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a range of allergens could possibly maintain a constant de-
granulation of mast cells present in the polyp tissue, which 
may contribute to disease severity. We here discuss a proof-
of-concept treatment trial with omalizumab in nasal polypo-
sis, which – in case of a positive therapeutic response – would 
also pave the way for anti-IgE treatment approaches for se-
vere non-atopic lower airway disease.

  Copyright © 2008 S. Karger AG, Basel

  Introduction

  In both allergic rhinitis and nasal polyposis, IgE is in-
creased in diseased mucosal tissue and (frequently) also 
in the serum of patients. Whereas the role of IgE in type-
1 allergic diseases has been clarified, with IgE cross-link-
ing inducing the degranulation of basophils and mast 
cells upon contact with an allergen, in nasal polyps the 
role of IgE remains to be elucidated. We recently de-
scribed a multiclonal IgE response to superantigens in 
nasal polyp tissue, which is partially reflected in the pe-
riphery  [1–3] ; how far IgE and mast cell degranulation 
contribute to this disease still needs to be clarified.

  Clinically, natural allergen exposure – either perenni-
ally or seasonally – or artificial allergen exposure in nasal 
provocation studies evokes the typical symptoms in al-
lergic rhinitis patients, consisting of sneezing, itching, se-
cretion and obstruction. Also, typical mediators such as 
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  Abstract

  In allergic rhinitis, cross-linking of IgE molecules upon aller-
gen contact induces degranulation of mast cells and baso-
phils within the mucosal tissue and results in the release of 
typical mediators, which consecutively induce the well-
known symptoms. Omalizumab counteracts these interac-
tions by reducing serum levels of free IgE. Therapy targeted 
at IgE also interferes with its binding to the low-affinity
receptors inhibiting the amplification of the Th 2 -type re-
sponse. Treatment of allergic rhinitis with anti-IgE has been 
shown to be safe and to reduce specific symptoms. Further-
more, the combination of omalizumab with specific immu-
notherapy may not only increase efficacy but also safety in 
selected patients. Therefore, we reviewed previously pub-
lished studies on omalizumab therapy in allergic rhinitis, ei-
ther as monotherapy or in combination with immunothera-
py. In patients with nasal polyps, a local multiclonal IgE 
response has recently been described, initiated by  Staphylo-
coccus aureus -derived enterotoxins, which at least modifies 
the inflammatory reaction within the tissue. Evidence accu-
mulates that these enterotoxins act as superantigens result-
ing in a multiclonal T- and B-cell activation with massive IgE 
formation within the airways. Because of the multiclonality, 
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histamine, leukotrienes and prostaglandins have been 
found to be increased in nasal secretions of sensitized pa-
tients due to both natural and artificial exposure  [4–6] , 
whereas IgE-negative subjects normally do not respond 
to the allergen. However, patients with nasal polyps – 
even those with a positive skin test – do obviously not 
respond to allergen exposure during the season, neither 
with symptoms nor with mediator release  [7] .

  Levels of circulating allergen-specific IgE have been 
shown to be correlated with symptom scores in highly 
sensitive allergic rhinitis patients  [8] , and IgE itself regu-
lates the expression of Fc � R1 receptors on mast cells and 
basophils. High IgE levels will result in a greatly en-
hanced surface expression of Fc � R1 receptors on mast 
cells and basophils  [8–11] . Long-term treatment with 
omalizumab reduces the density of high-affinity Fc � R1 
receptors, and, consecutively, less IgE is bound. Further-
more, low-affinity receptors (Fc � R2 or CD23) are ex-
pressed on monocytes, macrophages, lymphocytes, and 
epithelial and dendritic cells, and recognize and bind IgE. 
Cross-linking of mast cell-bound IgE by an allergen re-
sults in activation of these cells leading to immediate
hypersensitivity responses. IgE has been ascribed an im-
portant role in T-cell responsiveness since antigen-IgE 
complexes have been shown to increase the antigen-pre-
senting capacity of B cells  [12]  and to amplify the T-cell 
response to allergen, mostly mediated through the low-
affinity IgE receptor  [12, 13] . Therapy targeted at IgE in-
terferes with its binding to the low-affinity receptors and, 
in the long-term, indirectly to the high-affinity receptors, 
inhibiting the amplification of a Th 2 -type response. 
Through inhibition of mast cell degranulation it also re-
duces airway responses at several stages of the allergic 
reaction (in acute allergic reactions, which develop with-
in seconds or minutes of allergen exposure, and in late-
phase reactions, which develop within hours after aller-
gen exposure)  [13] , and has been shown to reduce allergic 
rhinitis symptoms successfully  [14, 15] . 

  In contrast, the use of anti-IgE in nasal polyposis is a 
new approach, unrelated to atopy and, if proven effective, 
would clearly add a new perspective to the anti-IgE treat-
ment approach not only for nasal polyps; this approach 
could be also of relevance for severe asthma, which shares 
multiclonal IgE formation and an immune response to 
staphylococcal enterotoxins  [2] . We here review the cur-
rent studies on omalizumab in allergic rhinitis, both as 
monotherapy and in combination with specific immuno-
therapy (SIT), and provide a rationale for the treatment 
of multiclonal IgE in nasal polyp disease. 

  Allergic Rhinitis and Omalizumab: Rationale and 

Mode of Action

  Allergic rhinitis is the most common clinical presen-
tation of atopic disease  [16] ; estimates of the prevalence 
of allergic rhinitis in Europe range from 9 to 42%  [17] . 
Currently, its treatment consists of allergen avoidance 
measurements, pharmacologic interventions like anti-
histamines and corticosteroids, and immunotherapy 
(IT), which provide relief of symptoms but are often in-
sufficient to totally control the disease or may be associ-
ated with significant side effects. Therefore, the search for 
an effective and safe treatment of allergic rhinitis is thus 
not completed.

