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Chronic spontaneous urticaria (CSU) is a debilitating mast cell-
driven disease characterized by recurrent wheals and/or
angioedema. Substantial progress has been made in dissecting
the 2 main autoimmune mechanisms that drive the pathogenesis
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of CSU. Type I autoimmune (autoallergic) CSU is associated

with IgE antibodies against autoantigens, for example, thyroid
peroxidase and IL-24. Type IIb autoimmune CSU is mediated
by autoantibodies that activate mast cells, for example, via IgE
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and FceRlI, and is present in less than 10% of patients with CSU
when strict criteria are used, that is, triple positivity of
autologous serum skin test, immunoassays for IgG
autoantibodies, and basophil activation tests. A subpopulation
of patients with CSU has both types. Type IIb autoimmune CSU
is characterized by higher disease severity, concomitant
autoimmune diseases, low levels of total IgE, elevated levels of
IgG-anti-thyroid peroxidase, basopenia, eosinopenia, poor
response to antihistamines and to omalizumab, and a good
response to cyclosporine. Novel targeted therapies for CSU are
under development such as ligelizumab, an anti-IgE,
fenebrutinib and remibrutinib, Bruton’s tyrosine kinase
inhibitors, and dupilumab, an anti-IL-4Ra. Further studies
should investigate the overlap between autoallergic and type IIb
autoimmune CSU, optimize the diagnosis of both autoimmune
endotypes using easy-to-perform, noninvasive, and inexpensive
markers, and assess differences in response to therapy. (J
Allergy Clin Immunol 2022;149:1819-31.)

Key words: Chronic spontaneous urticaria, autoallergy, autoimmu-
nity, type I, type IIb, BHRA, BAT, IgE, IgG-anti-TPO, treatment,
markers

INTRODUCTION

Chronic spontaneous urticaria (CSU) manifests with the recur-
rent spontaneous appearance of wheals that each lasts for several
hours, accompanied with intense itch, in most cases daily or
almost daily for several years." Most patients with CSU also
develop angioedema, that is, intermittent localized and self-
limiting swellings of the subcutaneous and/or submucosal tissue,
which result, like wheals, from a temporary increase in vascular
permeability. Up to 13% of patients with CSU exclusively expe-
rience angioedema and do not develop wheals.”

CSU is common and debilitating

About 1% of the population is affected with CSU, and this
prevalence is increasing. CSU affects children and adults, with a
marked female preponderance in the latter.” CSU is associated
with a substantial burden with significant impact on patients’
quality of life and can be difficult to treat.* Patients with CSU
have reduced productivity as well as increased rates of psycholog-
ical comorbidities.””” The recent Assessment of the economic and
humanistic burden of chronic spontaneous/idiopathic urticaria
patients (ASSURE-CSU) study demonstrated that more than
20% of patients with CSU miss more than or equal to 1 hour of
work per week, and overall productivity impairment was 27%."
In addition, significant health care resources and costs are
incurred to treat patients with CSU. Therefore, CSU is associated
with a high physical and economic burden not only for patients
and their families and partners but also for health care systems.
Thus, there is a high unmet need for novel and better treatment
options for patients with CSU.

CSU is a mast cell-driven disease

The development of both the wheals and the angioedema in
CSU is due to the activation of skin mast cells and release of
mediators.' In addition to mast cells, the pathogenesis of CSU in-
volves an inflammatory infiltrate with interplay of multiple
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Abbreviations used
aiCSU: Autoimmune chronic spontaneous urticaria
ASST: Autologous serum skin test
BAT: Basophil activation test
BHRA: Basophil histamine release assay
c5a: Complement 5a
c5aR: Complement 5a receptor
CSU: Chronic spontaneous urticaria
EP: Eosinophil peroxidase
MRGPRX2: Mas-related G protein—coupled receptor X2
sgAH: Second-generation H1 antihistamine
TPO: Thyroid peroxidase
TSLP: Thymic stromal lymphopoietin

effector cells including T cells, basophils, and eosinophils.® '

Many patients with CSU report exacerbation of their disease in
response to triggers, such as stress, infections, foods, or the intake
of nonsteroidal anti-inflammatory drugs. Although these triggers
and the exacerbation of disease they induce, in many cases, are
linked to increased skin mast cell activation, they are not held
to be the underlying cause of CSU. Rather, they may be aggrava-
tors and disease modifiers or merely bystanders that cannot be re-
produced by provocation in a controlled setting."""’

CSU is an autoimmune condition

At least 2 possible causes of CSU, 2 autoimmune endotypes,
are recognized, with different types of autoantibodies that have
been associated with the activation of skin mast cells.'” These
CSU endotypes have been named on the basis of Gell and Coombs
classification of hypersensitivity reactions. Because type I hyper-
sensitivity is characterized by the aberrant production of IgE an-
tibodies, patients harboring IgE autoantibodies have been
classified into the type I autoimmune endotype of CSU (type I
aiCSU), also called autoallergic CSU. In contrast to classical
type I hypersensitivity and allergy, which involve exogenous al-
lergens, type I aiCSU is characterized by IgE antibodies directed
to self-antigens (also called autoallergens).'*'* Similarly, type ITb
hypersensitivity is characterized by an antibody-dependent pro-
cess in which specific IgG antibodies bind to autoantigens to
create pathogenic states. Therefore, patients with CSU who har-
bor IgG autoantibodies have been classified into the autoimmune
type IIb endotype, different to type Ila that involves cytolytic
destruction of targeted cells.'>'> An overlap between the 2 endo-
types has been recently reported.'®

Both of these CSU endotypes share the same phenotype, that is,
the occurrence of itchy wheals, angioedema, or both, with the
same mechanisms downstream of mast cell activation that lead to
vasodilation, increased extravasation, activation of sensory skin
nerves, and the recruitment of inflammatory cells. In this context,
the released mast cell mediators exert their effects via receptors
on skin- resident and recruited target cells.'*'” Type I aiCSU is
thought to be more common than type IIb aiCSU.'*'*'® The 2
forms of CSU may differ in several important clinical and labora-
tory features, including response to treatment,''*'? though only
1 study performed simultaneous testing of both type I and IIb
aiCSU so far to assess overlaps.'®

Here, we review recently published findings that are relevant to
our current understanding of autoimmunity as a cause of CSU.
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Specifically, we discuss the pathogenesis, clinical features, and
biomarkers of type I and type IIb aiCSU, we look at how patients
with these types of CSU respond to treatment, and we present
novel targeted treatments under development that can help to
better understand both endotypes. Finally, we summarize what is
already known about autoimmune urticaria and provide the most
important gaps of knowledge.

