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Abstract: Omalizumab is a recombinant humanized monoclonal antibody. Use of omalizumab is reported to benefit 

significantly patients with inadequately controlled moderate-to-severe persistent allergic asthma that is not controlled with 

high-dose inhaled corticosteroids. 

However, recent studies suggest that omalizumab might play an important role in the treatment of other potentially IgE 

mediated disease processes including: urticaria and angioedema, atopic dermatitis, allergic rhinitis, nasal polyposis and 

severe ocular allergies. Furthermore, addition of omalizumab to immunotherapy protocols is reported to be highly 

advantageous. Although omalizumab is generally well tolerated, reports on potential anaphylactic reactions as well as an 

association with Churg-Strauss syndrome necessitate close monitoring. The data reviewed are discussed with the aim of 

underlining unmet needs and making recommendations for future studies on omalizumab use. This might better guide 

future clinical practice regarding omalizumab treatment. This review article also discussed some patent related to the field. 

Keywords: Omalizumab, asthma, angioedema, urticaria, polyposis, ocular allergy, immunotherapy. 

INTRODUCTION 

 Hypersensitivity reactions mediated by immunoglobulin 
E(IgE) are associated with several allergic disorders inclu-
ding: asthma, rhinitis, ocular allergies and urticaria [1,2]. 
Given the central role of IgE in these reactions, a drug that 
neutralizes IgE might be highly beneficial in patients 
presenting with allergic disorders.  

 The medical literature reports increased use of omali-
zumab (Xolair, Genetech), an IgE neutralizing drug, for 
various allergic disorders. This paper briefly reviews the 
development, clinical use and possible drawbacks of 
omalizumab. 

IgE and its Role in Allergic Reactions  

 IgE molecule heavy chain consists of CH2, CH3 and 
CH4 domains Fig. (1). IgE concentration in the serum is very 
low, 1-400ng/ml in non atopics [3-5] and its half life is 2.5 
days [6]. IgE levels in the population and even in the same 
individual at different time points may differ due to genetic 
variability and environmental factors such as infections [6].  

 Switching to IgE production and secretion is induced in 
the presence of cytokines, mainly Interleukin-4 (Il4) and 
IL13. Binding of these cytokines to their respective receptors 
induces primarily phosphorylation of Signal Transducer and 
Activator of Transcription 6 (STAT6). STAT6 dimers reach 
the nucleus, bind to the epsilon switch promoter and induce 
epsilon Germ Line (GL) transcription. This effect is 
enhanced synergistically by nuclear factor-kappa B (NFkB) 
as well as by the activator protein 1 (AP-1) [6-9]. Further-
more STAT6 and NFkB increase transcription of Activation 
Induced Deaminzase (AID) that has a central role in class  
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Fig. (1). IgE and Fc RI receptor binding site. 

 

switch. The negative regulators of this process include 
inhibitor of differentiation-2 (Id2) and B-cell lymphoma 6 
protein (BcL6) [10-12]. 

IgE Receptors 

 There are 2 types of IgE receptors. Mast cells and 
basophiles express Fc RI Fig. (2). This receptor consists of 4 
subunits. The  subunit binds the CH3 region in the IgE 
molecule; the  subunit confers stability and amplifies the 
signal generated by the 2  subunits. The 2 forms are 
expressed by monocytes, eosinophiles, platelets Langerhans  
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Fig. (2). Fc RI receptor binding IgE 

 

and dendritic cells [13-16] Allergen induced IgE Fc RI cross 
linkage leads to activation of mast cell or basophile and 
release of their mediators. In general, serum levels of IgE 
regulate Fc epsilonRI expression [17]. 

 The second type of IgE receptor, Fc RII also known as 
CD23, is the low affinity receptor. It belongs to the lectin 
family of receptors [18] and is expressed by numerous 
inflammatory cells such as B cells, macrophages and 
platelets as well as on structural cells such as airway smooth 
muscle cells [19,20]. It is suggested that this receptor is also 
involved in allergic diseases through IgE synthesis regu-
lation, enhanced histamine release from basophiles, antigen 
(Ag)-IgE presentation to T helper 2 (Th2) cells and produc-
tion of proinflammatory cytokines by macrophages [17,21, 
22]. 

 The binding site for both high and low affinity receptor 
resides in the CH3 domain of IgE [23] and both are up 
regulated as IgE levels increase [18]. 

