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Abstract: Urticaria and angioedema are very common. Management of chronic urticaria 
subtypes, which usually persist for many years, is challenging. Recent years have demon
strated that targeting IgE with antibodies provides a safe and efficient treatment approach. 
Whilst several anti-IgE antibodies have been developed, omalizumab is currently the only 
one approved for use. International and national guidelines recommend its use after failure of 
antihistamines at standard and increased dose. Whilst not yet approved, many new anti-IgE 
approaches are currently being investigated in pre-clinical studies or clinical trials. This non- 
systematic focused review summarizes current knowledge of omalizumab and other anti-IgE 
biologics in chronic urticaria using data extracted from PubMed, Google Scholar and clinical 
trial databases, clinicaltrials.gov and clinicaltrials.eu. For adults, there is good evidence from 
randomized clinical trials and real-world data that symptomatic treatment with omalizumab 
is efficacious and safe in chronic spontaneous urticaria (CSU), whereas evidence in chronic 
inducible urticaria (CINDU) and special populations is limited. Easy-to-use tools to identify 
non-responders and predict the required duration of treatment have not been established yet. 
Phase 2 b results of ligelizumab have not only demonstrated efficacy and safety but also 
superiority to omalizumab. Indeed, there is preliminary evidence that omalizumab non- or 
partial responders benefit from ligelizumab. Whereas further development of quilizumab was 
discontinued, other approaches, eg UB-221 or DARPins are under investigation. Anti-IgE 
treatment with omalizumab represents a landmark in the treatment of chronic urticaria, with 
and without angioedema, and there is light on the horizon suggesting success may come with 
various next-generation anti-IgE approaches. 
Keywords: anti-IgE therapy, ligelizumab, monoclonal antibody, omalizumab, quilizumab, 
UB-221, urticaria

Introduction
Urticaria is a frequent skin disorder presenting with wheals or angioedema or 
both.1,2 The individual hive is transient, existing in loco for minutes to hours, and 
leaving without any secondary skin lesions such as scales or excoriations. Itch is 
a key characteristic for differential diagnosis. In contrast to wheals, angioedema are 
swellings located in the deeper dermis, subcutis or submucosa. Compared to 
wheals, they need more time to resolve (up to 3 days) and are more commonly 
recognized by pain than by itch. Mast cell mediators induce local vasodilatation 
with increased capillary permeability and plasma leakage, resulting in elevated 
erythematous wheals. Itch and erythematous halo (axon reflex) are caused by 
stimulation of sensory skin nerves, although the pathophysiology involved is not 
well understood.

Wheals and/or angioedema can occur spontaneously or through induction by 
external stimuli, eg cold water or vertical pressure.1,2 In contrast to acute urticaria, 
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chronic urticaria is defined by wheals and/or angioedema 
that do not resolve within 6 weeks. According to the 
current international classification, chronic urticaria can 
be further categorised as chronic spontaneous urticaria 
(CSU), when lacking a definite eliciting factor, or as 
chronic inducible urticaria (CINDU), where defined and 
definite eliciting factors reproducibly trigger symptoms.1

In urticaria, the key pathomechanism, ie mast cell and 
basophil degranulation, can be induced by allergen cross- 
linking of specific immunoglobulin E (IgE) antibodies that 
are bound to the high-affinity IgE receptor (FcԑRI) 
expressed on the cell surface of mast cells and basophils.3

Biologics targeting IgE or FcԑRI have been developed 
to reduce mast cell and basophil activation by interrupting 
this pathomechanism.4,5 This non-systematic review sum
marizes current knowledge about anti-IgE treatment in 
chronic urticaria.

Chronic Spontaneous Urticaria (CSU)
CSU is defined by spontaneously occurring wheals and/or 
angioedema for a period beyond 6 weeks.1,2 More than 
65% of chronic urticaria is spontaneous. The subgroup that 
suffers from angioedema without wheals is estimated at 
10–15%. Most patients with CSU are middle aged and 
female.1,2 The estimated lifetime prevalence of CSU is 
1.8%.6 The disease is irritating, often persists for years, 
and results in a significant impairment of quality of life, 
primarily as a result of severe itching resulting in sleep 
disturbances, and by psychological and social 
complications.1,2 The urticaria guidelines recommend 
assessing patient-reported outcome measures (PROMs) to 
determine not only the impact of the disease (activity, 
health-related quality of life) but also the effect of treat
ment (control of the disease).1,7 The following PROMs are 
used in clinical trials and daily practice: urticaria control 
test (UCT), angioedema control test (ACT), 7-day urticaria 
activity score (UAS7), 7-day itch severity score (ISS7), 
7-day hive severity score (HSS7), 7-day or 28-day angioe
dema activity score (AAS7 or AAS28), Dermatology Life 
Quality Index (DLQI), and Chronic Urticaria Quality of 
Life Questionnaire (CUQ2oL) or AEQoL (angioedema 
quality of life) score.1,7 For the majority of available 
PROMs, the minimal important difference (MID) was 
defined.8

Chronic Inducible Urticaria (CINDU)
CINDU subtypes affect about 0.5% of the population. Many 
patients are severely impaired, mainly due to the challenge 

of avoiding eliciting factors.1,9 In CINDU, the eliciting 
triggers are primarily of a chemical or physical nature.1,9 

These include friction in symptomatic dermographism, ver
tical pressure in delayed pressure urticaria (DPU), tempera
ture in cold and heat urticaria, UV- or daylight in solar 
urticaria, and rarely vibration in vibratory angioedema. 
Chemical triggers of CINDU subtypes are sweat in choli
nergic urticaria, water in aquagenic urticaria, and other 
urticariogenic chemical compounds in contact urticaria.9 In 
some CINDUs, such as cold urticaria or cholinergic urti
caria, additional systemic reactions including anaphylaxis 
can occur. Moreover, CINDU and CSU can co-exist.

Treatment Choices for Chronic Urticaria
The key to therapy of urticaria is either suppressing mast 
cell activation to prevent degranulation with mediator 
release, or to inhibit post-degranulation mediator-related 
effects, eg by H1-antihistamines.

Current treatment options are symptomatic, meaning 
they are usually given until spontaneous remission of 
urticaria occurs. In many instances, this can be for 3–5 
years.1,2 In most patients the treatment is challenging. 
Approximately two thirds of CSU patients do not experi
ence complete symptom relief when treated with the 
approved dose of H1-antihistamines. Even if the dose is 
increased up to four-fold, one third remains uncontrolled.3 

International guidelines recommend the following treat
ment algorithm.1 At first, non-sedating H1-antihistamines 
in standard dose are given. If they fail, the dose should be 
increased up to four-fold. Step 3 includes the addition of 
omalizumab. If omalizumab fails, cyclosporine A is 
recommended (step 4).1

There are no licensed treatment options for CINDU, 
therefore, recommended treatment is similar to CSU.1

Role of Mast Cell Activation and IgE in 
Urticaria
The pathogenesis of CSU has not been fully elucidated, 
although several mechanisms are thought to be involved.1 

