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Abstract. Background: Allergic rhinitis
(AR) is the most common IgE-mediated al-
lergic disease. Multiple clinical trials have
demonstrated promising results on the AR
treatment with biologics, in particular with
the use of omalizumab — an anti-IgE anti-
body. Omalizumab has also been established
in the routine management of allergic asthma
and chronic idiopathic urticaria. However,
currently there is no approved license for the
use of biologics in AR in Germany. Materials
and methods: A systematic literature review
has been completed including randomized
controlled trials, meta-analyses, and reviews
on the treatment of AR with omalizumab.
Results: The systematic review demon-
strates strong evidence supporting the use of
omalizumab in the treatment of AR with re-
gard to symptom control, safety profile, and
management of comorbidities. Conclusion:
Omalizumab is a good and safe option in the
treatment of AR in terms of symptom control
and the management of pre-existing comor-
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bidities. Further clinical trials with other bio-
logics in the management of AR are needed
and are expected to follow soon.

Introduction

Allergic rhinitis (AR) is an IgE-mediated
chronic disease of the nasal mucosa. As a re-
sult of exposure to allergens, typical symp-
toms such as rhinorrhea, nasal obstruction,
sneezing, or itching in the area of the nose
occur [1].

In Germany, AR is the most common
allergic disease with a lifetime prevalence
of 14.8%, as epidemiological studies of the
Robert Koch Institute (RKI) have demon-
strated [2]. In addition, an overall increase
of the prevalence of AR has been reported
worldwide [3]. Nevertheless, it is often mis-
diagnosed, under-diagnosed, and underesti-
mated as such [4]. The standard treatment of
AR is based on three principles: i) avoidance
measures, ii) anti-allergic pharmacotherapy,
and iii) allergen immunotherapy (AIT) [1, 5,
6]. Nevertheless, in many patients, complete
symptom control cannot be achieved with
the established standard therapies, and qual-
ity of life and (work) productivity are often
severely affected and impaired.

In particular, sufficient efficacy of avoid-
ance measures cannot always be realized.
Furthermore, the administration of anti-aller-
gic medication cannot provide a thorough
symptom relief in all patients. This is espe-
cially true for nasal obstruction under anti-
histamine therapy [7, 8]. There is moreover
an association of AR and relevant comor-
bidities such as allergic asthma and rhinosi-
nusitis, which additionally impairs patients’
conditions [4, 9, 10, 11].
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Table 1. Clinical development programs of biologics in allergic rhinitis (most advanced study phase reported).
Substance name Mechanism of action Indication | Study | References | Manufacturer
phase
Talizumab IgE — antagonist * | 1997 [18] | Tanox
MEDI4212 IgE — antagonist * | 2016 [13] | Medlmmune LLC
Ligelizumab IgE — antagonist A | 2014 [14] | Novartis
PF-06444753 and AHD and AHD+TLR-9 agonist, * | 2015** Pfizer
PF-06444752 vaccine inducing anti-IgE
antibodies
XmAb7195 IgE — antagonist * | 2017 Xencor, Inc.
ICON Early Phase Services, LLC
MT-2990 MAB*** * | 2018** Mitsubishi Tanabe Pharma
Corporation
VAK-694 MAB against interleukin 4 * lla 2011 [15] | Novartis
Dectrekumab MAB against interleukin-13 * Il 2008** Novartis
GSK2245035 TLR-7 agonist * Il 2015 [17] | GlaxoSmithKine
Dupilumab MAB against IL-4 and IL-13 A, AD, CRS Il 2019 [16] | Regeneron Pharmaceuticals
receptor
Omalizumab MAB against IgE A, CSU 1 2018** Novartis

A = asthma; AD = atopic dermatitis; AHD = aluminium hydroxide; CRS = chronic rhinosinusitis; CSU = chronic spontaneous urticaria.
*Indication pending; **trial results (full publication) unpublished; ***MAB with undefined target.

Biologics and modulation
of the inflammatory cascade

The former underlines the important un-
met need for further improvement of thera-
peutic approaches. Among others, biologi-
cals are promising therapeutic candidates
directly targeting individual mechanisms of
the inflammatory cascade. Between 1997
and 2019, a large number of phase I and II
studies were conducted on efficacy and safe-
ty of biologics in AR (Table 1). A first group
of biologics comprise monoclonal antibod-
ies (MAB) against IgE, such as talizumab,
MEDI4212, ligelizumab, XmAb7195, and
omalizumab. Though talizumab (CGP51901)
has demonstrated a blunting of serum IgE
levels in preliminary studies, further clini-
cal development programs have been paused
[12]. In an early phase I trials of MEDI4212,
a particularly rapid and strong reduction in
serum IgE was observed in patients with AR
followed by a rapid rebound of serum IgE
levels after cessation of therapy [13]. Ligeli-
zumab also demonstrated a significant reduc-
tion of serum IgE in a phase I study which
could be maintained for a longer period after
treatment [14].

