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Abstract

With advances in understanding the role of eosinophils in disease pathogenesis, particularly in
the airways, gastrointestinal (GI) tract, and skin, targeting eosinophils or the cytokines that lead
to their production, activation, and survival has become an increasingly pursued therapeutic
approach. Newly developed biologic agents target eosinophils directly, other cells interacting
with or activating eosinophils, or cytokines in the Type 2 inflammatory pathway with specific
antibodies. Current treatment paradigms reserve therapy with biologics for patients refractory to
or intolerant of corticosteroids or immunosuppressants. Given accumulating data for safety and
efficacy of these biologics, however, there is the question of whether targeted treatments should
be used earlier in the treatment algorithm. In this article, we discuss the pros and cons of using
biologics as first-line therapy for eosinophilic diseases of the airways, Gl tract, and skin. We
highlight emerging biologic agents and future directions for research, as well as a rationale for
the early use of some biologics to prevent tissue damage, disease progression, and organ

dysfunction in selected conditions.

Keywords: asthma; eosinophilic granulomatosis with polyangiitis; eosinophilic esophagitis;

eosinophilic gastrointestinal disease; atopic dermatitis; hypereosinophilic syndrome; therapuetics
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Introduction

Eosinophilic disorders comprise a large and diverse spectrum of diseases. While blood
eosinophilia is well defined (absolute eosinophil count (AEC) >0.5 G/I; hypereosinophilia >1.5
G/I), tissue eosinophilia in organs that physiologically harbor eosinophils such as the lungs,
stomach, small and large intestine, uterus, thymus, spleen, and lymph nodes, is not.! In other
tissues where resident eosinophils are not present during homeostasis, eosinophil infiltration or
eosinophil granule protein deposition indicate a pathologic condition.? Eosinophilia can be
either primary (intrinsic), owing to a gene fusion or mutation in a hematopoietic stem or
immature cell population, or secondary (reactive).

Immense progress has been made in understanding the role of eosinophils in disease
pathology.* Therefore, targeting eosinophils or the cytokines that lead to their production,
activation, and survival is a worthy therapeutic approach. However, in the context of treating
reactive eosinophilic diseases, other factors should be considered given the complexity of their
pathogenesis. These include the interaction of eosinophils with accompanying inflammatory
cells and tissue resident cells, the cytokine milieu in the tissues, the recruitment and activation of
eosinophils, epithelial barrier defects, and invading pathogens. Therefore, targeting eosinophils
alone might not always be sufficient to achieve clinically relevant and sustained effects.

The anti-inflammatory therapy of eosinophilic disorders has been mainly based on
corticosteroids as first-line treatment with immunosuppressants reserved as second-line. With the
increasing knowledge of eosinophil disease pathogenesis, however, a number of biologics are
available that target eosinophils directly (benralizumab), target other cells interacting with or
activating eosinophils (omalizumab, rituximab), or target Type 2 cytokines such as IL-5

(mepolizumab, reslizumab) or IL-4/1L-13 (dupilumab) with specific antibodies. The current



90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

treatment paradigm is to reserve therapy with biologics for patients refractory to or not tolerating
corticosteroids or immunosuppressants. Given the potential toxicity of these first line
medications related to their broad spectrum of action, it is reasonable to raise the question of
whether targeted treatments such as biologics should be used earlier in the treatment algorithm.
In this article we will discuss the pros and cons of using biologics as first-line therapy, with a
focus on diseases with reactive eosinophilia of the airways, Gl tract, and skin that are mediated
by cytokines most frequently produced by T cells or, less common, by tumor cells. These

include airway, gastrointestinal (luminal), and skin diseases.

Airway diseases

Much of our understanding about therapies that target eosinophils comes from asthma
and related diseases. Asthma is well appreciated as an inflammatory disease characterized by
airflow obstruction and airway hyperreactivity. Increased blood and/or sputum eosinophil levels
are observed in over two thirds of asthma patients and it has been well recognized that eosinophil
levels are associated with increased disease activity and risk of exacerbations.>® While inhaled
corticosteroids (ICS) and long acting beta agonists (LABA) remain the mainstay of therapy, 10-
15% of asthma patients remain poorly controlled despite use of these inhaled regimens and
warrant additional step up medications. Following the 2003 approval of omalizumab for allergic
asthma, three therapies that target 1L-5 or its receptor have been approved since 2015 for patients
with eosinophilic asthma. Mepolizumab, reslizumab, and benralizumab have all been shown to
improve outcomes, reducing exacerbations, improving lung function and helping facilitate oral
corticosteroid tapering in a safe manner.”® Dupilumab, a monoclonal antibody that targets the

