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Summary
Omalizumab is a humanized monoclonal anti-IgE antibody developed for the treatment of allergic

disease, with established efficacy in patients with moderate-to-severe allergic asthma and in patients

with intermittent (seasonal) and persistent (perennial) allergic rhinitis (AR). Omalizumab is known

to result in a marked reduction in serum levels of free IgE and down-regulation of IgE receptors on

circulating basophils. Recent work has shed further light on its mechanism of action, showing

significant and profound reductions in tissue (nasal and bronchial) eosinophils and in bronchial IgE1

cells (mast cells), as well as T cells and B cells. Omalizumab treatment was also shown to be

associated with down-regulation of IgE receptors on circulating (precursor) dendritic cells,

suggesting that blocking IgE may inhibit more chronic aspects of allergic inflammation involving

T cell activation. Further work with omalizumab demonstrated it to have important benefits in

patients with poorly controlled asthma despite high-dose inhaled corticosteroid therapy, and analysis

of clinical data suggests that the patients who are the best ‘responders’ to anti-IgE treatment are

those with asthma at the more severe end of the spectrum. Notably, systemic anti-IgE therapy with

omalizumab has been shown to improve symptoms, quality of life and disease control (asthma

exacerbations) in patients with concomitant asthma and persistent AR. These impressive clinical

data and the studies elucidating the anti-inflammatory profile of omalizumab also serve to emphasize

the fundamental importance of IgE in the pathogenesis of allergic diseases.

Immunoglobulin E and the allergic response

Elevated serum levels of specific IgE towards common
environmental allergens characterize allergic diseases such
as asthma and rhinitis. IgE plays a critical role in type I
hypersensitivity reactions, binding to high-affinity IgE
receptors (FceRI) on mast cells via the Ce3 domain on its
Fc fragment. Mast cells and their circulating counterpart,
basophils, both express the FceRI receptor, and it is well
documented that basophil FceRI expression correlates with
serum IgE levels [1]. Recent work has confirmed that IgE
itself appears to up-regulate the expression of FceRI on
human basophils, and it seems likely that this is mediated by
IgE interacting through FceRIa itself [2]. The finding that
FceRI expression on circulating basophils was significantly
reduced by 99% in the presence of low serum levels of IgE
during 90 days of treatment of ragweed-allergic individuals
with the anti-IgE monoclonal antibody omalizumab [3] lends
strong support to the role of IgE in controlling the expression
of FceRI. Furthermore, the responsiveness (histamine relea-
sability) of these cells upon ex vivo allergen stimulation was
significantly reduced by approximately 90% [3].
Dendritic cells (DCs) are important in T-helper (Th) cell

differentiation, with type I DCs (DC1) enhancing Th1
differentiation and type II DC (DC2) being an important

factor for Th2 cell responses. DC2 cells are described as the
gatekeepers of the immune response [4] and IgE occupancy of
DC2 FceRI receptors is associated with greater allergen
uptake and an increase in the resulting immune response [5,
6]. In a group of 24 subjects with ragweed-induced rhinitis,
Prussin et al. [7] studied the effect of omalizumab on DC and
basophil FceRI expression. Omalizumab treatment was
associated with a significant decrease in basophil FceRI
expression at all time-points during the study (days 7, 14, 21,
28, 35, 42) compared with placebo (Po0.001). The level of
FceRI expression on both DC1 and DC2 cells was reduced in
omalizumab-treated individuals, with a significant reduction
observed as early as day 7 (Fig. 1). FceRI expression on both
DC1 and DC2 correlated with serum levels of free IgE in
patients receiving omalizumab and there was a correlation
between FCeRI expression on DC2 cells and that on DC1
cells and basophils. These results show that the anti-IgE
effects of omalizumab regulate FceRI expression in these cell
types in parallel with similar kinetics of inhibition. Overall,
the maximum decrease in FceRI expression was 73% on
basophils, 52% on DC1 cells and 83% on DC2 cells [7].