Cascade of Receptor Activation 

 Cross linking of the IgE receptor stabilizes receptor 
localization to lipid domains in the plasma membrane known 
as lipid rafts [24, 25] Fig. (3). In these domains, the active 
form of the Src family kinase Lyn is protected from 
dephosphorylation [26] and thus it can phosphorylate and 
activate the  subunit of the IgE receptor as well as another 
src kinase known as Syk [27,28]. Active Syk phosphorylates 
many substrates including Bruton's tyrosine kinase(BTK), 
Linker for Activation of T cells(LAT) and through GRB2-
associated binding protein 2 (GAB2) activates also 
phosphatydilinositol 3-kinase(PI3K). PI3K catalyses the 
synthesis of phophatodylinositol-3,4,5-triphosphate (PtdIns 
P3) and phosphatidylinositol-3,4- biphosphate. PtdInsP3 
anchors Phospholipase C (PLC) through LAT as well as 
activated BTK. Thus activated BTK phosphorylates PLC. 
Active PLC will generate diacylglycerol (DAG) and inositol-
1,4,5-triphosphate(InsP3) that serve as second messengers 
[29]. 

 Syk also phosphorylates SHC adapter protein. Phos-
phorylated

 
SHC proteins may couple to the Ras signaling 

pathway through the
 
formation of a Shc-Grb2-Sos complex 

[30]. The GTP-bound Ras protein binds to the Raf kinase 
and initiates a protein kinase cascade that leads to MAP 
kinase activation. First it phosphorylates a MAP kinase 
kinase kinase such as Raf. Raf phosphorylates and activates 
Mek, a MAP kinase kinase. Activated Mek phosphorylates 
and activates MAP kinase, such as extracellular signal-
regulated kinase (ERK). Subsequently, the activated ERK 
translocates into the nucleus where many of the physio-
logical targets of the MAP kinase signal transduction 
pathway are located. These substrates include transcription 
factors that are regulated by MAP kinase phosphorylation. 
These include Elk-1 that activates phopholipase A (PLA) 
and c-Fos [31].  

 VAV is a proto-oncogene protein also activated by Syk. 
Vav is a guanine nucleotide

 
exchange factor (GEF). The 

activation of Rac1 by Vav can lead to the activation of c-Jun 
N terminal (JNK)/stress-activated

 
protein kinase [15, 32] Fig. 

(3). The end products of RAS and VAV activation, Fos and 
Jun bind and generate the activator protein 1 (AP-1), a 
transcriptional regulator [15,33] Fig. (3). The end result of 
these pathways, induced by IgE binding, is the degranulation 
of mast cells and basophiles, and generation of lipid 
mediators and cytokines initiating the allergic process. 

 Mast cell products induce an immediate allergic reaction 
within minutes after exposure to allergen. Preformed and 
newly generated mast cell products include histamine, 
proteases and arachidonic acid metabolites [15, 33, 34]. Mast 
cells are also involved in late phase reactions peaking 6-12 
hours after allergen exposure and in chronic allergic inflam-
mation, as they were shown to enhance airway eosinophil 
infiltration [35] and proliferation of cells in airway 
epithelium [36, 37]. 

Generation of Omalizumab and Mechanisms of Action 

 Human IgE administered to mice results in the 
proliferation of a B cell clone secreting IgG directed against 
IgE. The B cells are harvested and fused with myeloma cells, 
thus generating immortalized “hybridoma” cells that secrete 
an IgG anti-IgE [38]. A single “hybridoma” cell line is used 
to generate large quantities of monoclonal Ab. Most murine 
elements are then removed from the antibody in order to 
prevent undesirable reactions in humans and the light chains 
of this IgG are incorporated into a human IgG1, to create a 
95% humanized Ab [39]. 

 Given that omalizumab binds to the CH3 domain of IgE, 
IgE is unable to bind its receptors. However, this holds true 
only for soluble IgE, as IgE bound to its receptor is inacces-
sible to omalizumab [40, 41]. Omalizumab forms small 
biologically inert complexes with IgE [19]. 

 Anti allergenic effects of omalizumab are exemplified by 
in vitro as well as by in vivo studies. It is reported that 
omalizumab prevents IgE binding to mast cells, muscle 
contraction and histamine release after exposure of lung 
tissue to ragweed [41] or dust mite allergen, Dermato-
phagoides pteronyssinus [42]. Reports of reduced number of 
IgE receptors on effector cells associated with omalizumab 
treatment [43, 44] are in line with the fact that IgE receptors 
density on effector cells correlates with free IgE levels [45]. 
Others report that increased omalizumab to IgE ratio at 
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baseline prevented IgE induced receptor up-regulation by 
50%, whereas adding omalizumab to mast cells already with 
IgE-enhanced Fc epsilonRI levels reduced Fc epsilonRI 
levels to baseline [46]. It is also suggested that by 
displacement of free autoantibodies or other serum proteins 
binding to a target tissues, omalizumab may affect disease 
processes not mediated through IgE [47]. 

