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Preface

Urticaria is one of the most common dermatological cutaneous reactions. Although
it can be easily recognized by patients and physicians, determining its causes, clinical
manifestations, and treatment remains challenging.

This book is a practical guide to all types and aspects of urticaria important to
physicians. It includes current guidelines and recent literature. Followed by the
Introductory chapter, in Chapter 2, Dr. Evmorfia Ladoyanni presents current
knowledge about pathophysiology with a focus on the clinically relevant aspects
of diagnosis and treatment of the disease. In Chapter 3, Dr. Joaquin Quiralte
comprehensively reviews a common type of urticaria caused by nonsteroidal
anti-inflammatory drugs, a condition that is challenging to diagnose as well as
manage. In Chapters 4 and 5, Prof. Young-Min Ye and Dr. Patrizia Pepe place
special emphasis on the management and therapy of urticaria, especially the role
of anti-IgE-antibodies. Finally, in Chapter 6, Prof. Zahava Vadasz discusses new
biological treatment options for urticaria as well as potential future treatments.

This practical guide is a useful resource for all physicians specializing in dermatology;,
allergy, internal medicine, pediatrics, and general medicine and offers invaluable
assistance in the daily practical management of urticaria patients.

Dr. Eleni Papakonstantinou
Private Dermatological Practice - Hautédrzte am Markt,
Dortmund, Germany






Chapter1

Introductory Chapter:
Urticaria - Meeting the Diagnostic
and Therapeutic Challenge

Eleni Papakonstantinou

1. Introduction

Urticaria is one of the most common pruritic skin diseases which is characterized
by the occurence of recurrent erythematous and edematous wheals with or
without angioedema. These wheals appear at different body areas and dissapear
within 24 hours while new lesions may occur. The disease may be characterized
as idiopathic or inducible depending on the potential trigger factors and acute
or chronic depending on the duration of the symptoms for less or more than
6 weeks [1].

The lifetime prevalence of chronic urticaria is about 10-20%. Urticaria can
occur at any age but the chronic form is more common in adults, especially during
the third and fourth decade of life. The disease can affect both women and men but
there is evidence of a female predominance [2].

The pathomechanismus of urticaria is based in the release of various mediators
due to degranulation of activated subepidermal mast cells. Released histamine
causes local vasodilation and increased capillary permeability, resulting in intracu-
taneous (wheal) or subcutaneous (angioedema) edema. Furthermore, activation of
sensory nerves leads to pruritus and reflex erythema. The mast cell degranulation
may be caused by different mechanisms such as direct activation or IgE-mediated
allergic activation and results to the release of mediators such as histamin, which is
responsible for the pruritus which ist he main symptom in urticaria. Beside pru-
ritus, these vasoactive mediators are responsible for vasodilation and subsequent
erythema and edema [3].

Chronic urticaria can be characterized as spontaneous when no trigger factors
are known or as inducible when the appearance of wheals is caused by specific trig-
ger factors. There are many triggering factors for chronic urticaria but determining
a specific cause is not always possible.

The most common ones include viral, bacterial or parasitic infections, specific
drugs (e.g. nonsteroidal anti-inflammatory drugs and antibiotics), foods, physical
factors (such as pressure, exposure to light, heat or cold, vibration, exercise and
increased body temperature) and emotional stress [4]. Furthermore, autoimmune
and systemic diseases and also malignancies can be the underlying factor of urti-
caria and should be taken into consideration in the diagnosis of the disease. Some of
the most common systemic disorders involved in urticaria are lupus erythematosus,
cutaneous vasculitis, Sjégren’s syndrome, autoimmune thyroid disease, rheumatoid
arthritis and diabetes mellitus [5]. All these factors and conditions will be thor-
oughly disscussed in this book giving the reader a complete guideline to diagnose
and define different types of urticaria.
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Diagnosis of urticaria is mainly based on anamnesis and clinical examination of
the patient. However, due to the transient character of the skin manifestations this
may be difficult at the time of examination. Sometimes, photos or re-examination
of he patient when the lesions are present are necessary and helpful for the clinician
in order to make the diagnosis. Thorough clinical history and a potential association
with angioedema and/or anaphylaxis should always be asked.

Clinical manifestation of urticaria is characteristic with circumscribed wheals
in any region of the body which commonly persist no longer than 24 hours and
reappear at different body areas. Pruritus is the major symptom patients claim for
which affects their daily activities and quality of life. If the lesions persist longer
than 24 hours, appear in combination with skin manifestations such as petechia or
hyperpigmentation, or are accombanied by systemic symptoms such as fever and
arthralgia, more severe conditions such as urticaria vasculitis have to be excluded
with a skin biopsy.

Skin biopsy can be helpful if systemic diseases such are vasculitis or mastocyto-
sis are suspected. Histopathological findings of urticaria include interstitial edema
and perivascular mixed cellular infiltrate. T-lymphocytes are predominant in this
infiltrate but also eosinophils, neutrophils, and basophils may also be present.

Once the diagnosis is confirmed, it is important to find out potential trigger
factors, if possible. Detailed anamnesis is important to determine any triggering
infection, drugs or physical factor. Challenge tests may be then individually per-
formed to confirm the different types of inducible urticaria.

Skin tests such as an autologous serum test may be useful in order to exclude the
autoimmune type of urticaria. During this test patient’s own serum is intradermally
injected on the forearm oft he patient and is positiv if an urticarial reaction appears
within 30 min.

Laboratory tests are in general not indicated for patients with acute urticaria
unless they have signs and symptoms suggesting an underlying systemic disease.

In cases of chronic urticaria besides a standard laboratory examination additional
tests such as antinuclear antibody, autoantibodies, rheumatoid factor, complement
C; and C, levels, thyroid parameters, Helicobacter pylori antigen, hepatitis and
parasite examination are essential in ordert to exclude an infection or an underlying
autoimmune disease [1, 6].

The severity of the disease can be individual evaluated using some scoring
systems used for this purpose, one of which is the urticaria activity score (UAS).
This is a widely used scoring system questioning the intensity of pruritus and the
number of wheals in a day and can be further used to also evaluate the effectivity of
the therapy in later stages [7].

If an association with trigger factors has been established, the prevention of trig-
ger is the first step of treatment. The next step includes drugs in order to control the
symptoms with minimal side effects. Second-generation H; antihistamines, such
as cetirizine and loratadine, are used as first-line treatment options. These newer,
antihistamines ahave a non-sedative character compared to the first-generation
ones such as hydroxyzine and diphenhydramine and thus are mopstly preffered.

In severe cases, a dose increasement up to fourfold of standard therapeutic doses is
recommended by the latest guidelines. In certain cases, H, antihistamines may be
used in combination with H; antihistamines.

Glucocortikosteroids may be used for a short period of time and at the lowest
dose in addition to antihistamines for acute urticarial attacks, particularly when
accompanied by angioedema. Long-term use of systemic glucocorticoids is not
recommended because of potential adverse effects.

In chronic cases where the symptoms persist despite high-dose antihis-
tamines. Antileukotrienes, such as montelukast, zafirlukast as well as the
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5-lipoxygenase-inhibitor zileuton are added to antihistamines as second-line
treatment options. Furthermore, immunosuppressive agents, such as cyclosporine,
are effective in the treatment of chronic urticaria but the clinicians and the patients
should be aware of the potential side effects. Other less used drugs such as dapsone,
hydroxychloroquine, sulfasalazine, azathioprin and mycophenolate have also been
used in the treatment of urticaria [1].

Biologic agents such as omalizumab has recently been added in the treatment of
chronic urticaria in adults and adolescents that continue to be symptomatic despite
the use H1 antihistamines. It is an anti-IgE monoclonal antibody which has a good
efficacy and safety profile in most oft he patients and can be easily applied with
monthly subcutaneous injections [8]. Further research is being made and current
data indicate ligelizumab, a next-generation anti-IgE antibody as a potential valid
alternative for patients with chronic urticaria unresponsive to omalizumab. Other
IgE-antibodies and diverse anti-IL factors are also being studied and may show a
potential role in the treatment of urticaria [9].

2. Conclusion

In view of the pathomechanism and the different forms of urticaria, the treat-
ment of the disease is a real concern over the opportunities and therapeutic options
already available and over all other strategies under development and trials. In
this context, it is believed that we will be able personalize the management plan of
urticaria in the future and we are close the identification of specific biomarkers for
different types of the disease which could also be used as monitoring markers.

This book presents the most current knowledge in the diagnosis and manage-
ment of urticaria. It also examines the scientific aspect of currently available treat-
ments as well as potential new options for managing severe forms of the disease.
The different chapters, written by expert authors all over the world, address some
of the most important aspects in the diagnosis and management of urticaria.

Author details

Eleni Papakonstantinou
Private Dermatological Practice, Hautdrzte am Markt, Dortmund, Germany
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Chapter2

Chronic Spontaneous
Urticaria — Diagnosis and
Management

Evmorfia Ladoyanni

Abstract

Chronic urticaria can be subclassified into chronic spontaneous urticaria and
chronic inducible urticaria. Up to 30% of cases are associated with functional
immunoglobulin G antibodies to the high affinity immunoglobulin E receptor
FceRIa or to immunoglobulin A. Pathogenic activation of mast cells and basophils
gives rise to release of pro-inflammatory mediators that lead to development of
hives. CSU is a debilitating disease with a relapsing course. It affects 0.5-1% of the
population at any given time. The duration of CSU is generally 1-5 years but can be
longer in cases associated with angioedema and autoreactivity. CSU has detrimental
effects on life quality with sleep-deprivation and psychiatric disorders being the
most frequent. In a great number of patients an underlying cause or eliciting factor
cannot be identified. Among the patients in which an aetiology is suspected, infec-
tions, medication, food and psychological factors are most commonly associated.
A potential autoimmune cause has been reported in up to 50% of patients. Chronic
inducible urticaria is characterised by its ability to be triggered consistently and
reproducibly in response to a specific stimulus (pressure, temperature, vibration,
water, heat, light). Antihistamines form the mainstay of therapy. In recalcitrant
chronic urticaria, a variety of other drugs have been tried.

Keywords: Wheals, Angioedema, Chronic Spontaneous Urticaria,

Chronic Inducible Urticaria, Classification, Prevalence, Histamine-mediated,
Pathophysiology, anti-IgE, anti-FceRI, Autoallergy, anti-TPO, Autoimmune urticaria,
Vitamin D, Pseudoallergens, Stress, associated conditions, Predictors of severity,
Diagnosis, Medical History, Histopathology, Check List, Clinical signs,

Differential Diagnosis, Guidelines, Patient reported outcomes, UAS7, DLQI,
Socio-economic burden, Patient characteristics, real-world study;,

Refractory chronic urticaria, Treatment, Antihistamines, Omalizumab,

Leukotriene receptor antagonist, oral corticosteroids

1. Introduction

Chronic urticaria can be subclassified into chronic spontaneous urticaria and
chronic inducible urticaria. Up to 30% of cases are associated with functional
immunoglobulin G antibodies to the high affinity immunoglobulin E receptor
FceRIo or to immunoglobulin A. Pathogenic activation of mast cells and basophils
gives rise to release of pro-inflammatory mediators that lead to development of
hives. CSU is a debilitating disease with a relapsing course. It affects 0.5-1% of the
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population at any given time. The duration of CSU is generally 1-5 years but can be
longer in cases associated with angioedema and autoreactivity. CSU has detrimental
effects on life quality with sleep-deprivation and psychiatric disorders being the
most frequent. In a great number of patients an underlying cause or eliciting factor
cannot be identified. Among the patients in which an aetiology is suspected, infec-
tions, medication, food and psychological factors are most commonly associated.
A potential autoimmune cause has been reported in up to 50% of patients. Chronic
inducible urticaria is characterised by its ability to be triggered consistently and
reproducibly in response to a specific stimulus (pressure, temperature, vibration,
water, heat, light). Antihistamines form the mainstay of therapy. In recalcitrant
chronic urticaria a variety of other drugs have been tried that include leukotriene
receptor inhibitors, conventional immunosuppressive systemic therapy, anti-
inflammatory and biologic therapy. In this chapter we give an overview of CU and
CSU in particular and discuss its diagnosis and management.

2. Definition

Urticaria is a relatively common condition that can persist for weeks, months
or years and can affect significantly quality of life [1]. It is a heterogenous skin
disorder that can be acute or chronic, intermittent or persistent and can occur alone
or in association with other related conditions. The aetiology is often difficult to
determine particularly in chronic urticaria'.

Urticaria is characterised by the development of wheals, angioedema or both on
the skin [2]. It is characterised by 3 features [3]:

1.Localised erythema and swelling of upper dermal layers
2.Itching and burning sensation of the skin

3. Transient nature — wheal resolves without scarring and skin returns to normal
within 1-24 hours

Angioedema [3] is characterised by sudden onset localised swelling of submuco-
sal surfaces of the upper respiratory and gastrointestinal tract, deeper dermal layers
of skin including subcutaneous tissue [4]. It is associated more with pain and burn-
ing rather than itching and generally takes longer — up to 72 hours - to resolve [3].

Wheals can occur in combination with angioedema in 40% and angioedema can
be the only manifestation of urticaria in 20% of patients [1, 5].

Urticaria are classified into 2 major categories [2, 3, 5] — acute vs. chronic —
according to duration, and - spontaneous vs. inducible - according to aetiology [5].
Acute urticaria resolves in less than 6 weeks. Chronic urticaria lasts for longer than
6 weeks (Table1).

Many cases of acute urticaria (AU) resolve but 20-45% continue and become
chronic [5]. The most common causes for acute urticaria include acute viral infec-
tions and allergic reactions to food, medication, latex and insect bites [5, 6].

Chronic urticaria (CU) are clinically subdivided into spontaneous (CSU) - no
specific eliciting factor(s) can be identified [7] - and inducible (CINDU) when
specific identifiable stimuli trigger urticaria [7].

In summary CSU is characterised by spontaneous occurrence of wheals and or
angioedema for 6 or more weeks, resulting from unidentified causes and patho-
physiology that is not completely understood [3]. While autoimmune disease (21%),
chronic infection (29%), and immune dysfunction (4%) may become evident over
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URTICARIA
Urticaria symptoms for < 6 weeks Urticaria symptoms for > 6weeks
Acute Urticaria Chronic Urticaria

Chronic Urticaria ————————»  Chronic Spontaneous Urticaria (CSU)
& (No identifiable trigger factors)

Chronie Inducible Urticaria (CINIDU)
(Caused by specific trigger factors)

Table 1.
Classification of urticaria [2].

time, in 45% of CSU cases no underlying cause can be found even after 10-year
follow-up [4, 5, 8]. In these cases, anaphylaxis does not occur even if angioedema
may be present [1, 4].

It is worth mentioning that the term CSU replaced the terms chronic idiopathic
urticaria and chronic autoimmune urticaria, whereas the term CINDU replaced the
terms physical urticaria and other forms of inducible urticaria, such as cholinergic
and aquagenic urticaria [6].

Two or more different subtypes of urticaria may coexist in any given patient.
There is often overlap between CSU and CINDU [3, 5].

3. Epidemiology, underlying pathogenesis and trigger factors
3.1 Epidemiology

Evidence suggests [9] that the prevalence of CSU is geographically heterog-
enous, high in all groups and increasing. It is just as common in children as it is
in adults [9]. Lifetime prevalence is 9% [5] with an overall point prevalence in
all age groups estimated at 0.7% [4, 9]. The point prevalence is higher in women
than in men (1.3% vs. 0.8%) [4, 9] but same in children (1.1% boys vs. 1% girls)
[9]. CSU is more common in adolescents and the commonest subgroup of CU
[2]. It has a lifetime risk of 20% [7] and is self-limiting with an average duration
of 2-5 years, although in up to 30% of patients the symptoms may persist for
>5 years [10].

3.2 Underlying pathogenesis
There is little doubt that the release of histamine by mast cells (MC) and basophils

represent the final stage in the pathogenesis of CU cases [4]. There is however still
uncertainty about the factors that activate these cells and lead to cell degranulation
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[11]. Several lines of evidence suggest that different biologic systems like immunity,
inflammation and coagulation may contribute to wheal development [4, 11].

There are immunologic and non-immunologic mechanisms that lead to MC
degranulation and release of mediators including histamine, leukotrienes and
prostaglandins [4, 6]. These mediators recruit basophils, eosinophils, polymono-
nuclear cells and lymphocytes [4, 6] and cause the typical skin manifestations of
(a) pruritus via sensory nerve stimulation, (b) vascular dilatation and permeability
that leads to extravasation and (c) oedema in upper dermis (wheals) and lower
dermis/subcutaneous tissue (angioedema) [6].

The non-immunologic pathogenesis involves dysregulation of intracellular signal-
ling pathways within MCs and basophils that lead to defects in trafficking and function
of these cells [4]. The immunologic pathway involves the development of autoantibod-
ies to IgE or the high affinity IgE receptor FceRIa on MCs and basophils [4, 9].

Two types of immunological CSU have been identified namely Type I and
Type IIb [9]:

* Type I autoimmune CSU is driven by anti-IgE antibodies to autoallergens while

* Type IIb autoimmune CSU is due to autoantibodies that target directly and
activate MC degranulation

In type I autoimmune CSU, autoantigens crosslink IgE autoantibodies and bind
on MCs and basophils to cause release of vasoactive mediators. Thyroperoxidase
(TPO) is the commonest autoallergen binding to IgE (IgE-anti-TPO), other auto-
antigens include thyroglobulin, tissue factor and IL-24 [4, 9]. Furthermore, some
studies have demonstrated that the raised IgE autoantibodies contribute to the
increased total serum IgE level found in CSU patients [4, 9].

In type IIb autoimmune CSU, autoantibodies of IgG or IgM type bind to antigen
on the target cell (MC) and cause release of mediators. Furthermore, IgG and to
a lesser degree IgM and IgA autoantibodies to IgE high affinity receptor FceRI on
MCs and basophils have been identified in roughly 50% of CSU [5, 9]. CSU patients
show positive reaction to autologous serum skin test (ASST), that is flare and wheal
development to intradermal injection of patient’s own serum [4, 9, 12].

Some evidence suggests that type I and IIb autoimmune CSU differ in their clini-
cal features, laboratory markers and response to therapy [9, 13]. Type IIb autoim-
mune CSU is thought to exhibit higher disease activity, longer duration, higher
rates of associated autoimmunity and eosinopenia and basopenia, both markers of
recalcitrant disease [9, 13].

CSU is characterised by a systemic pro-inflammatory state [11]. Many
patients have slightly raised levels of C-reactive protein [8, 13]. Studies [4, 11] also
suggest higher association with metabolic syndrome, hyperlipidemia, Multiple
sclerosis and other autoimmune conditions (Rheumatoid arthritis, Systemic Lupus
Erythematosus) [4, 9].

3.3 Trigger factors

Higher emotional stress is known to contribute to low grade inflammation [8].
Patients with CSU are reported to experience higher rates of anxiety, depression
and somatiform disorders [5], although it is unclear if they are cause or effect of
CSU [8]. Psychiatric comorbidity has been linked as an additional factor that affects
quality of life in CSU patients [5, 12].

Coagulation pathway: Specific studies have demonstrated that the coagulation
pathway is activated in CU and involves first the extrinsic pathway followed by
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the intrinsic pathway. This activation of coagulation pathway is thought to be an
intermediate step in CSU pathophysiology [4, 11].

Drugs have been implicated in CU development. The commonest include angio-
tensin- converting enzyme (ACE) inhibitors and nonsteroidal anti-inflammatory
drugs (NSAIDs) [3, 5]. NSAIDs are an aggravating factor in 12-30% of CSU patients
[3, 5]. They can also induce urticaria/angioedema in the absence of urticaria history
[5]. ACE inhibitor — induced urticaria/angioedema is caused by non-immunologic
accumulation of bradykinin and other neurokinins [5] and can occur from weeks to
years after ACE inhibitor therapy is commenced.

Food: Type I food allergy is a rare cause of CSU. It should be considered in
patients with intermittent symptoms and within 1 hour of exposure to food [5]. The
role of food additives as a cause of CSU is unclear. Some studies demonstrated reso-
lution of CSU symptoms after 14 days of pseudoallergen avoidance in up to 30% of
patients [5, 8, 14]. Low serum Vitamin D levels and vitamin D supplementation has
been reported to improve small numbers of recalcitrant CSU [8, 15].

Infections have been implicated as cause of CSU and include bacterial, viral,
parasitic and fungal organisms. Frequency and relevance depend on local popula-
tion and geographic location [5]. Anisakis simplex, a sea fish nematode is relevant in
the Mediterranean in the context of CSU [5, 16]. Helicobacter Pylori (HP) gastritis
has been reported in association with CSU and some studies have reported CSU
improvement with HP eradication [3, 5, 8, 17] (Table 2).

3.3.1 Contact urticaria

Not all urticaria are mast cell or histamine dependent. Contact urticaria to sorbic
acid, methyl nicotinate, cinnamic acid, cinnamic aldehyde and dimethyl sulfoxide
are thought to be due to prostaglandins released directly from the epidermis. They
do not respond to treatment with antihistamines but improve with salicylic acid and
NSAIDs [5].

3.3.2 CINDU

In CINDU signs and symptoms usually are elicited by a specific factor
and occur in exposed areas that are reproducible by provocation tests [5, 9].
Diagnosis is based on patient history and provocation tests [5] where possible.

Associated Factors that affect prevalence and severity of CSU

Factor (s) Effect (s)
Autoimmunity Predisposes to CSU
Food additives/pseudoallergens Facilitates CSU
Increased stress Predisposes & Facilitates CSU
Parasitic infection Predisposes to CSU
Helicobacter Pylori gastritis Predisposes to CSU
Metabolic Syndrome Pro-inflammatory state
Low Vitamin D3 Facilitates CSU
Dysbiosis of GI-Tract Predisposes to CSU
Table 2.

CSU associated factors [8].
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Chronic INDuced Urticaria (CINDU) occur when identifiable stimuli trigger urticaria

Symptomatic Dermographism (mechanical shearing forces, hives arise after 1-5 min)

Cold Urticaria (cold air, cold water, cold wind)

Delayed Pressure Urticaria (vertical pressure, hives arise within 3-8 hours)

Contact Urticaria (urticariogenic substances)

Aquagenic Urticaria (water)

Solar Urticaria (UV and/or visible light)

Heat Urticaria (localised heat)

Vibratory Urticaria/Angioedema (vibratory forces e.g. pneumatic hammer)

Cholinergic Urticaria (by increase of body temperature)

Diagnosis of CINDU is based on clinical history and where possible as result of provocation tests. It is
paramount to identify accurately the specific trigger factor, confirm the diagnosis and assess the disease
activity.

* Two or more different subtypes of urticaria can coexist in any given patient.

* Often there is overlap between CINDU and CSU.

Table 3.
List of different types of CINDU and their associated eliciting factors [5, 7, 10].

Patients can develop systemic signs during provocation testing including nausea,
vomiting, diarrhoea, vertigo, wheezing and even anaphylactic shock [5]. CINDU
is responsible for 20-30% of all CU and can be associated with CSU in 14-36%
(Table 3) [2, 4, 5, 9].

4. Diagnosis of urticaria - medical history, clinical signs and symptoms,
histopathology, laboratory testing and associated conditions

4.1 Medical history

Urticaria is characterised by the presence of wheals or angioedema. A detailed
history and physical examination are essential for correct urticaria diagnosis and
appropriate therapy. They help to exclude alternative diagnoses and are guide to
what additional investigations are required.

An easy tool checklist for establishing a complete medical history for CU can be
seen in Table 4.