IL-4 receptor alpha, has been shown to have similar efficacy, also reducing exacerbations and
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substantially improving lung function, with sustained benefits out to at least 2 years.® While
these therapies have revolutionized the way we manage patients with severe asthma, as many as
60% of patients treated with biologics continue to have symptoms,** bespeaking the complexity
and heterogeneity of asthma pathophysiology. Nonetheless, could there be a role for asthma
biologics as first-line therapy? The vast majority of asthma patients achieve adequate control
with ICS +/- LABA, so for most this would not be necessary although the dosing frequency
(every 2 to 8 weeks) may result in substantial improvement in adherence to asthma care. As for
more severe patients, many individuals treated with biologics achieve symptom control and taper
off inhaler therapy (with or without physician guidance). As many of these patients continue to
thrive and remain free of exacerbations, first line biologic treatment could be an effective
strategy. However, based on data from placebo groups of clinical trials where patients continue
to thrive, it is probable that many patients would do just as well if they were adherent to standard
inhaler regimens. That being said, the cost-benefit ratio of using biologics as first line therapy
would not make economic sense based on current costs, with biologics being priced
approximately 10 times that of standard controller regimens.

Eosinophilic granulomatosis with polyangiitis (EGPA) and chronic eosinophilic
pneumonia (CEP) are two conditions related to asthma that have also been observed to respond
well to biologics. EGPA is characterized by asthma, eosinophilia, sinusitis, pulmonary
infiltrates, neuropathy, and vasculitis affecting other organ systems, while chronic eosinophilic
pneumonia is characterized by asthma, sinusitis, and eosinophilic inflammation of the airways
and pulmonary infiltrates. Anti IL5 therapy with mepolizumab was approved for EGPA based
on a double-blind placebo-controlled study in which mepolizumab 300 mg given monthly

facilitated corticosteroid tapering and reduced exacerbations in patients with relapsing and



136  refractory disease.*> While it is the only therapy approved for this condition, it is generally used
137  after corticosteroids (and/or other immunosuppressants) have been given, and for patients who
138  remain refractory or who are unable to taper corticosteroid dosing. It is often utilized for the
139  asthma/sinusitis components of this disease, with limited data on the vasculitis aspects; the

140  pivotal trial did not allow for this therapy to be given as first line as patients needed to have a
141  history of EGPA for at least 6 months prior to trial onset. As other anti IL5 therapies have

142 shown success in small open label studies,* it is probable that these would also be effective;
143  indeed, a head to head trial comparing mepolizumab with benralizumab is currently ongoing
144  (ClinicalTrials.gov NCT04157348). Nonetheless, while there is reason to believe that anti-IL5
145  therapy may be effective as a first line option in EGPA given its effective reduction of

146  eosinophilia, no first line biologic studies have been conducted to date. In EGPA in particular,
147  mepolizumab only reduced relapses by 53%, and thus there are concerns that there may be

148  mechanisms beyond just eosinophilia that could go unchecked and result in life threatening

149  vasculitis, or that the reduction in eosinophilia required to achieve disease control may not be as
150  quick with biologics as with systemic corticosteroids. Furthermore, given the cost of these

151  therapies (~$100,000/year for mepolizumab at the 300 mg/dose), it may be challenging

152  logistically to get these drugs approved in the acute setting when patients first present.

153 Dupilumab, mepolizumab and omalizumab have all been approved in the last few years
154  for treatment of chronic rhinosinusitis with nasal polyps. These biologics have significantly
155  reduced the size of nasal polyps and obstruction, as well as the number of patients who had

156  surgery due to polyps or severe symptoms.1#® In addition, fewer patients who received

157  biologics vs. placebo required systemic corticosteroids. While it is unlikely that biologics would

158  replace inhaled nasal corticosteroids as first line therapy given their relative efficacy and cost, it



159 is probable that biologics would replace polyp surgery as a first line treatment. This is because
160  nasal polyps frequently recur postoperatively and require revision surgery.