  In an IgE-mediated type I hypersensitivity reaction 
such as allergic rhinitis, IgE attaches to inflammatory 
cells like mast cells, basophils and dendritic cells, with 
the Fc portion of the IgE binding to the Fc �  receptors. 
Two types of receptors mediate the biological activities of 
IgE: a high- (Fc � R1) and a low-affinity receptor (Fc � R2 
or CD23). In allergic patients, mast cells express an in-
creased number of Fc � R1 receptors. Inhaled allergens 
bind to IgE on the surface of mast cells and basophils, 
inducing cross-linkage of IgE and aggregation of Fc � R1, 
and triggering the release of histamines, leukotrienes and 
other inflammatory mediators, leading to the onset of al-
lergic symptoms  [4, 18] . Following antigen presentation 
by the antigen-presenting cells to Th 2  cells, Th 2  cells will 
release mediators like IL-4 that will stimulate allergen-
specific B cells (which are also stimulated through the 
B-cell antigen receptor) leading to differentiation of B 
cells into IgE-secreting plasma cells  [18] . Further contact 
will result in the production of IgE that will bind to the 
high-affinity IgE receptors of the mast cells and basophils 
and the low-affinity IgE receptors on several cells (B, T, 
Langerhans and dendritic cells, macrophages, mono-
cytes, platelets, neutrophils and eosinophils)  [18, 19] . Act-
ing mostly through Fc � R2, IgE appears to play a role in 
the induction of a Th 2 -type response  [19]  and forms part 
of a positive feedback loop leading to further increases in 
IgE and airway eosinophilia  [13] . 

  Omalizumab (rhuMAb-E25) is a recombinant hu-
manized IgG1 monoclonal antibody derived from the 
murine antibody MAE11. It specifically binds to the high-
affinity Fc � R1 domain of free circulating IgE, but not to 
IgG or IgA  [16] , and thus prevents binding of free serum 
IgE to mast cells and other effector cells. Omalizumab 
causes a rapid decrease in serum IgE levels, reduces free 
IgE levels and downregulates the expression of IgE recep-
tors (Fc � R1) on mast cells and basophils  [9, 16, 20–25] . 
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Furthermore, a significant decrease in surface Fc � R1 ex-
pression caused by omalizumab is also seen on dendritic 
cells, which are potent antigen-presenting cells. In both 
basophils and dendritic cells, the decrease in Fc � R1 ex-
pression is proportional to the reduction in serum free 
IgE  [26] . The downregulation of Fc � R1 on basophils can 
be explained by two mechanisms: (1) anti-IgE captures 
IgE molecules, after which free IgE molecules become too 
sparse to bind the receptors, or (2) unoccupied receptors 
on basophils are endocytosed and not replenished. Baso-
phils have a life span of about 2 weeks; thus, in longer 
terms, the old pool of basophils in the blood is replaced 
by a new basophil pool that, because of the low free IgE 
levels, has not gone through upregulation of Fc � R1  [27] . 
In skin mast cells, omalizumab also induces a downregu-
lation of Fc � R1 receptors, but in contrast to basophils the 
time course for the decrease in Fc � R1 expression in mast 
cells is slower  [28] . The decrease in Fc � R1 expression in 
skin mast cells is associated with a decrease in the acute 
wheal size after the allergen skin test  [28] . Results of a 
study by Ong et al.  [29]  showed a more marked effect of 
anti-IgE treatment on late-phase reactions and preven-
tion of the repeat-dose priming effect on inflammatory 
cells compared with early-phase skin reactions. This sup-
ports a role for omalizumab in chronic allergic condi-
tions. By downregulating Fc � R1 expression, anti-IgE 
might inhibit allergen presentation to T cells, possibly re-
sulting in decreased allergen-specific T-cell activation, 
thus being able to block both the sensitization and effec-
tor phases of allergen-specific immune responses  [10, 26] . 
Omalizumab also inhibits in vitro allergen-induced IgE 
synthesis by peripheral blood mononuclear leukocytes 
from atopic volunteers  [4, 16] .  Figure 1  summarizes the 
effect of omalizumab on the allergic cascade. 

  Total serum IgE and allergen-specific total serum IgE 
increase during treatment with omalizumab because of 
the formation of omalizumab-IgE complexes with a lon-
ger serum half-life than free IgE  [16] . Immune complexes 
are generally considered harmful; however, these im-
mune complexes did not cause serum sickness, inflam-
mation or other adverse events  [27] . In fact, Chang  [27]  
suggested that these IgE-anti-IgE complexes are in fact 
beneficial, because, although they can no longer bind to 
Fc � R1, they can still bind to allergens and serve as com-
petitive inhibitors reducing the contact of the allergens 
with Fc � R1-bound IgE. Omalizumab does not provoke 
histamine release from IgE-sensitized mast cells because 
it does not interact with cell-bound IgE. Finally, omaliz-
umab will inhibit allergen-induced responses regardless 
of allergen specificity because omalizumab does not bind 

to the variable allergen-specific region of the IgE mole-
cule  [10] .

  In patients with allergic rhinitis, anti-IgE reduces in 
vitro leukotriene release by peripheral leukocytes stimu-
lated with allergen, showing a decrease in mediator re-
lease by effector cells  [30] . The concentration of tryptase 
(a mast cell mediator) in nasal secretions was significant-
ly lower in anti-IgE-treated patients compared to placebo-
treated patients  [5] . Blood eosinophils and eosinophils in 
nasal tissue were present in significantly lower numbers 
in omalizumab-treated allergic rhinitis patients than in 
placebo-treated patients during pollen exposure. A sig-
nificant correlation between blood and tissue eosinophil 
levels and serum free IgE levels was found  [25] . This could 
partly be explained by the fact that omalizumab prevents 
mast cell activation and the release of cytokines (e.g. IL-5) 
and inhibits subsequent eosinophil chemotaxis  [10] . 