 Human studies support the beneficial effects of omali-
zumab and exemplify a decrease in basophil histamine 
release during omalizumab therapy in allergic asthmatics 
[48]. 

Clinical Uses 

 Initially omalizumab use was restricted mainly to severe 
asthmatics.  

 However, recent reports suggest that omalizumab may 
play a role in the treatment of other allergic disorders as well 
as in immunotherapy. Omalizumab dosage may range 
according to different authors between 0.016-0.50mg/kg and 
dosage interval is 2-4 weeks Table 1. 

Asthma 

 Atopic asthma is characterized by IgE dependent, 
positive skin-prick test to a specific set of allergens. Among 
asthmatics, 10-33% exhibits normal IgE levels and no skin 
reactivity to specific allergens [49]. Both asthma groups 
present with Th2 inflammatory response [50], increased 
numbers of Fc(epsilon)RI-bearing cells in bronchial mucosa 
[51] and local production of IgE in the bronchial mucosa 
[52].Thus, IgE is thought to be play a major role in the 
pathogenesis of asthma in atopic as well as in non-atopic 
asthmatics [18]. 

 Approximately, 20% of asthmatic patients have severe 
asthma, of which 20% is inadequately controlled. Patients 
with inadequately controlled severe persistent asthma are at a 
particularly high risk of exacerbations, hospitalization and 
death, and often have severely impaired quality of life. 
Asthma management focuses on a stepwise approach 
tailored to disease severity. In addition to needing high-dose 
inhaled corticosteroids (ICS) and long-acting beta(2)-
agonists (LABAs), patients with severe persistent asthma 
often require additional controller medications, such as anti-
leukotrienes, oral LABAs, oral corticosteroids and/or anti-
IgE therapy(omalizumab) [53]. 

 Omalizumab is especially beneficial in a subset of 
patients with very severe asthma and local pulmonary steroid 
resistance [54]. Omalizumab treatment ameliorates both the 
early and late asthmatic response [55, 56]. In a retrospective 
pooled analysis on the effect of omalizumab on asthma in 
patients (>or = 12 years) with moderate-to-severe persistent 
IgE-mediated allergic asthma, it was found that omalizumab 
therapy reduced the need for systemic corticosteroid bursts 
by 43% [57] and improved effectiveness of asthma treatment 
[58]. According to the National Heart Lung and blood 
institute expert panal report 3 omalizumab treatment should 
be considered as adjunctive therapy in step 5 or 6 care for 
patients 12 years and older who have proven sensitivity to 
aeroallergens (but total serum IgE not exceeding 700IU/ml) 
and severe persistent asthma inadequately controlled with 
the combination of high dose inhaled steroids and LABAs 
[59]. Given the role of IgE in the pathogenesis of non-atopic 
asthma, omalizumab treatment might possibly be advanta-
geous in severe steroid resistant non-atopic asthmatics as 
well.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Cascade of Fc RI activation. 
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Table 1. Off-Label Uses of Omalizumab 

Disease 

Study 

(reference 

number) 

Patients characteristics 

Number of 

patients in the 

study 

Dose and duration Results 

ABPA 61 12 yo with Cystic fibrosis 

and asthma 

1 1 dose. A dramatic and rapid 

improvement of respiratory 

symptoms and lung function 

Rhinitis and 

ocular allergy 

67 

. 

PT 20-64 yo with 

moderate-to-severe allergic 

rhinitis +/- ocular allergy 

induced by Japanese cedar 

pollens 

308 12 weeks with omalizumab 150, 

225,300 or 375 mg SC every 2 or 

4 wks based on weight and IgE 

levels (minimum dose of 0.016 

mg/kg/IgE [IU/mL]). Initial dose 

administered at least 1 month 

before expected pollen period 

Significantly lower mean daily 

nasal and ocular severity scores 

compared to the controls 

Rhinits 69 

 

Pt 12-75 yo with at least a 

2-year history of moderate 

to severe ragweed-induced 

seasonal allergic rhinitis 

536 50 mg (n = 137), 150 mg (n = 

134), or 300 mg (n = 129), or 

placebo (n = 136) SC just prior to 

ragweed season and repeated 

during the pollen season every 3 

wks in patients with baseline IgE 

levels of 151 to 700 IU/mL (4 

total treatments) and every 4 wks 

when baseline levels were 30 to 

150 IU/ml 

Nasal symptom severity scores 

were significantly lower in 

patients who received 300 mg of 

omalizumab than in those who 

received placebo  

Rhinitis 70 

 