4.2 Clinical signs and symptoms

CSU is characterised by the onset of pruritic hives and/or angioedema. Hives
are well circumscribed areas of non-pitting oedema with blanched centres and
raised borders that involve only superficial portion of the dermis and occur with
surrounding skin erythema [4]. Wheals can be anywhere on the body and can
be distributed widely [2, 5] (Figure 1). They can be a few millimetres to several
centimetres in diameter, red or white in colour although they are bright red when
they flare [4] (Figures 2 and 3). They can last from few minutes to several hours,
can take any shape or form and can change shape before they resolve. They can be
round and form rings or giant patches. They can have a map-like pattern [2]. The
wheals tend to resolve in less than 24 hours and can occur at certain times during
the day [2]. Hives are more persistent in CSU than CINDU.
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Checklist for complete CU Medical History

1. Time of disease onset: > < 2 hours
2. Duration of wheals: > < 24 hours
3.Shape, size, colour and distribution of wheals
4.Associated Angioedema
5. Associated subjective symptoms (itching, pain, burning)
6.Diurnal and nocturnal variation
7. Occurrence during weekends, holidays or foreign travel
8. Family and past medical history of urticaria or atopy
9. Past medical history of internal diseases, infections, known allergies
10. Psychosomatic and psychiatric disorders
11. Gastric or intestinal problems
12. Surgical implantation or events during surgery or after local anaesthesia
13. Induction by physical stimuli or exercise
14. Use of medication (NSAIDs, ACE-inhibitors, immunisations, hormones, laxatives, eye and ear drops,
alternative remedies)
15. Observed correlation with food intake
16. Relationship to menstrual cycle
17. Smoking habits (perfumed tobacco products or cannabis)
18. Type of work (health care, agriculture, dairy and veterinary work, hairdressers, food handlers, plumbers,
packers, painters through exposure to cyclic anhydrites)
19. Hobbies
20. Stress
21. Impact on quality of life by urticaria/angioedema (UAS7, AAS)
22. Prior treatment and response to treatment

Table 4.
Checklist for establishing a complete medical history for CU [2, 3, 5].

Fig

ure 1.

Widely distributed wheals (courtesy of Dr. Stephen Orpin, Solihull hospital, Birmingham).
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Figure 2.
Solitary wheal (courtesy of Dr. Stephen Orpin, Solihull hospital, Birmingham).

Figure 3.
Solitary wheal in higher power (courtesy of Dr. Stephen Orpin, Solihull hospital, Birmingham,).

Dermographism (Figures 4 and 5) is inducible and comprises of wheal develop-
ment when the skin is stroked. It can occur on its own but also in the context of CSU
and CINDU. When elicited it can support the diagnosis of urticaria.

Angioedema is more often localised and commonly affects the face in perioral
and periorbital distribution, the lips, tongue, eyelids, hands, feet, genitalia and
rarely bowel [2, 5]. Lesions tend to be fainter in colour and often painful (Figure 6).
It can occur in combination with wheals.

Up to 16% of CU patients can experience systemic symptoms during a flare [5].
Systemic symptoms include fatigue, arthralgia and abdominal pain (30%), but also
headache, myalgia, retrosternal oppression, wheezing, dyspnoea, rhinorrhoea,
flushing, palpitations, and ocular irritation [2, 5, 16].
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Figure 4.
Dermographism (courtesy of Dr. Stephen Orpin, Solihull hospital, Bivmingham).

Figures.
Dermographism - higher power (courtesy of Dr. Stephen Orpin, Solihull hospital, Birmingham,).

Physical examination should include assessment of skin [2, 5, 8, 9] for:
* the presence of wheals and angioedema

* provocation of dermographism

* any signs of purpura

* evaluation of residual lesions in areas hard to reach for patient (urticarial
vasculitis)

* any signs of any underlying and/or associated conditions.

13
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Figure 6.
Angioedema of lips (courtesy of Dr. Stephen Orpin, Solihull hospital, Birmingham).

Conditions that are associated with urticaria +/- angioedema

Syndromes presenting with urticaria +/- angioedema:
* Cryopyrin — associated periodic syndromes including familial autoinflammatory syndrome
¢ Muckle - Wells syndrome
* Neonatal — onset multisystem inflammatory disease
* Chronic infantile neurologic, cutaneous and articular syndrome
¢ Schnitzler syndrome
¢ Gleich syndrome

* Phospholipase Cg2 — associated antibody deficiency

Diseases related to urticaria:

Urticarial Vasculitis

Serum-sickness like reaction

.

Bradykinin-mediated angioedema including hereditary angioedema and ACE-inhibitor induced
angioedema

.

Urticaria Pigmentosa (Maculopapular Cutaneous Mastocytosis)

Bullous Pemphigoid (during pre-bullous stage)

Exercise induced anaphylaxis

.

Antropod bites

Hives are not always itchy and are often flatter in appearance

Table 5.
Diseases that can present with urticarial lesions [2, 5].
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4.3 Histopathology

Histopathologic findings are usually mild and include sparse perivascular and inter-
stitial mixed inflammatory infiltrate and upper dermal oedema [5]. If vascular damage
is present urticarial vasculitis (UV) needs to be excluded. UV affects the superficial
vascular dermal plexus and shows subtle features of leucocytoclastic vasculitis [5].
4.4 Laboratory testing and associated conditions

The diagnosis of CU is often made on clinical grounds, a limited routine diag-
nostic work-up is recommended in a case-by-case basis [5, 8]. A skin biopsy should

be considered in patients that do not respond to H1 antihistamines, and when an
alternative diagnosis is considered (Table 5) [5].

5. Disease activity scores used in chronic urticaria and burden of disease
5.1 Disease activity scores used in chronic urticaria

CSU affects several domains of health-related quality of life, such as daily living,
sleep, emotional and psychological well-being as well as work productivity [9, 18].
Several types of patient-reported-outcome (PRO) instruments have been used to
assess quality of life and disease burden in CSU. They include:

* ED-5D (generic)

* Dermatology Life Quality Index (DLQI) (generic dermatological)

* Disease-specific Chronic Urticaria Quality of Life Questionnaire (CU-Q20L)

* Angioedema Quality of Life Questionnaire (AE-QoL)

* Urticaria Activity Score (UAS) (Table 6)

* Angioedema Activity Score (AAS)

e Urticaria Control Test (UCT)

The inclusion of PRO instruments in clinical practice is increasingly recommended
by clinicians and commissioners as it allows patient input and view of their disease

The Weekly Urticaria Activity Score (UAS7)

Wheals Score Pruritus Score

0 = No wheals 0 = None

1= Mild (< 20 wheals) 1 = Mild (present but not annoying or troublesome)

2 = Moderate (20-50 2 = Moderate (troublesome but does not interfere with normal daily activity
wheals) or sleep)

3 = Intense (>50 wheals) 3 = Intense (severe itch, which is sufficiently troublesome to interfere with

normal daily activity or sleep)

Table 6.
UAS3 = score for hives + scove for itch = daily scove; repeat daily assessments for 7 days and add up daily scores
for UAS7 [2, 18].

15



Urticaria - Diagnosis and Management

and response to therapy and can contribute to better informed treatment decisions
and improve physician-patient communication.

The UAS (Table 6) is a diary-based PRO measure that assesses the key sign hives
and the key symptom itch of CU. The international EAACI/GA’LEN/EDF/WAO
guidelines for urticaria recommend the use of UAS in clinical practice to determine
disease activity and response to treatment [9, 13, 18]. The UAS is calculated as the
sum of the daily number of wheals and the pruritus severity score over a period of
7 days (UAS7). Currently two versions exist of the daily UAS7 — in the first version
patients score themselves once per day (every 24 hours), in the second version the
scoring happens twice daily (every 12 hours). No significant difference [18] has
been identified between the two versions. It is recommended that the same version
be used consistently in the same patient in order to be able to evaluate the results
[16]. In current clinical practice most use the once daily scoring version, as it is less
burdensome for patients. The Urticaria Control Test (UCT) is a retrospective tool
consisting of four questions with a clear cut-off scoring for “well-controlled” vs.
“poorly controlled” [6].

In regular clinical practice the PRO instruments commonly used to assess CU
disease activity, disease control and effects on quality of life include the UAS7 and
the DLQI [2].

5.2 Burden of disease

CU has significant negative impact on quality of life due to its debilitating
symptoms [19, 20]. In addition to classic symptoms, like pruritus and wheals,
other factors can be equally relevant to the patient, such as the unpredictability of
flares, sleep disorders, fatigue, drug related side effects and physical appearance
[21]. A major impairment is observed in patients with the highest disease activity
and in patients with autoimmune urticaria [21]. Undertreated patients report high
disease burden that leads to higher economic burden due to absence or presenteeism
- reduced capacity while - at work and higher utilisation of health care resources
[19, 20]. Itching and angioedema are the main reasons affecting capacity at work
causing presenteeism [22].

Other reasons that contribute to high socio-economic burden include an often
considerable delay in diagnosis and specialist referral [22], the inadequate knowledge
about CSU in primary and secondary care, and high cost for unnecessary investiga-
tions and treatments due to poor adherence to guidelines and best practice [22].

6. Treatment of chronic urticaria
The aim of CU therapy is symptom control as no cure is available to date. Often
management of CSU and CINDU overlap. Approach to CU management [2, 10, 19]

consists of:

1.Identification and elimination or treatment of underlying causes and associated
conditions

2. Avoidance of any known aggravating trigger factors including NSAIDs,
ACE-Inhibitors, physical stimuli where possible

3. Pharmacological therapy to prevent MCs degranulation of mediators and their
effects [2]
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Investigations to rule out any underlying inflammatory or infectious diseases
should be initiated on a case-by-case basis. Plasmapheresis has been shown to
provide temporary improvement in some autoantibody positive patients with
refractory CSU [2] by reducing functional autoantibodies.

Two major professional bodies have published guidelines [1, 19] for the evalu-
ation and management of urticaria. The US JTF Practice Parameter recommends
a 4-step approach to management (Table 7), whereas the EAACI guidelines
(Table 8) advocate a 3-step approach. Both guidelines concur in that first line
therapy for acute and chronic urticaria should focus on the use of non-sedating
2nd generation H1 antihistamines (SGAs).

The European guidelines differ from the US guidelines in that treatment with
sedating 1st generation H1 antihistamines (FGAs) and H2 antihistamines are not
recommended. In addition, European guidelines regulate Leukotriene Modifying
Agents (LTMAs) to the last Step 3 treatment, whereas US guidelines recommend
these agents to be used earlier as adjunctive Step 2 [1].

Although both the US and the European urticaria guidelines recommend a
step-by-step approach to CU therapy, patient specific parameters such as sero-
logic, clinical or histological findings are not considered. To date no clinically
effective treatment algorithm exists for CU that is based on patient specific
parameters [19].

Finally, both the US and European urticaria treatment guidelines should be used
with caution and might require adaptation in children, pregnant/lactating women,
and elderly patients with CU, as drug doses may have to be reduced or might be
contraindicated [1, 2, 19].

US urticaria guidelines to therapy approach

* Begin therapy at the step that is appropriate for individual patient considering urticaria severity and
previous treatment history

* Medication should be assessed at each step for efficacy and adverse effects

* Once adequate control has been achieved it is appropriate to step down treatment

Step 1
* Start Monotherapy with non-sedating 2nd generation antihistamine (SGA)

* Avoid any trigger factors (NSAIDs, ACE-Inhibitors) and relevant physical stimuli

Step 2
One or more of the following can be used simultaneously:

* Increase up to fourfold the dose of SGA used in Step 1
¢ Add another SGA

¢ Add a H2-antagonist

* Add leukotriene receptor antagonist

¢ Add 1st generation antihistamine (FGA) to be taken at bedtime

Step 3
Advance dose of FGA (hydroxyzine or doxepin) as tolerated

Step 4
Alternative treatment can be added:

* Omalizumab or cyclosporine

e Other anti-inflammatory agents, immunosuppressants, biologic therapy

Table 7.
Adapted from JTF practice parameters “The diagnosis and management of acute and chronic urticaria: 2014
update” [1].
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EAACI Urticaria guidelines to treatment approach

First Line

Monotherapy with 2™ generation antihistamines

If no improvement afier 2 weeks

Second Line

Increase dose up to fourfold of 2™ generation antihistamine used as first line

If symptoms persist after another 1- 3 weeks

Third Line

Add one of the following second line agents:
*  Omalizumab
*  Cyclosporine
*  Montelukast

Short course of oral corticosteroids (up to 10 days) can be used at all times during a severe flare

Table 8.
Adapted from EAACI urticaria guideline for the definition, classification, diagnosis and management of
urticaria: 2013 vevision [1].

6.1 H1-antihistamines

There is good evidence for the use of second-generation antihistamines
(SGAs) as first line therapy in mild to moderate CU [1, 7, 19]. SGAs like cetirizine,
levocetirizine, loratadine, desloratadine fexofenadine, azelastine, bilastine have
a good safety, efficacy and tolerability profile. Over 50% of CU do not respond
to the licenced dose of SGAs. For these patients 2—4 times higher than licenced
dose is well tolerated and considered acceptable [1, 2, 10, 19]. First generation
antihistamines (FGAs) are effective but due to their sedating effect and possible
interference with daily activities they are not preferred choice. Side effects include
excessive dryness, constipation (due to anticholinergic activity) and occasional
Torsades de Pointe (especially linked to astemizole and terfenadine). About 30% of
patients continue to experience CU symptoms despite maximal tolerated doses of
SGAs [1, 2, 10, 19, 23] and are classified as non-responders [23].

6.2 H2-antihistamines
H2- Antihistamines can be added to H1-antihistamine monotherapy if

they prove ineffective. Cimetidine has been shown to increase the half-life of
Hil-antihistamines [19]. Ranitidine was shown in a Cochrane review to be more
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effective in combination with diphenhydramine than diphenhydramine on its own
[19]. The opinion about their use in combination with H1l-antihistamines in the
treatment of CU is however divided and is reflected in the difference of recom-
mendation between the US and European urticaria guidelines (Table 7 vs. Table 8).
Doxepin a tricyclic antidepressant has combined H1 and H2 and muscarinic block-
ing activities. It has been shown to be effective in as high as 43% of patients who are
recalcitrant to high dose antihistamines therapy [10, 23]. It can be given in doses of
25-50 mg at night or 10-25 mg 3-4 times per day.

6.3 Leukotriene modifier agents (LMAs)

LMAs are leukotriene receptor antagonists and include montelukast and
zafirlukast as well as the 5-lipoxygenase-inhibitor zileuton. Several RCTs on CU
therapy showed mixed results and thus firm recommendations are not avail-
able. However, due the good safety profile of LMAs they might be considered an
alternative addition in CU patients who are refractory to antihistamines therapy
[17, 24] (Table 7). Predictors of good response to LMAs include urticaria triggered
by Aspirin, NSAIDs, food additives or pseudoallergens and autoimmune urticaria
with positive autologous serum skin prick test [1, 10, 19, 25]. Montelukast can be
used in doses of 10 mg/day [10].

6.4 Oral corticosteroids (OCTs)

Large control studies are not available on the use of OCTs in CU. However, OCTs
show high efficacy in recalcitrant CU and are used for short term and at the lowest
effective dose for severe flares. Long term use of OCTs in CU is not recommended
due the multitude of known significant adverse effects [1, 2, 10, 23]. Tapering of
OCTs dose is not needed if the patients take <40 mg daily dose and for a period of
up to 3 weeks [19]. Oral mini pulses with methyl prednisolone 16 mg tablets twice
weekly for 2 months and in combination with Hl-antihistamines showed significant
reduction in mean UAS7 in a small number of patients [10].

6.5 Immunosuppressive agents (IAs)

IAs should be considered in the case of OCTs therapy being required for longer
periods of time. Ciclosporin is the most studied medication and is recommended
to be used either at a weight-based dose of 4 mg/kg/per day or at a daily dose of
200 mg for a period of 16 weeks [1, 2, 10, 19]. Improvement in UAS can be as early
as 2 weeks of commencing treatment and complete remission occurs in 3 out of 4
patients [10] particularly in autoimmune associated CSU. Regular monitoring is
required due to the risk of significant adverse effects and it is reserved in the treat-
ment of severe refractory CSU. Other IAs include:

* Methotrexate

* Mycophenolate Mofetil

* Azathioprine

e Mizoribine

* Intravenous or oral Cyclophosphamide
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6.6 Alternative agents

Alternative Agents have also been anecdotally used in refractory CSU and may
be of value to individual patients and in certain clinical circumstances [1, 2, 5, 24].
These agents include:

* Dapsone
* Sulfasalazine
* Hydroxychloroquine
* Colchicine
* Intravenous Immunoglobulins
* Plasmapheresis
6.7 NB-UVB therapy

NB-UVB Therapy has been shown in combination with levocetirizine to signifi-
cantly reduce urticaria activity and to have a long-lasting positive effect on UAS7
[10, 19]. PUVA and BB-UVB have so far shown mixed to neutral results [19].

6.8 Biologic agents

Omalizumab is licenced for the treatment of CU in adults and adolescents that
continue to be symptomatic despite the use H1 antihistamines therapy.

Omalizumab is a recombinant humanised IgG monoclonal antibody against the
Fc portion of the IgE antibody. It prevents free IgE binding to the high affinity IgE
receptor FceRI and downregulates these receptors on MC and basophils [4, 19]. It
has been shown to be effective and well tolerated in 3 phase III and 2 phase II studies
at doses from 150 to 300 mg every 4 weeks independent of total serum IgE level or
body weight [2, 19]. Omalizumab improves angioedema and quality of life, is suitable
for long-term use, and treats relapse after discontinuation [2]. 35-40% of patients
achieve complete relief and another 30% reported partial relief after 3 and 6 months
[2, 4]. The recommended dose is 300 mg by subcutaneous injection every 4 weeks.
Some patients may achieve symptom control with a dose of 150 mg subcutaneous
injection every 4 weeks [2]. If no therapeutic response is seen within 6 months of
treatment efficacy is unlikely to be achieved and omalizumab can be discontinued
[19]. Patients with type I autoimmune CSU experience faster response to omali-
zumab than type IIb autoimmune CSU. A large real-world US study [26] showed
majority of CSU patients started on 300 mg omalizumab dose, were continuously
treated for >6 months and without up or down titration for an average of 9 months.
25% of patients that discontinued therapy restarted it. The use of other CU related
treatments particularly OCTs was lower after omalizumab commencement [26].

6.9 CSU therapy in special patient groups
The management of CSU in pregnant/lactating women, children and the elderly
is largely the same as for non-pregnant adults.

In pregnant and lactating women antihistamines should be used at the lowest
effective dose [10, 19]. and for the shortest periods of time. SGAs are classified
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pregnancy category B by US FDA [10]. All antihistamines are secreted in breast
milk and use of FGAs is discouraged during lactation to avoid excessive sedation of
the breastfed child [10].

A short course of OCTs may be considered during pregnancy, in case of severe
exacerbation. Potential side effects include malformation, neonatal adrenal
insufficiency, low birth weight. Although OCTs are secreted in breast milk they are
generally considered safe during lactation [10].

Omalizumab is classified pregnancy category B by US FDA [10].

In children SGAs rather than FGAs should be used as first line therapy and
adjusted for age and weight [10, 19].

OCTs should be avoided where possible and if required only used for 10-14 days
because of growth related side effects [10, 19]. The use of omalizumab in adoles-
cents is well supported by the current literature and recommended as step 3 and
before the use of ciclosporin in the 2017 urticaria guidelines of EAACI/GA’LEN/
EDF/WAO [27].

Ciclosporin is recommended as step 4 and was reported effective in a single open
label trial of 7 children aged 9-16 years, at the dose of 3 mg/kg/day in two divided
doses for maximum of 8 weeks. Regular monitoring of blood pressure and renal
function [10] is required.

There is limited data available regarding the up dosing of SGAs and omalizumab
in children with CSU under 12 years of age, and the treatment with cyclosporine
and LMAs in paediatric patients of all ages [27].

Therapy of CSU in the elderly needs to consider comorbidities, polypharmaco-
therapy and organ insufficiency and adjusted accordingly [19].

7. Conclusions

In summary CSU is a debilitating disease with a relapsing course. It affects
0.5-1% of the population at any given time. The duration of CSU is generally
1-5 years but can be longer in cases associated with angioedema and autoreactivity.
CSU has detrimental effects on quality of life with sleep-deprivation and psychiat-
ric disorders being the most frequent.

In a great number of patients an underlying cause or eliciting factor cannot be
identified. Among the patients in which an aetiology is suspected, infections, medi-
cation, food and psychological factors are most commonly associated. A potential
autoimmune cause has been reported in up to 50% of patients. Urticaria can be pre-
senting sign for many syndromes and associated with several conditions. CINDU is
characterised by its ability to be triggered consistently and reproducibly in response
to a specific stimulus (pressure, temperature, vibration, water, heat, light).

The diagnosis of CU is often made on clinical grounds, a limited routine diag-
nostic work-up is recommended in a case-by-case basis.

Antihistamines form the mainstay of therapy. In non-responders a variety of
other drugs are available including leukotriene receptor inhibitors, conventional
systemic therapy, anti-inflammatory and biologic therapy. Special care must be
taken when treating children, pregnant/lactating women and the elderly.
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Chapter 3

Clinical Phenotypes in
NSAID-Induced
Urticaria/Angioedema

Joaquin Quiralte, Maria del Robledo Avila,
Stefan Cimbollek and Joaquin Quiralte-Castillo

Abstract

The skin clinical phenotypes of nonsteroidal anti-inflammatory drug (NSAID)
hypersensitivity (NH) are very heterogeneous with several syndromes after NSAID
intake, which include different symptoms, different organ involvement and different
associated concomitant diseases and possibly different underlying pathophysiology
and mechanisms. Making a correct diagnosis in NH is an exciting journey for any
allergist. Thus, to classify these diseases properly will be pivotal for appropriate diag-
nostic and management strategy. Treatment modalities are depending on the clinical
phenotypes of NH and they will embrace for each patient: the avoidance of culprit
NSAID, the finding of well-tolerated NSAID and in certain cases, desensitization
procedures when the NSAID treatment was absolutely needed as well as the control
of associated diseases such as spontaneous chronic urticarial or allergic respiratory
diseases. This review updates the recent evidence of classification, diagnostic strate-
gies, and management of skin NSAID hypersensitivity reactions.

Keywords: NSAID hypersensitivity, urticaria, angioedema, single-blind
placebo-controlled oral challenge, management

1. Introduction

Nonsteroidal anti-inflammatory drugs (NSAID) are one of the most commonly
used drugs worldwide. NSAIDs are a major cause of hypersensitivity reactions,
and they suppose up to half the cases of adverse reactions evaluated in a tertiary
allergy unit [1]. Adverse reactions to NSAIDs account for 12% to 29.6% of all
adverse reactions in hospital admissions. Most adverse reactions to NSAIDs belong
to type A, which are dose-dependent and predictable from their pharmacological
actions. Common type A reactions include gastrointestinal bleeding and acute
kidney injury. Type B reactions, also known as NSAID hypersensitivity (NH) reac-
tions, account for 8.4% to 18.3% of total adverse reactions to NSAID [2]. NSAIDs
are a large and chemically heterogeneous group of drugs that inhibit the enzyme
cyclooxygenase (COX) 1and 2 isoforms, an so block the production of prostaglan-
dins from arachidonic acid.

NSAIDs are typically divided into groups based on their chemical structure and
selectivity for blocking COX-2: acetylated salicylates (aspirin), non-acetylated salic-
ylates (diflunisal, salsalate), propionic acids (naproxen, ibuprofen, dexketoprofen),
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acetic acids (diclofenac, indomethacin, aceclofenac, tolmetin), enolic acids (meloxi-
cam, piroxicam), anthranilic acids (meclofenamate, mefenamic acid, niflumic
acid), naphthylalanine (nabumetone), pyrazolones (metamizole, propyfenazone)
and selective COX-2 inhibitors (celecoxib, etoricoxib).

Several distinct clinical syndromes are described regarding NH, most often
manifested as respiratory reactions (e.g, bronchospasm and nasoocular reaction),
urticaria/angioedema or systemic anaphylaxis. NH often appears in patients who
also suffer certain concomitant diseases, such as chronic rhinosinusitis with nasal
polyps and bronchial asthma or spontaneous chronic urticaria. Both, the type of
reaction after NSAID exposure and the concomitant associated disease are criti-
cal to classify the NH [3]. The focus of this chapter will provide an overview on
all the aspects of skin NSAID hypersensitivity immediate reactions, from clinical
symptoms to leading practical recommendations with respect to diagnosis and
management.

2. A working classification of skin NSAID hypersensitivity based on
clinical phenotypes

Controlled oral challenge is the only definitive way to diagnose the reactions
caused by NSAIDs. These challenge-proven immediate responses are a wide group
of disorders that includes respiratory, cutaneous and anaphylaxis reactions [1, 3].