  Suppression of serum free IgE to the lowest levels of 
detection requires a ratio of approximately 10–15:   1 oma -
 lizumab/total IgE (free IgE and complexed IgE). Thus, 
doses and dosing frequency should be based on the total 
serum IgE level measured at the start of treatment and 
body weight. Steady-state concentrations of total oma -
 lizumab are generally achieved by days 14–28 after sub-
cutaneous and intravenous administration, respectively. 
After multiple-dose subcutaneous or intravenous ad-
ministration of omalizumab, total omalizumab clear-
ance is slow, with a mean half-life of 2.9 weeks. Oma -
 lizumab was found to be most concentrated in serum; no 
specific organ deposition was observed, and no antibod-
ies against omalizumab were detected  [16] . Immune com-
plexes are eliminated by urinary excretion  [31] . Although 
both the subcutaneous and the intravenous routes were 
effective, aerosolized anti-IgE did not suppress serum IgE 
levels and did not alter asthmatic response to allergen  [22, 
32, 33] . Thus, the administration of aerosolized oma -
 lizumab is not considered to be useful. Furthermore, one 
individual treated with aerosolized omalizumab devel-
oped antibodies against omalizumab  [33] . The effect of 
omalizumab on allergen-induced nasal response was 
measurable within 2 weeks  [24] . To protect patients from 
allergic symptoms during the pollen season, administra-
tion of omalizumab should start at least 1 week before 
and continue throughout the pollen season  [34] . 

  Two studies were conducted to assess the efficacy of 
omalizumab after nasal allergen challenge in allergic rhi-
nitis patients  [4, 24] . In both studies, nasal response to 
allergen challenge was inhibited compared to the placebo 
group. Omalizumab induced a significant decrease in 
TNF- �  levels in the pre-challenge nasal lavage fluid, sug-
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gesting an anti-inflammatory effect  [4] . Additionally, the 
increase in human serum albumin in the nasal lavage flu-
id after allergen challenge was also inhibited after oma-
lizumab treatment. This indicated that the effect of oma-
lizumab could partly be caused by preventing the in-
crease in vascular permeability, which is commonly seen 
after allergen challenge due to the inflammation  [4] .

  Results from Clinical Studies in Allergic Rhinitis

  In 1997, Casale et al.  [16]  included 240 subjects with 
ragweed-induced allergic rhinitis, who were divided into 
five treatment groups. One hundred eighty-one subjects 
received first an intravenous loading dose of omalizumab 
and then 0.15 mg/kg s.c. or 0.15 or 0.5 mg/kg i.v. for a 84-
day treatment period followed by a 42-day observation pe-
riod. A subcutaneous and an intravenous placebo group 
were included. Omalizumab decreased serum free IgE in 
a dose-dependent manner, and symptom scores correlated 
with ragweed-specific IgE levels. Only 11 subjects had sup-
pression of IgE levels to undetectable levels; however, this 
sample was too small to demonstrate significant differ-
ences and clinical efficacy. Although no significant effect 
of anti-IgE was measured on symptom scores, the results 
suggested that omalizumab, given at an adequate dose, 
should be an effective treatment for allergic rhinitis.

  Based on the results of this study, a second large mul-
ticenter study  [14]  including 536 patients with moderate-
severe ragweed-induced allergic rhinitis was conducted 
to compare three subcutaneous doses of omalizumab (50, 
150 and 300 mg s.c.) with placebo. The administration 
schedule was based on baseline IgE levels. Patients with 
serum IgE levels of 30–150 IU/ml received omalizumab 
treatment in weeks 0, 4 and 8, and those with IgE levels 
of 151–700 IU/ml received treatment in weeks 0, 3, 6 and 
9. Treatment was started approximately 2 weeks before 
the onset of the ragweed pollen season. The mean daily 
nasal symptom severity scores rose with pollen counts in 
patients receiving placebo, but did not increase during 
the ragweed season in patients receiving 300 mg of oma -
 lizumab. The difference between these two groups was 
statistically significant. Furthermore, the need for rescue 
medication was lower in the patients treated with 300 mg 
omalizumab compared with the placebo group, and the 
rhinitis-related quality of life scores were better in pa-
tients who received 300 mg of omalizumab than in the 
other groups. No difference between treatment groups 
was seen in the overall incidence of adverse events. This 
study provided clinical evidence that lowering systemic 

free IgE levels is effective in the treatment of seasonal al-
lergic rhinitis. Additionally, in patients who were treated 
with omalizumab, the number of days the patients missed 
work, school or both decreased 75% compared with the 
placebo group, adding an important pharmacoeconomic 
aspect to the benefit of omalizumab treatment. 

  An extension of this study in patients treated with 300 
mg s.c. omalizumab injections was done to assess wheth-
er omalizumab could be safely re-administered after 
treatment had been discontinued for a prolonged period 
 [35, 36] . The incidence of adverse events was similar to 
that reported in the previous study: no serious adverse 
events related to omalizumab occurred, and injection site 
reactions were few and mild. No anti-omalizumab anti-
bodies were detected. Thus, retreatment with omalizu -
 mab during a second pollen season was well tolerated, 
and no significant immunologic reactions occurred.