Mast cells, typically found in proximity to vascular and 
lymphatic vessels, nerves, and skin adnexa, are regarded as 
key effector cells. Their degranulation is induced immuno
logically via activation of the high-affinity IgE receptor 
(FcԑRI), or non-immunologically by IgE-independent stimu
lation. Examples for the latter are direct liberators of hista
mine such as substance P, opiates or other neurotransmitters, 
but also pseudoallergens such as acetylsalicylic acid, 
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physicochemical stimuli, infections causing activation of 
complement or induction of immune complexes, and patho
gen-specific IgG or IgE antibodies.1 Cross-linking allergen- 
specific IgE antibodies bound to FcԑRI activates the receptor, 
which, according to Gell and Coombs, is defined as an 
immediate-type allergic hypersensitivity reaction, or a type 
I reaction. Furthermore, the receptor can also be activated by 
autoantibodies binding either directly to the FcԑRI or to 
bound IgE, which is defined as autoreactive.2 The presence 
of a positive family history of systemic or organ-specific 
autoimmune diseases and/or autoantibodies are common in 
CSU. Like in other autoimmune diseases, women are more 
frequently affected by CSU than men.10

The presence of specific IgE antibodies against common 
allergens is not a feature of CSU.11,12 The most recent 
theories postulate an autoimmune pathogenesis, ie type 
I and IIb autoimmunity, resulting in mast cell and basophil 
stimulation.7,13 Recently, the characteristics of type I and 
type IIb autoimmunity in CSU were extensively summarized 
(see Figure 1).7 Type I autoimmunity is characterized by IgE 
autoantibodies against diverse antigens such as thyroperox
idase, thyroglobulin, double-stranded DNA, staphylococcal 
exotoxins, tissue factor or interleukin-24.7,11,12,14,15 In con
trast, type IIb autoimmunity is present when the autologous 
serum skin test (ASST; intradermal injection of autologous 
serum) induces a wheal, which occurs in 30–40% of 
patients. When added to healthy donor basophils in vitro 
(basophil activation test, BAT), autologous sera induce 

degranulation. These chronic urticaria serum effects could 
be explained at least in part by IgG autoantibodies against 
IgE or FcԑRI.7 However, all three criteria (ASST, BAT and 
IgG-autoantibody positive ELISA) were only found in 8% 
of CSU patients.11 In contrast to CSU, autoimmunity in 
CINDU has not yet been described. In single CINDUs, eg 
cholinergic urticaria, type I allergy (specific IgE antibodies 
to autologous sweat antigens or skin resident fungi, 
Malassezia globosa) has been reported.16,17

Materials and Methods
This is a non-systematic focused review to identify trends 
and better understand the current state of anti-IgE therapy in 
chronic urticaria. A PubMed (pubmed.ncbi.nlm.nih.gov), 
Google Scholar (scholar.google.de), and clinical trial data
bases (clinicaltrials.gov, clinicaltrials.eu) search was per
formed, with no restrictions on the time period covered. 
The inclusion criteria were all types of articles, if related to 
humans and at least the abstract was published in English 
language. The advanced search option was used with the 
terms anti-IgE or omalizumab or ligelizumab or quilizumab 
or UB-221 AND chronic urticaria, or chronic inducible 
urticaria, chronic spontaneous urticaria, physical urticaria, 
dermographism, solar urticaria, delayed pressure urticaria, 
cholinergic urticaria, cold urticaria, or angioedema to 
encompass results from all fields. Additional terms used in 
combinations with those above were mechanism of action, 
pathomechanism, children, adolescents, obesity, BMI, 

Figure 1 Mechanisms of mast cell activation in chronic spontaneous urticaria. Type I autoimmunity is characterized by diverse antigens such as thyroperoxidase (TPO) 
crosslinking IgE autoantibodies. Type IIb autoimmunity is based on IgG autoantibodies against IgE or FcԑRI. Both autoimmune mechanisms lead to a degranulation of mast 
cells.
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elderly, pregnancy, cancer, malignancy, dosing, updosing, 
discontinuation, interval prolongation, biomarker, monitor
ing, non-responder, treatment response, or treatment failure. 
Randomized clinical trials, observational case-control or 
cohort studies, and case reports, but also reviews were 
included. The search was complemented by manually select
ing other publications that were cited in the articles retrieved 
and by any additional published or in press evidence known 
to us at the time of publication. We did not use an organized 
method of locating, assembling, and evaluating the litera
ture. If available, other reviews or summarizing articles were 
cited to restrict the number of references and avoid content 
redundancy.

Results
Anti-IgE Approaches
Since 1990, several anti-IgE monoclonal antibodies 
(mAbs) have been developed (Figure 2).4 The results of 
two Phase 3 clinical trials of ligelizumab are awaited in the 
near future.13,18 Quilizumab is under investigation in 
phase 2 clinical trials. Omalizumab, ligelizumab, and qui
lizumab have all been investigated in the indication CSU.4 

Among them, omalizumab received approval for use in 
CSU patients that are unresponsive to H1-antihistamines 
(Figure 2). For other anti-IgE mAbs (MEDI4212, 
XmAb7195, 8D6) development was stopped after Phase 
1 clinical trials.4 At this time, disruptive IgE inhibitor 
(DARPins) and a nanobody targeting IgE did not exceed 
the preclinical phase.4

The mechanism of action of anti-IgE mAbs in urticaria is 
not yet fully understood, but it seems that in addition to 
preventing IgE from binding FcεRI, they also induce FcεRI 
downregulation on mast cells and basophils (Figure 3).

Omalizumab
Omalizumab is a humanized IgG monoclonal antibody that 
recognizes the Fc portion of IgE (Table 1). It generates bio
logic inactive trimeric or hexameric anti-IgE/IgE-complexes 
that are unable to bind FcԑRI on effector cells (see Figure 3). 
As a result, free serum IgE levels decline and FcԑRI receptors 
on basophils and mast cells are downregulated. Omalizumab 
is normally used for the treatment of children and adults with 
allergic asthma that is not responsive to standard 
therapies.19–21 In 2020 omalizumab was also approved for 
chronic rhinosinusitis with nasal polyps (CRwNP).22

Omalizumab in Chronic Spontaneous 
Urticaria
The clinical trial program of omalizumab was limited to 
patients with CSU inadequately controlled by H1- 
antihistamine at approved or increased doses alone or in 
combination with H2-antihistamines or leukotriene recep
tor antagonists (Table 2). All randomized controlled trials 
(RCTs) demonstrated significant efficacy of omalizumab 
300 mg q4w regarding UAS7,1,2 ISS7, HSS7, DLQI and/ 
or CUQ2oL assessment (Table 2).23,24

Before the global extension approval of omalizumab 
for CSU in 2014, less than half of patients with CSU 

Figure 2 History and future of selected anti-IgE drugs for the treatment of chronic spontaneous urticaria. In 2003, omalizumab was approved by the FDA for the treatment 
of adults and adolescents aged 12 years and above with moderate to severe persistent allergic asthma whose symptoms are poorly controlled with inhaled corticosteroids. 
Approval by EMA followed in 2005. In 2014, omalizumab was the first treatment approved by FDA and EMA for chronic spontaneous urticaria. Whereas further 
development of quilizumab in chronic spontaneous urticaria was discontinued, in 2014, first results of ligelizumab and UB-221 were described. Both are promising candidates 
for a possible therapy of chronic spontaneous urticaria in the future.
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were sufficiently controlled, even when treated with 
increased (off-label) doses of H1-antihistamines. The 
licensing of omalizumab was based on several RCTs. 
Details, such as dose, duration and outcome are 
described in Table 2. A very recent systematic review, 
following the GRADE approach and focusing on 
licensed omalizumab doses (150 mg and 300 mg/q4w), 
identified 10 RCTs totalling 1620 subjects with CSU.21 

Treatment duration ranged from 4 to 24 weeks, and the 
extended follow up without medication ranged from 16 
to 40 weeks. Omalizumab 300 mg q4w resulted in 
clinically relevant improvements (moderate certainty) 
of the UAS7 (mean difference ((MD)) −11.05; 95% CI 
−12.87 to −9.24), the ISS7 (MD −4.45; 95% CI −5.39 to 
−3.51), and DLQI (MD −4.03; 95% CI −5.56 to −2.5, 
high certainty). Furthermore, omalizumab decreased 

(moderate certainty) rescue medication use (MD −2.04; 
95% CI −3.19 to −0.88) and drug-related serious 
adverse events (AEs, RR 0.77; 95% CI 0.20 to 2.91).21 

In contrast, for the 150 mg dose, the minimal important 
difference (MID) was not reached for any of the 
observed end-points.21 It was mentioned that two phar
maceutical companies funded all studies.21

Only one RCT, a short dose-finding study, investigated 
a higher dose of 600 mg omalizumab.25 At week 4 the 
outcome was inferior compared to omalizumab 300 mg 
(Table 2).