The mechanisms of NH are unknown, but two general hypotheses have been
proposed [4]. The first one, an enzymatic activity inhibition of at least the cyclo-
oxygenase-1 (COX-1) isoform that may inhibit the prostaglandin synthesis and thus
deregulate the 5-lipooxygenase pathway, with cys-leukotriene hyperproduction
in some susceptible patients. All NSAIDs that inhibit the COX-1 isoform could
precipitate the reaction. For this reason, cross-reactivity among COX-1 inhibitor
NSAIDs can be demonstrated in all patients with respiratory reactions and in most
patients with urticaria/angioedema reactions (multiple reactors) [1, 3, 4]. The
second mechanism can be applied only to a small subset of patients with NSAID
hypersensitivity, as those with systemic anaphylaxis [4]. We have previously dem-
onstrated that patients with NSAIDs-induced systemic anaphylaxis can react only to
one specific NSAIDs and tolerate other COX-1 inhibitor NSAIDs in controlled oral
challenges. Up to 1/3 of patients with NSAID induced systemic anaphylaxis might
present immediate acute urticarial previous to anaphylactic episode when taken a
specific NSAID (selective reactors) [3-5].

At least, three subsets of these patients with NH may have an associated under-
lying disease: in fact, around 10 percent of patients with chronic rhinosinusitis with
nasal polyps and moderate-to-severe asthma and 30 percent of those with chronic
urticaria/angioedema may present a nasoocular/asthmatic or urticarial reaction
after NSAID exposure at some times in their lives, respectively [6]. Some clinical
phenotypes of skin NSAID hypersensitivity are also definitely associated with
allergic respiratory disease [3, 7].

Therefore, the diagnostic approach determines very different clusters of patients
[3, 8]. Those who present clinical reactivity between different NSAIDs (multiple
reactors) versus those who develop a reaction exclusively to a specific NSAID (selec-
tive reactors), and secondly, those in whom there is a very defined concomitant
associated disease from the clinical and biological point of view. NSAID exposure
exacerbates these diseases, determining a clinical reaction. However, the NSAID
withdrawal does not determine a notable modification of the natural history of
the disease, which often must continue to be treated despite the avoidance of
NSAID [8].
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Therefore, the NSAID reaction is an epiphenomenon that together with other
clinical features constitutes what we have called the clinical phenotype (formerly
called the NSAID-reaction complex) [1, 3]. This classification based on clinical
phenotypes is a real and practical approach in the daily clinic, which will allow us to
make the best appropriate diagnostic and therapeutic decisions.

3. The skin clinical phenotypes of NSAID hypersensitivity

The skin reactions are the most prevalent clinical phenotypes in patients
with NSAID hypersensitivity. We have described at least 5 clinical phenotypes of
immediate-type of skin NSAID hypersensitivity: [3, 7] NSAID-exacerbated cutane-
ous disease (NECD), NSAID-induced urticaria/angioedema (NIUA), two clinical
phenotypes (NSAID induced isolated periorbital angioedema and NSAID induced
recall urticarial) which are present exclusively in patients with respiratory allergy,
mainly house dust mites; and a single NSAID induced urticaria/angioedema/
anaphylaxis (SNIUAA) (Table 1). The last mentioned is probably an IgE-mediated
allergy. The remaining phenotypes do not have an immunological pathophysiology,
but are caused by inhibiting COX-1 resulting in an imbalance in eicosanoid media-
tors, as above outlined.

3.1 The NSAID-exacerbated cutaneous disease

Patients with NECD suffer from spontaneous chronic urticaria and/or angio-
edema (CSU) and experience a worsening of these symptoms after NSAID intake.
Most reactions appear between 1 to 12 hours after administering NSAID and last
several days until the reaction is controlled with supplemental doses of antihis-
tamines and/or corticosteroids. In up to 30 percent of cases facial, neck and hand
angioedema may occur during the clinical exacerbation; an isolated angioedema
is rarely a possible manifestation of NECD. Approximately 30% of patients with
chronic spontaneous urticaria present exacerbations of their disease after NSAID
exposure throughout their lives [1, 3-5, 8]. A positive correlation between the basal
CSU activity disease and the possibility of a NSAID challenge reaction have been
described in NECD patients [8].

NSAID reactivity Clinical form Associated underlying diseases

pattern

Cross-reactive NSAID-exacerbated cutaneous Spontaneous chronic urticaria/angioedema
syndromes disease

NSAID-induced urticarial/
angioedema

NSAID-induced isolated Allergic respiratory diseases
periorbital angioedema

Oral mite anaphylaxis

NSAID- induced recall urticaria Allergic respiratory diseases treated with
subcutaneous allergen immunotherapy

Selective Urticaria/systemic anaphylaxis
syndromes

Table 1.
Skin clinical phenotypes of NSAID hypersensitivity.
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Since CSU is often a self-limiting disease within months to years, NECD can
potentially remit with the resolution of CSU. However, NECD patients seem to have
a distinct phenotype compared with NSAID-tolerant CSU patients: the latter have
a shorter duration of CSU and less often have angioedema when compared with
NECD patients [9].

3.2 NSAID-induced urticaria/angioedema

Patients with NSAID-induced urticaria and/or angioedema (NIUA) do not have
spontaneous urticaria and/or angioedema, but only the reactions develop after the
NSAID intake. NIUA is a multiple NSAID hypersensitivity syndrome and there is
cross-reactivity between chemically unrelated NSAIDs. Since patients often start
to avoid NSAIDs after their first reaction, this cross-reactivity might not always be
clear. Patients can report isolated urticaria, angioedema or a combination of both.
A small proportion of patients with NIUA developed chronic spontaneous urticaria
after 10 year- period of follow-up [10]. So, there is a certain degree of interrelation-
ship between both phenotypes, NECD and NIUA, and possibly in some patients
they represent different stages of the same disease.

All patients with NECD and NIUA show a pattern of multiple reactivity between
NSAID, dependent on the level of in vitro inhibition potency of COX —1 isoform
(Table?2).

3.3 Isolated periorbital angioedema (iPA), or the infanto-juvenile form of NH

This type of reaction usually affects children and young people, with an onset
in the first or second decade of life in more than 80% of cases and, in all cases, an
associated respiratory allergy is detected, mostly caused by mites, suggesting a close
relationship with aspirin exacerbated respiratory disease (AERD) with which they
share not only the concomitant disease, but also the pattern of multiple reactivity
among NSAID [3, 6].

Category Drug Doses
Placebo Lactose
Highly selective COX-2 inhibitor Celecoxib 50, 100,200 *
Etoricoxib 30,60*
Preferential COX-2 inhibitor Meloxicam 75,15mg*?
Weak, non-discriminatory COX-1/COX-2 Paracetamol 100, 250, 500, 1000 mg *
inhibitor
Potent, non-discriminatory COX-1/COX-2 Diclofenac 25,50 mg "
inhibitor
Ibuprofen 50, 150, 250, 600 mg > ¢
Metamizole 10, 50, 125, 250, 575 mg
Acetylsalycilic acid 50,100, 250, 500 mg ©*

Drugs were administered in an opaque capsule at the following intervals between each dose: “60 minutes, b120
minutes and “180 minutes. “Three doses, “four doses or'two doses were administered on the first day, and * “one dose
orftwo other doses on the second day.

Table 2.
NSAIDs and doses used for single-blind, placebo controlled oral challenge.
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Within this group of patients and in close relationship with the atopic phe-
nomenon, a new syndrome has been described: the systemic anaphylaxis triggered
by ingestion of food contaminated by mites (NSAIDs sensitivity mite-ingestion
reaction syndrome or also recently called oral mite anaphylaxis) [11, 12]. Most of
the patients presented common clinical characteristics: they had respiratory allergy
to mites, presented mostly periorbital angioedema and presented anaphylactic
episodes of variable severity in relation to the ingestion of food made with cereal
flour (wheat, oat and corn), without any evidence of food allergy during the clini-
cal study. 87% of the study group presented intolerance to aspirin, contrasting with
the frequency of less than 2% that we observed in the population of patients allergic
to domestic dust mites. This meant that an atopic aspirin intolerant was up to 300
times more likely to suffer a severe reaction from ingestion of mites than a tolerant
patient. Microscopic analysis of the flour revealed extreme contamination of the
flour by Dermatophagoides farinae and other mites of the Acaridae family (specifi-
cally Tyreophagus entomophagus and Suidasia medinensis). At present, the cause of
the association of aspirin intolerance with systemic reactions by ingestion of food
contaminated by mites is unknown.

3.4 NSAID-induced recall urticaria

Recall urticaria (RU) is a rare biologic phenomenon characterized by the exis-
tence of hives only in the previously injected site when the patient is exposed again
from another source. The most common example are patients who have received
previously subcutaneous allergen immunotherapy (sq AIT) and present focal skin
reaction at the sites of previous allergens injection when a new kind of allergen shot
was administered or after heavy ambiental exposure to the allergen [13].

We recently described a patient with allergic respiratory disease who underwent
sq. AIT to house dust mites after a 5 year-period. Two years after allergen immu-
notherapy discontinuation, patient first experienced an immediate local urticarial
reaction with multiple hives at previous sq. AIT injection sites after metamizole and
ibuprofen intake. SBPCOC with ibuprofen and aspirin was performed and elicited
multiples hives in a circumscribed area in both arms, although a controlled chal-
lenge with celecoxib was negative.

In our patient, the symptoms were elicited by different NSAIDs (Ibuprofen,
metamizol and aspirin) which resembles the pattern of patients with skin cross-
reactive phenotypes of NSAID hypersensitivity. This suggests that the enzymatic
inhibition of COX type I isoform could play a role in the development of this
specific reaction. The tolerance of highly selective COX type 2 inhibitors such as
celecoxib in our patient reinforces this hypothesis. However, the nature of the
relationship between COX-1 inhibition and the local immunological trace of mite
remains largely unknown. This phenomenon might be a new phenotype of skin
NSAID hypersensitivity which would appear in those patients with respiratory
allergy treated with sq. AIT [7].

3.5 Selective acute urticaria/angioedema and anaphylaxis

The existence of underlying diseases is common in NECD, NIUA and IPA.
However, there is another phenotype of otherwise healthy patients, (i.e. without
any concomitant disease associated) who experience immediate reactions of urti-
carial or anaphylactic type after the administration of a specific NSAID [1, 3-5, 8].

Up to 15% of patients with NSAID-induced urticaria present a selective pattern
of sensitivity to NSAIDs, [8] with a predominance of certain NSAID groups, such as
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those derived from the pyrazole group (metamizole) followed in order of frequency
by ibuprofen, diclofenac and paracetamol, A selective pattern involves SBPCOC
tolerance to other NSAIDs not involved in the clinical reaction, including those that
are potent inhibitors of COX isoform 1.

Immediate systemic reactions present clinical and biological features that are
compatible with a possible immunological mechanism: they are generally anaphy-
lactic, selective and, on certain occasions, can be associated with positive skin tests
that can be read immediately (such as metamizole) [14].

Recently, Dofia et el have described some patients who may develop immediate
reactions to several NSAIDs but tolerate ASA (the NSAIDs-multiple selective imme-
diate reaction phenotype). Patients usually present with a biselective or triselective
pattern: they presented different episodes of anaphylaxis to ibuprofen and diclof-
enac while tolerate an aspirin challenge or developing hypersensitivity reactions to
three non chemically related NSAIDs [1].

Although the selective form is the most frequent clinical form of NSAID anaphy-
laxis (96%), a small subgroup of patients with phenotypes associated with multiple
reactivity can present an anaphylactic reaction during SBPCOC. Patients with NIUA
and exceptionally periorbital angioedema may present with a systemic reaction
after administration of a potent COX-1 inhibitor NSAID. In rare cases, the systemic
reaction may be a clinical phenotype in itself, with patients exhibiting this clinical
response to any exposure to NSAID [3].

4. Diagnostic strategy in skin reactions to NSAID

The main tools that allow us to deal with cutaneous reactions to NSAIDs
are the clinical history and controlled re-exposure to NSAIDs in a hospital setting
[3]. The careful and complete review of clinical reactions to NSAID is essential
before any challenge procedure and allows us to provisionally classify the patient
with NH, while the latter, the SBPCOC, definitively assigns the patient to a spe-
cific phenotype. Our objective is to offer the best analgesic, anti-inflammatory or
antiplatelet alternatives in the event that the patient tolerates the NSAID without
reaction.

4.1 To classify, to classify, to classify...always

The clinical history is the basic method of temporarily assigning the patient to
a specific clinical phenotype. The phenotypic classification of any patient with a
possible NH (Table 1) will be the first (and the most important) diagnostic step in
the investigation of these types of reactions. Properly classifying NH will help us to
choose safest diagnostic approach for each patient [1, 3-5, 8].

The first key element to classify these patients will be the time elapsed between
the administration of NSAID and the beginning of the reaction. The so-called
latency time allow us to differentiate the reactions in: immediate (less than
24 hours, usually between 1 and 2 hours) and delayed reactions (over 24 hours).
Secondly, we will have to evaluate the clinical manifestations of the reaction (respi-
ratory, cutaneous or systemic), the NSAID involved, the route of administration
and the reason why the drug was prescribed, as well as the coexistence of associated
concomitant diseases (chronic rhinosinusitis with nasosinusal polyposis, bronchial
asthma, spontaneous chronic urticaria or allergic respiratory disease). Thirdly, we
will have to determine the NSAID tolerated previously and after the reaction. This
will allow us to make a first historical approach to NSAID reactivity status: multiple
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reactor with reactivity among non-chemically related NSAIDs (Table 3) or selec-
tive reactor with sensitivity to a single NSAID with tolerance to at least one potent
COX-1 inhibitor NSAID (Table 4).

Therefore, the classification of patients based on clinical phenotypes is critical in
addressing diagnostic and therapeutic strategies in these patients. The identification
of comorbidities such as chronic spontaneous urticaria, allergic respiratory disease
or reactions to mite-contaminated cereal flour-based foods are key clinical elements
that might define a phenotype and predict in most cases multiple reactivity to
different groups of NSAIDs. The worsening of spontaneous chronic urticaria after
NSAID administration and the development of the reaction within 1 to 6 hours of
NSAID administration are common clinical features that can be referred up in most
patients with skin-type reactions.

In a percentage of cases, clinical information on reactivity status is limited, either
because the patient has had only a single reaction with a single NSAID or because
of the impossibility of determining each of the NSAIDs involved in the patient’s
lifetime reactions. In these cases, determining this status is essential to approach
a therapeutic plan. The only way to determine the reactivity status is through
SBPCDC with NSAIDs that have differential inhibition against each of isoforms
COX-1 and COX-2. However, we could collect in the clinical history some findings
that may allow us to identify a multiple or selective reactor status (Tables 3 and 4).
In general, a NSAID highly selective for COX-2 inhibition, such as a COXIb, will
be better tolerated than a potent COX 1-2 inhibitor in patients who are multiple
reactors. The degree of COX inhibition is directly proportional to the probability
of reaction and the intensity of its clinical manifestations [1, 3-5, 8]. In the case
of a selective reactor, all COX-1 inhibitor NSAIDs will be tolerated, except the one
involved in the historical reaction (or those which are chemically related).

Urticaria/angioedema which appear between 1 to 6 hours to NSAID intake

Bilateral periorbital angioedema after NSAID intake in children

Nasoocular and/or asthmatic reaction after NSAID intake

Historical reactions to other non-chemically related NSAID

Chronic rhinosinusitis with nasal polyps

Moderate-to-severe bronchial asthma

Spontaneous chronic urticaria

Inducible (dermographism, cholinergic) chronic urticaria

Allergic respiratory disease to house dust mites

Systemic reaction after flour-based food ingestion

Table 3.
Clinical findings suggesting a NSAID multiple reactor.

* Urticaria which appear within 1 h to NSAID intake

¢ Inmediate Systemic anaphylaxis after NSAID administration

* Historical tolerance to other non-chemically potent COX-1 inhibitor NSAID

¢ No concomitant associated diseases

Table 4.
Clinical findings suggesting a selective reactor status.
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4.2 Principles to design the best controlled oral challenge for each clinical
phenotype

The fundamental objectives of SBPCOC is threefold: first, to determine the
clinical syndrome associated with the reaction after administration of the NSAID.
In the case of systemic anaphylaxis due to an NSAID, the use of the NSAID involved
during the clinical reaction is completely contraindicated. Second, determine the
tolerance pattern to NSAIDs in an individual patient. A negative SBPCOC will
determine the NSAID reintroduction of the treatment in the patient with NH. The
stratification of NSAID according to their inhibitory potency of each of the COX1
and COX2 isoenzymes determines the likelihood of reaction and therefore the order
of administration of NSAIDs during SBPCOC [15]. Thus, for example, in a patient
with diclofenac and ibuprofen-induced NIUA, a SBPCOC with celecoxib or etori-
coxib is highly likely to be tolerated (and therefore included in the self-care plan
for patient management) while an SBPCOC with another strong COX-1 inhibitor
NSAID is highly likely to induce a reaction, diagnose the patient, and determine a
multiple pattern of reactivity. And third and finally, it allows us to initiate a desen-
sitization procedure in patients with immediate respiratory or cutaneous reactions
requiring a desensitization procedure that determines the introduction of an NSAID
for anti-inflammatory or antiaggregant treatment if necessary. Desensitization is a
procedure which will be discussed later and which determines a temporary state of
tolerance while the administration of the NSAID persists.

4.2.1 SBPCOC with NSAID in patients with cross-veactive skin reactions

The approach to patients with the various phenotypes of cross-reactive skin
reactions (NECD, NIUA, IPA and NIRU) is very similar. We always have to bear
in mind that these patients seek our advice because they lack analgesic and anti-
inflammatory alternative strategy, and their fundamental objective is to find an
alternative that will solve their underlying disease without inducing a reaction.
Therefore, the stratification of SBPCOC with NSAIDs plays an essential role in these
cases, since it is directly related to a potential positive response during the challenge
[15]. In virtually all cases these patients tolerate COXiB. Even in the rare cases where
they do not tolerate a given COXiB, it is essential to expose them to another COXiB
as it can be otherwise tolerated [16].

NSAIDs, which are COX2 inhibitors, but which inhibit COX-1 in a dose-dependent
manner, such as meloxicam, would be the next alternative to propose in these
patients. Paracetamol, a weak COX-1 and COX-2 inhibitor, is generally tolerated at the
time of the clinical history by most patients. Its analgesic potential, but the absence
of anti-inflammatory effects, is what finally decides the patient to go to the allergist
looking for more appropriate alternatives. The use of potent COX1 and COX2 inhibi-
tors, such as aspirin, ibuprofen, metamizole or diclofenac necessarily determine a
reaction and therefore a diagnosis in this type of reaction [3, 8, 15].

4.2.2 SBPCOC with NSAID in patients with selective urticaria and anaphylaxis

The existence of an NSAID-induced anaphylaxis predicts the existence of a
selective pattern that in many cases can already be detected in the clinical history,
because the patient has tolerance to other non-chemically related NSAIDs. In a study
of patients with NSAID anaphylaxis we have demonstrated that patients tolerated
with impunity any NSAID, if we avoided the historically implicated NSAID or
other chemically related NSAIDs during the SBPC [3]. In the group of patients with
pyrazolone (metamizole, propyfenazone) anaphylaxis in Spain, skin tests (prick
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test at 400 mg/mL and ID at 4 mg/mL) are extremely useful tools to detect an IgE-
mediated allergy to these drugs. A positive metamizole skin test will always deter-
mine a safe SBPCDC if another non-pyrazolone NSAID is used during challenge.
With other NSAIDs, in my experience, skin tests have extremely low sensitivity.

4.2.3 Treating veactions during SBPCOC

NSAID challenges always pose a certain risk, depending on the phenotype of the
patient. Therefore, these challenges should be performed by experienced special-
ized nurses and allergists with the appropriate resources and access to emergency
medical and intensive care.

4.3 The single-blind, placebo controlled oral challenge with NSAID: how do we
doit?

The SBPCOC with NSAID is the gold standard for the diagnosis of skin NH.
SBPCOC is indicated in 3 main scenarios: 1) to confirm/discard if the NSAID
involved in the reaction is responsible (especially in those cases where the history
is not very suggestive of a reaction to NSAID); 2) To confirm/exclude multiple
reactivity among potent COX-1 inhibitors with another NSAID, usually aspirin; and
3) to identify potential alternative NSAIDs that are well tolerated by the patients.

However, there are several clinical situations in which it is contraindicated: If
there is severe or uncontrolled bronchial asthma, active spontaneous urticaria/
angioedema, pregnancy, active infection, and a recent vaccination (< 1 week) and
uncontrolled psychiatric disorders. Relative contraindications are also the use of
beta-blockers or ACE-inhibitors.

We propose an order of administration of NSAIDs trying to stratify them accord-
ing to the in vitro potency of COX-1 and COX-2 inhibition (Table 2) [3, 14]. This
risk stratification management makes us start with, some of the selective COX-2
inhibitors (etoricoxib and celecoxib). Later, if there is no clinical response, the
preferential COX-2 NSAIDs are continued (with a dose-dependent inhibitory effect
on COX-1, as was the case with meloxicam). Thirdly, if there is no clinical response,
aweak NSAID inhibiting both isoforms (e.g. paracetamol) will be administered; to
continue, finally, with the potent COX-1 and COX-2 inhibitors.

Stratification of NSAIDs according to their COX-1 inhibition potency allows,
to generate effective alternatives that these patients can take if the response during
SBPCOC is negative; and to confirm the pattern of reactivity between NSAIDs that
allows us to classify clinical phenotypes appropriately.

In the case of NECD the ideal is to carry out the study in a period of remission of
chronic spontaneous urticaria. If this is not possible, we will titrate the treatment
with antihistamines until the minimum effective control dose is achieved and then
perform the SBPCOC. A complete withdrawal of all anti-histamines may determine
a high rate of false positives in this subset of patients with NH [8].

The existence of NSAID anaphylaxis contraindicates the use of that specific
NSAID or other structurally related one during SBPCOC [3, 8]. However, this type
of reaction presents a selective pattern of sensitivity to NSAID, and even those with
high COX-1 inhibition potency can be taken with impunity.

5. The management of skin NSAID hypersensitivity

The management of skin reactions to NSAIDs will aim to educate the patient
on which drugs to avoid and to provide written therapeutic advice on which
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alternatives to NSAIDs are potentially safe, after having tested adequate tolerance to
them through SBPCOC.

Depending on the diagnosis and outcome of the SBPCOC, the patient can be
advised to avoid only the culprit or all NSAID. Then, there might be a need to
investigate the safety of other alternative analgesics. Selective COX-2 inhibitors
are often a safe alternative, especially in cross-reactive patients who can tolerate
acetaminophen. So, below 5% of patients with skin NH reacted to a selective COX-2
inhibitor [17, 18]. Even in those cases with a COXiB reaction, it is possible that
the patient may tolerate other COXib without reaction and therefore an second
challenge with an alternative COXIb must be performed [16].

Early presentations of periorbital angioedema as key features of cross-reactive
reactions to NSAIDs in an atopic children also precluded the use of potent COX-1
inhibitor NSAID. Paracetamol is often well tolerated in these patients. The use of a
cyclooxygenase-2-specific medication may not be feasible in this population, and
limits options for other medical antiinflammatory treatment. However, Loh et al.
have recently demonstrated that etoricoxib can be used as a safe alternative in older
children (mean age 13,5 years) with hypersensitivity to multiple antipyretics [19].

Patient with selective urticaria or systemic anaphylaxis presents a selective pat-
tern of sensitivity to NSAID, and even those with high COX-1 inhibition potency,
but non chemically related, can be tolerated [3, 5].

Desensitization with aspirin is recommended by clinical guidelines only
in patients with aspirin exacerbated respiratory disease and in cases of NECD
or NIUA, in which it is strictly necessary to administer any NSAID as an anti-
aggregate, anti-inflammatory or analgesic treatment [20]. The desensitization
procedure consists of administering progressively increasing doses of aspirin until a
reaction is provoked which is as controllable as possible, with the aim of inducing a
post-reaction refractory period and which we will use to reach the therapeutic dose,
culminating the desensitization process after the administration of a dose of aspirin
(or other NSAID) without a reaction.

Rossini et al. have published a multicenter, prospective study that demonstrates
that a rapid standardized desensitization protocol in patients with aspirin hypersen-
sitivity undergoing coronary angiography is safe and effective, irrespective of the
type of NH which have the patients. A low-dose aspirin could be safely continued
without reaction in all patients throughout the next year [20].

