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Abbreviations used

BTK: Bruton’s tyrosine kinase

CIU/CSU: Chronic idiopathic/spontaneous urticaria

CIndU: Chronic inducible urticaria

UAS: Urticaria activity score
Chronic idiopathic/spontaneous urticaria (CIU/CSU) causes
significant impairments in quality of life and is often
unresponsive to antihistamines. Although the anti-IgE mAb
omalizumab has been an important addition to the therapeutic
armamentarium for the management of patients with CSU,
there are still a significant percentage of patients who do not
respond to the combination of antihistamines and omalizumab.
As a result, additional treatments are needed. With the
expanding knowledge of the pathogenesis of CSU and the role of
mast cells, novel therapeutic agents targeting unique pathways
important in CSU are in development. This review focuses on
the rationale behind, and results of, novel therapies trialed in
CSU. (J Allergy Clin Immunol 2022;150:1256-9.)

Key words: Urticaria, biologics, mast cells

Chronic idiopathic/spontaneous urticaria (CIU/CSU) leads to
symptoms that can significantly affect patient’s quality of life and
lead to both work and school impairment. Current guidelines
indicate that second-generation antihistamines at up to 4-fold
licensed doses should be used as first-line therapy.1 However,
many patients do not respond or do not achieve an acceptable
level of control of symptoms despite high-dose antihistamines.
In addition, patients with CSU are often not treated in accordance
with guidelines and in some cases receive treatments that are dele-
terious including first-generation antihistamines and prolonged
oral corticosteroids.2-4 Thus, there is a need to not only follow
clinical guidelines for the management of CSU but also to
develop newer therapies that can effectively treat patients unre-
sponsive or poorly responsive to high-dose second-generation an-
tihistamines. Biologic therapies provide a therapeutic option that
directly affects some of the key pathogenic mechanisms involved
in CSU. This review will briefly outline the effects of biologics
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and other novel therapies for the treatment of CSU (Fig 1). The
information for this review was based on a search of
clinicaltrials.gov, pubmed.gov, and press releases from the com-
panies sponsoring the research.
ANTI-IgE mAbs
Omalizumab

The anti-IgE mAb omalizumab has been approved by the
United States Food and Drug Administration for the treatment of
CSU in patients 12 years and older since 2014. Clinical guidelines
recommend omalizumab as the next-step treatment for patients
refractory to antihistamines.1 Pivotal studies of patients with CSU
on concomitant antihistamines showed that at 24 weeks, more
than 50% exhibited complete resolution of their hives and
improvement in quality-of-life scores.6-8 Omalizumab has also
been shown to improve coexisting angioedema. Some positive
predictors of clinical response to omalizumab include higher
baseline levels of serum IgE and basophil FcεRI expression, older
age, shorter disease duration, concomitant chronic inducible urti-
caria (CIndU), negative histamine release test result, and lack of
concomitant angioedema.9,10 In patients with autoantibodies, the
clinical response to omalizumab can be delayed.9 Omalizumab
has also demonstrated efficacy in various forms of CIndU.11 Oma-
lizumab has not been demonstrated to induce long-term disease
remission nor is it effective in all patients. Thus, there is a signif-
icant unmet need for safe and more effective treatments that can
lead to cure or long-term remission.

In addition to omalizumab, there are omalizumab biosimilars
in development. CT-P39 is in phase 3 trial for CSU
(NCT04426890).
Ligelizumab
Ligelizumab is a second-generation anti-IgE mAb that has an

approximately 40-fold higher affinity for IgE and a slower
offloading time. Ligelizumab led to better responses than placebo
and omalizumab in a phase 2 CSU trial.12 Recently completed
phase 3 trials in CSU showed that ligelizumabwas superior to pla-
cebo, but not omalizumab.13 As a result, further development of
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FIG 1. Biologics and sites of action for CSU. The figure depicts biologics under investigation for CSU and

their putative sites of action. OSM, Oncostatin M; SCF, stem cell factor; Siglec-8, sialic acid–binding

immunoglobulin-like lectin 8; TSLP, thymic stromal lymphopoietin. Adapted from Kolkhir et al.5
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ligelizumab for CSU has been halted. Ligelizumab is being eval-
uated as a monotherapy for food allergy (NCT04984876).
UB-221
UB-221 is a humanized IgG1 mAb that targets IgE. It has a

binding affinity 8-fold higher than that of omalizumab. In addition
to lowering IgE levels and FcεRI expression, UB-221 downregu-
lates IgE synthesis by stabilization of membrane-bound CD23 on
B lymphocytes.14 United BioPharma, the manufacturer of UB-
221, has completed one study (NCT03632291) and is planning
several others to determine the safety, pharmacokinetics, and
pharmacodynamics of this anti-IgE mAb administered intrave-
nously to patients with CSU. No results have been published to
date.
ANTI–IL-4a mAb
Dupilumab