68 yo man with chronic 

rhinosinusitis, nasal 

polyposis, persistent 

asthma and aspirin 

intolerance 

1 225 mg SC every 2 wks Improvement in asthma 

symptoms, chronic forehead and 

paranasal pressure within 2 

months, and resolution of nasal 

mucosa and polypoid swelling 

within 4 months 

Polyposis 71 

 

Pt 31-69 yo with atopic 

asthma and nasal polyposis 

undergoing endoscopic 

surgery  

8: 4 treated, age 

range:31-69 

years & 4 

controls 

150-375 mg every 2-4 wks 

(according to pt weight & IgE 

levels) 

 Significantly improved nasal 

polyp scores in the anti-IgE group 

Urticaria 74  27 yo man,32-yo woman 

and  48 yo woman with 

Intractable urticaria 

3 300 mg every 2 wks for pt 1 and 

375 mg every 2 wks for pt 2 & 3  

Clearing of urticaria within 6 wks 

for pt 1and within 1 wk for pt 2 & 

3  

Cholinergic 

uerticaria 

76 25 yo man 1 300 mg SC every 2 wks Decreased symptoms within 3 

wks and complete disappearance 

of symptoms at week 11 of 

treatment 

Cold induced 

urticaria 

77 12 yo girl with severe 

chronic cold urticaria and 

asthma resistant to AH 

treatment 

1 375 mg SC every 2 wks Complete disappearance of 

symptoms induced by cold and 

skin sensitivity to ice cube test 

after 5 months of treatment 

Angioedema 80 65 yo man with asthma & 

sarcoidosis. 

63 yo man with COPD 

50 yo man with asthma and 

severe recurrent laryngeal 

edema resulting in 

tracheostomy 

3  Pt 1: 300 mg SC every 3 wks 

Pt 2: 375 mg SC every 2 wks 

Pt 3: 300 mg SC every 4 wks 

Pt 1 & 2 were free of angioedema 

since omalizumab was begun. 

Pt 3 had had only 1 minor episode 

during the year after treatment 

initiated 
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(Table 1) Contd…. 

 

Disease 

Study 

(reference 

number) 

Patients characteristics 

Number of 

patients in the 

study 

Dose and duration Results 

Atopic 

Dermatitis 

87 Recalcitrant 

Atopic dermatitis 

3 Pt 1: 300 mg SC for the first 2 

visits and 450 mg for visits 3-12 

 (2 weeks intervals) 

Pt 2: 150 mg increased to 450mg  

Pt 3: 150 mg initially alternating 

with 300 mg subsequently 

Improvement in signs and 

symptoms of eczema 

Food allergy  92 History of immediate 

hypersensitivity to peanut 

Randomized DP 

84 250 mg, 300 mg or 250 mg TNX-

901 SC every 4 wks, sum of 4 

doses 

450 mg TNX-901 significantly 

increased thresh hold to peanut 

challenge (from 178 mg to 2805 

mg peanut) 

Occupational 

allergies 

96 

 

Health care workers with 

symptoms of latex allergy 

for at least 1 year, +SPT & 

specific IgE of at least 2 

18 150 mg to 750 mg/mo depending 

on body weight and total serum 

IgE level at base line 

Improvement in conjunctival 

challenge scores. After 32 wks of 

treatment there was also decrease 

in skin reaction 

Mastocytosis 101 45 yo man with 

mastocytosis , anaphylactic 

reaction to bee sting and 

multiple reactions during 

venom IT 

1 300 mg (twice the dose according 

to his weight and IgE levels) SC 1 

week prior to IT shot and with 

progressively shorter subsequent 

intervals ( till 1 hour) 

Patient tolerated the single 100 

mcg maintenance dose without 

adverse effects 

Matocytosis 102 56 yo woman with 

cutaneous mastocytosis 

and Ménière's disease 

1 150 mg SC every 2 wkss for the 

first 4 shots and then monthly  

After first 4 shots symptoms 

improved  

Significantly: no new wheals or 

pruritus 

Ménière's 

disease 

102 56 yo woman with 

cutaneous mastocytosis 

and Ménière's disease 

1 150mg SC every 2 wks for the 

first 4 shots and then monthly 

Free of debilitating vertigo and 

nausea 

IT 103 SAR moderate-severe and 

sensitization to birch and 

grass pollen 

221 After IT titration (12 wks) 

omalizumab was added at 2-4 

weeks intervals at a minimum 

dose of 0.016mg/kg/IU/ml of 

total IgE 

Reduced symptom load, severity 

rescue medications by nearly 

50% over IT alone 

EGID 103 

 

Pt 12-76 yo with 

eosinophilc gastroenteritis  

9 375mg every 2 weeks for 16 wks 

(1 subject received 85mg per 

dose) 

