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ABSTRACT

Chronic spontaneous urticaria (CSU) is characterized by typically short-lived and fleeting 
wheals, angioedema or both, which occur spontaneously and persist for longer than 6 weeks. 
This term is applied to the most common subtype of chronic urticaria. The underlying 
pathophysiology for CSU involves mast cell and basophil degranulation with release of 
histamine, leukotrienes, prostaglandins and other inflammatory mediators. Although 
a variety of treatments exist, many patients do not tolerate or benefit from the existing 
therapies and even require more effective treatments. Omalizumab is currently the only 
licensed biologic for antihistamine-refractory CSU, and novel drugs are under development. 
This article reviews its current status regarding pathogenesis and approach to treatment as 
well as therapeutic agents that are under development for the treatment of CSU.

Keywords: Chronic urticaria; pathophysiology; biologics

INTRODUCTION

Chronic urticaria (CU) is characterized by wheals, angioedema or both for longer than 6 
weeks. CU can be further divided into chronic spontaneous urticaria (CSU) and chronic 
inducible urticaria (CIndU). CSU is defined by the absence of a specific trigger to skin lesions, 
whereas CIndU indicates that lesions are activated by a specific stimulus (e.g., symptomatic 
dermographism, cold urticaria, delayed pressure urticaria, solarurticaria, heat urticaria, 
vibratory angioedema, cholinergic urticaria, contact urticaria or aquagenic urticarial).1 
The annual prevalence of CU is 0.5% to 2.3%, and its lifetime prevalence is 1.8% across 
several countries.2-5 CU has a negative impact on patients' quality of life, with the presence 
of angioedema often leading to further impairment.6,7 About 40% of patients with CSU have 
episodes of angioedema or deeper swelling of dermal or mucosal tissues, whereas 10% have 
angioedema as their primary manifestation.8 CU is a self-limited disorder in most cases, 
with an average duration of 2 to 5 years.9 In patients in whom no trigger is identified, a rate 
of spontaneous remission at 1 year is approximately 30% to 50%.10,11 However, 20% of the 
patients suffer from CU for more than 5 years.12
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In this article, we will focus on treatment targets and new therapies that are in use or under 
investigation for the treatment of CSU.

PATHOPHYSIOLOGY

Understanding the pathophysiology of CSU is important for identifying potential targets 
for new therapies. The underlying pathophysiology of CSU involves mast cell and basophil 
degranulation with release of histamine, leukotrienes, prostaglandins (PGs) and different 
inflammatory mediators. Mast cell mediators other than histamine (platelet-activating factor, 
leukotrienes, PGs and cytokines) can also be involved and pronounced cellular infiltrates, 
including basophils, lymphocytes and eosinophils, are observed.13 The wheal is characterized 
by edema, mast cell degranulation and a perivascular mixed infiltrate composed of 
predominantly CD4+ lymphocytes, monocytes, neutrophils, eosinophils and basophils, 
similar to an allergen-mediated late-phase reactions.14 The cytokine profile is characterized 
by increases in interleukin (IL)-4, IL-5 and interferon-gamma, which is suggestive of a mixed 
type 1 T helper (Th1)/type 2 T helper (Th2) response.14-16 Cytokines, which promote a Th2 
profile of inflammation (IL-33, IL-25 and thymic stromal lymphopoietin), are increased in 
the dermis of lesional skin, but not non-lesional skin.17 Compared to healthy skin, vascular 
markers and eosinophil/neutrophil infiltration are increased in lesional skin, whereas 
eosinophils and microvascular changes are also present in uninvolved skin.18

Mast cells
Mast cells are derived from bone marrow CD34+, CD117+ (Kit), CD13+ pluripotent progenitor 
cells that mature under the local environment of the tissues into which they migrate.19 
Immunological staining of tissues have revealed 2 types of human mast cells characterized by 
their neutral protease content: mast cells which are tryptase-positive but chymase-negative 
(MCT) and mast cells which are both tryptase- and chymase-positive (MCTC).20 MCT are 
found typically at mucosal tissues, such as the intestine, lung and nose, are T-lymphocyte 
dependent and are increased in number in allergic disease.21 In contrast, the development 
of MCTC is independent of lymphocytes and they are located primarily in the skin and 
gastrointestinal submucosa.22 MCTC account for more than 99% of the mast cells in the 
dermis of both lesional skin and non-lesional skin of patients with CSU.22 There are mixed 
data as to whether skin mast cell numbers are increased in CSU skin. Some studies show 
increased mast cell number in CSU patients,15,18,23 whereas others do not find an increase in 
mast cells in either lesional or non-lesional skin in comparison to the skin of healthy control 
subjects.22,24,25 Total serum tryptase levels, an indirect measure of total body mast cell number, 
are slightly elevated in subjects with CSU compared to both healthy and atopic subjects, but are 
still within the normal range.26 However, CSU patients reporting extracutaneous symptoms 
along with hives have higher tryptase levels than those with only cutaneous symptoms.27 
Mast cell releasability, as assessed by compound 48/80-induced histamine responses via 
skin chambers, has been shown to be increased in patients with CSU as compared to healthy 
controls and this enhanced releasability resolves with CSU remission.24,28

Immunoglobulin E (IgE)-dependent stimulation leads to degranulation of both subtypes, but 
MCTC can also be activated by IgE-independent mechanisms. Recently, levels of Mas-related 
gene X2, a novel G protein-coupled receptor expressed on human mast cells that binds basic 
proteins, including compound 48/80, are known to be increased in the skin mast cells of 
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patients with CSU.25,29 It has also been noted that CD34+ culture-derived mast cells of subjects 
with CSU spontaneously release histamine upon sensitization by IgE.30

Basophils
Basophils also appear to be involved in the pathogenesis of CSU. Basophils have IgE receptors 
and are able to produce histamine and cytokines, such as IL-4, IL-13 and IL-31, in response 
to IgE-receptor activation.31,32 A unique feature noted in patients with active CSU is that an 
inverse correlation between blood basophil number and CSU activity has been reported in 
several investigations, suggesting that basophils are recruited from the bloodstream into 
urticarial skin lesions during active CSU disease.33-36 Another unique feature is that basophils 
of active CSU patients show alterations in IgE-receptor-mediated histamine degranulation 
that can be divided into 2 equal subsets: CSU responders (CSU-Rs) and CSU nonresponders 
(CSU-NRs).37 CSU-R basophils have a histamine degranulation profile similar to that of 
healthy subjects, whereas basophils of nonresponding patients do not degranulate to ex vivo 
IgE-receptor activation and possess elevated levels of the IgE-receptor regulating inhibitory 
phosphatases Src homology 2 domain-containing inositol 5-phosphatase (SHIP)-1 and SHIP-
2. These 2 functional phenotypes are stable in active disease, are independent of the presence 
of autoimmune serum factors and also reflect differences in some clinical features.38,39 A 
recent study monitoring CD63 induction after IgE-receptor activation of CSU basophils has 
confirmed the existence of these 2 functional phenotypes.40

Improvements in both basopenia and basophil IgE-receptor abnormalities are seen in 
natural remission of CSU and point to basophils as an important contributor to disease.36,39 
At present, recruitment pathways for basophils to skin lesions in CSU are unknown, but the 
prostaglandin D2 (PGD2) pathway via the chemoattractant receptor homologous molecule 
expressed on the Th2 cell (CRTH2) receptor is implicated.41 Blood basophil activation in 
CSU is further supported by elevated activation marker expression that is independent of 
autoimmune factors.42,43 Evidence from phase III clinical trials of omalizumab therapy in 
CSU shows that improvement in basopenia occurred in relation to the degree of clinical 
improvement and dose of omalizumab.44 In addition, low levels of baseline IgE and basophil 
IgE receptors have been linked to poorer response to omalizumab.45-47 Taken together, these 
lines of evidence support a role for basophils in CSU disease expression.

