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Abstract: Chronic spontaneous urticaria (CSU) is a complex dermatological condition characterized
by recurrent wheals and/or angioedema lasting for more than six weeks, significantly impairing
patients’ quality of life. According to European guidelines, the first step in treatment involves
second-generation H1-antihistamines (sgAHs), which block peripheral H1 receptors to alleviate
symptoms. In cases with inadequate responses, the dose of antihistamines can be increased by up to
fourfold. If symptoms persist despite this adjustment, the next step involves the use of omalizumab,
a monoclonal anti-IgE antibody, which has shown efficacy in the majority of cases. However, a
subset of patients remains refractory, necessitating alternative treatments such as immunosuppressive
agents like cyclosporine or azathioprine. To address these unmet needs, several new therapeutic
targets are being explored. Among them, significant attention is being given to drugs that block
Bruton’s tyrosine kinase (BTK), such as remibrutinib, which reduces mast cell activation. Therapies
like dupilumab, which target the interleukin-4 (IL-4) and IL-13 pathways, are also under investigation.
Additionally, molecules targeting the Mas-related G protein-coupled receptor X2 (MRGPRX2), and
those inhibiting the tyrosine kinase receptor Kit, such as barzolvolimab, show promise in clinical
studies. These emerging treatments offer new options for patients with difficult-to-treat CSU and have
the potential to modify the natural course of the disease by targeting key immune pathways, helping
to achieve longer-term remission. Further research is essential to better elucidate the pathophysiology
of CSU and optimize treatment protocols to achieve long-term benefits in managing this condition.
Altogether, the future of CSU treatments that target pathogenetic mechanisms seems promising.

Keywords: chronic spontaneous urticaria; antihistamines; omalizumab; corticosteroids; cyclosporin;
dupilumab; barzolvolimab; CDX-0159; Tezepelumab; vixarelimab; mepolizumab; UB-221; remibrutinib;
rilzabrutinib; TAS 5315; TLL-018; povorcitinib; EP 262

1. Introduction

Urticaria is clinically characterized by the appearance of wheals (hives), which can
be accompanied by angioedema. When the spontaneous recurrence of short-lived wheals,
angioedema, or both lasts for more than 6 weeks, this is defined as chronic spontaneous
urticaria (CSU) [1]. CSU has an estimated prevalence of 0.5% to 1% and female predom-
inance (female/male ratio: 2/1) [2]. CSU symptoms significantly affect many aspects of
patients’ health-related quality of life, and the health status scores of CSU patients have
been reported to be comparable with those of patients with coronary artery disease in terms
of work performance, sleep disruption, emotional reactions, and social interactions [3].
Evaluating CSU can be difficult, and the Weekly Urticaria Activity Score (UAS7) is one
of the most commonly used methods to accomplish this. This tool relies on the patient’s
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daily self-assessment of key symptoms, including wheals and itching. Each symptom is
rated on a scale from 0 to 3, where 0 indicates no intensity and 3 represents severe intensity.
Patients record their scores every day for seven days, with the total score ranging from
0 to 42 [1]. The international guidelines recommend treating patients until a complete
clinical response is achieved. Currently, a three-step approach is suggested. The first step
consists of using second-generation H1-antihistamines (sgAHs) at the licensed dosage.
The second step involves increasing the use of sgAHs up to four times the licensed dosage.
The third step consists of the addition of the anti-IgE monoclonal antibody, omalizumab [1]
(Table 1). Although most patients with CSU achieve complete or partial control of the
disease with stepwise treatment, some remain unresponsive. In such cases, switching
to immunosuppressive therapy is suggested, with cyclosporine being the most studied
and frequently prescribed option. Azathioprine, methotrexate (MTX) and mycophenolate
mofetil (MMF) have also been proposed as alternative treatments. In the case of acute exac-
erbation, the guidelines suggest considering a short course of systemic glucocorticosteroids.
Other therapies are being developed to target the pathomechanisms of CSU. In particular,
these target the mast cells [4], whose activation leads to wheal formation via the release of
vasoactive substances such as histamine. The sequence of events responsible for mast cell
activation is not completely defined and involves autoimmunity [5,6], autoallergy [7–9], the
complement system, and coagulation [10–13], with the participation of other cells [14] such
as eosinophils, endothelial cells, basophils, B lymphocytes, T lymphocytes, and monocytes.

Table 1. The first approach to the therapeutic treatment of chronic spontaneous urticaria (CSU).

Drug Type of Molecule Administration Mechanism of Action Response

Second-generation
H1-antihistamines
(standard dose)

Second-generation
H1-antihistamine

Oral, standard dosage
(varies by drug)

Selective peripheral H1
receptor antagonist

Significant reduction in UAS7
score, fewer sedative effects
compared to
first-generation antihistamines

Step 1

Oral, up to 4×
standard dosage

Improved efficacy in
non-responders to standard doses,
increased risk of somnolence but
still well-tolerated

Step 2

Omalizumab Humanized monoclonal
anti-IgE antibody

Subcutaneous, 300 mg
every 4 weeks

Binds free IgE,
preventing attachment
of FcεRI to mast cells
and basophils

Significant reduction in urticaria
activity and angioedema,
especially in patients
unresponsive to antihistamines

Step 3

Cyclosporin Immunosuppressant, Oral, 3.5–5 mg/kg
per day

Inhibits
calcineurin/NFAT and
JNK/p38
signaling pathways

Effective in patients unresponsive
to antihistamines and
omalizumab, dose-dependent
safety profile

Step 4

Corticosteroids Anti-inflammatory,
immunosuppressant

Oral or intravenous,
20–50 mg/day, up to
10 days

Inhibits
pro-inflammatory
cytokines and immune
response, binds
glucocorticoid receptor

Short-term relief of acute
exacerbations; not recommended
for long-term use due to side
effects such as hypertension,
osteoporosis, and
immunosuppression

Acute phase

According to European guidelines [1], the treatment of CSU begins with a standard dose of second-generation
H1-antihistamines (step 1). If needed, the dose can be increased by up to fourfold (step 2). The third step involves
the addition of omalizumab (step 3). When a good clinical response is achieved, a step-down approach can be
considered. If the patient does not respond adequately, an immunosuppressant such as cyclosporine may be
added (step 4). A short course of corticosteroids may be considered in the case of acute exacerbation.

An improvement in the understanding of CSU pathogenesis and the consequent
development of new therapies has led to the definition of disease-modifying treatments
(DMTs). These treatments are designed not only to alleviate symptoms but also to alter
the underlying mechanisms driving the disease. DMTs aim to prevent or delay disease
progression, achieve long-lasting remission without ongoing therapy, and directly target
the core disease mechanisms.

DMTs include therapies that reduce the production of autoantibodies or target specific
cytokines involved in inflammation and symptom manifestation: these drugs are reported
in Table 2 (monoclonal antibodies) and in Table 3 (small molecules) [15].
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Table 2. Breakthrough treatments for chronic spontaneous urticaria (CSU): monoclonal antibodies.