Decreased symptoms score, 

decreased absolute eosinophil 

counts 

IT 104 SAR sensitization to birch 

and grass pollen 

225 0.016mg/kg/IU/ml of total IgE 

every 4 weeks contra lateral to IT 

injections 

Significant decrease in symptom 

severity and use of rescue 

medications 

IT 107 Adult patients with 

ragweed allergic rhinitis, 

parallel-group DP 

159 enrolled 

(123 completed) 

9 weeks of omalizumab (0.016 

mg/kg/IgE [IU/mL]/mo) followed 

by 1-day rush (maximal dose 1.2-

4.0 mug Amb a 1) IT then 12 

weeks of omalizumab +IT 

Decrease in risk of anaphylaxis 

caused by RIT (odds ratio, 0.17), 

significant improvement in 

severity scores 

IT 109 

 

15 yo. Ultra RIT stopped 

due to anaphylactic 

symptoms 

1 1 dose of 300 mg SC 2 wks prior 

to IT 

No severe side effects 

ABPA, Allergic bronchopulmonary aspergillosis; Yo, Year-old; SC, Subcutaneously; Pt, Patients; Wks, Weeks; SPT, skin prick test; 

DP, Double-blind placebo; SAR, seasonal allergic rhinitis; AH-Antihistamines; COPD, chronic obstructive pulmonary disease; EGID, Eosinophil-associated gastrointestinal 

disorders; IT; immunotherapy; RIT, Rush immunotherapy 
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Allergic Bronchopulmnary Aspergilliosis 

 Allergic bronchopulmonary aspergillosis (ABPA) is a 
disease resulting from a hypersensitivity response to Asper-
gillus fumigatus. It is characterized clinically by wheezing, 
pulmonary infiltrates, bronchiectasis, and fibrosis that affect 
patients with asthma and cystic fibrosis [60]. Dramatic and 
rapid improvement of respiratory symptoms and lung 
function after a single dose of anti-IgE antibody (omali-
zumab) in a 12-year-old girl with cystic fibrosis and ABPA 
is described [61]. 

Allergic Rhinitis 

 Allergic rhinitis, an IgE-mediated disease, is the most 
common chronic childhood condition and is characterized by 
nasal sneezing, rhinorrhea, palate and eye itchiness, and 
congestion [62]. Several allergens are associated with 
allergic rhinitis mainly: house dust mite, grass pollen, and 
cat [63]. Allergic rhinitis and asthma are inflammatory 
conditions of the airways that often occur concomitantly and 
it is suggested that mucosal inflammatory processes that 
involve the upper airway generally occur in conjunction with 
lower airway diseases [64]. Furthermore, treating allergic 
rhinitis is increasingly recognized to contribute to better 
asthma control [65, 66]. 

 Blocking the effects of IgE by omalizumab,has been 
shown to be a useful adjunct in the treatment of allergic 
rhinitis. Omalizumab is more effective than suplatast tosilate 
in the treatment of Japanese cedar pollen-induced seasonal 
allergic rhinitis [67-70]. However, cost and recent warnings 
of potential risks associated with omalizumab; do not favour 
its use as a first line treatment in patients with allergic 
rhinitis.  

Nasal Polyposis  

 Although the etiology of nasal polyposis remains 
unknown, emerging evidence showing elevated local IgE 
levels and eosinophilic infiltration suggests an allergic etio-
logy. It was shown that addition of anti-IgE therapy in the 
postpolypectomy management of atopic asthmatic indi-
viduals may reduce the severity of polyposis recurrence [71]. 

Urticaria 

 Chronic urticaria is defined when wheals arise sponta-
neously for a period lasting more than 6 weeks. Physical 
urticarias are also chronic conditions but are triggered by 
specific physical factors [72] A subset of chronic idiopathic 
urticaria has an autoimmune basis and is caused by circu-
lating autoantibodies against the high affinity IgE receptor 
(FceR1) and less commonly against IgE [73]. 

 Hence, not surprisingly, the medical literature reports 
successful treatment of such patients with omalizumab [74, 
75]. There are also reports of successful treatment of 
cholinergic urticaria and cold urticaria with anti-immu-
noglobulin E therapy [76, 77].  