6. Conclusions

We have clinically characterized a large population of patients with skin NSAID-
induced reactions by means of controlled oral challenges, and we have proposed a
working classification of these clinical entities, which can be recognized through
the distinct clinical features and the challenge results. Skin NSAID hypersensitivity
have showed at least 5 well-defined clinical phenotypes. This classification based
on clinical phenotypes is a real and practical approach in the daily clinic, which will
allow us to make the best-appropriated diagnostic and therapeutic decisions.
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Chapter 4

The Use of Omalizumab in
Chronic Urticaria: Available Data
and Future Aspects of Anti-IgE
Treatment

Young-Min Ye

Abstract

Chronic urticaria (CU) defined as repeatedly occurred itchy wheals and/or
angioedema for at least 6 weeks. Due to the unpredictability, recurrent and dis-
abling symptoms, and a considerably impaired quality of life, effective and tolerable
treatment for CU patients is crucial. Almost a half of patients with CU are refrac-
tory to Hl-antihistamines, even though the dose of antihistamines is increased
up to 4-fold. Recently treatment modulating IgE levels and activities provides an
efficient therapeutic approach. Omalizumab, the only approved anti-IgE treatment
for chronic spontaneous urticaria (CSU) patients until now, with a strong evidence
of the efficacy and safety, opened a new horizon in the care of the patients whose
urticaria is not controlled with antihistamines. Recent international guidelines rec-
ommend omalizumab as the first choice of treatment for antihistamine-refractory
CSU. However, as it is not curative neither disease-modifying agent, there is a sub-
population of CSU patients responding partly or never to omalizumab. The other
things to be solved in the treatment of CU is that clinical evidence is still limited on
chronic inducible urticaria (CIndU) and special populations. Thus, a new anti-IgE
treatment, ligelizumab is actively evaluated in the efficacy compared with both
placebo and omalizumab. Further understandings on the pathogenesis of CU can
lead to the development of new mechanism-based therapeutics for CU patients.

Keywords: omalizumab, ligelizumab, IgE, urticaria, angioedema

1. Introduction

Symptomatic management to relieve itchy wheals has been recognized as the
standard of care for chronic urticaria. However, around a half of patients with CU
are refractory to recommended doses neither an increased doses of antihistamine.
In these patients whose urticaria are not controlled with non-sedative antihista-
mines, more significantly impaired quality of life has been observed. Management
guidelines for CU in past included omalizumab, cyclosporine, dapsone, hydroxy-
chloroquine, methotrexate, montelukast, colchine, and phototherapy as alternative
treatment for antihistamine-refractory CU [1, 2]. However, most of recent guide-
lines recommend omalizumab for the first of choice among various immunomodu-
lating agents based on lots of study results [3, 4].
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Omalizumab is the only biologics, approved for management of chronic
spontaneous urticaria (CSU) in patients at age 12 years or older by Food and Drug
Administration (FDA). It a recombinant humanized IgG1, monoclonal anti-IgE
antibody. Although the pathophysiology of CU is not completely established, it is
clear that mast cell activation is the key feature of CU. Omalizumab binds to free
IgE at the Fc region and prohibits IgE from interacting with high-affinity recep-
tor for Fc region of IgE (FceRI) on mast cells, basophils and eosinophils [5, 6]. It
has been shown to downregulate the expression of FceRI on both mast cells and
basophils [7]. This chapter reviews the current evidence of the efficacy, safety, and
treatment response to biologics targeting IgE, including omalizumab, ligelizumab
and quilizumab in CU patients.

2. Pivotal phase IIl trials with omalizumab in patients with CSU

The first successful use of omalizumab for CU was reported by Boyce in 2006
[8]. The 3 essential phase III multicenter, randomized, double-blinded studies
that led to the FDA indication for CSU were the ASTERIA I [9] and II [10], and
GLACIAL [11] trials. These trials included a total of 733 patients on omalizumab 75,
150, or 300 mg at 4-week intervals and 242 patients were allocated in the placebo
groups. Clinical efficacy of omalizumab in randomized controlled trials including
these 3 pivotal trials are summarized in Table 1.

ASTERIA I was a 40-week trial included patients receiving either omalizumab
75 mg, omalizumab 150 mg, omalizumab 300 mg, or placebo given in 4-week
intervals for a 24-week treatment period with 16 weeks of follow-up [9]. The
patients who had failed H1 antihistamine treatment at licenced doses were enrolled.
All 3 doses of omalizumab met their primary efficacy endpoint of a reduction in
weekly itch severity score (ISS) at 12 weeks compared with baseline (—6.46 with
omalizumab 75 mg, —6.66 with omalizumab 150 mg, and — 9.40 with omalizumab
300 mg). The omalizumab 300 mg group achieved the minimally important dif-
ference in weekly ISS at a significantly shorter duration compared with the other
omalizumab doses. However, urticaria symptoms returned to placebo levels after
omalizumab was discontinued in all treatment groups during the follow-up period.

ASTERIA II was a 28-week trial that included 12 weeks of therapy with either
omalizumab 75 mg, 150 mg, or 300 mg, or placebo in 4-week intervals with a
16-week follow-up period [10]. The patients having already failed treatment with
approved doses of H1 antihistamines were included. The group of omalizumab
75 mg was failed to show significant difference in weekly ISS at 12 weeks compared
with the placebo group. The omalizumab 150 mg and 300 mg groups reached sig-
nificance for their primary end point of a mean change from baseline in weekly ISS
at 12 weeks (—8.1 with omalizumab 150 mg and — 9.8 with omalizumab 300 mg),
as compared with placebo. The proportion of patients who had complete symptom
control was 16%, 22%, 44%, and 5% for omalizumab 75 mg, 150 mg, 300 mg, and
placebo groups, respectively. During the 16-week follow-up period, the ISS for all
omalizumab doses increased to levels similar to those of the placebo group.

GLACIAL trial included patients who had failed H1 antihistamines at up to 4
times the approved doses in addition to approved doses of leukotriene receptor
antagonists or H2 antihistamines [11]. These patients were given either omalizumab
300 mg or placebo every 4 weeks for 24 weeks followed by a 16-week observa-
tion period. The weekly ISS at week 12 compared with baseline was significantly
improved in the omalizumab 300 mg group compared with placebo (—8.6 with
omalizumab 300 mg). All the other secondary efficacy end points also met
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Trial name, Population Study design Intervention Mean change No. of
Author, Year, from baseline complete
Reference in UAS7 responders
No. (mean, 95% CI (% of
or SD) UAS7=0)
MYSTIQUE Patients aged Multicenter Omalizumab Placebo: —6.9 Placebo: 0%
Saini 2011 12-75 years RDBPCT 75,300, (-115,0.96) 75 mg: 44%
[12] with CU (N =90; 600 mg 75mg: 9.8 300 mg: 36.0%
refractory to OMAY75 =23, Single dose (=17.77, —4.85) 600 mg: 28.6%
antihistamines. OMA300 = 25, 300 mg: -19.9 at4 W
OMA600 = 21, (=254, -12.0)
placebo = 21) 600 mg: —14.6
(-22.5,-7.0)
at4w
XCUISITE Patients aged Multicenter Omalizumab Placebo: —7.9 Placebo: 4.5%
Maurer 2011 18-70 years RDBPCT 75~375mg 300 mg: -17.8 300 mg: 59.3%
[13] with a clinical (N = 49; Q2W or at24 W at24 W
diagnosis of OMA =27, Q4w
moderate-to- placebo = 22) based on
severe CU. the asthma
dosing
ASTERIA T Patients aged Multicenter Omalizumab Placebo: Placebo: 5%
Maurer 2013 12-75 years RDBPCT 75,150, -51+56 75 mg: 16%
[9] with moderate- (N =322 300 mg 75 mg: 150 mg: 22%
to-severe CU OMAY75 = 82, Q4w -59+6.5 300 mg: 53%
who remained OMA150 = 82, for 12 weeks 150 mg: at12 W
symptomatic OMA300 =79, -81+64
despite HIAH. placebo =79) 300 mg:
-9.81+6.0
at12 W
ASTERIA I Patients aged Multicenter Omalizumab Placebo: Placebo: 8.8%
Saini 2015 12-75 years RDBPCT 75, 150, —8.01+5.22 75mg: 11.7%
[10] witha CU (N =318; 300 mg 75 mg: 150 mg: 15.0%
that remained OMA75 =77, Q4w —6.46 + 6.14 300 mg: 35.8%
symptomatic OMA150 = 80, for 24 weeks 150 mg: atl2 W
despite HIAH. OMA300 = 81, —6.66 + 6.28
placebo = 80) 300 mg:
—940 + 573
at12w
GLACIAL Patients aged Multicenter Omalizumab Placebo: —8.5 34% vs. 5%
Kaplan 2013 12-75 years RDBPCT 300 mg (-111,-5.9) at12w
[11] witha CU (post hoc Q4w 300 mg: —19.0
that remained analysis) for 24 weeks (=206, —174)
symptomatic (N = 336; at12 W
despite HIAH OMA300 = 252, Mean
plus H2AH placebo = 84) difference to
and/or LTRA. placebo:
—4.5 (=61,
—-3.0) at24 W
X-ACT Patients aged Multicenter Omalizumab Placebo: 50% vs. 10.6%
Staubach 1875 years RDBPCT 300 mg -65+134 at28 W
2016 with CSU (N =915 Q4w 300 mg:
[14] and >4 OMA300 = 44, for 24 weeks —16.8 + 14.8
episodes of placebo = 47) Mean
angioedema difference to
who were placebo:
symptomatic -10.3 (-16.2,
despite HIAH. —-39) at28 W
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Trial name, Population Study design Intervention Mean change No. of
Author, Year, from baseline complete
Reference in UAS7 responders
No. (mean, 95% CI (% of
or SD) UAS7=0)
MoA Patients aged Multicenter Omalizumab Placebo: NA
Metz 2017 18-75 years RDBPCT 300 mg -38+6.63
[15] with CU (N =30; QW 300 mg:
refractory to OMA300 = 20, for 12 weeks —114+6.53
antihistamines. placebo = 10) Mean
difference to
placebo:
-14.82at12W
Jorg 2018 Patients aged Monocenteric Omalizumab NA 471% vs. 0% at
[17] 18-70 years RDBPCT 300 mg VAT
with CSU Post hoc analysis Q4w 23.5% vs.
refractory to (N =30; for 16 weeks 12.5%
HI1AH. OMA300 = 20, at20 W
placebo = 10)
POLARIS Japanese Multicenter Omalizumab Placebo: =139 Placebo: 4.1%
Hide 2017 and Korean RDBPCT 150, 300 mg 150 mg: —18.8 150 mg: 18.6%
[19] patients aged (N =218; Q4w 300 mg: —22.4 300 mg: 35.6%
12-75 years OMA150 =71, for 12 weeks at12 W at12W
with CSU OMA300 =73,
refractory to placebo = 74)
conventional
H1AH at the
randomization.
XTEND-CIU Patients aged Multicenter Omalizumab NA 36.8%at12 W
Maurer 2018 12-75 years RDBPCT 300 mg Q4W 52.0% at24 W
[16] who remain (N = 134; for the
Casale 2019 symptomatic OMA300 = 81, 1st24 W,
[18] despite placebo = 53) and then
optimized randomized
H1AH to OMA300
treatment. or placebo
for additional
24 W
Table 1.

Clinical efficacy of omalizumab in randomized controlled trials.

significance for the omalizumab group including change in weekly urticaria activity
score (UAS7), Dermatology Life Qualirty Index, and proportion of patients who
were itch and hive free. As with both ASTERIA trials, the effects of omalizumab
appeared not to be permanent, and weekly ISS increased to placebo levels after
discontinuing omalizumab treatment.
Recently, several systematic analyses based on various randomized controlled
trials [9-19] to evaluate the effects of omalizumab for patients with CSU have

been reported [3, 20-22]. These systematic reviews have provided high-quality

of evidence on that omalizumab is effective in the treatment of antihistamine-
refractory CSU independent of monthly dose [3, 22]. The dosage of 300 mg every

4 weeks is found to achieve better results in reductions of disease activity scores and
in improvement of disease-specific quality of life. However, a recent meta-analysis
analyzed minimal important differences in urticaria outcome measures, such as
UAS?7, ISS7, and quality of life demonstrated that omalizumab 300 mg resulted

in clinically meaningful improvement of all the outcome measures, whereas
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omalizumab 150 mg failed to prove clinically meaningful improvement in any of
them as compared with standard of care [20].

3. Optimal dosing and interval of omalizumab treatment

In patients with allergic asthma, optimal dose of omalizumab is determined
by serum total IgE levels and body weight of the patients. Unlike for allergic
asthma, the FDA approved omalizumab for the management of CSU at doses
independent of serum IgE levels or body weight. Based on the 3 pivotal trials,
[9-11] the approved doses of omalizumab is 150 mg or 300 mg every 4 weeks.
Doses lower than 150 mg did not consistently show a significant improvement
in efficacy compared with placebo, and the higher dose of 300 mg dependably
showed faster and more robust efficacy. Interestingly, higher doses of omali-
zumab at 600 mg were explored in the dose-ranging single omalizumab dose
phase Il MYSTIQUE trial [23, 24]. Although no significant difference in changes
of UAS7 at week 4 from baseline between the omalizumab 600 mg and 300 mg
groups, there was also no increase in adverse events [25-27]. Cases of patients
requiring higher than approved doses, up to 600 mg, to reach complete remission
have been reported [25, 27].

4. Proper duration of omalizumab treatment

As shown in all phase III trials, cessation of omalizumab resulted in an increase
in weekly itch and wheal scores and returning to placebo levels within 16 weeks
[9-11]. These results indicate that omalizumab is effective in controlling symp-
toms, but they do not provide evidence that omalizumab induces remission from
CSU. Therefore, longer durations of treatment may be required for some patients.
Omalizumab shows very good safety efficacious at therapeutic durations of more
than 1 year [23, 24]. As soon as patients achieved complete control, antihistamines
can be tapered off [4].

Several strategies have been proposed for weaning including reduction monthly
doses or lengthening the time between doses [28]. A patient-tailored tapering
protocol on the basis of a patient’s UAS7 scores while on omalizumab treatment is
needed. Increase the injection interval by 1-week intervals can be recommended
when the patient achieved a complete response to omalizumab after 6 months of
treatment [29]. If a patient can tolerate every 8-week injections over a 4-month
period without increased activity, these patients can often have omalizumab discon-
tinued. Fortunately, most of patients who have experienced relapsed urticaria after
stopping omalizumab treatment, respond well to retreatment of omalizumab with
previously effective dose and interval [30, 31].

5. Predictors of the response to omalizumab treatment

In patients with CU, omalizumab is not a disease-modifying or curative treat-
ment. The treatment response to omalizumab in patients with CU is classified
according to the onset and extent of the response. Fast or early response is defined
when the onset of therapeutic response to omalizumab in CU patients starts within
the first 4 weeks. On the other hand, the response appearing gradually by weeks
12-16 weeks is defined as slow or late response. The extent of therapeutic response
to omalizumab is based on the UAS7. Complete response includes the patients
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who achieve UAS7 = 0, no itch and wheal or UAS7 < 6, well-controlled urticaria or
have a significant improvement in UAS7 reduction from baseline (> 90%). Partial
response is defined as UAS7 reduction between 30% and 90%. No response means
that UAS7 reduction is less than 30% from baseline or the exacerbation of itchy
wheals during omalizumab treatment [32, 33].

Around 70% of patients with CSU who benefit from omalizumab respond
within the first week of treatment. From the results of 3 pivotal phase III trials, at
week 4, well-controlled urticaria (UAS7 < 6) was reported by 2 ~ 5%, 12 ~ 15%,

21 ~28%, and 37 ~ 51% of patients receiving placebo, 75, 150, 300 mg of omali-
zumab, respectively. And early response is linked to type I autoimmunity or IgE
autoantibodies, such as IgE to thyroid persoxidase [13]. The proportion of well-
controlled urticaria and complete responders during the 12-week of active treat-
ment increased continuously. With continuous dosing of omalizumab 300 mg from
12 weeks to 24 weeks in ASTERIA I [9] and GLACIAL, [11] around a half of patients
who did not respond at week 12 achieved complete response at week 24. The median
time to complete response was also dependent on the dose of omalizumab. It was
noted between 8 and 10 weeks for 300 mg of omalizumab, whereas fewer than

50% of patients in the 75 mg or 150 mg of omalizumab groups achieved complete
response within the 12-week of treatment. However, around 40 ~ 50% of patients
had partly or uncontrolled urticaria even with an active treatment of omalizumab
for 24 weeks. Thus, before determining non-responders to omalizumab treat-

ment and considering other therapeutics, use of omalizumab for at least 6 months
is needed.

There are no markers to predict when their CSU will go into remission. Despite
older and higher disease activity at onset, being female, and hypersensitivity to
nonsteroidal anti-inflammatory drugs, comorbid CIndU, presence of angioedema,
and thyroid disease were all reported to be associated with longer urticaria duration
in CSU patients, [29] however, none on these markers guides to decide when to
discontinue omalizumab.

Lower levels of serum total IgE at baseline (< 40 IU/mL) and decreased ratio of
IgE levels at 4 weeks by baseline levels (<2.0) have been associated with higher risk
of non-responder to omalizumab treatment in CSU patients [34]. Positive response
to diagnostic tests for type IIb autoimmunity including basophil histamine releas-
ibility assay, autologous serum skin test, and anti-FceRI autoantibody in the sera
from CSU patients are regarded as indicators for slow or poor response to omali-
zumab [34, 35].

Studies evaluating the efficacy of up-dosing of omalizumab to 450 mg or
600 mg in a month revealed a comparable benefit for CSU patients with partial or
non-response to 300 mg of omalizumab [26, 27, 36]. There also reports that short-
ening the injection interval can lead to complete response inpatients with partial
or no response to omalizumab 300 mg every 4 weeks. The most recent guidelines
recommend cyclosporine add-on as a fourth-line treatment in CSU patients whose
urticaria is not controlled with omalizumab treatment [3, 4, 37].

6. Omalizumab treatment for chronic inducible urticaria

As chronic inducible urticaria (CIndU), induced by common physical stimuli
including exposure to cold or heat, skin friction or pressure, sunlight, and exercise,
with longer duration, difficult to avoid the offending trigger, CIndU affects severely
patients’ quality of life. A recent study reported that up to 76% of CSU patients
were found to have a concurrent CIndU and these patients have more severe
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urticaria [38]. While omalizumab has been used to successfully treat CSU on the
basis of strong evidence from randomized controlled trials, real-life studies, and
meta-analyses, omalizumab is not yet licensed for CIndU.

A meta-analysis reported recently that omalizumab has substantial benefits in
patients with various CIndUs [16]. Variation of omalizumab use was seen between
the CIndU subtypes, with the strongest evidence available in patients with
symptomatic dermographism (complete or partial response in 38/54 patients),
cold urticaria (complete/partial response in 41/51 patients), and solar urticaria
(complete/partial response in 28/36 patients). Little or no evidence was available
on vibratory, aquagenic and contact urticaria.

A randomized, placebo-controlled trial involving 55 patients with symptomatic
dermographism revealed that significant improvement in critical friction thresholds
after 10 weeks of treatment with omalizumab 150 mg and 300 mg, compared with
the placebo group [39]. No significant difference in efficacy was observed between
omalizumab 150 mg and 300 mg groups. After 10 weeks of treatment, 6 (33%) of
18 receiving 150 mg of omalizumab and 8 (42%) of 19 patients receiving 300 mg
of omalizumab did not respond at all compared with 15 (83%) of 18 in the placebo
group. A retrospective observational study showed 86% of patients achieved a
complete response [32].

Cold urticaria is the second most prevalent physical urticaria. A randomized,
placebo-controlled trial including 31 patients with cold urticaria demonstrated
significant clinical superiority of omalizumab versus placebo [40]. Mean changes
in critical temperature threshold after 10 weeks of treatment were significantly
higher in the omalizumab 150 mg and 300 mg groups compared with the placebo
group. Improvements were seen by week 4. No significant dose-dependent response
between the omalizumab 150 mg and 300 mg groups. After 10 weeks of treatment,
10% of 10 patients receiving omalizumab 150 mg and 22% of 9 patietns receiving
300 mg of omalizumab were non-responders compared with 75% of 12 patients in
the placebo group.

Due to a longer symptomatic episode and a subtype of frequently accompanied
in patients with CSU, delayed pressure urticaria was reported to result in a signifi-
cant impairment of quality of life than other types of CIndU [41]. Furthermore, it is
difficult to control delayed pressure urticatia with up-dosing of antihistamine treat-
ment [16]. In a meta-analysis that found 11 publications of omalizumab treatment
for patients with delayed pressure urticaria, favorable results were obtained [16].
Starting with 150 mg of omalizumab, 60% ~ 88% of patients with delayed pressure
urticatia achieved complete control within 2 days.

There is sparse data on the efficacy of omalizumab for patients with cholinergic
urticaria. Among retrospective analyses, one from the Germany [32] reported 62%
of complete response and 25% of no response assessed by provocation test, whereas
another study reported from Korean populations [42] showed relatively lower
complete responders (4.8%, 1 of 21 patients).

Taken together, although evidence of the efficacy of omalizumab in CIndU has
been accumulating, more data from randomized controlled trials are needed to
establish the dose, injection interval, and treatment duration according to the type
of CIndU. To date, while many studies proved a lower dose of 150 mg was enough to
reach a good response, however as like in CSU patients, increasing dose of omali-
zumab in some patients with CIndU had better response. Most of studies found
that CIndU patients achieved complete symptom control after the first injection
of omalizumab, however, once discontinued, all patients got worse within 8 weeks
after the last injection to need retreatment of omalizumab because antihistamines
did not work for these patients [16].
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7. Omalizumab treatment for angioedema

In X-ACT (Xolair Effects on Angioedema in Chronic Spontaneous Urticaria
Treatment) study, a phase III, randomized, double-blind study involving selectively
CSU patients with angioedema and wheals, omalizumab was superior to placebo
in improving CU-Q20L scores and reduction in angioedema-burdened days by
three times during the 28-week of treatment [14, 43]. Angioedema was a prevalent
symptom in patients with CSU in the three pivotal phase 3 studies of omalizumab
and occurred in 44-53% of patients at baseline [9-11]. Treatment with 300 mg of
omalizumab was efficacious in reducing patient-reported angioedema in patients
with CIU/CSU who were symptomatic despite a variety of treatments [44]. Urgert
etal. evaluated systematically the efficacy of omalizumab in CSU patients accom-
panying angioedema using 5 studies [21]. They provided high quality evidence of
that the proportion of angioedema-free days were higher in the omalizumab group
compared with placebo as well as use of rescue medications from baseline was
significantly reduced in the omalizumab 300 mg group.

8. Omalizumab treatment for special populations

Although ASTERIA II [10] and GLACIAL [11] did include patients with 12 years
and older, none of these larger trials addressed the use of omalizumab in the
pediatric population below this age. Although significantly less common in the
pediatric population, CU affects 0.1% to 0.3% of children with a similar morbidity
profile as the adult population. A case series of the use of omalizumab for CU in
the 4 patients in age from 4 to 16 years found that all 4 patients obtained complete
response to omalizumab 150 mg monthly for the younger ones (age 4 and 5 years)
and 300 mg monthly for the older patients at 10 and 16 years without any reported
adverse events [45].

The EXPECT study evaluated the use of omalizumab during pregnancy [46].
In total, 191 pregnant women were included who had moderate to severe asthma
and received at least 1 dose of omalizumab 8 weeks before conception or at any
time during pregnancy. Based on the known outcomes of 169 pregnancies, there
was no significant difference in spontaneous abortion, major congenital anoma-
lies, prematurity, or low birth weight compared with a similar asthma population
reported in previous studies [47, 48]. Because of the small number of patients
in the study, it is difficult to draw any conclusions of safety on the use of omali-
zumab during pregnancy for CU [28]. Further studies are needed with larger
sample sizes.

9. Safety issues of omalizumab

Safety was closely evaluated in all the randomized phase III trials [9-11].
ASTERIA II reported more headaches in the omalizumab 150 mg group compared
with placebo but otherwise had no significant differences in adverse events. The
GLACIAL study [11] showed no significant difference in adverse events between
omalizumab group and placebo but did have some system-specific differences. In
ASTERIA, [9] headaches, arthralgia, and injection-site reactions were more com-
mon in the omalizumab groups but there was no significant difference in serious
adverse events. No deaths, malignancies, or anaphylactic episodes were reported in
these trials due to omalizumab.
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Overall, omalizumab is very well tolerated and adverse reactions occurred in
patients taking omalizumab were compatible with those on placebo in prospective,
randomized trials for CU [3, 20, 49-51]. The most seriously considered adverse
reaction is anaphylaxis-related to omalizumab that is defined as a combination of
angioedema of the throat or tongue, bronchospasm, hypotension, syncope, and/or
urticaria [52]. Omalizumab joint task force reviewed clinical trials and postmarket-
ing surveillance data on omalizumab-induced anaphylaxis or anaphylactoid reac-
tions [53]. They found a total of 35 patients with 42 episodes of anaphylaxis-related
to omalizumab injection. Considering a total of 39510 patients who had exposed
once to omalizumab, they estimated an anaphylaxis-reporting rate of 0.09% of
patients [53]. The risk of anaphylaxis in patients with CU appears to be less than in
those treated for asthma. In addition, there does not seem to be a dose-related effect
on adverse events.