Drug Target Mechanism of Action Administration Response Clinical Trial
Phase References

Dupilumab IL-4 R á
(IL-4; IL-13)

The block of the alpha subunit of the
IL-4 receptor, which is shared with the
IL-13 receptor, thereby inhibiting both

IL-4 and IL-13 signaling pathways

Subcutaneous

A significant reduction in UAS7;
showed efficacy in biologic-naïve

patients but limited efficacy in
omalizumab-refractory patients

Phase III
NCT04180488,

(LIBERTY-CUPID CSU)
[16,17]

Barzolvolimab
(CDX-0159) Kit

The inhibition of Kit receptor,
reducing mast cell survival

and activation
Intravenous

Although the phase III study is still
ongoing, in phase II a reduction in
activity and quality of life scores

has been reported

Phase III NCT06445023; NCT06455202
[18]

Tezepelumab TSLP The inhibition of TSLP, a key initiator
of type 2 inflammation Subcutaneous

Preliminary results indicate a good
response; however, the final data of
phase II study are still not available

Phase II NCT04833855
[19]

Vixarelimab IL-31 R
The block of the IL-31 and oncostatin

M signaling pathways, reducing
pruritus and inflammation

Subcutaneous

Although the phase II study in
CSU is still ongoing, its promising
results in the treatment of prurigo

nodularis suggest potential
benefits for CSU

Phase II NCT03858634

Mepolizumab IL-5 The inhibition of IL-5, reducing
eosinophil migration and activation Subcutaneous

Effective in reducing CSU
symptoms, especially in patients

with eosinophilic diseases
Phase I NCT03494881

[20,21]

UB-221 IgE
Binding to IgE with high affinity,

preventing interaction with mast cells
and basophils

Intravenous

Although the phase II study in
CSU is still ongoing, the drug

appears to be promising due to its
safety and its superior

effectiveness in reducing IgE levels
compared to omalizumab

Phase II NCT05298215
[22]

IgE: immunoglobulin E; IL: interleukin; Kit: tyrosine kinase receptor Kit; R: receptor; TSLP: thymic stromal
lymphopoietin; UAS7: Weekly Urticaria Activity Score.

Table 3. Breakthrough treatments for chronic spontaneous urticaria (CSU): small molecules.

Drug Target Mechanism of Action Administration Response Clinical
Trial Phase References

Remibrutinib BTK
The inhibition of BTK, a key component

of FcεRI signaling in mast cells and
basophils, thereby reducing the release

of inflammatory mediators
like histamine.

Oral Rapid and sustained symptom control, good
safety profile in antihistamine-refractory CSU Phase III

NCT03926611,
NCT05114057

[23–25]

Rilzabrutinib BTK Oral
Results of the phase II studies are still

pending. However, given their mechanism of
action, which closely mirrors that of

remibrutinib, their potential effectiveness in
CSU seems likely.

Phase II NCT05107115

TAS 5315 BTK Oral Phase II NCT05335499
[26]

TLL-018 JAK1 The selective inhibition of JAK1,
reducing cytokine-driven inflammation. Oral

Despite being in the early phase of study, its
inhibitory effects on JAK 1 suggest it could be

a promising therapeutic option for CSU.
Phase I NCT06396026

Povorcitinib JAK1, JAK2,
TYK2

The inhibition of JAK1, JAK2, and TYK2,
disrupting cytokine signaling. Oral

Although the results of the phase I and II
studies are still pending, their broad spectrum

of action makes these molecules
appear promising.

Phase II NCT05373355
NCT05936567

EP 262 MRGPRX2 The block of MRGPRX2 (the non-IgE
mast cell receptor) Oral

Given the emerging role of MRGPRX2 in CSU
pathophysiology, blocking this receptor makes

the drug a highly promising candidate,
although the results from the phase II trial are

still pending.

Phase II NCT06077773

BTK: Bruton tyrosine kinase; FcεRI: high-affinity receptor for the fragment crystallizable region of immunoglobulin
E; JAK: Janus kinase; MRGPRX2: Mas-related G protein-coupled receptor X2; TYK: tyrosine kinase.

Here, we review the current and potential treatments for CSU based on the latest
understanding of its pathogenesis. The therapeutic approaches are categorized according
to the mechanisms of action of the different drugs: blocking mast cell mediators, inhibiting
mast cell activation, silencing mast cells, depleting mast cells, targeting shared enzymatic
pathways (Figure 1), and possibly using miscellaneous immunosuppressants.
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Figure 1. Mechanisms of action of currently used and potentially effective drugs in chronic
spontaneous urticaria treatment.BTK: Bruton tyrosine kinase; C5aR: C5 a receptor; CD200 R:
CD 200 receptor; FcεRI: high-affinity receptor for the fragment crystallizable region of immunoglobu-
lin E; IL: Interleukin; IL 4R: interleukin 4 receptor; IL 5R: interleukin 5 receptor; IL 31RA: interleukin
31 receptor A; JAK: Janus kinase; Kit: tyrosine kinase receptor Kit; LT: leukotriene; mAb: mono-
clonal antibody; MRGPRX2: Mas-related G protein–coupled receptor X2; OSMRβ: Oncostatin-M
specific receptor subunit beta; PAR2: Protease activated receptor 2; PG: prostaglandins, PGD2R:
Prostaglandin D receptor; Siglec-8: Sialic acid-binding Ig-like lectin 8; SHIP 1: Src homology 2 (SH2)
domain containing inositol polyphosphate 5-phosphatase 1; SYK: Tyrosine-protein kinase SYK; ST2:
suppression of tumorigenicity 2; TNF: tumor necrosis factor; TSLP: thymic stromal lymphopoietin.

Search Methodology

The PubMed and Google Scholar databases were screened using ‘chronic spontaneous
urticaria’ and ‘treatment’, examining research published between 1990 and 2024. We also
searched the ClinicalTrials.gov database for recent and ongoing randomized clinical trials
in CSU using the keyword “chronic spontaneous urticaria”.

BTK: Bruton tyrosine kinase; C5aR: C5 a receptor; CD200 R: CD 200 receptor; FcεRI:
high-affinity receptor for the fragment crystallizable region of immunoglobulin E; IL:
interleukin; IL 4R: interleukin 4 receptor; IL 5R: interleukin 5 receptor; IL 31RA: interleukin
31 receptor A; JAK: Janus kinase; Kit: tyrosine kinase receptor Kit; LT: leukotriene; mAb:
monoclonal antibody; MRGPRX2: Mas-related G protein-coupled receptor X2; OSMRβ:
oncostatin M-specific receptor subunit beta; PAR2: protease-activated receptor 2; PG:
prostaglandins, PGD2R: prostaglandin D receptor; Siglec-8: sialic acid-binding Ig-like lectin
8; SHIP 1: Src homology 2 (SH2) domain containing inositol polyphosphate 5-phosphatase
1; SYK: tyrosine-protein kinase SYK; ST2: suppression of tumorigenicity 2; TNF: tumor
necrosis factor; TSLP: thymic stromal lymphopoietin.

