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cells by receptor cross-linking (23). Omalizumab is therefore expected not to cause anaphylaxis
in clinical use.

ANTI- |gE FOR TREATMENT OF ALLERGIC DISEASES

Drug Profi le
The main characteristics of anti-IgE are theref ore (24) that it

f . inhibits the binding of IgE to the high-affinity receptor, FccRI;
2. recognizes and binds free but not complexed IgE, and not IgM, IgC, and IgA;
3. forms complexes with free IgE in serum;
4. is not specific regarding the allergen specificity of the target IgE antibody, meaning

that it binds to any IgE molecule;
5. does not bind to IgE already bound to mast cells or basophils, meaning that it does

not cause degranulation ("non-anaphylactic antibody" );
6. blocks mast cell or basophil degranulation following passive sensitization in vitro or

challenge with allergen in vivo;
7. decreases FceRI expression on immune effector cells.

Cl in ical  Pharmacology
The binding of anti-IgE to IgE results in the formation of small (-1000 kDa), nonprecipitating
and non-complement-activating immune complexes (25) that are no longer able to bind IgE
receptors. Anti-IgE concentrations were highest in the serum compartment and no specific
organ deposition was observed. The immune complexes were eliminated by urinary excretion.

The decrease of IgE serum levels follows a dose-dependent response within five minutes
after intravenous administration and within 24 hours after subcutaneous injections as seen in
studies with single- and multidose studies in adults with and without allergic disease (26,27).
The decrease of IgE lasted, depending on the antibody dose, for about four to six weeks after a
single injection with anti-IgE (28). Further, anti-IgE was well tolerated in all of these trials.

The most effective route of administration was studied in a large phase II study in adults
with SAR (29). Treatment via SC versus IV route at different dosages (0.15-mg/kg body weight
SC, 0.15 mg/kg IV, or 0.5 mg/kg IV, 7 injections within 84 days) was compared.
Pharmacodynamics between the SC and IV routes of administration did not differ. Anti-IgE
decreased serum IgE levels in a dose- and baseline IgE-dependent fashion. However, not all
routes of administration were similarly effective. Fahy et al. (30) studied the effects after
aerosolized application of anti-IgE in patients with mild allergic asthma and did not find
significant suppression of serum IgE levels and nor effects on the early asthmatic response to
allergen, despite detectable levels of anti-lgE.

Since the reduction of free IgE below 25 IU /mL is a prerequisite for efficacy and for
practical and safety reasons, 375 mg of omalizumab every two weeks is considered to be the
maximum applicable SC dose at present. Higher dosages of omalizumab have not been studied
so there is no advice concerning safety and efficacy. Therefore, a treatment of patients with total
IgE levels above 400 to 1300 IU/mL, depending on the body weight, is not recommended.

Safety and Tolerability
The safety and tolerability profile of omalizumab was evaluated in an analysis of data from
completed phase I, II, and III studies involving more than 7500 adult and adolescent patients
with asthma, rhinitis, or related conditions (31). More than 5300 of these patients received
omalizumab, including 3700 with moderate-to-severe persistent asthma. In all controlled
studies, adverse events (AEs) were reported tn 74.8o/o of patients receiving omalizumab and in
75.2Vo of control group patients. Serious AEs were reported by 4.27,, of patients receiving
omalizumab and by 3.87o of control group patients. AEs were generally of mild-to-moderate
severity and of short duration. Severe AEs occurred more frequently in the control group than
in the omalizumab group (omalizumab 10.8%, control 72.6%).In placebo-controlled-allergic
asthma studies, the overall incidence of suspected drug-related AEs was similar in the
omalizumab and placebo groups (omalizumab 9.2%, placebo 7.6%). Postlaunch data in the
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reduced emergency visit rate by 447a versus placebo (0.24 vs. 0.43, p : 0.038). The number
needed to treat (NNT) with omalizumab in addition to Global Initiative for Asthma (GINA)
step 4 therapy to prevent one event above placebo per year was 2.2 for clinically significant
exacerbations, 2.2 for severe exacerbations, and 2.8 for total emergency visits (32).

Clinically meaningful, add-on omalizumab treatment also provided significant QoL
improvements for patients with changes in Asthma Quality of Life Questionnaire (AQLQ)
baseline scores of 0.91 in the omalizumab group compared with 0.46 in the placebo group
(p < 0.001). Improvements were achieved in significantly more patients taking omalizumab
compared with placebo (60.8Vo vs.47.8%,p :0.008), measured across the domains of activity
limitations, asthma symptoms, emotional function, and environmental exposure.