10. Anti-IgE therapeutics under development
10.1 Ligelizumab

Ligelizumab (QGEO031) is a new promising humanizaed monoclonal anti-IgE
antibody under development for the treatment of CSU patients. It has a 40-fold to
50-fold greater affinity to IgE compared with omalizumab [54]. In a phase 2b multi-
center randomized placebo controlled trial, patients with antihistamine-refractory
CSU were randomized to placebo, 300 mg of omalizumab, or 24, 72, or 240 mg
of ligelizumab administered by subcutaneous injection with 4-week interval for
20 weeks [55]. Ligelizumab demonstrated rapid onset of action, dose-dependent
efficacy, and superiority to omalizumab. At 12 week, a total of 30%, 51%, and 42%
of the patients treated with 24 mg, 72 mg, and 240 mg of ligelizumab, respectivity,
had complete control of urticaria, as compared with 26% of the patients receiving
omalizumab 300 mg and none in the placebo group. More than 50% of patients
taking 240 mg of ligelizumab were complete responders, a response rate twice than
that seen in the omalizumab group. Furthermore, the mean time to relapse after
the last injection was 4 weeks for omalizumab vs. 10 weeks for ligelizumab. Except
higher rates of mild injection site reactions in the 240 mg of ligelizumab group, no
difference in safety profiles of placebo, omalizumab, and ligelizumab was observed.
The most frequently reported adverse events were viral upper respiratory tract
infection and headache. No deaths or anaphylaxis events were reported in any of the
trial groups. On the basis of favorable response of ligelizumab with a rapid onset of
action, improved and sustained efficacy in antihistamine-refractory CSU patients
over 300 mg of omalizumab treatment, now two phase III, multi-center, random-
ized, double-blind, active- and placebo-controlled, parallel-group studies (PEARL
1and 2) are running. The primary outcome of these two trials will measure absolute
change from baseline in UAS7 at Week 12 [56].

10.2 Quilizumab

Quilizumab, a humanized, afucosylated, monoclonal IgG1 antibody, binds
membrane IgE at the M1-prime segment, which is absent in soluble IgE. In animal
studies, quilizumab bound membrane IgE on IgE-switched B cells and plasmablasts
and depleted them through apoptosis and antibody-dependent cell-mediated
cytotoxicity [57]. In clinical trials, quilizumab reduced serum total and specific IgE
levels in healthy volunteers and in patients with allergic rhinitis or mild asthma [58].
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However, because quilizumab did not provide a significant differences in the clinical
endpoints compared with placebo, it was indicated that ongoing IgE switching and
stimulation of B-cell memory may not be key disease drivers [59].

11. Conclusion

Therapeutics modulating IgE levels and activities provide an efficient and very
tolerable add-on treatment for patients with antihistamine-refractory CU. With
a strong evidence of the efficacy and safety, omalizumab is recommended as the
first choice of treatment for CSU patients who still suffered from urticaria with
up-dosing antihistamine treatment in recent international guidelines. However, as
it is not disease-modifying agent, there is a subpopulation of CSU patients respond-
ing incompletely or never to omalizumab. Moreover, clinical evidence on chronic
inducible urticaria (CIndU) and special populations, such as children and older
patients is still not enough. Thus, a new anti-IgE treatment, ligelizumab is actively
evaluated in the efficacy compared with both placebo and omalizumab. Further
understandings on the pathogenesis of CU can lead to the development of new
mechanism-based therapeutics for CU patients.
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Chapter 5

The Role of Anti-IgE Antibodies in
Urticaria

Patrizia Pepe and Victor Desmond Mandel

Abstract

Chronic urticaria, a common mast cell driven disease, has been considered so far
an underestimated and difficult to treat disease, very often resulting in high physi-
cal, psychological and socio-economic burden. More than 60% of these patients are
unresponsive to second generation H1 antihistamines, the first-line symptomatic
treatment for urticaria. However, anti-IgE drugs (omalizumab and ligelizumab)
showed improved activity in urticaria-treated patients with inadequate symptom
control. Omalizumab has been widely proven to be very effective and well-tolerated
in patients with antihistamine-refractory chronic spontaneous urticaria and induc-
ible urticaria and is currently licensed for these indication as third-line treatment.
Ligelizumab, a next-generation monoclonal anti-IgE antibody with higher affinity
to IgE compared to omalizumab and a similar safety profile, has recently demon-
strated to be even more effective than omalizumab. This review is focused on the
role of anti-IgE antibodies in chronic urticaria.

Keywords: Urticaria, Chronic Spontaneous Urticaria, Chronic Inducible Urticaria,
Anti-IgE antibodies, Omalizumab, Ligelizumab

1. Introduction

Urticaria is a common mast cell-driven disease characterised by wheals
(1-24 hours) and/or angioedema (up to 72 hours) (Figure 1), defined as acute when
symptoms last <6 weeks or chronic if they occur continuously or intermittently for
>6 weeks [1]. Approximately 50% of patients have both hives and angioedema,
whereas 40% have wheals alone, and 10% have angioedema alone [2]. Moreover,
Chronic Urticaria (CU) can be further classified as Chronic Inducible Urticaria
(CIndU) when appear in response to specific eliciting factors, such as thermal
agents, vibration, cholinergic factors, aquagenic, and delayed pressure or as Chronic
Spontaneous Urticaria (CSU) if the above mentioned triggers have been excluded [1].

1.1 The prevalence of Chronic Urticaria

Both children and adults may develop urticaria, with the peak age of onset in
adults being between 20 and 40 years [2]. The lifetime prevalence of Acute Urti-
caria (AU) ranges from <1% to 24% (12% to 24% in Europe), depending on the age
range, method of sampling, and geographic location [3]. Instead, CU is estimated at
1% but there is no reliable data regarding its prevalence due to the lack of cross-
sectional studies [4]. About 20% to 45% of patients with AU develop into CU.
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Figure 1.
(a—h): Urticaria is characterised by an outbreak of swollen, pale red bumps or plaques on the skin (wheals)
and can also manifest as deep swelling around the eyes, lips, and face (angioedema) that appears suddenly.

CSU occurs in 0.5-1% of the population at any point in time, with its incidence
peaking between 20 and 40 years of age [5]. CSU is considered more common in
adults than in children and women are affected twice as often as men. However,
recent studies have suggested that the prevalence of CSU in the paediatric popula-
tion is similar to that of the adult population [6].

Finally, the CIndU prevalence is lower than other types of urticaria (e.g.,
acquired cold urticaria in Europe is extimated around 0.5%) [3].

1.2 The burden of Chronic Urticaria

In 1997 O’Donnel et al. compared the Quality of Life (QoL) scores in 142 patients
with CU and 98 patients with life-threatening heart disease, finding similar QoL
scores in both groups [7]. Indeed, many CU patients exhibit a severe impairment of
their quality of life. The long disease duration (on average aorund two to five years)
and the lack of curative therapy have been underlined as the two main aspects that
contribute to the high physical, psychological and socio-economic burden of CU
[8, 9]. The last EAACI/GA’LEN/EDF/WAO guideline recommends “aiming at
complete symptom control in urticaria, considering as much as possible the safety
and the QoL of each individual patient” [1]. Currently, two specific QoL question-
naires are available for evaluating the burden of CU on patients: Chronic Urticaria
Quality of Life (CU-Q20L) and Angioedema Quality of Life (AE-QoL). Moreover,
in order to collect quality, real-life data on CU patient characteristics, the course of
disease, underlying causes, comorbidities, treatment responses, quality of life
impairment and health care costs the Chronic Urticaria Registry was recently
set up [10].
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1.3 Patient-reported outcome measures in Chronic Urticaria

Patient-reported outcome measures are instruments of objective and subjective
evaluation for the management of CU and are essential tools for assessing treatment
effects in clinical trials.

As described above, CU-Q20L and AE-QoL are the two questionnaires available
for evaluating the CU burden on QoL. Instead, the Urticaria Control Test (UCT) is a
valid and reliable tool to assess disease control in patients with CU and a score of
>12 indicates well-controlled urticaria [1]. However, the most frequently utilized
tool in clinical trials is the 7 days Urticaria Activity Score (UAS7) [1, 11]. It is also
suitable for evaluation of disease activity by urticaria patients and their treating
physicians. The UAS7 is based on the patient self-assessment of the two main
urticaria signs and symptoms recorded once a day for 7 consecutive days:

e wheals: 0 = none; 1 = mild (<20 wheals/24 hours); 2 = moderate (20-50 wheals/
24 hours); 3 = intense (>50 wheals/24 hours or large confluent areas of wheals);

e pruritus: 0 = none; 1 = mild (present but not annoying or troublesome);
2 = moderate (troublesome but does not interfere with normal daily activity or
sleep); 3 = severe (severe pruritus, which is sufficiently troublesome to
interfere with normal daily activity or sleep).

The sum of score is 0-6 for each day, and 0-42 for the UAS7 (0 = urticaria-free;
1-6 = well-controlled urticaria; 7-15 = mild activity; 16-27 = moderate activity; 28—
42 = severe activity), respectively. Overall disease activity is best measured by
advising patients to document 24-hour self-evaluation scores for several days.

For the patients affected by recurrent angioedema, alone or in addition to
wheals, the last EAACI/GA’LEN/EDF/WAO guideline also suggests to use the
Angioedema Activity Score (AAS) [1]. It consists of five items regarding the char-
acteristics of angioedema to have occurred in previous 24 hours [11]. A score
between 0 and 3 is assigned to every answer field. The question scores are added up
to produce a daily score (0-15). Daily AAS can be summed to give 7-day (0-105),
4-week (0-420), and 12-week scores (0-1260) [12].

1.4 The Chronic Urticaria treatment guidelines

As first-line symptomatic treatment for urticaria, the EAACI/ GA’LEN/EDF/
WADO guideline suggests regular administration of second-generation, nonsedating,
nonimpairing H1-receptor antihistamines due to their efficacy and good safety
profile [1]. This class of drugs has a greater receptor specificity, lower penetration
of the blood-brain barrier, and less likely to cause drowsiness or psychomotor
impairment in comparison to the first-generation antihistamines.

In non-responders adult or paediatric patients, the second-line treatment is the
up-dosing of the antihistamine by as much as 4-fold. For patients (aged 12 years and
older) who have not responded to four-times the standard dose of second-
generation H1-receptor antihistamine, omalizumab, a humanised monoclonal anti-
IgE antibody, as add-on therapy is considered the third-line treatment. If there is no
response to the omalizumab within 6 months, or if the condition is intolerable, the
fourth-line treatment is the prescription of cyclosporine A (CsA), which inhibits the
production of IL-2, IL-3, IL-4, and TNF-« in lymphocytes and the IgE-mediated
release of histamine from mast cells. High doses of CsA and long duration treatment
are associated with adverse events such as abdominal pain, nausea, vomiting,
paresthesia, headache, hirsutism, elevated serum creatinine, and hypertension;
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First-line treatment
Second-generation H1-receptor antihistamine

* Bilastine: 20 mg daily (adult); not currently indicated for children under 12 years of age
—— * Cetirizine: 10-20 mg daily (adult); 5-10 mL (1-2 teaspoons) daily (paediatric patient)
* Desloratadine: § mg daily (adult); 2.5-5 mL (0.5-1 teaspoon) daily (paediatric patient)
® Fexofenadine: 120 my daily (adult); not currently indicated for children under 12 years of age
* Loratadine: 10 my daily (adult); 5-10 mL (1-2 teaspoons) daily (paediatric patient)
* Rupatadine: 10 mg daily (adult); 5-10 mL (1-2 teaspoons) daily (paediatric patient)

Control inadequate after 2-4 weeks
or earlier if symptoms are intolerable

Second-line treatment
— Increase dose of the second-generation
HI1-receptor antihistamine up to four-fold

‘Consider specialist referra]l

Control inadequate after 24 weeks
or earlier if symptoms are intolerable

Third-line treatment
Add-on to second-generation H1-receptor antihistamine:
omalizumab injected subcutaneously every 4 weeks
—— (the licensed dosage in Europe is 300 mg, while in the
United States of America is either 150 or 300 mg;
however, only the dosage of 300 mg has been proven to
be effective in case of angioedema)

Control inadequate after 2-4 weeks
or earlier if symptoms are intolerable

Fourth-line treatment
— Add-on to second-generation H1-receptor antihistamine:
cyclosporine A (3-5 mg/kg/day)

Corticosteroid administration, in particular prednisone (dosage 0.3-0.5 mg/kg/day), over
restricted periods of time (typically <10 days) can be prescribed as add-on treatment

Should be performed under
supervision of a specialist
1

Short course of corticosteroids in case of exacerbations

Figure 2.
Simplified stepwise algorithm for the treatment of urticavia adapted from the current EAACI/GA’LEN/EDF/
WAO guideline.

however, these side effects resolve after reducing dosage [13]. Nevertheless, CsA
should be avoided in patients with chronic kidney disease or poorly controlled
hypertension. CsA at the dose of 3-5 mg/kg/day has been shown in small, double-
blind, randomised controlled trials to be effective in patients with CSU who do not
adequately respond to antihistamines [14, 15]. During CsA treatment, given the
significant side effects, the blood pressure, renal function, and serum CsA levels
should be monitored regularly.

A simplified stepwise algorithm for the treatment of CSU adapted from the
EAACI/GA’LEN/EDF/WAO guideline is summarised in Figure 2. At any moment,
short courses of corticosteroids (e.g. prednisone 25 mg/daily) are admitted if
symptoms are exacerbated or poorly controlled [1].

1.5 The anthystamines limit in Chronic Spontaneous Urticaria

In the pre-omalizumab period, treating CSU patients was a real challenge for
physicians due to the low rates of response to Hl-antihistamines, which were the
only approved medication and the mainstay of symptomatic treatment. Two meta-
analysis including studies published between January 1990 and November 2014
revealed that 63.2% and 38.6% of patients remain symptomatic despite treatment
with licensed dose and updosed H1-antihistamines, respectively [16]. Another
study reported even lower response rates to standard dosage, with disease control in
only 22% of patients [17].

2. The role of anti-IgE antibodies in Urticaria

The immune system is a network of cells, tissues, and organs that work together
to defend the body against attacks by foreign invaders such as bacteria, viruses,
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parasites, and fungi [18]. The host uses both innate and adaptive mechanisms to
detect and eliminate pathogenic microbes, and both of these mechanisms include
self-nonself discrimination. Immunoglobulins (Ig), also known as antibodies, are
glycoproteins produced by white blood cells that are specific for an antigen (e.g.,
bacteria, viruses, parasites, or fungi), aiding its destruction by a cascade of down-
stream pathways. There are five primary classes of Igs (IgG, IgM, IgA, IgD and
IgE), which differ in their biological features, structure, target specificity, and
distribution [19]. Among them, IgE are involved in allergic reactions with a type I
autoimmune mechanism.

2.11gE

It is believed that IgE have evolved to protect humans from helminth infections,
which are one of the major threats to human life. IgE molecules exist in a mono-
meric form consisting of two heavy and two light chains and are the most important
participants in an allergic reaction [20]. When a foreign substance, called allergen,
enters our body, a person with an inherited predisposition to this substance will
begin to develop a specific type of IgE, which will evoke a cascade of reactions
aimed to eliminating this allergen. IgE are present in serum at very low concentra-
tion (~50-200 ng/mL in a normal individual) and have a very short half-life
(1-2 days). However, tissue-resident IgE may persist for several days (approximate
half-life of 2 weeks in the skin) [21, 22]. This may be due to the extremely high
affinity of IgE for the IgE Fc receptor (FceRI) and in particular its slow dissociation
from this receptor, resulting in re-binding of the dissociated IgE to its receptors, and
restricted diffusion away from the tissue within which it resides [23].

There are two structurally and functionally distinct receptors that bind with the
Fc epsilon (Fce) region of IgE: the high affinity FceRI and the lower affinity CD23
FceRII [24, 25]. Through their Fc portions, IgE molecules bind to the Fc receptors
present on the surface of mast cells and basophils. The cross-linking of such
membrane-bound IgE antibodies by multivalent antigens triggers the release of
chemically active substances, such as histamine, leukotrienes, prostaglandins,
and chemotactic factors, from the cells. These substances initiate allergic and
inflammatory reactions and serve as a chemoattractant for other cells [26].

2.2 Anti-IgE antibodies as Chronic Urticaria treatment: why?

This is the first question claimed by the scientific community, since IgE are
involved in allergic reactions and CU is not known as an allergic reaction. Before
answering this question, we should know the mechanism of action of omalizumab
in CSU. Omalizumab has been effective in the treatment of urticaria, believed to
have an autoimmune origin, and in cases where the etiology is unknown [27].

There are several hypotheses regarding the mechanism of action of omalizumab
in CSU patients. One of them is based on the fact that the density of IgE receptors
on the surface of mast cells and basophils is proportional to individual patient’s
plasma IgE levels [28, 29]. It is hypothesized that omalizumab, by lowering free IgE
levels in the blood and subsequently in the skin, may lead to down-regulation of a
large percentage of surface IgE receptors, thereby decreasing downstream signaling
via the FceRI receptor pathway [30, 31]. Cell activation would then be diminished,
and subsequent inflammatory processes, as complement activation and cellular
infiltration, would be suppressed as well. As a consequence, the frequency and
severity of symptoms of CSU would be lessened [28, 30, 31].

Another hypothesis is that omalizumab reduces the levels of circulating IgE,
leading to a rapid and non-specific desensitization of cutaneous mast cells [32].
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Subsequent effects, such as down-regulation of IgE receptor, may help to sustain
the response. Serrano-Candelas et al. demonstrated comparable actions of
omalizumab on mast cells and basophils while investigating the in vitro mechanism
of action of omalizumab on these cells [33].

In a review by Kaplan et al. new insights into the potential mechanisms of action
contributing to the efficacy of omalizumab in CIndU/CSU have been suggested
based on both clinical and in vitro studies [30]:

* omalizumab lowers IgE levels and down-regulates IgE receptors;

* reduces mast-cell releasability;

* decreases available FceRI more slowly on mast cells than on basophils;
* reduces IgE+/FceRI+ cells by ~12 weeks;

* reverses basopenia and improves basophil IgE receptor function;

* reduces the activity of intrinsically “abnormal” IgE;

* decreases the activity of IgG autoantibodies against FceRI and IgE;

* reduces the activity of IgE autoantibodies against an antigen or autoantigen
that has yet to be definitively identified;

* decreases in vitro coagulation abnormalities associated with disease activity.

Deza et al. investigated the effect of omalizumab on the basophil expression of
FceRI receptor in a cohort of patients with active CSU [34]. Patients exhibiting
significant clinical improvement showed a sharp reduction in the levels of basophil
FceRI after 4 weeks (p < 0.0001), which was maintained throughout the total
duration of the treatment.

In a study by Asero et al., omalizumab responders showed a dramatic decrease of
D-dimer plasma levels after the first administration of the drug (p = 0.003),
suggesting a possible effect of omalizumab on coagulation activation and fibrin
degradation [32].

However, none of these theories fully account for the pattern of symptom
improvement seen with omalizumab therapy. Therefore, additional research is
warranted to further explain the involvement of omalizumab in relieving symptoms
associated with the complex, multifactorial pathogenesis of CIndU/CSU.

2.3 The Chronic Spontaneous Urticaria main endotypes

CSU is a mast cell-driven disease. The initial event in the development of skin
changes, such as sensory nerve stimulation, vasodilation and extravasation, as well
as the recruitment of basophils, eosinophils, and T cells, which lead to whealing,
itch, and angioedema is attributed to the degranulation of skin mast cells.

Two groups of mast cell degranulation signals have been so far identified and
characterized in CSU pathogenesis: IgE autoantibodies to autoallergens and IgG
autoantibodies that target activating mast cell receptors [30]. Therefore, it is now
clear that there are at least 2 distinct pathways, type I and type IIb autoimmunity,
that contribute to the pathogenesis of this complex disease [35]. In type I hyper-
sensitivity to self, also called autoallergy, antigens crosslink the IgE on mast cells
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and basophils to cause release of vasoactive mediators, while in type IIb hypersen-
sitivity antibodies, usually IgG, bind to antigen on a target cell.

About twenty years ago, the demonstration of IgE autoantibodies against the
thyroid microsomal antigen thyroperoxidase in the serum of a CSU patient, identi-
fied a possible role of type I autoimmunity in the pathogenesis of urticaria [36].
Many studies have further characterized the prevalence and pathogenic relevance
of type I autoimmunity in CSU. In particular, CSU patients were found to express
more than 2-fold higher IgE-anti-thyroperoxidase serum levels as compared to
healthy control subjects (p < 0.001) [37].

Kolkhir et al. systematically evaluated the literature on the prevalence of thyroid
autoimmunity in CSU and vice-versa, finding a positive correlation between CSU
and elevated levels of IgG antithyroid autoantibodies with the studies reporting
rates consisted in 10% [38]. Levels of IgG against thyroid peroxidase resulted more
often elevated in CSU than those of other IgG antithyroid autoantibodies (strong
evidence). Moreover, CSU patients exhibited significantly higher levels of IgG
antithyroid autoantibodies (strong evidence) and IgE anti-thyroperoxidase (weak
evidence) than controls.

However, IgE autoantibodies directed to a large assortment of autoantigens
beyond thyroperoxidase are expressed in the skin of CSU patients as thyroglobulin,
tissue factor, and interleukin (IL)-24 [39, 40]. Hatada et al. found that the anti-
dsDNA IgE levels were significantly higher in patients with CU than in normal
subjects, while no differences in the anti-dsDNA IgG levels were observed [41].
Furthermore, most of the studies confirm that IgE autoantibodies should be
responsible for the increased total IgE levels in CSU patients in which, differently to
the control subjects, most of the IgE was found to be directed against autoanti-
bodies.

A type IIb hypersensitivity mechanism in which IgG autoantibodies against IgE
were involved, was first described in CSU in 1988 [42]. Few years later, IgG
autoantibodies directed to FceRI, the high-affinity receptor for IgE on masthocytes
and basophils, were also identified [42]. Grattan et al. introduced the Autologous
Serum Skin Test (ASST) in CSU patients, consisting in eliciting with an intradermal
injection of their own serum a wheal and flare response [43]. A positive reaction in
the ASST confirm the presence of these autoantibodies.

CSU driving by type IIb autoimmune mechanisms is further supported by the
basophil activation test [44]. The serum of a subpopulation of CSU patients stimu-
lates heterologous basophils and this activity is due to the presence of autoanti-
bodies against FceRI as well as in positive ASST responses.

The two endotypes play a key role in inducing different phenotipe of the same
disease: type I (autoreactive) and type IIb (autoimmune) CSU patients differ in
some features, laboratory markers, and rates and speed of response to treatment
[45]. In particular, type IIb autoimmune CSU patients have been suggested to have
higher disease activity and longer disease duration as well as higher rates of auto-
immune comorbidity. Basopenia and eosinopenia may also be more common.

A higher proportion of patients receiving omalizumab 300 mg achieved
response as early as week 4 (early responders) when compared with placebo [46].
This is in line with type I autoimmune/autoreactive mechanism: anti-IgE rapidly
binds free IgE, including IgE against autoantigens, and IgE/anti-IgE complexes bind
autoallergens preventing mast cell degranulation. CSU patients that take more than
a month (late responders) to respond to omalizumab, probably underwent a type
IIb autoimmunity, where the reduction of free IgE results in the slow loss of
membrane-bound FceRI from skin mast cells [46].

New endotypes of CSU have been proposed in addiction by recent reports,
suggesting a key role of the coagulation pathway factors, ligands of the Mas-related
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G protein-coupled receptor X2, basophils, and other signals in the pathogenesis of
CSU [47, 48]. Moreover, other research to characterize better the role and the
relevance of type I and type IIb autoimmunity in CSU and to support the existence
of distinct and separate endotypes, are still in progress.

In contrast to CSU, autoimmunity in CIndU has not yet been described.