The urticaria clinical trial program included more than 
1000 patients exposed to omalizumab and did not observe 
any deaths or significant serious adverse events related to 
the drug.23 The most common adverse events following 
subcutaneous administration were injection site reactions, 

Figure 3 Mechanisms of various currently approved or in trials investigated drugs for chronic spontaneous urticaria. Anti-IgE drugs omalizumab, ligelizumab and UB-221 
bind to free IgE and, therefore, induce a downregulation of FcԑRI. For omalizumab, an acceleration of the dissociation of IgE from FcεRI was shown. There are hints that 
omalizumab reduces the production of IgE. Quilizumab binds to the M1-prime segment of membrane-expressed IgE inducing a depletion of IgE-switched and memory B cells.
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followed by upper respiratory tract infections and 
headaches.23

In 2018, a meta-analysis of 67 published reports on 
real-world effectiveness described an overall meta-analytic 
summary mean (95% CI) of 4% (1–7%) adverse events 
versus 2.9–8% in clinical trials.5 The predictive interval 
was estimated at 0% to 3%.

Following a review of more than 15 post-marketing 
years of omalizumab in allergic asthma, the risk of ana
phylaxis has been estimated to be 0.1% to 0.2% and occurs 
primarily in patients with prior anaphylaxis.26 Very few 
case reports of anaphylaxis have been published regarding 
CSU as of yet, and many of those reported rather resemble 
uncontrolled urticaria. Long-term treatment with 

Table 1 Summary of Omalizumab, Ligelizumab, Quilizumab, and UB-221.13,95,97,109,111,112,114,115

Anti-IgE Omalizumab, Xolair® 

(E25, IGE025)
Ligelizumab (QGE031) Quilizumab UB-221

mAb type Humanized IgG1/κ-light 

chain

Humanized, IgG1/κ-light 

chain

Humanized, afucosylated, 

IgG1/κ-light chain

Humanized IgG1

KD 7 x 10−9 M 1,4 x 10−10 M Not published. Not published

Pharmacokinetics 300 mg s.c./q4w: 
- maximum serum 

concentration within 7–8 
days 

- terminal elimination half-life 

≈24 days 
- steady state serum 

concentration at week 12

120 mg/240 mg s.c./q4w: 
- maximum serum 

concentration within 4 days 
- terminal elimination half-life 

≈20-25 days 

- steady state serum 
concentration at week 8–16

300 mg/q4w: 
-terminal elimination half-life 

≈19-21 days 
-mean maximum observed 

serum concentrations of 34 

± 12.6 μg/mL at time of 
maximum observed serum 

concentration of 36.2 ± 3.5 

days

Not published

Mechanism of 

action

Attaches to the Cε3 domain 

of serum IgE, and thereby 
inhibits these IgE antibodies 

from binding to FcεRI high- 

affinity IgE receptor and 
CD23 receptor. No binding 

to receptor-bound IgE; 

dissociates IgE from FcԑRI

Inhibits IgE antibodies from 

binding to the FceRI high- 
affinity IgE receptor, 

interference with CD23 

binding is debated. No 
binding to receptor-bound 

IgE, therefore no triggering 

of effector cells such as mast 
cells or basophils.

Binds membrane IgE at the 

M1-prime segment, no 
binding to free IgE

Attaches to the Cԑ3 domain 

of serum IgE, and thereby 
inhibits these IgE antibodies 

from binding to FcԑRI high- 

affinity IgE receptor; no 
inhibition of the interaction 

between IgE and CD23; no 

binding to FcԑRI-bound IgE, 
but binding to CD23-bound 

IgE, down-regulates IgE 

synthesis

Administration Recommended dose is 

300 mg (two pre-filled 
syringes with 150mg) 

Omalizumab s.c. every 4 

weeks. Self-administration 
possible after four tolerated 

doses.

Final dosing regimen has yet 

to be defined.

Final dosing regimen has yet 

to be defined.

Final dosing regimen has yet 

to be defined.

Adverse events Most frequent: injection-site 

reactions, upper respiratory 

infection, headache.

Most frequent: injection-site 

reactions, upper respiratory 

infection, headache.

Most frequent: headaches, 

arthralgias, and injection-site 

reactions. No deaths, 
malignancies, or anaphylactic 

episodes were reported in 

the RCTs.

?

Abbreviations: mAb, monoclonal antibody; s.c., subcutaneously; q4w, every 4 weeks; RCT, randomized controlled trial.
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Table 2 Clinical Efficacy of Omalizumab (OMZ), Ligelizumab (LMZ) and Quilizumab (QLM) in Phase 2 and 3 RCTs of Chronic 
Spontaneous or Chronic Inducible Urticaria

Name (Phase), 
Indication, n Included

Verum Dose q4w Endpoint: Outcome with Verum as 
Indicated

Endpoint: 
Outcome with 
Placebo

Year of 
Publication

Reference

X-CUISITE (2) CSU* with 
IgE anti-Thyroperoxidase, 
N = 49

OMZ 75 to 375 mg according to 
baseline IgE and body weight

Wk 24: 
UAS7 = −17.8 
wheals of 0 = 70% 
DLQI = −6.3 
CU2QoL = −21

Wk 24: 
UAS7 = −5.8 
UAS7 of 0 = 5% 
DLQI = −1.5 
CU2QoL = −2.3

2011 [116]

MYSTIQUE (2), CSU*, N = 
90

Single-dose of OMZ 75 mg, OMZ 
150 mg, OMZ 300 mg, OMZ 
600 mg

OMZ 300 mg, wk 4: 
UAS7 = −19.9 
UAS7 of 0 = 36% 
ISS7 = −9.2 
OMZ 600 mg, wk 4: 
UAS7 = −14.6 
UAS7 of 0 = 29% 
ISS7 = −6.5

Wk 4: 
UAS7 = −6.9 
UAS7 of 0 = 0% 
ISS7 = −3.5

2011 [25]

MoA (2), CSU*, HC, N = 40 OMZ 300 mg OMZ 300 mg, wk: 
UAS7 = −23.1 
CUQ2oL = −39.2 
DLQI = −10.2

Wk: 
UAS7 = −8.1 
CUQ2oL = −5.7 
DLQI = −3.1

2019 [117]

X-ACT (3) CSU*, N = 91 OMZ 300 mg wk 28: 
UAS7 = −16.8 
UAS7 of 0 = 50% 
CUQ2oL = −30.9 
DLQI = −10.5

wk 28: 
UAS7 = −6.5 
UAS7 of 0 = 11% 
CUQ2oL = −12.1 
DLQI = −5.6

2016, 2018 [32,118]