TYPE | aiCSU (AUTOALLERGIC CSU)

In the last decade of last century, data emerged that pointed to a
role of IgE autoantibodies in CSU.”" This, together with other
ﬁndings,14 led to the first randomized controlled CSU trial of
omalizumab, an anti-IgE antibody, in patients with CSU with
IgE autoantibodies to thyroid peroxidase (TPO), a common
CSU autoallergen (the Xolair in chronic urticaria induced by
serum IgE targeting endoallergens [X-CUISITE] study'?). Treat-
ment of these patients with omalizumab resulted in a fast response
and a high rate of complete response, 70%, higher than in any of
several subsequent studies of omalizumab in CSU. Together with
further research on the prevalence, role, relevance, and targets of
IgE autoantibodies in patients with CSU, the results of X-CUI-
SITE and other omalizumab studies in CSU established the
type I autoimmune CSU (type I aiCSU) endotype of CSU or au-
toallergic CSU.'*'*1?

Prevalence and pathogenesis of autoallergic CSU

In 1999, the presence of IgE autoantibodies against TPO in a
patient with CSU suggested autoallergy as a relevant
mechanism.”’ On the basis of receiver operating characteristic
curve and mixed distribution analyses, Altrichter et al'* later re-
ported elevated IgE-anti-TPO levels in 54% (259) and 61%
(191) of 478 patients with CSU, respectively.'* Most other studies
confirmed the presence of IgE-anti-TPO in a subpopulation of pa-
tients with CSU, albeit mostly at lower rates (0%-34%, >10% in
most studies,”! reviewed in Kolkhir et alm). In addition,
several,'>”' but not all,”” studies reported significantly higher
prevalence of IgE-anti-TPO in patients with CSU versus patients
with autoimmune thyroid disease (0%-70%>"***" " and/or
healthy controls (0%-8%'**"~*%). Patients with CSU with levels
of IgE-anti-TPO comparable to those in healthy controls might
have IgE antibodies to other autoantigens, other autoantibody
types, for example, IgG, both, or have nonautoimmune CSU,
which request further investigation.

Recently, Sanchez et al’' showed higher rates of itchy wheal-
and-flare skin reactions to skin prick tested or intradermally
injected TPO in patients with CSU versus patients with autoim-
mune thyroid disease and healthy controls.”' Patients with CSU
with elevated IgE-anti-TPO showed significantly higher rates of
positive test results than did patients with CSU with low IgE-
anti-TPO. Furthermore, positive skin prick test reactions and
intracutaneous test reactions to TPO were observed after passive
transfer of IgE-anti-TPO from a patient with CSU to the skin of
control subjects without IgE-anti-TPO.”' However, this evidence
should be considered with caution because the presence of spe-
cific IgE to allergens was described in people without signs of
clinical disease.

Very recently, IgE autoantibodies against eosinophil perox-
idase (EP) and eosinophilic cationic protein were reported in
CSU by Sénchez et al.”® TPO inhibited 42% of IgE binding

KOLKHIR ET AL 1821

to EP, whereas EP inhibited 59% of IgE binding to TPO,
suggesting cross-reactivity between these peroxidase proteins.
Cross-reactivity between TPO, which is not present in the skin,
and EP might contribute to skin mast cell activation in patients
with CSU, which is known to be associated with eosinophil
recruitment to skin lesions.”®

In addition to IgE-anti-TPO and IgE-anti-EP, patients with
CSU were reported to have IgE against double-stranded DNA,*’
IL-24 (80%)," tissue factor (60%),'®® eosinophil cationic
protein (5%),”° FceRL,'® and thyroglobulin (87%),”® and the
functional relevance of IgE to some of them such as IL-24,"
double-stranded DNA,”” and TPO?"*’ was confirmed in in vitro
studies. In total, patients with CSU have IgE to more than 200
autoantigens, which is more prevalent and different than seen in
healthy controls.'” However, this point should be confirmed by
further studies because some authors reported the presence of
IgE autoantibodies such as IgE-anti—IL-24 in healthy controls.*

Recently, IL-24 mRNA expression was reported to be
increased in lesional skin of patients with CSU as compared
with nonlesional skin and skin from healthy controls.”’ Expres-
sion of autoantigens only in the skin might explain why IgE auto-
antibodies and their autoallergens, in patients with CSU, interact
primarily in the skin and cause skin mast cell activation rather
than activation of mast cells in other organs. However, there is still
no other evidence of local autoallergen release at sites of wheals,
and further studies are needed to investigate this.

Demographic, clinical, and laboratory features of
autoallergic CSU

Little is known about the demographic, clinical, and laboratory
features of patients with autoallergic CSU. Recent studies have
demonstrated significantly higher total IgE levels””** and higher
rate of comorbid allergic diseases’” in patients with CSU who
exhibit IgE-anti-TPO compared with those without. In another
study, total IgE levels did not differ significantly in sera from 7 pa-
tients with CSU and 7 healthy individuals, but the autoreactive
proportion of IgE of patients with CSU was 1000-fold higher
than that of healthy individuals and was of the lipophilic nature.*”
Interestingly, a recent machine-learning—based analysis of
chronic urticaria subtypes, where patients were assigned to 4 clus-
ters on the basis of their clinical and laboratory features, showed
that, on average, the highest total IgE levels clustered together
with the highest rate of comorbid atopic dermatitis, the lowest
rate of ANA, and IgG-anti-TPO positivity.”* One study showed
that serum levels of IgE-anti—IL-24 correlated with CSU disease
activity and basopenia.'’

As mentioned before, patients with CSU with increased IgE-
anti-TPO?? can be expected to show a fast and good response to
omalizumab.'® Furthermore, in patients with severe CSU,
decrease in IgE-anti-tissue factor and IgE-antithyroglobulin
was induced by omalizumab treatment and paralleled the clinical
response to the drug.28 A recently published study including a to-
tal of 1100 Chinese Han adult patients with CSU demonstrated
that IgE-anti-TPO is an independent predictor of antihistamine-
refractory Csu.”

Diagnosis of type | aiCSU
Diagnosing patients with type I autoimmune/autoallergic CSU
requires testing for IgE autoantibodies. As of now, there are no
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FIG 1. Timeline of advances in the research on aiCSU (data from references 13, 14, 16, 18-21, 25, 26, 38-42,
45-49, 51, 57, 59, and 138). EC, Eosinophil cationic protein; EP, eosinophil peroxidase.

standardized or commercially available tests for IgE autoanti-
bodies. Tests for IgE autoantibodies such as IgE-anti-TPO or IgE-
anti—IL-24 are established and used at some Urticaria Centers of
Reference and Excellence,’” but not in routine clinical practice.