Clinical studies of omalizumab

Omalizumab in patients with allergic asthma

Early studies in patients with mild allergic asthma showed
that the anti-IgE concept translated into demonstrable
clinical effects, as shown by inhibition of allergen-induced
early and late bronchoconstrictor responses [8, 9]. A phase II
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study in patients with moderate-to-severe allergic asthma
reported reduced asthma exacerbations and corticosteroid
requirements with the use of an intravenous formulation of
omalizumab [10]. Subsequent phase III studies using the
standard subcutaneous formulation of omalizumab were
conducted in a total of 1405 children, adolescents and adults
with moderate-to-severe allergic asthma and positive skin
prick tests to one or more common environmental allergens
[11–13]. Subcutaneous injections of 150–375mg omalizumab
were given every 2 or 4 weeks. The dose was based on the
patient’s baseline IgE and bodyweight, to provide a dose of at
least 0.016mg/kg of omalizumab per IU/mL of IgE per 4
weeks [14]. In these studies, omalizumab was added on to
inhaled corticosteroid (ICS) therapy for 16 weeks (steroid-
stable phase) and then, during a 12-week steroid-reduction
phase, patients’ doses of ICS were decreased to establish the
optimal lowest dose required for an acceptable level of
asthma control. The primary end-point for the studies in
adults was reduction in asthma exacerbations.
In all three studies, both the incidence and frequency of

exacerbations (defined as a worsening of asthma requiring
treatment with oral or intravenous corticosteroids or
doubling of baseline ICS dose) were significantly reduced in
the omalizumab treatment group compared with placebo,
although there was also a reduction in asthma exacerbation
incidence and frequency in this treatment group. Patients
significantly reduced their requirement for ICS, with a
proportion totally withdrawing from this medication. Com-
pared with the placebo group, a significantly greater
reduction in ICS dose was achieved by the omalizumab-
treated patients and a substantially greater percentage of
omalizumab patients were able to withdraw from ICS
treatment completely. Improvements in asthma symptoms
and rescue bronchodilator use were observed. Improvements
in asthma-related quality of life also occurred with omalizu-
mab treatment for both the adults [15, 16] and children [17].
Exacerbation reduction is perhaps the most important goal

of asthma management [18]. The data from the three phase III
studies were pooled and analysed to determine the effect of
omalizumab on serious exacerbations, which were measured
by asthma-related emergency room visits and hospitalizations

[19]. Clearly, an improvement in potentially life-threatening
episodes would provide significant benefits both for patients
and in terms of reducing the overall cost of asthma care.
Omalizumab-treated patients had significantly fewer unsched-
uled outpatient visits (21.3 vs. 35.5, rate ratio 0.60, Po0.01)
and emergency room visits (1.8 vs. 3.8, rate ratio 0.47,
P5 0.05) per 100 patient-years compared with placebo-treated
patients. Importantly, hospitalizations were markedly reduced
from 3.42 events per 100 patient-years on placebo treatment to
0.26 on omalizumab treatment, a rate ratio of 0.08 (Po0.01).
Approximately 5% of asthma patients have severe asthma

that is often inadequately controlled by ICS and long-acting
b2-agonists (LABA). These patients are at high risk of severe
exacerbations and death and have the greatest medical need
among the asthmatic population. A recent double-blind,
parallel group, multicentre study (INNOVATE) was con-
ducted in patients with severe persistent asthma that was
inadequately controlled despite therapy with high-dose ICS
and LABA (GINA step 4 treatment) [20]. Patients were
randomized to receive omalizumab or placebo as add-on
therapy for 28 weeks. Omalizumab significantly reduced
(P5 0.042) the clinically significant asthma exacerbation rate
compared with the placebo group (after adjustment for
imbalance in baseline exacerbation history). Omalizumab
treatment also halved the severe exacerbation rate (0.24 vs.
0.48, P5 0.002) and the incidence of emergency visits was
significantly lower for omalizumab patients (0.24 vs. 0.43,
P5 0.038). The results of the INNOVATE study indicate that
omalizumab is an effective add-on therapy for difficult-to-treat
patients with inadequately controlled severe persistent asthma.
The efficacy of omalizumab treatment in patients with severe

persistent asthma has also been demonstrated in a pooled
analysis of data from seven studies [21]. Omalizumab
treatment was added to current asthma therapy and compared
with placebo (five double-blind studies) or with current asthma
therapy alone (two open label studies). The studies included
4308 patients, 93% of whom had severe persistent asthma
according to the GINA 2002 classification. Omalizumab
treatment significantly reduced the rate of asthma exacerba-
tions by 38% and the rate of total emergency visits by 47%
(Po0.001 vs. control), suggesting that omalizumab may fulfil
an important need in this difficult-to-treat asthma population.