Autoimmunity
Autoimmunity is believed to be one of the frequent causes of CSU. Type I (IgE to 
autoallergens) and Type II (IgG autoantibodies to IgE or high-affinity IgE receptor [FcεRI]) 
autoimmunity have been implicated in the etiology and pathogenesis of CSU.48 Recently, a 
large-scale study screening autoreactive IgE in the serum of patients with CSU identified IL-
24 as a common, specific, functional autoantigen of IgE antibodies detected in a majority of 
CSU serum.49 Also, higher IgE-anti-IL-24 values were associated with higher disease activity. 
In addition, the past reports of elevated IgG to thyroid antigens had been forwarded as 
elevated in subjects with CSU.50,51 While recent data confirm elevated anti-thyroid peroxidase 
IgE in CSU, there is also evidence of such IgE antibodies in subjects with autoimmune thyroid 
disease and healthy controls.52 The absence of skin symptoms in the latter 2 groups raise 
concerns of specificity for auto-IgE in CSU disease.

In addition, the persistent presence of autoantigens does not easily explain the waxing and 
waning nature of skin lesions or the locations of eruptions.53 The clinical relevance of these 
autoantibodies remains elusive because current therapies, such as omalizumab, seem to work 
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regardless of whether or not patients manifest these autoantibodies.54-56 According to a recent 
study, the frequency of functional IgG autoantibodies to IgE or FcεRI in subjects without 
CSU is near zero, whereas it is only 7% in those with CSU.57 This study used more stringent 
criteria than past studies to define sera autoreactivity. This included the use of selective 
inhibitors of the IgE pathway on donor basophils to verify that CSU serum-induced histamine 
release was due to functional IgG antibodies as well as test that the CSU serum response was 
reproducible on multiple donors.

Therapeutics
Symptomatic therapy with H1-antihistamines is the mainstay of treatment for the vast 
majority of CU patients. Continuous use of H1-antihistamines in CU is supported not only by 
the results of clinical trials, but also by the mechanism of action of these medications. These 
drugs are inverse agonists with preferential affinity for the inactive state of the histamine 
H1-receptor and stabilize it in this conformation, shifting the equilibrium toward the inactive 
state.58,59 Current guidelines recommend modern second-generation H1-antihistamines as 
a first-line symptomatic treatment for CU and suggest up-dosing second-generation H1-
antihistamines up to 4-fold in patients with CU unresponsive to standard doses.1,60,61 Almost 
all guidelines recommend this method.1,60,61 Clinical studies support this method with 
higher doses of H1-antihistamines showing a higher efficacy in many patients.62-64 A recent 
meta-analysis confirmed that the rate of response to standard dosages of antihistamines in 
patients with CSU was 38.6% and that the proportion of nonresponding patients with CSU 
who responded to up-dosing was 63.2%.65 It is noteworthy that up-dosing improved mainly 
pruritus, but not wheal numbers.

In children, although steps 3 and 4 are different for each guideline, expert committees 
recommend a 4-step therapeutic approach as in adults.1,60,61 According to the guidelines, standard 
doses of second-generation H1-antihistamines are used for first-line treatment, and if they are not 
effective during the first 2–4 weeks, a second-line treatment is attempted. This involves raising the 
dose of second-generation H1-antihistamines 2- to 4-fold (weight and age adjusted).

In the treatment algorithm from the recent European Academy of Allergology and Clinical 
Immunology (EAACI)/Global Allergy and Asthma European Network (GA2LEN)/European 
Dermatology Forum (EDF)/World Allergy Organization (WAO) guideline,1 H2-antagonists and 
leukotriene receptor antagonists are not recommended because of the low level of scientific 
evidence. Other guidelines still recommend adding H2-antagonists or leukotriene receptor 
antagonists for step 2 or 3 therapy because of their safety and marginal efficacy.56,60,61,66 
They suggest a short course of oral corticosteroids in order to control hive exacerbations 
while attempting to adjust baseline medications intended to prevent recurrences. For acute 
urticaria and acute exacerbations of CSU, a short course of oral corticosteroids is treatment of 
a maximum of 10 days.1

The updated EAACI/GA2LEN/EDF/WAO guideline recommends the use of omalizumab 
(Xolair; Genentech/Novartis, South San Francisco, CA, USA) for patients unresponsive 
to H1-antagonists as step 3 therapy based on well-designed robust double-blind placebo-
controlled studies demonstrating its efficacy in CSU.67-69 Omalizumab binds to free IgE, which 
reduces free IgE levels and causes FcεRI receptors on basophils and mast cells to be down-
regulated.70,71 The timing for reduction of IgE receptors is much earlier for blood basophils 
than for skin mast cells. This difference in rates of IgE receptor down-regulation was first 
noted in allergic patients71 and has recently been confirmed in subjects with CSU.72 Potential 
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mechanisms for omalizumab benefits in CSU include reducing mast cell releasability, 
reversing basopenia and improving basophil IgE-receptor function, reducing activity of 
IgG autoantibodies against FcεRI and IgE, reducing activity of IgE autoantibodies against 
antigens or autoantigens that have yet to be definitively identified, reducing the activity of 
intrinsically ‘abnormal’ IgE, and decreasing in vitro coagulation abnormalities associated with 
disease activity.36,39,44,72-74 While omalizumab has been shown to markedly improve symptoms 
of CSU, its mechanism of action is not currently understood.

Novel therapies
Newer agents are emerging that may offer additional alternatives for CSU patients beyond 
antihistamines and omalizumab.

New anti-IgE
QGE031 (ligelizumab) is a humanized IgG1 monoclonal antibody that binds with higher 
affinity for the Cε3 domain of IgE. Compared to omalizumab, treatment with ligelizumab 
provided greater and longer suppression of free IgE, basophil FcεRI and basophil surface 
IgE.75 It also showed 6- to 9-fold greater suppression of skin prick test responses to allergen. 
These data suggest that ligelizumab may be more potent than omalizumab in the treatment 
of CSU. A multicenter, randomized, double-blind, placebo, active-controlled phase 2b 
dose-finding study of ligelizumab as add-on therapy to investigate the efficacy and safety 
in patients with CSU (NCT02477332) has been completed. This study aimed to establish 
the dose-response relationship of ligelizumab with respect to achievement of complete 
hive response in week 12 and select an appropriate dose, which is likely to be superior to 
omalizumab at the highest approved dose (300 mg every 4 weeks). There is also an on-going 
phase III multicenter, randomized, double-blind, active- and placebo-controlled, parallel-
group study, which has a 52-week double-blind treatment period, and a 12-week post-
treatment follow-up period. (NCT03580356).