The differences between the results of studies on IgE-anti-TPO
in CSU are probably, at least in part, due to differences in methods
used (eg, direct ELISA vs capture ELISA). Many patients with
CSU with IgE-anti-TPO also have IgG-anti-TPO, which can
interfere with the detection of the former and affect the rates of
IgE-anti-TPO-positive patients detected with different assays and
in different patient populations.'**’

In addition to the urgent need to develop standardized and
widely available tests of IgE autoantibodies that are relevant for
CSU, the full spectrum of autoantigens to which patients with
CSU have IgE autoantibodies needs to be characterized. IgE
autoantibodies to individual autoallergens need to be investigated
for their prevalence, cross-reactivity, relevance, and function
including their ability to form functional circulating immune
complexes. It is still unclear how the different IgE autoantibodies
drive a common pathogenesis. In addition, the cellular and
molecular mechanisms that underlie and drive the generation of
autoreactive IgE need further investigation.

TYPE IIB aiCSU

A role of mast cell-targeted and activating IgG autoantibodies
to IgE or to its high-affinity receptor FceRI in the pathogenesis of
CSU has been known for more than 30 years (Fig 1).3%37 It was
first reported in 1988 that patients with CSU can have

histamine-releasing IgG autoantibodies against IgE,"” and this
observation was followed by the demonstration of wheal forma-
tion at the site of an intracutaneous autologous sera injection,
now known as the autologous serum skin test (ASST), in a sub-
group of patients with CSU.*' Subsequently, a single serum frac-
tion (>100 kDa) capable of inducing both a positive ASST result
and positive histamine release assay was identified.”® Lastly, IgG-
anti-FceRI autoantibodies were shown to be an important mast
cell-activating serum factor in Ccsu.”

Today, CSU in patients who have these autoantibodies is called
type IIb aiCSU. Type IIb aiCSU remained ill characterized for
many years. The reasons for this include, but are not limited to, the
sparse availability of immunoassays for IgG-anti-IgE and IgG-
anti-FceRI and the fact that not all IgG-anti-IgE and IgG-anti-
FceRI are functional, that is, activate mast cells and cause the
release of mediators.*”*’

Recently, the international Profiling urticaria for the identifi-
cation of subtypes (PURIST) study'® was the first to assess, in a
sizable patient population with CSU, the 3 defining features of
type IIb aiCSU, that is, the presence of a positive ASST result,
a positive immunoassay for IgG-anti-FceRI or IgG-anti-IgE,
and a positive basophil test result (the basophil activation test,
BAT, and/or basophil histamine release assay, BHRA).44 The re-
sults of the PURIST study showed that less than 10% of patients
with CSU have type IIb aiCSU and that these patients tend to have
more severe disease, low levels of total IgE, and high levels of thy-
roid peroxidase autoantibodies.'® Other relevant recent studies
showed that IgM and/or IgA autoantibodies against FceRI might
contribute to the pathogenesis of type IIb aiCSU.* In the last
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FIG 2. Pathogenesis and endotypes of CSU and possible targets for therapy. Mast cells are activated by IgE
autoantibodies to autoallergens (type | autoallergy) or IgG-anti-lgE/IgG-anti-FceRI autoantibodies (type llb
autoimmunity). Complement is activated by the binding of IgG-anti-FceRI to FceRl on mast cells and
basophils, leading to histamine release via C5aR. T2 cytokines such as IL-4, IL-5, and IL-13 are responsible
for stimulating IgE production and the activation of mast cells, basophils, and eosinophils. Some of the cur-
rent and future molecular targets for CSU treatment are framed such as IgE, IL-4Ra, Siglec-8 C5aR, KIT,
MRGPRX2, CD20, IL-5R, TSLP, IL-17, IL-5, and BTK. Btk, Bruton tyrosin kinase; ECP, eosinophil cationic pro-
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tein; MBP, major basic protein; TF, tissue factor; TG, thyroglobulin.

decade, several additional markers of type IIb aiCSU have
emerged including nocturnal symptoms,® eosinopenia,*’ and
low levels of total IgA.48 In addition, recent advances in the char-
acterization of type IIb aiCSU include its poor and/or slow
response to conventional treatment with antihistamines and
omalizumab.*’*"!

Prevalence and pathogenesis of type llb aiCSU
Type IIb aiCSU, by definition, is due to mast cell-targeted
and activating autoantibodies (Fig 2). As of now, patients with
CSU display IgG, IgA, and/or IgM autoantibodies to IgE or
its high-affinity receptor FceRI (also IgE-anti-FceRI'®), at
different rates.'"""> Whether or not patients with CSU can
have mast cell-activating autoantibodies directed at activating
receptors other than FceRI, for example, Mas-related G
protein—coupled receptor X2 (MRGPRX2) or complement 5a
receptor (C5aR), is currently unknown. IgG-anti-FceRI and/or
IgG-anti-IgE were reported in 0% to 69% of patients with
CSU, with most studies reporting rates of more than 20% and
less than 50% (reviewed in Kolkhir et allz). For example, in a
recent study, 24%, 60%, and 57% of patients with CSU had
elevated serum levels of IgG-, IgM-, and IgA-anti-FceRI,
respectively.45 Twenty-six percent of patients with CSU had
both IgG-anti-FceRI and a positive BHRA result. Similarly,
25% and 32% of patients with CSU had a positive ASST result
in combination with BHRA positivity and BHRA positivity
only, respectively.44 Although these rates are higher as
compared with less than 10% in the PURIST study, definition
of type IIb aiCSU in these older studies was based on 1 to 2

markers only as compared with the PURIST study (all 3
markers, ie, ASST, basophil tests, and IgG autoantibodies
immunoassay). However, the strict criteria for type IIb aiCSU
used in the PURIST study do not imply that the rest of the pa-
tients with just 1 positive biomarker or 2 cannot have a type IIb
response.