2. Mast Cell Mediators Blockage
2.1. Second-Generation H1-Antihistamines

The use of SgAHs is the first step in the treatment of CSU [1]. Their mechanism
of action involves the highly selective blockade of peripheral H1 receptors (a G protein-
coupled receptor—GPCR), preventing the histamine effectives of vasodilation and an
increase in vascular permeability [27,28]. The blockade of peripheral H1 receptors occurs
through inverse regulation, achieved by positioning a common phenyl group within the
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hydrophobic cavity [28]. Secondary ligand-binding sites in H1R, characterized by several
polar residues, are novel targets which could be effectively blocked using optimized
derivative groups [28].

The molecules most used to treat CSU are as follows: ebastine, bilastine, loratadine,
desloratadine, rupatadine, cetirizine, and levocetirizine [1]. Compared to first-generation
antihistamines, these drugs have a better therapeutic profile, selectively blocking peripheral
histamine receptors, which leads to fewer side effects such as sedation and anticholinergic
effects [29].

The choice between various antihistamines in CSU treatment often depends on the
patient’s profile and preferences, as there is no conclusive clinical evidence demonstrating
significant differences in terms of their efficacy [30–32]. However, a recent Indian study
found that bilastine caused a more significant reduction in the mean total symptom score
(MTSS) and pruritus scale within one week of administration compared to cetirizine.
Moreover, bilastine had fewer sedative side effects than cetirizine, making it a preferable
option for many patients [33]. Another study compared bilastine, fexofenadine, and
levocetirizine in terms of treating CSU. At week 4, bilastine demonstrated a statistically
significant improvement in urticaria symptoms compared to levocetirizine (p < 0.05).
Additionally, bilastine enhanced the quality of life (QoL) of patients, as measured by the CU-
Q2oL questionnaire (p < 0.05), significantly more than both fexofenadine and levocetirizine.
Bilastine was also associated with significantly lower somnolence compared to fexofenadine
and levocetirizine, even after up-dosing (p < 0.05). Regarding adverse events, bilastine
had the fewest, with the most common being sedation, headache, nausea, and fatigue [34].
These findings are further supported by another study, showing a significant reduction in
UAS7 scores in subjects treated with bilastine compared to those treated with levocetirizine
(p = 0.03) [35].

In the case of standard doses of sgAHs lacking efficacy, guidelines allow the use of up
to fourfold standard doses [1]. Studies have demonstrated the safety and efficacy of off-label
high-dose sgAH therapy, including the use of bilastine, cetirizine, desloratadine, ebastine,
fexofenadine, levocetirizine, and rupatadine, at doses up to four times the recommended
daily amount [36–41]. However, increased doses of sgAHs are associated with a higher risk
of somnolence compared to standard doses (relative risk of 3.28; 95% confidence interval
of 1.55–6.95; p = 0.002) [42]. Typically, a 2-week period is sufficient to assess the effects of
antihistamine adjustments in CSU treatment [43]. Approximately 61% of CSU patients do
not respond to standard licensed doses of sgAHs. Of these non-responders, only about 63%
benefit from an increased dose [36]; the others can benefit from a therapeutic step up with
regard to omalizumab.

2.2. Histamine Human Immunoglobulin

Histamine human immunoglobulin (histaglobulin, a combination of human normal
immunoglobulin and histamine dihydrochloride that elicits the production of histamine-
binding antibodies) is going to be studied in China. The study is currently not yet recruiting
and will start in March 2025. The study should be closed by the end of 2025. A preliminary
prospective study carried out in India found that the weekly subcutaneous administration
of histaglobulin was able to reduce the UAS7 scores by >80% after 8 weeks and 45% of
patients attained a complete remission without relevant side effects. [44]. A more recent
case report confirmed these observations [45].

2.3. Leukotriene Receptor Antagonists

Leukotriene receptor antagonists (LRAs) block cysteinyl leukotrienes, which are potent
pro-inflammatory mediators [46]. The potential role of LRAs in the treatment of CSU was
described for the first time in 2000 in a case report [47]. This study reported that NSAID-
induced exacerbations in a patient with CSU were successfully prevented with montelukast
(10 mg once a day for 3 weeks) and zafirlukast (20 mg twice daily for 3 weeks) treatment.

The effectiveness of LRAs was further investigated one year later by the same group [48]
in a 12-patient sample with steroid-dependent CSU. The team administered montelukast,
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10 mg, once a day or zafirlukast, 20 mg, twice daily for 3 weeks. One patient was excluded
because of intolerance (severe headache) and 6/11 patients reached the remission stage.

In a single-blind, placebo-controlled, and crossover clinical study in 2002, montelukast
treatment outcomes were superior to placebo outcomes [49].

An Indian double-blind, randomized, and controlled trial published in 2017 [50]
compared treatment with 10 mg of levocetirizine to treatment with a combination of 5 mg
of levocetirizine and 10 mg of montelukast. Both therapies were effective in terms of disease
control, but the addition of montelukast was useful in terms of reducing the dosage of
cetirizine and its side effects, such as dizziness. Other studies reported the usefulness of
montelukast as an added therapy [51,52].

In contrast to the studies mentioned, there is evidence that indicates the absence
of an advantage of treating with LRAs compared to treating with antihistamines in a
monotherapy setting [53,54].

Finally, a case report described a paradoxical exacerbation of CSU in a patient under
treatment with antihistamines and montelukast [55].

In a systematic review considering 10 randomized controlled trials, no significant
adverse effects or change in laboratory were observed in patients treated with LRAs [46].

2.4. Anti-Cytokine Therapies
2.4.1. Canakinumab

Canakinumab is a human anti-IL-1 beta monoclonal antibody that is currently ap-
proved by the European Medicines Agency for treating periodic fever syndromes, Still’s
disease, and gouty arthritis. In fact, IL-1beta plays a role in the pathogenesis of neutrophilic
diseases. Moreover, many periodic fever syndromes can lead to cutaneous manifestations,
such as urticaria. [56]. A phase II randomized double-blind placebo-controlled single-center
study [57] investigated the efficacy of canakinumab compared to a placebo. Canakinumab
was administered subcutaneously at a dosage of 150 mg once at baseline, but after 4 weeks,
it was not superior to the placebo, suggesting the limited relevance of IL-1beta in the
pathophysiology of CSU.

2.4.2. Mepolizumab

Mepolizumab is a monoclonal antibody, targeting IL-5, that is approved for use
in severe eosinophilic asthma, chronic rhinosinusitis with nasal polyposis, eosinophilic
granulomatosis with polyangiitis, and hypereosinophilic syndrome. Since IL-5 appears
to play an important role in CSU, mediating eosinophil migration to the skin during the
period of active disease [58,59], this cytokine could be a new therapeutic target.

Two case reports, the first one including one patient and the second one, more recent,
including three asthmatic patients with CSU, described the achievement of complete
symptom resolution following mepolizumab treatment, with UCT scores reaching 15 after
the first dose and symptom-free periods extending for up to six months [20,59]. Moreover, a
phase I trial is currently underway to evaluate mepolizumab’s effectiveness in treating CSU
(NCT03494881). There are still no data available on urticaria treatment with mepolizumab,
which has shown a good safety profile for the treatment of other diseases.

2.4.3. Reslizumab

Reslizumab is a monoclonal antibody targeting IL-5 approved for use in severe
eosinophilic asthma. In a case report, it demonstrated significant effectiveness treating
asthma, CSU, and cold urticaria [19].