A second class of biologics targets inter-
leukins (IL) such as IL-4 and IL-13, and has
been investigated in AR patients. In a phase

II study, a combined therapy with VAK-694
(IL-4 antagonist) and subcutaneous allergen
immunotherapy (SCIT) demonstrated an im-
munomodulatory effect on the TH2 memory
cells; however, a clinical response was lack-
ing [15]. In contrast, dupilumab targeting
both the IL-4 and IL-13 receptors showed a
significant improvement in symptoms in pa-
tients with persistent AR (PAR) and comor-
bid asthma [16]. Furthermore, the toll-like
receptor 7 (TLR-7) agonist GSK2245035
was found to be beneficial in AR in a phase
II study. However, further dose-ranging trials
are needed for detecting the optimal dosage
[17].

Currently, the most advanced biologic in
AR in clinical development is the IgE antag-
onist omalizumab. It has been approved in
the EU since 2005 as an add-on therapy for
patients with severe persistent allergic asth-
ma and has been established in routine clini-
cal care [19]. However, due to its mechanism
of action, omalizumab is also considered a
promising therapeutic option for the treat-
ment of other IgE-mediated atopic diseases
such as AR [20]. This is probably also true
for its biosimilars currently in development
(CMABO007, STI-004, FB317, GBR310,
CTP-39, BP001) [12]. The following is an
overview of the current literature on efficacy
and safety of omalizumab in AR.
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Figure 1. Clinical trials of omalizumab in AR. SAR = seasonal allergic rhinitis; PAR = perennial allergic
rhinitis.

Omalizumab in AR:
search strategies

The literature search was conducted us-
ing PubMed, clinicaltrialisregister.eu, and
clinicialtrialis.gov. The search terms “bio-
logicals”, “omalizumab”, and “anti-IgE” in
combination with “allergic rhinitis” were
used to identify relevant study results. Ran-
domized controlled trials (RCT), placebo
controlled (DBPC) trials, review articles, and
meta-analyses from 1997 to 2020 were con-
sidered for the literature search. The most re-
cent literature search was conducted on April
27, 2020 and aimed to specify the effect of

omalizumab on symptom control, reduction

of concomitant (anti-allergic) medications
for symptom relief, disease-specific quality
of life, safety of SCIT under omalizumab and
safety/tolerability in general. Figure 1 pro-
vides an overview of trials on omalizumab in
AR extracted by our search.

Omalizumab in AR:
mechanism-profile

As in other atopic diseases, allergen-
specific IgE is overexpressed in patients with
AR binding to two different receptors (FceRI
and FceRII) on effector cells. The binding to
these receptors results in the initiation of the
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inflammatory cascade with the typical pat-
tern of AR symptoms. Increased levels of
serum allergen specific IgE have been found
to correlate with the onset and symptom se-
verity of AR [26, 42].

Omalizumab binds free serum IgE, pre-
venting the interaction of IgE with the FceRI
receptor and further activation of the subse-
quent inflammatory pathways. Omalizumab
has a higher affinity to free IgE in the serum
than the FceRI receptor of effector cells lead-
ing to a strong reduction in free circulating
IgE [43]. This is followed by a migration
of mast cell and basophilic granulocytes re-
cruitment and activation [39] suppressing the
inflammatory pathways within the nasal mu-
cosa after allergen exposure [44].

However, it should be noted that omali-
zumab, when given at therapeutic doses,
does not bind IgE that is already bound to
the FceRI or FceRII receptor [41]. Since ba-
sophilic granulocytes and mast cells have a
high binding capacity for IgE, a strong reduc-
tion of free IgE and FceRI receptors is neces-
sary to reduce the histaminergic response of
effector cells [45]. In clinical trials on omali-
zumab, serum free IgE concentrations were
reduced by 84 — 99%, degranulation by up to
90%, and FceRI receptor expression on ba-
sophilic granulocytes by 73 — 99% [21, 22,
24,29, 30, 46].

Previous study results also indicate that
omalizumab not only suppresses the acute
inflammatory response in allergic rhinitis,
but also may provide a long-term immuno-
modulatory effect [26].

Omalizumab in AR:
practical aspects

Dosage

Early studies on the use of omalizumab
in AR aimed to determine the optimal dos-
age. Casale et al. [47] compared doses be-
tween 50 and 300 mg every 3 — 4 weeks over
a period of 8 — 9 weeks with placebo admin-
istration. The 300-mg group was significant-
ly superior compared to the placebo group.
However, symptom improvement was also
seen in patients receiving lower doses. The
manufacturer (Novartis Pharmaceuticals,
East Hanover, NJ, USA) recommends a dose

of 0.016 mg/kg/IgE (IU/mL) subcutaneously
every 4 weeks in adults and adolescents (12
years of age and older) for the treatment of
severe persistent asthma [35]. Recent trials
in AR with this dosage could demonstrate
clinical efficacy [8, 10, 27, 32, 34, 37].