Spleen tyrosine kinase inhibitors
Spleen tyrosine kinase (Syk) is an intracellular protein tyrosine kinase involved in the 
downstream signaling events of several immunoreceptors in a variety of cell types—B 
lymphocytes, mast cells and macrophages.76 Targeted immunoreceptors include the FcεRI 
which is expressed on both mast cells and basophils and is believed to contribute to the 
pathology of diseases such as CSU, and therefore pharmacological inhibition of this kinase 
could be of benefit. Syk is a promoter of histamine release and cytokine, leukotriene and PG 
synthesis, whereas SHIP-1 and SHIP-2 are inhibitors.77 In cultured MCs from CSU patients 
that displayed elevated histamine release upon anti-IgE stimulation, SHIP-2 was reduced and 
Syk was elevated.30

A Syk inhibitor (GSK2646264) is under investigation in a cream formulation in a 
randomized, double-blinded study to assess its safety, tolerability, pharmacodynamics and 
pharmacokinetics in healthy controls and patients with CSU (NCT02424799). This study 
was completed in November 2017, but the results have not yet been published. In vitro, 
GSK2646264 demonstrated consistent potency across assays relevant to the mechanism of 
Syk inhibition and good selectivity over a range of closely related kinases.78 Recently, in an ex 
vivo human skin study, GSK2646264 administered topically or directly to the dermis blocked 
histamine release from in situ skin mast cells.79
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Anti-sialic acid-binding immunoglobulin-like lectin-8
Sialic acid-binding immunoglobulin-like lectins (Siglecs) are a family of glycan-binding 
inhibitory receptors, and among them Siglec-8 is selectively expressed on human 
eosinophils, basophils and mast cells.80 Its activation on eosinophils leads to apoptosis, while 
on mast cells, its activation leads to inhibition of mediator response.81 AK002 is a humanized 
non-fucosylated IgG1 monoclonal antibody directed against Siglec-8. Treatment of healthy 
subjects showed AK002 (0.1–1.0 mg/kg) rapidly depleted blood eosinophils after a single dose 
for more than 2 weeks.82 An open-label, phase 2a, pilot study has evaluated the efficacy and 
safety of AK002 in patients with antihistamine-resistant CU (NCT03436797). The drug was 
given as monthly intravenous infusions at up to 3 mg/kg. This study showed 12 of 13 (92%) 
patients in omalizumab naïve CSU patients and 4 of 11 (36%) in omalizumab-refractory CSU 
patients achieved a complete response by Urticaria Control Test.83 The reduction rates of 
Urticaria Activity Score 7 were 75% and 49%, respectively.

Bruton's tyrosine kinase inhibitors
Bruton's tyrosine kinase (BTK) acts critically in signaling cascades in B-cell antigen receptor 
activation, in Fc receptor binding of immune complexes in myeloid cells, and some Toll-
like receptor signaling events in B cells, myeloid cells and dendritic cells.84 An oral BTK 
inhibitor (ibrutinib) was tested for effects on skin test responses and IgE-mediated basophil 
activation in adults with peanut or tree nut allergy. This study showed ibrutinib therapy can 
reduce both mast cell and basophil IgE activation within 2 days, but stopping therapy also 
leads to rapid reversal of inhibition.85 GDC-0853 (fenebrutinib) is a small, highly selective, 
orally administered inhibitor of BTK which is now being evaluated in an ongoing phase 
IIa, multicenter, randomized, double-blind, placebo-controlled pilot study in patients with 
refractory CSU (NCT03137069). Also, a phase II, multicenter, open-label extension study is 
now assessing the long-term safety and efficacy of fenebrutinib in participants with CSU who 
have completed the treatment period in a fenebrutinib CSU parent study (NCT03693625).

Anti-CRTH2
CRTH2 is a PGD2 receptor that has been reported to be overexpressed on eosinophils in 
patients with CSU.86 Oliver et al.41 suggested that the PGD2/CRTH2 pathway might be involved 
in the recruitment of basophils and eosinophils to CSU skin lesions. In contrast to the earlier 
study, they showed a reduction in CRTH2 levels on both basophils and eosinophils of active 
CSU patients.

AZD1981 (an oral, potent, selective, reversible antagonist of CRTH2) was investigated in 
patients with CSU who were refractory to H1-antihistamines.87 This short, 4-week, placebo-
controlled treatment study showed a greater benefit on itch scores compared to hives and 
provided evidence for the recruitment of eosinophils to the skin via the CRTH2 pathway.

Anti-IL-1
Recent findings suggest that IL-1β not only induces urticarial rashes in autoinflammatory 
diseases, but also plays a role in other allergy-related diseases such as bronchial asthma, 
contact hypersensitivity and atopic dermatitis.88 In addition to the dramatic improvement 
of urticarial rashes in autoinflammatory syndromes upon IL-1 blocking treatments, IL-1 
blocking therapies can also be effective in different types of urticaria including delayed 
pressure urticaria and cold urticaria.89,90
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Clinical trials are being conducted to elucidate the role of IL-1 inhibitors in CSU therapy, 
including a phase II randomized, double-blind, placebo-controlled, single-center study of 
canakinumab treatment in adult patients with moderate to severe CSU (NCT01635127).

Anti-IL-5
IL-5 induces the maturation, activation, and recruitment of eosinophils. Magerl et al.91 
reported that CSU patients exhibit significantly increased numbers of eosinophils in non-
lesional skin as compared to control subjects. However, IL-5 is increased in CSU skin 
lesions.18 There has been a recent case report on the successful use of mepolizumab (anti-IL-5 
monoclonal antibody) in patient with CSU. The efficacy of benralizumab (anti-IL-5 receptor 
alpha monoclonal antibody) is now being evaluated in a phase 4 study in CSU patients 
who are refractory to treatment with H1-antihistamines (NCT03183024). Another study is 
evaluating the efficacy of 100 mg subcutaneous injections of mepolizumab for a total of 5 
doses in CSU patients (NCT03494881).

Table shows potential targets and agents under development for use in the treatment of CSU.

CONCLUSIONS

The development and launch of novel agents for CSU are encouraging for the treatment of 
patients unresponsive to current treatments. As newer biological agents become available, 
we need to understand both the target and therapeutic mechanism in order to better select 
appropriate patients for these therapies. As the era of personalized treatment emerges, 
the best use for the newer agent will be achieved with a deeper understanding of both the 
phenotype and endotype of each CSU patient.

REFERENCES

 1. Zuberbier T, Aberer W, Asero R, Abdul Latiff AH, Baker D, Ballmer-Weber B, et al. The EAACI/GA2LEN/
EDF/WAO guideline for the definition, classification, diagnosis and management of urticaria. Allergy 
2018;73:1393-414. 
PUBMED | CROSSREF

 2. Balp MM, Vietri J, Tian H, Isherwood G. The impact of chronic urticaria from the patient's perspective: a 
survey in five European countries. Patient 2015;8:551-8. 
PUBMED | CROSSREF

476https://e-aair.org https://doi.org/10.4168/aair.2019.11.4.470

Emerging Therapies in Chronic Urticaria

Table. Novel agents in clinical trials for the management of chronic spontaneous urticaria
Target Agent Molecule Intervention Clinical trials identifier
IgE QGE031 (ligelizumab) Anti-IgE QGE031 SC every 4 weeks NCT02477332

NCT02649218
NCT03580356

Mast cell/basophil GSK2646264 Syk inhibitor Topical application twice daily NCT02424799
Mast cell/eosinophil AK002 Anti-Siglec-8 IV infusions at up to 3 mg/kg, monthly for 6 months NCT03436797
Mast cell/basophil GDC-0853 (fenebrutinib) BTK inhibitor Various doses orally, twice daily NCT03137069

200 mg orally, twice daily NCT03693625
Basophil/eosinophil AZD1981 CRTH2 antagonist 40 mg orally 3 times daily for 7 days NCT02031679
IL-1 Canakinumab Anti-IL-1 150 mg SC NCT01635127
Eosinophil Benralizumab Anti-IL-5Rα SC once a month for 3 months NCT03183024

Mepolizumab Anti-IL-5 100 mg SC, biweekly for a total of 5 doses NCT03494881
IgE, immunoglobulin E; SC, subcutaneous; Siglec, sialic acid-binding immunoglobulin-like lectin; IV, intravenous; BTK, Bruton's tyrosine kinase; CRTH2, 
chemoattractant receptor homologous molecule expressed on Th2 cells; Syk, spleen tyrosine kinase, IL, interleukin.