  Ädelroth et al.  [15]  conducted a study in 251 patients 
with birch pollen-allergic rhinitis who received oma-
lizumab or placebo treatment during the birch pollen 
season. A dose of 300 mg of omalizumab was given sub-
cutaneously twice monthly (baseline serum IgE level 
 ̂  150 IU/ml) or 3 times at 3-week intervals (baseline se-
rum IgE level  1 150 IU/ml) in order to achieve a reduction 
in free IgE levels below 25 ng/ml, as suggested by Casale 
et al.  [14] . Average daily nasal symptom severity scores, 
concomitant medication use and rhinitis-related quality 
of life was significantly better in the omalizumab group 
compared to the placebo group. Serum-free IgE levels 
were markedly lower in omalizumab-treated subjects, 
and this study also found an association between free IgE 
levels and data on clinical effectiveness. Omalizumab 
was well tolerated and no anti-omalizumab antibodies 
were detected. Unfortunately, the birch pollen season 
started early, causing pollen exposure to coincide with or 
precede the first dose of trial medication, which may have 
masked some of the beneficial effects of omalizumab.

  Finally, 289 patients with moderate-severe perennial 
allergic rhinitis were treated with subcutaneous omali-
zumab [at least 0.016 mg/kg/IgE (IU/ml) per 4 weeks] or 
placebo over 16 weeks. The mean daily nasal severity 
score was significantly lower in omalizumab-treated pa-
tients throughout the 16 weeks of treatment. Compared 
to placebo, omalizumab significantly reduced rescue an-
tihistamines and improved rhinitis-related quality of life. 
Omalizumab was again safe and well tolerated  [37] . For 
an overview on studies performed with omalizumab 
monotherapy in allergic rhinitis, please refer to  table 1 . 

  Omalizumab is a treatment that targets a common fac-
tor (IgE) in allergic rhinitis and asthma, serving as a sys-
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temic approach to both, upper and lower airway disease. 
Results from a Cochrane review  [22]  including mild-se-
vere allergic asthmatic patients with high levels of IgE con-
sequently showed a significant reduction in free IgE after 
treatment with intravenous or subcutaneous omalizumab 
compared to treatment with placebo. Clinically, omalizu-
mab consistently reduced asthma exacerbations and ste-
roid requirement in allergic asthmatics  [22, 32, 34, 38] . 
Thus, patients with persistent allergic rhinitis concomitant 
with asthma might represent a target group, in which 
omalizumab is well tolerated and effective in preventing 
asthma exacerbations and improving quality of life. With 
this concept, Vignola et al.  [21]  studied a group of 405 pa-
tients with moderate-severe asthma concomitant with 
persistent allergic rhinitis in a multicenter, randomized, 
double-blind, parallel-group, placebo-controlled trial. Sig-

nificantly fewer patients treated with omalizumab experi-
enced asthma exacerbations compared with placebo-treat-
ed patients. A clinically relevant and statistically signifi-
cant improvement in both asthma and rhinitis quality of 
life questionnaires occurred in a higher percentage of the 
omalizumab patients than the placebo patients.

  Discontinuation of omalizumab treatment is associ-
ated with increases in circulating free IgE within 8 weeks 
compared to baseline levels  [16, 22] . A recent study by 
Corren et al.  [39]  showed that an initial effect of high-
dose treatment with omalizumab was not fully main-
tained during dose reduction, and returned to baseline 
after discontinuation of treatment. Since it does not com-
pletely inhibit the sensitization phase or induce allergen-
specific immune tolerance, anti-IgE is not a curative ap-
proach  [32] . This implies that treatment should be per-

  Table 1.  Clinical studies with omalizumab in AR

 Study  Patients  Outcome: efficacy  Outcome: AE 

 Casale
  et al. [16]
  (1997) 

 240 subjects with ragweed AR
  comparison omalizumab-placebo 

 dose-dependent  f  in serum free IgE
  correlation between symptoms and IgE levels 

 no severe or serious AE related to
  omalizumab
  no difference in AE between study groups 

 Casale
  et al. [14]
  (2001) 

 536 subjects with ragweed AR
  comparison omalizumab-placebo 

 significant association between IgE reduction, 
nasal symptoms and rescue medication use; 
significantly lower NSSS, lower need for
  rescue medication, better RRQoL scores,
  75% reduction in days missed from work in
  patients receiving 300 mg omalizumab 

 no difference in AE between study groups
  no anti-omalizumab antibodies were
  detected 

 Nayak
  et al. [36]
  (2003) 

 retreatment of 287 subjects with 
 ragweed AR 

  f  in serum free IgE levels  no severe or serious AE related to
  omalizumab
  no anti-omalizumab antibodies were
  detected 

 Ädelroth
  et al. [15]
  (2000) 

 251 patients with birch pollen AR
  comparison omalizumab-placebo 

  f  serum free IgE levels with omalizumab
  association between free IgE levels and clinical 
outcome 
  mean daily NSSS, concomitant medication use, 
RRQoL was significantly better with
  omalizumab 

 no difference in AE between study groups
  no anti-omalizumab antibodies were
  detected 

 Chervinsky
  et al. [37]
  (2003) 

 289 subjects with perennial AR
  comparison omalizumab-placebo 

 significantly lower NSSS and rescue
  antihistamines; improved RRQoL in the
  omalizumab group
  patient evaluation of efficacy significantly
  favored omalizumab 

 no difference in AE between study groups 

 Vignola
  et al. [21]
  (2004) 

 405 subjects with concomitant 
 asthma and persistent AR
  comparison omalizumab-placebo 

 significant improvement in RRQoL in the 
omalizumab-treated patients 

 overall incidence of AE higher in the
  omalizumab group
  most AE were mild-moderate 
  no severe or serious AE related to
  omalizumab 

 AE = Adverse events; AR = allergic rhinitis; NSSS = nasal symptom severity scores; RRQoL = rhinitis-related quality of life. 
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manent or repeated every season, dependent on the 
symptoms, and the costs have to be weighted against the 
benefits and  the possibility of other treatments. Investi-
gations into the cost-effectiveness of omalizumab are 
lacking, but necessary. Studies comparing the effect of 
treatment with anti-IgE and other available treatment 
options for IgE-mediated airway disease are indicated 
 [22] . Furthermore, during an allergen-mediated immune 
cascade, many mediators are released, which unfortu-
nately are not targeted by anti-IgE and thus can still lead 
to the onset of allergic airway disease  [32] , as shown by 
results from a mouse model in which an anaphylactic re-
action can occur independently from IgE  [40] .