161

162  Gastrointestinal diseases

163 The eosinophilic gastrointestinal diseases (EGIDs) are chronic conditions characterized
164 by GI symptoms and pathologic infiltration of eosinophils into the Gl tract, in the absence of
165  secondary causes of eosinophilia.l” The most well studied of the EGIDs is eosinophilic

166  esophagitis (EOE), a Type 2-mediated allergic/immunologic condition.® ® While there are

167  emerging data that eosinophilic gastritis (EoG) also has Type 2 features,? less is known about
168  eosinophilic enteritis and eosinophilic colitis. The available first line treatments include topical
169  corticosteroids (targeting the mucosa of the esophagus, stomach, or small bowel) and dietary
170  elimination (based on the premise that EOE and EoG are largely driven by an aberrant response
171 to food antigens in the setting of barrier dysfunction). However, the increasing knowledge of
172 EGID pathogenesis has allowed rapid identification of novel therapeutic targets and development
173 of biologics.?! Most data to date have been in EoE, with trials of anti-IgE (omalizumab),? anti-
174 IL-5 (mepolizumab; reslizumab),??° anti IL-13 (QAX576; RPC4046, now termed

175  cendakimab),?6-2 and anti-1L-4r (dupilumab)?°-3! published, and trials of anti-1L-5r

176 (benralizumab) and anti-siglec-8 (lirentelimab) ongoing. In EoG and eosinophilic duodenitis
177 (EoD), phase 2 data have been published on lirentelimab,®? and benralizumab and dupilumab are
178  under study. Notably, dupilumab, cendakimab, benralizumab, and lirentelimab have reached
179  phase 3 for EoE, and lirentelimab and benralizumab have reached phase 3 for EoG/EoD, based
180  on promising results from early phase investigations. The therapeutics and data available for

181 interpretation continue to evolve rapidly, and preliminary results for a proof of concept study of
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benralizumab in E0G (NCT03473977), and the phase 3 studies of lirentelimab for EOE and
EoG/EoD (NCT04322708 and NCT04322604, respectively) did not meet all co-primary
endpoints, with histologic responses noted, but without symptom improvement above that seen
in the placebo groups.

There are a number of reasons to consider biologics as first line pharmacologic therapies
in EOE. First, as opposed to topical steroids or proton pump inhibitors, biologics target the
pathogenesis of EOE. Second, efficacy of many of these agents appears to be very good. For
example, in the phase 2 study of cendakimab, 50% of patients had a histologic response (<15
eosinophils per high-power field [eos/hpf]) and a similar effect was seen in the steroid refractory
subgroup,?” and in a phase 3 study of dupilumab, 64% of patients had a histologic response (<15
eos/hpf).2® In both of these studies, the initial responses appeared to be maintained for 6-12
months, there were accompanying improvements in symptoms and endoscopic severity, and the
medications were well-tolerated.?-3! These histologic response rates are on the same order of
magnitude as what has been reported for topical steroids.®® Third, biologics offer the promise of
personalization of treatment choice based on individual patient features. For example, a patient
with multiple atopic conditions such as asthma, atopic dermatitis, and chronic rhinosinusitis with
nasal polyposis, as well as EOE, might be able to replace 4 separate steroid medications (inhaled,
cutaneous, intranasal, and swallowed) with a single agent effective across multiple atopic
conditions. Emerging data also show that EoE patients have different cytokine profiles,®* and
this perhaps implies that an “IL-5 high” or an “IL-13 high” patient might be best treated with
biologics targeting these cytokines or associated receptors. Finally, biologics that patients
administer weekly to monthly might improve medication adherence over a daily or twice daily

topical steroid, or a restrictive elimination diet.*®
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These reasons in favor of a biologic for first line EOE therapy are countered by a lack of
data for many critical areas. In comparison to the very strong data for current EoE first line
treatments that have informed current guidelines,®® " there are no data for use of biologics in
newly diagnosed EOE patients, no comparative effectiveness data showing superiority over
topical steroids, PPIs, or diet elimination, and few data (though these are starting to emerge) for
long-term use. In particular, if an EoE patient is responsive to PPI therapy, it may be hard to
justify use of a biologic. In addition, long-term safety and immunogenicity data are needed,
there are no cost-effectiveness studies for this very expensive class of medications, and there is
no proof of principle of the role for personalized treatment. In sum, it is likely that biologics will
first be positioned for treatment of refractory EoE — those patients who either do not respond to
or do not tolerate the first line treatments.®® However, as more data become available, there is no
reason (apart from high costs) why biologics could not move up the treatment algorithm,
particularly as we learn how best to individualize treatment for the patient sub-groups who might
benefit most from these novel agents.