http://clinicaltrials.gov/ct2/show/NCT01635127
http://clinicaltrials.gov/ct2/show/NCT03183024
http://clinicaltrials.gov/ct2/show/NCT03494881
http://www.ncbi.nlm.nih.gov/pubmed/29336054
https://doi.org/10.1111/all.13397
http://www.ncbi.nlm.nih.gov/pubmed/26476961
https://doi.org/10.1007/s40271-015-0145-9
http://clinicaltrials.gov/ct2/show/NCT02477332
http://clinicaltrials.gov/ct2/show/NCT02649218
http://clinicaltrials.gov/ct2/show/NCT03580356
http://clinicaltrials.gov/ct2/show/NCT02424799
http://clinicaltrials.gov/ct2/show/NCT03436797
http://clinicaltrials.gov/ct2/show/NCT03137069
http://clinicaltrials.gov/ct2/show/NCT03693625
http://clinicaltrials.gov/ct2/show/NCT02031679
http://clinicaltrials.gov/ct2/show/NCT01635127
http://clinicaltrials.gov/ct2/show/NCT03183024
http://clinicaltrials.gov/ct2/show/NCT03494881


 3. Zuberbier T, Balke M, Worm M, Edenharter G, Maurer M. Epidemiology of urticaria: a representative 
cross-sectional population survey. Clin Exp Dermatol 2010;35:869-73. 
PUBMED | CROSSREF

 4. Lapi F, Cassano N, Pegoraro V, Cataldo N, Heiman F, Cricelli I, et al. Epidemiology of chronic 
spontaneous urticaria: results from a nationwide, population-based study in Italy. Br J Dermatol 
2016;174:996-1004. 
PUBMED | CROSSREF

 5. Lee N, Lee JD, Lee HY, Kang DR, Ye YM. Epidemiology of chronic urticaria in Korea using the Korean 
Health Insurance Database, 2010–2014. Allergy Asthma Immunol Res 2017;9:438-45. 
PUBMED | CROSSREF

 6. Kang MJ, Kim HS, Kim HO, Park YM. The impact of chronic idiopathic urticaria on quality of life in 
Korean patients. Ann Dermatol 2009;21:226-9. 
PUBMED | CROSSREF

 7. O'Donnell BF, Lawlor F, Simpson J, Morgan M, Greaves MW. The impact of chronic urticaria on the 
quality of life. Br J Dermatol 1997;136:197-201. 
PUBMED | CROSSREF

 8. Kaplan AP. Chronic urticaria: pathogenesis and treatment. J Allergy Clin Immunol 2004;114:465-74. 
PUBMED | CROSSREF

 9. Nebiolo F, Bergia R, Bommarito L, Bugiani M, Heffler E, Carosso A, et al. Effect of arterial hypertension 
on chronic urticaria duration. Ann Allergy Asthma Immunol 2009;103:407-10. 
PUBMED | CROSSREF

 10. Kozel MM, Mekkes JR, Bossuyt PM, Bos JD. Natural course of physical and chronic urticaria and 
angioedema in 220 patients. J Am Acad Dermatol 2001;45:387-91. 
PUBMED | CROSSREF

 11. Kulthanan K, Jiamton S, Thumpimukvatana N, Pinkaew S. Chronic idiopathic urticaria: prevalence and 
clinical course. J Dermatol 2007;34:294-301. 
PUBMED | CROSSREF

 12. Toubi E, Kessel A, Avshovich N, Bamberger E, Sabo E, Nusem D, et al. Clinical and laboratory parameters 
in predicting chronic urticaria duration: a prospective study of 139 patients. Allergy 2004;59:869-73. 
PUBMED | CROSSREF

 13. Vonakis BM, Saini SS. New concepts in chronic urticaria. Curr Opin Immunol 2008;20:709-16. 
PUBMED | CROSSREF

 14. Ying S, Kikuchi Y, Meng Q, Kay AB, Kaplan AP. TH1/TH2 cytokines and inflammatory cells in skin biopsy 
specimens from patients with chronic idiopathic urticaria: comparison with the allergen-induced late-
phase cutaneous reaction. J Allergy Clin Immunol 2002;109:694-700. 
PUBMED | CROSSREF

 15. Elias J, Boss E, Kaplan AP. Studies of the cellular infiltrate of chronic idiopathic urticaria: prominence of 
T-lymphocytes, monocytes, and mast cells. J Allergy Clin Immunol 1986;78:914-8. 
PUBMED | CROSSREF

 16. Caproni M, Giomi B, Volpi W, Melani L, Schincaglia E, Macchia D, et al. Chronic idiopathic urticaria: 
infiltrating cells and related cytokines in autologous serum-induced wheals. Clin Immunol 2005;114:284-92. 
PUBMED | CROSSREF

 17. Kay AB, Clark P, Maurer M, Ying S. Elevations in T-helper-2-initiating cytokines (interleukin-33, 
interleukin-25 and thymic stromal lymphopoietin) in lesional skin from chronic spontaneous 
(‘idiopathic’) urticaria. Br J Dermatol 2015;172:1294-302. 
PUBMED | CROSSREF

 18. Kay AB, Ying S, Ardelean E, Mlynek A, Kita H, Clark P, et al. Elevations in vascular markers and 
eosinophils in chronic spontaneous urticarial weals with low-level persistence in uninvolved skin. Br J 
Dermatol 2014;171:505-11. 
PUBMED | CROSSREF

 19. Kirshenbaum AS, Metcalfe DD. Growth of human mast cells from bone marrow and peripheral blood-
derived CD34+ pluripotent progenitor cells. Methods Mol Biol 2006;315:105-12.
PUBMED

 20. Irani AM, Schwartz LB. Mast cell heterogeneity. Clin Exp Allergy 1989;19:143-55. 
PUBMED | CROSSREF

 21. Otsuka H, Inaba M, Fujikura T, Kunitomo M. Histochemical and functional characteristics of 
metachromatic cells in the nasal epithelium in allergic rhinitis: studies of nasal scrapings and their 
dispersed cells. J Allergy Clin Immunol 1995;96:528-36. 
PUBMED | CROSSREF