2.4.4. Secukinumab

Patients with CSU showed elevated serum levels of IL-17 and IL-23, which have been
associated with disease activity, and a positive autologous serum skin test, an indicator of
autoimmune CSU (aiCSU) [60]. Additionally, IL-17A expression was significantly higher
in both lesional and non-lesional skin of CSU patients compared to the skin of healthy
controls, where IL-17A expression was minimal or absent [61]. The preliminary findings
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indicated that all eight patients with antihistamine-resistant and omalizumab-resistant
CSU who were treated with the anti-IL-17A mAb, secukinumab, experienced significant
improvements in disease activity. In particular, the reduction in disease activity, assessed
by UAS7, was 55% at 30 days and 82% at 90 days [61].

2.4.5. Tildrakizumab

Since serum levels of IL-23 are increased in CSU patients, the anti-IL-23 mAb tildrak-
izumab has been administrated to treat patients with CSU refractory to omalizumab. Good
control of the disease was obtained after four weeks in two out of three CSU patients.
After 90 days, the overall reduction in disease activity from the baseline values ranged
from 19% to 75% [62].

2.4.6. Vixarelimab

Vixarelimab, a human mAb that targets the beta subunit of the oncostatin M receptor,
inhibits the signaling pathways of IL-31 and oncostatin M, both of which contribute to
pruritus. Vixarelimab has been successfully used in prurigo nodularis [63] and is currently
undergoing a phase II trial to assess its efficacy in CSU (NCT03858634).

3. Inhibition of Mast Cell Activation
3.1. Anti IgE
3.1.1. Omalizumab
Mechanism of Action

Omalizumab, a humanized monoclonal anti-IgE antibody, was initially developed to
treat allergic respiratory disorders like asthma. It works by binding free IgE to the binding
site of the high-affinity receptor for the fragment crystallizable region of immunoglobulin
E (FcεRI) [43], preventing IgE from attaching to FcεRI on mast cells and halting the im-
munological cascade. In vitro experiments with basophils demonstrate that omalizumab is
able to detach IgE from high-affinity IgE receptors [64]. Its potential for treating CSU was
recognized in 2005 [65,66]. Phase II studies confirmed omalizumab’s efficacy for autoaller-
gic CSU, particularly in patients with IgE autoantibodies to thyroperoxidase [67]. While
the exact mechanism in CSU is not fully understood, omalizumab reduces free IgE levels
and downregulates FcεRI expression in skin cells and basophils [68,69]. Other contributing
mechanisms may include changes in mast cells, autoantibodies, coagulation abnormalities,
and inflammatory cytokine levels [70,71]. Patients with type IIb autoimmunity, character-
ized by IgG and IgM antibodies that act against IgE receptors, experience more severe CSU
and respond less effectively to omalizumab [72].

Clinical Response

The efficacy of omalizumab in treating CSU is supported by several phase III studies,
including ASTERIA I, ASTERIA II, and GLACIAL [73–75]. These studies confirmed that
omalizumab significantly outperformed placebos in terms of reducing urticaria activity
and itch severity in patients aged 12–75 with moderate to severe CSU unresponsive to H1-
antihistamines [76]. A meta-analysis of seven randomized controlled trials validated these
findings, showing significant reductions in itch and wheal scores, particularly administering
a 300 mg dosage every four weeks [77]. Additionally, the phase III trials highlighted that
omalizumab increased the proportion of angioedema-free days [78].

Omalizumab is both well tolerated and effective across different patient populations,
including children, adolescents, and older adults [79–83]. Despite CSU being more preva-
lent in females, both sexes respond similarly to omalizumab treatment, although relapses
are more common in males [84]. The phase III POLARIS study [85] also demonstrated sig-
nificant decreases in itch severity for omalizumab compared to placebos in patients affected
by CSU with an inducible component [86]. Furthermore, there is limited information on
omalizumab’s use in pregnant subjects with cancer or those undergoing treatment with
other biological therapies [87,88].
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Omalizumab significantly improves QoL, sleep, sexual function, anxiety, and work
productivity in CSU patients, as demonstrated by patient-reported outcomes, which are
assessed by UAS7 and the Urticaria Control Test (UCT) [89–94]. The phase IV SUNRISE
and EXTEND-CIU studies show that disease control is achieved by week 12 (assessed by
the UCT and UAS7), with sustained improvements in various patient-reported outcomes
for 48 weeks [95–97].

Additionally, omalizumab benefits patients with CSU and angioedema, as evidenced
by the X-ACT study [98,99]. However, more research is needed to assess its effectiveness
treating isolated angioedema.

The response to omalizumab varies among patients, who can be classified into four
categories: ‘early responders’ (ER), who experience a swift and comprehensive recovery
within less than one month; ‘late responders’ (LR), who show complete improvement
only after several months of therapy; ‘partial responders’ (PR), who exhibit some improve-
ment but not a complete response; and ‘non-responders’ (NR), who do not respond at
all [100–102]. Kaplan et al. [101] found a median time to complete response of 8–10 weeks
with 300 mg of omalizumab, but responses occurred at times ranging from the first injection
to up to 24 weeks. About half of the non-responders at week 12 responded by week 24.
Early responders showed a rapid decrease in IgE and basophil FcεRI levels.

The treatment plans depend on the initial response. Non-responders and partial
responders may need up-dosing and re-evaluation after three months, while good respon-
ders might benefit from lower dosing after 3–6 months [103]. Several studies found that
up-dosing (to 450 mg or 600 mg, or at an increased frequency) is safe and effective in up
to 60% of refractory patients, especially those with angioedema, basophil activation, high
BMI values, prior cyclosporin treatment, greater ages, lower UCT scores, associate chronic
inducible urticaria (CIndU), or lower IgE levels [104–107]. However, such an approach is
not allowed in all countries by regulatory agencies.

A Korean group of researchers found that a low dose of omalizumab (150 mg/month)
is effective at managing chronic spontaneous urticaria (CSU), offering a cost-effective option
in settings where higher doses are not feasible due to financial constraints. Better responses
to low-dose omalizumab treatment were observed in patients with mild disease activity,
the absence of atopic comorbidities, and current smoking status [108].

About 50% of CSU patients achieve long-term remission (over 4 years) after one to
two courses of omalizumab [109]. However, relapse can occur, particularly in those with
high baseline UAS score or slow symptom decrease [110]. A retrospective cohort study
conducted in Poland found that relapses commonly occurred within the first 6 weeks after
discontinuing omalizumab treatment, with each additional point gained in terms of the
UAS7 score increasing the risk of relapse by 5.4% [111]. Fortunately, re-treatment is as
effective as the initial treatment, as shown in a study where 88% of patients re-treated after
relapse regained control [112].

Furthermore, another therapeutic strategy is to extend the dosing interval in respon-
ders in which this seems to help with discontinuation [113].