  Omalizumab is well tolerated. There is no presumed 
risk of inducing acute anaphylaxis by cross-linking IgE 
molecules, because omalizumab does not bind to IgE on 
mast cells and basophils. Adverse events following treat-
ment with omalizumab were generally mild-moderate, 
and no significant differences compared to placebo were 
found  [16, 21, 22, 32, 34] . The most frequent drug-related 
side effects were urticaria, pruritus, headache, paresthe-
sia and administration site reactions. No serious adverse 
events were suspected to be related to omalizumab. How-
ever, the safety profile of omalizumab still requires lon-
ger-term assessment  [22] . 

  In any case, caution is indicated because serious and 
life-threatening allergic reactions (anaphylaxis) have been 
reported after the administration of omalizumab, as well 
as a serum sickness-like reactions after the seventh dose 
 [41] . Possible symptoms and signs of such an allergic reac-
tion have included bronchospasm, hypotension, syncope, 
urticaria and/or angioedema of the throat or tongue, and 
some of these reactions were life-threatening. In premar-
keting clinical trials, the frequency of anaphylaxis attrib-
uted to omalizumab was estimated to be 0.1%, but in-
creased to at least 0.2% in postmarketing spontaneous re-
ports. Anaphylaxis can occur after the first dose, but has 
also occurred  1 1 year after the beginning of treatment. 
These reactions mostly occur within 2 h of administration, 
but can occur up to 24 h or even longer after subcutaneous 
injection of omalizumab. This is why omalizumab should 
only be administered after informing and educating pa-
tients about possible anaphylactic reactions and in a
healthcare setting trained to manage anaphylaxis. In ad-
dition, patients should be closely observed for an appro-
priate period of time after administration of omalizumab 
(at least 2 h after administration of omalizumab). 

  Recently, there has been some interest in neoplasia ad-
verse events because more neoplasms were reported in 
omalizumab-treated patients compared to control pa-

tients across all completed studies. However, a causal re-
lationship between omalizumab and cancer seemed un-
likely  [34] . No case of overdose has been reported. Until 
now, no safety data after long-term treatment with oma -
 lizumab are available.

  According to Casale et al.  [14] , the patients who most 
likely benefit from treatment with omalizumab are pa-
tients with moderate-severe allergic rhinitis with proven 
allergen-specific antibodies who have no sufficient re-
sponse to or do not accept anti-allergic medication, pa-
tients with compliance problems and patients unable to 
tolerate allergen IT. Finally, treatment with omalizumab 
would be beneficial in patients with comorbid allergic 
rhinitis and asthma, and is suitable for polysensitized al-
lergic patients since it is independent of allergen specific-
ity. However, at present, omalizumab is not only indicat-
ed in allergic rhinitis, but may also be used in patients 
with severe asthma and comorbid rhinitis. 

  According to the patient information, Xolair �  is indi-
cated as add-on therapy for patients aged  1 12 years with 
severe persistent allergic asthma, with a positive skin prick 
test or in vitro reactivity to permanently present aeroaller-
gens and a diminished lung function (FEV 1   ! 80%). These 
patients should regularly present symptoms during the 
day or awaken at night, and have suffered several docu-
mented serious asthma exacerbations in spite of daily 
high-dose inhalation of steroids in combination with a 
long-acting inhaled  �  2 -agonist. The treatment should be 
considered in patients with clear IgE-mediated asthma.

  Results from Combination with IT

  SIT modifies the natural history of allergic diseases 
and is considered a causal therapy in allergic disease. Ac-
cording to the ARIA (Allergic Rhinitis and Its Impact on 
Asthma) guidelines, SIT should be considered in persis-
tent disease and when the symptoms are moderate/severe 
and do not respond to conventional treatment  [42] . How-
ever, the beneficial application of allergen-specific subcu-
taneous IT is restricted especially in highly sensitized pa-
tients because of the risk of life-threatening side effects. 
In ovalbumin-sensitized mice, anti-IgE treatment 3 days 
before intradermal or intravenous injection of antigen
totally prevented the development of anaphylactic reac-
tions  [43] . Thus, anti-IgE could be combined with SIT to 
prevent systemic side effects and possibly potentiate ef-
ficacy ( table 2 ). 

  Rush IT (RIT) carries a greater risk of acute allergic 
reactions (including anaphylaxis) than standard subcu-
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taneous IT. In RIT, the accelerated dosing schedule can 
cause early increases in total and specific IgE concentra-
tions that could predispose individuals to allergic reac-
tions. The effect of omalizumab on the safety and effi-
cacy of RIT was studied in adult patients with ragweed-
allergic rhinitis. Patients were randomly assigned to one 
of four treatment groups and received either 9 weeks of 
omalizumab or placebo, followed by RIT or placebo, and 
then 12 weeks of omalizumab or placebo plus IT  [20] . Ad-
verse events associated with RIT were most frequent in 
the patient group receiving IT alone; however, between 

the other groups only small differences were observed. IT 
alone was associated with a significant increase ( 1 5-fold) 
in the risk of adverse events compared with placebo. This 
significant increase was lost when RIT was combined 
with omalizumab: the combination only carried an ap-
proximately 2-fold risk of adverse events compared with 
placebo. In addition, the efficacy of omalizumab plus
IT compared to IT alone was significantly higher. Oma-
lizumab did not affect the SIT-induced 10-fold increase 
in ragweed-specific IgG levels compared with baseline.