477https://e-aair.org https://doi.org/10.4168/aair.2019.11.4.470

Emerging Therapies in Chronic Urticaria

http://www.ncbi.nlm.nih.gov/pubmed/20456386
https://doi.org/10.1111/j.1365-2230.2010.03840.x
http://www.ncbi.nlm.nih.gov/pubmed/26872037
https://doi.org/10.1111/bjd.14470
http://www.ncbi.nlm.nih.gov/pubmed/28677358
https://doi.org/10.4168/aair.2017.9.5.438
http://www.ncbi.nlm.nih.gov/pubmed/20523794
https://doi.org/10.5021/ad.2009.21.3.226
http://www.ncbi.nlm.nih.gov/pubmed/9068731
https://doi.org/10.1111/j.1365-2133.1997.tb14895.x
http://www.ncbi.nlm.nih.gov/pubmed/15356542
https://doi.org/10.1016/j.jaci.2004.02.049
http://www.ncbi.nlm.nih.gov/pubmed/19927539
https://doi.org/10.1016/S1081-1206(10)60360-2
http://www.ncbi.nlm.nih.gov/pubmed/11511835
https://doi.org/10.1067/mjd.2001.116217
http://www.ncbi.nlm.nih.gov/pubmed/17408437
https://doi.org/10.1111/j.1346-8138.2007.00276.x
http://www.ncbi.nlm.nih.gov/pubmed/15230821
https://doi.org/10.1111/j.1398-9995.2004.00473.x
http://www.ncbi.nlm.nih.gov/pubmed/18832031
https://doi.org/10.1016/j.coi.2008.09.005
http://www.ncbi.nlm.nih.gov/pubmed/11941321
https://doi.org/10.1067/mai.2002.123236
http://www.ncbi.nlm.nih.gov/pubmed/3491100
https://doi.org/10.1016/0091-6749(86)90240-X
http://www.ncbi.nlm.nih.gov/pubmed/15721839
https://doi.org/10.1016/j.clim.2004.10.007
http://www.ncbi.nlm.nih.gov/pubmed/25523947
https://doi.org/10.1111/bjd.13621
http://www.ncbi.nlm.nih.gov/pubmed/24665899
https://doi.org/10.1111/bjd.12991
http://www.ncbi.nlm.nih.gov/pubmed/16110152
http://www.ncbi.nlm.nih.gov/pubmed/2473830
https://doi.org/10.1111/j.1365-2222.1989.tb02357.x
http://www.ncbi.nlm.nih.gov/pubmed/7560665
https://doi.org/10.1016/S0091-6749(95)70297-0


 22. Smith CH, Kepley C, Schwartz LB, Lee TH. Mast cell number and phenotype in chronic idiopathic 
urticaria. J Allergy Clin Immunol 1995;96:360-4. 
PUBMED | CROSSREF

 23. Nettis E, Dambra P, Loria MP, Cenci L, Vena GA, Ferrannini A, et al. Mast-cell phenotype in urticaria. 
Allergy 2001;56:915. 
PUBMED | CROSSREF

 24. Bédard PM, Brunet C, Pelletier G, Hébert J. Increased compound 48/80 induced local histamine release 
from nonlesional skin of patients with chronic urticaria. J Allergy Clin Immunol 1986;78:1121-5. 
PUBMED | CROSSREF

 25. Fujisawa D, Kashiwakura J, Kita H, Kikukawa Y, Fujitani Y, Sasaki-Sakamoto T, et al. Expression of Mas-
related gene X2 on mast cells is upregulated in the skin of patients with severe chronic urticaria. J Allergy 
Clin Immunol 2014;134:622-633.e9. 
PUBMED | CROSSREF

 26. Ferrer M, Nuñez-Córdoba JM, Luquin E, Grattan CE, De la Borbolla JM, Sanz ML, et al. Serum total 
tryptase levels are increased in patients with active chronic urticaria. Clin Exp Allergy 2010;40:1760-6. 
PUBMED | CROSSREF

 27. Doong JC, Chichester K, Oliver ET, Schwartz LB, Saini SS. Chronic idiopathic urticaria: systemic 
complaints and their relationship with disease and immune measures. J Allergy Clin Immunol Pract 
2017;5:1314-8. 
PUBMED | CROSSREF

 28. Jacques P, Lavoie A, Bédard PM, Brunet C, Hébert J. Chronic idiopathic urticaria: profiles of skin mast cell 
histamine release during active disease and remission. J Allergy Clin Immunol 1992;89:1139-43. 
PUBMED | CROSSREF

 29. McNeil BD, Pundir P, Meeker S, Han L, Undem BJ, Kulka M, et al. Identification of a mast-cell-specific 
receptor crucial for pseudo-allergic drug reactions. Nature 2015;519:237-41. 
PUBMED | CROSSREF

 30. Saini SS, Paterniti M, Vasagar K, Gibbons SP Jr, Sterba PM, Vonakis BM. Cultured peripheral blood 
mast cells from chronic idiopathic urticaria patients spontaneously degranulate upon IgE sensitization: 
relationship to expression of Syk and SHIP-2. Clin Immunol 2009;132:342-8. 
PUBMED | CROSSREF

 31. Schroeder JT. Basophils beyond effector cells of allergic inflammation. Adv Immunol 2009;101:123-61. 
PUBMED | CROSSREF

 32. Raap U, Gehring M, Kleiner S, Rüdrich U, Eiz-Vesper B, Haas H, et al. Human basophils are a source of - 
and are differentially activated by - IL-31. Clin Exp Allergy 2017;47:499-508. 
PUBMED | CROSSREF

 33. Rorsman H. Basophilic leucopenia in different forms of urticaria. Acta Allergol 1962;17:168-84. 
PUBMED | CROSSREF

 34. Grattan CE, Dawn G, Gibbs S, Francis DM. Blood basophil numbers in chronic ordinary urticaria and 
healthy controls: diurnal variation, influence of loratadine and prednisolone and relationship to disease 
activity. Clin Exp Allergy 2003;33:337-41. 
PUBMED | CROSSREF

 35. Saini SS. Chronic spontaneous urticaria: etiology and pathogenesis. Immunol Allergy Clin North Am 
2014;34:33-52. 
PUBMED | CROSSREF

 36. Oliver ET, Sterba PM, Saini SS. Interval shifts in basophil measures correlate with disease activity in 
chronic spontaneous urticaria. Allergy 2015;70:601-3. 
PUBMED | CROSSREF

 37. Vonakis BM, Vasagar K, Gibbons SP Jr, Gober L, Sterba PM, Chang H, et al. Basophil FcɛRI histamine 
release parallels expression of Src-homology 2-containing inositol phosphatases in chronic idiopathic 
urticaria. J Allergy Clin Immunol 2007;119:441-8. 
PUBMED | CROSSREF

 38. Baker R, Vasagar K, Ohameje N, Gober L, Chen SC, Sterba PM, et al. Basophil histamine release activity 
and disease severity in chronic idiopathic urticaria. Ann Allergy Asthma Immunol 2008;100:244-9. 
PUBMED | CROSSREF

 39. Eckman JA, Hamilton RG, Gober LM, Sterba PM, Saini SS. Basophil phenotypes in chronic idiopathic 
urticaria in relation to disease activity and autoantibodies. J Invest Dermatol 2008;128:1956-63. 
PUBMED | CROSSREF

 40. Rauber MM, Pickert J, Holiangu L, Möbs C, Pfützner W. Functional and phenotypic analysis of basophils 
allows determining distinct subtypes in patients with chronic urticaria. Allergy 2017;72:1904-11. 
PUBMED | CROSSREF