In vitro studies with basophils and mast cells have shown that
IgG autoantibodies to FceRI or IgE from patients with CSU
have been associated with their activation and release of bioactive
mediators.””**7? However, 15% of patients with CSU were found
to have immunoreactive anti-FceRI autoantibodies without
histamine-releasing activity.43 Mast cell activation was seen
only with complement-fixing IgG 1 and 3 subclasses of antibodies
and to a lesser degree IgG 4 but not IgG 2.”* Also, IgG autoanti-
bodies to FceRI and/or IgE were present in healthy control sub-
jects and patients with diseases other than CSU.”* Tt is still
not clear what makes these autoantibodies pathogenic in CSU.
This might be linked to the low levels of IgE seen in the sera of
patients with type IIb aiCSU. The reduction in serum IgE can
lead to the decreased occupancy of FceRI by IgE, and the natural
anti-FceRI autoantibodies might become pathogenic.”®

Demographic, clinical, and laboratory features of
type llb aiCSU

A typical patient with type IIb aiCSU is an adult female with
high disease activity and concomitant autoimmune disease(s),
predominantly autoimmune thyroiditis and/or vitiligo, and a
family history of autoimmune disorders'®”” (Table I). In addition
to the PURIST study, several other studies showed an association
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TABLE I. Emerging demographic, clinical, and laboratory markers of type Ilb aiCSU
% of patients with How type llb aiCSU was

Markers Results type llb aiCSU diagnosed First author "sference
Sex High female rates 87%-93% Triple positivity* or high IgG-anti-  Kolkhir,”' Schoepke'®

TPO plus low IgE
Autoimmune diseases Present, higher risk Mostly HT (60%) Triple positivity Kolkhir,”” Schoepke'®

and vitiligo (7%)

Angioedema Present 62%-76% High IgG-anti-TPO plus low IgE or  Kolkhir,”' Marcelino™®

BAT/BHRA positivity
Nocturnal symptoms Present 70%-79% BAT/BHRA positivity Marcelino™
Symptoms for >5 d/wk Present 92% BAT/BHRA positivity Marcelino™®
Disease activity (UAS7)  High (median, 21) — Triple positivity or BAT/BHRA Schoepke,'® Ye,'** Curto-

positivity Barredo,'” Marcelino™®
Quality of life (DLQI) Low (mean, 9-10) — BAT/BHRA positivity Marcelino™®
Total IgE Low (<40 IU/mL 69%-86% Triple positivity or BAT/BHRA Kolkhir,”" Schoepke,'® Sauer,"*

or <30 IU/mL) or 38%-41% positivity Marcelino*®

IgG-anti-TPO High (>34 kU/L) 39%-62% Triple positivity or BAT/BHRA Kolkhir,”" Schoepke,'®

IgA
Blood basophil counts

Blood eosinophil counts
Disease control (UCT)
Response to sgAHs
Response to omalizumab

Low (<1.84 g/L or <0.7 g/L)
Low (<0.01 X 10°/L)

Low (<0.05 X 10°/L)

Low (mean, 7.7-7.8)

Poor response

Slow, poor, and/or
nonresponse

73.5% or 9.6%
30%

24%

87%
50%

positivity
BAT positivity
Triple positivity or BHRA
positivity
BHRA positivity
BAT/BHRA positivity
BAT positivity
BHRA or BAT positivity

Marcelino™®

Sauer™®
Kolkhir,47 Schoepke E

Kolkhir"’
Marcelino™®
Irinyi'¢
B 4 . 2
Gencke,‘w Palacms,l'7
Ghazanfar, 128 Endo'?’

DLQI, Dermatology Life Quality Index; HT, Hashimoto’s thyroiditis; UAS7, Urticaria Activity Score over 7 days; UCT, Urticaria Control Test.

*Positive result as of ASST + BAT/BHRA + immunoassay for IgG-anti-FceRI/IgE.

Duration: >6 weeks Chronic Possible risk factors
Tri er_A nknown spontaneous [~ ' female B
RS urticaria High disease activity
Concomitant autoimmune disease, eg, HT, vitiligo

Poor or nonresponse to antihistamines
Slow, poor or nonresponse to omalizumab

|-

+

l— BHRA and/or

21 marker(s) are present
(Table 1), eg, ASST+, MgG-
anti-FceRI/IgE, { total IgE,
MgG-anti-TPO, | total IgA,

basopenia, eosinopenia

BAT+ ;l

21 marker(s) are present
(Table 1), eg, ASST+, 1°IgG-
anti-FceRI/IgE, | total IgE,
MgG-anti-TPO, | total IgA,

basopenia, eosinopenia

.

Type lIb aiCSU is
possible

Type lIb aiCSU is
unlikely

|+
Type llIb aiCSU is
likely

Linked to better
response to
antihistamines and
omalizumab than

type IIb aiCSU

Linked to poor and/or
slow response to
antihistamines and
omalizumab and good
response to cyclosporine

Reassess in 6-12
montbhs if needed

FIG 3. Algorithm for diagnosis of type Ilb aiCSU. HT, Hashimoto's
thyroiditis.

between type IIb autoimmunity (assessed by CD63/203c and/or
BHRA positivity) and higher disease activity (Table I). The pres-
ence of IgG-anti-TPO, a marker for autoimmune thyroid disease
and type IIb aiCSU, was associated with higher CSU recurrence
after disease remission.’® Ninety-six percent of patients with ur-
ticaria with first-degree relatives who also had urticaria exhibited
a positive ASST result, and were mostly females.’® The observed
high prevalence of aiCSU among female patients is also sup-
ported by an older study showing the association between female
sex, positive ASST result, and thyroid autoimmunity.*’

Recently, the Component-resolved screening for autoimmune
chronic spontaneous urticaria (CORSA) study revealed several
additional markers of type IIb aiCSU including angioedema,
nocturnal symptoms, and symptoms for more than 5 days/wk.%

Other emerging surrogate markers of type IIb aiCSU are low
levels of total IgE and IgA,*® basopenia, eosinopenia,”’ and a poor
response to conventional treatment”"*” (discussed in the next sec-
tions). Interestingly, in 1 study, elevated levels of IgM-anti-FceRI
but not IgG- or IgA-anti-FceRI (IgE-anti-FceRI were not measured)
were linked to low blood basophil and eosinophil counts.*’

Diagnosis of type llb aiCSU

Since 2013, the “criterion standard” for the diagnosis of type
IIb aiCSU is a positive ASST result, together with a positive
result of a functional bioassay, that is, basophil test (BHRA and
BAT), and demonstration of IgG-anti-FceRI, IgG-anti-IgE, or
both by an immunoassay.** Immunoassays for IgG/IgM/IgA-
anti-FceRI/IgE autoantibodies are not usually available for
routine clinical practice.'® Basophil tests are considered the
best single tests for diagnosing type IIb aiCSU and showed bet-
ter correlation with other markers of type IIb aiCSU and
response to treatment than the ASST or immunoassays for auto-
antibodies (Fig 3).'®**%! For example, patients with CSU with
type IIb aiCSU and patients with CSU with a positive basophil
test result both had markedly lower levels of total IgE, higher
levels of IgG-anti-TPO, or both, as compared with patients
with CSU with a positive ASST result or IgG-anti-FceRI/IgE
autoantibodies only.'*!