Predictors of Response

The most reliable predictor of omalizumab response in CSU is the total IgE level [100,114–120].
Studies consistently show that non-responders typically have low baseline total IgE levels. These
are typically lower than 40 IU/mL, and in some cases lower than 20 IU/mL. Early responders
generally have IgE levels above 70 IU/mL. Ertas et al. [114,121] demonstrated that the best
predictor of the response is the ratio of week 4 IgE levels to baseline IgE levels. Non-responders
had a significantly lower ratio than partial and complete responders. This finding was supported
by the work of Esteves Caldeira et al. [122]. Another predictor of a good response to omalizumab
is the presence of elevated sFcεRI serum levels [115,123,124]. In a recent paper, Ji et al. found
increased levels of Gal-9+ eosinophils and basophils in patients with high disease activity and
a good response to omalizumab treatment. Omalizumab effectively reduces these levels in
responders, suggesting that Gal-9+ cells may serve as predictors of treatment response [125].
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Other response indicators include serum omalizumab trough levels [126], eosinopenia [127],
antinuclear antibodies [128], and IL-31 [115,116].

A poor response was associated with basophil CD203c activity [129], higher anti-FcεRI
IgG autoantibody levels [130], psychiatric disease, and thyroid antibodies [131]. Patients
with poor or delayed responses to omalizumab often have a type IIb autoimmune form
of CSU, characterized by IgG autoantibodies targeting IgE or its receptor (FcεRI) on mast
cells. This leads to persistent cell activation and histamine release, which omalizumab may
not adequately suppress, as its primary mechanism targets free IgE. [132,133].

Predictors of relapse after stopping omalizumab treatment include high IgE levels,
high initial UAS7 scores, and an early response to treatment [110,114,116].

Safety

Omalizumab has demonstrated excellent safety over 20 years of various uses and
dosages [134], as confirmed by both clinical trials and real-world studies [135]. A meta-
analysis of 67 real-world studies indicated a 4% adverse event rate, matching the safety
profile observed in clinical trials [136]. Nine-year long-term data showed no increase in
side effects with extended omalizumab use [137,138]. Reports of anaphylaxis are very rare,
with incidences between 0% and 0.09%, which are lower than the rates seen with most other
biologics [139]. The US FDA reported more severe anaphylaxis cases in asthma patients
than in those with urticaria [140,141].

The safety of omalizumab was further supported by a recent multinational cohort
study that analyzed its long-term effectiveness and safety in treating chronic urticaria
across 14 centers in 10 countries. The study involved 2325 patients and revealed an overall
drug survival rate of 76% at 1 year, decreasing to 39% at 7 years. The primary reason for
discontinuation was well-controlled disease (65%) [142]. However, a minority of patients
discontinued treatment due to a lack of efficacy; in these cases, current guidelines suggest
immunosuppressive therapy, with cyclosporin being the most commonly used.

3.1.2. Ligelizumab

Ligelizumab is a second-generation anti-IgE monoclonal antibody, with 50 times
higher affinity for IgE than omalizumab. It was developed for patients with CSU who
were unresponsive to standard treatments. Initial studies showed that it provided rapid
and effective relief with a long-lasting effect [143,144]. However, phase III trials (PEARL-1
and PEARL-2) were halted because ligelizumab, while superior to the placebo, did not
significantly outperform omalizumab. The safety was consistent with that seen in previous
studies [144].

3.1.3. UB-221

UB-221 binds to IgE with high affinity, preventing IgE from interacting with the
FcεRI receptor on mast cells and basophils. Additionally, UB-221 can bind to the IgE that
is already bound to the CD23 receptor on B cells. This interaction promotes the CD23-
mediated downregulation of IgE production. Unlike omalizumab, UB-221 can freely bind
to CD23-bound IgE and form complexes with CD23, enhancing its ability to reduce IgE
synthesis and the overall IgE levels in the body [22]. Based on the results of the phase I
study (NCT03632291), UB-221 was well tolerated without serious adverse events. Currently,
a phase II study is recruiting patients (NCT05298215).

3.1.4. Miscellaneous Drugs Targeting IgE

Quilizumab, a monoclonal antibody targeting membrane-bound IgE, did not show any
visible improvement in patients with CSU [145]. Another drug, UCB8600, was investigated for
use treating CSU patients (NCT04444466), but the study was terminated by the company for
reasons unrelated to safety. Furthermore, the IgE-Trap protein (YH35324), which has a high
affinity for serum-free IgE, is currently being investigated in a phase I trial (NCT05960708)
involving patients with chronic spontaneous urticaria (CSU) and cold urticaria.
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3.2. Dupilumab

Dupilumab is a monoclonal antibody that blocks the alpha subunit of the interleukin-4
(IL-4) and interleukin-13 (IL-13) receptors, thereby inhibiting their signaling pathways.
It is currently indicated for the treatment of type 2 inflammatory conditions such as atopic
dermatitis, asthma, and chronic rhinosinusitis with nasal polyposis. Dupilumab’s effi-
cacy in treating CSU was demonstrated in the placebo-controlled phase 3 clinical trial,
LIBERTY-CSU CUPID Study A. This study investigated 138 biologic-naïve patients with
CSU refractory to antihistamines and observed a significant reduction in UAS7, pruritus,
and urticaria at week 24 [16]. These findings are also supported by a real-life study on
33 patients affected by CSU and treated with dupilumab [17]. However, another phase
3 study including 83 patients refractory to omalizumab, LIBERTY-CUPID Study B, was
discontinued due to a lack of efficacy as it did not achieve statistical significance for the
primary endpoints [16]. Additional papers have described a total of 25 patients with
refractory CSU who responded positively to dupilumab [146–159].

Furthermore, by targeting B cells and reducing IgE levels, which in turn affects IgE
receptor expression, dupilumab has shown potential in modifying the course of CSU.
A case report indicated that 67% of patients maintained the remission of CSU for up to
22 months after discontinuing therapy with dupilumab [160]. These findings underscore
the potential of dupilumab as a disease-modifying treatment in CSU [15]. The safety results
were generally consistent with the known safety profile of dupilumab in its approved
dermatological indications, with no differences with the placebo group [16].

3.3. Benralizumab

Benralizumab, a monoclonal antibody targeting the IL-5 receptor, has shown potential
in treating CIndU, as evidenced by a case report where a patient with severe chronic symp-
tomatic dermographism benefited from the treatment [21,161]. Although preliminary study
results were promising, the drug demonstrated limited efficacy in a placebo-controlled
randomized clinical trial, leading to the discontinuation of the development program
(NCT04612725). Furthermore, a case report showed that in some cases, benralizumab can
worsen CSU, although the exact mechanism behind this remains unclear [162].

3.4. Tezepelumab

Thymic stromal lymphopoietin (TSLP), an epithelial cell-derived cytokine, plays a
critical role in initiating type 2 inflammation through both innate and adaptive immune
pathways. Tezepelumab, an anti-TSLP mAb, has been shown to be safe, well tolerated,
and effective in improving asthma control, also reducing the incidence of exacerbation
and hospitalization in patients with severe asthma [163]. Increased levels of Th2-initiating
cytokines, including TSLP, have been observed in the lesional skin of CSU patients [164].
A phase II trial of Tezepelumab for CSU has been completed (NCT04833855), with results
pending publication.