478https://e-aair.org https://doi.org/10.4168/aair.2019.11.4.470

Emerging Therapies in Chronic Urticaria

http://www.ncbi.nlm.nih.gov/pubmed/7560638
https://doi.org/10.1016/S0091-6749(95)70055-2
http://www.ncbi.nlm.nih.gov/pubmed/11551260
https://doi.org/10.1034/j.1398-9995.2001.00296.x
http://www.ncbi.nlm.nih.gov/pubmed/2431027
https://doi.org/10.1016/0091-6749(86)90260-5
http://www.ncbi.nlm.nih.gov/pubmed/2431027
https://doi.org/10.1016/0091-6749(86)90260-5
http://www.ncbi.nlm.nih.gov/pubmed/20718781
https://doi.org/10.1111/j.1365-2222.2010.03582.x
http://www.ncbi.nlm.nih.gov/pubmed/28302451
https://doi.org/10.1016/j.jaip.2016.11.037
http://www.ncbi.nlm.nih.gov/pubmed/1376735
https://doi.org/10.1016/0091-6749(92)90297-F
http://www.ncbi.nlm.nih.gov/pubmed/25517090
https://doi.org/10.1038/nature14022
http://www.ncbi.nlm.nih.gov/pubmed/19477690
https://doi.org/10.1016/j.clim.2009.05.003
http://www.ncbi.nlm.nih.gov/pubmed/19231594
https://doi.org/10.1016/S0065-2776(08)01004-3
http://www.ncbi.nlm.nih.gov/pubmed/28000952
https://doi.org/10.1111/cea.12875
http://www.ncbi.nlm.nih.gov/pubmed/14493754
https://doi.org/10.1111/j.1398-9995.1962.tb02937.x
http://www.ncbi.nlm.nih.gov/pubmed/12614448
https://doi.org/10.1046/j.1365-2222.2003.01589.x
http://www.ncbi.nlm.nih.gov/pubmed/24262688
https://doi.org/10.1016/j.iac.2013.09.012
http://www.ncbi.nlm.nih.gov/pubmed/25631394
https://doi.org/10.1111/all.12578
http://www.ncbi.nlm.nih.gov/pubmed/17125820
https://doi.org/10.1016/j.jaci.2006.09.035
http://www.ncbi.nlm.nih.gov/pubmed/18426144
https://doi.org/10.1016/S1081-1206(10)60449-8
http://www.ncbi.nlm.nih.gov/pubmed/18356810
https://doi.org/10.1038/jid.2008.55
http://www.ncbi.nlm.nih.gov/pubmed/28585360
https://doi.org/10.1111/all.13215


 41. Oliver ET, Sterba PM, Devine K, Vonakis BM, Saini SS. Altered expression of chemoattractant receptor-
homologous molecule expressed on T(H)2 cells on blood basophils and eosinophils in patients with 
chronic spontaneous urticaria. J Allergy Clin Immunol 2016;137:304-306.e1. 
PUBMED | CROSSREF

 42. Vasagar K, Vonakis BM, Gober LM, Viksman A, Gibbons SP Jr, Saini SS. Evidence of in vivo basophil 
activation in chronic idiopathic urticaria. Clin Exp Allergy 2006;36:770-6. 
PUBMED | CROSSREF

 43. Ito Y, Satoh T, Takayama K, Miyagishi C, Walls AF, Yokozeki H. Basophil recruitment and activation in 
inflammatory skin diseases. Allergy 2011;66:1107-13. 
PUBMED | CROSSREF

 44. Saini SS, Omachi TA, Trzaskoma B, Hulter HN, Rosén K, Sterba PM, et al. Effect of omalizumab on 
blood basophil counts in patients with chronic idiopathic/spontaneous urticaria. J Invest Dermatol 
2017;137:958-61. 
PUBMED | CROSSREF

 45. Deza G, Bertolín-Colilla M, Pujol RM, Curto-Barredo L, Soto D, García M, et al. Basophil FcεRI expression 
in chronic spontaneous urticaria: a potential immunological predictor of response to omalizumab 
therapy. Acta Derm Venereol 2017;97:698-704. 
PUBMED | CROSSREF

 46. Straesser MD, Oliver E, Palacios T, Kyin T, Patrie J, Borish L, et al. Serum IgE as an immunological marker 
to predict response to omalizumab treatment in symptomatic chronic urticaria. J Allergy Clin Immunol 
Pract 2018;6:1386-1388.e1. 
PUBMED | CROSSREF

 47. Ertas R, Ozyurt K, Atasoy M, Hawro T, Maurer M. The clinical response to omalizumab in chronic 
spontaneous urticaria patients is linked to and predicted by IgE levels and their change. Allergy 
2018;73:705-12. 
PUBMED | CROSSREF

 48. Kolkhir P, Church MK, Weller K, Metz M, Schmetzer O, Maurer M. Autoimmune chronic spontaneous 
urticaria: what we know and what we do not know. J Allergy Clin Immunol 2017;139:1772-1781.e1. 
PUBMED | CROSSREF

 49. Schmetzer O, Lakin E, Topal FA, Preusse P, Freier D, Church MK, et al. IL-24 is a common and specific 
autoantigen of IgE in patients with chronic spontaneous urticaria. J Allergy Clin Immunol 2018;142:876-82. 
PUBMED | CROSSREF

 50. Leznoff A, Sussman GL. Syndrome of idiopathic chronic urticaria and angioedema with thyroid 
autoimmunity: a study of 90 patients. J Allergy Clin Immunol 1989;84:66-71. 
PUBMED | CROSSREF

 51. Kikuchi Y, Fann T, Kaplan AP. Antithyroid antibodies in chronic urticaria and angioedema. J Allergy Clin 
Immunol 2003;112:218. 
PUBMED | CROSSREF

 52. Sánchez J, Sánchez A, Cardona R. Causal relationship between anti-TPO IgE and chronic urticaria by in 
vitro and in vivo tests. Allergy Asthma Immunol Res 2019;11:29-42. 
PUBMED | CROSSREF

 53. Saini SS, Kaplan AP. Chronic spontaneous urticaria: the devil's itch. J Allergy Clin Immunol Pract 
2018;6:1097-106. 
PUBMED | CROSSREF

 54. Kaplan AP, Joseph K, Maykut RJ, Geba GP, Zeldin RK. Treatment of chronic autoimmune urticaria with 
omalizumab. J Allergy Clin Immunol 2008;122:569-73. 
PUBMED | CROSSREF

 55. Ferrer M, Gamboa P, Sanz ML, Goikoetxea MJ, Cabrera-Freitag P, Javaloyes G, et al. Omalizumab is 
effective in nonautoimmune urticaria. J Allergy Clin Immunol 2011;127:1300-2. 
PUBMED | CROSSREF

 56. Zuberbier T, Bernstein JA. A comparison of the United States and international perspective on chronic 
urticaria guidelines. J Allergy Clin Immunol Pract 2018;6:1144-51. 
PUBMED | CROSSREF

 57. MacGlashan D. Auto-antibodies to IgE and FceRI and the natural variability of Syk expression in 
basophils. J Allergy Clin Immunol 2019;143:1100-7. 
PUBMED | CROSSREF

 58. Grob JJ, Auquier P, Dreyfus I, Ortonne JP. How to prescribe antihistamines for chronic idiopathic 
urticaria: desloratadine daily vs PRN and quality of life. Allergy 2009;64:605-12. 
PUBMED | CROSSREF

479https://e-aair.org https://doi.org/10.4168/aair.2019.11.4.470

Emerging Therapies in Chronic Urticaria

http://www.ncbi.nlm.nih.gov/pubmed/26194547
https://doi.org/10.1016/j.jaci.2015.06.004
http://www.ncbi.nlm.nih.gov/pubmed/16776678
https://doi.org/10.1111/j.1365-2222.2006.02494.x
http://www.ncbi.nlm.nih.gov/pubmed/21371044
https://doi.org/10.1111/j.1398-9995.2011.02570.x
http://www.ncbi.nlm.nih.gov/pubmed/27939380
https://doi.org/10.1016/j.jid.2016.11.025
http://www.ncbi.nlm.nih.gov/pubmed/28303277
https://doi.org/10.2340/00015555-2654
http://www.ncbi.nlm.nih.gov/pubmed/29175369
https://doi.org/10.1016/j.jaip.2017.10.030
http://www.ncbi.nlm.nih.gov/pubmed/29083482
https://doi.org/10.1111/all.13345
http://www.ncbi.nlm.nih.gov/pubmed/27777182
https://doi.org/10.1016/j.jaci.2016.08.050
http://www.ncbi.nlm.nih.gov/pubmed/29208545
https://doi.org/10.1016/j.jaci.2017.10.035
http://www.ncbi.nlm.nih.gov/pubmed/2754146
https://doi.org/10.1016/0091-6749(89)90180-2
http://www.ncbi.nlm.nih.gov/pubmed/12847508
https://doi.org/10.1067/mai.2003.1605
http://www.ncbi.nlm.nih.gov/pubmed/30479075
https://doi.org/10.4168/aair.2019.11.1.29
http://www.ncbi.nlm.nih.gov/pubmed/30033911
https://doi.org/10.1016/j.jaip.2018.04.013
http://www.ncbi.nlm.nih.gov/pubmed/18774392
https://doi.org/10.1016/j.jaci.2008.07.006
http://www.ncbi.nlm.nih.gov/pubmed/21315432
https://doi.org/10.1016/j.jaci.2010.12.1085
http://www.ncbi.nlm.nih.gov/pubmed/29779967
https://doi.org/10.1016/j.jaip.2018.04.012
http://www.ncbi.nlm.nih.gov/pubmed/29859965
https://doi.org/10.1016/j.jaci.2018.05.019
http://www.ncbi.nlm.nih.gov/pubmed/19133920
https://doi.org/10.1111/j.1398-9995.2008.01913.x