Angioedema  

 Angioedema is a self-limited nonpitting edema generally 
affecting the deeper layers of the skin and mucous 
membranes. The most frequent syndrome of angioedema is  
 

idiopathic recurrent (38% of patients). Less common 
angioedema syndromes include: allergic or IgE mediated, 
hereditary (e.g. C1 esterase inhibitor deficiency), acquired 
(from acquired C1 esterase inhibitor deficiency) and angio-
edema associated with angiotensin-converting enzyme 
inhibitors [78]. It is suggested that angioedema is the end 
result of 2 possible mechanisms: the mast cell pathway in 
which preformed mediators, such as histamine, rapidly 
formed mediators, leukotrienes and prostaglandins, are 
released from mast cells through IgE or direct activation. 
This is most common in children and usually associated with 
food, medications, and infections. The second pathway is the 
kinin pathway, associated with hereditary forms or with the 
use of angiotensin-converting enzymes, which results in the 
formation of bradykinin [79]. The medical literature des-
cribes a successful treatment of 3 patients with recurrent 
idiopathic angioedema with omalizumab [80]. 

Atopic Dermatitis 

 It is suggested that skin barrier abnormality is crucial in 
the pathogenesis of atopic dermatitis and that it may result in 
T helper (Th) cell types 1 and 2 cell dysregulation, IgE 
production, mast cell hyperactivity, and dendritic cell 
signalling. The end result will be a chronic inflammatory 
pruritic dermatosis [81]. Allergens, including food allergens 
and inhalants such as house dust mite and cat allergens play 
a major role in atopic dermatitis exacerbations [82, 83]. 
Multiple therapeutic modalities exist, but no monotherapy 
has proven exceptional in ameliorating the symptoms of this 
disease. Current topical and systemic therapeutic options 
offer benefit but carry varying degrees of adverse effects that 
often limit their application.  

 There are several reports on anti-IgE therapy in patients 
with atopic eczema [84-86] and although some describe 
favourable treatment results [87] these are not consistently 
reported in all studies [88]. 

Food Allergies  

 Up to 6% of young children and 2% of adults suffer from 
food allergy [89]. Among them many have IgE-mediated 
food allergy, a condition with potentially fatal allergic 
reactions. The only proven treatment is avoidance of the 
offending food, which can be identified using standardised 
allergic tests. However, several studies have addressed 
possible definite treatment options for food allergy. Immuno-
therapy, administered orally or by systemic injections, shows 
promising preliminary results, but these therapeutics are 
based on studies with insufficient scientific support, or are 
associated with a high risk of severe side effects. Promising 
results were recently published with anti-IgE antibodies in a 
human trial [90]. A phase II clinical trial with omalizumab, 
was recently initiated in subjects with peanut allergy, but 
was stopped as a result of safety concerns after severe 
reactions occurred during initial oral challenges [91]. 
However, Donald et al. report significant decrease in peanut 
allergy sensitivity on oral food challenge with the use of 
450mg dose of TNX-901 (Tanox, Houston, Texas, USA) a 
humanized IgG1 monoclonal antibody binding to the CH3 
domain of IgE [92]. 
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Occuptional Allergies 

 Latex allergy is reported to affect 4.32% (range, 4.01% to 
4.63%) of health care workers and 1.37% (range, 0.43% to 
2.31%) of the general population [93]. Latex sensitivity is 
reported in 40% of children with spine bifda [94] as well as 
in those with fruit and vegetable allergy that are known to 
cross-react with latex [95]. 

 Successful treatment with omalizumab in health care 
workers with latex allergy resulted in decreased IgE levels 
and improvement in symptoms score [18, 96]. 

Ocular Allergies 

 Conjunctival and corneal manifestations of atopic 
keratoconjunctivitis (AKC) are chronic, disabling and may 
be blinding. In common with other allergic diseases, such as 
asthma and atopic dermatitis, AKC is characterised by an 
allergen-induced immune response mediated through 
expression of IgE. Given the pivotal role of IgE in the aller-
gic cascade, it is hypothesised that omalizumab has potential 
as an entirely new therapeutic approach to AKC [67, 97]. 

Masocytosis 

 Mastocytosis is a primary, abnormal accumulation of 
mast cells associated with a broad range of local and 
systemic symptoms. As a result patients may experience 
symptoms related to mast cell mediator release [98, 99]. A 
WHO consensus classification for mastocytosis exists, which 
is widely accepted and includes three major categories: (1) 
Cutaneous mastocytosis (CM), a benign disease in which 
MC infiltration is confined to the skin, is preferentially seen 
in young children and exhibits a marked tendency to regress 
spontaneously. (2) Systemic mastocytosis (SM) which is 
commonly diagnosed in adults and includes: indolent SM 
(ISM, the most common form involving mainly skin and 
bone marrow); SM with an associated non-mast cell clonal 
hematological disease (SM-AHNMD); aggressive SM 
usually presenting without skin lesions, and MC leukemia 
(3) Extracutaneous mastocytoma which presents as a 
localized extracutaneous malignant or a benign tumor [100]. 
IgE binding to mast cells serves not only to sensitize them 
but also to promote their survival. Thus, neutralizing IgE 
may lead to reduction of mast cell numbers [15]. 
Accordingly, it was reported that high omalizumab dose 
controls recurrent reactions to venom immunotherapy in 
indolent systemic mastocytosis [101] and that it improves 
symptoms in a patient with cutaneous mastocytosis [102].  

