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Abstract

Allergen-specific immunotherapy (SIT) is the only causal treatment of allergic disor-
ders and therefore a cornerstone in the management of respiratory allergy. SIT is
effective in patients with allergic rhinitis and mild-to-moderate allergic asthma. Suc-
cessful treatment is associated with decrease in allergic symptoms of the upper and
lower airways. The most relevant limitation in the daily routine is the restricted use
of SIT in patients with moderate-to-severe allergic asthma. A strategy to overcome
this limitation is to combine SIT with immunmodulators. One example of a recently
developed immunmodulator is Omalizumab, a humanized, monoclonal anti-IgE
antibody that binds to circulating IgE molecules, thus interrupting the allergic
cascade downstream the IgE production of B cells. Up to now, four clinical trials
have been performed, which all showed that the combination of Omalizumab and
SIT is safe and clinically more effective than SIT alone. Moreover, administration
of Omalizumab prior to SIT reduces the risk of SIT-related systemic reactions.
Omalizumab and SIT are also effective in patients with mild—moderate allergic
asthma. In conclusion, the use of Omalizumab as an additive immunmodulator
improves safety and efficacy and might be a useful approach to broaden the indica-
tion of specific immunotherapy in allergic patients.

Reviews, meta-analysis and comments about allergen-specific
immunotherapy (SIT) enter the introduction frequently with
comments like ‘SIT is the most effective therapy for allergies’
or ‘SIT is the only currently available treatment that is pro-
ven to target the disease in a causative way’. However, there
are several confinements which hamper the use of SIT. From
the perspective of a practitioner, the most relevant limitation
of specific immunotherapy in the daily routine is the
restricted use in patients with moderate-to-severe allergic
asthma. A recently published Cochrane analysis showed that
the efficacy of SIT in asthmatic patients is clearly demon-
strated: Immunotherapy reduces asthma symptoms, medica-
tion wuse, and improves bronchial hyperreactivity (1).
Unfortunately, just in patients who might take major advan-
tage of a disease-specific therapy, the concern about severe
systemic side-effects and anaphylaxis gets in the way of SIT
therapy (1-3).

An obvious strategy to overcome these limitations is to
combine SIT with immunmodulators. The latter are defined
as substances that alter the immune response by augmenting
or reducing the ability of the immune system to produce anti-
bodies that recognize and react with the antigen that initiated
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their production. One example of a recently developed immun-
modulator is Omalizumab, a humanized, monoclonal anti-
IgE antibody that binds exclusively to circulating IgE mole-
cules, thus interrupting the allergic cascade downstream the
IgE production of B cells (4). Therefore, Omalizumab
decreases the levels of circulating IgE regardless of allergen
specificity by binding to the constant region of circulating
IgE molecule, which prevent free IgE from interacting with
the high- and low-affinity IgE receptors (FceRI and FceRII)
on mast cells, basophiles, macrophages, dendritic cells, B
lymphocytes, and other cells. Subsequently, the significantly
reduced surface binding of IgE on the effector cells of the
allergic immune response leads to a decrease in the release of
the mediators of the allergic response, i.e., histamines, cyto-
kines, and leukotirenes (4-7).

Basically, there are four major issues, which have to be
addressed using Omalizumab in addition to specific immuno-
therapy: (i) Does the combination of SIT and Omalizumab
result in amplified therapeutic effects? (ii) Does the combina-
tion of SIT and Omalizumab cause prolonged therapeutic
effects? (iii) Is there a potential of pretreatment with
Omalizumab in reducing systemic side-effects of SIT? (iv) Is
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Figure 1 Immunotherapy and potential strategies of immunmodulation [adapted from Ref. (32)].

the combination of Omalizumab and SIT a safe and effective
way to offer also patients with severe asthma a disease-
specific treatment?

This article reviews the evidence for the use of Oma-
lizumab and SIT therapy. Up to now, four clinical trials have
been conducted. Additional clinical benefits of a combined
therapy using Omalizumab and SIT have been shown in all
clinical studies. Moreover, alternative strategies to improve
the immunological responses and clinical outcomes in SIT-
treated allergic patients, i.e., the activation of the innate
immune system through Toll-like receptor (TLR) agonists,
will be discussed (Fig. 1). This concept is realized in the
development of Pollinex Quattro, an allergoid with the addi-
tion of the TLR-4 agonist monophosphoryl lipid A (MPL).

