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Abstract: Eosinophilic gastrointestinal diseases (EGIDs) are an emerging group of pathological
entities characterized by an eosinophil-predominant infiltration of different tracts of the gut in the
absence of secondary causes of eosinophilia. According to the specific tract of the gut involved,
EGIDs can be classified into eosinophilic esophagitis (EoE), eosinophilic gastritis (EoG), eosinophilic
enteritis (EoN), and eosinophilic colitis (EoC). The epidemiology of EGIDs is evolving rapidly.
EoE, once considered a rare disease, now has an incidence and prevalence of 7.7 new cases per
100,000 inhabitants per years and 34.4 cases per 100,000 inhabitants per year, respectively. Fewer data
are available regarding non-EoE EGIDs, whose prevalence are estimated to range between 2.1 and
17.6 in 100,000 individuals, depending on age, sex, and ethnicity. Diagnosis requires the presence of
suggestive symptoms, endoscopic biopsies showing abnormal values of eosinophils infiltrating the
gut, and exclusion of secondary causes of eosinophilia. EoE typically presents with dysphagia and
episodes of food bolus impactions, while EoG, EoN, and EoC may all present with abdominal pain
and diarrhea, with or without other non-specific symptoms. In addition, although different EGIDs are
currently classified as different entities, there may be overlap between different diseases in the same
patient. Despite EGIDs being relatively novel pathological entities, the research on possible treatments
is rapidly growing. In this regard, several randomized controlled trials are currently ongoing to
investigate novel molecules, including ad-hoc steroid formulations, immunosuppressants, and mostly
monoclonal antibodies that target the specific molecular mediators of EGIDs. This narrative review
provides an up-to-date overview of available and investigational drugs for different EGIDs.
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1. Introduction

Eosinophilic gastrointestinal diseases (EGIDs) represent a group of pathological en-
tities characterized by gastrointestinal symptoms and infiltration of eosinophils in the
different layers of the wall of the digestive tract in the absence of secondary causes of
eosinophilia [1,2]. Chronic eosinophilic inflammation leads to morphological changes
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and functional abnormalities of the organs involved. Based on the specific gastroin-
testinal tract involved, EGIDs have been recently classified into eosinophilic esophagitis
(EoE), eosinophilic gastritis (EoG), and eosinophilic enteritis (EoN), which may coexist
in eosinophilic gastroenteritis (EoGE), and eosinophilic colitis (EoC) [2]. The association
between EGIDs and allergic comorbidities is inconsistent according to the available liter-
ature, ranging from 18% to 80% [3-5]. However, a certain degree of heritability may be
involved in the pathogenesis of EGIDs [6]. In this regard, Guajardo et al. reported that 16%
of patients with EGIDs had a first-degree relative also affected by an EGID [3]. In another
study, Allen-Brady et al. confirmed the presence of a significantly higher risk for EoG/EoN
in first- and second-degree relatives of patients with EoE, but no familial risk for EoC was
observed [7].

In EoE, the most common amongst EGIDs, the eosinophilic infiltration of the lamina
propria typically causes dysphagia and food impaction [8]. The clinical presentation of
EoG/EoN is heterogeneous and varies according to the site of the eosinophilic infiltration
and the layers involved, provoking a large variety of symptoms, including abdominal
pain, vomiting, diarrhea, intestinal obstruction, bloating, and ascites [9]. Similar symptoms
(diarrhea, malabsorption, intestinal obstruction, and ascites) can be present in EoC [10,11].

Although eosinophils are pleiotropic leukocytes involved in the innate immune re-
sponse, which provides protection against parasites and bacteria, they also play a key
pathogenetic role in EGIDs. A certain degree of eosinophilia is physiological in the gastroin-
testinal segments below the esophagus [6]. In this regard, eosinophils are physiologically
found in the lamina propria of the intestinal walls, and in some tracts, such as the small
intestine, they can represent up to 20-30% of the local immune cell population and play
a role in the immunological response to helminths and bacteria, also regulating the com-
mensal microflora [12]. In the large intestine, eosinophils are mostly represented in the
caecum and in the appendix [13-15], but their number varies among normal individuals
depending on different factors, including the geographic region, climate, age, exposure to
food allergens, and infectious agents [16].