Eosinophil-Associated Gastrointestinal Disorders 
(EGIDs) 

 EGID are commonly associated with atopy and are being 
recognized with increasing frequency. Current therapy for 
EGIDs is inadequate. Omalizumab treatment is associated 
with significantly decreased basophil and dendritic cell 
FcepsilonRI expression and free IgE levels. Omalizumab 
increased the concentration of allergen required to trigger 
half-maximal basophil activation by 170-fold. Allergen skin 
test wheal and erythema responses decreased by 78% and 
82%, respectively. Symptom scores were decreased although 
esophageal eosinophil counts remained unchanged. These 
results suggest that IgE-mediated processes contribute to the 

generation of eosinophilic inflammation in EGIDs and that 
anti-IgE therapy might be effective in these disorders [103]. 

Immunotherapies 

 The advantage of specific immunotherapy (SIT) is the 
potential to alter the course of the disease, which has been 
demonstrated in patients with allergic rhinitis, insect venom 
allergy and, to a lesser degree, asthma. The broader 
application of SIT is restricted by sometimes life-threatening 
adverse effects. The combination of anti-IgE with SIT was 
suggested to be superior to each single treatment protocol in 
children and adolescents with allergic rhinitis. In a 
randomized, double-blind trial to assess the efficacy and 
safety of anti-IgE (omalizumab) or placebo in combination 
with SIT (birch pollen or grass pollen), the combination 
therapy reduced symptom load, the sum of daily symptom 
severity score plus rescue medication use, over the birch and 
grass pollen seasons by nearly 50% over SIT alone [104-
107]. Similarly, the combination of anti-IgE (omalizumab) 
therapy with ragweed injection immunotherapy for seasonal 
allergic rhinitis results in a significant reduction in systemic 
side effects and enhanced efficacy compared with immuno-
therapy alone. One proposed mechanism of immunotherapy 
is to induce regulatory antibodies that inhibit facilitated 
antigen presentation. Allergen-specific IgG4 levels were 
only increased after immunotherapy, both in the presence 
and absence of anti-IgE treatment. Combined treatment 
resulted in the induction of long-lasting inhibitory antibody 
function for up to 42 weeks compared with either treatment 
alone [108]. The advantage treatment combining SIT with 
omalizumab has been reported also in a case of beekeepers 
anaphylaxis [109]. 

Ménière's Disease 

 Ménière's disease (MD) is a complex, multifactorial 
disorder of the inner ear that is the most common cause of 
the syndrome of episodic vertigo with fluctuating hearing 
loss [110]. There is evidence for a probable role of IgE in the 
production of the symptoms of Meniere's disease. The 
endolymphatic sac is the seat of immune reactivity in the 
inner ear. Inhalant and food allergies have been linked with 
symptoms of Meniere's disease, and many of the clinical 
characteristics of Meniere's disease suggest an underlying 
autoimmune etiology [111]. Successful treatment of Ménière 
disease with anti-IgE therapy has been recently reported 
[102]. 

Safety Profile 

 Omalizumab is reported to have a favourable safety 
profile similar to placebo with few side effects [112]. 

 Delayed onset and protracted progression of anaphylaxis 
after omalizumab administration in patients with asthma are 
reported [113,114]. Intubation secondary to asthma exacer-
bation in a patient with asthma receiving omalizumab was 
also reported [115]. 

 The rate of anaphylaxis in post marketing surveillance 
surveys is 0.2% [116] The Omalizumab Joint Task Force 
(OJTF) concluded that 35 patients had 41 episodes of 
anaphylaxis associated with Xolair (omalizumab) adminis-
tration between June 1, 2003, and December 31, 2005. Of 
those 36 events for which the time of reaction was known, 
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22 (61%) reactions occurred in the first 2 hours after one of 
the first 3 doses. Five (14%) of the events after the fourth or 
later doses occurred within 30 minutes [117,118]. The 
anaphylaxis might be caused by polysorbate that is an 
excipient in omalizumab [119].  

 Another rare assossiation with omalizumab treatment is 
the occurrence of Churge-Strauss vasculitis [120,121]. In 
trials reported to the FDA twice as many patients receiving 
omalizumab had malignancies [59]. However, given that 
there were no trends for a specific tumor type, that malig-
nancy was diagnosed early in the first 26 weeks of treatment 
and that the control group had lower rates of malignancy 
compared to normal, it is unlikely related to omalizumab 
treatment. Furthermore, an expert panel of oncologists who 
blindly reviewed the cases concluded that the malignancies 
either existed prior to the study, were unrelated or remotely 
related to the study drug [112]. 