The outlook may be different for EOG/EoD, however. In contrast to EoE, there are no
randomized trials of topical steroids in these non-EoE EGIDs, there is only one prospective diet
elimination study using elemental formula,® and nearly all data for treatment options currently
used are from case series. Because of this, biologics under study with rigorously designed
randomized trials,®? if shown to be safe and effective, may be an option for first line treatment in
these conditions, particularly because of the goal to minimize chronic systemic corticosteroid use

in these difficult to treat diseases.

Skin diseases
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Eosinophilic dermatoses comprise a broad spectrum of skin diseases presenting with
various morphologies and having different underlying pathogenic mechanisms. They all are

characterized by tissue eosinophilia with or without accompanying blood eosinophilia.

Atopic dermatitis

Atopic dermatitis (AD) is a chronic inflammatory skin disease presenting with recurrent
eczematous lesions and intense pruritus. Epidermal barrier structure and function, type 2
inflammation, the microbiome, and their interactions play a role. AD is a common disease that
affects both children and adults, and often starts in infancy. Current guidelines recommend a
stepwise therapeutic approach depending on the severity.

Dupilumab is the first biologic approved for the therapy of AD, and there are a number of
arguments that would justify its use as first-line therapy. Dupilumab blocks the shared IL-4/IL-
13 receptor resulting in a decrease of inflammatory cells, including eosinophils, and cytokines as
well as a restoration of epidermal barrier proteins.*® 4t A number of clinical trials and real-life
observations have shown that dupilumab effectively reduces clinical signs and symptoms of AD
in children and adults*?-* with sustained efficacy upon continuous treatment over 52 weeks*® and
an excellent safety profile.*® Patients on dupilumab therapy also report an improved quality of
life.*” Beyond the skin, dupilumab is effective in treating conditions often associated with AD
such as asthma, chronic rhinosinusitis with nasal polyps and eosinophilic esophagitis (as
discussed above).?® 48

As AD is often the onset of the so-called atopic march, one might speculate that an
effective therapy of skin inflammation starting as early as in infancy might delay or even stop

this process.*® However, information on dupilumab as first-line therapy for AD is not yet
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available. Dupilumab has been studied in patients not responding to topical therapy with
corticosteroids and calcineurin inhibitors, and those with previous cyclosporin therapy.>® Mainly
due to high costs, dupilumab is available in most countries only for patients with severe AD
and/or who have not responded to immunosuppressants despite the fact that it is superior in
terms of efficacy and safety to most other available treatments.*>! Additionally, the recent
observation that upadacitinib achieved a more rapid onset of itch relief and skin improvement
compared with dupilumab might favor JAK inhibitors to be used first-line for the therapy of
acute AD flares.>?

Other biologics such as mepolizumab (two single doses of 750 mg, given 1 week apart)
and omalizumab (0.016 mg/kg/IgE [IU/mI] per 4 weeks over 3 months) did not show any

significant effects on AD severity and pruritus.>3 5

Bullous pemphigoid

Bullous pemphigoid (BP) is an autoimmune bullous disease presenting with generalized
pruritus, urticarial plagues and typical tense blisters (bullag). BP is characterized by the presence
of autoantibodies directed against the hemidesmosomal proteins BP180 and BP230 that can be
detected in the skin and serum of BP patients.>®

The observation that 77% of BP patients have IgE autoantibodies has justified the use of
omalizumab.%® Moreover, omalizumab has been shown to downregulate FceRI and IgE in
lesional skin in parallel with clinical improvement.>” As omalizumab is usually well tolerated, it
is suitable for the therapy of BP patients who are the elderly and who often have comorbidities.>®

Rituximab depletes B cells, resulting in a reduction in autoantibody titers as well as loss of the

10
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antigen-presenting and immunomodulatory functions of B cells.>® Currently, randomized trials
investigating omalizumab or rituximab in BP are not available.

There is evidence that eosinophils are abundantly present in lesional skin and actively
contribute to BP pathogenesis by inducing blister formation® and inducing pruritus.®* However,
mepolizumab therapy failed to show superiority over placebo in terms of clinical and serological
outcomes.®? Whether other eosinophil targeting antibodies, e.g. benralizumab, are effective in

BP remains to be investigated.