3. Omalizumab in Urticaria

Omalizumab is a recombinant deoxyribonucleic acid-derived humanized mono-
clonal antibody manufactured from a mammalian cell line, that selectively binds to
IgE. The antibody is an IgG1 kappa that contains human framework regions with
the complementary-determining regions of a murine parent antibody that binds to
free IgE, preventing its interaction with FceRI (Table 1). It has been firstly indi-
cated for adults and children (6 years of age and above) with moderate to severe
persistent allergic asthma. Ten years later, omalizumab has been approved for the
treatment of adults and adolescents (12 years of age and above) with CSU refractory
to standard of care.

3.1 Phase II and III clinical studies

Omalizumab preliminary dose selection was provided by the phase II study
MYSTIQUE, which evaluated the effect of the drug at different dosages [49]. While
these results provided the preliminary data, pivotal dose selection was ultimately
evaluated in two pivotal phase III efficacy trials (ASTERIA I and ASTERIA II) and
was supplemented by data from the safety trial (GLACIAL) [12]. The GLACIAL
study was adequately designed and controlled to provide efficacy information as
well.

The MYSTIQUE study assessed the efficacy of three doses of omalizumab
(75 mg, 300 mg, and 600 mg) as a single subcutaneous injection in patients with
CSU refractory to Hl-antihistamines (n = 90), which was followed by a 12-week
observation period [49]. The primary endpoint was the mean change in UAS7 at
Week 4. Patients in the omalizumab 300 mg and 600 mg groups had significantly
greater improvements from baseline in the scores of UAS7 and weekly Itch Severity
Score (ISS) compared with those in the placebo group. No additional benefits were
observed in the 600 mg group over the 300 mg group. UAS7 scores with
omalizumab 75 mg showed only marginal differences versus placebo [50]. The most
frequently reported (>5%) treatment-emergent adverse effects (AEs) during the
treatment period were upper respiratory tract infection, headache, nasopharyngitis,
and dysmenorrhea. Most AEs were mild to moderate in severity and were consid-
ered not related to the study drug [49].

In the XCUISITE study, omalizumab was administered according to the dosing
table for allergic asthma using baseline IgE level and weight [50]. Treatment effects
were analyzed by individual dose levels for the primary endpoint (change from
baseline in UAS7 after 24 weeks) [51]. In the groups receiving omalizumab 300 mg
and 150 mg every 4 weeks, a considerable improvement was observed in the UAS7
score compared with that in the placebo group, with a more pronounced effect
observed with 300 mg [12]. Although the results of the study suggested a dose—
response relationship, no conclusions were made regarding the comparative effi-
cacy between the dose levels since the number of patients in each group was small
(n = 6-7) and participants were not randomly assigned to the different dose levels
[52]. In terms of safety in the XCUISITE study, the overall incidence of AEs during
the treatment period was similar between the omalizumab and placebo groups. The

62



The Role of Anti-IgE Antibodies in Urticaria

/ldx.doi.org/10.5772/intechopen.97025

: hitp:

DOl

DIAVILIAL) JVUOLYD) UL SILPOGUIUY HO[-11UY Y1 Jo Aapumung

T 9[qeL
sAep T7-6T~ 2J1[-J[eY UOHEUTLI? [EUMWLID], o
aYdepesH skep ¢ F T'o¢ ureyo
erdfeIyury o SYO9M 4 A1oAH 73] 9015 03 SUTPUIq ON o  JO UOHEIJUIIUOD WINIIS PIAIISO WINUIIKLUL WS- \H.Om_
SUOI3OeAI A[snosueinogns Jusw3as 3o awn ye Tui/3r 9'ZL F € JO SUOILIIUIIUOD ‘pajerAsoonge
ays-uonosfuy Sw 0pg suid-TIAl o3 Je g3] sueiquIdW spurg UINLISS PIAISSCO WINTWIXEUW ULS]N o paysiqnd 30N ‘pozIiBWING  qRWINZI[IND
sisayuAs g3 sorenax
-umop ‘g8[ punoq-¢zad 03 Surpuiq
nq ‘g3] punoq-y3d4 o1 Jurpurq oN
pauyap 3q 01 324 sey €2aD pue g9
uawn3ax Sursop [eury o U99M12q UOTIOLIANUL 3] JO UOHIQIYUI ON o
asop 9[3urg . 101daoax
Asnouaaenjur 731 Arurgye-y3diy 30, 031 Surpurq woay
3y/3w o1 sarpoquiue 31 asay3 suqryur Aqaray) pue
paystqnd 30N 19/T/9°0/T0 « ‘HS] WNIdS JO UTRWOP €3D) Y} 03 SIYIENY paystqnd 30N paysiqnd 30N 1DS] paziuewny Tez-an
SYOEPEIH o sqrydoseq 10 s[[20 3seur se yons
uoroajul pauljap aq 01 194 sey s[[eo 10309332 jo Surra83n ou axo0jaroY)
K1oyexdsax uauridax Sursop [eur ‘q3[ punoq-101dadax 01 Jurpuiq oN e 91-8
raddp . sYooM 4 AI0AT o  PoIRQaP SI uIpuIq €7D YIM OUDIDFIDIU] o 3[99M 1B UOIJBIJUIIUOD WINIIS d)elS APEIS o ureys
suoroeal A[snoaueinoqgns 101dooax g3 Ayturgye-ySiy 1930 skep Gz—0g~ 9J1[-J[BY UOTIBUTWI[D [EUTUWLID], 18-/ 18] (1£0350)
ays-uonoa(uy 8w oy /8w 0zT o 2y 03 Surpulq woy sarpoquue F3] SUIYU] o SABP  UIYIM UORIIUIOUOD WNISS WNWIXBN o [N, 0T X 47T ‘poziuewiny  qewnziEsr]
S3SOp Pa1BId[0}
1oy 1215e aqissod
SUJEPEIY ¢  UONENSIUIWPE-J[3S o 4324 woxy H3] SOILI00SSIT »
uoroayul SYO9M  A1oAH 73] punog-101dadax 01 Surpuiq oN e
K1oyexdsax A[snosueinogns 103daoax gD pue 103dedax 7T Y[99M 1 UOHJBIJUIIUOD WINLISS d3els APealS e (520851
rddn . (8w g1 A31 Lruygye-y3iy 1304 031 Surpuiq woiy sAep 47~ 9I[-J[eY UOIBUTWID [EUIULID], o ureyo ‘<zq)
suonoeax yam saSurihs pafy sarpoqriue 3] asat} syquyut AqaI1at) pue skep g—/ B3/ 78] @Ire[ox
as-uonoa(uy -oxd om1) Sw gpg o ‘O] WNISs Jo UrRWOP £30) Y1 O3 SAYOENY o UIIIM UOTJBIIUSIUOD WINISS WINUIIKEN o W OTX/ poziuewny  ‘qewnzZiewQ
(D)
JUBISUOD
(3uanbaiy 3sour) UOIIRIDOSSIP adfy Apoqnue sarpoqriuy
SIUIAD ISIIAPY uonensuupy UOTIO® JO WISTURYIIAI sopounjodseuLieyq  wnuqimby [euoouUoN q8-nuy

63



Urticaria - Diagnosis and Management

most frequent AEs (>5%) in both groups were diarrhea, nasopharyngitis, and
headache. No severe AEs or deaths related to omalizumab were reported [51].

The ASTERIA I, ASTERIA II, and GLACIAL studies were part of the
omalizumab registration program in CSU. These were phase III, randomized, multi-
center, double-blind, placebo-controlled studies that evaluated the efficacy and
safety of omalizumab in patients with CSU [52-54]. Patients with CSU who
remained symptomatic despite H1-antihistamine therapy were randomized to
receive either placebo or subcutis omalizumab at the dosage of 75 mg, 150 mg, or
300 mg every 4 weeks for a total of 24 weeks in ASTERIA I (n = 319) and 12 weeks
in ASTERIA II (n = 323) [52, 53]. The primary endpoint in both trials was the mean
change in the ISS score at Week 12. Secondary was to evaluate the variation from
baseline to Week 12 in the UAS7 score, weekly number of hives score, median time
to minimally important difference in the ISS, weekly size of the largest hive score,
proportion of patients with UAS7 < 6, change in the Dermatology Life Quality
Index score, proportion of patients with UAS7 = 0, and proportion of angioedema-
free days from Week 4 to Week 12.

Instead, GLACIAL (n = 336) primarily evaluated the safety of omalizumab in
patients with CSU who remained symptomatic despite treatment with H1-antihis-
tamines (at up to four times the approved dose) plus H2-antihistamines and/or
leukotriene receptor antagonists [51], according to the EAACI/GA’LEN/EDF/WAQ
urticaria guideline at that time [1]. In this study, patients were randomized 3:1 to
receive either subcutaneous omalizumab 300 mg every 4 weeks or placebo for
24 weeks.

In all three studies, the treatment period was followed by a 16-week observation
period during which no treatment was given [52]. Overall, no new safety issues
were identified in the CSU clinical program [51]. No deaths occurred during either
trial. The pivotal efficacy trials demonstrated a consistent dose-dependent treat-
ment effect for the evaluated endpoints [49].

Anyway the licensed dosage for omalizumab for refractory CSU, with or without
angioedema, in Europe is 300 mg every 4 weeks, independent of patient body
weight, body mass index or serum IgE level, while in the USA this is either 150 or
300 mg [12, 52]. Instead, only the dosage of 300 mg every 4 weeks has been proven
to be effective in case of angioedema. Currently, the licensed dosage in Italy is
300 mg every 4 weeks over a 6-month period, and in the case of disease recurrence,
a minimum of 8 weeks suspension from omalizumab is mandatory, and then it can
be prescribed again for a further 5 months only [12]. This schedule (6 months
treatment, 8 weeks suspension, and 5 months therapy) can be repeated for eventual
relapses; however, this de novo treatment is considered off-label.

To date, there are no licensed treatment options for CIndU and the
recommended dosage with omalizumab is similar to CSU.

3.2 Omalizumab: real-life evidences

In clinical settings, the treatment of refractory CSU with omalizumab has been
shown to be similar to, or in some cases even better than, those reported by the
pivotal randomized controlled trials [12, 55-61].

The retrospective analysis of the three pivotal studies (ASTERIA I, ASTERIA II,
and GLACIAL) put first in evidence that some CSU patients respond to treatment
more quickly than others and for this reason two different categories were identi-
fied: “fast responders” for those who respond within 4-6 weeks and “slow
responders” for whom obtain a response more gradually (from 12 to 16 weeks) [12].
However, “slow responders” may still respond even after 24 weeks, while some
“fast responders” may obtain a response to treatment within 1 week, suggesting that
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the response patterns of patients to omalizumab may be due to the different
pathomechanisms of the disease. These two different patterns of response have
been soon confirmed by real-life experiences [12, 61-63]. In addition, the clinical
assessment of CSU activity was not always uniform in all studies and different
patient-reported outcome measures are used, either alone or in combination, to
assess disease activity and guide the assessment of treatment efficacy.

Real-world studies have shown a response to treatment in 48-80% cases, while
7-14% are non-responders and 8-50% relapse after drug discontinuation
[12, 55-61], supporting the efficacy and safety of omalizumab in CSU patients with
an inadequate response to Hl-antihistamines. These studies add precious informa-
tion for the clinical management of CSU, but often present a relatively small sample
size population and sometimes include different doses and administration timing of
omalizumab. In particular, real-world studies demonstrated that omalizumab
administration reduces the use of other CIndU/CSU-related medications. A recent
large real-world retrospective study including 1546 patients with CIndU/CSU
treated with omalizumab revealed that the majority started with a dosage of 300 mg
and received the drug for an average of 9 months without dosing titration up or
down [64]. Moreover, the use of other medications, such as corticosteroids and
antidepressants, was consistently decreasing during the follow-up period, from
72.8% over the first 3 months to 58.5% over the last 3 months.

Additionally, real-life experiences have confirmed that there are different
patient profiles according to omalizumab response [63, 65, 66]:

* patients typically show a response to treatment within the first 4-8 weeks
(often within 1 week);

* patients initially non-responders can obtain a significant reduction in disease
activity and even achieve “good control” (UAS7 < 6) or “complete control”
(UAS7 = 0) if the treatment is continued for up to 24 weeks.

Other different strategies mainly involve either modification of the omalizumab
dose or a change in the treatment interval. Dose increases or reductions, if the
complete CU symptoms control is achieved, should be stepwise [63].

Data on the response rate to omalizumab is available from meta-analyses and
real-world evidence, but not all of them have assessed the time to response and, due
to the different dosages and treatment durations, it is difficult to draw a common
conclusion from these studies [32, 46, 49, 50, 53, 56, 57, 66-74]. Consequently,
several parameters have been suggested to potentially predict treatment response,
or possible treatment relapse. Some studies have been focused on different baseline
clinical and laboratory parameters in order to identify the predictors of response to
omalizumab in CSU patients. Asero et al. found that high levels of D-dimer seems to
be a marker of response to treatment [32], but more recently the same authors and
other studies indicate D-dimer only as a activity/severity marker in CSU patients
and its plasma levels are reduced by omalizumab both in patients with and without
angioedema at baseline [75]. Instead, many studies have shown that total IgE levels
can be a marker of response to omalizumab [76]. Marzano et al. recently confirmed
IgE basal levels as a reliable biomarker predicting response to treatment in CSU
patients, while they did not support the usefulness of D-dimer [62]. In a single-
center study on 47 CSU patients the baseline basophil FceRI expression was found
to be a potential immunological predictor of good and fast response to omalizumab
(100% sensitivity and 73.2% specificity) [34].

The analysis of omalizumab responders in a prospective study of 64 patients
showed that most basophil histamine release assay (BHRA)-positive patients
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responded only after the second injection, with a median time to response of
29 days, whereas BHRA-negative patients had a median time to response of only
2 days [77].

In a retrospective study of 41 antihistamine-refractory CU patients, the lack of
basophil CD203c-upregulating activity in their serum correlated negatively with a
clinical respond to omalizumab [78]. In detail, a significant association was found
between the response and CD203c-upregulating activity, autoimmune phenotype,
low IgE levels, and high eosinophil count levels.

Greater number of prior medications was associated with a lack of response to
omalizumab in a study of 52 patients with severe CU, whereas the presence of
anaphylaxis, angioedema, dermatographism, steroid use, and disease duration were
not [79].

Furthermore, CSU duration before omalizumab and baseline UAS7 may be
considered a negative markers of response and high relapse risk [62]. Although the
response to omalizumab should not be dose dependent in CSU, real-life settings
have shown that body mass index could influence the performance of the drug [17].

In a cohort of 154 patients the following factors were described as possible
predictors of a favourable response to omalizumab [80]:

* diagnosis of CSU vs. CIndUj;

* no prior treatment with immunosuppressant drugs;
* older age;

* shorter duration of symptoms;

* absence of angioedema;

* negative histamine release test.

Over 85% of patients who present these characteristics achieved a complete
respond to treatment.

In relation to the dosing, the proportion of patients who showed complete
response to omalizumab 150 mg ranged from 15-22% in clinical trials and from 36—
79% in real-world studies. Regarding omalizumab 300 mg, the proportion of com-
plete responders ranged from 34-44% in clinical trials and from 40% to 84.6% in
real-life settings. However, not all real-world studies provided information on
treatment duration. In few real-world studies where patients have received either/
both omalizumab 150 mg and 300 mg, the complete response was observed in 47—
83%. In addition, a complete response was achieved as early as the day after the
administration of the first dose or within 5 months [66-74].

Real-world settings support that repeated treatment cycles should be required in
several CSU patients [12, 70, 74, 81, 82]. Regarding the retreatment, omalizumab
seems to be highly efficient in relapsed patients who previously had responded well
[74]. An Italian retrospective clinical analysis revealed that the second cycle treat-
ment with omalizumab is effective more quickly compared to the first cycle
response [12]. Based on current international guidelines, omalizumab labelling
information and experience in clinical practice, an Italian group provided treatment
recommendations regarding the use of omalizumab in patients with CSU conclud-
ing that repeated cycles or extended treatment may be necessary in patients with
disease relapse or late treatment response [81]. These authors suggested to continue
the treatment when patients have a UAS7 > 6 and/or UCT < 12.
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Among responders, after discontinuation of omalizumab the treatment can be
resumed at a later stage with the same degree of symptom control [82].

All the real-world studies underlined the high safety prophile of omalizumab
also in continuous and long-term administration. Finally, in a meta-analysis of 67
published reports, benefits and safety of omalizumab in the real-world treatment of
CSU have met or exceeded results achieved in clinical trials [83].

3.3 Omalizumab performances optimization in clinical practice

Current evidence indicates that CSU usually last from 3 to 12 months, but
patients may be affected for more than 1 year (sometimes even more than 5 years)
[84]. However, recommendations regarding treatment duration and re-treatment
after symptoms return are lacking. Nevertheless, the primary results of the
OPTIMA study have shown that approximately 88% of patients who relapsed after
being previously well-controlled with omalizumab, regain symptom control upon
re-treatment within 3 months [85]. Similarly, phase IV XTEND-CIU study and few
real-world studies have shown re-treatment to be effective in CSU patients who had
previously responded to omalizumab but who relapsed after treatment withdrawal
[4, 86]. To date, there are limited data comparing the therapeutic effect of
omalizumab for patients with CSU, CIndU, and CSU plus CIndU. A recent chinese
study revealed that omalizumab is highly effective and safe in 138 patients with
difficult-to-treat CSU, CIndU, or both [87]. Among the CU patients enrolled, 87%
responded to omalizumab therapy and those with higher baseline total IgE levels
and longer disease durations showed more likely to experience rapid relapse after
discontinuation of the drug.

Many other important questions regarding the use of omalizumab remain to be
answered in order to optimize treatment management and patient outcomes. In
particular, further investigations regarding predictors of good outcome, optimal
dose, and dosing intervals based on treatment response to omalizumab in CSU are
needed. A personalized therapeutic algorithm according to the patient clinical and
bio-markers, modulated on the dose-response pattern, should facilitate the clinical
management of omalizumab and help clinicians to determine the most appropriate
therapeutic strategy for CSU. Future research is, therefore, required to evaluate the
role of omalizumab in the various subtypes of CU as well as to establish standard-
ized protocols for dosing and monitoring adverse effects of long-term therapy.

4. Ligelizumab (QGE031)

Even though omalizumab has been changing the management of CU, there is
still a need for new targets and new biologics targeting new pathways in the man-
agement of the disease, which should provide long-lasting remission, be adminis-
tered orally and cheaper. Among the CSU treatments that are still under clinical
trials, there is anothers anti-IgE drug called ligelizumab (QGE031), which has been
developed with the intention of overcoming some of the limitations associated with
omalizumab [88].

4.1 Ligelizumab: what is it and how does it work in Chronic Spontaneous
Urticaria

Ligelizumab, a next-generation high-affinity fully human monoclonal IgG anti-

IgE antibody, demonstrated dose- and time-dependent suppression of free IgE,
basophil FceRI and basophil surface IgE superior in extent (free IgE and surface
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IgE) and duration to omalizumab (Table 1) [89, 90]. Ligelizumab recognizes a
distinct IgE epitope only partially overlapping with that of omalizumab, interacting
across the IgE-Fc dimer and favors the recognition of IgE in an open conformation
different from its FceRI- or CD23-bound conformations. Moreover, it binds IgE
with significantly higher affinity (almost 50-fold higher) than omalizumab and
shows a correspondingly enhanced inhibition of IgE binding to FceRI and basophil
activation. However, ligelizumab is inferior to omalizumab in preventing IgE bind-
ing to CD23. Structural analysis indicates that differences in the ligelizumab epitope
and spatial orientation on IgE contribute to this differential inhibition [91].

Indeed, ligelizumab and omalizumab recognize distinct binding epitopes in the
IgE Ce3 domain, showing some overlap but also different sensitivities to IgE con-
formation. On one side, the increased affinity of ligelizumab for IgE is superior than
omalizumab regarding neutralization of free serum IgE, on the other side the addi-
tional mode of action for ligelizumab through the inhibition of IgE production may
provide additional therapeutic benefit. Indeed, ligelizumab is more efficient in
suppressing FceRI-dependent allergic reactions in an in vivo model, while
omalizumab may have advantages in blocking antigen presentation and transport
processes that are dependent on IgE:CD23 interactions [92, 93].

4.2 Ligelizumab clinical studies

Currently, ligelizumab is being developed solely for the treatment of CSU. Phase
IIb randomized controlled trial (NCT02477332) in CSU (CQGE031C2201) results
demonstrated ligelizumab to be efficacious at 72 mg and 240 mg dosage, showing
superiority over omalizumab and a comparable good safety profile [94]. The sub-
sequent extension study (NCT02649218) in CSU (CQGE031C2201E1) proved the
efficacy and safety of the ligelizumab at the dose of 240 mg every 4 weeks for a 1-
year period, achiving more prolonged symptom control compared to the core study
[95, 96].

4.2.1 CQGE031C2201

This was a 20-weeks multi-center, randomized, double-blind, placebo- and
active controlled phase IIb dose-range finding study in subjects with CSU inade-
quately controlled [94]. CSU patients included in the study had to have a moderate-
to-severe CSU defined as UAS7 of at least 16, 7 days hives severity score (HSS7) of
at least 8, and in-clinic UAS of at least 4 (range 1 to 6) on at least one of the
screening visit days. Exclusion criteria were represented by a previous exposure to
omalizumab or ligelizumab, any other skin disease that is associated with chronic
itching that might confound the trial evaluations and results, and a clearly defined
underlying cause of CU other than CSU (e.g., inducible urticaria).

Subjects were randomized into 1 of 6 parallel treatment arms at a ratio of
1:2:2:2:1:1 (subcutaneous injections every 4 weeks of ligelizumab 24 mg, 72 mg, or
240 mg, omalizumab at a dose of 300 mg, a single dose of ligelizumab 120 mg
followed by placebo or placebo) for the 20-week treatment period. The single
120 mg dose of ligelizumab was used to gain blinded wash-out information in
relation to return of symptoms.

During the screening, treatment, and follow-up periods, nonsedating H1-anti-
histamines were used as rescue medication. Moreover, as background medication,
this trial required concurrent use of Hl-antihistamines at locally approved doses or
at increased doses up to four times alone or in combination with H2-antihistamines
or leukotriene-receptor antagonists (montelukast, zafirlukast, or pranlukast),
according to the EAACI/ GA’LEN/EDF/WAO urticaria guideline at that time [1].
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Primary end-point was the achievement of complete hives response (HSS7 = 0)
at week 12 (four weeks after the last injection), similar to phase III trials of
omalizumab. Among 574 patients screened, 382 were included and 338 completed
the treatment phase. The mean age + SD of the study population was
43.3 4+ 12.5 years (range 18 to 75 years) and 75% of subjects were female. Mean time
since diagnosis of CSU was 4.3 + 6.0 years. Median IgE levels at baseline was
87.21U/ml (range 0 to 14100).

With ligelizumab the main objective of the trial was achieved, showing a dose-
response relationship with respect to the achievement of a HSS7 of 0 at week 12.
The relationship resulted in a plateau starting close to the 72 mg dose of ligelizumab,
while no further improvement in response was noted with the dosage of 240 mg.

At week 12, complete hive response was achieved in 30%, 51%, and 42% of
patients treated with 24 mg, 72 mg, and 240 mg ligelizumab, respectively. Instead, a
HSS7 of 0 was achieved only in 26% of patients with omalizumab and in none of
those in the placebo group. The 7 days itch severity score (ISS7) showed a pattern
similar to that seen with the hives-severity score. At week 12, UAS7 of 0 was
achieved in 30%, 44%, and 40% of patients treated with ligelizumab 24 mg, 72 mg,
and 240 mg, respectively, in comparison to 26% with omalizumab and none with
placebo. Considering the scores (ISS7, UAS7, and HSS7) achieved, ligelizumab
demonstrated superiority not only over placebo but also over omalizumab. In addi-
tion to hives and itch the AAS decreased to —21.1, —37.6, and — 27.3 among patients
treated with 24 mg, 72 mg, and 240 mg ligelizumab, respectively, in comparison to
—23.1 in patients with omalizumab and — 23.6 in the placebo group.

At week 4, the effect of the single 120 mg ligelizumab dose was similar to that
seen with 72 mg and 240 mg and lasted until week 8. In contrast, a partial relapse of
symptoms was noted with the 72 mg ligelizumab toward the end of the administra-
tion interval of four weeks. These data gave evidence that a dose higher than 72 mg
ligelizumab could potentially provide enough drug effect throughout the adminis-
tration interval of four weeks, minimizing symptom relapse. In support of this
sustained treatment effect, the median time to loss of complete response in patients
who had an UAS7 of 0 at the end of the treatment (week 20) was greatest in the
patients treated with 240 mg of ligelizumab (10.5 weeks), while was similar in the
groups that received 72 mg of ligelizumab or 300 mg of omalizumab (4 weeks).