Studies of omalizumab in allergic rhinitis

Allergic rhinitis (AR) affects at least 10–25% of the
population worldwide and is classified as intermittent
(seasonal) or persistent (perennial) [22]. Both types are
mediated by IgE. Although AR is not usually a severe
disease, it can have a substantial impact on quality of life of
patients [23]. Large phase III studies in AR have established
the efficacy of omalizumab in both reducing symptoms and
improving rhinitis-related quality of life for patients with
intermittent and persistent AR [24–26].

Onset of action of anti-immunoglobulin E effect

The onset of action of therapy is particularly important in
seasonal AR, when patients need to respond quickly to
changing pollen seasons. A recent study attempted to measure
the onset of action of omalizumab by measuring the time taken

Fig. 1. Effect of omalizumab on FceRI expression on precursor dendritic
cells (DC1 and DC2). Patients were randomized to receive omalizumab
(n5 16) or placebo (n5 8). Data show mean fluorescence intensity (MFI)
representing FceRI expression. The horizontal middle line is the median,
the top and bottom of the boxes are quartiles and the T bars show maximum
and minimum values. With permission [7].
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to inhibit the nasal responses to ragweed allergen [27]. In this
single-centre, double-blind, placebo-controlled parallel group
study, 24 patients (aged 19–50 years) with a 2-year history of
ragweed-induced rhinitis were randomized to omalizumab
(n516) or placebo (n58) and challenged with ragweed at
intervals from days 7 to 42 of treatment. For the nasal
challenge test, two sprays of nasal saline were administered to
each nostril via nasal spray pump. This procedure was repeated
three times at 10min intervals. The acoustic rhinometry value
after the third saline challenge was used as the baseline. Then,
two sprays of ragweed solution (starting at 0.00054 AU
concentration) were administered to each nostril and acoustic
rhinometry was performed 10min after administration of serial
10-fold ragweed concentrations to determine the dose eliciting a
30% decrease in nasal volume (PD30). On subsequent visits,
patients received three nasal saline challenges followed by their
PD30 dose of ragweed. Omalizumab (0.016mg/kg/IgE (IU/
mL)) was administered subcutaneously on days 0 and 28.
Omalizumab treatment reduced serum levels of free IgE

from a median of 281ng/mL on day 0, to 10.9 ng/mL on day
3, 28.1 ng/mL on day 28 and 17.5 ng/mL on day 42
(Po0.001). Omalizumab had a substantial impact on rag-
weed-induced reductions in nasal volume within the first 7
days of treatment. In a representative patient, the baseline
30% ragweed-induced nasal volume response was reduced to
12% on day 7 and further reduced to 6% on day 42. Similar
significant reductions in the mean nasal challenge data
occurred for the omalizumab-treated group as a whole. This
suggests that omalizumab acts rapidly to significantly reduce
serum free-IgE levels and significantly inhibits ragweed-
induced reductions in nasal volume.
This study in patients with ragweed-induced rhinitis

demonstrated that omalizumab rapidly reduces nasal symp-
toms and circulating free IgE, which (as described earlier) is
paralleled by reductions in FceRI expression on DC1 and
DC2 cells and basophils. One might propose that adminis-
tering omalizumab the week before the start of the pollen
season, then again 4 weeks later, would protect patients from
AR symptoms during the pollen season.

Effect of anti-immunoglobulin E on airway inflammation

Effect in patients with seasonal allergic rhinitis

Plewako et al. [28] conducted a placebo-controlled study on
the anti-inflammatory effect of omalizumab in 30 patients
with seasonal AR. Treatments were administered before or at
the start of the birch pollen season and continued throughout
the birch pollen season for up to 6 weeks. Eosinophil levels
were determined from both blood and nasal biopsy samples
(via the eosinophil-specific markers, eosinophil peroxidase
and eosinophil granule proteins) and were significantly
reduced with omalizumab treatment compared with placebo
(Fig. 2). These reductions in eosinophils were also found to
correlate with the levels of serum free IgE (P5 0.04).