Th2 lymphocyte

IgE
B lymphocyte

APC

Allergen

IL-4, IL-13

IL-5, GM-CSF
Eosinophil

Cytotoxic 
proteins, 
enzymes, 

leukotrienes Histamine, tryptase, 
prostaglandins, 

leukotrienes, 
cytokines

Mast cell, 
basophil

Allergic symptoms

FcεR1, 
FcεR2 FcεR1

Influx of inflammatory cells in affected organs

FcεR2

Plasma 
cell

Serum IgE

  Fig. 1.  The impact of omalizumab on IgE-
mediated responses in allergic inflamma-
tion. APC = Antigen-presenting cell. 
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Cytokines ↑Hyper IgE ↑

Eosinophils↑
(↓ apoptosis)
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Epithelial damage

(barrier dysfunction)
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T

TB

B

P

  Fig. 2.  Pathophysiology of  S. aureus  super-
antigen-driven multiclonal IgE formation 
in nasal polyps. Enterotoxins from  S. au-
reus  act as superantigens on T lympho-
cytes and induce multiclonal B-cell activa-
tion. Release of cytokines (IL-5) from Th 2  
cells will result in an eosinophilic activa-
tion with release of eosinophilic cationic 
protein (ECP). ECP causes tissue damage, 
edema formation and albumin accumula-
tion. B-cell activation will result in the 
production of multiclonal IgE by plasma 
cells. 
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  Kopp et al.  [30]  conducted a study in 92 children with 
allergic rhinitis due to sensitization to birch and grass 
pollen. Randomized in four groups, two groups were 
treated with SIT to birch pollen, and two groups to grass 
pollen. After 12 weeks of IT, subcutaneous placebo or 
anti-IgE was added for 24 weeks. In the two groups re-
ceiving grass-specific SIT, there was a statistically signif-
icant difference in the scores for daily medication use, eye 
symptoms and mean symptom load, and in the group 
treated with birch-specific SIT and anti-IgE, the symp-
toms were significantly lower compared to the group 
treated with birch-specific SIT and placebo. The combi-
nation of anti-IgE and grass SIT, as well as anti-IgE and 
birch SIT, resulted in significantly lower in vitro sulfido-
leukotriene release in comparison to placebo combined 
with IT. This observation was made not only after stimu-

lation with the corresponding allergen, but also after 
stimulation with unrelated allergen. In response to birch 
pollen, a significant association was shown between the 
use of rescue medication, the symptom load and in vitro 
leukotriene release after therapy. An extension of this 
study  [5]  revealed that the combination of SIT and anti-
IgE is associated with the prevention of an increase in 
eosinophilic cationic protein in nasal secretions during 
the pollen season and a decrease in tryptase levels in na-
sal secretions. Tryptase was significantly lower in the 
omalizumab-treated group compared with the placebo-
treated group during and after the birch pollen season.

  In parallel to those studies, Kuehr et al.  [44]  investi-
gated the complementary action of SIT and anti-IgE in a 
randomized, double-blind trial in four treatment groups. 
Two hundred and twenty-one patients aged between 6 

  Table 2.  Clinical studies with omalizumab in combination with specific immunotherapy

 Study  Patients  Outcome: efficacy  Outcome: AE 

 Casale
  et al. [20]
  (2006) 

 159 patients with ragweed AR
  omalizumab + placebo/
  omalizumab + RIT/placebo +
  placebo/placebo + RIT 

 significant improvement in severity scores 
during the ragweed season with omalizumab
  + IT compared to IT alone 

 AE most frequent in placebo + 
IT group, no difference
  between other groups
  risk of AE significantly lower 
for the omalizumab-IT combi-
nation compared to IT alone 

 Kopp
  et al. [30]
  (2002) 

 92 children with birch and grass pollen AR
  four treatment groups: grass IT +
  omalizumab or placebo, birch IT +
  omalizumab or placebo 

 symptom load was significantly reduced in 
both omalizumab groups compared to placebo
  in vitro sulfidoleukotriene release was signifi-
cantly lower with IT + omalizumab compared 
to IT + placebo, parallel to the reduction in 
symptoms and the use of rescue medication 

 no data 

 Bez et al. [5]
  (2004) 

 225 children with birch and grass pollen AR 
  four treatment groups: grass IT +
  omalizumab or placebo, birch IT +
  omalizumab or placebo 

 combination of IT and omalizumab: no
  pollen-induced increase in ECP and decrease 
in tryptase in nasal secretions; significantly 
lower tryptase levels in the omalizumab group 

 no data 

 Kuehr
  et al. [44]
  (2002) 

 221 children with birch and grass pollen AR
  four treatment groups: grass IT +
  omalizumab or placebo, birch IT +
  omalizumab or placebo 

 significant reduction in symptom load and 
rescue medication use in the omalizumab +
  IT group compared to IT alone; omalizumab
reduced symptom load regardless of IT and 
had a protective effect independent of the type 
of allergen and additional clinical benefit to IT 

 no serious AE related to oma - 
lizumab; study drug-related AE 
were more frequent in the IT + 
omalizumab group compared 
to the IT + placebo group, but 
were mostly related to IT 