Asteria I (3) CSU*, N = 323 OMZ 75 mg 
OMZ 150 mg 
OMZ 300 mg

OMZ 300 mg: wk 12 
UAS7 = −21.7 
UAS7 of 0 = 44% 
ISS7 = −9.8 
DLQI = −10.2 
OMZ 150 mg: wk 12 
UAS7 = −17.9 
UAS7 of 0 = 22% 
ISS7 = −8.1 
DLQI = −8.3

Placebo, wk 12: 
UAS7 = −10.4 
UAS7 of 0 = 5% 
ISS7 = −5.1 
DLQI = −6.1

2015 [119]

Asteria II (3) CSU*, N =318 OMZ 75 mg 
OMZ 150 mg 
OMZ 300 mg

OMZ 300 mg, wk 12: 
UAS7 = −20.8 
UAS7 of 0 = 36% 
ISS7 = - 9.4 
DLQI = −10.3 
OMZ 150 mg, wk 12: 
UAS7 = −14.4 
UAS7 of 0 = 15% 
ISS7 = −6.7 
DLQI = −8.0

Placebo, wk 12: 
UAS7 = −8.0 
UAS7 of 0 = 9% 
ISS7 = −3.6 
DLQI = −6.1

2013 [120]

Glacial (3) CSU**, N = 336 OMZ 300 mg OMZ 300 mg, wk 12: 
UAS7 = −19.0 
UAS7 of 0 = 34% 
ISS7 = −8.6 
DLQI = −9.7

Placebo, wk 12: 
UAS7 = −8.5 
UAS7 of 0 = 5% 
ISS7 = −4.0 
DLQI = −5.1

2013 [121]

(Continued)
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Table 2 (Continued). 

Name (Phase), 
Indication, n Included

Verum Dose q4w Endpoint: Outcome with Verum as 
Indicated

Endpoint: 
Outcome with 
Placebo

Year of 
Publication

Reference

POLARIS (3) CSU*, N = 
218

OMZ 150 mg 
OMZ 300 mg

OMZ 300 mg, wk 12: 
UAS7 = −22.4 
UAS7 of 0 = 36% 
ISS7 = −10.2 
OMZ 150 mg, wk 12: 
UAS7 of 0 =19% 
UAS7 = −18.79 
ISS7 = −8.80

Placebo, wk 12: 
UAS7 = −13.9 
UAS7 of 0 = 4% 
ISS7 = −6.5

2018 [122]

UFO (2) Symptomatic 
Dermographism, N = 61

OMZ 150 mg, 
OMZ 300 mg

OMZ 300mg, wk 10: 
CFT = −2.0 
CR = 53% 
OMZ 150 mg, wk 10: 
CFT = −1.8 
CR = 44%

Placebo, wk 10: 
CFT = −0.6 
CR = 11%

2017 [34]

CUN-OMAL-UCOL (2) 
Cholinergic urticaria& N = 
22

OMZ 300 mg (first 4 months 
blinded, followed by 8 months 
open-label)

Wk 16: No difference in negative 
exercise challenge test rate compared 
to placebo 
Wk 16: 
UCOL score = −28 
CU2QoL = −7.6 
VAS = −10 
Wk 48: 
Negative exercise challenge test: 31% 
Significant progressive improvement 
along time starting from wk 16

Wk 16: 
UCOL = −16 
CU2QoL = −6.5 
VAS = −10 
Wk 48: 
Theoretical negative 
exercise challenge 
test: 11%

2019 [35]

CUTEX (2) Cold urticaria, 
N = 31

OMZ 150 mg 
OMZ 300 mg

OMZ 150 mg, Wk 10: 
CTT: −10,6 °C 
CR: 40% 
OMZ 300 mg, wk 10: 
CTT: −10.4 °C 
CR: 44%

Wk 10: 
CTT: −0.3 °C 
CR: 0%

2017 [36]

XOLUS (2) solar urticaria, 
N = 10

OMZ 300 mg Wk 12: 
MUDi = 20% 
DLQI < 6 = 40% 
VAS50 = 40% 
UAS7 of 0 = 30% 
Wk 20: 
MUDi = 0% 
DLQI < 6 = 11% 
VAS50 = 0% 
UAS7 of 0 = 11%

No placebo arm; 
comparison to 
baseline

2016 [123]

CQGE031C2201 (2b) 
CSU**, N = 382

LMZ 72 mg Wk 12: 
HSS7 of 0 = 51% 
UAS7 of 0 = 44%

Wk 12: 
HSS7 of 0 = 0% 
UAS7 of 0 = 0%

2019 [97]

LMZ 240 mg Wk 12: 
HSS7 of 0 = 42% 
UAS7 of 0 = 40%

OMZ 300 mg Wk 12: 
HSS7 of 0 = 26% 
UAS7 of 0 = 26%

(Continued)
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omalizumab is remarkably safe and well tolerated. There 
is no evidence that treatment for many years increases the 
risk of side effects. The majority of patients that discon
tinue omalizumab do so for reasons unrelated to adverse 
events. According to a 2020 EMA European Public 
Assessment Report (EPAR), as of 31 December 2018, 
the cumulative omalizumab exposure in clinical trials 
was calculated at >16,000 patients, and at >1 million 
patient-years post-marketing.27

The mode of action of omalizumab in CSU is not fully 
understood. Regarding the benefit of anti-IgE treatment, 
the presence of an abnormal IgE that recognizes an 
unknown antigen and thereby activates mast cells and 
basophils has been hypothesized. In subjects with IgG 
autoantibodies against IgE or FcԑRI, omalizumab might 
deplete mast cell–bound IgE with subsequent downregula
tion of mast cell and basophil FcԑRI-mediated hyperexcit
ability (see Figure 3).28–30 If autoallergens and IgE are 
present, omalizumab/IgE immune complexes may accu
mulate and sequester endogenous autoantigens that 
would normally react with IgE.29,31

Omalizumab in Recurrent Angioedema
So far, no RCT has included CSU patients that suffer from 
recurrent angioedema without wheals. As more than 50% 
of patients with CSU have wheals and additional angioe
dema, available RCTs included patients with both mani
festations. Evaluation of secondary endpoints such as 
angioedema activity (AAS7; angioedema free or burdened 
days) and quality of life (AEQoL) demonstrated in all 
RCTs that angioedema frequency and severity decreased 
with omalizumab treatment (Table 3). The X-ACT (Xolair 
Effects on Angioedema in Chronic Spontaneous Urticaria 
Treatment) study was an RCT including 91 patients with 

CSU and angioedema. Omalizumab treatment resulted in 
a reduction in angioedema-burdened days, size of involved 
areas, and a prolonged time to recurrence of 
angioedema.32 This benefit of omalizumab in angioedema 
patients was confirmed by a Phase 4 French study.33 In 
136 patients with angioedema, the total AEQoL score 
decreased and the AAS7 improved from baseline to 
Week 12 following treatment with omalizumab (both P < 
0.0001).33

Omalizumab in Chronic Inducible 
Urticaria (CINDU)
After approval of omalizumab for CSU in 2014, several 
placebo-controlled RCTs showed its efficacy and safety in 
the following CINDU subtypes: symptomatic 
dermographism,34 cholinergic urticaria,35 and cold 
urticaria36 (Table 2). However, the sample sizes of these 
RCTs were small. In addition, several successful case 
reports and case series have been described in all 
CINDU subtypes.37 A recent observational retrospective 
multi-center study in Spain included 80 patients with dif
ferent CINDUs.38 Omalizumab 300 mg q4w resulted in 
complete response (CR), ie UCT= 16, in 40% of patients. 
The best response was seen in solar urticaria and poorest 
response in symptomatic dermographism.38 It appears that 
omalizumab shows less efficacy in CINDU compared to 
CSU, but this has not yet been addressed systematically. 
Until now, no other anti-IgE mAb has been investigated in 
CINDU.