Effects in patients with asthma

A number of studies have examined the effects of omalizu-
mab on various inflammatory markers in patients with

asthma [8, 29, 30]. In a pilot study, 19 patients with mild
allergic asthma were randomized to receive either omalizu-
mab or placebo for 11 weeks; eosinophils were measured in
peripheral blood samples and in induced sputum [8].
Omalizumab significantly reduced both peripheral blood
and induced sputum eosinophils compared with baseline
values, but these reductions were not significantly greater
than those in the placebo group.
Noga et al. [29] studied the levels of circulating mediators

(IL-5, IL-6, IL-8, IL-10, IL-13 and s-ICAM) and eosinophils
in 35 patients with moderate-to-severe asthma. Omalizumab
was given in addition to ICS (X500mg/day beclomethasone
dipropionate (BDP)) and levels of inflammatory mediators
were measured before and after 16 weeks of treatment. IL-13
levels decreased significantly from baseline (Po0.001) in the
omalizumab group (n5 18) compared with placebo (n5 17).
IL-5 (baseline median: 8.95 pg/mL [1.6–27.0], week 16
median: 6.3 pg/mL [0.48–24.7]) and IL-8 (baseline median:
3.74 pg/mL [0.8–20.1], week 16 median: 2.1 [0–5.1]) decreased,
but did not reach statistical significance compared with
placebo (IL-5 baseline median: 7.9 pg/mL [0.7–101.6], week
16 median: 6.76 pg/mL [0–130.9]; IL-8 baseline median:
2.6 pg/mL [0.65–14.6], week 16 median: 1.84 pg/mL [0–4.7]).
IL-6, IL-10 and s-ICAM did not change over the course of
the study.
IL-13 and IL-5 are produced by Th2 cells, eosinophils, mast

cells and basophils [31], whereas IL-6 and IL-10 are produced
by Th1/Th2 cells, macrophages and endothelial cells. The
reduction in IL-5 and IL-13 therefore appears to reflect the
proposed sites of action of omalizumab. This study also
evaluated the effect of omalizumab on blood eosinophils after
16 and 52 weeks of omalizumab treatment. Compared with
placebo, there was a significant decrease in eosinophils at
both 16 and 52 weeks (Fig. 3). These findings suggest that
omalizumab has significant additional anti-inflammatory
effects when used as an add-on therapy to ICS.
While the effect of omalizumab on inflammatory markers

was not the primary outcome measure of the studies
described above, a 16-week randomized double-blind, place-
bo-controlled study in 45 patients with mild persistent asthma
investigated sputum eosinophil counts as the primary variable
[30]. All patients were treated with bronchodilators alone and
had raised sputum eosinophil levels. The presence of

Fig. 2. Eosinophil peroxidase (EPO)1 eosinophil counts in nasal biopsy
specimens taken from patients with seasonal allergic rhinitis before (baseline)
and during the birch pollen season. Patients received omalizumab (300mg)
(n5 19) or placebo (n5 11) for 4–6 weeks. With permission [28].
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inflammatory markers was determined from both sputum
induction and bronchial biopsies.
Treatment with omalizumab resulted in a significant

reduction in mean percentage of eosinophils in induced
sputum from 6.6% to 1.7% (Po0.001) compared with an
8.5% to 7.0% decrease in the placebo group (Fig. 4).
Eosinophils in the epithelial and submucosal compartments
were also reduced significantly with omalizumab, with one
patient achieving submucosal levels equivalent to those of
healthy individuals (Fig. 5).

Circulating free IgE was reduced to o50ng/mL (21 IU/
mL) in all omalizumab-treated subjects at study end. Staining
with antibodies to IgE (indicated by the ring staining pattern)
showed a striking reduction in the number of IgE1 cells in the
submucosa, with a 10-fold reduction in cell-associated IgE in
the omalizumab group as a whole. This study did not
specifically look at the type of cells associated with IgE but
assumed that the majority were mast cells. Stained biopsy
samples for FceRI1 cells in patients treated with omalizumab
also showed marked reductions from baseline levels (by
approximately 80%) and placebo (Fig. 6) (Po0.001), a
finding that confirms previous studies investigating the effect
of omalizumab on basophil FceRI [3]. Consistent with
current knowledge of the interaction between IgE and FceRI,
there was a significant correlation between the change in
biopsy-expressed IgE and biopsy-expressed FceRI (Rs5 0.92,
Po0.001).
This study also investigated the effect on other inflamma-

tory markers as secondary outcomes. IL-4, produced by Th2
cells in response to allergen challenge, is of particular interest
because it stimulates B cells to produce IgE and is known to
up-regulate the expression of VCAM-1, a ligand that
facilitates the endothelial adhesion of eosinophils [32].
Omalizumab substantially decreased cell surface IL-4 com-
pared with placebo (Po0.001) (Fig. 7) and there was a
positive correlation between the reduction in cell granule-
associated IL-4 and submucosal eosinophils (Rs5 0.78,

Fig. 3. Percentage change from baseline in peripheral blood eosinophils.
Samples were taken before and after 16 weeks of treatment with
omalizumab (n5 18) or placebo (n5 15). With permission [29].

