnaire (ACQ) [25, 31, 35]

Asthma control test (ACT) [31-33]

Asthma quality-of-life questionnaire (AQLQ)
[16, 24, 26, 31, 32, 37-39]

Asthma symptom score [26]

Mini-AQLQ [31, 33]

7-item questionnaire assessing 5 asthma symptoms, rescue medication use and FEV;
scores range from O (totally controlled) to 6 (severely uncontrolled); a minimum
important improvement is a decrease of >5 points [36]

5-item survey assessing asthma interference with activities, shortness of breath,
nocturnal symptoms, rescue medication use and self-rating of asthma control; scores
range from 5 (poorly controlled) to 25 (well controlled); a minimum important
improvement is an increase of >3 points [34]

32-item questionnaire assessing 4 domains (symptoms, activity limitation, emotional
function and environmental stimuli); scores range from 1(severely impaired) to 7 (no
impairment); a minimum clinically important improvement is an increase of >0.5
points [36]

Total of daytime and nocturnal scores and morning asthma symptom score; scores
range from O (well controlled) to 9 (poorly controlled); a decrease, therefore, reflects
improvement

15-item questionnaire derived from and assessing same domains as the AQLQ; scores

range from 1(severely impaired) to 7 (no impairment); a minimum clinically
important improvement is >0.5 points [40]

Physician’s global evaluation of treatment
effectiveness (GETE) [25, 28, 31, 35, 39, 41]

Overall clinical evaluation of asthma control based on all available information,
including patient interview, physical examination, spirometry, review of medical

notes and patient’s diary (if used); patients with a rating of excellent or good are
classified as responders, while those with a rating of moderate or poor, or with
worsening asthma are classified as nonresponders

FEV, forced expiratory volume in 1 s

Exacerbation results from randomized trials are sup-
ported by a pooled analysis [30] of data from seven clinical
trials that included 4,308 patients, of whom 93 % were
classified as having severe persistent asthma according to
GINA 2002 classification. Compared with control (stan-
dard asthma therapy plus placebo or standard therapy
alone), omalizumab significantly reduced the asthma
exacerbation rate (38 %) and rate of emergency room Visits
(47 %) (p <0.0001 for both) [30]. Subgroup analyses
demonstrated that the efficacy of omalizumab with regard
to asthma exacerbations was unaffected by age, gender,
baseline serum IgE levels above or below the median, or by
a 2- or 4-weekly dosing schedule.

4.1.1.2 Corticosteroid Sparing Effect The inhaled fluti-
casone dose was reduced significantly more from baseline
(primary endpoint) in patients receiving add-on oma-
lizumab than in those receiving placebo, without worsening
of symptoms or an increase in rescue medication use, in the
32-week study by Holgate et al. [26], which comprised a
16-week corticosteroid-stable phase followed by a 16-week
corticosteroid-reduction phase. All patients had switched to
fluticasone during the run-in period and all had required
>1,000 pg/day for symptom control. In the first 12 weeks
of the corticosteroid-reduction phase, fluticasone was
reduced by 250 pg/day at 2-week intervals if tolerated, and
the final 4 weeks were used to assess if the reduced dosage
could be maintained. The mean reduction in the dose of
fluticasone was 57.2 % in the omalizumab group compared
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with 43.3 % in the placebo group (p = 0.003), and the
proportion of patients who were able to reduce their fluti-
casone dose by >50 % was 73.8 versus 50.8 %, respec-
tively (p = 0.001). By study end, 60.3 % of patients in the
omalizumab group and 45.8 % of patients in the placebo
group were taking fluticasone at a dosage of <500 pg/day
(p < 0.05) [26].

Similar results were reported in the 28-week study by
Busse et al. [23]. The median reduction in BDP dose in the
omalizumab and placebo groups was 75 versus 50 %
(»p <0.001), and a >50 % reduction in BDP dose was
achieved in 72.4 versus 54.9 % of patients (p < 0.001)
[23]. BDP was discontinued in 39.6 versus 19.1 % of
patients, respectively (p < 0.001). During the 24-week
extension [27] of this study [23], patients in the oma-
lizumab group maintained significantly lower use of ICS
than patients in the placebo group, with a mean BDP
equivalent dose of 227 versus 335 pg/day (p < 0.001) [27].

4.1.1.3 Asthma Symptom Control and Rescue Medication
Use Opverall, randomized studies demonstrated a signifi-
cantly greater improvement in asthma control and rescue
medication use in patients treated with add-on omalizumab
than with placebo [16, 23-26]. For example, in the study by
Holgate et al. [26], the asthma symptom score (defined in
Table 2) improved more in the omalizumab than placebo
group throughout the corticosteroid-stable (first 16 weeks)
and -reduction (final 16 weeks) phases, with significant
treatment differences at most time points, including weeks
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4,8, 12, 18, 26, 30 and 32 (p < 0.05 for all) [26]. Similarly
the use of rescue medication was reduced from baseline
significantly more with omalizumab than placebo, and
differences were significant from week 8 to study end
(p < 0.05 to <0.001) [26]. The change from baseline in
mean morning PEF was not significant in either treatment
group at any time point, but the difference between groups
significantly favoured omalizumab versus placebo at weeks
20 and 30 (p < 0.05). FEV; measurements throughout the
study showed significant differences in favour of oma-
lizumab versus placebo at weeks 4, 20, 28 and 30 (p values
not stated) [26].