3.5. MRGPRX2 Antagonists

Mas-related G protein-coupled receptor X2 (MRGPRX2) overexpression was observed
in allergic and skin diseases, as CSU [165], and its downregulation in human or mice mast
cells, leads to a reduction in mast cells degranulation [166]. MRGPRX2 is an important
non-IgE-mediated pathway for mast cell activation and a potential therapeutic target for
CSU [167,168]. Moreover, a recent study proposed that serum MRGPX2 may be a potential
biomarker reflecting CSU activity, especially in naïve patients [169].

Some novel small molecules, designed through a computational approach and target-
ing MRGPRX2, were reported in a study published in 2023 [170]. In particular, the effects of
the novel MRGPRX2 antagonists were assessed in vitro and in vivo using a mouse model of
acute allergy and systemic anaphylaxis. It was observed that the small molecules inhibited
both the early and the late phases of mast cell activation.
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The therapeutic potential of MRGPRX2 antagonists was confirmed in a recent study [171]
in which the molecules were tested on multiple functional assays in cell lines overexpressing
human MRGPRX2, including isolated skin mast cells.

Two highly selective small molecule antagonists of MRGPRX2 are in trials for chronic
spontaneous urticaria (EVO756, phase 1; EP262, phase 2 NCT06077773) and chronic in-
ducible urticaria (EP262, phase 1b NCT06050928), but the results are still pending.

3.6. Complement Pathway Inhibitors

Another promising therapeutic target is the C5a/C5aR pathway. In CSU, the degranu-
lation of mast cells by IgG autoantibodies requires them to bind to the IgE receptor and
the activation of the classical complement cascade [172,173]. Another source of comple-
ment activation is the extrinsic coagulation pathway, which operates via the production of
complement C5a, acting on the C5a receptor (C5aR) present on mast cells. Experimental
studies have confirmed that the process may be inhibited by the C5aR antagonist, W-54011;
however, studies in humans are still lacking to date [13,172].

4. Mast Cell Silencing
Lirentelimab

Lirentelimab is a monoclonal antibody that targets the receptor of sialic acid-binding
immunoglobulin-like lectin-8 (Siglec-8) on eosinophils and mast cells. Its effect leads to the
depletion of eosinophils via apoptosis and the silencing of mast cells [173]. In preliminary
clinical studies, lirentelimab showed improved disease control in both omalizumab-naïve
and omalizumab-refractory patients with CSU, as well as in patients with CIndU. These im-
provements were assessed by the evaluation of the increases in UCT and UAS7 score [174].
However, in January 2024, the company announced that the primary endpoints of the
phase II CSU trial were not met, and further development of the drug is unlikely [174,175].

5. Mast Cell Depletion
5.1. Barzolvolimab

The main regulators of mast cell biology are the tyrosine kinase receptor Kit (CD117),
which is highly expressed by mast cells, and its ligand stem cell factor (SCF). The bond be-
tween the two molecules leads to the differentiation, chemotaxis, maturation, and survival
of mast cells [176,177]. By preventing SCF from binding to Kit, the critical survival signals
cease, and the mast cell undergoes apoptosis.

Barzolvolimab (CDX-0159) is a humanized immunoglobulin G1 kappa (IgG1κ) mon-
oclonal antibody that binds to the extracellular domain of Kit with high specificity and
sub-nanomolar affinity, preventing the activation by SCF [178].

It was demonstrated that mice deficient in either Kit or SCF [179] and patients under
treatment with imatinib [180], a tyrosine kinase inhibitor, have significantly reductions
in mast cell burden. Then, Alvarado et al. in 2022 demonstrated that barzolvolimab
(CDX-0159) induces mast cell suppression [178].

A single-center, open-label phase 1b study (NCT04548869; EUDRA-CT 2020-002792-
35 [18]) in 2022 presented preliminary results concerning the tolerability and the effec-
tiveness of barzolvolimab in the treatment of chronic inducible urticaria. Adults between
18 and 75 years of age with a diagnosis of cold-induced urticaria or spontaneous dermo-
graphism for ≥3 months were included. A single dose of 3 mg/kg of barzolvolimab was
administered intravenously on day 1 with a 12-week follow up. The drug exhibited a
terminal half-life of 20.1 ± 7.1 days. No severe adverse event was detected; however, hair
color changes (areas of hair lightening) and infusion-related reactions were often observed.
All patients saw an improvement by week 12 in terms of disease control (UCT, TempTest®,
FricTest®), quality of life (DLQI), serum parameters (tryptase, SCF) and histopathological
features (mast cells in non-lesional skin). The trial is still ongoing, and the results will be
available once the study is complete.
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Two global phase 3 trials (randomized, double-blind, placebo-controlled) are still ongo-
ing, investigating the efficacy, safety, and tolerability of barzolvolimab in adult participants
with CSU (EMBARQ-CSU 1 and 2 [NCT06445023; NCT06455202]).

5.2. Briquilimab

Briquilimab (JSP191) is an unconjugated, aglycosilated anti-cKit monoclonal antibody
that functionally blocks the interaction between cKit and SCF. The studies in phase 1b/2a
SPOTLIGHT (NCT06353971) and BEACON (NCT06162728) are investigating the effect of
subcutaneous Briquilimab in adults with cold urticaria and chronic spontaneous urticaria,
respectively. Results are expected at the end of 2025.

6. Inhibition of Mast Cell Common Enzymatic Pathways
6.1. Bruton Tyrosine Kinase Inhibitors

Bruton tyrosine kinase (BTK) is a central player in the pathogenesis of CSU due to
its critical role in FcεRI-mediated signaling, which is essential for mast cell and basophil
activation. BTK facilitates the downstream signaling required for the activation and degran-
ulation of these cells, leading to the release of inflammatory mediators like histamine, which
contribute to CSU symptoms [26,181]. Additionally, BTK is involved in B-cell receptor
(BCR) signaling, which is crucial to the production of autoantibodies by B cells [26].

By inhibiting BTK, it is possible to block both the FcεRI and BCR signaling pathways,
thereby targeting the two key mechanisms driving CSU [26]. This finding makes BTK
inhibitors promising therapeutic options for patients with antihistamine-refractory CSU.

BTK inhibitors (BTKis) are employed to treat several inflammatory and autoimmune
conditions, as well as in cancer treatment [182]. Early-generation BTK inhibitors, like
ibrutinib, were developed to treat B-cell malignancies but had limitations due to off-target
effects and safety concerns (e.g., atrial fibrillation and bleeding) [26,183–185]. Newer BTK
inhibitors, such as remibrutinib and fenebrutinib, are more selective, offering improved
safety profiles while retaining efficacy [186]. Four oral BTKis—fenebrutinib, remibrutinib,
rilzabrutinib, and TAS5315—have been or are currently being evaluated for use in chronic
urticaria [26].

6.1.1. Fenebrutinib

Fenebrutinib, a potent and highly selective reversible BTKi, has been shown to block
IgE-mediated histamine release from mast cells in vitro [181]. In a recent double-blind,
placebo-controlled phase II trial, fenebrutinib was effective in reducing disease activity in
patients with sgAH-resistant CSU [187]. The drug was generally well tolerated, though
some patients experienced reversible grade 2 to 3 alanine aminotransferase/aspartate
transaminase (ALT/AST) abnormalities, particularly at higher doses. These findings
were consistent across studies in rheumatoid arthritis and lupus patients as well [188,189].
The potential role of fenebrutinib in CSU was supported by Metz et al. [187]; however, the
follow-up study (NCT03693625) was discontinued [190].