Fig. 4. Effect of omalizumab (n5 19) or placebo (n5 22) on airway
eosinophil counts in induced sputum. Horizontal bars are medians. With
permission [30].

Fig. 5. Effect of omalizumab (n5 14) or placebo (n5 14) on airway
eosinophil counts in the bronchial submucosa. Horizontal bars are
medians. With permission [30].

Fig. 6. Effect of omalizumab (n5 14) or placebo (n5 14) on the number of
cells expressing FceRI in the bronchial submucosa. Horizontal bars are
medians. With permission [30].

Fig. 7. Effect of omalizumab (n5 14) or placebo (n5 14) on the number of
cells with cell-surface-associated IL-4 (median counts of submucosal cells
staining positively with 3H4 monoclonal antibody against IL-4). With
permission [30].
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Po0.001), suggesting that omalizumab may affect eosino-
phils levels via an IL-4-mediated effect. IL-4 is also produced
by mast cells, basophils and eosinophils. Hence, the effects of
omalizumab on eosinophils could result indirectly from
omalizumab’s action on Th2 cells (via altered antigen
presentation from affected DCs, a process which is also
enhanced by IL-4 [33, 34], or via inhibition of mast cell or
basophil degranulation).
The studies in patients with allergic asthma or rhinitis

showed omalizumab to have a pronounced anti-inflammatory
effect in the airways. The omalizumab-associated reduction in
eosinophils suggests that its actions may extend beyond IgE-
bearing cells alone. Furthermore, while the reduction in
eosinophils with omalizumab is comparable with that
reported with ICS treatment, omalizumab appears to offer
benefits when used as an add-on therapy to ICS. These
findings provide useful evidence towards explaining the
mechanistic basis for the efficacy of omalizumab in patients
with allergic asthma and rhinitis.

Clinical implications of anti-immunoglobulin E therapy

Who will benefit most from anti-immunoglobulin E
therapy?

Omalizumab is currently approved for moderate-to-severe
persistent allergic asthma in the USA, Canada and Brazil, for
moderate persistent allergic asthma in Australia, and for
severe persistent allergic asthma in New Zealand.
The evidence presented above shows that omalizumab has

anti-inflammatory activity and attenuates both the early- and
late-phase allergic responses, effects that may translate into
clinical benefits for different categories of patient with allergic
conditions. Recent clinical data suggest that omalizumab may
be especially beneficial in patients with severe allergic asthma
and in patients with concomitant allergic asthma and
persistent AR.
Patients with severe asthma generally have greater unmet

treatment needs than any other class of patient with asthma
and may remain symptomatic despite high-dose ICS use,
often experiencing frequent exacerbations of disease requiring
emergency treatment [35, 36]. A new treatment that proved
effective in this group of patients could reduce both indirect
patient costs and direct healthcare costs and offer consider-
able socio-economic advantages. In severe persistent asthma,
the treatment goal is to achieve the best possible improve-
ments in symptom control, lung function and exacerbations.
A multiple-step treatment regimen such as that recommended
by the Global Initiative for Asthma [18] includes corticoster-
oid doses that are increased with increasing asthma severity
and additional controller medications such as LABA, anti-
leukotrienes and oral corticosteroids. However, in severe
asthma, patients can remain symptomatic despite use of all
available treatments. Additionally, patients receiving multiple
therapies may not adhere to complicated regimens.
In the phase III clinical trials, add-on therapy with

omalizumab was effective in improving disease control in
patients with moderate–severe and severe allergic asthma [12,
13, 37]. To determine the potential clinical implications of its
use in patients with severe disease, a meta-analysis from these

clinical trials was performed in a subgroup of individuals who
were at high risk of serious asthma-related morbidity and
mortality [38].
Of the 1412 patients enrolled in the phase III trials, 254