The overall score on the Asthma Control Questionnaire
(ACQ; defined in Table 2) improved from baseline sig-
nificantly more in the omalizumab group than the OAT
group at week 16 and study end (p < 0.001 for both) in the
32-week, persistency-of-response study by Bousquet et al.
[25] (see Sect. 4.1.1.5). Among those that responded at
week 16, the least squares mean (LSM) change from
baseline in the ACQ overall score at week 16 and 32 was
—1.03 and —1.13 in the omalizumab group, and —0.42 and
—0.45 in the OAT group (p < 0.001 for both) [25]. Fur-
thermore, patients in the omalizumab group experienced
fewer night-time awakenings in the 2 weeks prior to the
32-week assessment than patients in the OAT group
(p = 0.039). Also in this study, the mean FEV, (% pre-
dicted) was significantly greater in the omalizumab group
than in the OAT group at week 16 (68.4 vs. 64.8 %;
p = 0.024) and week 32 (68.1 vs. 63.7 %; p = 0.007) [25].

Similarly, significantly greater improvements from
baseline in FEV, (% predicted) were demonstrated in the
omalizumab group than the placebo group (p < 0.001 to
<0.019) throughout the 28-week study by Busse et al. [23],
and differences continued to significantly favour oma-
lizumab at weeks 32, 36, 40 and 44 (p < 0.05 to <0.005) of
the 24-week extension study [27].

4.1.1.4 Effect on Asthma-Related Quality of life In ran-
domized studies that evaluated asthma-related quality of
life (QOL), patients receiving add-on omalizumab had
greater improvements in this endpoint than patients
receiving placebo [16, 24, 26, 37]. QOL was assessed using
the Asthma QOL Questionnaire (AQLQ; defined in
Table 2) [42].

Throughout 52 weeks of treatment (including the
28-week core study by Busse et al. [23] and a 24-week
extension [27]), all 4 domains of the AQLQ, as well as
the overall AQLQ score, improved significantly (p < 0.05
to <0.001) more in the omalizumab group than in the
placebo group during the corticosteroid-stable, -reduction
and extension phases [37]. Furthermore, a greater
(p < 0.05 to <0.001) proportion of patients in the oma-
lizumab group than the placebo group achieved a

clinically meaningful (>0.5) or large (>1.5) improvement
in the overall score and most individual domain scores
during each phase.

Similar results were reported in two other studies, with a
clinically meaningful improvement in the AQLQ overall
score in 58 % of patients in the omalizumab group versus
39 % of patients in the placebo group (p < 0.01) after
32 weeks’ treatment in the study by Holgate et al. [26], and
61 versus 48 % of patients (p = 0.008), respectively, after
28 weeks’ treatment in the INNOVATE study [24]. In the
omalizumab and placebo groups in the corresponding
studies, large improvements were reported in 16 versus
6 % of patients (p < 0.05) [26] and 28 versus 17 % of
patients (p = 0.011) [24]. A post hoc analysis of data from
the INNOVATE study revealed that the mean total symp-
tom score strongly correlated with the AQLQ overall score
(r = 0.503) [43].

After 48 weeks of treatment in the EXTRA study [16],
the difference between omalizumab and placebo groups
(using a mixed-effects model) in the AQLQ score was 0.29
points (95 % CI 0.15, 0.43) in favour of omalizumab [16].
Furthermore, at week 48, more patients receiving oma-
lizumab than placebo had an improvement from baseline in
their AQLQ score that exceeded the minimum clinically
important  difference (>0.5) (67.8 versus 61.0 %;
p = 0.042) [16].

These results are supported by a pooled analysis [38] of
six controlled clinical trials that included 2,548 patients, of
whom 96 % were classified as having severe persistent
asthma according to GINA 2002 classification. Add-on
omalizumab was associated with significantly greater
improvements in the AQLQ total score than current asthma
therapy alone (1.01 vs. 0.61 points; p < 0.001) and more
patients receiving omalizumab than their current asthma
therapy alone achieved a clinically meaningful improve-
ment (66.3 vs. 52.4 %; p < 0.001) [38].

4.1.1.5 Persistence of Response Response to add-on
omalizumab after 16 weeks of therapy, as assessed by a
rating of good or excellent on the physician-rated GETE,
effectively predicted continued response to omalizumab
(primary endpoint) in most patients in the study by Bous-
quet et al. [25]. According to the GETE in the modified ITT
population (all randomized patients with at least one post
baseline efficacy assessment), 190 of 261 patients (72.8 %)
in the omalizumab group and 29 of 93 patients (31.2 %) in
the OAT group were classified as responders at week 16
(p < 0.001). At week 32, 199 of 259 patients (76.8 %) and
25 of 104 patients (24.0 %) were classified as responders in
each group, respectively (p < 0.001). Significantly more
patients in the omalizumab group (62.9 %) than in the
OAT group (14.1 %) were classified as responders at both
weeks 16 and 32 (p < 0.001) [25].
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Among responders at week 16 in the omalizumab group,
91.4 % had a persistent response at week 32 [25]. In con-
trast, the persistency of response at week 32 in the OAT
group was 64.3 %. Data demonstrated that a patient who
responded to omalizumab at week 16 was 10.7 times (95 %
CI 8.01-14.27) more likely to continue to respond at week
32 than to stop responding, and 17.4 times (95 % CI
8.64-35.13) more likely to respond at week 32 than those
who did not respond at week 16 [25].

A pooled analysis of data from seven randomized con-
trolled trials (93 % of patients were classified as having
severe persistent allergic asthma) found that the most
meaningful predictor of response to omalizumab therapy is
the physician’s GETE after 16 weeks of therapy [41].