6.1.2. Remibrutinib

Remibrutinib (LOU064), a novel, irreversible, and covalent BTKi, has demonstrated
high selectivity and potency for BTK inhibition [26]. In phase II studies, remibrutinib
showed good clinical efficacy and a favorable safety profile in patients with sgAHs-
refractory CSU across a dose range of 10 to 200 mg daily [23]. The 25 mg twice-daily
dose was particularly effective compared to placebos, reducing itching and hives as early
as the first week of treatment, with effects sustained through week 12. Phase III trials
confirmed these findings, meeting all primary and secondary endpoints and demonstrating
rapid symptom control with a good safety profile [24,25]. Thus, remibrutinib appears to be
a promising new treatment option for patients with sgAH-refractory CSU.
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6.1.3. Rilzabrutinib

Rilzabrutinib, a reversible, covalent, and selective BTKi, has shown efficacy and good
tolerability in clinical trials for several autoimmune disorders, including chronic immune
thrombocytopenia [26,191]. Its activity in CSU has been evaluated in a phase II trial
(NCT05107115), although the results are not yet available.

6.1.4. TAS5315

TAS5315, another highly potent and selective BTKi, has also been evaluated for treat-
ment CSU in a phase II trial (NCT05335499), but, similarly, the results are still pending [26].

6.2. JAK-STAT Inhibitors

In the attempt to downregulate the expression of pro-inflammatory cytokines, some
preliminary studies have considered employing JAK/STAT inhibitors in CSU treatment.

The Janus kinase–signal transducer and activator of transcription (JAK-STAT) is an
intracellular pathway involved in the signaling of many inflammatory cytokines and
other effector molecules. The JAK family of kinases includes JAK1, JAK2, JAK3, and
tyrosine kinase 2 (Tyk2) [192]. JAK inhibitors are small molecules with anti-inflammatory
and immunomodulatory properties that are currently employed to treat autoimmune
and chronic inflammatory conditions [192]. Tofacitinib, a JAK1/3 inhibitor, caused a
reduction in symptoms in four patients with CSU and was well tolerated [193]. Additionally,
ruxolitinib, which inhibits JAK1/2, has also demonstrated efficacy in CSU treatment [194].
Ongoing investigations include TLL-018, a dual JAK1/Tyk2 inhibitor, and povorcitinib,
a JAK1 inhibitor, both of which are being evaluated in phase I and II studies for CSU
(NCT06396026, NCT05373355, and NCT05936567).

7. Miscellaneous Immunosuppressants
7.1. Corticosteroids

Systemic corticosteroids act as anti-inflammatory and immunomodulatory molecules.
In particular, they diffuse passively across the cellular membrane and bind to the intracel-
lular glucocorticoid receptor-creating complex, which is then translocated into the nucleus.
This complex, binding to DNA sequences called glucocorticoid-responsive elements (GREs),
blocks the promoter sites of pro-inflammatory genes (e.g., activator protein-1 and nuclear
factor κB) [195] and those of the synthesis of cytokines [196]. On the other hand, it recruits
sequences coding for anti-inflammatory molecules (e.g., lipocortin I and p11 and calpactin-
binding protein) [197,198]. Moreover, glucocorticoids inhibit the secretion of inflammatory
cytokines by affecting post-translational events [199].

According to the most recent European guidelines [1], systemic corticosteroids are a
symptomatic short-term therapy, and they should not represent a first-line option. In par-
ticular, the appropriate dosage in adults should be between 20 and 50 mg/d of prednisone,
the equivalent of up to 10 days of treatment. This regimen should be considered a rescue
therapy for acute urticaria and should be used for acute exacerbations of CSU to reduce
the disease duration/activity [200,201]. The main reasons for limiting therapy to the acute
phase are the long-term side effects associated with corticosteroids, such as skin thinning,
striae, hypertension, hirsutism, immunosuppression, hyperglycemia, osteoporosis, obesity,
impaired wound healing, and mood disorders [197]. Moreover, there is a lack [202,203] of
randomized controlled trials.

Finally, it should be mentioned that, according to evidence in the French literature, the
administration of systemic corticosteroids for the treatment of CSU as first-line treatment
induces resistance to anti-H1 and a rebound effect at each interruption [204,205].

7.2. Cyclosporin

Cyclosporin is a cyclic undecapeptide derived from a fungus, Tolypocladium inflatum,
and is widely used as an anti-inflammatory and immunosuppressant. In particular, it acts
by inhibiting the calcineurin/NFAT pathway and the JNK and p38 signaling pathway [206].
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The vast majority of studies concerning the efficacy of cyclosporin in the treatment of
CSU date back to the introduction of omalizumab in order to find a long-term treatment for
patients who are refractory to antihistamines in monotherapy [207–209].

According to the most recent European urticaria guidelines [1], cyclosporin, with a
dosage of 3.5–5 mg/kg per day [208,210], is reserved for patients who have not responded
to high doses of SgAHs and omalizumab [211,212].

It was reported that cyclosporin, in association with cetirizine, is significantly more ef-
fective than placebos and cetirizine alone in reducing the severity of CSU after 8 weeks [213].

Cyclosporin is considered effective, and its safety is dose-dependent. It cannot be
considered a first-line treatment because of its side effects, such as hypertension, nephro-
toxicity, dyslipidemia, electrolytes alterations, hypertrichosis, higher rates of infection and
neoplastic risk, and gingival hyperplasia [214].

In one study, patients that responded well to cyclosporine had high CRP levels before
the treatment [215]; on the other hand, another study reveals that there are no positive
predictive factors [210].

In 2020, Maoz Segal et al. [216] proposed the use of an intensified protocol with
omalizumab plus an immune-suppressive agent to treat patients refractory to one of these
drugs when used in monotherapy. The immunosuppressor most commonly combined with
omalizumab in the protocol was cyclosporin. The authors concluded that an association
protocol is safe and effective for recalcitrant CSU and may be indicated in patients with
low baseline IgE levels.

7.3. Traditional Immunosuppressors/Immunomodulators Other than Cyclosporin

Although the evidence from publications is scarce, clinical experience suggests that
traditional immunosuppressants other than cyclosporine, such as azathioprine, methotrexate,
dapsone, hydroxychloroquine, and mycophenolate mofetil, may be useful in certain contexts.

Since omalizumab has drastically modified treatment paradigms for CSU, the use of
traditional immunosuppressors is currently limited to cases refractory to multiple therapies.
However, they still have an important role in developing countries due to their low cost.

7.3.1. Azathioprine

Azathioprine acts as immunosuppressor through inhibition in intracellular purine
synthesis, which results in decreased numbers of circulating B and T lymphocytes, reduced
immunoglobulin synthesis, and diminished interleukin 2 (IL-2) secretion [217].

Azathioprine was found to be effective at a dosage of 150 mg/day in 2 patients [218]
affected by CSU resistant to other immunosuppressors. Moreover, its efficacy, at a dosage
of 50 mg/day, was confirmed in a single-blind randomized control trial in patients with
autologous serum skin test-positive CSU [219]. Finally, in 2019, a randomized prospective
study on 80 antihistamine-refractory patients concluded the non-inferiority of azathioprine
compared to cyclosporin [220].