patients were identified as high risk (135 treated with
omalizumab and 119 placebo) and suitable for inclusion in
the meta-analysis. High-risk patients were defined as those
who had been intubated at some time prior to screening, or
who had visited an emergency room, experienced overnight
hospitalization or received treatment in an intensive care unit
(ICU) during the last year. Overall, the majority of the 254
high-risk patients had undergone emergency room admissions
in the previous year (86.7% omalizumab, 86.6% placebo) and
around one-third were hospitalized because of asthma over
the same time period. Only a small proportion of patients had
required ICU admission and/or intubation. The main out-
come measure of this meta-analysis was the annualized rate of
significant asthma exacerbation episodes (AEEs), defined as
those requiring a doubling of baseline ICS dose or use of
systemic steroids. Additional outcome measures included the
proportion of patients who remained exacerbation free and
the rate of asthma-related rehospitalizations. The study
focused on the steroid-stable phase of the clinical trials for
clarity of the results.
Analysis of the annualized AEEs showed a statistically

significant difference between the treatment groups in favour
of omalizumab; patients receiving placebo experienced a rate
of 1.56 episodes per patient-year compared with a rate of 0.69
in those treated with omalizumab (P5 0.007). By comparing
the annualized rate of significant AEEs relative to the total
patient population in these clinical trials, the absolute benefit
of omalizumab was seen to be most apparent in high-risk
patients. The rate of significant AEEs among placebo
recipients was increased for high-risk patients relative to all
patients combined yet, by contrast, the rate of significant
AEEs in patients receiving omalizumab was independent of
high-risk status. A greater number of omalizumab recipients
were free of exacerbations during the steroid-stable phase of
the studies compared with placebo recipients (82.2% vs.
64.7%, respectively), and fewer patients were rehospitalized
because of asthma with omalizumab treatment compared
with those receiving placebo (4.5% vs. 12.2%, respectively).
The probability of a patient responding to omalizumab

treatment was calculated using results from two phase III
trials conducted in adults and adolescents with moderate-to-
severe allergic asthma [12, 13]. Response was defined as a
response in at least one of the following four aspects: reduced
symptom scores, reduced usage of rescue medication,
improved lung function and/or improved quality of life, with
no asthma exacerbation during the 6 weeks’ treatment. The
analysis [39] involved data from 1070 patients with allergic
asthma who were symptomatic despite moderate-to-high
doses of inhaled BDP and showed that omalizumab had the
greatest effect in those who had the most severe disease.
When compared against baseline ICS dose and forced
expiratory volume in 1 s (FEV1) (both predictors of severity
of illness), the patients who benefited most from omalizumab
treatment were those receiving the highest ICS dose and those
with the poorest lung function. In patients receiving a dose of
X800mg/day BDP the probability of response to omalizumab
was estimated at 65% compared with only 40% on placebo

412 S. T. Holgate et al.

r 2005 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 35:408–416



(P5 0.037) (Fig. 8a). In patients with an FEV1 of 465%
predicted, the response rate was 60% for omalizumab recipients
compared, again, with only 40% for placebo (P5 0.072)
(Fig. 8b).
The efficacy of omalizumab was recently investigated in a

clinical trial of patients with poorly controlled moderate-to-
severe asthma despite treatment according to best current
practice, which included the use of concomitant anti-
leukotrienes, LABA and oral corticosteroids [40]. Compared
with current asthma therapies alone, omalizumab-treated
patients experienced significantly fewer asthma deterioration-
related incidents. Results from this study may provide further
evidence of the benefit of add-on omalizumab treatment in the
most severe asthma population who, despite all available
asthma therapies, continue to be poorly controlled and
experience frequent asthma exacerbations. These analyses
show that omalizumab has the greatest benefit in patients with
severe asthma, which is in contrast with ICS treatments that
may become less effective with increasing asthma severity.
These data, when taken together with the results of

INNOVATE [20] and the pooled efficacy analysis [21],
indicate that omalizumab promises to be a particularly useful
add-on treatment option for patients with severe asthma.

Safety of omalizumab – pooled safety analysis

A large number of patients have received treatment with
omalizumab in controlled clinical studies with 3285 patients
receiving more than 12 weeks’ omalizumab treatment, 2484
receiving more than 24 weeks, 690 more than 36 weeks and
555 more than 52 weeks (Novartis, Horsham Research
Centre, UK, data on file). Overall, the frequencies of adverse

events were similar between the omalizumab and control
groups (Table 1) and there were no more events in patients
with severe asthma than in those with mild asthma. No
pattern or cluster of adverse events has emerged; the majority
of adverse events were of short duration and mild to
moderate in severity.
There has been some recent interest in neoplasia adverse