4.1.2 Real-World Studies

Several multicentre, observational studies support results
of randomized trials, demonstrating that omalizumab is
effective as add-on therapy in patients with severe persis-
tent allergic asthma in the real-world setting [31, 32, 35,
39, 44-47].

4.1.2.1 The eXpeRience Registry The 2-year, multi-
national, non-interventional eXpeRience registry evaluated
data from 916 patients (ITT population) who were enrolled
within 15 weeks of commencing add-on omalizumab
treatment [31]. The mean age was 45 years and 65 % of
patients were female. At baseline, maintenance therapy
included oral corticosteroids (28 %), ICS (27 %), LABA
(16 %), ICS/LABA (82 %), SABA (5 %), long-acting anti-
muscarinics (20 %) and leukotriene inhibitors (61 %) [31].

After treatment with omalizumab for 16 weeks, which
was the prespecified time for the physician-rated GETE
(defined in Table 2) (n = 584), 69.9 % of patients had an
excellent or good response (classified as responders), and
30.1 % had a moderate or poor response or worsening
asthma (classified as non-responders) [31]. Sixteen patients
(1.7 %) stopped treatment at week 16 due to non-response.
In the physician’s GETE evaluated at any time during the
study (n = 915), 64.2 % of patients were classified as
responders and 30.7 % were classified as non-responders;
5.1 % did not have a GETE assessment.

The proportion of patients who did not experience a
clinically significant or severe clinically significant exac-
erbation (defined in Table 3) in the previous year increased
with omalizumab treatment and was markedly higher at
months 12 and 24 than during the 12 months pre-treatment
(Table 3) [31]. A similar pattern was observed in the
subgroup of patients classified as responders, with the
proportion of patients with no clinically significant asthma
exacerbations in the previous year increasing from 4.9 pre-
treatment to 82.4 % at month 12 and 81.9 % at month 24,
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and the proportion with no severe clinically significant
exacerbations in the previous year increasing from 27.4 to
95.8 and 95.6 %, respectively. Accordingly, among the
total evaluable population, hospitalizations, emergency
room visits and unscheduled doctor’s visits were markedly
lower at months 12 and 24 than during the pre-treatment
period (Table 3).

The eXpeRience registry also demonstrated that add-on
therapy with omalizumab was associated with a reduction
in the use of oral CS maintenance therapy and rescue
therapy, and marked improvements in asthma control and
asthma-related QOL (Table 3).

4.1.2.2 Other Observational Studies In a recently pub-
lished French analysis (Pharmacoepidemiology of Asthma
and Xolair [PAX]), add-on omalizumab therapy was
associated with significantly reduced rates of hospitaliza-
tions and emergency room visits compared with standard
asthma therapy alone [47]. A total of 767 adults and ado-
lescents (374 received omalizumab at least once and 393
were not prescribed omalizumab) with severe uncontrolled
allergic asthma were followed up for a mean period of
20.4 months. The adjusted relative risk of hospitalizations
or emergency room visits with omalizumab versus no
omalizumab treatment was 0.57 (95 % CI 0.43-0.78) [47].

Similarly, following 12 months’ treatment with oma-
lizumab in an Italian analysis (n = 142), the annual rate of
asthma exacerbations, emergency room visits and hospi-
talizations decreased by 79, 88 and 95 %, respectively,
compared with the 12 months prior to omalizumab therapy
[45]. Furthermore, 77 % of patients were rated as having a
good or excellent treatment response on the GETE.

In the PERSIST study in Belgium, after 16 and
52 weeks of omalizumab treatment (n = 158), 91 and
66 % of patients, respectively, were severe-exacerbation
free, 82 and 84 % had improvements in the total AQLQ
score of >0.5 points, and 82 and 72 % had a good or
excellent response on the physician-rated GETE
(p < 0.001 vs. baseline for all comparisons) [39].

Several real-life studies in Germany have demonstrated
results consistent with those in other observational analy-
ses. After 16 weeks of omalizumab treatment in the
X-CLUSIVE study (n = 195), mean FEV (increased from
2.05 to 2.31 L) and percent predicted FEV, (increased
from 63.6 to 73.7 %) improved significantly from baseline
(p < 0.05 for both) [35]. The exacerbation rate (—74.9 %;
p < 0.0001), days of absenteeism (—92.1 %; p < 0.001)
and ACQ score (—43.7 %; p < 0.0001) also improved
significantly from baseline, and investigators rated the
response to omalizumab, using the GETE, as excellent or
good in 78.8 % of patients [35]. Concomitant asthma
medications were able to be adjusted in 53 % of patients,
with theophylline, leukotriene antagonists and oral
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Table 3 Results from the eXpeRience registry of patients (adults, adolescents and children aged >6 years) with severe persistent allergic asthma
who received add-on omalizumab in a real-world setting; eXpeRience was a 2-year, international, single-arm, observational registry [31]

Outcome

No clinically significant exacerbations® (% of pts)

No severe clinically significant exacerbations® (% of pts)
Clinically significant exacerbation rate® (per year)
Severe clinically significant exacerbation rate® (per year)
Mean no. asthma-related health-care uses (per year)®
Requiring maintenance OCS (% of pts)

Mean total daily OCS dose (mg)

Experiencing day-time symptoms (% of pts)
Experiencing night-time symptoms (% of pts)

Rescue medication use (% of pts)

Experiencing limitations of activities (% of pts)

ACQ score’

ACT score'

AQLQ score!