Although EGIDs are a relatively novel entity in clinical practice, effective treatments are
becoming available, and several novel treatment options are currently being investigated
in randomized clinical trials (RCTs) [17]. This review summarized the evidence on current
treatments and novel therapies for the management of EoE, EoG, EoN, and EoC.

2. Eosinophils’ Distribution and Activity in the Gastrointestinal Tract

There are limited data on normal counts and distribution of eosinophils through-
out the gastrointestinal tract. In 2015, Matsushita et al. published a study on eosinophil
counts in the mucosa of the gastrointestinal tract in a population of 132 healthy Japanese
adults [18]. The authors found an increase in the number of eosinophils moving from
the esophagus to the right colon, and a decrease in the left colon. In particular, the au-
thors found a mean of 36.59 + 15.50 eosinophils/mm? in the ascending colon and a
mean of 8.53 4 7.83 eosinophils/mm? in the descending colon. Of note, ethnicity and
environmental factors did not seem to have a significant effect on eosinophil densities
and distributions [18]. In another large study, Turner et al. [19] evaluated the number
of eosinophils in the different tracts of the colon of 159 healthy adults who underwent
a colonoscopy for several medical indications in North America. Similar to the study of
Matsushita et al., Turner and collaborators showed that eosinophils in the lamina propria
gradually decreased, moving from the right colon to the left colon. However, intraepithelial
eosinophils were rare and intra-crypt eosinophilic aggregates were not found in healthy
adults [19]. Table 1 reports the currently available thresholds for eosinophil infiltration
defining eosinophilic gastrointestinal diseases. Table 2 reports the main secondary causes
of gastrointestinal eosinophilia that should be excluded for EGID diagnosis.
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Table 1. Eosinophil infiltration thresholds defining eosinophilic gastrointestinal diseases. Abbrevia-
tion: HPF, high-power field.

Disease Number of Eosinophils
Eosinophilic esophagitis >15 eosinophils /HPF [20-23]
Eosinophilic gastritis >30 eosinophils/HPF in >5/HPF [24,25]
Eosinophilic duodenitis >30 eosinophils/HPF in >3 /HPF [26]

Eosinophilic gastroenteritis ~ >52 eosinophils/HPF [24,27]

Right colon >50 eosinophils/HPF or >100 eosinophils /HPF
Eosinophilic colitis Transverse colon >35 eosinophils /HPF; >eosinophils 84 /HPF
Left colon >25 eosinophils /HPF; >eosinophils 65/HPF [19]

Table 2. Main secondary causes of gastrointestinal eosinophilia that should be excluded for
EGID diagnosis.

Gastroesophageal reflux disease

Achalasia

Allergic gastroenteritis/ colitis / proctitis

Drug reactions (e.g., clopidogrel, aspirin and ticlopidine, non-steroidal antiflammatory drugs
(NSAIDs. e.g. ibuprofen and naproxen), estroprogestinic agents, rifampicin, carbamazepine, gold,
and tracrolimus)

Parasitic, fungal, and viral infections (including spirochaetosis and strongyloides)

Inflammatory bowel disease

Microscopic colitis

Rheumatoid arthritis

Vasculitis

Collagen vascular diseases (e.g., Eosinophilic granulomatosis with polyangiitis (EGPA))

Granulomatosis with polyangiitis (Wegener’s granulomatosis)