Similar to omalizumab, the most frequent AEs were mild to moderate injection
site reactions after subcutaneous administration (4% and 7% of patients treated with
the 72 mg and 240 mg, respectively). All other minor AEs (mainly upper respiratory
infections and headaches) showed no meaningful difference among the trial groups.
Deaths, anaphylaxis or serious adverse events to ligelizumab have not been reported.

4.2.2 CQGE031C2201E1

Patients who completed CQGE031C2201 were eligible to be enrolled in this
extension study at week 32 that confirmed the safety of the long-term (52 weeks)
administration of the highest dose of ligelizumab (subcutaneous injections every
4 weeks of ligelizumab 240 mg) [95]. At week 52, 61.1% of patients achieved
UAS7 < 6 and, 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 omalizumab [96].

4.2.3 CQGE031C1301

CQGEO031C1301 represents a phase II multi-center, open-label study
(NCTO03907878) to investigate the safety/tolerability and efficacy of ligelizumab
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120 mg every 4 weeks in adult Japanese patients with CSU inadequately controlled
with Hl-antihistamines. Currently, CQGE031C1301 is still ongoing.

4.2.4 Phase 1II ligelizumab study

Currently, two similar trials (PEARL 1 NCT03580356 and PEARL 2
NCT03580369) are ongoing to study the efficacy and safety of ligelizumab (72 mg
or 120 mg every 4 weeks) in CSU patients who remain symptomatic despite stan-
dard of care treatment [97]. Both are 52-weeks multi-center, randomized, double-
blind, placebo- and active controlled phase III trials and is planned to enroll about
1000 patients for each study.

In addition, a phase IIIb extension study is planned to investigate ligelizumab in
adult and adolescent patients with CSU (NCT04210843) [98].

Results from these studies may confirm whether ligelizumab should become an
alternative first-line treatment option in Hl-antihistamine refractory CSU patients.

5. Anti-IgE antibodies in Chronic Spontaneous Urticaria special
populations and drug interactions

To date, ligelizumab have not been investigated pregnant women, children,
elderly, history of cancer, patients with renal or hepatic impairment, while only few
studies were published regarding the use omalizumab in these special populations.

5.1 Pregnancy

Currently, omalizumab is not approved for use in pregnancy and there are only
few case reports published in literature describing omalizumab as an effective and
safe therapy for urticaria in pregnant women [99-102].

The EXPECT study examined 250 women with with moderate-to-severe asthma
exposed to omalizumab during pregnancy [102]. Each enrolled patient received at
least one dose of omalizumab during pregnancy up to 8 weeks prior to conception.
This study compared EXPECT outcomes with those from a disease-matched exter-
nal population of pregnant women with moderate-to-severe asthma not treated
with omalizumab. No significant difference in spontaneous abortions, major con-
genital anomalies, prematurity, or low birth weight was observed among pregnant
women exposed to omalizumab compared with the disease-matched unexposed
cohort. However, given the observational nature of this registry, an absence of
increased risk with omalizumab cannot be definitively established. Therefore,
omalizumab might be considered in pregnant women, but to date its use during
pregnancy is not recommended by any accepted international or national guideline.
Randomized controlled trials should be conducted on omalizumab during
pregnancy before complete reassurance of the drug is established.

5.2 Children

Randomized controlled trials using omalizumab in urticaria included only a
small number of 39 adolescent patients (aged >12 years) [103]. Passanisi et al.
reported a case series of six children (66.7% males) with a mean age of 14.7 years
(range 11-16 years) treated with at least one 6-months course of omalizumab [103].
The average follow-up period was 13 £+ 6 months and only one patient was no
responder, while three patients needed a second course of treatment. This study
demonstrated that omalizumab is effective and safe as treatment option for CSU
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unresponsive adolescent patients. Moreover, Passanisi et al. summarized in his
study the 12 previously published case reports. Applied omalizumab doses ranged
from 75 mg every 4 weeks to 300 mg every 2 weeks for a period of up to 12 months,
but most patients received the standard dose of 300 mg every 4 weeks.

Recently, a retrospective multi-center case series reported the use of
omalizumab in 19 children (6 to 16.9 years old) with recalcitrant CSU [104]. Sixteen
(84%) responded to omalizumab, although two became non-responsive after 6-

12 months of therapy, while three patients (16%) were resistant to treatment,
achieving remission through fourth-line (Cyclosporine A) or other therapies. This
study stated that children with recalcitrant CSU, even those <12 years old, respond
well to standard-dose of omalizumab at rates similar to adults. Future prospective
randomized clinical trials of omalizumab and other anti-IgE therapies in children
are needed.

5.3 Elderly (65 Years and Older)

Whilst the randomized clinical trials had an upper age limit of 75 years, the mean
age of all included CSU patients was within the range of 40-45 years. Therefore,
limited data are now available on the use of anti-IgE antibodies in patients older
than 65 years, but there is no evidence that elderly patients require a different dose
from younger adult patients. A recent Italian real-life experience on 32 patients
>65 years of age found that omalizumab is a well-tolerated and effective therapy for
elderly patients with nonsedating H1-antihistamine-refractory CSU [105].

5.4 History of cancer

To date, there are only few reports of effective and safe omalizumab treatment
in patients with a history of previous cancer (e.g. with breast carcinoma, in-situ
melanoma, thyroid carcinoma, laryngeal carcinoma, and pituitary adenoma) [106],
while evidence in patients with active malignant disease is scarce. Very rarely
CU can be caused by cancer and if so, resolves with its cure [107]. Therefore,
current expert opinion suggested that omalizumab can be used in patients with
cancer [108].

5.5 Patients with renal or hepatic impairment

As IgG monoclonal antibodies are mainly eliminated via intracellular catabolism,
renal impairment or hepatic impairment is not expected to influence clearance of
ligelizumab and omalizumab. No dedicated drug-drug interaction studies have
been conducted so far. Hepatic metabolizing enzymes are not involved in mono-
clonal antibody elimination, consequentely no pharmacokinetic interactions with
co-administered medicinal products are expected with the both medications.

6. The future in Chronic Spontaneous Urticaria: anti-IgE antibodies and
beyond

In addition to drug repurposing as in anti-IL-4/13, IL-5, and IL-17 antibodies,
novel targeted therapy options are currently undergoing clinical trials and will be
available in the near future: other anti-IgE antibodies such as UB-221 and
Quilizumab, molecules targeting intracellular signaling pathways such as spleen
tyrosine kinase inhibitors, surface inhibitory molecules such as siglec-8, anti-IL-1s
such as canakinumab, Bruton kinase inhibitors such as GDC-0853 and anti-IL-5s
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such as benralizumab and mepolizumab [5, 109]. New potential target molecules
are going to be proposed as novel treatments and have been rapidly developing.

6.1 UB-221

UB-221 is a humanized IgG1 mAb (clone 8D6) that targets the Ce3 domain of
IgE antibody and, unlike omalizumab, it can bind to IgE bound by CD23 (Table 1).
UB-221 neutralizes IgE without activation of mast cells and basophils and was
superior to omalizumab while targeting IgE by 3- to 8-folds in terms of pharmaco-
logic effects. It is currently being investigated in two ongoing phase I trials for
safety, tolerability, pharmacodynamics, and pharmacokinetics following a single
dose (0.2, 0.6, 2, 6, 10 mg/kg UB-221 intravenously vs. placebo) in adult patients
with CSU inadequately controlled with H1-antihistamines (NCT03632291 in Tai-
wan, and NCT04175704, location not provided).

6.2 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). In healthy volunteers and patients with allergic rhinitis or
asthma, this anti-IgE antibody resulted able to reduce the total and specific IgE
serum levels for at least 6 months after the last dose [110, 111]. This may implicate
that quilizumab affects long-term IgE memory and bears the capacity for a
sustained effect compared to omalizumab. Regarding quilizumab, there is no
published evidence about its effect on angioedema and only one clinical trial is
currently ongoing (NCT01987947) in CU. A previous randomized trial of
quilizumab in adults with refractory CSU revealed that, although it reduced median
serum IgE levels by approximately 30% over 20 weeks, it did not cause clinically
relevant effects as assessed by ISS7 and UAS7 [112]. The study investigators
hypothesized that the remaining serum IgE may be produced by long-lived IgE
plasma cells that are not targeted by the drug due to their lack of membrane IgE.

6.3 Other possible targets for treatment

Some other molecules participating in the pathogenesis of CSU might be impor-
tant targets for treatment in the upcoming years.

* In patients with CSU, C5a has been shown to enhance histamine release from
mast cells upon activation of FceRI through IgG autoantibodies [113].
Moreover, activation with C5a led to an increased basophil response in patients
with CU compared to healthy controls [114]. These finding indicate a possible
role for C5a in CSU and provide a basis for the evaluation of C5a inhibitors
(IFX-1, eculizumab) in the treatment of CSU [115].

* SHIP has been shown to be a key “gatekeeper” of mast cell degranulation.
[116]. Indeed, SHIP acts as a negative regulator of degranulation by
hydrolyzing phosphatidylinositol-3,4,5-trisphosphate, a second messenger
generated in activated cells by phosphatidylinositol 3-kinase. SHIP-negative
mast cells are more likely to degranulate following IgE binding. Instead,
CD200R represents a novel and potent inhibitory receptor that can be targeted
in vivo to regulate mast cell-dependent pathologies [117]. Considering their
regulatory functions on mast cells, the use of SHIP and CD200R antibodies
might be of interest in CSU.
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* Histamine H4 receptors (H4R) are expressed by hematopoietic cells including

eosinophils, mast cells, neutrophils, and T cells. Activation of H4 receptors
results in chemotaxis, cytokine production, immunomodulation, and
inflammatory cell trafficking [118]. The use of H4R-antagonist called JNJ-
7777120 has been associated with reduction of histamine-mediated scratching
and Th2-induced inflammation in dermatitis [119]. Another H4R-antagonist,
ZPL-3893787, improve inflammatory skin lesions in patients with atopic
dermatitis compared to placebo [120]. The anti-inflammatory and anti-pruritic
effects of H4R-antagonists might be of benefit in CSU treatment.

¢ IL-311is a pro-inflammatory cytokine mainly secreted by Th2 cells that exerts its

effects through two receptors: IL-31 receptor A and oncostatin M receptor
(OSMR) [121]. Increased expression of OSMR protein and histamine release were
also shown in chronic autoimmune urticaria. In addition, OSMR gene silencing in
mice led to a decrease in inflammatory cytokines and number of eosinophils
[122]. These data indicate that IL-31 or OSMR} inhibitors (e.g., nemolizumab,
vixarelimab) might play an interesting role in the treatment of CSU.

* Increased levels of IL-6, another pro-inflammatory cytokine, have been

demonstrated in patients with CSU [123]. It was also correlated with disease
severity, suggesting the role of systemic inflammation in CSU. Tocilizumab, an
IL-6 monoclonal antibody, led to improvement in patients with Schnitzler
syndrome, and might be of potential benefit for CSU treatment [124].

¢ The increased expression of Mas-related gene X2, which is a receptor for

histamine-releasing neuropeptides including substance P and vasoactive
intestinal peptides, was demonstrated to be a possible therapeutic target in
mast cells of patients with CSU [125].

* The antagonists for neurokinin receptor-1 (e.g., aprepitant, tradipitant), which

is the main cutaneous receptor for substance P, are under investigation for
atopic dermatitis for their antipruritic effects and they might be of value for
CSU as well [126].

* The expression of thymic stromal lymphopoietin (TSLP), a promotor of Th2

response, was shown to be increased in patients with CSU, thus making the
anti-TSLP monoclonal antibody, tezepelumab, a potential treatment option for
CsU [127].

¢ Calcium Release-Activated Calcium Modulator 1 (CRACM1/ORAI1) is a

subtype of Ca2+ membrane channel, causing Ca2+ influx into the cells and
mast cell degranulation [128]. Ca2+ is an essential element that regulates
immune responses, especially in the development and function of T and B
cells, and therefore ORAI1 is considered to participate in allergic diseases. Jie
et al. have demonstrated that different single nucleotide polymorphisms in the
ORALI1 gene are associated with an increased risk of CSU and better response to
desloratadine [129]. Thus, targeting of ORAI1 via silencing RNAs might be of
therapeutic value in CSU.

7. Conclusions

The introduction of anti-IgE antibodies in urticaria management has been

representing a milestone in the treatment of H1l-antihistamine refractory patients.
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The results of the anti-IgE antibodies on CU in phase II and III randomised
controlled trials [49, 50, 53, 54, 94, 112, 130-137] were summarized in Table 2.

Omalizumab 300 mg every 4 weeks, as add-on therapy, has demonstrated
effective and safe in most, but not all, patients with CSU and there is evidence that
this holds true for angioedema and CIndU. However, additional studies, using
registries, real life settings and controlled trials should investigate personalized
dosages and administration intervals, based on e. g. body mass index, UAS7 results,
and on the identification of biomarkers able to predict changes in disease activity in
response to therapy, for the development of tailored treatment algorithms to be
used in clinical practice.

Current data of ligelizumab, being the next-generation anti-IgE antibody that is
one-step ahead in clinical trials, are very promising and it has the potential to be a
valid alternative for CSU patients unresponsive to omalizumab. If the phase III trial
program confirms the superiority of ligelizumab compared to omalizumab, there is
hope that symptoms might be controlled in all patients with CSU.

There are no licensed treatment options for CIndU and, therefore,
recommended treatment is similar to CSU. However, off-label use of omalizumab
has shown to be less effective compared to in CSU. Results from randomized
controlled trials of ligelizumab for CIndU seem to be highly encouraging.

It will be intersting to see whether next-generation anti-IgE therapies are effec-
tive in CSU, CIndU and angioedema. The mechanism of action of the various anti-
IgE approaches should be further elucidated in order to optimize the treatment of
CU patients and its better understanding might enable targeted therapy in the near
future.
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ASST
AU
BHRA
CIndU
CRACM1/0ORAI1
CsA
CU
CU-Q20L
CSU
FceRI
H4R
HSS7
Ig

IL

ISS
ISS7
OSMR
QoL
TSLP
UAS
UAS7
UCT

Author details

Autologous Serum Skin Test.
Acute Urticaria.

Basophil Histamine Release Assay.
Chronic Inducible Urticaria.

Calcium Release-Activated Calcium Modulator 1.

Cyclosporine A.

Chronic Urticaria.

Chronic Urticaria Quality of Life.
Chronic Spontaneous Urticaria.
IgE Fc receptor.

Histamine H4 receptors.

7 days Hives Severity Score.
Immunoglobulins.

Interleukin.

Itch Severity Score.

7 days Itch Severity Score.
oncostatin M receptor.

Quality of Life.

Thymic Stromal Lymphopoietin.
Urticaria Activity Score.

7 days Urticaria Activity Score.
Urticaria Control Test.
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Chapter 6

New Biological Treatment Options
in CSU

Zahava Vadasz and Elias Toubi

Abstract

Chronic spontaneous urticaria (CSU) is a devastating disease and is associated
with many co-morbidities and long-lasting suffering. Therefore, patients always
look for a most efficient therapeutic approach to achieve a full remission. In many
patients, CSU remain refractory to off-label doses of antihistamines and short
courses of steroids, and therefore are treated with omalizumab. However, 15-20%
of severe CSU patients will stay unresponsive to omalizumab and are defined as
being of un-met needs. In this review we will shed light on the many new drugs
which are assessed in ongoing clinical trials.

Keywords: Chronic spontaneous urticaria, T-cells, autoimmunity, treatment

1. Introduction

Chronic spontaneous urticarial (CSU) with or without angioedema, is a
condition which lasts more than 6 weeks, without an apparent trigger. It results
from a pathogenic over-activation of dermal mast cells and basophils, followed
by their degranulation and the release of pro-inflammatory mediators (mainly
histamine) inducing the appearance of transient itchy wheals, and occasionally
episodes of angioedema. The prevalence of CSU is estimated to be between
0.5-1percent in the general population, with an incidence of 0.10 to 1.50 per 1000
person-years. It predominantly affects female, with symptom onset occurring
mainly between 20 and 40 years [1]. Earlier studies reported on CSU lasting over
one year in more than 70% of cases and continuing to exist in 14% of them after five
years. CSU duration was associated with the presence of angioedema and disease
severity. In a recent study, younger CSU patients (22 + 16 years) tended to have a
significantly longer course, were in 16% of patients, CSU symptoms lasted over ten
years [2, 3]. In addition to its prolonged duration, CSU severely affects quality of
life and is associated with comorbidities such as lack of sleep, impairments in work
productivity, and depression/anxiety. In one study about 50% of patients with CSU
were diagnosed with one or more psychosomatic disorders, the most frequent of
which was anxiety, followed by depressive and somatoform disorders [4, 5]. The
prevalence of rheumatoid arthritis, systemic lupus erythematosus, thyroiditis
and vitiligo were found to be significantly increased in CSU patients [6]. Patients
without any evidence of comorbidities at the time of their CSU diagnosis had an
increased risk of developing mast cell-mediated diseases including atopic diseases
[7]. Many studies have focused on the importance of clinical and laboratory
biomarkers for the assessment of CSU severity and the evaluation of treatment
efficacy. Clinical manifestations such as asthma and thyroid disease were associated
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with higher disease severity and duration [8]. Laboratory markers, namely,
C-reactive protein (CRP), autologous serum skin test (ASST), basophil activation
test (BAT, D-dimer levels and total serum IgE are all potential blood biomarkers
that are useful for CSU management [9]. Many CSU patients continue to suffer
from symptoms of pruritus, urticaria, and angioedema despite the acceptable up
dosing of second-generation antihistamines (up to fourfold) [10]. Recurrent short
courses of steroids were also reported to have only a short-term beneficial effect
in severe CSU patients. Current treatments are considerably effective in achieving
good response and favorable remission, however, many CSU patients are still
refractory to these available treatments. This is why, it is extremely important to
identify and understand underlying disease mechanisms, in order to achieve better
therapeutic outcomes. In addition to a brief summary covering the pathogenesis
of CSU, and the currently used therapies, this chapter will focus on emerging new
therapies, some of which are being studied in on-going clinical trials, and others
that are being assessed as potential candidates for treatment.

2. Pathophysiology

At the very beginning (four decades ago), CSU was considered to be a T-cell
mediated disorder, supported by the finding of rich CD4+ T-cell infiltration in
the skin of CSU patients [11]. The involvement of activated T-cells in peripheral
blood of CSU patients, namely the increased expression of CD40 ligand on T-cells
similarly to what we find on activated T-cells from patients suffering from active
systemic lupus erythematosus and other autoimmune diseases was also reported
[12]. In concert with this, there are studies showing an increased switch of Thl
to Th17 in the peripheral blood of CSU patients in correlation with CSU disease
severity, and IL-17 levels are significantly higher in the autologous serum skin test
(ASST) positive than ASST negative CSU patients. Plasma levels of interferon-y
(IFN-y), IL-2 and IL-21 were also found to be significantly higher in ASST-positive
CSU subgroups, known to involve the positive regulation of the Janus-kinase-signal
transducer and activator of transcription (JAK/STAT) signaling pathway [13]. Ina
recent study using Kunming mice (a model of CSU), a longer duration and higher
intensity of pruritus was demonstrated to be in association with enhanced levels
of eosinophils, inflammatory cytokine expression and activated the JAK/STAT
signaling pathway. This was found to be in mice overexpressing IL-9 and IL-10,
contributing to the development of CSU by signaling the JAK/STAT pathway [14].
Commensurate with this, is the later finding of antigen/disease-specific auto-
reactive CD4 + T cells that target FceRlo in most patients with CSU, with a cytokine
secretion profile typical of aThl immune response. This is compatible with the
earlier finding of IgG autoantibodies to FceRIa on dermal mast cells and basophils,
supporting the concept that CSU is an autoimmune disorder probably mediated by
auto-reactive T cells. IFN-y and autoantibody responses to FceRIa were found to be
inversely related, with IFN-y responses being detected earlier than autoantibodies
in the course of CSU. This finding of inverse relationship between auto-reactive
T-cell responses and autoimmunity suggests these responses to be different stages
in the pathogenesis of CSU [15]. In a very recent study we found that increased
numbers of CD4 + T cells and mast cells were present in both lesional and non-
lesional skin of CSU patients when compared with the healthy controls. Both types
of cells were strongly positive for IL-17A and found to be in close proximity to each
other [16]. With respect to the aforementioned, autoimmunity in CSU patients is
reported to be found in at least 50% of cases. Two types of autoimmunity have been
documented and supported by numerous reports. The first (type I) is driven by
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IgE auto-antibodies against thyroid antigens and/or auto-allergens, defined by the
presence of anti-TPO antibodies. In parallel to this, is the finding of type IIb auto-
immunity characterized by the binding of IgG auto-antibodies (recently also IgA
and Ig M) to IgE and/or FceRIa on mast cells [17-19]. Both types are followed by the
intense activation and degranulation of mast cells and the release of inflammatory
mediators in the skin that are able to induce itchy wheals and angioedema. Among
the many mediated agents, histamine, pro-inflammatory cytokines and chemokines
are the most frequent [20]. Basophils and Eosinophils have recently been included
among other cells actively involved in the pathogenesis of CSU. In this respect,
peripheral blood basopenia is frequently reported in association with CSU disease
severity. It has been postulated that this is a result of the migration of basophils
from blood to the skin of active CSU patients. Basopenia resolves in parallel with
CSU remission and therefore may become a suitable marker for follow-up [21].
Recent evidence suggests that eosinophils may also play role in the pathogenesis of
CSU. Both eosinophils and eosinophil granules were displayed in lesional skin of
CSU patients. This is in contrast to allergic rhinitis and asthma where peripheral
blood eosinophilia is a characteristic finding, while in CSU, peripheral blood eosin-
openia is observed in association with disease severity. As in the case of basopenia,
depletion of active eosinophils and their shift to the skin of CSU patients is the most
accepted mechanism of this phenomenon [22]. The issue of how all these cells, and
mechanisms, are linked, and how they act at onset or during the persistence of CSU
is extremely complex. However, current therapies, targeting free IgE, mast cells and
T cells are reported to be tremendously efficient in inducing CSU remission.

3. Current therapies for CSU

The introduction of the non-sedative anti-histamines replacing the first genera-
tion (sedative) one was a giant step forward in the treatment of CSU. At a later
date, Hl-antihistamine up-dosing was established and shown to be safe and of
better efficacy. However, even when up-dosing was increased fourfold, the rate
of non-responders remained high, thereby suggesting that additional treatments
were needed [23]. As early as 1991, targeting T-cells by cyclosporine A (CsA) was
shown to be highly effective in severe cases of CSU [24]. Later on, we demonstrated
that low doses of CsA (2-3 mg/ml) given for three months were both extremely
beneficial and had a low prevalence of side-effects. In some patients, we could
demonstrate a long-lasting full remission, while in others it was even curative [25].
The efficacy of CsA was established by many double-blind, randomized studies.
Symptom scores significantly improved in the CsA group over with placebo. CsA
was well tolerated at daily doses of 3 mg/kg. Side effects such as hypertension and
increased serum creatinine were rare [26]. In addition, the efficacy and safety
of CsA in CSU was evaluated by a meta-analysis of eighteen studies. A low-dose
(2-3 mg/kg/d) was considered to be both beneficial and safe, and adverse events
appear to be dose dependent and occur more frequently in patients that have been
treated with moderate doses (4-5 mg/kg/d) [27]. In a recent study, the prediction
of beneficial response to CsA treatment, was assessed using, positive ASST, plasma
D-dimer levels, IL-2, IL-5 levels and total IgE level. Decreased plasma D-dimer
levels, and decreased serum IL-2 and IL-5were reported to be correlated with
clinical improvement after CsA treatment [28]. While cyclosporine A is still used
in cases with severe CSU, the fear of side effects, mainly in those with mild hyper-
tension or diabetes, has limited its usage, allowing omalizumab (an IgG-anti-IgE
monoclonal antibody), approved for the treatment of anti-histamine-refractory
CSU in 2014 to become the preferable option in treating CSU. In the European
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Academy of Allergology and Clinical Immunology, Global Allergy and Asthma
European Network, European Dermatology Forum, and World Allergy (EAACI/
GA2LEN/EDF/WAO) guidelines for the treatment of CSU, it is recommended

that omalizumab should be added to off-label doses of anti-histamines when CSU
is inadequately controlled [29, 30]. Cyclosporine A remains the final option for
those considered to be omalizumab failures. The main mechanism through which
omalizumab acts, is its ability to bind soluble IgE and the down regulation of FceRI
expression on skin mast cells. This is followed by decreased mast cell activation and
degranulation. In this respect, higher levels of FceRI expression, predict a faster
response to omalizumab. In addition higher levels of total serum IgE were shown

to be associated with a greater responsiveness to omalizumab [31]. While it is well
accepted that a complete response to the standard dose of omalizumab (300 mg/
month) is observed in about 59% of patients, 15% of treated patients still remain
resistant to this dose of omalizumab [32]. In many studies, up dosing of omali-
zumab to 450 mg/month was shown to achieve better clinical respnses with a good
safety profile [33]. Options of higher doses of cyclosporine A or the combination of
omalizumab and cyclosporine A were also reported in few case reports in severe and
refractory to all of the above mentioned approaches. Un-met needs and the require-
ment for new treatments in still refractory CSU are the subject of many on-going
clinical trials in which targeting new relevant pathways is assessed.