Mini-AQLQ scoref

Pt no. (pre-treatment/ month 12/ Pre-treatment® Month 12 Month 24
month 24)

916/ 734/ 643 6.8 54.1 67.3
916/ 734/ 643 30.2 80.5 89.9
847/ 686/ 620 4.9 1.0 0.6
842/ 691/ 625 22 0.2 0.1
882/ 702/ 628 6.2 1.0 0.5
916/ 734/ 643 28.6° 16.1 14.2
916/ 734/ 643 15.5° 7.7 5.8
916/ 734/ 643 90.5° 57.5 54.1
916/ 734/ 643 79.6° 30.7 253
916/ 734/ 643 87.0° 54.1 49.8
916/ 734/ 643 86.0° 46.6 41.7
916/ 734/ 643 2.74° 1.73 1.80
916/ 734/ 643 13.0° 19.1 19.7
916/ 734/ 643 4.27¢ 5.58 5.49
916/ 734/ 643 3.81° 5.04 52

ACQ asthma control questionnaire, ACT asthma control test, AQLQ asthma quality-of-life questionnaire, OCS oral corticosteroids, pt/s patient/s

* Unless stated otherwise, the pre-treatment period was the 12 months prior to the start of omalizumab treatment

" Defined as a worsening of asthma symptoms that required treatment with oral or intravenous corticosteroids

¢ Defined as a clinically significant exacerbation with a reduction in peak expiratory flow to <60 % of the patient’s predicted or personal best

9 Includes hospitalizations, emergency room visits and unscheduled doctor’s visits

¢ Measured at start of omalizumab treatment
f See Table 2 for definition

corticosteroids reduced in the course of the study, whereas
doses of ICS and LABAs generally remained unchanged.

In a second German study (n = 280), omalizumab was
associated with a significant reduction in daily asthma
symptoms and night-time awakenings after 4 months
(» < 0.001 for both), with a further reduction in both
endpoints at 6 months (p < 0.001 vs. baseline for both)
[44]. Accordingly, throughout 6 months of treatment,
asthma exacerbations, emergency room visits and asthma-
related QOL all improved significantly from baseline
(»p < 0.001 for all).

Omalizumab therapy over the long term (mean duration
of 3.4 years) was associated with sustained improvement in
asthma symptoms, according to preliminary results
(reported in an abstract) from a long-term follow-up of
omalizumab-treated patients (n = 106) in clinical practice
in Germany [48]. Mean FEV, and asthma-related QOL
scores improved significantly throughout treatment
(»p < 0.001) compared with pre-treatment results.

Interestingly, an additional German study (n = 471)
demonstrated that the efficacy of omalizumab did not appear
to be affected by age [46]. The exacerbation rate was signif-
icantly reduced compared with the pretrial period in patients
aged >50 years (—69 %) and in patients aged <50 years
(=75 %) (p < 0.001 for both) after 4 months’ treatment.

The retrospective APEX (Asthma Patient Experience on
Xolair) study in clinical practice in the UK (n = 136) pri-
marily evaluated the corticosteroid-sparing effect of oma-
lizumab by comparing corticosteroid use in the 12 months
pre- and post-omalizumab use [32]. During the 12 months
following the initiation of omalizumab, compared with the
period pre-omalizumab, the total quantity of oral cortico-
steroids prescribed decreased by 34 % (p < 0.001); 49 % of
patients stopped oral corticosteroids completely and 64 %
stopped or reduced use by >20 %. Significant improvements
from the period pre-omalizumab to the 12 months following
omalizumab initiation were also observed for the mean
number of asthma exacerbations (3.67 vs. 1.7 events/year;
p < 0.001), mean percent predicted FEV; (n = 32; 69.9 vs.
78.6 %; p < 0.001), asthma control test (ACT; defined in
Table 2) score (n = 15; 11 vs. 20 points; p-value not
reported) and AQLQ score (n = 21; 2.8 vs. 5.7 points;
p-value not reported) [32].

4.2 Children
This section focuses on a prespecified subgroup analysis
[28] of children aged 6 to <12 years with uncontrolled

severe allergic asthma who were part of a large random-
ized, double-blind, placebo-controlled study of add-on

A\ Adis



1206

K. McKeage

omalizumab in children with moderate to severe allergic
asthma [29]. Children were classified as having severe
disease if their asthma was uncontrolled despite receiving
high-dose ICS (>500 pg/day of fluticasone or equivalent)
and a LABA, with or without other controller medications
[28]. The uncontrolled nature of asthma was confirmed
during the run-in period, and the omalizumab or placebo
treatment period consisted of a 24-week corticosteroid-
stable phase followed by a 28-week corticosteroid-reduc-
tion phase, during which the ICS dose could be reduced by
25-50 % once every 8 weeks. The primary efficacy mea-
sure was the rate of clinically significant asthma exacer-
bations (i.e. worsening of asthma symptoms requiring the
baseline ICS dose to be doubled [although this is no longer
recommended in treatment guidelines] and/or >3 days’
treatment with systemic corticosteroids) during the corti-
costeroid-stable phase [28].

At baseline, 57 % of children were receiving anti-leu-
kotriene therapy and 3 % were receiving maintenance oral
corticosteroids [28]. In the year prior to study entry, chil-
dren had experienced a mean of 2.8 exacerbations.

During the corticosteroid-stable and -reduction phases,
there were significantly fewer clinically significant asthma
exacerbations in the omalizumab group than in the placebo
group, with a 34 and 63 % relative reduction, respectively
(Table 1). Accordingly, throughout the total 52-week
treatment period, the rate of exacerbations was significantly
lower in the omalizumab group than in the placebo group
(Table 1). The reduction in the ICS dose from baseline to
the end of the corticosteroid-reduction phase was not sig-
nificantly different between the omalizumab (—2.5 %) and
placebo (—2.0 %) groups [28].