Churg-Strauss syndrome

Hypereosinophilic syndrome

Systemic lupus erythematosus

Lymphomas

The activation and migration of eosinophils towards the inflammation site are me-
diated by type 2 T helper cytokines, such as interleukin (IL) 5, IL 13, IL 4, and tumor
necrosis factor (TNF), and chemokines, such as eotaxins 1 and 3, and o437 integrin, which
are released in presence of tissue damage, allergic reactions, or infections [28]. Once ac-
tivated, eosinophils produce other cytokines and leukotrienes and release the content of
cytoplasmatic granules containing eosinophilic peroxidase, eosinophilic cationic protein,
eosinophil-derived neurotoxin, and the major basic protein, involved in local lysosomal,
oxidative, and cytotoxic damage [29,30]. IL 13 leads to a decreased production of filaggrin
and desmoglein-1, which are involved in maintaining the integrity of the epithelial bar-
rier [31,32]. In addition, eosinophils trigger the release of histamine from basophils and
mast cells, which can lead to hypersensitivity reactions. Chronic eosinophilic inflammation
may also cause fibrosis through the release of fibroblast growth factor (FGF) and transform-
ing growth factor beta (TGF beta), which has been associated with impaired gastrointestinal
function in patients with EGIDs [33].
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3. Eosinophilic Esophagitis (EOE)

EoE is a chronic, immune/antigen-mediated, esophageal disease characterized clinically by
symptoms related to esophageal dysfunction and histologically by an eosinophil-predominant
infiltration restricted to the esophagus. Epidemiological studies of EoE conducted in the United
States (US), Sweden, and Australia have reported incidence estimates of 5-7/100,000 individuals
per year and prevalence estimates of 50-60/100,000 individuals [34,35]. In Europe, the main
data have been obtained from Switzerland, where a prevalence of around 23/100,000 has
been estimated [36]. In addition, in a large US database study, the prevalence of EoE in
males was twice as high as in females (76.8 vs. 37.4/100,000), with a peak in patients aged
35-39 years [34]. More recently, a meta-analysis investigated the growing incidence and preva-
lence of EoE in population-based studies. This study showed that the pooled prevalence of
EoE was 34.4 cases per 100,000 inhabitants, with higher values for adults compared to children
(42.2 cases vs. 34 cases). Similarly, the pooled incidence rates of EoE were higher in adults
(7.7/100,000 person-years) compared to children (6.6/100,000) [37]. In addition, it has been
expected that the prevalence of EoE will increase further over the next few years [38].

3.1. Pathophysiology

It is believed that EoE is due to an allergic-like reaction to specific foods and/or aeroal-
lergens [5]. Accordingly, patients commonly have an allergic diathesis, and frequently have
food sensitization, asthma, atopic dermatitis, or allergic rhinitis [39,40]. The esophageal mu-
cosa of patients with EoE is characterized by an impaired barrier function, which allows the
penetration of food and inhaled antigens that promote a chronic eosinophil-predominant
inflammation [6].

3.2. Clinical Manifestations

Clinical manifestations of eosinophilic esophagitis vary with age; children usually
show feeding dysfunction, vomiting, abdominal pain, and less frequently dysphagia and
episodes of food impaction [8,39]. In adults, common symptoms include dysphagia, which
is reported by 60-100% of patients [41], food impaction, heartburn (30-60%), and non-
cardiac chest pain (8-44%). In addition, it is not infrequent that patients with EoE also
have esophageal dysmotility [33,42]. Finally, as additional diagnostic tests, high-resolution
manometry should be performed to rule out motility disorders in patients with persistent
symptoms despite proven histological remission of EOE and no evidence of esophageal
stricture, while pH impedance should be considered in patients when persisting reflux
symptoms arise despite proven histological remission of EoE [33,42].

3.3. Diagnostic Criteria

The diagnosis of eosinophilic esophagitis is based on the presence of symptoms of
esophageal dysfunction and typical histological findings, including the presence of at least
15 eosinophils per high-power field (HPF) in at least one of six biopsies from different
anatomical sites within the esophagus [43]. In addition, secondary causes of esophageal
eosinophilia should be excluded, including EoG, EoN, EoC with esophageal involvement,
gastroesophageal reflux disease, achalasia, Crohn’s disease with esophageal involvement,
infections (fungal or viral), connective tissue disorders, hypermobility syndromes, autoim-
mune disorders, and vasculitis or drug hypersensitivity reactions [44]. Typical endoscopic
findings in patients with EoE are summarized using the EoE endoscopic reference score
(EREFS), which includes edema (attenuation/absence of the subepithelial vascular pattern),
rings, white exudates, linear furrows, and strictures [45]. Beyond eosinophil counts, other
histologic findings suggestive of EoE include eosinophilic micro-abscesses, extracellular
eosinophil granules, sclerosis and inflammation of the lamina propria stroma, basal hyper-
plasia of the squamous epithelium and/or intercellular edema, and increased numbers of
mast cells, B cells, and IgE-bearing cells [6,46—48]. Although a link exists between EoE and
allergies, allergic tests should not be used for guiding dietary elimination treatments in
these patients [49].
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3.4. Current Standard Therapies