Omalizumab:
patient profiles in AR

Omalizumab has been demonstrated to
be beneficial for patients with moderate to
severe intermittent and persistent AR and
insufficient symptom control despite con-
ventional therapy [38]. Several large clinical
studies reported a significant improvement
in symptom control, reduction in the use of
concomitant anti-allergic medication, and an
improvement in the quality of life [10, 23,
26, 38, 39]. Of note, the baseline values of
patients with AR seem to correlate with the
treatment effect size of omalizumab, indicat-
ing moderate effects in lower IgE profiles
[48]. However, omalizumab is not approved
in Germany in this indication.

Further atopic diseases such as allergic
asthma and urticaria are often associated
with AR [10], which often aggravates these
conditions [26].

According to a variety of studies, about
half of all patients with AR also suffer from
allergic asthma, and concomitant AR has a
significant impact on asthma control. Poorly
controlled AR 1is associated with a higher
number of asthma exacerbations and hospi-
talizations [49]. Since both atopic diseases
are associated with elevated serum IgE lev-
els, efficacy of IgE-lowering measures is ob-
vious. In a study by Vignola et al. [30] on the
efficacy and safety of omalizumab in patients
with comorbid asthma and AR, a significant
improvement in asthma and rhinitis symp-
toms as well as lung function was observed.
Furthermore, an improvement on patients’
quality of life was demonstrated [30].

In addition to trials investigating efficacy
of omalizumab monotherapy, some studies
combined this treatment with AIT aimed to
increase treatment response to AR patients
[31, 37, 38, 39]. In a clinical study, Kuehr et
al. [27] were able to demonstrate a 48% better
symptom control with combination therapy
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compared to AIT as a monotherapy, indicating
a clinical benefit of this add-on co-treatment.

Reduction of rhinoconjunctival
symptoms

Various endpoints have been used in clin-
ical studies to assess symptom severity. The
most common score used to measure nasal
symptoms was the Daily Nasal Symptom
Severity Score (DNSSS). A large number of
studies also considered the ocular symptoms
of allergic rhinoconjunctivitis (ARC) such as
the Daily Ocular Symptom Severity Score
(OCSSS) [8, 10, 25, 34, 50].

A meta-analysis from 2014 by Tsab-
ouri et al. [38] evaluated nine randomized
controlled trials with regards to the effect
of omalizumab on the DNSSS in AR and
could demonstrate superiority against pla-
cebo during the pollen season in SAR [25,
50]. A study by Chervinsky et al. [10] on
PAR also showed significantly more symp-
tom improvement in the omalizumab group
compared to the placebo group. In this study,
28% of patients treated with omalizumab
achieved symptom control, compared with
only 10% of patients in the control group
[24]. Another study by Nagakura et al. [34]
also demonstrated significant superiority of
omalizumab over an anti-allergic drug (Th2
cytokine inhibitor).

In general, a significant improvement
in nasal symptoms was observed in all ran-
domized controlled trials between 2000 and
2010. A particularly strong treatment effect
size of 39% was seen when omalizumab was
combined with AIT [30, 37]. A meta-analysis
published in 2020 [40] again confirmed the
benefit of omalizumab by evaluating 9 origi-
nal studies regarding nasal symptoms and
5 studies regarding ocular symptoms. A sig-
nificant reduction in symptoms was demon-
strated for both SAR [25, 50] and PAR [10].

However, the extent of symptom reduc-
tion varied between the studies. For example,
Adelroth et al. [25] observed a smaller effect
of omalizumab on OCSSS than on DNSSS,
whereas the reduction in ocular symptoms
(50%) exceeded the improvement of nasal
symptoms (40%) in the study by Okubo et
al. [8].

Reducing the need
for anti-allergic medication

While the study designs were consistently
uniform in recording of nasal and ocular
symptoms, there were notable methodologi-
cal differences in the use of concomitant
anti-allergic medications. For example, in
some studies, this medication was paused
following the study protocol [10], whereas
allowed in others [34]. Depending on the
study, different anti-allergic medication was
provided for treatment of AR symptoms,
such as systemic and topical antihistamines,
mast cell stabilizers, naphazoline, and topical
and systemic corticosteroids [8, 10, 25]. How-
ever, an anti-allergic medication sparing ef-
fect of ~ 50% was observed with omalizumab
therapy in several randomized controlled trials
[25]. Furthermore, Chervinsky et al. [10] and
Okubo et al. [8] reported a reduction of days
on which an anti-allergic medication had
to be taken by a third and to a fifth, respec-
tively, while no significant differences were
observed in the placebo group. It should be
noted, however, that other studies came to a
different conclusion [27, 30].