4. New drugs in ongoing clinical trials
4.1 Anti IgE
4.1.1 Ligelizumab

Ligelizumab (QGEO031) is a new monoclonal antibody directed against the Ce3
domain of IgE, which in preclinical and in phase I clinical studies demonstrated
its 50-fold greater affinity to IgE in vitro and six- to nine-fold greater potency in
vivo compared to omalizumab. This affinity difference is caused due to epitope
differences between ligelizumab and omalizumab that contribute to their distinct
qualitative IgE-receptor profiles. Ligelizumab was superior in its ability to suppress
IgE binding to FceRI, basophil activation, and IgE secretion by B cells [34]. It was
also shown that Ligelizumab provided a longer suppression of free and cell-bound
IgE [35]. Omalizumab was shown to inhibit the interaction of IgE-FceRII (CD23)
more efficiently than Omalizumb, and this finding might explain the superior
anti-asthmatic effect of omalizumb, considering the role of CD23 in lung inflam-
mation [34]. In order to further assess its efficacy in CSU, a phase IIb dose-finding
trial was designed for the efficacy and safety of ligelizumab. Doses of 24 mg, 72 mg,
and 240 mg every four weeks were compared to the omalizumab standard dose of
300 mg every four weeks and to placebo in 382 adult patients with CSU. Clinical
beneficial effects were evaluated by using - UAS7 (Urticaria Activity Score) and
HSS7 (Hives Severity Score). The percentage of patients with a complete control of
their hives (HSS7:0) and a complete control of their symptoms (UAS7:0) at week
12 was significantly higher in all ligelizumab arms (24 mg, 72 mg, 240 mg) com-
pared with omalizumab (300 mg) and the placebo. The question regarding the low
complete response rates with omalizumab was attributed to the high percentage of
patients with an autoimmune pattern and angioedema. Adverse events rates were
similar in all groups, except for a slightly higher incidence of local reaction at the
injection site of ligelizumab 240 mg compared to omalizumab [36]. Patient’s follow
up in this clinical study revealed that among patients who achieved an UAS7 < 6 at
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week 20, the beneficial therapeutic response was maintained for a median of 16,

8 and 8 weeks with ligelizumab 240 mg, 72 mg, and omalizumab, respectively. In
addition, a 1-year extension phase of the above clinical study showed that in patients
with UAS7 > 12 who received ligelizumab 240 mg every 4 weeks (NCT02649218),
the UAS7 < 6 score response was maintained for a median period of 28 weeks [37].
Moreover, the treatment with ligelizumab was superior in other clinical measures
when compared with omalizumab, namely, a decrease in the use of rescue medica-
tion [38] a greater and sustained efficacy in reducing angioedema at week 12 (the
percentage of angioedema-free patients with ligelizumab 72 mg, 240 mg, omali-
zumab 300 mg, and placebo, was 87.5%, 94.9%, 76.3%, and 68.3%, respectively
[39]. Several Phase III clinical trials (NCT03580356, NCT03580369, NCT03437278,
NCT04210843) are currently in progress in order to further investigate the efficacy
and safety of ligelizumab 72 mg and 120 mg when compared with omalizumab

300 mg and a placebo in CSU adolescent and adult patients up to 52 weeks. In Japan,
in adult CSU patients who failed to response to Hl-anti-histamines, are part of
another phase III, open-label, and single-arm study of ligelizumab that is currently
in progress (NCT03907878). It is hopeful that these studies and the extension phase
study with ligelizumab will better characterize its usage in re-treatment, and self-
administration, as well as its its benefit as a monotherapy.

4.1.2 UB-221

Another new monoclonal antibody against IgE, UB-221, has up to eightfold
greater affinity for free IgE in comparison with omalizumab. This new compound
is currently being investigated for safety, tolerability, pharmacodynamics and
pharmacokinetics in an ongoing phase I clinical trial in adult patients with CSU.
The study is composed of single doses [0.2, 0.6, 2, 6, 10 mg/kg UB-221] given
intravenously (IV) vs. a placebo (NCT03632291, NCT04175704) [40].

4.2 Bcells
4.2.1 Bruton’s tyrosine kinase (BTK) inhibitors

Bruton tyrosine kinase (BTK) is a tyrosine kinase which was found to play a
major role in B cell development. At a later date, it was found to be expressed in
various hematopoietic cells including macrophages, mast cells, and basophils.

In the context of CSU pathogenesis, BTK was also found to play a major role in the
FceR activation and signaling in mast cells [41, 42]. BTK inhibitors are widely used
today to treat several B cell malignancies and auto immune disorders [43]. Out of
the many known BTK inhibitors, four (ibrutinib, dasatinib, AVL-292, CNX-774)
are recognized to be effective suppressors of IgE-induced activation and histamine
release from basophils and mast cells [44]. Ibrutinib (420 mg/day), was assessed in
patients suffering from peanut/tree nut allergy and reported to suppress skin test
responses to these food allergens within seven days, and without any discernable
adverse events. No serious adverse events 100. Upon considering of the pivotal role
of FceRI signaling in CSU, it seems that the use of BTK inhibitors for CSU could be
a potential new treatment option. LOU064 (remibrutinib), a more selective BTK
inhibitor is being investigated in ongoing phase II clinical trials (NCT03926611,
NCT04109313) for its efficacy and safety in adult patients with CSU. In an in-vitro
study, the binding of BTK by remibrunitib was more efficient than fenebrutinib,
thus it has a faster onset of action and its effects are maintained longer [45].
Another phase II study, investigating a new BTK inhibitor (fenebrutinib 200 mg
orally twice a day), in adult patients suffering from CSU, has recently been
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completed. The results of this study indicated that at week 8, a marked improve-
ment of the UAS7 was achieved at 200 mg twice a day compared with the placebo
group [33].

4.2.2 Anti-CD20

Rituximab (RTX) is a well-known monoclonal antibody directed against CD20.
It causes the depletion of mature and memory B cells through several mechanisms
such as CDC and ADCC. For many years, it has been used to treat B cell hematologi-
cal malignancies and autoimmune diseases such as- rheumatoid arthritis (RA),
and pemphigus vulgaris [46]. Due to the autoimmune nature of CSU, it seems
reasonable that the reduction of memory B cells and a subsequent decrease of the
autoantibodies due to Rituximab, could well become a beneficial treatment option,
particularly in autoimmune CSU. So far, only five patients in whom severe CSU
refractory to immunosuppressive treatments, have been treated with rituximab
[47-51]. The treatment regimen in these patients was either as used in lymphoma
(375 mg/m2 weekly for 4 weeks) or as used in the RA protocol (two doses of
1000 mg with a 2-week interval). Four patients responded well to this treatment,
and only one failed. However, a phase I/II open-label trial (NCT00216762) was
terminated due to safety concerns. To date, there are no ongoing clinical trials on
Rituximab in CSU patients. It appears that Rituximab could be reserved for future
use as an alternative treatment option in patients with very severe, and treatment-
resistant CSU.

4.3 Basophils, eosinophils and Th2 cells

4.3.1 Chemo attractant receptor-homologous molecule expressed on Th2 (CRTH2)
inhibitors

CRTH2 is the prostaglandin D2 (PGD2) receptor that is secreted from mast cells
upon activation and degranulation. CRTH2 is normally expressed on eosinophils,
basophils, and Th2 cells. The signaling pathways following PGD2-interaction\liga-
tion to CRTH2 results in the stimulation and chemotaxis of basophils and eosino-
phils, Th2 response, and the increase in the amount of histamine released from
basophils [52, 53]. In patients suffering from CSU, membrane CRTH2 expression
on basophils and eosinophils, was found to be extremely low, which was presum-
ably attributed to the internalization of CRTH2 upon PGD2 binding. These results
suggested a role for PGD2 via CRTH2 ligation in CSU [54]. A particular CRTH2
gene polymorphism was demonstrated in several patients suffering from CSU, and
these specific patients needed high doses of anti-histamines in order to control
CSU [53]. These findings further establish a role for CRTH2 in CSU pathogenesis,
suggesting the relevance of its targeting. Based on these considerations, a new oral
CRTH2 antagonist, AZD1981, was generated and used for the treatment of CSU
ina clinical trial. In a phase II, double-blind, placebo-controlled trial, twenty-six
CSU patients were enrolled and completed the 4-week treatment period with either
AZD1981 (40 mg three times daily) or a placebo. A clinical assessment of UAS7 and
ISS7 scores revealed a significant reduction in these scores when compared with
the baseline scores before treatment. However, the primary endpoint (a reduction
in UAS7 > 9.5 points when compared with the baseline) was not achieved in this
study. No significant differences were observed in terms of anti-histamines use or
the frequency of angioedema-attacks between the treatment and control groups.
No serious adverse events were observed and the overall treatment was well toler-
ated [52], Regarding biological effects, the treatment with AZD1981 significantly
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inhibited PGD2-mediated eosinophil migration to the skin. Despite failing to meet
the primary endpoint, future studies evaluating the efficacy of AZD1981 with
longer treatment duration and higher doses are needed.

4.3.2 Spleen tyrosine kinase (SYK) inhibitors

Spleen tyrosine kinase (SYK) is a pivotal player that regulates histamine
release and the synthesis of immune mediators (e.g. leukotriene, prostaglandin)
upon FceRI activation in mast cells [55]. Nowadays, oral SYK inhibitors such as
fostamatinib are used extensively in the treatment for autoimmune diseases such
as immune thrombocytopenic purpura, chronic graft-versus-host disease and
Rheumatoid Arthritis. A new intranasal SYK inhibitor, R112, was also proven
to suppress FceRI-related mediator release following mast cell degranulation,
thereby suggesting that SYK inhibitors are extremely efficient in suppressing
mast cell degranulation [56]. Based on the above data the use of SYK inhibitors
to successfully treat CSU patients was not surprising. The first study to use SYK
inhibitors was an in vitro study where a topical SYK inhibitor, was used in an ex
vivo human skin model, GSK2646264. In this study it was shown that this inhibitor
blocked the histamine release from mast cells through IgE signaling [57]. Following
this study, a randomized, placebo-controlled phase I trial (NCT02424799) was
conducted in order to evaluate the efficacy and safety of GSK2646264 0.5% and
1% topical cream in patients with CSU and cold urticarial. The results of this
study are not available yet. In another in vitro study, the expression level of SYK
was evaluated in mast cells from CSU patients. These patients were categorized
according to the clinical out- come as responders and non-responders; the degree
of basophil’s histamine release and the expression of SYK protein in mast cells. This
study found that the SYK protein was expressed significantly higher in responders
when compared with non-responders and healthy controls. It also revealed that the
increased expression of SYK was correlated with the spontaneous histamine release
from mast cells in these patients [58].

4.4 Cytokine inhibitors
4.4.1 Anti IL-1

The IL-1 cytokine family in general and IL-1a and IL-1p, specifically have
pro-inflammatory effects, which are neutralized by using the IL-1R antagonist.
[59]. Several IL-1 mutations (NLRP3 genes) are collectively defined as auto-inflam-
matory syndromes, which cause the increased secretion of IL-1p. This is associated
with a heterogeneous syndrome (NLRP3-AID (consisting of familial cold autoin-
flammatory syndrome, Muckle-Wells syndrome, and chronic infantile neurological,
cutaneous and articular syndrome. The urticarial-like rash is one of most common
hallmarks of these syndromes [60, 61]. IL-1 inhibitors, such as canakinumab
(monoclonal antibody against of IL-1f), anakinra (recombinant IL-1R antagonist),
and rilonacept (IL-1a/p blocker) are very effective in reducing inflammation and
the clinical spectrum of these syndromes [62]. It is worth mentioning, that the
emerging knowledge regarding the use of IL-1-blocking agents in the treatment
of Schnitzler’s syndrome, is characterized by the presence of urticarial rash and
systemic inflammation [63, 64]. In on-going clinical trials, the effectiveness and
safety of RPH-104 (a novel molecule against IL-1p), rilonacept, and canakinumab
has been confirmed in Schnitzler syndrome (NCT04213274), acquired cold-contact
urticaria (NCT02171416), and CSU (NCT01635127). The results of these trials
have not yet been published. In few sporadic reports, anti-IL-1drugs were shown to
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be beneficial in CSU patients, who remained resistant to all classical therapies for
CSU [65]. A new somatic mutation in NLRP3 was recently reported in two elderly
patients with long-standing, refractory CSU associated with fever and increased
CRP. Both of these patients improved dramatically following the usage of anakinra.
As aresult, it is assumed assumed that in patients with refractory urticaria and
markers of systemic inflammation (a possible underlying NLRP3-related disorder),
anti-IL-1 treatment requires further evaluation [66].

4.4.2 Anti-IL-4/13

In the process of Th2 differentiation several cytokines are produced. The most
important cytokines in this process are interleukin-4 and IL-13 [59]. Dupilumab,
a new monoclonal antibody directed against the alpha subunit of IL-4 and IL-13
receptors, was recently approved for the treatment of asthma, nasal polyposis,
and atopic dermatitis [67]. Increased levels of IL-4 were recently demonstrated
in patients with CSU, thereby suggesting a pathogenic role of both Th1/Th2
responses and raising the option of treating CSU with Dupilumab [68]. A recent
case report involving six patients with concomitant atopic dermatitis and CSU
who were refractory to high dose of omalizumab (600 mg\4 weeks) documented
their successful treated with Dupilumab. In this report, it was postulated that the
beneficial therapeutic effect of Dupilumab could be the result of its blocking Th2
inflammatory pathways by inhibiting IL-4 and IL-13, respective [69]. Currently,
there are three ongoing, phase II/III clinical studies investigating the efficacy and
safety of Dupilumab in CSU (NCT03749135, NCT04180488 (EFC16461-CUPID))
and cholinergic urticaria (NCT03749148) unresponsive to a high dosage of antihis-
tamines and omalizumab.

4.4.3 Anti IL-5

Eosinophils, are considered to have a pivotal role in the pathogenesis of CSU.
Many reports have demonstrated elevated numbers of eosinophils in urticarial
lesions when compared with normal skin. Their contribution to CSU pathogenesis
is probably achieved through interactions with mast cells, the secretion of histamine
and other inflammatory mediators and the activation of the coagulation cascade
[70]. The important role of interleukin-5 (IL-5) in eosinophil development and
maturation, as well as in increased chemotaxis towards skin urticarial lesions has
been well documented [59]. Several monoclonal antibodies were recently approved
for the treatment of eosinophil related airway diseases (e.g. asthma, Churg-Strauss
syndrome, nasal polyposis etc.) by targeting IL-5 (reslizumab, mepolizumab) or
its receptor, IL-5R (benralizumab). These drugs were recently used in three CSU
patients who were refractory to classical therapies; two patients responded well
and showed a significant improvement with Reslizumab and mepolizumab [71,
72], while the other patient who suffered from symptomatic dermographism (SD)
benefited from their treatment with benralizumab [73]. In a recent single-blind,
repeated measures study, 12 CSU patients were treated with benralizumab (30 mg
subcutaneously) every 4 weeks for 12 weeks following a single dose of a placebo.
Among the nine patients who completed the study, five had complete response.
Their UAS7 and CU-Q20L scores improved significantly with benralizumab when
compared with the placebo [74]. Gene-expression analysis in patients with CSU
following benralizumab treatment demonstrated the normalization of SIGLEC-8
expression and IL-4/5 induced inflammation [75]. Although the results imply
that eosinophils play a role in CSU, the exact mechanism of action has not yet
been understood. Two clinical trials investigating the efficacy of benralizumab
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(NCT03183024) and mepolizumab (NCT03494881) in CSU are still in progress,
and their results are not yet available. Regarding benralizumab, a phase IIb study
(ARROYO Trial- D3259C00001) is set to start soon.

5. Potential therapeutic approaches
5.1 Eosinophils, mast cells, basophils
5.1.1 Siglec-8

The Siglecs are a family of sialic-acid-binding immunoglobulin-like lectins,
which are thought to promote cell-cell interactions and regulate the functions of
cells in the innate and adaptive immune systems through glycan recognition. These
proteins have regulatory effects on intercellular and intracellular signaling such as
the inhibition of cellular proliferation/activation and the induction of apoptosis
[76, 77]. Siglec-8 is highly and selectively expressed by eosinophils, but it became
clear that it is also expressed by human mast cells and weakly, but consistently, by
human basophils. Studies showed that the activation of Siglec-8 induces eosinophil
apoptosis (in a caspase-, mitochondrial-, and reactive oxygen species—dependent
way). It was also shown that activated eosinophils are especially sensitive to Siglec-
8-induced death [78]. It also inhibits the release of FceRI-mediated histamine and
PGD2 from mast cells [79, 80]. In a recent phase I, randomized, placebo-controlled
study conducted with more than 50 healthy volunteers, a single dose of a monoclonal
anti-Siglec-8 antibody, namely- AK002 (autolimab) (0.001, 0.003, 0.01, 0.03, 0.1,
0.3, and 1 mg/kg IV), resulted in the complete depletion of circulating eosinophils
within one hour from the infusion. This effect was maintained for up to 84 days only
in the group who received 1 mg/kg. This result pointed to a possible administration
schedule of AK002 at monthly or quarterly intervals [81]. Additionally, in another
additional study it was also demonstrated that treatment with AK002 provided
symptomatic and histologic improvement in patients with eosinophilic esophagitis
[82]. Taking this into consideration, a phase IIa study in CSU and CIndU (cholinergic
urticaria and symptomatic dermographism) patients was conducted. These patients
received six doses of AK002. At week 22, following treatment, based on changes in
UCT score - the response rates in CSU patients were the following, complete + partial
response in 92% and 86% in omalizumab-naive (z = 14) and omalizumab refrac-
tory (n = 12) patients, respectively. In the 12-month open-label extension phase,
the response was sustained. No adverse events were observed, with only mild-to-
moderate infusion-related reactions recorded [83, 84]. These results suggest that in
the future, anti-Siglec-8 antibodies might be a treatment option for CSU patients,
who are either omalizumab naive or refractory to omalizumab.

5.1.2 Other molecules (SHIP-1, PI3K, CD200)

Many new regulatory molecules are recently evaluated for their potential
inhibitory effect on mast cell degranulation. Some of them are under development
and are to be included in the pipe-line of clinical trials for the treatment of CSU.
Among these molecules are SHIP and CD200R, which deserve our attention. It has
been shown that SHIP-negative mast cells are more likely to degranulate following
IgE binding [85]. The inhibitory effects of SHIP-1 occur through the hydrolysis of
phosphatidylinositol 3, 4, 5-trisphosphate by limiting the entry of extracellular
calcium, thereby decreasing phosphoinositide 3-kinase (PI3K)-mediated mast
cell activation [86-88]. CD200R is a member of the Ig supergene family that is
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primarily expressed on myeloid cells. In vivo studies demonstrated that CD200R

is an inhibitory receptor that is capable of regulating the activation threshold of
inflammatory immune responses. Furthermore, CD200R was also shown to be
expressed on mouse and human mast cells and that engagement of CD200R by
agonist Abs or ligand results in a potent inhibition of mast cell degranulation and
cytokine secretion responses. The proposed mechanism for that effect was possibly
due to the inhibition of FceRI activation that was observed both in vitro and in vivo.
[88] Considering their regulatory functions on mast cells, the use of SHIP, CD200R
antibodies, or PI3K inhibitors for the treatment of CSU is of great interest.

5.1.3 Anti-histamine H4 receptor

The emerging field of histamine H4 receptors in allergy and clinical
immunology is continuously growing. H4 histamine receptor, is a member of the G
protein-coupled receptor superfamily that is largely expressed in haematopoietic
cells and plays an increasing role in the regulation of immune responses. H4
receptors modulate eosinophil migration and selective recruitment of mast cells
that leads to an increased histamine-release and chronic inflammation. It is also
involved in T cell differentiation thereby is involved in many immunomodulatory
pathways. The observation that H4 is a histamine receptor on many immune cells
shed light on the potential of their targeting in inflammatory disorders, such as
allergy, chronic pruritus and autoimmune diseases e.g. CSU [89]. Several ongoing
clinical studies currently taking place are aimed at evaluating the beneficial effect
of targeting H4 receptors in patients suffering from atopic dermatitis and pruritus
(JNJ-7777120, ZPL-3893787). Preliminary results have indicated a significant
reduction in histamine-mediated scratch and Th2-induced inflammation in atopic
dermatitis [90, 91]. These results are encouraging and indicate the need to further
evaluate any potential benefits of these drugs in the treatment of CSU.

5.1.4 Mas-vrelated gene X2

MrgX2 is a member of Mas-related genes that is primarily expressed in human
dorsal root ganglia and mast cells and is activated by basic peptides. MrgX2 isa
multi-ligand receptor responding to various exogenous and endogenous stimuli. As
they are highly expressed on skin mast cells, MRGPRX2 triggers their degranulation
and release of pro inflammatory mediators, thus promoting multicellular signaling
cascades, such as itch induction and transmission in sensory neurons. The expres-
sion of MRGPRX2 by skin mast cells and the levels of the MRGPRX2 agonists (eg,
substance P, major basic protein, eosinophil peroxidase) are up-regulated in the
serum and skin of patients with inflammatory and pruritic skin diseases, such as
CSU and atopic dermatitis. Thus, MRGPRX2 and its agonists might possibly be
potential biomarkers for the progression of cutaneous inflammatory diseases and
the response to treatment in the future. In addition, they may well represent prom-
ising targets for the prevention and treatment of signs and symptoms in patients
with skin diseases or drug reactions [92].

6. Anti-IgE, B cells
6.1 Quilizimab

Quilizumab, is another new humanized monoclonal antibody directed specifi-
cally against membrane-bound IgE. This molecule was also evaluated for its efficacy
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and safety for the treatment of CSU in a phase II trial. Unfortunately, following a
20-week treatment with quilizumab 450 mg or a placebo every 4 weeks, no statis-
ticallly significant differences were observed in all clinical scores ISS7, HSS7, and
UAS?7 - between the two groups. Moreover, even in the minimally important differ-
ence (MID) range the quilizumab group also failed to attain significant differences.
[93]. Thus, further development of quilizumab for CSU was discontinued.

6.2 T cell related therapies

6.2.1TSLP

The expression of thymic stromal lymphopoietin (TSLP), a promotor of Th2
response, was proven to be increased in patients with CSU, thus making the anti-TSLP
monoclonal antibody, tezepelumab, a potential treatment alternative for CSU [94, 95].

6.2.2 Anti-IL-17

The finding of increased blood levels of IL-17 in CSU patients was previously
reported to be in association with CSU severity. This encouraged us to assess the
status of IL-17 in the skin of CSU patients, thus, demonstrating increased IL-17
expression in CD4+ T cells and mast cells of both lesional and non-lesional skin of
severe CSU patients. With this in mind, eight severe CSU patients (refractory to
all approved therapies and steroid dependent) were treated with the anti-IL-17A
antibody, secukinumab, demonstrating a significant improvement in CSU disease
activity and were able to discontinue steroids. Future studies should be planned in
order to expand this promising therapeutic approach [16, 96].

7. Summary

The need for new treatments evolve from the fact that 15-20% of severe CSU
patients will stay unresponsive to Omalizumab and are defined as being of un-met
needs. Thus, a better understanding of the complexity of CSU pathogenesis led to
the development of many new treatment options. In this chapter we reviewed the
known and the ongoing clinical studies of the new treatments for severe CSU. We
expect that some of these strategies will be efficient and will be added to the market
of the existing therapies.
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