The aims of medical therapy in patients with EoE include symptom resolution, histo-
logic remission currently defined as an eosinophil count of <15 eosinophils/high-power
field (HPF), prevention of submucosal fibrosis and remodeling, and improvement in pa-
tients” quality of life [50,51].

Currently available therapeutic options include food elimination diets, proton pump
inhibitors (PPIs), and topical corticosteroids, while esophageal dilation is recommended
when strictures are present [52]. According to current guidelines, all the above treatments
may be considered as first-line options [22,43]. Figure 2 reports a proposed algorithm for
the management of EoE.

Food elimination strategies are based on the avoidance of the most common trig-
ger foods known to trigger inflammation in EoE (i.e., milk/dairy, wheat/gluten, eggs,
soy/legumes, nuts, and fish/shellfish) [53,54]. This can either be performed with a step-up
approach or by eliminating all the six foods together [20]; the latter approach has lead to
a remission rate of 72% (95% CI 66-78%) in children and adult patients, as revealed by
the recent metanalysis by Arias et al. [49]. The same metanalysis also showed that the
dietary approach, intended as allergy testing-directed food elimination based on skin prick
tests (SPTs) and atopy patch tests (APTs), may have been effective in terms of histologic
remission in 45.5% of patients (95% CI 35.4-55.7%), with wide heterogeneity between
studies (I? 75%), and with significantly lower efficacy rates in adults than in children (32.2%
vs. 47.9%) [49]. Elemental diets, on the other hand, have been described as having a much
higher success rate, inducing histologic remission in 90.8% (95% CI 84.7-95.5%) both in
adults and in children (90.4% vs. 94.4%, respectively), with a moderate heterogeneity
between studies (I? 52.3%) [49]; however, this therapeutic approach often requires the use
of a nasogastric feeding tube, thus negatively impacting the eating/diet and the patients
social life, especially in children [55]. However, a recent RCT showed that the efficacy
of a milk elimination diet was similar to that of a six-food elimination diet (34% vs. 40%
for histological remission after six weeks of treatment). PPIs represent another first-line
treatment for patients with EoE [22,43]. Although used off-label, PPIs have been shown to
induce remission in up to 50% of patients in real-life studies [56,57].

Historically, off-label inhaled and subsequently swallowed fluticasone or budesonide
have shown efficacy in the induction of remission and maintenance of EoE, with up to
78% remission rates [58-61]. The first EoE-specific topical steroid (i.e., budesonide orally
disintegrating tablet; BOT) was recently approved for use in Europe based on RCTs showing
efficacy of up to 90.1% and 75.1% for induction of histological and clinical remission at
six weeks, respectively [62], and maintenance of remission in up to 75% of patients at
48 weeks [63]. In addition, a recent study showed that patients with EoE who were
primary non-responders to PPI treatment could be effectively maintained in histological
remission with a second course of PPI following the induction of remission with topical
steroids [64]. Finally, esophageal dilation has been proven to be effective in reducing
dysphagia, especially in patients with strictures or rings who have not responded to
medical therapy; however, it does not influence the underlying inflammation and safety
concerns have been raised on its use [65,66].