Omalizumab amplifies the therapeutic effects of SIT

The first clinical trial which looked at the clinical effects of a
combined therapy of SIT and Omalizumab was performed in
grass- and birch-pollen allergic children and adolescents in
Germany (8, 9).

Children and adolescents (n = 221; age 6-17 years) with a
clinical history of at least 2 years of birch- and grass-pollen-
induced allergic rhinitis were included in this trial. All
patients received subcutaneous specific immunotherapy (SIT)
with either birch pollen (group A + B) or grass pollen
(group C + D). After completion of the SIT titration phase
(12 weeks), either placebo (group A + C) or Omalizumab
(group B + D) was added 4 weeks before the start of the
birch-pollen season and continued throughout the grass-
pollen season. The initial aim of this intervention was to clarify,

if there might be an additional effect of Omalizumab treat-
ment in patients already receiving SIT. At the beginning of
this trial, there was a doubtful discussion about whether an
anti-IgE-antibody might work or not. Quizzical reservation
was based on the argument that anti-IgE intervene at the end
of the allergic cascade. However, the results of the first clini-
cal trial were overwhelming: Children in the Omalizumab
group showed a reduction in their symptom load over the
pollen seasons by 48% (P < 0.001) over SIT alone (Fig. 2).
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Figure 2 Symptom severity score in children and adolescents trea-
ted with specific immunotherapy to birch or grass pollen in combi-
nation with Omalizumab or placebo [adapted from Ref. (8)].
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Noteworthy, the protective effect of Omalizumab was inde-
pendent of the type of allergen. This conclusion can be drawn
looking at the symptom load during the grass-pollen season
in the different groups: while children receiving ‘unrelated’
(birch)-SIT + placebo had a symptom load of 0.89 (reference
value), children treated with ‘unrelated’ (birch)-SIT + Oma-
lizumab had a symptom load of 0.49 (—45%) compared to
SIT-grass + placebo 0.61 (=32%) and SIT-grass + Oma-
lizumab 0.26 (=71%). Moreover, rescue medication use, num-
ber of days with symptoms, and symptom severity were
significantly lower in the SIT plus Omalizumab groups com-
pared with SIT alone (8, 9). The authors concluded that
additional clinical benefit of Omalizumab was demonstrated
in both pollen seasons, whether covered by SIT or not.

In addition, the association of IgE levels with symptom
load during the pollen season in patients with or without
anti-IgE therapy was assessed. Clinical results during the
grass-pollen season were compared between reference group,
who were treated with SIT with an irrelevant allergen (SIT
birch + placebo), and children additionally receiving Oma-
lizumab treatment (SIT birch + Omalizumab). Patients with
high baseline-specific grass-pollen IgE (> 50 kU/l) had a sig-
nificantly higher symptom load compared to those with low
IgE levels (<50 kU/I; P = 0.015). In patients who received
Omalizumab, no association between baseline IgE levels and
symptom load was observable (10).

As Omalizumab suppresses the IgE-mediated release of
inflammatory mediators, the question arises whether the
effect of Omalizumab can be quantified by measuring the
leukotriene release. Therefore, the effect of Omalizumab in
addition to SIT in children with seasonal allergic rhinitis on
in vitro release of sulfido-leukotrienes (SLT) was studied.
Combination of both, Omalizumab + SIT-grass and Oma-
lizumab + SIT birch, resulted in significant lower SLT
release after stimulation with the corresponding allergen com-
pared to placebo + SIT (P = 0.001) (5). One year after
Omalizumab therapy, there was no significant difference in
SLT release between the groups (6). These results showed
that parallel to the clinical effect, SLT release reflects the
treatment effect of Omalizumab and might therefore be
particularly attractive for monitoring Omalizumab therapy
(5). Moreover, the combination of Omalizumab and SIT
was associated with decreased eosinophilic cationic protein
(ECP) and tryptase levels in nasal secretions in this popula-
tion (11).