Clinically significant exacerbations were significantly
reduced with omalizumab versus placebo in children with
baseline predicted FEV; <80 % (0.84 vs. 1.64; p = 0.007)
and in children with baseline predicted FEV,; >80 % (0.66
vs. 1.35; p = 0.012) [28]. More patients in the omalizumab
group than the placebo group were assessed as having an
excellent or good response using the physician’s GETE
(74.2 vs. 55.3 %; p < 0.001).

A small, uncontrolled study of children and adolescents
(aged 5-16 years) with severe allergic asthma in the UK
found that after 16 weeks’ treatment with add-on oma-
lizumab, the median daily prednisolone dose reduced from
20 mg at baseline to 5 mg (n = 34) [33]. Furthermore, the
mini AQLQ score (defined in Table 2) increased from 3.5
at baseline to 5.9 (n = 24) and the childhood ACT score
increased from 12 to 20 points (n = 23) (p < 0.0001 for all
comparisons).

Observational data from a 1-year, real-world multicentre
survey (n = 101) in children and adolescents (aged 6 to
<18 years) with severe allergic asthma in France reported
generally greater benefits with add-on omalizumab than
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those reported in clinical trials of omalizumab [49].
Asthma control (primary endpoint; defined according to
current GINA criteria) improved significantly from base-
line to weeks 20 and 52 in patients categorized as having
good control (0, 53 and 67 % of patients, respectively),
partial control (18, 30 and 25 %) or poor control (82, 17
and 8 %) (p < 0.0001) [49]. Only 14 % of patients did not
show any improvement during treatment. Mean exacerba-
tion rates decreased from 4.4 per patient in the 12 months
before omalizumab was commenced to 1.25 during treat-
ment (p < 0.0001), equating to a reduction of 72 %. Sim-
ilarly, hospitalization rates decreased from 44 % in the
previous year to 6.7 % during treatment, equating to a
reduction of 88 % (p < 0.001). Lung function and ICS use
were also improved, with mean FEV, increasing by 4.9 %
(p = 0.023) among 78 patients and the ICS dose decreas-
ing by 30 % (p < 0.001).

5 Tolerability
5.1 General Profile

Overall, subcutaneous omalizumab was generally well
tolerated in randomized clinical trials of adults, adolescents
and children with severe persistent allergic asthma dis-
cussed in Sect. 4. Most adverse events were mild to mod-
erate in severity, and the incidence was not significantly
different between groups receiving add-on omalizumab or
standard asthma therapy plus placebo [16, 23-28].

The most common treatment-related adverse event
associated with omalizumab is transient injection-site
reactions, including injection-site pain, bruising, swelling,
erythema and pruritus [50, 51]. Other frequently reported
adverse events include nasopharyngitis, headache and
upper respiratory tract infection. A summary of the most
common adverse events in placebo-controlled clinical trials
is illustrated in Fig. 1.

In a systematic review (adults, adolescents and children;
n = 3429) [50] and a pooled analysis (adults and adoles-
cents; n > 7,500) [51] of clinical trial data (most patients
had severe allergic asthma, but some trials were conducted
in patients with moderate to severe disease), there was no
significant difference between groups receiving add-on
omalizumab or standard therapy with or without placebo in
the incidence of serious or severe adverse events, or in the
number of withdrawals due to adverse events, over treat-
ment periods of up to 1 year. For example, in the sys-
tematic review of eight placebo-controlled trials, serious
adverse events were reported in 3.8 % of patients in the
omalizumab group compared with 5.3 % of patients in the
placebo group [50]. The overall prevalence of treatment-
related adverse events in this review was higher in the
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Fig. 1 Tolerability of add-on omalizumab in adults and adolescents
with persistent allergic asthma. Results are from a review of data from
several placebo-controlled trials of 16-32 weeks’ duration, and
include adverse events that occurred in >10 % of patients in either
group [51]. Most patients had severe allergic asthma, but some studies
were conducted in patients with moderate to severe disease. The
omalizumab dose was based on body weight and pre-treatment total
serum IgE levels. URTI upper respiratory tract infection

omalizumab group than in control group (5.0 vs. 3.2 %;
p = 0.03), largely as a result of a higher incidence
of injection-site reactions (19.9 vs. 13.2 %; p = 0.002)
[50].

A pooled analysis of clinical trial data in children, taken
from two trials in patients (n = 926) with moderate to
severe allergic asthma, demonstrate that the tolerability
profile of omalizumab in children is generally similar to
that of adults [52]. In the omalizumab and placebo groups,
during treatment periods of up to 1 year, the most common
adverse events were nasopharyngitis (24 vs. 23 %), upper
respiratory tract infection (21 vs. 26 %), headache (21 vs.
20 %) and sinusitis (16 vs. 19 %), and the most common
treatment-related events were headache (1.3 vs. 1.7 %),
erythema (1.0 vs. 0.7 %) and urticaria (1.0 vs. 0.3 %) [52].

In the real-world setting (eXpeRience registry), 6.9 %
(64 of 925) of omalizumab-treated patients (adults and
adolescents) reported at least one serious adverse event
over treatment periods of up to 2 years [31]. The most
commonly reported serious adverse events were asthma
(3.5 %), dyspnoea (0.8 %) and pneumonia (0.8 %). There
was one case of anaphylaxis that was possibly due to
omalizumab (Sect. 5.2). There were 25 serious adverse
events that were thought to be due to omalizumab, the most
common of which were dyspnoea, sudden chest tightness
and headache (3 events each) [31]. Omalizumab was dis-
continued in five patients, and interrupted in two patients,
as a result of a serious adverse event.