The importance of TH2-hi inflammation and IL-4 and IL-13 in
CSU has been demonstrated in a number of studies. Dupilumab
blocks the IL-4a receptor, resulting in the inhibition of both IL-
4 and IL-13 signaling, providing a clear rationale for its potential
use to treat CSU.15

A case series described 6 patients with a history of CSU with
comorbid atopic dermatitis who failed on omalizumab and were
subsequently treated with dupilumab.15,16 The authors reported
improvement in urticaria in all 6 patients. In 5 of 6 patients, there
was either complete resolution of urticaria (Urticaria Activity
Score [UAS] 5 0) or UAS less than 3 was achieved at 3 months
on dupilumab. Dupilumab phase 3, randomized, double-blind,
placebo-controlled, multicenter, parallel-group studies
(NCT04180488) for the treatment of moderate to severe CSU in
patients who remain symptomatic despite the use of antihista-
mines who are naive to omalizumab (CUPID Study A) or who
are omalizumab-intolerant or incomplete responders to omalizu-
mab (CUPID Study B) have been completed. Preliminary results
from CUPID Study A showed that dupilumab demonstrated clin-
ically and statistically significant efficacy at week 24, compared
with standard-of-care antihistamines alone.17 The results of
CUPID Study B have not been published, but a recent press
release indicated that the dupilumab study in patients with
CSU,whowere refractory to omalizumab, will stop because of fu-
tility based on a prespecified interim analysis. Although positive
numerical trends in reducing itch and hives were observed, the re-
sults from the interim analysis did not demonstrate statistical sig-
nificance for the primary end points.18
BRUTON’S TYROSINE KINASE INHIBITORS
Bruton’s tyrosine kinase (BTK) is a cytoplasmic tyrosine

kinase and is expressed in cells of the adaptive and innate immune
systems including B cells, macrophages, mast cells/basophils,
and platelets. BTK is essential for signaling through FcεR1. Inhi-
bition of BTK leads to inhibition of mast cell and basophil activa-
tion/degranulation and allergen-induced airway responses.19,20

Therefore, BTK inhibition is a potential therapeutic option for
mast cell–dependent diseases, including CSU.



TABLE I. Novel biologics for the treatment of CSU

Anti-IgE mAbs

Omalizumab

CT-P39

Ligelizumab

UB-221

Anti–IL-4a mAb

Dupilumab

BTK inhibitors

Remibrutinib

Rilzabrutinib

Fenebrutinib

C-kit inhibitor

CDX-0159

Antitryptase mAb

MTPS9579A

Anti-OSMRb mAb

Vixarelimab (KPL-716)

Anti–Siglec-8 mAb

Lirentelimab (AK002)

Anti–IL-5 mAb
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The BTK inhibitor remibrutinib was recently evaluated in a
multicenter, randomized, double-blind, placebo-controlled phase
2b dose-finding study with 311 patients with CSU who were
inadequately controlled by antihistamines (NCT03926611). Pre-
liminary results from this trial showed that remibrutinib treatment
led to significant improvements in UAS7 compared with placebo
at weeks 4 and 12 and had a favorable safety profile across all
tested doses.21 Three phase 3 trials of remibrutinib for the treat-
ment of patients with CSUwho are inadequately controlled by an-
tihistamines are currently recruiting (NCT05048342,
NCT05032157, and NCT05030311).

A phase 2 trial with another BTK inhibitor, rilzabrutinib, is
currently enrolling (NCT05107115).

Finally, fenebrutinib resulted in dose-dependent improvements
in UAS7 at week 8 occurring at 200mg twice daily and 150mg
daily, but not at 50mg daily versus placebo. However, asymp-
tomatic, reversible grade 2 and 3 liver transaminase elevations
occurred in the fenebrutinib 150-mg daily and 200-mg twice-
daily groups.22
Mepolizumab