Long-term efficacy of Omalizumab and SIT

For subcutaneous SIT (SCIT), long-term efficacy even years
after termination is documented (12, 13). Furthermore, clini-
cal trials in children and adolescents revealed that SCIT may
prevent new sensitization and reduce the development of
asthma in patients with allergic rhinitis (14, 15). The rational
of potential long-term effects of SIT + Omalizumab treat-
ment is that this combination might offer synergistic effects
that neither method provides separately. The results of the
clinical trial of Casale et al. (16) revealed that individuals
receiving Omalizumab and SIT had reduced symptom scores
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compared with those receiving SIT alone. Klunker et al. (17)
studied in a subgroup of patients of this clinical trial whether
the combination of SIT and Omalizumab has a cumulative
effect on the inhibition of facilitated antigen presentation.
They observed that ragweed immunotherapy induced serum
regulatory antibodies that partially blocked binding of aller-
gen—IgE complexes to B cells. Treatment with Omalizumab,
which blocked IgE binding to the low-affinity IgE receptor
FceRII directly, inhibited allergen-IgE binding completely.
Combined treatment resulted in prolonged inhibition of aller-
gen—IgE binding compared with either treatment alone. This
might be the immunological basis for enhanced clinical effi-
cacy. However, up to now, there are no published data about
long-term effects of a combined therapy of SIT and Oma-
lizumab which support these immunological findings.

Pretreatment with Omalizumab reduces systemic
side-effects of SIT

While the first clinical trial applied a study protocol which
added Omalizumab after the up dosing phase of SIT, a
second randomized double-blind, placebo-controlled (DBPC)
trial in ragweed-allergic adults (n = 159) set the Omalizumab
treatment prior to SIT (16). Four groups were enrolled
(Fig. 3), who received either SIT or Omalizumab alone +
placebo, or a combination of SIT and Omalizumab or Pla-
cebo combined with Placebo. A 9-week pretreatment period
with Omalizumab was performed. Subsequently, a 1-day
course of rush immunotherapy (RIT) was completed at least
3 weeks before the start of the ragweed season. RIT was per-
formed by six injections of either placebo or aqueous allergen
extract, starting with a diluted solution containing 0.012 pg
of Amb a 1. Patients received over a 3-hour period a
maximum 1.2 pg of Amb a 1, which is of 100-fold greater
dose. This rush protocol intended a rapid increase in the
administered allergen dosage, which might be chosen to pro-
voke side-effects of SIT. Not surprisingly, a high number of
side-effects and even systemic side-effects were noted in
patients, who received SIT + placebo. Of note, pretreatment
with Omalizumab resulted in a fivefold decrease in risk of
anaphylaxis (odds ratio, 0.17; P = 0.026). Altogether, 20.5%
of the patients in the immunotherapy-only group received
epinephrine for allergic-like reactions during rush immuno-
therapy. Serious adverse events during rush immunotherapy
were present in 2.6% for the Omalizumab plus immuno-
therapy patients, 0% for Omalizumab-only, 15% for immu-
notherapy-only, and 5% for the placebo-only patients. These
data suggest that pretreatment of Omalizumab may be an
effective option to apply higher doses of allergen immuno-
therapy more rapidly in a safe way to patients with allergic
diseases. Moreover, Omalizumab might be also a treatment
option in patients who failed to achieve the intended mainte-
nance dose of SIT or who failed to be treated with SIT
because of severe systemic side-effects. This might be of
specific relevance in adult patients with hymenoptera venom
anaphylaxis, where SIT is an established therapeutic option
but adverse reactions and anaphylaxis may lead to with-
drawal of treatment in some patients. Up to now, there is no
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Figure 3 Study design of the clinical trial which demonstrated that Omalizumab pretreatment decreases acute reactions after rush immuno-

therapy for ragweed-induced seasonal allergic rhinitis.

controlled clinical trial about the use of Omalizumab in
patients receiving venom-specific immunotherapy. However,
published case reports suggest that in patients, who experi-
enced a systemic allergic reaction following a bee or vasp
venom sting and who failed to tolerate specific immuno-
therapy, co-administration of Omalizumab was able to pre-
vent anaphylaxis during venom-specific immunotherapy (18,
19). These observations need to be established in phase-3
clinical trials.