 Rolinck-
  Werninghaus
  et al. [45]
  (2004) 

 further analyses during grass pollen season 
after previous study [42]
  four treatment groups: birch IT + placebo 
(no effective treatment for grass pollen), 
birch IT + omalizumab (anti-IgE mono-
therapy), grass IT + placebo (IT mono-
therapy) or grass IT + omalizumab 

 significantly diminished rescue medication 
use and reduction in the number of symptom-
atic days with omalizumab monotherapy;
  superior efficacy of the omalizumab-IT
  combination on symptom severity compared 
to IT or omalizumab alone 

 not applicable 

 AE = Adverse events; AR = allergic rhinitis; ECP = eosinophilic cationic protein. 
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and 17 years were started on birch- or grass-specific SIT. 
Anti-IgE or placebo was added before and maintained 
during the anticipated pollen seasons for a total of 24 
weeks. Combination therapy significantly reduced symp-
tom load over the two pollen seasons compared to SIT 
alone. The numbers of days with rescue medication use 
and allergic symptoms were significantly lower in the SIT 
plus anti-IgE groups than in the placebo groups. Anti-IgE 
reliably reduced allergen-induced symptom load regard-
less of the nature of the allergen and the efficacy of con-
ventional SIT when analyzed by season. A protective ef-
fect of anti-IgE treatment was demonstrated, indepen-
dent of the type of allergen, and an additional clinical 
benefit of SIT in both pollen seasons could be seen by the 
significant decrease in symptom load during the pollen 
season for those patients receiving the relevant SIT. Fur-
ther analyses to assess the effects of the two treatment 
options on symptom severity scores and rescue medica-
tion use were performed  [45]  and showed a significantly 
diminished rescue medication use and a reduction in the 
number of symptomatic days with anti-IgE monothera-
py. The combination of omalizumab and SIT showed a 
superior effect on symptom severity compared to anti-
IgE or SIT alone.

  Recently, a 4-arm, double-blind, placebo-controlled 
study was done to test ragweed allergen IT with and with-
out omalizumab. Complete inhibition of allergen-specif-
ic IgE binding was observed in both omalizumab groups 
(p  !  0.001), where IT alone resulted in partial inhibition 
of allergen-IgE binding after 5–19 weeks of treatment 
compared with baseline (p  !  0.01). Serum ragweed-spe-
cific IgG4 was measured and only increased after IT (p  !  
0.05), both in the presence and absence of anti-IgE treat-
ment. The combination of ragweed IT and anti-IgE re-
sulted in the induction of long-lasting inhibitory anti-
body function for up to 42 weeks compared with either 
treatment alone  [46] .

  Considering the results of these studies, we can con-
clude that the combination of IT with omalizumab may 
provide important clinical benefits for highly selected pa-
tients. The efficacy of a combination of omalizumab and 
IT is higher than that of IT alone in treating symptoms of 
allergic rhinitis. Omalizumab is not allergen specific as 
opposed to IT, which makes anti-IgE especially suitable 
for treating polysensitized patients. During the first pol-
len season, patients may have incomplete control of their 
symptoms, in which case anti-IgE can be useful. Finally, 
treatment with omalizumab can be considered in some 
patients receiving SIT to reduce the risk of adverse events. 
It should be kept in mind that even though the use of the 

omalizumab-IT combination has been shown to reduce 
the number of anaphylactic reactions, anaphylaxis may 
still occur. Lanier  [47]  reported 2 cases of anaphylaxis to 
SIT while being treated with omalizumab. Furthermore, 
as discussed previously, anaphylaxis can be caused by 
omalizumab monotherapy. Therefore, it cannot be rec-
ommended as a preventive measure for anaphylaxis. 

  Rationale for Anti-IgE in Nasal Polyps and 

Perspectives

  About 4% of the general population, mostly adults  1 45 
years, are affected by nasal polyposis, and patients suffer 
from nasal congestion, loss of smell, headache and sig-
nificant impairments in daily activities. Nasal polyps are 
often bilateral and associated with non-allergic asthma 
and aspirin sensitivity. It has repeatedly been shown that 
nasal polyp patients are not more frequently atopic (skin 
test positive) than healthy controls, and allergen expo-
sure does not induce symptoms or mediator release in 
nasal polyposis  [7] . However, significantly elevated con-
centrations of IgE antibodies have been discovered in 
polyps, which were recently related to  Staphylococcus au-
reus  enterotoxins rather than atopy. Nasal polyposis is 
treated with local or systemic glucocorticosteroids, and 
often endoscopic sinus surgery is necessary; recurrence 
rates are high, with conservative or medical treatment, 
and often induce adverse events.

  Nasal polyps present as edematous masses in the nasal 
and paranasal cavities, originating from the middle me-
atus and ethmoid cells. An edematous-fibrotic tissue 
with a reduced number of vessels and glands, and virtu-
ally no neural structures, with frequent epithelial damage 
and a thickened basement membrane is seen on histo-
morphologic examination  [48] . The etiology and patho-
genesis of nasal polyposis are still not fully understood. 
A prominent local eosinophilic tissue inflammation 
characterizes these nasal polyps  [1, 48–51] . This has been 
shown to be related to IL-5  [52] , which prolongs survival 
of eosinophils. Furthermore, increased migration of eo-
sinophils via RANTES and eotaxin into the tissue, in 
combination with reduced apoptosis, may account for the 
increased cell numbers  [48] . Also, elevated levels of eo-
sinophilic cationic protein and an upregulation of cyste-
inyl-leukotriene synthesis have been described in nasal 
polyp tissue  [1, 48, 51] . Elevated levels of local total and 
specific IgE are measured in nasal polyps, and in most 
studies the number of degranulating epithelial mast cells 
in nasal polyps is high  [49, 50, 53] .
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  A recent study by Bachert et al.  [1]  suggested that 
these elevated IgE concentrations are related to the eo-
sinophilic inflammation in nasal polyp tissue, indicat-
ing a role for IgE in the pathogenesis of nasal polyposis. 
In this study, three nasal polyp groups could be defined 
based on the presence of specific IgE antibodies. No 
measurable specific IgE and low total IgE concentra-
tions were found in group 1, being in contrast to group 
2 presenting with measurable specific IgE levels and in-
creased total IgE levels. Finally, group 3 demonstrated 
multiclonal specific IgE (including IgE to  S. aureus  en-
terotoxins) and a high prevalence of asthma, pointing to 
a possible pathophysiological role of bacterial superan-
tigens  [1, 49, 50] . Evidence accumulates that  S. aureus  
colonizes nasal polyps, and enterotoxins released by 
 S. aureus  act as superantigens and induce a topical mul-
ticlonal IgE formation combined with a severe eosino-
philic inflammation  [50] .  Figure 2  depicts the  S. aureus -
induced changes resulting in multiclonal IgE formation 
and eosinophilic inflammation in nasal polyps.