Pooled Analysis
Efficacy of treatment with omalizumab was further assessed in an analysis of pooled data from
seven clinical trials (inciuding INNOVATE) (33) comprising a total of 4308 patients, with 2511
patients receiving omalizumab and 937o of patients with severe persistent asthma (GINA 4).
Five of these studies were multicenter, randomized, double-blind, parallel-group, placebo-
controlled studies and included large patient groups with moderate-to-severe asthma and
requirements for daily ICS therapy. The protocol for these five studies was similar, consisting
of four phases with (i) a run-in period of 4 weeks to stabilize disease while on therapy with
BDP, (ii) a stable phase with no change in corticosteroid therapy for 16 weeks, (iii) a
corticosteroid-withdrawal phase with tapering of corticosteroid dosages by 25% every 2 weeks
for 8 weeks, and (izr) an extension period with stable, lowest tolerated dose of BDP and
continuation of placebo or anti-IgE therapy for 5 months beyond the first 28 weeks.
Omalizumab was administered SC at a dose of 0.016 mg/kg body weight/IU total serum IgE,
once every four weeks or every two weeks, depending on dose, starting after the run-in period.

Adding omaiizumab to current asthma therapy in the larger pooled population from all
seven studies consistently supported the findings seen in the INNOVATE study: add-on
omalizumab significantly reduced asthma exacerbation rates by 38.3Vo versus placebo (0.91 vs.
7.47, p < 0.0001) (Table 1), and total emergency visits were significantly less frequent by aT%
vs. controI,0.332vs.0.623, p < 0.0001). Accordingly, hospital admission rates were reduced by
51% (p : 0.041), emergency room visits by 60% (p : 0.0t3), and unscheduled doctor visits by
43Vo Q - 0.0003).

QoL was measured in six clinical trials, wíth 7227 patients receiving omalizumab and
7032 receiving placebo or control medication across the six studies (42). Omalizumab
consistently improved QoL, resulting in significantly greater improvements in AQLQ overall
score compared with placebo/control (AQLQ overall score: 1.01 vs. 0.61, p < 0.001). The
proportion of patients recording a clinically meaningful improvement in AQLQ overall score
of >0.5 point was significantly higher in the omalizumab group compared with placebo/
control (66.3% omalizumab vs. 52.47o placebo/control, p < 0.001).

Table 1 Effect of Omalizumab Vs. Placebo on Asthma Exacerbation Rates

Study
Difference in annual
exacerbation rate

Reduction vs.
control/placebo (%)

Signif icance
(p value)

INNOVATE study (32)
ETOPA study (34)
soLAR srudy (38)
Busse study (37)
Soler study (34)
Holgate study (39)
ALTO study (41)
Pooled (33)

0.49
1 .49
o.29
0.40
0.70
o.42
0 . 1 B
0.56

26.6
60.4
37.5
40.3
57.6
26.5
1 5 . 3
38.3

0.042"
<0.001

o.027
<0.001
<0.001

0 .1  65
0.077

<0.0001

Pooled analysis.
uAdjusted for an observed relevant imbalance in pre-study history of clinically significant asthma
exacerbations between the omalizumab (0.68/yr) versus placebo (0.91/yr) group.
Source'. From Ref. 30.
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of standardized vaccines for all important allergens, and the limited ability to determine the
optimal dose (47). In addition to these limitations, SCIT carries the rare risk of serious side
effects, such as anaphylactic reactions (5.4 severe events per million injections) and even death
(1 per 2.5 million injections). Since anti-IgE reduces the serum concentration of IgE and thereby
reduces IgE-mediated reactions, it was hypothesized that concomitant treatment of anti-IgE and
SCIT may improve the risk-benefit ratio of SCIT in polysensitized patients during the consecutive
pollen seasons and thereby may prove clinically superior to treatment with SCIT alone.

Anti-IgE Plus SCIT t'or Treatment of SAR in Children and Adolescents
A randomized, double-blind, parallel-group, multicenter phase III study in children with SAR
investigated whether combined therapy with SCIT and anti-lgE is superior to single treatment
alone (48). Two hundred and twenty-one patients (6-tZ years) with moderate-to-severe SAR
and sensitization to birch and grass pollen were started on SCIT-birch (2 groups) or SCIT-grass
(2 groups) îor 74 weeks prior to start of the birch pollen season. After SCIT titration (12 weeks),
placebo or anti-IgE was added for 24 weeks to one of the two groups of the respective SCIT
arms. When analyzed separately by season, the two groups receiving unrelated SCIT (i.e., birch-
SCIT for grass season and grass-SCIT for birch season, respectively) were considered as placebo
controls. Anti-IgE was administered SC at two- or four-week intervals at a dose equivalent to a
minimum of 0.016 mg/kg/IlJ IgE/mL serum in four weeks. Primary endpoint was symptom
load, the sum of mean daily symptom severity score plus mean daily rescue medication use.

Combination therapy of anti-IgE and SCIT reduced symptom load (sum of mean daily
symptom severity score plus mean daily rescue medication use) over the entire pollen seasons
(birch and grass) by a8% compared with SCIT alone (p < 0.001). Reduction of symptom load
due to combination therapy was highly significant in allergen seasons, birch and grass, when
compared with the SCIT alone (Fig. 5).