Omalizumab in Children
A recent meta-analysis calculated the point prevalence of 
chronic urticaria in children at 1.4%.6 There is compelling 
evidence in uncontrolled moderate-to-severe persistent 

Table 2 (Continued). 

Name (Phase), 
Indication, n Included

Verum Dose q4w Endpoint: Outcome with Verum as 
Indicated

Endpoint: 
Outcome with 
Placebo

Year of 
Publication

Reference

QUAIL (2b) CSU***, N =32 QLM 450 mg Wk 20: 
Median IIS7: −5.3 
Median UAS7: −2 
Median HSS7: −0

Wk 20: 
Median IIS7: −2.2 
Median UAS7: −11 
Median HSS7: −3.5

2016 [110]

Notes: *Inadequately controlled by H1-antihistamine at approved dose; **Inadequately controlled with H1-antihistamines at approved or increased doses alone or in 
combination with H2-antihistamines or leukotriene receptor antagonists; ***Inadequately controlled with H1-antihistamines at approved or increased doses alone or in 
combination with leukotriene receptor antagonists; &Inadequately controlled with a doubled dose of H1-antihistamine 
Abbreviations: CFT, critical friction threshold; CSU, chronic spontaneous urticaria; CTT, critical temperature threshold; CR, complete response; HC, healthy controls; 
HSS7, 7 days hive severity score; IIS7, 7 days itch severity score; UAS7, 7 days urticaria activity score; UCOL score, cholinergic urticaria score; MUDi, >10-fold increase in 
minimal urticarial dose; VAS50, 50% improvement from baseline measured on a visual analog scale.
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allergic asthma that omalizumab is well tolerated and 
effective as an add-on therapy for children aged 6 years 
and above.39 In CSU, evidence in children is anecdotal. 
RCTs using omalizumab in urticaria included only a small 
number of 39 adolescent patients (aged ≥12 years).40 Very 
recently, a case series of six children (mean age 14.7 
years) was published together with a summary of 12 pre
viously published case reports.40 Applied omalizumab 
doses ranged from 75 mg q4w to 300 mg q2w for 
a period of up to 12 months. Most patients received the 
standard dose of 300 mg q4w. A recent retrospective 
multi-center case series included 19 participants (6 to 
16.9 years old).41 Sixteen (84%) responded to omalizu
mab, including children <12 years, although two became 
non-responsive after 6–12 months of therapy. Another 

three patients (16%) were resistant to omalizumab treat
ment, achieving remission through fourth-line (cyclospor
ine A) or other therapies.41

Accordingly, evidence regarding the use of omalizu
mab in children with CINDU is limited.37 For example, 
a case series of five adolescents (mean age 14.6 years) 
with cold urticaria reported significant reductions in reac
tion time needed to elicit a wheal and in respect to the 
quality of life.42 Omalizumab 300 mg was effective within 
1 week in a 16-year-old boy with CSU in combination 
with delayed pressure urticaria43 and in a 6-year-old 
child44 and a 16-year old girl with severe solar 
urticaria.45,65 Prospective randomized clinical trials of 
omalizumab and other anti-IgE therapies in children and 
adolescents are clearly needed.39

Table 3 Clinical Efficacy of Omalizumab (OMZ) and Ligelizumab (LMZ) on Angioedema in Phase 2 and 3 RCTs

Name (Phase), 
Indication, 
n Included

Verum Dose/4wk Endpoint: Outcome with 
Verum as Indicated

Endpoint: 
Outcome with 
Placebo

Year of 
Publication

Reference

MoA (2), CSU*, HC, 

N = 40

OMZ 300 mg Wk 4 to 12: 

OMZ 300 mg, AEFD = 90.9

Wk 4 to 12: 

Placebo, AEFD = 
70.5

2019 [117]

Asteria I (3) CSU*, N = 
323

OMZ 75 mg 
OMZ 150 mg 

OMZ 300 mg

Wk 4 to 12: 
OMZ 300 mg, AEFD = 95.5 

OMZ 150 mg, AEFD = 91.6

wk 4 to 12: 
Placebo, AEFD = 

89.2

2015 [119]

Asteria II (3) CSU*, 

N =318

OMZ 75 mg 

OMZ 150 mg 
OMZ 300 mg

Wk 4 to 12: 

OMZ 300 mg, AEFD = 96.1 
OMZ 150 mg: 

AEFD = 89.6

wk 4 to 12: 

Placebo, AEFD = 
88.2

2013 [124]

Glacial (3) CSU**, N = 

336

OMZ 300 mg Wk 4 to 12: 

AEFD = 91.0

Wk 4 to 12: 

AEFD = 88.1

2013 [121]

X-ACT (3) CSU*, N = 

91

OMZ 300 mg wk 0 to 28: 

AEBD = 14.6 

MAEBD = 9 days 
wk 4: 

AEQoL = −26.5 

wk 28: 
AEQoL = −41.4 

MTFRAE = 56–63 days

wk 0 to 28: 

AEBD = 49.5 

MAEBD = 30 days 
Wk 4: 

AEQoL = −10.3 

Wk 28: 
AEQoL = −24.2 

MTFRAE = <5 days

2016, 2018 [32,118]

CQGE031C2201 (2b) 

CSU**, N = 382

LMZ 24 mg, LMZ 72 mg, LMZ 

240 mg, OMZ 300 mg

Wk 12: 

LMZ 72 mg, AAS7: −37.6 

LMZ 240 mg, AAS7 = −27.3 
OMZ 300 mg; AAS7 = −23.1

Wk 12: 

AAS7: −23.6

2019 [97]

Notes: CSU*, inadequately controlled by H1-antihistamine at approved dose; **Inadequately controlled with H1-antihistamines at approved or increased doses alone or in 
combination with H2-antihistamines or leukotriene receptor antagonists. 
Abbreviations: AAS7, weekly angioedema severity score; AEFD, angioedema free days; AEBD, angioedema burdened days; MAEBD, median angioedema burdened days; 
MTFRAE, median time to first recurrence of angioedema after last injection of study drug.
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Omalizumab in Pregnancy
Omalizumab has been shown to cross the placenta to the 
fetus, and approximately 1/10,000 to 1/1000 of omalizumab 
in maternal serum is transferred into human breast milk.46

Omalizumab is not approved for use in pregnancy. In 
urticaria, there are few case reports describing effective 
and safe anti-IgE therapy with omalizumab in pregnant 
women.47–50 The EXPECT study examined omalizumab 
use in 191 pregnant women suffering from moderate to 
severe asthma, whereby each patient received at least one 
dose of omalizumab during pregnancy up to 8 weeks prior 
to conception.51 No significant difference in spontaneous 
abortions, major congenital anomalies, prematurity, or low 
birth weight was observed when compared to a similar 
asthma population reported in previous studies. 
Accordingly, the FDA classified omalizumab as category 
B. In 2019, EMA updated the European Public 
Assessment Report (EPAR) by stating that omalizumab 
might be considered for use in pregnancy.52 A detailed 
description of pregnancy outcome using omalizumab was 
published recently.52 However, at the moment, omalizu
mab is not recommended for use in pregnancy by any 
accepted international or national guideline.52 RCTs 
should be conducted on omalizumab during pregnancy 
before complete reassurance of the drug is established.53