 59. Weller K, Ardelean E, Scholz E, Martus P, Zuberbier T, Maurer M. Can on-demand non-sedating 
antihistamines improve urticaria symptoms? A double-blind, randomized, single-dose study. Acta Derm 
Venereol 2013;93:168-74. 
PUBMED | CROSSREF

 60. Powell RJ, Leech SC, Till S, Huber PA, Nasser SM, Clark AT, et al. BSACI guideline for the management of 
chronic urticaria and angioedema. Clin Exp Allergy 2015;45:547-65. 
PUBMED | CROSSREF

 61. Bernstein JA, Lang DM, Khan DA, Craig T, Dreyfus D, Hsieh F, et al. The diagnosis and management of 
acute and chronic urticaria: 2014 update. J Allergy Clin Immunol 2014;133:1270-7. 
PUBMED | CROSSREF

 62. Kameyoshi Y, Tanaka T, Mihara S, Takahagi S, Niimi N, Hide M. Increasing the dose of cetirizine may lead to 
better control of chronic idiopathic urticaria: an open study of 21 patients. Br J Dermatol 2007;157:803-4. 
PUBMED | CROSSREF

 63. Siebenhaar F, Degener F, Zuberbier T, Martus P, Maurer M. High-dose desloratadine decreases wheal 
volume and improves cold provocation thresholds compared with standard-dose treatment in patients 
with acquired cold urticaria: a randomized, placebo-controlled, crossover study. J Allergy Clin Immunol 
2009;123:672-9. 
PUBMED | CROSSREF

 64. Staevska M, Popov TA, Kralimarkova T, Lazarova C, Kraeva S, Popova D, et al. The effectiveness of 
levocetirizine and desloratadine in up to 4 times conventional doses in difficult-to-treat urticaria. J 
Allergy Clin Immunol 2010;125:676-82. 
PUBMED | CROSSREF

 65. Guillén-Aguinaga S, Jáuregui Presa I, Aguinaga-Ontoso E, Guillén-Grima F, Ferrer M. Updosing 
nonsedating antihistamines in patients with chronic spontaneous urticaria: a systematic review and 
meta-analysis. Br J Dermatol 2016;175:1153-65. 
PUBMED | CROSSREF

 66. Fine LM, Bernstein JA. Guideline of chronic urticaria beyond. Allergy Asthma Immunol Res 2016;8:396-403. 
PUBMED | CROSSREF

 67. Maurer M, Rosén K, Hsieh HJ, Saini S, Grattan C, Gimenéz-Arnau A, et al. Omalizumab for the treatment 
of chronic idiopathic or spontaneous urticaria. N Engl J Med 2013;368:924-35. 
PUBMED | CROSSREF

 68. Saini SS, Bindslev-Jensen C, Maurer M, Grob JJ, Bülbül Baskan E, Bradley MS, et al. Efficacy and safety of 
omalizumab in patients with chronic idiopathic/spontaneous urticaria who remain symptomatic on H1 
antihistamines: a randomized, placebo-controlled study. J Invest Dermatol 2015;135:67-75. 
PUBMED | CROSSREF

 69. Kaplan A, Ledford D, Ashby M, Canvin J, Zazzali JL, Conner E, et al. Omalizumab in patients with 
symptomatic chronic idiopathic/spontaneous urticaria despite standard combination therapy. J Allergy 
Clin Immunol 2013;132:101-9. 
PUBMED | CROSSREF

 70. MacGlashan DW Jr, Bochner BS, Adelman DC, Jardieu PM, Togias A, McKenzie-White J, et al. Down-
regulation of Fc(epsilon)RI expression on human basophils during in vivo treatment of atopic patients 
with anti-IgE antibody. J Immunol 1997;158:1438-45.
PUBMED

 71. Beck LA, Marcotte GV, MacGlashan D Jr, Togias A, Saini S. Omalizumab-induced reductions in mast cell 
FcεRI expression and function. J Allergy Clin Immunol 2004;114:527-30. 
PUBMED | CROSSREF

 72. Metz M, Staubach P, Bauer A, Brehler R, Gericke J, Kangas M, et al. Clinical efficacy of omalizumab 
in chronic spontaneous urticaria is associated with a reduction of FcεRI-positive cells in the skin. 
Theranostics 2017;7:1266-76. 
PUBMED | CROSSREF

 73. Molderings GJ, Raithel M, Kratz F, Azemar M, Haenisch B, Harzer S, et al. Omalizumab treatment of 
systemic mast cell activation disease: experiences from four cases. Intern Med 2011;50:611-5. 
PUBMED | CROSSREF

 74. Kaplan AP, Giménez-Arnau AM, Saini SS. Mechanisms of action that contribute to efficacy of omalizumab 
in chronic spontaneous urticaria. Allergy 2017;72:519-33. 
PUBMED | CROSSREF

 75. Arm JP, Bottoli I, Skerjanec A, Floch D, Groenewegen A, Maahs S, et al. Pharmacokinetics, 
pharmacodynamics and safety of QGE031 (ligelizumab), a novel high-affinity anti-IgE antibody, in atopic 
subjects. Clin Exp Allergy 2014;44:1371-85. 
PUBMED | CROSSREF

480https://e-aair.org https://doi.org/10.4168/aair.2019.11.4.470

Emerging Therapies in Chronic Urticaria

http://www.ncbi.nlm.nih.gov/pubmed/23053062
https://doi.org/10.2340/00015555-1434
http://www.ncbi.nlm.nih.gov/pubmed/25711134
https://doi.org/10.1111/cea.12494
http://www.ncbi.nlm.nih.gov/pubmed/24766875
https://doi.org/10.1016/j.jaci.2014.02.036
http://www.ncbi.nlm.nih.gov/pubmed/17627798
https://doi.org/10.1111/j.1365-2133.2007.08060.x
http://www.ncbi.nlm.nih.gov/pubmed/19201016
https://doi.org/10.1016/j.jaci.2008.12.008
http://www.ncbi.nlm.nih.gov/pubmed/20226302
https://doi.org/10.1016/j.jaci.2009.11.047
http://www.ncbi.nlm.nih.gov/pubmed/27237730
https://doi.org/10.1111/bjd.14768
http://www.ncbi.nlm.nih.gov/pubmed/27334777
https://doi.org/10.4168/aair.2016.8.5.396
http://www.ncbi.nlm.nih.gov/pubmed/23432142
https://doi.org/10.1056/NEJMoa1215372
http://www.ncbi.nlm.nih.gov/pubmed/25046337
https://doi.org/10.1038/jid.2014.306
http://www.ncbi.nlm.nih.gov/pubmed/23810097
https://doi.org/10.1016/j.jaci.2013.05.013
http://www.ncbi.nlm.nih.gov/pubmed/9013989
http://www.ncbi.nlm.nih.gov/pubmed/15356552
https://doi.org/10.1016/j.jaci.2004.06.032
http://www.ncbi.nlm.nih.gov/pubmed/28435464
https://doi.org/10.7150/thno.18304
http://www.ncbi.nlm.nih.gov/pubmed/21422688
https://doi.org/10.2169/internalmedicine.50.4640
http://www.ncbi.nlm.nih.gov/pubmed/27861988
https://doi.org/10.1111/all.13083
http://www.ncbi.nlm.nih.gov/pubmed/25200415
https://doi.org/10.1111/cea.12400