events with omalizumab. Malignant neoplasms were reported
in 25 (0.5%) omalizumab-treated patients compared with five
(0.2%) control patients across all completed studies (all but
one were solid tumours). A panel of blinded, independent
oncologists determined that none of the cases was related to
study treatment. The onset of most of the tumours preceded
treatment with omalizumab, and 60% of tumours presented
within less than 6 months of treatment. Overall, the clinical
data do not suggest a causal relationship between omalizu-
mab and cancer.
There was no increase in the frequency of type I

hypersensitivity adverse events. The overall incidence of
urticaria was 1.2% in both omalizumab and control groups.
Anaphylactic and anaphylactoid reactions were rare and were
not accompanied by systemic manifestations such as hypo-
tension. There is no evidence of any immune complex
nephropathy or any anti-omalizumab antibodies.

Concomitant allergic disease

Asthma and rhinitis frequently coexist, with the majority of
patients with allergic asthma also suffering with AR [22, 41].
Both conditions are associated with elevated levels of serum
IgE and share similar pathophysiologies [22, 42]. Patients
who have asthma and concomitant rhinitis experience more
severe asthma symptoms and higher disease-associated costs
than those with asthma alone [43, 44]. Anti-IgE therapy could
be especially suitable for patients with concomitant disease.
The World Health Organization-sponsored Allergic Rhinitis
and its Impact on Asthma (ARIA) workshop report [22]
recommended that patients with persistent rhinitis be
evaluated for asthma and vice versa and, importantly, that
strategies that combine the treatment of upper and lower
airways be used where possible. To this end, the Study of
Omalizumab in comorbid Asthma and Rhinitis (SOLAR)
study has shown encouraging results [45].
The SOLAR study was a randomized double-blind,

placebo-controlled multicentre parallel-group 28-week trial.

Fig. 8. Probability of response to omalizumab treatment in relation to (a)
baseline dose of beclomethasone dipropionate (BDP) and (b) baseline
forced expiratory volume in 1 s (FEV1). With permission [39].

Table 1. Adverse events (occurring in X5% of patients) in all controlled

studies

Preferred term

Omalizumab (%),

n5 3678

Control (%),

n5 2452*

Any adverse event 74.8 75.2

Upper respiratory tract infection 15.7 15.7

Headache 15.5 15.6

Nasopharyngitis 14.4 15.9

Sinusitis 10.1 12.0

Pharyngolaryngeal pain 6.4 6.0

Cough 5.9 7.1

Bronchitis 5.2 5.6

Influenza 5.0 6.6

*Placebo or standard-therapy control.
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It included both adolescents and adults with moderate-to-
severe allergic asthma (requiring moderate-to-high doses of
ICS and with a history of X2 unscheduled medical visits for
allergic asthma and/or asthma exacerbations during the past
year) and concomitant moderate-to-severe persistent AR
(symptoms for X2 years). In total, 405 patients were
randomized to receive omalizumab add-on therapy (at least
0.016mg/kg/IgE (IU/mL) every 4 weeks) or placebo and were
assessed by means of two primary outcome measures. The
first was the number of AEEs experienced during the 28-week
treatment period and the second was a combined asthma and
rhinitis quality-of-life assessment where patients were eval-
uated by both the Asthma Quality-of-Life Questionnaire
(AQLQ) [46] and the Rhinitis Quality-of-Life Questionnaire
(RQLQ) [23]. Clinical responders were defined as having a
X1.0 improvement in both questionnaires. Significantly fewer
omalizumab-treated patients (20.6%) experienced at least one
exacerbation compared with placebo (30.1%) (P5 0.02).
Patients treated with omalizumab also achieved clinically
significant improvements in both quality-of-life assessments.
At the end of the study, 57.7% of omalizumab-treated
patients achieved a X1.0-point improvement in both AQLQ
and RQLQ compared with 40.6% of placebo-treated patients
(Po0.001). When the AQLQ and RQLQ were considered
individually, the difference between scores for each treatment
group remained significant, with 67.3% of omalizumab
recipients achieving a clinically significant response in the
AQLQ compared with 50% of placebo recipients
(P5 0.0004), and 67.3% of omalizumab recipients achieving
a clinically significant response in the RQLQ compared with
52.1% of placebo recipients (P5 0.0013). Omalizumab may
be the first drug that improves quality of life associated with
both nasal and bronchial allergic disease in the same patients.
In another recent clinical trial [40], a subgroup analysis of