Drug rash with eosinophilic and systemic symptoms

Drug rash with eosinophilia and systemic symptoms (DRESS) is a rare severe
hypersensitivity reaction presenting with exanthema, facial edema, lymphadenopathy, fever, as
well as liver, kidney and lung dysfunction. Increased blood IL-5 levels driving eosinophilia have
been observed in early stages of DRESS.®® There is evidence that eosinophils directly contribute
to organ damage in DRESS.% 8 As biologics targeting eosinophils were shown to be successful
in the treatment of DRESS in case reports,®¢-% clinical trials would be useful to further study

efficacy in larger cohorts.

Urticaria

Urticaria that presents with wheals, angioedema, or both, is presumed to be a mast cell-
driven disease.®® If antihistamines are not sufficient in controlling skin lesions, omalizumab is
applied in chronic spontaneous urticaria (CSU). Its onset of action is short in most patients, as
omalizumab directly blocks IgE directed to autoantigens, but delayed in cases with CSU

mediated by 1gG or IgM autoantibodies that target activating mast cell receptors.”

11
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Eosinophils that are scattered among cells infiltrating the skin may contribute to urticaria
pathology by stimulating mast cell degranulation and increasing vascular permeability.”*"® A
single-center, single-blind, repeated-measures study revealed rapid and prolonged effects of
benralizumab in CSU patients.’* The results of a phase 2 trial investigating an antibody targeting
siglec-8, which is a receptor expressed by eosinophils, mast cells and basophils, showed
excellent effects in both omalizumab-naive and resistant CSU patients and thereby also make it a

candidate for first-line therapy.”

Prurigo nodularis

Prurigo nodularis (PN) manifests with firm, hyperkeratotic, excoriated nodules that are
induced by persistent scratching due to chronic pruritus.’® Eosinophils can be detected on
histology, are thought to contribute to pruritus by producing toxic proteins, cytokines and
mediators that can activate nerve cells.”” Nemolizumab, which targets the 1L-31 receptor, has
bene shown to interrupt the vicious cycle of chronic pruritus giving raise to permanent scratching
and inflammation in PN."®

Experiences with biologics in specific but rare eosinophilic dermatoses is minimal and
limited to case reports including the use of mepolizumab in eosinophilic cellulitis and Kimura
disease,”® & benralizumab in eosinophilic pustular folliculitis,®* and dupilumab in eosinophilic
dermatosis of hematologic malignancy.®? 8 Consideration of use of biologics as first-line

therapy in these conditions would be premature.

Hypereosinophilic syndrome

12
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In hypereosinophilic syndromes (HES), pathologically elevated levels of activated
eosinophils contribute to organ damage in multiple systems throughout the body. Biologics
targeting eosinophils in early disease stages would therefore be logical. In the reactive forms of
HES, eosinopoietins such as IL-5, IL-13 and GM-CSF induce hypereosinophilia by stimulating
eosinophil production, activation and survival.! Therefore, these cytokines and their receptors
serve as therapeutic targets. Mepolizumab, which has been approved for patients with HES in
several countries, has been shown to have corticosteroid-sparing effects® and significantly
reduced the number of HES flares.®> Benralizumab therapy in PDGFRA-negative HES led to a
significant and rapid decrease of AEC in 17/19 patients, who all had subsequent clinical
improvement.®® Based on this, a phase 3 study is ongoing (NCT04191304). Both mepolizumab
and benralizumab exerted excellent effects in HES patients with skin involvement.?®8" The
efficacy of mepolizumab and benralizumab depends on the clinical subtype of HES, with no or
poor response in myeloproliferative-variant HES or lymphocytic-variant HES.8¢ 8.8 Tq date,
the effects of biologics targeting eosinophils in HES have been studied as add-on therapy, so it is
currently not possible to draw conclusions above whether biologics targeting eosinophils qualify

as first-line therapy for HES. However, the rationale is there and should be further studied.

Future directions and conclusions

In addition to the myriad treatments discussed above, there are some additional therapies
with either some mechanistic or proof-of-principle data available. For example, the anti-1L-33
antibody itepekimab has been shown to be effective in patients with asthma compared with
placebo,® and another anti 1L-33 antibody etokimab has been shown to induce rapid and

sustained improvements in AD severity scores, pruritus and DLQI.®* In contrast, while clinical

13
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improvements in asthma were observed with tezepelumab,® an anti-TSLP antibody, this therapy
did not yield benefits in AD after 12-16 weeks of treatment.*® Fezankinumab, and antibody that
blocks 1L-22, showed best efficacy in patients with severe AD.% Therefore, for different
diseases, these biologics are unlikely to be candidates as first-line therapy. While theoretically
promising, scientific reports on the efficacy of bertilimumab, an anti-eotaxin 1 antibody, in BP
(Phase 2a Study (NCT02226146)) are still lacking. Additional future directions of research,
above and beyond the development on additional novel agents, are for studies to specifically
focus on the efficacy of biologics as first-line therapy, ideally in the form of comparative
effectiveness studies, for eosinophilic diseases. These studies would form the basis of the cost-
effectiveness studies that would be required to justify earlier and more wide-spread use of these
expensive treatments.