The ASST is a poor predictor of a positive basophil test
result,**** and ASST positivity had low predictive values (27%)
for type IIb aiCSU against non—type IIb aiCSU in the PURIST
study.'® A recent review of studies on the ASST concluded that
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all BHRA-positive patients scored positive on ASST, whereas
most ASST-positive patients with CSU did not demonstrate func-
tionally active circulating histamine-releasing autoantibodies.”*
Indeed, virtually all (91%) of BAT/BHRA-positive patients
were also ASST-positive in the PURIST study, whereas only
39% of ASST-positive patients were also positive for basophil
tests.'® This suggests that autoreactivity shown by positive
ASST in some patients may be linked to circulating histamine-
releasing serum factors other than autoantibodies, for example,
coagulation factors or MRGPRX?2 agonists. Recently, coagula-
tion factors were demonstrated to induce mediator release from
human skin mast cells and basophils via production of comple-
ment 5a (C5a) acting on the C5aR.®” Furthermore, in patients
with CSU, a positive ASST result was linked to elevated levels
of IgM against FceRlo, but not IgG-anti-FceRI or IgA-anti-
FceRL" This might explain the low predictive values of ASST
in the PURIST study, where IgG autoantibodies but not IgM au-
toantibodies were measured and a large discrepancy between pos-
itive ASST result and sera positive for IgG-anti-FceRI/IgE
detected by ELISA was seen.'®

Healthy individuals (17%-55%) and patients with other allergic
and nonallergic diseases can also show ASST positivity.°® The use
of the ASST is also limited by possible false-positive results due
to concomitant symptomatic dermographism or formation of
vasoactive mediators during serum preparation. However, the
ASST appears to be a good screening test for type IIb aiCSU
when combined with other clinical and laboratory markers. For
example, the probability of a positive BAT or BHRA result was
86.4%, 90.0%, and 100% if ASST positivity was used in combi-
nation with the presence of angioedema, increased levels of thy-
roid autoantibodies, and low total IgE levels, respectively.*® This
may be useful in everyday clinical practice to select patients for
basophil testing. However, ASST had a high negative predictive
value, ranging from 59% to 100%, for different positivity criteria.
Therefore, a negative ASST result was recommended as a reliable
clinical tool to exclude the presence of functional circulating au-
toantibodies detectable by BHRA.®

Although Hashimoto’s thyroiditis is frequently associated with
type IIb aiCSU,'®”” thyroid autoimmunity is very common
among other CSU subsets as well.” Thus, the detection of IgG-
anti-TPO antibodies alone is not sufficiently specific to diagnose
patients with type IIb aiCSU.”" A useful diagnostic marker for
type IIb aiCSU that can be used in clinical practice is, however,
the combination of high IgG-anti-TPO and low total IgE levels
(Table I). This combination has been shown to be associated
with positive ASST result, positive BAT result, and other markers
of type IIb aiCSU.'®**>1-%% A patient with CSU with elevated
IgG-anti-TPO and low total IgE has a more than 3 times higher
risk of having a positive BAT result as compared with one
without.”! The most current revision and update of the interna-
tional EAACI/GA’LEN/EuroGuiDerm/APAAACI urticaria
guideline recommends assessing patients with CSU for total
IgE and IgG-anti-TPO.' Importantly, total IgE levels should be
assessed before starting the treatment with omalizumab.

OVERLAP OF TYPE | AND TYPE IIB aiCSU

It is likely that not all patients with CSU can be strictly
allocated either to an autoallergic or to a type IIb autoimmune
endotype on the basis of presence of IgE or IgG/IgM/IgA
autoantibodies directed to self-antigens, respectively. The real
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overlap rates are still unknown because the PURIST, CORSA, and
some other studies of type IIb aiCSU did not exclude patients with
type 1 aiCSU and did not assess the coexpression of IgE and other
types of autoantibodies in the same patients.

A recent report by Asero et al'® tested the co-occurrence of IgE
and IgG autoantibodies to high- and low-affinity IgE receptors
(FceRI and FceRII), tissue factor, and thyroglobulin. More than
50% of patients had IgE and IgG to 1 or more of these autoanti-
gens, and 25% of patients had levels of IgE-anti-FceRL.'® Also,
markers of type IIb aiCSU, for example, basophil tests, and
markers of autoallergic CSU, for example, IgE-anti—IL-24, have
been shown to correlate with disease activity and basopenia,'*'®
and IgE-anti-TPO and IgG-anti-TPO, in several studies, have
been reported to be coexpressed by patients with CSU.'*+2%>48
The correlation between IgG and IgE autoantibodies was seen
in other autoimmune diseases, for example, systemic lupus ery-
thematosus.®® In some studies,'* no correlation between total
IgE and IgE-anti-TPO was seen, suggesting that some patients
with low total IgE, a marker for type IIb CSU, might also have
IgE autoantibodies. Moreover, in recent studies, patients with
elevated IgE-anti-TPO levels had significantly lower IgA and/or
IgE levels.”>*® Finally, late responders to omalizumab showed
higher levels of both anti—tissue factor IgE and IgG than early
responders.'©

Further studies should explore the rate and relevance of
coexistence of autoallergic and autoimmune drivers of CSU and
the possibility that secondary autoimmune mechanisms may
develop in some patients with autoallergic CSU and vice versa,
that is, that IgE autoantibodies appear first followed by IgG, IgM,
and/or IgA autoantibodies over the course of the disease. Overlap
of IgE and IgG class autoantibodies must be expected to have an
impact on the efficacy of currently available and future treatment
options.

THE TREATMENT OF PATIENTS WITH aiCSU

In the next 2 sections, we review the treatment options that
already exist and novel treatments that are under development’’
and how patients with type I and type IIb aiCSU can be expected
to differ in their response.

Available treatments

Treatment of patients with CSU adopts a step-wise approach
that targets mast cell mediators, for example, histamine or the
mast cell itself.”®’" The first steps of standard treatment involve
second-generation H1-antihistamines (sgAHs) followed by dose
escalation up to 4-fold of the same sgAH in case of no or partial
response. In antihistamine-refractory cases, omalizumab—a hu-
manized [gG-type anti-IgE antibody—is the recommended treat-
ment option." Despite omalizumab’s high efficacy, a significant
proportion of patients require third-line treatment, which, at pre-
sent, is limited to cyclosporine, an immunosuppressant that inter-
feres with signal transduction and activation of mast cells, T cells,
and basophils.”