In children and adolescents (n = 101) treated with
omalizumab for 1 year in the real-world setting, there were
six serious adverse events that led to treatment withdrawal:
urticaria (n = 1), anaphylaxis (n = 1), and systemic reac-
tions including headache, fatigue, abdominal and muscular

pain (n = 4) [49]. Omalizumab was successfully reinstated
in two patients [49].

5.2 Adverse Events of Special Interest

Hypersensitivity reactions to omalizumab, including ana-
phylaxis or urticaria are rare [3, 50]. Based on post-mar-
keting use, the frequency of anaphylaxis associated with
omalizumab is thought to be in the vicinity of 0.09-0.2 %
[53]. In a systematic review of placebo-controlled studies in
adults, adolescents and children, there were two reported
cases of anaphylactic reactions in the omalizumab group
(n = 1,883) and one case in the placebo group (n = 1,546);
the difference between groups was not statistically signifi-
cant [50]. The incidence of urticaria was 2.5 % in the oma-
lizumab group and 2.1 % in the placebo group.

In an analysis of pooled data including 7,789 oma-
lizumab-treated patients in 67 phase I-IV clinical trials,
there was no evidence of an association between oma-
lizamab treatment and risk of malignancy [54]. This
analysis is supported by recent results from the prospective
observational EXCELS (Evaluating Clinical Effectiveness
and Long-term safety in patients with moderate-to-Severe
asthma) cohort study that evaluated the long-term safety of
omalizumab in patients (aged >12 years) with moderate to
severe asthma (reported in an abstract) [55]. After a 5-year
follow-up, the incidence of malignancy was similar in
omalizumab- (n = 5,007) and non-omalizumab-treated
(n = 2,829) patients.

Rare cases of Churg—Strauss syndrome (CSS) or hype-
reosinophilic syndrome have occurred in patients receiving
anti-asthma medications, including omalizumab [3]. These
events are associated with a reduction in oral corticosteroid
therapy, and omalizumab treatment may unmask CSS in
asthma patients being weaned from corticosteroids [56].

Omalizumab was associated with a higher than expected
number of reports of arterial thrombotic events, including
myocardial infarction, stroke, unstable angina and cardio-
vascular death, in a review of reports of arterial thrombotic
events in asthmatic patients submitted to the US FDA from
2004-2011 [57]. Among asthma medications in this anal-
ysis, omalizumab had the second-greatest risk of arterial
thrombotic events, after ICS. However, in a multivariate
analysis of observational data controlling for baseline
cardiovascular risk factors reported in the SPC, oma-
lizumab was not associated with a risk for arterial throm-
botic events (hazard ratio 1.11; 95 % CI 0.70-1.76) [3].

6 Pharmacoeconomic Considerations

This section summarizes recent (i.e. within the past
5 years) analyses on the use of add-on omalizumab in
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patients with inadequately controlled severe allergic
asthma. Cost—utility studies include the recent analysis in
the National Institute for Health and Clinical Excellence
(NICE) guidance in the UK [58], and an analysis based on
observational data in the real-world setting [59]. Modelled
pharmacoeconomic analyses of omalizumab, as with all
such analyses, are subject to limitations, with the potential
for input data to differ from real-life situations. Further-
more, results of pharmacoeconomic analyses in one
country may not be applicable to other geographical
regions because of differences in healthcare systems,
medical practice and unit costs.

In cost-utility analyses, add-on omalizumab was cost
effective compared with standard asthma therapy, with
incremental costs per quality-adjusted life-year (QALY)
gained falling within generally accepted willingness-to-
pay thresholds [58, 59]. In the recent technology
appraisal guidance from NICE, the assessment committee
calculated an incremental cost-effectiveness ratio (ICER)
of £23,200 per QALY gained compared with standard
therapy for the combined population of adults, adoles-
cents and children who had received frequent mainte-
nance courses (>4) of oral corticosteroids in the year
prior to commencing omalizumab provided that dis-
counting via a patient access scheme was incorporated
[58]. The model used the perspective of the National
Health Service and included administration and patient
monitoring costs. Clinical data were taken from ran-
domized, controlled trials. Costs and outcomes were
modelled over a life time horizon, using annual dis-
counting of 3.5 % and an omalizumab treatment duration
of 10 years. Based on these cost—utility results, the NICE
technology appraisal committee recommends add-on
omalizumab as an option for treating severe persistent
confirmed allergic IgE-mediated asthma in patients aged
>6 years who need frequent oral corticosteroids and if
omalizumab is made available on a patient access
scheme. The committee acknowledged the benefits of
omalizumab in reducing dependence on oral corticoste-
roids, which had not been captured in previous NICE
pharmacoeconomic analyses [58].