 There is concern that therapeutic antibodies that 
neutralize IgE (anti-IgE) may be unsafe in subjects at risk of 
helminth infection. In an exploratory study of allergic 
subjects at high risk of helminth infections, omalizumab 
therapy appeared to be safe and well tolerated, might have 
been associated with a modest increase in the incidence of 
geohelminth infection. However, Infection severity and 
response to anthelmintics appeared to be unaffected by 
omalizumab therapy [122]. Lanzavecchia et al. discloses an 
invention related to neutralising antibodies which are 
specific for human cytomegalovirus and bind with high 
affinity as well as immortalised B cells that produce such 
antibodies. The antibodies of the invention also have a high 
potency for the neutralisation of infection [123]. 

TREATMENT RECOMMENDATIONS 

 Omalizumab is available since 2003 and is recommended 
as an adjunctive therapy for adults and adolescents (> 12 
years) with moderate to severe persistent asthma who have a 
positive skin prick test or in vivo reactivity to perennial 
aeroallergen and whose symptoms are inadequately control-
led with inhaled corticosteroids [116]. Thus initiating omali-
zumab treatment requires measurement of total IgE and a 
positive test to perennial allergen. The dose and frequency 
(every 2 to 4 weeks) are based on initial serum total IgE 
level and body weight [124]. Total IgE levels during 
treatment initiation are not informative as omalizumab forms 
complexes with IgE that have a slower elimination time from 
blood compared to free IgE. Thus, doses are based on serum 
IgE obtained prior to treatment initiation [112, 125]. The 
drug is administered subcutaneously and reaches peak serum 
levels 7-8 days after drug administration. A decrease of free 
serum levels of IgE of more than 96% is achieved within 1 
hour after the first dose and is maintained between doses 
[112]. 

 In July 3, 2007, the FDA (Food and Drug 
Administration) added a boxed warning to the labelling of 
omalizumab addressing the risk of an anaphylactic reaction 
[126]. 

 Considering the timing of anaphylactic events, an 
observation period of 2 hours for the first 3 injections and 30 
minutes for subsequent injections would capture 75% of the 
anaphylactic reactions. The Omalizumab Joint Task Force 

(OJTF) report provides recommendations for physicians who 
prescribe omalizumab on (1) the suggested wait periods after 
administration and (2) patient education regarding ana-
phylaxis [59, 117]. The National Asthma Education and 
Prevention Program (NAEPP) panel advises that clinician 
administrating omalizumab should be prepared and equipped 
for identification and treatment of anaphylaxis [118].  

CURRENT & FUTURE DEVELOPMENTS 

 Recent studies suggest high or increasing prevalence of 
allergic disorders including asthma, eczema and food 
allergies [127-129]. Allergic rhinitis is one of the most 
common presentations of allergic disorders in the United 
States, affecting more than 20% of the population [130] and 
estimates of the prevalence of asthma range from 7% in 
France and Germany to 11% in the USA and 15-18% in the 
United Kingdom [53]. Allergic asthma and rhinitis imposes a 
huge burden in terms of treatment costs, productivity loss 
and hospital admissions. Given that IgE is a pivotal molecule 
in the pathogenesis of these diseases and possibly in other 
traditionally non-atopic processes, it is likely that drugs 
targeting IgE such as omalizumab will gain increased 
importance in clinical practice. It is also possible that earlier 
use of omalizumab in atopic patients, due to its effects on 
inflammation in general and IgE mediated processes in 
particular [131], may have favourable effects on the natural 
course of atopic diseases such as asthma, allergic skin 
disease, food allergies, eye and gastrointestinal diseases. 
Furthermore, through omalizumab treatment better control of 
concomitant atopic diseases, regardless of the type of 
allergic sensitisation can be achieved. Finally, other future 
developments may involve combination treatments. This is 
exemplified by Currie that discloses the use of chymotrypsin 
inhibitors in combination therapy with recombinant 
humanized monoclonal antibody e.g. omalizumab in the 
treatment of respiratory and other disorders [132] and Kang 
et al. that discloses the use of 4-IBBL blocking agents in 
combination with anti-inflammatory medication for example, 
Adalimumab, Efalizumab, and Omalizumab for reducing 
sustained production of tumour necrosis factor [133]. Further 
studies are required in order to determine the contribution of 
omalizumab to the treatment of non- atopic processes in 
which IgE might play a role. 
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