Omalizumab and SIT is effective in patients with
asthma

Recently, a randomized DBPC trial took a step forward
involving patients with seasonal allergic rhinoconjunctivitis
and co-morbid seasonal mild-moderate allergic asthma. A
total of 140 patients (age 11-46 years) were randomized, of
those 130 finished the study. In this trial, again treatment
with Omalizumab prior to and during rush SIT resulted in
more favorable results for the combination therapy when
compared with SIT alone (20). A significant reduction of
39% in symptom load was observed in favor of SIT plus
Omalizumab compared with SIT alone (P = 0.04). The com-
bination therapy also reduced asthma-related impairments in
the activities of daily living and improved lung function to a
larger extent compared with SIT alone. Global evaluations of
treatment effectiveness on asthma control by both investiga-
tors and patients were in favor of SIT plus Omalizumab
compared with SIT alone. The clinical implication of these
findings is that patients with moderate-to-severe allergic

asthma pretreated with Omalizumab might also benefit in the
future from SIT as a causal treatment option (20).

Very recently, Casale et al. extended these findings and
evaluated the tolerability of specific immunotherapy after
pretreatment with Omalizumab or placebo in patients with
symptomatic persistent asthma (n = 248) not adequately
controlled with inhaled corticosteroids (21). After randomiza-
tion to treatment with Omalizumab or placebo, patients
received SIT to at least one of three perennial aeroallergens
(cat, dog, and house-dust mite). The primary endpoint of this
trial was a systemic allergic reaction after immunotherapy.
Overall, 13.5% of patients treated with Omalizumab showed
systemic allergic reactions to immunotherapy compared to
26.2% in those receiving placebo (P = 0.017). In addition,
fewer respiratory-related systemic allergic reactions were
observed (6 vs 24, respectively), and more patients were able
to reach the target maintenance immunotherapy dose (87.3%
vs 72.1%; P = 0.004) in the Omalizumab group compared to
placebo (21).

These two clinical trials demonstrate that Omalizumab
might be a safe and efficacious therapeutic option also in
patients with allergic asthma.

Alternative immunmodulators

Alternative strategies to improve the immunological and clin-
ical responses in SIT-treated allergic patients comprise the
activation of the innate immune system through TLR agon-
ists. Pollinex Quattro is a glutaraldehyde-modified allergoid
with the addition of the TLR-4 agonist MPL, a nontoxic
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derivate of the lipopolysaccharide (LPS) of Salmonella Min-
nesota R595 (22). TLRs are an important member of the
family of pattern recognition receptors, which are crucial for
the innate immune response. TLR is able to recognize con-
served motifs which are predominantly found in microorgan-
isms but not in vertebrates. In response to various pathogens,
TLR activation induces predominantly a TH1 and regulatory
T-cell response (23). Immunological studies showed a reduced
B-cell activation, i.e. a decrease in CD23, CD54, and HLA-
DR-II expression in isolated B cells of treated patients (24).
In addition, Stuck et al. observed a significant decrease in
IL-4 and IL-5 and increase in interferon-gamma release
(reviewed in Ref. 22).

Up to now, one placebo-controlled, randomized, double-
blind clinical trial was performed with grass-pollen extract
containing MPL adjuvant. This study demonstrated a statisti-
cal significant advantage in favor of the active treatment for
symptom and medication scores (P = 0.013) in patients
(n = 141) with seasonal allergic rhinitis and sensitization to
grass pollens (25). The clinical results were paralleled by an
increase in grass-pollen-specific IgG antibody (P < 0.01).
The authors concluded that this allergy vaccine containing
MPL as a Thl-inducing adjuvant was safe and efficacious.
Moreover, only four preseasonal injections produced signifi-
cant changes grass-pollen-specific IgG levels normally
associated with long injection schedules. A second placebo-
controlled, randomized, double-blind clinical trial was
recently finished and will be published soon (personal com-
munication). Significant improvement of symptom and medi-
cation scores was additionally demonstrated in open-labeled
clinical trials and postmarketing surveys in adults and
children (26, 27). However, up to now, no head-to-head com-
parison between SIT + MPL adjuvant and SIT alone has
been performed. Therefore, the significance of SIT + MPL
adjuvant in comparison with standard SIT needs further
evaluation.