Differentiating the two components adding to symptom load revealed that rescue
medication reduction was a major contributing factor to the observed improvements. Over
both pollen seasons, addition of omalizumab resulted in reduction of the median rescue
medication score of about 80% compared with the two SCIT groups. Oral Corticosteroids
(OCS) as the last rescue medication to be used was reported by 15 patients receiving SCIT +
placebo compared with five patients on SCIT * anti-IgE. Symptom severity, the second
component of symptom load, was significantly reduced by the combination of anti-IgE with
SCIT in the separate groups. Moreover, experimental support for tl're clinical benefit was
provided by the relationship of serum IgE and in vitro mediator release. The decline of serum
IgE levels accomplished by anti-IgE treatment correlated with the decreased leukotriene
release after in vitro stimulation of mast cells with allergen (49).

f t = 5 4  n = 5 4
A B

SIT-birch + SIT-birch +
placebo anti- lgE

n = 5 3  n = 5 9
C D

S|T-grass + S|T-grass +
placebo anti- lgE

1 . 0

0.8

u . o

0.4

0.2

Figure 5 Treatment with al lergen-specif ic immunotherapy with birch
combined with omalizumab reduces symptom load (sum of symptom
entire pollen season (birch and grass). Source: Adapted from Ref. 48.
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Hamelmann and Wahn

The only novel approach for therapy of asthma that went beyond trial status and was
accepted for clinical treatment of severe (Europe) or moderate-to-severe (United States) allergic
asthma is omalizumab, Xolair. Targeting IgE aims at the common and most distinct phenotype
evident in all patients suffering from allergic diseases: increased IgE serum levels. Although
atopy may be a coincident rather than a causal factor in the pathogenesis of asthma, there is a
significant body of evidence demonstrating a pivotal role of IgE in the development of
bronchial asthma and allergic airway disease. Even in patients with apparently nonallergic
asthma and normal IgE serum levels, production of IgE in the airways has been found (58). On
the other hand, experimental data from murine models demonstrates that development of
airway inflammation and hyperreactivity to nonspecific stimuli may occur independent of B
cells (59), IgE production (59,60), or IgE-mediated mast-cell activation (61). In these models of
allergen-mediated inflammatory response of the airways without B-cell activation, treatment
with anti-IgE antibodies is not likely to affect the deveiopment of airway inflammation or
Airway Hyperresponsiveness (AHR) (62). The human equivalent could be asthma without a
significant allergic component, and anti-IgE antibody therapy would likely be less effective
even with airway inflammation, eosinophilia, and possibly increased total IgE.

The pooled analysis of seven large-scaled clinical phase 1I1 trials with omalizumab in
patients with bronchial asthma showed that it is effective for patients with symptomatic,
moderate-to-severe allergic asthma (33). Similarly, a meta-analysis of eight studies listed in the
Cochrane Airways Group Asthma trials register and contributing a total of 2037 mild-to-severe
allergic asthmatic participants underscored the efficacy of omalizumab for treatment of allergic
asthma (63,64) (the latter being the more recent update). Herein, significant increases in the
number of participants who were able to reduce or completely withdraw their daily steroid
intake were observed (Table 2). Importantly, this benefit was also shown for patients with
severe asthma, suggesting effects by anti-IgE beyond mere reduction of steroid requirements.
Finally, omalizumab is safe and well tolerated and improved QoL in all studies observing this
parameter (42). Although some of the improvements in symptom scores, exacerbation rates,
and lung function data during the course of the trials were also seen in the placebo-treated
grouP, presumably demonstrating the benefits of continuous physician monitoring, the
differences between omalizumab and placebo treatment group reached significance for almost
all important endpoints in favor of anti-IgE.

A major limitation for a broader use of anti-IgE is the high cost-benefit ratio that by far
exceeds that of present standard asthma medication (ICS plus LABA), which provide good
asthma control for the majority of patients. Therefore, omalizumab was launched for treatment
of adults and children with corticosteroid-dependent or corticosteroid-resistant asthma who
require high doses of oral or inhaled steroids and who still have poor asthma control. In such
patients, analysis of the direct and indirect costs related to frequent exacerbations and
hospitalization may validate the higher costs of anti-lgE therapy. Finally, future trials idealty
should better delineate predictors to better define "responders" versus "rÌonresponders" for
anti-IgE therapy. This will ultimately help identify the target group of asthmatic patients and,
subsequently, candidates among patients suffering from other allergic diseases who will offer
the lowest cost-benefit ratio for anti-IgE therapy.

Table 2 Efficacy of Omalizumab Vs. Placebo for Treatment of Patients with Allergic Asthma with ICS Therapy

No.
of trialsOutcomes

No. of
participants Steroid ohase

Odds ratio
(e5% cr)

No. of participants with
exacerbation

No. of participants with
at least one
exacerbation

Complete steroid
withdrawal

>50"/" Reduction in
steroid usage

1 634

1 651

1 634

1 634

Steroid
reduction
Stable steroid
intake

Steroid
reduction
Steroid
reduction

o.47
0.37-{.60

0.49
0.38-{.64

2.50
2.00-3.1 3

2.50
2.02-3.10

Results of the Cochrane analysis.
Abbreviation: lCS, inhaled corticosteroids.
Source: From Ref. 65.
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