Using a validated Markov model based on real-world
data from the eXpeRience registry (Sect. 4.1.2.1), the
incremental cost per QALY gained with add-on oma-
lizumab versus standard therapy in The Netherlands was
€38,371 (year of costing 2010) [59]. Patient and
healthcare resource use data during 1 year of oma-
lizumab treatment were compared with data for the year
prior to commencing omalizumab when patients received
standard care for severe allergic asthma. The analysis
was conducted from the perspective of general medical
practice, although societal costs based on prospectively
assessed work days lost were included. The model had a
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lifetime horizon, and discounted future outcomes at
1.5 % and future costs at 4 % [59]. In the base case
analysis, patients treated with omalizumab gained more
QALYs than patients in the standard care group as a
result of a lower incidence of clinically significant or
clinically significant severe asthma exacerbations. The
main driver of costs was the cost of omalizumab therapy.
Sensitivity analyses evaluated a range of variables, with
ICERs per QALY gained ranging from €14,504—€80,332.
The highest ICER was calculated when the model
excluded mortality related to clinically significant severe
asthma exacerbations, and the lowest ICER was calcu-
lated when the number of work days lost in retrospective
data was applied to the standard care group. Variations
in the duration of the model indicated that shorter-
timeframes, such as 5 years, are associated with higher
ICERs [59].

Two Italian retrospective analyses from the perspective
of the Regional Health System calculated generally similar
results with incremental costs per QALY gained of €25,983
(year of costing 2008) when omalizumab was added to
standard therapy for 1 year [60], and €23,880 (year of
costing 2011) when add-on omalizumab was administered
for 3 years [61]. Both of these analyses used large dat-
abases to identify patients aged >12 years (n = 23 [60]
and 16 [61]) who had received add-on omalizumab for the
required observation period and had at least 12 months of
clinical history preceding the start of omalizumab so that
comparisons of clinical outcomes and healthcare con-
sumption could be made [60, 61].

Further analyses in the real-world setting have demon-
strated that omalizumab is associated with markedly
reduced healthcare resource use [31, 32, 62]. In the UK
real-world APEX study (Sect. 4.1.2.2), emergency room
visits, hospitalizations and hospital bed days were all sig-
nificantly (p < 0.001) reduced in the 12 months following
omalizumab initiation compared with the period prior to
omalizumab [32]. Similarly, data from the eXpeRience
registry demonstrate substantial reductions in healthcare
utilization (Table 3). Furthermore, the mean number of
missed work days due to asthma per year decreased from
26.4 pre-treatment to 3.5 and 1.0 at months 12 and
24 months, respectively [31]. A similar pattern was
observed for missed school days due to asthma, which
decreased from 20.7 pre-treatment to 1.6 and 1.9,
respectively.

Results from an observational, retrospective cohort
study in Ireland suggest a cost saving of €834 per patient
with severe allergic asthma treated with omalizumab for
6 months, compared with the 6 months prior to oma-
lizumab, as a result of significant (p < 0.001) reductions in
the number of hospital bed days and hospitalizations, and
in the use of oral corticosteroids [62].
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7 Dosage and Administration

In the EU, omalizumab added to ICS therapy is indicated
for the treatment of adults, adolescents and children (aged
>6 years) with severe persistent allergic asthma who have
a positive skin prick test or in vitro reactivity to a perennial
aeroallergen [3]. Patients must also experience frequent
day-time symptoms or night-time awakenings, and have a
history of multiple documented severe asthma exacerba-
tions despite high doses of daily ICS plus a LABA. A
further proviso for omalizumab treatment in adults and
adolescents, but not children, is evidence of reduced lung
function (FEV; <80 %).

Omalizumab is administered via subcutaneous injection,
and the dose and frequency of administration (i.e. every 2
or 4 weeks) is determined according to baseline IgE (IU/
mL; determined by any commercial serum total IgE assay)
and body weight (kg) [3]. The baseline total serum IgE
level for eligibility for omalizumab in the EU ranges from
30-1,500 IU/mL. Depending on IgE levels and body
weight, a 75-600 mg dose of omalizumab via 14 injec-
tions should be given at each administration. Dose deter-
mination charts and a chart converting dose to injection
number and volume are available in the prescribing infor-
mation [3]. The maximum recommended dose of oma-
lizumab is 600 mg every 2 weeks. Clinical use has shown
that patients with IgE levels <76 IU/mL are less likely to
benefit from treatment. Prior to omalizumab therapy in
adults and adolescents with IgE levels <76 IU/mL or
children with IgE levels <200 IU/mL, unequivocal in vitro
reactivity to a perennial allergen should be confirmed.
Patients with baseline IgE levels or body weights that are
outside the limits of the dose table should not receive
omalizumab [3].

Omalizumab is intended for long-term use [3]. Clini-
cal studies have demonstrated that the efficacy of oma-
lizumab is generally not evident until after 12-16 weeks
of therapy [3]. After 16 weeks of treatment (and at
subsequent time points), the decision to continue oma-
lizumab should be made by the physician based on their
overall assessment of effectiveness. Quantifying free
serum IgE as a means of confirming omalizumab’s
efficacy in order to guide continued dosing has not been
possible as commercially available assays recognize
both free IgE and omalizumab-bound IgE. However,
a new recovery-enzyme linked immune sorbent assay
(R-ELISA) can now quantify both the antigen (free IgE)
and the therapeutic antibody (omalizumab) [63]. Serum
total IgE levels, which are elevated during treatment, can
remain elevated for up to 1 year after discontinuing
omalizumab and, therefore, should not be used to cal-
culate dosage requirements after lapses in treatment of
<12 months [3].

Anaphylactic reactions can occur in patients treated with
omalizumab (Sect. 5.2), and medicines used for the treat-
ment of anaphylaxis should be on hand following oma-
lizumab administration. Local prescribing information
should be consulted for additional information regarding
dosages, warnings, contraindications and precautions.