Although histamine is the major mediator released on mast cell
activation and H1 antihistamines constitute the basis for urticaria
treatment, a recent meta-analysis showed a response rate of only
38.6% at standard doses.”” Type IIb aiCSU has been suggested to
be more refractory to antihistamines,*®*’*° and several clinical
and laboratory markers of type IIb aiCSU are linked to poor
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TABLE Il. Emerging autoimmunity-related markers of response to treatments in patients with CSU

Response to treatment*

Markers Results H, antihistamines Omalizumab Cyclosporine

Sex Female Not a good marker® Not a good marker® Not a good marker®®

Disease activity (UAS7) T Poor®® Inconsistent evidence® Probably good'**"'?!

BHRA and/or BAT + Poor'%° Poor,'?” slow*’ Good®>*¢

ASST + Inconsistent evidence®* Inconsistent evidence,m slow®  Inconsistent evidence™®

Eosinopenia 4 Poor”’ Poor”’ Unclear'*

Basopenia + Poor™’ Poor*”!% Unclear'*”

ANA + Inconsistent evidence,“® probably Poor” "% Inconsistent evidence®®
poor response to updosing'**

IgG-anti-TPO T Inconsistent evidence,*® probably poor”>  Probably poor’’ Probably not a good marker®

I1gG-anti-TG T Probably poor® — —

IgE-anti-TPO T Probably poor® — —

Total IgE l Inconsistent evidence,*® probably poor”>  Poor®® Good®>5¢

IgG anti-TPO + total IgE T4+ Poor’! — —

Ratio of IgG-anti-TPO to total IgE 1 Poor”' Poor”’ —

Ratio of w4lgE/bIgE l — Poor”’ —

C-reactive protein T Poor®® Inconsistent evidence™ Unclear'”

D-dimer 1 Poor®® Unclear®®'¢ Unclear'?’

1, High/elevated; +, positive/present; |, low/decreased; —, no evidence; ANA, antinuclear antibody; bIgE, baseline levels of total IgE; TG, thyroglobulin; UAS7, Urticaria Activity

Score over 7 days; w4IgE, levels of total IgE 4 wk after treatment with omalizumab,

*Based on the results of systematic reviews and meta-analyses where available, otherwise on the findings of key original studies.

response to sgAHs including high disease activity, positive
BHRA and/or BAT result, eosinopenia, basopenia, low total
IgE, and elevated IgG-anti-TPO levels (Table II). In particular,
only 30% of patients with both elevated [gG-anti-TPO and low to-
tal IgE levels responded to sgAHs.”' Low blood basophil counts
were associated with nonresponse to antihistamines and a positive
ASST result.*””*

Omalizumab inhibits the interaction between IgE and its high-
affinity receptor FceRI and thereby prevents mast cell and
basophil activation, and it also blocks IgE binding to its low-
affinity receptor (CD23) on B cells and antigen-presenting cells.””
Omalizumab can also dissociate prebound IgE from mast cells
and basophils, resulting in a reduction of proximal signaling
events and decrease in mast cell mediator release.’®

In patients with IgE autoantibodies against autoallergens such as
TPO and double-stranded DNA, the inhibition of IgE binding to
FceRI by omalizumab and the downregulation of FceRI would
represent a central mechanism of action. In addition, accumulation
of omalizumab-IgE immune complexes might sequester endoge-
nous autoantigens that potentially react with IgE.”” In a random-
ized controlled trial, 70% patients with antihistamine-resistant
CSU and IgE-anti-TPO showed complete protection from wheal
development versus 4.5% patients in the placebo group.'’

In subjects with IgG autoantibodies against IgE or FceRI, the
efficacy of omalizumab is probably linked to the downregulation
of FceRI on mast cells and basophils as a result of reduced IgE.”®
Poor response and/or nonresponse to omalizumab was associated
with BHRA/BAT positivity, low total IgE levels,”” high IgG-anti-
TPO, their combination and ratio as well as eosinopenia and ba-
sopenia, all of which are markers of type IIb aiCSU (Table II). In
particular, Chen et al”’ reported a higher median ratio of IgG-anti-
TPO to IgE, a marker for type aiCSU, in omalizumab nonre-
sponders as compared with responders.

In the clinical setting, omalizumab shows 2 response patterns:
early responders (often in week 1, always before week 4) and late
responders who show delayed onset of response after week 4 and
up to week 24.%° The rapid reduction of free IgE by omalizumab in
patients with autoallergic CSU may lead to a rapid depletion of

IgE autoantibodies, thus a rapid response to treatment, which sup-
ports that these IgE autoantibodies play a role in the pathogenesis
of CSU.®! Late response can be explained by receptor downregu-
lation on skin mast cells, which is a slow continuous process.82
These late responders were associated with a higher incidence
of BHRA positivity, and BHRA-positive patients responded
with a median time of response of 29 days, whereas BHRA-
negative patients had a median time of response of only 2
days.*” Similarly, Nettis et al** identified a significant association
between ASST positivity and slower response to omalizumab in
patients with CSU.

Cyclosporine is an immunosuppressive agent that showed
overall response rates of 54% to 73%, with 6% to 57% of patients
experiencing 1 or more adverse event on very low to moderate
doses.® As of yet, low total IgE and positive basophil test results
are considered to be the best markers linked to good response to
cyclosporine in CSU (Table I1).*>*° This is in line with the notion
that type IIb aiCSU responds better to cyclosporine than non—type
IIb aiCSU. In fact, ASST and basophil test results became nega-
tive after cyclosporine treatment, in line with the clinical
response.”’*® These effects of cyclosporine can be explained by
an inhibition of histamine release from human skin mast cells, ba-
sophils,”” and leukocytes preincubated with cyclosporine after
stimulation with sera and purified IgG from these sera from pa-
tients with CSU.** Furthermore, cyclosporine can inhibit T-cell
and B-cell proliferation,”’ which might downregulate the activa-
tors of mast cells in patients with type IIb aiCSU, that is, the IgG
autoantibodies. In contrast to omalizumab, treatment with cyclo-
sporine in patients with features of type IIb aiCSU, for example,
low total IgE, ASST positivity, and/or antithyroid antibodies,
might be associated with longer remission after drug tapering/
withdrawal.”'** Further studies should evaluate this and whether
markers of poor response to antihistamines and/or omalizumab
such as a high baseline urticaria activity score over 7 days and a
combination of elevated IgG-anti-TPO and low total IgE can
also predict good response to cyclosporine treatment.

Case reports of patients with antihistamine-resistant CSU and
positive markers for autoimmunity, for example, positive ASST



J ALLERGY CLIN IMMUNOL
VOLUME 149, NUMBER 6

and/or basophil test results, suggested efficacy of plasmapheresis,
rituximab (anti-CD20), IVIG, methotrexate, cyclophospha-
mide,”” and mycophenolate mofetil (reviewed in Holm et al”*
and Combalia et al’”).