Omalizumab in Elderly (65 Years and 
Older)
Whilst the RCTs of omalizumab use in CSU had an upper 
age limit of 75 years, the mean age of all included patients 
was within the range of 40–45 years. No specific reports 
on elderly patients are available. The SPC of omalizumab 
states that there are limited data available on its use in 
patients older than 65 years but there is no evidence that 
elderly patients require a different dose from younger adult 
patients.54

Omalizumab in Obese Patients
In CSU, some studies demonstrated that the rate of 
patients who were obese was significantly higher in the 
non-responder group.55–58 Accordingly, in asthma, a recent 
study identified BMI as a critical biological factor that 
significantly impacts the outcomes of omalizumab.59 The 
BMI of omalizumab responders was significantly lower 
than the BMI of non-responders. This effect was seen 
despite all patients being dosed based on their body 

weights and serum IgE level, according to the FDA- 
recommended dosing in asthma.

Omalizumab and Cancer
Allergies, allergen-specific and total IgE levels have been 
associated with a lower risk of cancer development, although 
epidemiologic data have only supported this association with 
regard to specific malignancies. Whether these associations 
relate to antigen- or allergen-specific responses or whether 
they represent protective effects of IgE through recognition 
of specific tumour antigens has not been elucidated.60 Long- 
term anti-IgE treatment may therefore impair protective 
immunologically mediated anti-tumor mechanisms and 
could increase the predisposition of developing 
malignancy.61 IgE might be a more important player in 
immune function than previously thought. Very low or absent 
IgE was shown to impede anti-tumour surveillance and there 
is evidence that ultra-low IgE might serve as a biomarker for 
cancer risk.62 Nevertheless, hitherto existing data from oma
lizumab in clinical studies and post-marketing do not indicate 
striking incidence rates for malignancies, such as non- 
melanoma skin cancer.63 Indeed, a recent systematic review 
and meta-analysis reported that patients receiving long-term 
omalizumab were not significantly more likely to develop 
study-emergent solid epithelial cancer than those receiving 
standard treatment.64 The authors limited the findings by 
pointing out that published evidence was insufficient. Most 
data are available from patients with allergic asthma.

There are few reports of effective and safe omalizumab 
treatment in patients with a history of previous malignant 
disease, eg with breast carcinoma, in-situ melanoma, thyr
oid carcinoma, laryngeal carcinoma, and pituitary 
adenoma.65 Evidence in patients with active malignant 
disease is scarce. Expert opinion from four large urticaria 
centers suggested that omalizumab can be used in patients 
with cancer.66 This should be considered with caution, 
regarding the period of 17 years since the first approval 
of omalizumab. Moreover, it should be kept in mind that, 
very rarely, chronic urticaria can be caused by cancer.67

Omalizumab: Monitoring of Treatment 
Response
In urticaria, anti-IgE treatment is symptomatic and thus 
should be assessed by monitoring symptoms using 
PROMs.1,7 In daily practice, the most useful instruments 
are UCT, UAS7, ACT, AAS7, and for quality of life 
CU2QoL and AEQoL. Regarding omalizumab, there is 
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no need to regularly check peripheral blood laboratory 
parameters for safety concerns. In a proportion of CSU 
patients, omalizumab might affect coagulation and fibrin 
degradation as demonstrated by a decrease of plasma 
D-dimer levels in clinical responders.68

Patients with autoimmunity type IIb, ie with a positive 
autologous serum skin test or basophil activating serum 
activity, exhibit slower responses to omalizumab69 

Moreover, in antihistamines non-responders, C-reactive 
protein levels were significantly higher.70

Currently, the most reported characteristic of adult non- 
responders to omalizumab compared to partial or complete 
responders is a significantly low total IgE level (for example 
<43 kU/l) prior to omalizumab treatment.66,71–75 However, 
these were retrospective studies, and a prospective study did 
not confirm this association.76 Furthermore, omalizumab treat
ment does not result in an increase of total IgE in non- 
responders, as would be expected.77 The exact responsible 
mechanism for this phenomenon is unclear. Several studies 
demonstrated that low initial total IgE levels might be asso
ciated with autoimmunity type IIb, peripheral blood basopenia 
and eosinopenia.7,71,73,78,79 After omalizumab administration, 
a 3- to 5-fold increase of total serum IgE can be observed as 
a result of IgE-anti-IgE complex formation with an altered rate 
of clearance.80 To avoid this interference, it is recommended to 
assess total IgE before initiating anti-IgE treatment and to use 
assays that can monitor serum free IgE. Whether low initial IgE 
as an indicator of non-responsiveness is also applicable in 
children, adolescents, in CINDU, or angioedema without 
wheals has not been investigated. In addition, it might be 
advisable to perform a differential count before starting oma
lizumab bearing in mind that an increase in basophils was 
described in omalizumab responders.7,78,79

Omalizumab: Duration of Treatment
Anti-IgE treatment with omalizumab does not result in 
remission of chronic urticaria. All phase 3 trials demon
strated recurrence of symptoms within 16 weeks after 
cessation of omalizumab. In order to recognize symptom 
returns after discontinuation of omalizumab treatment as 
soon as possible, routine patient UAS7 assessments and 
comparison to baseline are advantageous.81

Thus, symptomatic anti-IgE therapy must be given until 
spontaneous remission of urticaria occurs. Weaning or stop
ping therapy should be tried to evaluate for spontaneous remis
sion. At this time, no reliable weaning method has been 
acknowledged. Possible methods include reducing doses or 
lengthening the time interval between doses, as has been 

described in retrospective observational studies.82–85 For 
example, in 24 of 63 patients (38%) that were initially treated 
with omalizumab q4w for 12 weeks, the dosing interval was 
successfully extended to 8 weeks and then discontinued.85 

However, 42% of these 24 patients experienced a relapse, 
most after approximately 12 weeks of discontinuation.85 

A very recent observation that included a large population of 
132 patients described maintained disease control in 73% of 
patients with a 6-week interval, and in 57% of patients with an 
interval of 8 weeks or longer.84 Only 18% of the total study 
population was unable to extend the interval beyond 4 weeks.84

An early response to the first or second omalizumab treat
ment was associated with a higher chance to successfully 
extend the treatment interval.84 In daily practice, it is useful 
to increase the injection interval by 1-week (ie, every 5 weeks 
followed by every 6 weeks) if the urticaria activity is 
minimal.66,84 If symptoms are controlled by injections given 
q8w over a 4-month period without increased urticaria activity, 
omalizumab can be discontinued.

Real-world evidence (RWE) is defined by the FDA as 
clinical evidence regarding the usage and potential benefits or 
risks of a medical product derived from analysis of real-world 
data (RWD). RWD refer to observational data as opposed to 
data gathered in RCTs. RWE after approval of omalizumab 
demonstrated that symptoms recur in most patients after with
drawal of omalizumab and that re-starting is effective.86 After 
withdrawal for ≥3 months, 21% of patients with a relapse of 
urticaria restarted omalizumab after a mean time ± SD of 4.4 ± 
1.3 months.86 The OPTIMA study (NCT02161562) has 
demonstrated that re-treatment with omalizumab 300 mg/ 
q4w in patients with post-withdrawal relapse was not asso
ciated with reduced efficacy.87 Slow responders and non- 
responders were similar in terms of clinical and serological 
features, implicating that at least three injections of omalizu
mab should be tried.109 However, it has been demonstrated that 
some patients need 4–6 injections before urticaria is controlled. 
No consensus has been established so far concerning how long 
omalizumab should be tried in non-responders.18 In clinical 
trials, the application of omalizumab over a period of more 
than 1 year has demonstrated safety and efficacy.88–90 Several 
urticaria experts have clinical experience with patients effec
tively treated for periods longer than 10 years without signifi
cant side effects.