Anti–IL-5Ra mAb

Benralizumab

Anti–IL-1b mAb

Canakinumab

Anti-TSLP mAb

Tezepelumab

OSM, Oncostatin M; Siglec-8, sialic acid–binding immunoglobulin-like lectin 8.
c-KIT INHIBITOR
CDX-0159 is a humanized IgG1 kappa mAb that specifically

binds the extracellular dimerization domain of c-KIT (CD117)
and inhibits activation by its ligand, stem cell factor.23 Because
mast cells are key effector cells in urticaria and require the activa-
tion of the KIT receptor and its ligand stem cell factor for differ-
entiation, maturation, and survival, targeting mast cells with the
anti–c-KIT antibody CDX-0159 could provide a novel therapeu-
tic option for patients with CSU and CIndU. A single dose of
CDX-0159 (3 mg/kg) resulted in a rapid and complete response
in 95% of patients with CIndU refractory to antihistamines
including in patients who had received omalizumab previously
and was sustained for a median duration of approximately 2
months. This clinical benefit was accompanied by a rapid and du-
rable depletion of skin mast cells and serum tryptase. Hair color
changes (greying) and taste disorders consistent with inhibiting
KIT signaling in other cell types were reported.24 There are
several phase 2 studies beginning with CDX-0159 for both
CSU and CIndU.
ANTITRYPTASE mAb
MTPS9579A is a full-length humanized IgG4 antibody that

binds with high affinity to tryptase, thereby inhibiting tryptase
activity by irreversibly dissociating the active tetramer into
inactive monomers. Inhibiting tryptase with MTPS9579A is
anticipated to block skin inflammation and pruritus secondary
to mast cell degranulation. Tryptase-induced pruritus is
proteinase-activated receptor-2–dependent.25 A phase 2, multi-
center, randomized, double-blind, placebo-controlled pilot and
dose-ranging study of MTPS9579A in participants with refrac-
tory CSU (NCT05129423) has recently been initiated in the
United States.
ANTI–ONCOSTATIN M Rb mAb
Vixarelimab

Vixarelimab, KPL-716, simultaneously inhibits 2 cytokines IL-
31 and oncostatin M, by targeting their common receptor subunit,
oncostatin M Rb. This fully human mAb is being trialed in
pruritic diseases including CSU. A recently completed study
(NCT03858634) assigned participants to active treatment or pla-
cebo in 5 individual disease-specific cohorts: CIU (n 5 4),
chronic idiopathic pruritus (n5 14), lichen planus (n5 3), lichen
simplex chronicus (n 5 4), and plaque psoriasis (n 5 14). There
were trends for improvement, but the numbers for CIU were too
small to draw definitive conclusions.
ANTI–SIALIC ACID–BINDING
IMMUNOGLOBULIN-LIKE LECTIN 8 mAb
Lirentelimab

Lirentelimab (AK002) is a humanized non-fucosylated IgG1
mAb directed against sialic acid–binding immunoglobulin-like
lectin 8, a member of the CD33-related family of sialic acid–
binding immunoglobulin-like lectins. Siglec 8 is an inhibitory
receptor that is primarily expressed on mature eosinophils and
mast cells, with low expression on basophils. Engagement by
lirentelimab can simultaneously inhibit mast cell activation and
trigger apoptosis of eosinophils. In phase II trials, lirentelimab
improved response in both omalizumab-naive patients and
omalizumab-resistant patients. It has demonstrated efficacy in
symptomatic dermatographism and cholinergic urticaria as
well.26 Lirentelimab is also being studied for eosinophilic gastro-
intestinal disorders and atopic dermatitis.
OTHER AGENTS CURRENTLY IN DEVELOPMENT
Other mAbs on the horizon for CSU include anti–IL-5 and

anti–IL-5R agents such as mepolizumab and benralizumab,
respectively, canakinumab (anti–IL-1b), and the thymic stromal
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lymphopoietin inhibitor tezepelumab.27 The IL-5 blockers have
shown promising early results,28,29 but canakinumab failed to
show efficacy in a small proof-of-concept trial.30
CONCLUSIONS
Because omalizumab is the only Food and Drug

Administration–approved option to treat CSU, it is currently the
preferred choice. Patients who fail omalizumab may benefit from
other agents with different mechanisms of action. However, this
remains to be proven because omalizumab failures treated with
dupilumab, for example, did not improve. Moreover, other anti-
IgE mAbs, such as ligelizumab, have not proven to be more
effective than omalizumab. Thus, although there are many
biologics in clinical development for the treatment of CSU and
CIndU (Table I), it remains to be determined whether these op-
tions will prove more effective than omalizumab and/or capable
of relieving symptoms in omalizumab therapeutic failures while
having a safety profile at least as good as omalizumab. The chal-
lenge will be to define specific phenotypes and corresponding en-
dotypes with point-of-care biomarkers, which can lead to more
targeted therapies.
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