The most common side effects of azathioprine at the doses typically used in the
treatment of rheumatic diseases include gastrointestinal intolerance and bone marrow
suppression [217].

7.3.2. Methotrexate

Methotrexate is an antimetabolite agent, highly similar to folic acid, that targets critical
folate-dependent enzymatic steps in the de novo synthesis of purines and pyrimidines,
resulting in a reduction in circulating leukocytes [221].

A systematic review published in 2022 [222] concluded that methotrexate may be
a therapeutic agent in recalcitrant or steroid-dependent cases of CSU, but there is no
evidence of its superiority to other first-line molecules, in particular antihistamines [223].
Methotrexate might be considered a further option in omalizumab-resistant patients [224]
and can be used in combination with omalizumab itself [225]. Regarding what is reported
in the literature, the maximal dose of methotrexate in CSU treatment is 25 mg/week [222].
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The main side effects of methotrexate are gastrointestinal and hematologic toxicity,
which can be controlled by a small amount of folic acid supplementation [226].

7.3.3. Dapsone

Dapsone is an antibiotic that is effective in leprosy infection but also effective in skin
inflammatory conditions interfering with the migration of neutrophils.

Dapsone has been described as effective [227–229] and superior to antihistamines
in monotherapy [230]. In a double-blind placebo-controlled study, dapsone administra-
tion, at a dosage of 100 mg/day, saw superior results to placebos in patients that failed
antihistamine treatment [231].

The most important side effects are hematologic; in particular, there is an augmented
metahemoglobine level [232].

7.3.4. Hydroxychloroquine

Hydroxychloroquine is an antimalaric drug commonly used as an immunomodulator
and is anti-inflammatory when used in several autoimmune diseases [233].

In 2017, Boonpiyathad et al. [234]. conducted a randomized single-blinded placebo-
controlled trial and an open-label comparison study to investigate the efficacy of hydrox-
ychloroquine, administered at a dosage of 400 mg/day, in the treatment of antihistamine-
refractory CSU. They reported the efficacy of hydroxychloroquine and its superiority to place-
bos and leukotriene receptor antagonist if added to the fourfold dose of H1-antihistamines.
A real-world retrospective study in 2022 [235] investigated the effectiveness of the add-on
therapy with omalizumab and hydroxychloroquine in patients refractory to antihistamines.
The authors concluded that although omalizumab was superior, hydroxychloroquine was
effective in two-thirds of treated patients and should be considered as a safe add-on option in
monotherapy for CSU patients refractory to antihistamines.

The main adverse effect is retinopathy and for this reason patients treated with hy-
droxychloroquine should be periodically monitored [233].

7.3.5. Mycophenolate Mofetil

Mycophenolate mofetil is a prodrug of mycophenolic acid which inhibits the enzyme
inosine-5′-monophosphate dehydrogenase, leading to lymphocyte-selective immunosup-
pression [236].

The use of mycophenolate mofetil in CSU is mentioned in the literature by a few
studies. In an open-label, uncontrolled trial [237], nine patients affected with CSU who were
poorly responsive to antihistamines and/or corticosteroids were successfully treated with
mycophenolate mophetil at a dosage of 1000 mg twice daily. The efficacy of mycophenolate
mofetil (at the initial dose of 500 mg twice daily with progressive increments) was confirmed
in another retrospective study in 2012 [238]. Although the adverse effect profile of MMF is
comparatively benign, gastrointestinal adverse effects are a major concern [239].

7.3.6. Rituximab

Rituximab is a chimeric murine/human monoclonal antibody against CD20 that has
been investigated by a few authors for the treatment of selected recalcitrant CSU patients.
The available data are contradictory. In some cases, rituximab was effective [240–243],
while it was ineffective in others [244]. Moreover, in one case, rituximab triggered urticaria
in a young patient treated for pemphigus vulgaris [245].

In conclusion, a high level of evidence concerning the use of rituximab in urticaria is
lacking and it should be highlighted that its main side effect consists of long-term deep
immunosuppression.

7.3.7. Tranexamic Acid

Tranexamic acid is a synthetic derivative of lysine capable of inhibiting the conversion
of plasminogen into plasmin. It is commonly used as an anti-hemorrhagic drug. The ratio-
nale for the use of tranexamic acid in the treatment of CSU comes from the evidence that
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the disease is often characterized by the activation of the coagulation cascade as well as
fibrinolysis, with often high levels of D-dimer. A pilot study conducted on 68 patients in
2010 [246] reported that an elevated D-dimer level was associated with a more severe dis-
ease and with resistance to antihistamines. In this study, 5/8 cases with elevated D-dimer
showed marked improvements regarding tranexamic acid in association with nadroparin.

The data concerning the correlation between D-dimer level, disease severity, and
resistance to conventional therapies were confirmed by an Indian retrospective study in
2021 [247]. Nausea and diarrhea are the most common adverse events [248].

8. Conclusions

Chronic spontaneous urticaria (CSU) is a complex, long-lasting disease that signif-
icantly impacts on patients’ quality of life. In this review, we present a comprehensive
overview of CSU treatments, including evidence on both established drugs and new promis-
ing molecules that have been the subject of preliminary studies. We also discuss therapies
that, despite being linked to CSU’s pathomechanisms, have not demonstrated significant
clinical outcomes.

Currently, omalizumab remains the best treatment option for most patients, represent-
ing a revolution that has dramatically improved disease outcomes and patients’ quality
of life. No treatment currently surpasses omalizumab in terms of efficacy and tolerability.
At present, only antihistamines and omalizumab are approved for the treatment of CSU,
with no additional approved options available for patients resistant to omalizumab.

Traditional immunosuppressants and immunomodulators may be considered in cases
where first-line therapy fails, either as alternatives or for use in combination with other
treatments. However, these drugs tend to be less well tolerated compared to antihistamines
and omalizumab.

The key pathways in chronic spontaneous urticaria are mast cell activation and degran-
ulation, leading to the release of mediators like histamine, which causes itching, redness,
and swelling. In addition to autoimmunity, autoallergy, the complement system, and
coagulation, with the participation of other cells such as eosinophils, endothelial cells,
basophils, B lymphocytes, T lymphocytes, and monocytes, mast cell activation potentially
involves additional mechanisms. The role of epithelial-derived alarmins, which activate the
group 2 innate lymphoid cells (ILC2 cells), promoting TH2 cytokines and allergen-specific
IgE, thus triggering mast cell activation, is under investigation. Targets for current and
future therapies include key receptors (FcεRI, C5aR, MRGPRX2), signaling pathways (BTK,
SYK), and mediators (IL-4, IL-17, IL-31).

Among the molecules targeting various pathogenic pathways currently under study,
the emerging drugs are represented by BTKis, like remibrutinib; monoclonal antibodies
targeting IL-4 and IL-13, such as dupilumab; and anti-Kit agents, such as barzolvolimab,
JAK inhibitors, and MRGPRX2 antagonists (Tables 2 and 3). If these findings are confirmed,
they may lead to the introduction of new disease-modifying drugs.
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