Novel treatments under development

Most novel therapies under development are expected to work
for both endotypes, type I and type IIb, although some can be
expected to work better in one than the other. Furthermore, these
novel treatments, with their different modes of action, can help to
understand known endotypes and possibly help to identify
addtional ones.

Ligelizumab is a promising humanized monoclonal anti-IgE
antibody that has shown a 40-fold to 50-fold greater affinity to IgE
and higher efficacy controlling CSU symptoms as compared to
omalizumab.”®°” In a phase 2b dose-finding trial, a higher number
of patients reached complete control of symptoms of CSU with
ligelizumab therapy of 72 mg or 240 mg than with omalizumab
or placebo.”’ Ligelizumab is less potent than omalizumab in in-
hibiting IgE-CD23 interactions,’® which might explain its lack
of higher efficacy than omalizumab in asthma studies.’® Similarly
to omalizumab, it is expected to be effective in both aiCSU endo-
types, with probably higher response rates and faster response in
type I aiCSU.

Complement factors, particularly C5a, are essential to induce
mast cell and basophil mediator release driven by IgG autoanti-
bodies.”” C5a is thought to be generated following binding of
IgG-anti-FceRI to FceRI on mast cells and is able to activate
mast cells via C5aR.'” In vitro, an antibody against C5aR in-
hibited histamine release induced by sera from patients with
CSU.'""" Because C5a can also be activated by the coagulation
pathway,®” anti-C5 and anti-C5aR are expected to also be benefi-
cial for patients with a type I CSU. Therefore, it is to be expected
that anti-C5 and anti-C5aR therapies will work across all CSU en-
dotypes, but should be especially effective in type IIb aiCSU, and
future studies will test this.

BTK regulates FceRI signaling in human mast cells and
basophils, via FceRI, as well as in B cells, via the B-cell
receptor. Treatment with BTK inhibitors blocks IgE-mediated
activation of mast cells and basophils.“)z’m3 Fenebrutunib, a
highly selective, reversible, oral BTK inhibitor, improved dis-
ease control in patients with CSU within the first week when
used in doses of 50 mg every day, 150 mg every day, and 200
mg twice a day. Furthermore, fenebrutinib, at lower doses,
demonstrated greater benefit in patients with type IIb autoim-
munity than without and reduced circulating anti-FceRI autoan-
tibodies, indicating that patients with type IIb aiCSU may be
more sensitive to BTK inhibition (NCT03137069). Fenebrutinib
was generally well tolerated, with reversible grade 3 liver en-
zymes abnormalities reported in the 150 mg every day and
200 mg twice a day patient groups.”)4 Although the follow-up
study of fenebrutinib was discontinued (NCT03693625), there
are other BTK inhibitors under investigation in antihistamine-
refractory CSU such as rilzabrutinib (NCT05107115) and remi-
brutinib (NCT03926611, NCT04109313).'” In a phase I trial,
remibrutinib showed a favorable safety profile and promising
pharmacodynamics, supporting its further development for
CSU.'% In a phase IIb dose-finding study, remibrutinib demon-
strated a dose-response with significant improvements in UAS7
from baseline to week 4 and week 12 versus placebo, as well as
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a fast onset of action, and a favorable safety profile across the
entire dose range.'"”

Several lines of evidence indicate that IL-17 and IL-23 might
play a role in CSU pathogenesis and are promising targets for
therapy. First, mast cells are thought to produce or take up IL-17A
and store it in intracellular granules.IO7 Second, serum levels of
IL-17 and IL-23 were markedly higher in patients with CSU as
compared with healthy control subjects.'”® Furthermore, the
number of IL-17A—expressing cells, CD4 ™ T cells, and mast cells
was increased in CSU lesional skin.'?” Lastly, both IL-17 and IL-
23 serum levels correlated with CSU activity and were associated
with ASST-positivity, suggesting that anti—IL-17 and anti-IL-23
treatment might be more effective in type ITb aiCSU.'"* Secuki-
numab, an anti—IL-17A antibody, has recently been shown to be
effective in patients with CSU though its response onset was
slow.'” As of now, it is unclear whether patients with type IIb
aiCSU will show higher rates of response to anti-IL-17 as
compared to those with type I aiCSU, but the expectation is that
they do.

Ty2 cytokines such as IL-4, IL-5, and IL-13 are responsible for
stimulating IgE production and can contribute to the activation of
mast cells, basophils, and eosinophils.l 19 In addition, 1L-4 upre-
gulates the expression of the IgE receptor. Preliminary reports
demonstrated efficacy of dupilumab, an mAb that targets both
IL-4 and IL-13 via IL-4Ra blockade, in patients with csu.'t!
This points to a role of type 2 inflammation in these patients
and suggests that anti-IL-4Ro therapy might be more effective
in type I aiCSU. According to a recent press release, dupilumab
significantly reduced itch and hives in omalizumab-naive patients
(138 patients aged 6 years and older) when used as add-on to an-
tihistamines, compared with those treated with antihistamines
alone (placebo) in the phase III LIBERTY CUPID trial
(NCTO04180488). Further studies will evaluate dupilumab in
patients with CSU who are omalizumab intolerant or incomplete
responders to omalizumab. There are no studies, as of now, on dif-
ferences in the response to dupilumab treatment between patients
with type [ and type IIb aiCSU. These are needed and may be pre-
dicted to show a better response in the former.

Other novel therapies might also have a beneficial effect in both
endotypes of aiCSU. For example, lirentelimab, an anti—Siglec-8
mADb, is being evaluated in antihistamine-resistant patients with
CSU (NCT03436797). The antibody acts on mast cells and
eosinophils, cells that express Siglec-8, showing combined
effects.’'” In a recent phase 2 study, 13 omalizumab-naive and
11 omalizumab-refractory patients with CSU showed a disease
activity drop of —73% and —47%, respectively.''* CDX-0159,
an anti-KIT mAb, is being tested in CSU and chronic inducible
urticaria in phase I studies (NCT04538794, NCT04548869).
Almost all patients (95%) with antihistamine-refractory cold urti-
caria and symptomatic dermographism experienced complete
response after a single dose of CDX-0159, and serum tryptase
and skin mast cell depletion mirrored clinical activity.''* Future
studies will compare patients with type I and type IIb aiCSU
for their response to lirentelimab and CDX-0159.

Novel treatments will teach us about differences in the role of
certain mechanisms/factors related to different endotypes, such as
eosinophils. Eosinophils may have an important role in CSU'”
due to their ability to activate mast cells through major basic pro-
tein and eosinophil cationic protein.l 15116 The presence of both
eosinophils and eosinophil granules was demonstrated in CSU le-
sions.''” In this regard, a possible mechanism of blood
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TABLE lll. Summary of features of type | and type Ilb aiCSU (modified from Maurer et al®?)