patients with co-morbid asthma and rhinitis found omalizu-
mab to be beneficial when administered as add-on treatment
in patients with concomitant disease. This was an open-label
study where patients were randomized to receive best
standard care, with or without the addition of omalizumab
(at least 0.016mg/kg/IgE (IU/mL) every 4 weeks) for 12
months. The trial involved 312 adolescent and adult patients
with persistent moderate-to-severe allergic asthma whose
disease was poorly controlled, as defined by X1 emergency
room visit and X1 additional course of oral corticosteroids
because of asthma in the last year. A subgroup of 205 patients
had concomitant asthma and rhinitis. Asthma and rhinitis
symptoms were evaluated using the Wasserfallen symptom
score and results showed that omalizumab add-on treatment
significantly improved asthma, rhinitis and combined asthma
and rhinitis Wasserfallen symptom scores at each visit
throughout the study (Po0.001 for all treatment comparisons)
(Fig. 9).

Future studies

A study evaluating the use of omalizumab therapy prior to
immunotherapy is currently under way. As omalizumab is
known to reduce DC FceRI expression, some researchers
theorize that this may alter the mode of antigen presentation,
and allow greater doses of antigen (given as immunotherapy)

to be tolerated. The primary objective in this study is to
determine whether omalizumab given prior to rush immu-
notherapy, followed by 12 weeks of dual omalizumab and
immunotherapy, is more effective than rush immunotherapy
followed by immunotherapy alone. The secondary objective
considers both the efficacy and safety of dual omalizumab
and immunotherapy compared with omalizumab alone or
placebo. Clinical tolerance and the immunological mechan-
isms involved are also assessed. Results from this study
should improve the understanding of the role of IgE and
potential benefits of anti-IgE therapy with omalizumab.

Conclusions

The development of a selective anti-IgE humanized mono-
clonal antibody that binds to IgE and prevents its association
with IgE receptors was a major breakthrough in the treatment
of allergic disease. As such, omalizumab interrupts the
allergic cascade by preventing allergen from activating mast
cells or basophils. Omalizumab has been assessed in multiple
clinical trials in both children and adults, demonstrating a
high level of efficacy in allergic asthma and rhinitis. However,
the mechanisms whereby omalizumab influences the patho-
physiological responses in the airways were, until recently,
largely unknown.
In the series of studies described in this article, omalizumab

was shown not only to inhibit mast cell and basophil
responses but also to have a profound effect on the numbers
of inflammatory cells, such as eosinophils, T lymphocytes and
B lymphocytes. These cells are fundamental to the chronic
inflammatory response in allergic diseases such as asthma and
rhinitis. This increased understanding places anti-IgE therapy
firmly in the domain of an anti-inflammatory treatment for
chronic allergic disease, with effects on multiple cell types.
While bronchial and nasal biopsy studies have been carried
out in patients with relatively mild disease, results from clinical
studies suggest that the anti-inflammatory effect of omalizu-
mab also extends to more chronic and severe allergic asthma.
The introduction of omalizumab appears likely to have a

major impact in the therapy of difficult-to-treat asthma. The
fact that allergic diseases frequently occur at more than one
anatomical locality, especially the upper respiratory tract and
sinuses, means that patients receiving this therapy should see

Fig. 9. Effect of current asthma therapy alone (n5 70) or with addition of
omalizumab (n5 135) on combined Wasserfallen asthma and rhinitis
symptom scores in patients with concomitant asthma and rhinitis. With
permission [45].
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improvements in the multiple manifestations of allergy.
Eighty years after the discovery of reagin, the first anti-IgE
treatment, omalizumab, is now a promising new therapeutic
option for patients with allergic diseases.
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9 Boulet LP, Chapman KR, Côté J et al. Inhibitory effects of an

anti-IgE antibody E25 on allergen-induced early asthmatic

response. Am J Respir Crit Care Med 1997; 155:1835–40.

10 Milgrom H, Fick RB Jr, Su JQ et al. Treatment of allergic asthma

with monoclonal anti-IgE antibody. N Engl J Med 1999; 341:

1966–73.

11 Milgrom H, Berger W, Nayak A et al. Treatment of childhood

asthma with anti-immunoglobulin E antibody (omalizumab).

Pediatrics 2001; 108:E36.

12 Busse W, Corren J, Lanier BQ et al. Omalizumab, anti-IgE

recombinant humanized monoclonal antibody, for the treatment

of severe allergic asthma. J Allergy Clin Immunol 2001; 108:

184–90.
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