 76. Mócsai A, Ruland J, Tybulewicz VL. The Syk tyrosine kinase: a crucial player in diverse biological 
functions. Nat Rev Immunol 2010;10:387-402. 
PUBMED | CROSSREF

 77. Altman K, Chang C. Pathogenic intracellular and autoimmune mechanisms in urticaria and angioedema. 
Clin Rev Allergy Immunol 2013;45:47-62. 
PUBMED | CROSSREF

 78. Barker MD, Liddle J, Atkinson FL, Wilson DM, Dickson MC, Ramirez-Molina C, et al. Discovery of potent 
and selective Spleen Tyrosine Kinase inhibitors for the topical treatment of inflammatory skin disease. 
Bioorg Med Chem Lett 2018;28:3458-62. 
PUBMED | CROSSREF

 79. Ramirez Molina C, Falkencrone S, Skov PS, Hooper-Greenhill E, Barker M, Dickson MC. GSK2646264, a 
spleen tyrosine kinase inhibitor, attenuates the release of histamine in ex vivo human skin. Br J Pharmacol 
2019;176:1135-42. 
PUBMED | CROSSREF

 80. Crocker PR, Paulson JC, Varki A. Siglecs and their roles in the immune system. Nat Rev Immunol 
2007;7:255-66. 
PUBMED | CROSSREF

 81. Nutku E, Aizawa H, Hudson SA, Bochner BS. Ligation of Siglec-8: a selective mechanism for induction of 
human eosinophil apoptosis. Blood 2003;101:5014-20. 
PUBMED | CROSSREF

 82. Rasmussen HS, Chang AT, Tomasevic N, Bebbington CA. Randomized, double-blind, placebo-controlled, 
ascending dose phase 1 study of AK002, a novel Siglec-8 selective monoclonal antibody, in healthy 
subjects. J Allergy Clin Immunol 2018;141:AB403. 
CROSSREF

 83. Allakos Inc. Allakos: press releases [Internet]. Redwood City (CA): Allakos Inc.; 2019 [cited 2019 Mar 5]. 
Available from: http://investor.allakos.com/press-releases.

 84. Herman AE, Chinn LW, Kotwal SG, Murray ER, Zhao R, Florero M, et al. Safety, pharmacokinetics, and 
pharmacodynamics in healthy volunteers treated with GDC-0853, a selective reversible Bruton's tyrosine 
kinase inhibitor. Clin Pharmacol Ther 2018;103:1020-8. 
PUBMED | CROSSREF

 85. Dispenza MC, Pongracic JA, Singh AM, Bochner BS. Short-term ibrutinib therapy suppresses skin test 
responses and eliminates IgE-mediated basophil activation in adults with peanut or tree nut allergy. J 
Allergy Clin Immunol 2018;141:1914-1916.e7. 
PUBMED | CROSSREF

 86. Yahara H, Satoh T, Miyagishi C, Yokozeki H. Increased expression of CRTH2 on eosinophils in allergic 
skin diseases. J Eur Acad Dermatol Venereol 2010;24:75-6. 
PUBMED | CROSSREF

 87. Oliver ET, Chichester K, Devine K, Sterba PM, Wegner C, Vonakis BM, et al. Effects of an oral CRTH2 
antagonist (AZD1981) on eosinophil activity and symptoms in chronic spontaneous urticaria. Int Arch 
Allergy Immunol 2019;1-10. 
PUBMED | CROSSREF

 88. Krause K, Metz M, Makris M, Zuberbier T, Maurer M. The role of interleukin-1 in allergy-related disorders. 
Curr Opin Allergy Clin Immunol 2012;12:477-84. 
PUBMED | CROSSREF

 89. Lenormand C, Lipsker D. Efficiency of interleukin-1 blockade in refractory delayed-pressure urticaria. 
Ann Intern Med 2012;157:599-600. 
PUBMED | CROSSREF

 90. Bodar EJ, Simon A, de Visser M, van der Meer JW. Complete remission of severe idiopathic cold urticaria 
on interleukin-1 receptor antagonist (anakinra). Neth J Med 2009;67:302-5.
PUBMED

 91. Magerl M, Terhorst D, Metz M, Altrichter S, Zuberbier T, Maurer M, et al. Benefit of mepolizumab 
treatment in a patient with chronic spontaneous urticaria. J Dtsch Dermatol Ges 2018;16:477-8. 
PUBMED | CROSSREF

481https://e-aair.org https://doi.org/10.4168/aair.2019.11.4.470

Emerging Therapies in Chronic Urticaria

http://www.ncbi.nlm.nih.gov/pubmed/20467426
https://doi.org/10.1038/nri2765
http://www.ncbi.nlm.nih.gov/pubmed/22674016
https://doi.org/10.1007/s12016-012-8326-y
http://www.ncbi.nlm.nih.gov/pubmed/30249354
https://doi.org/10.1016/j.bmcl.2018.09.022
http://www.ncbi.nlm.nih.gov/pubmed/30735243
https://doi.org/10.1111/bph.14610
http://www.ncbi.nlm.nih.gov/pubmed/17380156
https://doi.org/10.1038/nri2056
http://www.ncbi.nlm.nih.gov/pubmed/12609831
https://doi.org/10.1182/blood-2002-10-3058
https://doi.org/10.1016/j.jaci.2017.12.950
http://www.ncbi.nlm.nih.gov/pubmed/29484638
https://doi.org/10.1002/cpt.1056
http://www.ncbi.nlm.nih.gov/pubmed/29360526
https://doi.org/10.1016/j.jaci.2017.12.987
http://www.ncbi.nlm.nih.gov/pubmed/19470039
https://doi.org/10.1111/j.1468-3083.2009.03267.x
http://www.ncbi.nlm.nih.gov/pubmed/30879003
https://doi.org/10.1159/000496162
http://www.ncbi.nlm.nih.gov/pubmed/22885885
https://doi.org/10.1097/ACI.0b013e3283574d0c
http://www.ncbi.nlm.nih.gov/pubmed/23070501
https://doi.org/10.7326/0003-4819-157-8-201210160-00023
http://www.ncbi.nlm.nih.gov/pubmed/19841487
http://www.ncbi.nlm.nih.gov/pubmed/29578281
https://doi.org/10.1111/ddg.13481

	Emerging Therapies in Chronic Spontaneous Urticaria
	INTRODUCTION
	PATHOPHYSIOLOGY
	Mast cells
	Basophils
	Autoimmunity
	Therapeutics
	Novel therapies
	New anti-IgE
	Spleen tyrosine kinase inhibitors
	Anti-sialic acid-binding immunoglobulin-like lectin-8
	Bruton's tyrosine kinase inhibitors
	Anti-CRTH2
	Anti-IL-1
	Anti-IL-5


	CONCLUSIONS
	REFERENCES