Omalizumab: Dosing
Approved fixed doses of omalizumab are 150 mg and 300 mg 
q4w. Dosing as recommended within the SPC at 300 mg q4w 
for at least 3 months is most commonly practised. Whilst the 
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150 mg dose did not overcome the MID of most endpoints (see 
above),21 this dose can be efficacious in individual patients 
with CSU and CINDU. Regarding updosing to 450 mg or 
600 mg q4w in patients that did not respond to the standard 
dose of 300 mg q4w, a single-dose RCT (MYSTIQUE) 
demonstrated the safety of up to 600 mg omalizumab q4w.25 

Moreover, several small case series and observational studies 
reported the efficacy and safety of doses up to 600 mg 
q2w.58,66,85,91–93 A recent overview of real-world evidence 
summarized published observational studies from June 2003 
to October 2019 (nine studies, 1207 updosed patients).94 The 
outcome suggested that updosing of omalizumab is associated 
with complete response rates in up to 60% of patients that 
either failed or had a partial response to the standard dose of 
300 mg q4w.94 In general, updosing was used in patients with 
higher BMI, lower pre-omalizumab UCT scores, and lower 
IgE levels.94 There was no association of updosing with gen
der, associated angioedema, baseline UAS7, or CINDU.94

Ligelizumab
The predecessor antibody of the high-affinity monoclonal anti- 
IgE antibody Ligelizumab (QGE031) is antibody TNX901 
(see Figure 2).95 Ligelizumab is a humanized, recombinant, 
monoclonal IgG1κ antibody that targets IgE (Table 1).95 Once 
bound to ligelizumab (dissociation constant = 130 pM, Table 
1), IgE is not able to bind high-affinity IgE receptors (FcԑRIα 
on mast cells and basophils). Therefore, activation of these 
target cells is inhibited, and the mediator release responsible for 
inducing clinical symptoms is prevented. Comparing in vitro 
data to omalizumab, ligelizumab has an almost 50-fold higher 
affinity for human IgE and is more effective at blocking IgE- 
dependent mast cell degranulation (dissociation constant = 6.8 
nM, Table 1).95 Basophil activation testing and ELIFAB assays 
revealed that ligelizumab inhibits IgE binding to effector cells 
without displacing receptor-bound IgE.96

Deaths or serious adverse events related to ligelizumab 
have not been observed among approximately 900 patients 
that were exposed for up to 17 months. Similar to omalizumab, 
the most frequent adverse events were injection site reactions 
after subcutaneous administration followed by upper respira
tory infections and headaches.97 At the moment, there is no 
evidence for an increased rate of parasitic infestations under 
ligelizumab,13 but this must be clarified in the future.

Currently, ligelizumab is being developed solely for the 
treatment of CSU. The results of the first phase 2b RCT 
(NCT02477332) in CSU (CQGE031C2201) that started in 
May 2016 demonstrated ligelizumab to be safe and effica
cious at 72 mg and 240 mg (Table 2).97

Moreover, ligelizumab outperformed omalizumab 
regarding UAS7 and HSS7 (Table 2). The first results of 
the post-treatment follow-up (NCT02477332) and the sub
sequent extension study (NCT02649218) demonstrated the 
efficacy and safety of the 240 mg/4 weeks dose for 
a 1-year period.98,99 In the extension study, ligelizumab 
240 mg achieved more prolonged symptom control com
pared to the core study.99 At week 52 in the extension 
study, 61.1% (n = 138/226) of patients achieved UAS7 ≤6. 
After stopping treatment, the median time of well- 
controlled disease was 28.0 weeks. These results implicate 
a longer treatment effect of ligelizumab compared to oma
lizumab. Furthermore, patients previously treated with 
omalizumab experienced >40% increase in complete 
response rates following 12 weeks of treatment with 
240 mg ligelizumab, which was sustained throughout the 
treatment period (NCT02649218).100

Regarding angioedema, study CQGE031C2201 found 
inconsistent results (Table 3).97 Although ligelizumab 
72 mg and, to a lesser extent, 240 mg resulted in 
a reduced AAS7, the effect with omalizumab 300 mg 
was similar to placebo (Table 3). During the extension 
study ligelizumab 240 mg achieved sustained control of 
angioedema in patients with CSU.99 The results of the two 
ongoing phase 3 clinical trials (Table 2) might further 
clarify the efficacy of ligelizumab on angioedema.

Currently, two similar phase 3 trials (PEARL 1 
NCT03580356 and PEARL 2 NCT03580369) are ongoing to 
study the efficacy and safety of ligelizumab in CSU patients 
who remain symptomatic despite standard of care treatment. In 
addition, a phase 3b extension study is planned to investigate 
ligelizumab in adult and adolescent patients with CSU 
(NCT04210843).101 The primary objective of this extension 
study is to evaluate the efficacy of retreatment with ligelizumab 
72 mg or 120 mg q4w. Further studies will investigate efficacy 
and safety in adolescents (NCT03437278) and Japanese adults 
(NCT03907878).13

Molecular analyses have provided interesting mechanistic 
and functional differences between omalizumab and ligelizu
mab. Differences in their IgE binding sites seem to result in 
various inhibitions of the binding capability of IgE to its low 
and high-affinity IgE receptors. Whereas omalizumab prefer
entially affects IgE binding to the low-affinity IgE receptor 
CD23, ligelizumab demonstrated superior inhibition of IgE 
binding to FcԑRI.96,102–105 An in vivo mouse model of passive 
systemic anaphylaxis investigating basophil activation and IgE 
production by B cells showed ligelizumab to be less effective 
than omalizumab in inhibiting IgE: CD23.106 Very recently, the 
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structure of the entire IgE was demonstrated by electron micro
scopy and solution scattering, showing high rigidity with 
a spatial organization differing from current models. The frag
ment antigen-binding (Fab) arms seem to be rigidly tethered to 
the crystallisable fragment (Fc) without flexibility. 
Ligelizumab traps IgE in an extended conformation retaining 
the Fab arm assembly,96 whereas omalizumab does not induce 
the extended conformation of IgE Fc.96,102–105 In vitro and 
preliminary clinical data demonstrated longer suppression of 
free IgE by ligelizumab compared to omalizumab.95,97,99 

Moreover, ligelizumab resulted in reduced IgE production in 
peripheral blood mononuclear cell cultures, a feature which 
may be mediated by its ability to bind IgE: CD23 complexes at 
the surface of B-cells.106

Quilizumab
Quilizumab is a humanized, afucosylated, monoclonal 
IgG1 antibody, that binds membrane-bound IgE on 
B cells at the M1-prime segment, which is absent in 
soluble IgE (Table 1 and Figure 3).107 In animal studies, 
quilizumab depleted IgE-switched class B cells through 
antibody-dependent cell-mediated cytotoxicity.107 In 
healthy volunteers and patients with allergic rhinitis or 
mild asthma, quilizumab reduced total and specific IgE 
serum levels for at least 6 months after the last 
dose.108,109 This may implicate that quilizumab affects 
long-term IgE memory and bears the capacity for 
a sustained effect compared to omalizumab.