  With respect to  S. aureus  superantigens, nasal polyps 
may have pathophysiologic mechanisms in common 
with asthma  [1, 3] . IgE antibodies to  S. aureus  enterotox-
ins were found in a significantly higher concentration in 
serum from patients with severe asthma compared to 
controls, suggesting a relationship between the presence 
of IgE antibodies to  S. aureus  enterotoxins and the sever-
ity of asthma  [2] . Patients with nasal polyps and comor-
bid asthma or aspirin sensitivity had even higher rates of 
colonization, higher IgE responses to  S. aureus  entero-
toxins as well as eosinophilic cationic protein and total 
IgE in nasal polyp tissue. Formation of IgE to  S. aureus  
enterotoxins in nasal polyp tissue was strongly associ-
ated with asthma in patients with nasal polyps. As the 
immune response to superantigens leads to a modula-
tion of the severity of eosinophilic inflammation, this 
may link lower airway morbidity to nasal polyposis 
 [54] .

  In experiments exposing basophils armed with spe-
cific IgE to enterotoxin B, degranulation of the cells could 
be demonstrated  [55] . Thus, enterotoxin-specific IgE an-
tibodies could contribute to the disease via the degranu-
lation of mast cells in polyp tissue as well as other IgE 
antibodies with specificities against inhalant allergens. 
Indeed, because of the multiclonality, hundreds of aller-
gens could possibly induce a constant degranulation of 
those mast cells, which is actually observed in polyp tis-
sue. Based on these observations, anti-IgE treatment 
could be expected to suppress the IgE-mediated inflam-
matory cascade in severe or recurrent nasal polyposis and 

non-atopic severe asthma, similarly to its activity in al-
lergic respiratory disorders.

  A retrospective analysis of two patient groups with 
atopic asthma and nasal polyps treated with endoscopic 
surgery was done by Penn and Mikula  [56] . The treat-
ment group (n = 4) receiving omalizumab postoperative-
ly was compared to a control group (n = 4). Both groups 
were evaluated by sinus CT and nasal endoscopic exami-
nation, and no significant improvement was seen in CT 
scores, but nasal polyp scores improved significantly in 
the group treated with omalizumab. The investigators 
also reported a correlation between nasal polyp severity 
and total serum IgE levels in the subjects collectively.

  However, there are some points of concern in the se-
lection of patients and expectations of treatment success. 
Observations of increased IgE concentrations in nasal 
polyp tissue were unrelated to skin prick test positivity, 
in contrast to allergic rhinitis. Local IgE in the polyp tis-
sue is also often unrelated to serum IgE, rendering the 
selection of patients more difficult. Local IgE levels might 
be very high, exceeding 1,000 kU/l, and difficult to de-
crease by anti-IgE treatment due to distribution proper-
ties, whereas serum IgE may be low and lead to an insuf-
ficient dose of omalizumab to be administered according 
to current recommendations. In the case of a positive re-
sponse to treatment, however, the proof of concept would 
be established and would pave the way for omalizumab 
treatment for nasal polyposis and probably also chronic 
severe non-atopic asthma. This proof-of-concept study is 
currently carried out at the Upper Airways Research Lab-
oratory of the Department of Otorhinolaryngology of the 
Ghent University Hospital. 

  Discussion and Future Prospects

  Treatment of allergic rhinitis with omalizumab has 
been shown to be beneficial regarding symptom reduc-
tion. The combination of omalizumab and SIT may offer 
increased safety in appropriate patients, in addition to an 
increase in efficacy. In nasal polyp disease, evidence ac-
cumulates that  S. aureus -derived enterotoxins act as su-
perantigens resulting in T- and B-cell activation with 
massive IgE formation. A proof-of-concept trial with 
omalizumab as treatment in patients with nasal polyps is 
currently conducted. In case of a positive therapeutic re-
sponse, this would open the door for anti-IgE treatment 
approaches for severe non-atopic lower airway disease. 

  Currently, however, there are some factors due to which 
it is unlikely that omalizumab will shortly be approved for 
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the treatment of allergic rhinitis patients and patients with 
nasal polyposis. Although allergic rhinitis and nasal pol-
yposis are severely debilitating diseases with important 
impacts on quality of life, they are not life-threatening, 
and omalizumab is a symptomatic treatment and would 
require multiple dosages. The high costs of treatment with 
omalizumab, the high frequency of allergic rhinitis and 
nasal polyps, as well as the current lack of data concerning 
safety in long-term application of omalizumab should be 
borne in mind. To address these questions, further studies 
have to be conducted. However, omalizumab was found to 
be cost-effective in the treatment of patients with inade-
quately controlled severe persistent allergic asthma com-
pared with treatment with high-dose inhaled corticoste-
roids plus a long-acting  �  2 -agonist  [57] .

  Possible future perspectives in allergic disease include 
inhibition of human mast cell proliferation by tamoxifen 
 [58] . A study by Duffy et al.  [58]  suggests that tamoxifen 
might be useful in the treatment of mast cell-mediated 
diseases. Other perspectives are small-molecule chemo-
kine receptor antagonists causing inhibition of chemo-
kine receptors on eosinophils and basophils  [59] . With 
respect to nasal polyps, preliminary data on omalizumab 
treatment suggest promising results in non-atopic dis-
ease, too. Further studies are underway.
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