Besides the use of MPL as adjuvant, there are several
additional strategies to use TLR agonists to meliorate the
efficacy of SIT. One of these concepts comprises the combi-
nation of SIT with a phosphorothioate oligodeoxyribonucleo-
tide immunostimulatory sequence of DNA containing a CpG
motif. The immunostimulatory sequence interacts with the
toll-like receptor 9 (TLRY9) and inhibits the type 2 helper T
(Th2) immune response. Recently, a small, placebo-controlled
clinical trial was performed, and ragweed allergic patients
(n = 25) were immunized with a six-injection regimen with
Amb a | in combination with immunostimulatory oligo-
deoxyribonucleotide conjugate (AIC) (28). Compared to pla-
cebo, the AIC group had lower peak-season daily nasal
symptom diary scores (P = 0.02), and better midseason over-
all quality-of-life scores (P = 0.05). The clinical improve-
ments in the AIC group when compared with the placebo
group were maintained through the subsequent ragweed sea-
son. However, a recently initiated clinical trial was discontin-
ued after interim analysis, which revealed no significant
differences between verum- and placebo-treated patients, pre-
sumably because of only minimal ragweed-induced symptoms
in both, the placebo and the verum group (29).
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A single centre, open-label phase I/Ila study evaluated the
safety, tolerability, and clinical efficacy of CpG immunostim-
ulatory sequence (A-type CpG ODN) included into virus-like
particles as an adjuvant to SIT with a house-dust mite extract
(29). This regime was well tolerated (n = 20 patients), and
symptoms of rhinitis and allergic asthma were significantly
reduced. All patients achieved almost complete alleviation of
allergy symptoms after 10 weeks of SIT. Large-scale phase 3
studies will be needed to determine the role of house-dust
mite allergen together with A-type CpG ODN packaged into
virus-like particles (30).

Summary and conclusion

With increased understanding of the pathogenesis of respira-
tory allergies at a molecular and immunological level, a num-
ber of immunmodulatory treatments have been identified and
tested for their ability to provide long-term control and medi-
cation-sparing effects. Apart from the alternate routes of
immunotherapy, additional approaches to SIT include the
use of allergoids, recombinant allergens, and the use of pep-
tide fragments of corresponding T-cell epitopes of the specific
allergen. Immunmodulators in addition to standard immuno-
therapy aim to achieve an increase in regulatory T cells and/
or a reduction of TH2 cytokine production and/or a reduc-
tion of mediators of the allergic immune response. However,
the guideline of all new approaches is enhanced efficacy and
safety demonstrated in proper performed clinical trials.
Several new immunmodulatory techniques targeting specific
immunological mechanisms of respiratory allergies are cur-
rently under clinical evaluation, i.e., strategies to use TLR
agonists to upgrade the efficacy of SIT. The TLR-4 agonist
MPL as adjuvans to allergoids has been shown to improve
symptom and medication scores significantly over placebo.
However, up to now, no head-to-head comparison between
SIT + MPL adjuvant and SIT alone has been performed.
The most advanced of the new immunmodulatory techniques
is the addition of Omalizumab to standard SIT therapy. The
results of four double-blind, placebo-controlled clinical trials
showed that the combination of Omalizumab and SIT is safe
and clinically more effective than SIT alone during the first
year of treatment (8, 16, 20, 21, 31). Moreover, administra-
tion of Omalizumab prior to SIT reduces the risk of
SIT-induced systemic IgE-mediated reactions. Omalizumab
and SIT is also effective in patients with mild-to-moderate
allergic asthma. The results of this proof of concept trials
must now be broadened in subsequent studies to patients
with severe asthma. Moreover, potential long-term effects of
Omalizumab and SIT need further clarifications.
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