8 Place of Omalizumab in the Management of Patients
with Severe Persistent Allergic Asthma

Asthma treatment guidelines recommend a stepwise
approach to therapy, with the aim of achieving and main-
taining symptom control by stepping treatment up or down
as necessary [1]. GINA guidelines recommend that add-on
anti-IgE treatment with omalizumab is considered in
patients with persistent allergic asthma that remains
uncontrolled despite step 4 treatment (Sect. 1) [1].

The therapeutic efficacy of omalizumab primarily
results from a reduction in free serum IgE levels and
eosinophils, thereby inhibiting the cascade of inflammatory
mediators and associated symptoms in susceptible patients
(Sect. 2).

Add-on omalizumab significantly reduced the asthma
exacerbation rate (primary endpoint) compared with pla-
cebo in well designed clinical trials in adults and adoles-
cents (Sect. 4.1.1.1) and children (Sect. 4.2) with severe
persistent allergic asthma. Furthermore, add-on oma-
lizamab reduced the need for ICS in adults and adoles-
cents, and improved asthma control and symptoms and
asthma-related QOL in all age groups. The efficacy of
omalizumab was also demonstrated in the real-world set-
ting, with large observational studies of up to 2 years
duration demonstrating that add-on therapy leads to
reduced rates of hospitalizations, emergency room visits
and unscheduled doctor’s visits, as well as improvements
in asthma symptom scores and physician-assessed GETE
(Sects. 4.1.2 and 4.2).

The extent to which free serum IgE is reduced is
dependent on the omalizumab dose, the body weight of the
patient and their baseline total serum IgE level (Sect. 7).
Tiered dosing tables are available for establishing indi-
vidualized treatment regimens to ensure that patients
receive a dose of at least 0.016 mg/kg/IgE (IU/mL) every
4 weeks [3].

Overall, omalizumab was well tolerated in clinical trials
(Sect. 5.1). Most adverse events were mild to moderate in
severity, and the most common event was transient injec-
tion-site reactions. The tolerability profile in children was
generally similar to that observed in adults and adolescents.
Anaphylaxis is rare, but patients should be monitored
closely after drug administration (Sect. 7). Further tolera-
bility data on the long-term use of omalizumab are needed.
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Results of clinical trials demonstrate that not all patients
respond to omalizumab despite careful selection based on
recent guidelines [1]. Predicting which patients with severe
allergic asthma are most likely to respond to omalizumab is
difficult based on pre-treatment characteristics [41].
Although omalizumab effectively reduces free serum IgE
levels, a correlation between free serum IgE and treatment
response has not been identified (Sect. 2.2) and, thus, the
reduction in free serum IgE levels is not sufficient to pre-
dict response [19].

The heterogeneity of asthma and patterns of allergic
airway inflammation are likely to contribute to variations in
response to asthma medications. Various phenotype clus-
tering approaches have been used in an attempt to char-
acterize asthma heterogeneity, which may have
implications for future treatment. Results of a retrospective
analysis using data from the randomized EXTRA trial [16],
suggest that baseline levels of biomarkers of Th2 inflam-
mation may potentially have a role in identifying patients
most likely to benefit from omalizumab treatment (Sect. 2).

To date, the most accurate method of predicting a
continuing beneficial response to omalizumab is via the
physician’s overall assessment of response after 16 weeks
(Sect. 4.1.1.5) [41], at which time, those who are consid-
ered to have achieved a marked improvement in overall
asthma control should continue with treatment [3].

Omalizumab is intended to be administered over the
long-term; however, recent evidence suggests that indefi-
nite treatment may not be required as IgE production tends
to decrease over time during therapy (Sect. 2.2). Further-
more, in a small trial in patients with severe cat allergen-
induced asthma, asthma symptoms remained relatively
well controlled 3 years after completing 6 years of oma-
lizumab treatment [64]. More data are needed to determine
the optimum treatment duration.

The costs associated with asthma, and severe asthma in
particular, place a substantial economic burden on health-
care providers [65]. Add-on omalizumab was cost-effective
compared with standard therapy in cost—utility analyses
modelled on randomized trials and on real-world data over
a life-time horizon, with ICERs falling within generally
accepted willingness-to-pay thresholds (Sect. 6). Not sur-
prisingly, the main driver of costs was the purchase price of
omalizumab; however, the lower incidence of clinically
significant or severe asthma exacerbations, the reduction in
the use of oral corticosteroids and the improvement in HR-
QOL were important factors in reducing costs. Evidence
also suggests that cost utility increases as the duration of
treatment increases.

Omalizumab is currently being evaluated for the treat-
ment of various other allergic conditions, including allergic
rhinitis and urticaria; results of clinical trials are awaited
with interest [66]. Furthermore, recent evidence in a small

A\ Adis

proof-of-concept trial suggests that omalizumab may also
have a therapeutic role in severe non-allergic asthma [67].

In conclusion, add-on omalizumab is an effective and
well tolerated agent in adults, adolescents and children
aged >6 years with severe persistent allergic asthma that is
poorly controlled with medium- to high-dose ICS and a
LABA. Immunological factors do not predict a response to
omalizumab, and the best predictor of a continued response
is the physician’s overall assessment after 16 weeks of
therapy. The optimum duration of therapy has not been
determined, and currently the duration is at the discretion
of the treating physician. Cost—utility studies suggest that
omalizumab is cost effective compared with standard
therapy over a life-time horizon. Thus, in difficult-to-treat
patients with severe persistent allergic asthma, omalizumab
provides a valuable treatment option.

Disclosure The preparation of this review was not supported by any
external funding. During the peer review process, the manufacturer of
the agent under review was offered an opportunity to comment on the
article. Changes resulting from comments received were made by the
author on the basis of scientific and editorial merit.
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