Features Type |

Type lIb Overlap issues

Defining criteria Presence of IgE to self

Increased in patients with IgE-anti—IL-24""

Might be higher in patients with IgE-anti-
TPO>32

Rates of autoimmune thyroiditis might be
increased in
patients with high IgE-anti-TPO levels™

Disease activity
Rates of allergic diseases

Rates of autoimmune diseases

Total IgE levels

IgG-anti-TPO levels Might be high in patients with high IgE-anti-
TPO levels™

Might be increased in patients with elevated
IgE-anti-IL-24"

Unknown

Basopenia rates

Eosinopenia rates
Response to sgAHs

Response to omalizumab Expected to be fast and good in patients with

IgE-anti-TPO"’

Unknown
Unknown, might be good

Response to cyclosporine
Response to fenebrutinib

Low in patients with increased IgE-anti-TPO>

Might be poor in IgE-anti-TPO—positive cases”

ASST+,
IgG-anti-FceRI/IgE+,
and BAT/BHRA+*

Increased'®

IgA, IgM, and IgE autoantibodies were shown in
some patients with IgG autoantibodies' "’

Both types can show increased disease activity

Unknown —

Increased”’ IgG-anti-TPO correlated with IgE-anti-TPO*

Low'® Increased IgE-anti-TPO levels were associated
with low total [gA*® and total IgE levels™
(both markers of type IIb aiCSU)

High'® IgG-anti-TPO correlated with IgE-anti-TPO>
High'® Increased IgE-anti—IL-24 levels were associated
with basopenia'”

High"’ —
Poor”! Positive IgE-anti-TPO, positive IgG-anti-TPO,

and total IgE <40 IU/mL were independent
predictors of antihistamine-refractory CSU>>

Poor, slow™ Late responders to omalizumab showed higher
levels of both anti—tissue factor IgE and IgG
than early responders'®

Goodxs,xn _

Good Fenebrutinib diminished disease activity in
patients with antihistamine-refractory CSU,
including more patients with refractory type

IIb autoimmunity'**

eosinopenia and basopenia in type IIb CSU is the migration of
both cell types from the blood into the lesional skin of patients
with CSU. Furthermore, IgG-anti-FceRII were described in pa-
tients with CSU and were able to induce histamine release via
eosinophil activation.''” In addition, an antibody targeting the
IL-5 receptor, benralizumab, showed significant symptom reduc-
tion in patients with CSU."'® Further studies evaluating the effi-
cacy of benralizumab (NCT04612725) and of the anti—IL-5
drug mepolizumab (NCT03494881) in antihistamine-resistant
CSU are ongoing.

Finally, there are other treatments in development that may
teach us about new endotypes, for example, therapy that
targets MRGPRX2 and alarmins such as thymic stromal
lymphopoietin (TSLP). MRGPRX2 is responsible for an
IgE-independent pathway of mast cell, basophil, and eosinophil
activation.''®'"” Patients with severe CSU showed increased
numbers of MRGPRX2-expressing mast cells in lesional
skin."'® Several MRGPRX2 antagonists are in preclinical stage
development.'?*'?" TSLP together with other alarmins, IL-33
and IL-25, are type 2 cytokines that initiate the release of a broad
array of cytokines involved in atopy. Increased expression of
Ty2-initiating cytokines including TSLP in the lesional skin of
patients with CSU'*” indicates the need for investigation of
corresponding drugs such as tezepelumab, an anti-TSLP mAb,
in CSU.

OPEN QUESTIONS AND UNMET NEEDS
Although it is very clear that patients with CSU with functional
autoantibodies do not show signs of anaphylaxis, it is still unclear

why this is so. As for basophil activation in patients with CSU and
these autoantibodies, this is very hard to assess. Many patients
have low basophil numbers. Also, these patients exhibit
nonresponder basophil populations. It is possible that circulating
basophils that express functional FceRI on their surface respond
differently than those recruited to the lesional skin, because their
degranulation might need tissue-specific cofactors. In addition,
different types of basophils may play a role in the type of response
to TPO, and serum factors may prevent activation, at least
partially. For example, basophils of patients with CSU incubated
with IgE-anti-TPO from control subjects showed lower
expression of CD203c than after incubation with patients’
autologous IgE-anti-TPO serum or with IgE-anti-TPO serum
from another patient with CSU.”" Finally, basophil activation in
the blood by CSU autoantibodies may not suffice to produce
anaphylaxis.

Patients with type I and type IIb aiCSU can experience wheals,
angioedema, or both (Table III). Whether the rates of these 3 phe-
notypes may be different in patients with type I and type IIb
aiCSU is currently unknown. Recent work suggests that this
may be the case, demonstrating that patients with CSU who exclu-
sively develop angioedema but no wheals are less likely to have
type IIb aiCSU than those patients who only or also develop
wheals.” This may explain the very high rate of omalizumab
complete responders in standalone angioedema patients with
csu.'*

Emerging features and markers of type IIb aiCSU, for
example, basopenia and low total IgE, need to be validated
across centers/studies, and the strength of the association
between them and aiCSU-defining tests, and the predictive



J ALLERGY CLIN IMMUNOL
VOLUME 149, NUMBER 6

values, sensitivity, and specificity of the former to predict the
latter have to be better assessed in further studies. Accordingly,
type IIb aiCSU diagnosis criteria might be revised in the future
on the basis of results of these studies and will include new
markaas in addition or instead of the ones that were suggested in
2013.

What do we know?

Type I and type IIb autoimmunity are the 2 proposed causes of
CSU.

Patients with CSU can have type I aiCSU, type IIb aiCSU, or both.
On a patient level, type I and type IIb aiCSU share the same
phenotype.

As endotypes, type I and type IIb aiCSU may differ in disease|
course, clinical features, and response to treatment.

Novel and endotype-targeted treatments are under development.

What is still unknown?

The precise cellular and molecular mechanisms of type I and typel
IIb aiCSU remain to be characterized.

The drivers and mechanisms of onset and spontaneous remission o
type I and type IIb aiCSU need to be identified and characterized.
The exact rate of patients with CSU with type I aiCSU, type IIb
aiCSU, both, or nonautoimmune CSU is unknown.

Better tests for type I and type IIb aiCSU need to be developed and
made available.

Additional causes of CSU need to be identified and characterized.
The role, relevance, and mechanisms of triggers of exacerbation
and disease modifiers need to be elucidated.
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