Impact of omalizumab
on quality of life

To assess the impact of omalizumab ther-
apy on quality of life, the standardized and
validated Rhinoconjunctivitis Quality of Life
Questionnaire (RQLQ) has frequently been
used in AR trials. This questionnaire contains
28 items relating to activity limitations, sleep
disturbances, symptoms, practical problems,
and emotional functioning [10]. Adelroth et
al. [25] and Chervinsky et al. [10] found a
statistically significant improvement in the
omalizumab group compared to the placebo
group in all seven domains of the RQLQ and
in the total score using this questionnaire.
Even in patients who did not previously re-
spond to AIT or intranasal steroid treatment,
a significant improvement in the total score
was demonstrated [10]. These findings are
further supported by a recent meta-analysis
by Yu et al. and others [10, 25, 26, 39, 40,
511
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Safety aspects of omalizumab

Omalizumab therapy has been shown to
be safe and well tolerated in routine clini-
cal care. This is also confirmed in a meta-
analysis by Yu et al. [40] which found no
significant difference in the frequency of
adverse events between the omalizumab and
placebo groups as also reported by other au-
thors [12, 49]. Due to the lack of interaction
of omalizumab with cell-bound IgE, the risk
of anaphylaxis is generally considered to be
low [34]. This is supported by the results of
the Omalizumab Joint Task Force (OJTF), an
initiative of the American Academy of Aller-
gy, Asthma & Immunology. The data analy-
sis of the OJTF showed that the probability
of an anaphylactic event after omalizumab
administration is ~ 0.09% [52]. The major-
ity of anaphylactic reactions occur in the first
120 minutes and within the first 3 injections.
Therefore, patients should be followed 30
minutes after each injection, especially as
possible causes and predisposing factors for
anaphylactic and anaphylactoid reactions are
still unclear. A case-control study in 2016
identified previous anaphylaxis and food al-
lergy as possible risk factors [53]. In general,
anaphylactic reactions were rare in clinical
trials [5, 29]. Studies on long-term treat-
ment with omalizumab in PAR also showed
good tolerability [1]. There seems to be no
increased risk of adverse events including
anaphylactic reactions in repetitive treatment
cycles [28, 36].

In rare cases, antibodies to the drug may
be formed during therapy with humanized
DNA-derived monoclonal antibodies in gen-
eral. However, such events have not been ob-
served with omalizumab [1, 29, 34].

Omalizumab is able to form an immune
complex with free IgE. Since these complex-
es are present as trimers or hexamers, they
pose a low risk for the development of serum
sickness due to their small size [54]. Based
on available data, a low risk for the occur-
rence of serum sickness can be assumed [54,
55]. So far, only a few cases have been de-
scribed in the literature.

Large clinical studies showed no in-
creased risk for the occurrence of malignant
tumors with omalizumab [56]. In animal
studies, omalizumab in higher doses some-
times caused pronounced changes in the

blood count, such as thrombocytopenia. In
the more recent clinical studies, neither the
occurrence of such blood count changes nor
the formation of antibodies against omali-
zumab could be observed [8, 10]. An evalu-
ation of twelve randomized controlled trials
could also not determine any clinically rele-
vant blood count changes under omalizumab
treatment [55].

A clinical study demonstrated a slight
increase in parasitic infections under anti-
IgE therapy [33]. However, an increase in
parasitic infections could not be reproduced
in the animal model. In fact, low IgE blood
serum concentrations showed no influence
on the course of parasitic infections or the
risk of reinfection [57, 58]. Clinical trials of
asthma therapy with omalizumab also did
not show an increased incidence of para-
sitic infections, nor did they show refractory
courses of anti-parasitic treatment. [54].

Conclusion

In the treatment of AR, monoclonal an-
tibodies to IgE represent a promising thera-
peutic option for the future by effectively re-
ducing the free IgE antibodies in the serum.

Omalizumab has already been the subject
of a large number of clinical studies in AR
with supportive evidence from the treatment
of other atopic diseases. In AR, this treat-
ment has demonstrated clinical efficacy by
reducing the symptomatic burden and need
for concomitant allergic medication and by
improving the quality of life in patients with
AR. In addition, it has an impact on comor-
bidities and a convincing safety profile.

Omalizumab is approved as an add-on
therapy for better control of severe persistent
allergic asthma, the severe form of chronic
rhinosinusitis with polyposis (CRSwNP) and
the severe form of chronic spontaneous urti-
caria. Clinical development programs in AR
are also very convincing. However, further
clinical studies on omalizumab and other
above-mentioned biologics are needed to
integrate these molecules in common treat-
ment concepts of AR.
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