3.5. Emerging Therapies

Monoclonal antibodies have largely been tested in refractory allergic diseases, such as
asthma, atopic dermatitis, and nasal polyposis, with positive results. Recently, biological
drugs have also been investigated in patients with EoE [17]. Investigational monoclonal
antibodies for EoE target the cytokines involved in the pathogenesis of the disease [17]. In
particular, the mechanism by which food allergens trigger EoE is thought to be a T helper
type 2 (Th2) reaction, resulting in secretion of large amounts of cytokines, including IL-4,
IL-5, and IL-13. IL-5 induces eosinophil production and recruitment to the esophagus, and
IL-13 induces esophageal epithelial cells to secrete chemo-attractants such as eotaxin-3,
which drives eosinophil chemotaxis and activation [67]. Chronic activation of eosinophils
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and mast cells induces the release of fibrogenic factors, such as TGF beta and FGF, that
results in epithelial and fibroblast proliferation, epithelial-mesenchymal transition, and re-
modeling of the esophagus, ultimately leading to symptoms of esophageal dysfunction [68].
The mechanisms of action of the major monoclonal antibodies tested in EGIDs, including
EoE, are reported in Figure 1.

Blood and Tissue
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Figure 1. Mechanisms of action of the most common monoclonal antibodies tested for EGIDs.
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3.6. Therapeutic Targets and Current Evidence
3.6.1. The IL-5 Pathway

Benralizumab is a monoclonal antibody against IL-5 receptor alpha (IL-5Ra), which
enhances antibody-dependent cellular cytotoxicity and depletes eosinophils. It has been
approved for the treatment of eosinophilic asthma [69]. In the setting of EoE, a placebo-
controlled RCT was recently prematurely terminated due to its failure to induce significant
symptom improvement compared to the placebo, despite high histological remission
rates (NCT04543409).

Reslizumab is a neutralizing antibody against IL-5 that was approved by FDA as a
maintenance treatment for severe eosinophilic asthma in patients older than 18 years
old [70]. A RCT conducted in children and adolescents with eosinophilic esophagi-
tis showed that reslizumab significantly reduced intraepithelial esophageal eosinophil
counts [71]. However, its symptomatic improvement was not superior to that of the placebo.

Mepolizumab is another humanized antibody against IL-5. After being assessed in
hypereosinophilic syndrome and demonstrating efficacy as a steroid-sparing treatment [72],
mepolizumab was studied in two RCTs in adults [73] and children [74] with EoE. Mepolizumab
significantly lowered eosinophil numbers in esophageal tissues in patients with active EoE
and reduced the expression of molecules associated with esophageal remodeling.

However, a recently published RCT investigating the efficacy of mepolizumab in
patients with EoE aged 16-75 failed to meet the primary endpoint of dysphagia symptoms
improvement compared with placebo, although eosinophil counts and endoscopic severity
improved significantly with mepolizumab [75]. The authors hypothesized that targeting the
IL-5 pathway alone, while effective for decreasing eosinophil counts, may not be effective
for fully controlling all aspects of EoE.

3.6.2. The IL-13 Pathway

Cendakimab (also known as RPC4046 or CC-93538) and dectrekumab (QAX576) are
humanized monoclonal antibodies against IL-13. A RCT showed that cendakimab reduced
histologic and endoscopic features of EoE compared with placebo, and that patients experi-
enced a reduction in their dysphagia scores [76]. One year of treatment with cendakimab
was generally well tolerated and resulted in continued improvement and/or maintenance
of endoscopic, histologic, and clinical improvements in patients with EoE compared to
baseline [77]. A phase 3 multicenter, randomized, double-blind, placebo-controlled in-
duction and maintenance study is currently being conducted to evaluate the efficacy and
safety of cendakimab in adult and adolescents with EoE (NCT04753697). In addition,
another phase 3, open-label study to evaluate the longer-term safety profile, as well as
the durability of the response of administration, of a single dose level of cendakimab is
currently recruiting patients (NCT04991935). In another study, cendakimab also induced
a significant improvement of intraepithelial esophageal eosinophil counts, as well as the
dysregulation of esophageal disease-related transcripts in adults with EoE [78].