In conclusion, the field of eosinophilic diseases, particularly as it applies to the lung,
gastrointestinal tract, and skin, has been rapidly expanding with an increasing knowledge base
about pathogenesis. This, in turn, has led to multiple novel therapeutic targets and rapid drug
development, particularly with biologic agents. The preponderance of studies to date have
focused on the use of biologics in patients who are either resistant or refractory to other
treatments or intolerant to those treatments. Accordingly, for the biologics that are approved by
regulatory authorities, the patient population is restricted to these more difficult to treat or
severely affected patients. While cost-related issues may prohibit their use early on in disease
course, based on scientific data there is a strong rationale for the use of biologics early in the
disease course in order to prevent severe inflammation and tissue damage resulting in organ

dysfunction as well as progression and remodeling. Perhaps more widespread use earlier in

14
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disease course could result in lower costs of these therapies. As data are developed to support

this premise, treatment algorithms should be updated.
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Table 1

Potential use of biologics as first line therapy in eosinophilic diseases. A summary of biologics that have been
shown to be effective in a certain disease/disease group is given. For critical discussion and references, see text.

Biologic Target | Mode of action Effects on eosinophil Disease Potential use as first line therapy
numbers
Peripheral Tissue Hypothesis | Limitations/comments
blood
Mepolizumab IL-5 Blocks eosinophil production, l l Eosinophilic Yes Superiority to ICS +/- LABA not proven
activation, survival asthma
EGPA Limited Effect on asthma/sinusitis component, not vasculitis
CRwWNP Yes To replace polyp surgery
HES Limited Add-on therapy to corticosteroids/immunosuppressives
Depending on subtype
DRESS Yes
Reslizumab IL-5 Blocks eosinophil production, l l Eosinophilic Yes Superiority to ICS +/- LABA not proven
activation, survival asthma
Benralizumab IL-5R Inhibits binding of IL-5 l l Eosinophilic Yes Superiority to ICS +/- LABA not proven
asthma
EGPA Limited Effect on asthma/sinusitis component, not vasculitis
Eosinophilic Gl Limited Studies ongoing
disease
DRESS Yes Case reports
CSuU Yes Proof-of-concept study
HES Limited Add on therapy to corticosteroids/immunosuppressives
Depending on subtype
Lirentelimab Siglec | Blocks activated eosinophil, l l EoG, EoD Yes Phase 2 study
8 mast cells
CSuU Yes Open-label, proof-of-concept study available
Cendakimab IL-13 Blocks IL-13 binding to both NA l Eosinophilic Yes Phase 2 study
IL-13Rs esophagitis
Dupilumab IL-4/ Inhibits type 2 inflammation l l Asthma Yes Superiority to ICS +/- LABA not proven
IL-13R transient 1
CRwWNP Yes To replace polyp surgery
Eosinophilic Yes Phase 3 study
esophagitis
Atopic dermatitis | Yes First line systemic therapy




Multiple atopic Yes One fits all
diseases (AD +
asthma +
CPWNP + EOE)
Omalizumab IgE Blocks IgE, reduces high l l Allergic asthma Yes Add on therapy to ICS +/- LABA not proven
affinity IgE receptor
expression, thus activation of
mast cells
CRwWNP Yes To replace polyp surgery
Bullous Yes Good safety profile
pemphigoid
Rituximab CD20 Blocks B cells NA NA Bullous No Safety profile
pemphigoid
Nemolizumab IL-31R | Blocks IL-31 binding, reduces NA NA Prurigo Yes Rapid effect on pruritus
itch nodularis

CSU, Chronic spontaneous urticarial; EGPA, Eosinophilic granulomatosis with polyangiitis; EoD, Eosinphilic duodenitis; EoG,
Eosinophilic gastritis; CRWNP, Chronic rhinosinusitis with nasal polyps; HES, hypereosinophilic syndromes; IL, Interleukin;
ICS, inhaled corticosteroids; LABA, long acting beta agonists; NA, not available; R, receptor