There is currently still only one clinical trial examining 
quilizumab (NCT01987947) in chronic urticaria (Table 2). 
Although quilizumab reduced median serum IgE levels by 
approximately 30% over 20 weeks, it did not cause clini
cally relevant effects as assessed by the weekly itch sever
ity score (ISS) or the weekly urticaria activity score 
(UAS7).110 By week 28, after stopping quilizumab, the 
mean and median IgE levels had not yet returned to base
line levels.110 The study investigators hypothesized that 
the remaining serum IgE, that mediates CSU pathology, is 
produced by long-lived IgE plasma cells that are not 
targeted by quilizumab because of their lack of membrane 
IgE.110 Regarding quilizumab, there is no published evi
dence about the effect on angioedema. A search in the 
clinical trial registers on Jan 6, 2021 did not identify 
further clinical trials using quilizumab.

UB-221
UB-221 is a humanized IgG1 mAb (clone 8D6) that targets the 
Cε3 domain of IgE antibody (Table 1). Like omalizumab, UB- 

221 cannot bind to IgE bound by FcԑRI (Table 1), but unlike 
omalizumab, it can bind to IgE bound by CD23. It was pro
posed that like omalizumab, UB-221 neutralizes IgE without 
activation of mast cells and basophils, and in addition, pos
sesses the capacity of an anti-CD23 mAb to cross-link CD23 
on B cells and is thereby able to inhibit the synthesis of 
IgE.111,112 As described on the manufacturer website, in pre- 
clinical studies, UB-221 was superior to omalizumab while 
targeting IgE by 3- to 8-folds in terms of pharmacologic 
effects. In monkeys, its serum half-life was doubled compared 
to omalizumab (Table 1). According to clinicaltrials.gov (last 
access Jan 6, 2021), two phase 1 studies are investigating the 
profiles of safety, tolerability, pharmacokinetics, and pharma
codynamics of intravenous UB-221 (0.2 mg/kg to 6–10 mg/ 
kg) in patients with CSU not adequately controlled by an 
approved dose of H1-antihistamines (NCT03632291 in 
Taiwan, and NCT04175704, location not provided). 
Estimated study completion is indicated for December 2021 
and January 2023, respectively.

Summary and Discussion
The objective of this non-systematic focused review was 
to summarize the current knowledge regarding anti-IgE 
treatment in chronic urticaria.

So far, anti-IgE treatment has been investigated in rando
mized controlled trials in CSU and CINDU. Most published 
data available are related to omalizumab. In about 75% of 
adults with CSU that does not respond to increased doses of 
H1-antihistamines, third-line anti-IgE therapy using omalizu
mab 300 mg q4w is effective in reducing urticaria. 
Additionally, CSU patients can be controlled by both updosing 
of omalizumab and reducing the injection intervals (off-label). 
Limited and rather observational evidence has demonstrated 
the efficacy and safety of omalizumab in adolescents with 
urticaria unresponsive to H1-antihistamines. Evidence in chil
dren ≤12 years is anecdotal. There is evidence, though limited, 
that omalizumab also works on angioedema activity and con
trols symptoms in several types of CINDU. The safety profile 
of omalizumab is very good; real world-evidence found mild 
adverse events in approximately 4% of patients. Limited evi
dence demonstrated no malignancy risk and no safety signal in 
pregnancy. Efficacy in elderly patients has not been addressed 
in detail.

How omalizumab works is not clarified in detail, although 
interrupting autoimmunity type I and IIb are currently the most 
favourable hypotheses. However, these autoimmune reactions 
have not yet been reported in CINDUs or angioedema without 
wheals, and investigations in children or adolescents are 
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lacking. A routine compatible assay to assess autoimmunity 
type I or IIb is not available. Further research is warranted to 
elucidate whether mechanisms of mast cell or basophil degra
nulation play a role alongside type I and type IIb autoimmunity. 
As yet, established biomarkers or treatment strategies capable 
of identifying omalizumab non-responders are lacking. 
However, there is evidence in CSU that low initial total IgE, 
a missing autoimmunity type I or IIb phenotype, increased 
c-reactive protein and obesity might be disadvantageous.113 It 
might therefore be useful to assess total IgE and TPO antibo
dies as indicators for autoimmunity before starting 
omalizumab.

Next-generation anti-IgE monoclonal antibodies with 
improved affinity to IgE and/or directed to diverse binding 
epitopes have been designed and are under investigation in 
clinical trials. Most data are available for ligelizumab, which 
has demonstrated not only efficacy and safety but also super
iority to omalizumab as assessed by phase 2b studies, follow- 
up and extension studies. There is preliminary evidence that 
omalizumab non- or partial responders benefit from ligelizu
mab. Two phase 3 trials and the extension studies will have to 
confirm the preliminary phase 2 results to demonstrate long- 
term safety, additional efficacy on angioedema activity and 
prolonged symptom control compared to omalizumab. 
Recent reports suggest ligelizumab’s superiority may be 
down to its ability to more effectively inhibit IgE binding to 
FcԑRI compared to CD23. Whereas further development of 
quilizumab was discontinued, other anti-IgE approaches are 
under investigation, eg UB-221, or an innovative type of anti- 
IgE molecules; the DARPins. DARPins are able to neutralize 
free IgE and actively dissociate pre-formed IgE: FcεRI 
complexes.102 In contrast, dissociation of IgE from FcԑRI has 
only been observed with omalizumab at concentrations in 
excess of those used in therapy. Recently, a multi-level target
ing concept using these disruptive IgE inhibitors has been 
proposed to optimize treatment efficacy.102 It will be interest
ing to see whether next-generation anti-IgE therapies are effec
tive in CSU, CINDU and angioedema. A better understanding 
of the mechanism of action of the various anti-IgE approaches 
might enable targeted treatment of CSU, CINDU and angioe
dema patients in the near future. This informative rather than 
all-encompassing review is limited by its non-systematic 
nature.

Conclusion
Anti-IgE treatment with omalizumab is efficacious and safe in 
most, but not all, patients with CSU and there is evidence that 
this holds true for angioedema and CINDU. Current data of 

ligelizumab, being the next-generation anti-IgE mAb that is 
one-step ahead in clinical trials, are very promising. If the 
phase 3 trial program confirms the superiority of ligelizumab 
compared to omalizumab, there is hope that symptoms might 
be controlled in all patients with CSU and CINDU, and per
haps more conveniently by prolonged injection intervals. As of 
now, many questions are still open regarding anti-IgE in 
chronic urticaria. How anti-IgE works is not clarified in detail, 
although interrupting autoimmunity type I and IIb are the most 
favourable hypotheses. From a clinical point of view, clinical 
trials including CINDU subtypes and angioedema without 
wheals, but also including special populations, ie children, 
adolescents, elderly, obese patients, and patients with conco
mitant biological or immunosuppressive treatment or cancer 
are required to approve efficacy and safety of anti-IgE therapy. 
Moreover, easy-to-use tools to identify non-responders predict 
the required duration of treatment and consented strategies on 
how to wean therapy are desirable. The mechanism of action of 
the various anti-IgE approaches should also be further eluci
dated to optimize the treatment of urticaria patients. These 
insights may shed light on other diseases in which IgE plays 
a major role, such as parasitic infections and type I allergic 
reactions.
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