3.6.3. The IL-4 Pathway

Dupilumab is a fully human monoclonal antibody directed against the IL-4 receptor
alpha (IL-4R«) component that inhibits the signaling of both IL-4 and IL-13, which are key
initiators of type 2 inflammation. In a phase 2 trial of patients with active EoE, dupilumab
reduced dysphagia, histologic features of disease (including eosinophilic infiltration), and
abnormal endoscopic features compared with placebo. Dupilumab increased esophageal
distensibility (endoscopically measured with a functional luminal imaging probe using
EndoFLIP (Medtronic, Minneapolis, MN, USA)) and was well tolerated [79]. One RCT
is currently ongoing to demonstrate the efficacy of dupilumab treatment compared with
placebo in pediatric (NCT04394351) patients with active EoE based on histologic and clinical
improvement; another trial is recruiting adolescents and young adults (6-25 y.0.) with
EoE to examine whether dupilumab can allow for the successful reintroduction of allergic
EoE foods into the diet (NCT05247866). The results of the phase 3 RCT investigating the
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efficacy of dupilumab in adults and adolescents with EoE were published only recently [80].
This study showed that subcutaneous dupilumab administered once weekly improved
histologic outcomes and alleviated EoE-related symptoms compared to the placebo [80].
Of note, dupilumab represents the only monoclonal antibody currently approved by the
Food and Drug Administration (FDA) and the European Medicines Agency (EMA) for
the treatment of patients with EoE aged 12 years or older who cannot take conventional
treatment or for whom it is not working.

3.6.4. IgE

Omalizumab is an anti-IgE antibody that has been shown to decrease the use of inhaled
and oral corticosteroids and improve asthma-related symptoms in patients with allergic
asthma. However, a study on omalizumab conducted in patients with EoE failed to show
any reduction of symptoms or tissue eosinophil counts compared with placebo [81].

3.6.5. Integrins

Integrins were found in intraepithelial T lymphocytes and mast cells in EoE patients.
A preclinical study is being conducted to understand the role that the 437 and mucosal
addressin cell adhesion molecule (MAdCAM-1) pathway plays in mediating eosinophil
recruitment in EoE (NCT02546219).

3.6.6. CRTH2

Chemoattractant receptor-homologous molecule expressed on Th 2 cells (CRTH2)
mediates the activation of Th2 cells, eosinophils, and basophils in response to prostaglandin
D2. The CRTH2 antagonist OC000459 was reported to reduce airway inflammation and
improve lung function in a RCT recruiting patients with moderate persistent asthma [82].
An eight-week treatment with the CRTH2 antagonist in EoE patients showed modest
anti-eosinophil effects and clinical response in adult patients with active corticosteroid-
dependent or corticosteroid-refractory EoE [83].

3.6.7. The IL-15 Pathway

CALY-002 is a humanized monoclonal antibody inhibiting interleukin-15 (IL-15),
which is being assessed in celiac disease and EoE in a phase 1 RCT (NCT04593251).

3.6.8. The TNF-a Pathway

Given the increased esophageal epithelial cell TNF-o expression in EoE, infliximab,
an anti-TNF-a antibody, was evaluated in a pilot study that enrolled patients with EoE.
However, infliximab did not achieve the resolution of esophageal eosinophilia nor symptom
improvement [84].

3.6.9. The JAK/STAT Pathway

The JAK/STAT signaling pathway is involved in the pathogenesis of autoimmune
diseases [85]. A case report showed a reduction in esophageal eosinophilic infiltration and
clinical remission after treatment with tofacitinib [86].

3.6.10. TGE-p

TGF-p has a relevant role in the long-term remodeling process and fibrosis of the
esophagus in patients with EoE [6]. Notably, losartan, an angiotensin receptor antago-
nist approved in high blood pressure treatment, may reduce the amount of TGE-§3, thus
constituting a potential treatment for fibrosis in EoE [87]. However, an open-label trial
(NCTO01808196) was prematurely closed after the enrollment of six participants due to ineffi-
cacy (response in only 17% of participants) on the primary endpoint (histological remission).
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3.6.11. TSLP

Thymic stromal lymphopoietin (TSLP) is involved in Th2-mediated inflammatory
responses, and elevated levels of TSLP are usually found in the esophagus of patients with
EoE [88]. In vitro studies showed that TSLP and its receptor, together with transforming
growth factor-beta 1 (TGF-beta 1), affect the tolerance mechanisms of dendritic cells [89].
A phase 2, randomized, double-blinded, placebo-controlled trial compared subcutaneous
tezepelumab (an anti-TSLP) with placebo in patients with moderate-to-severe asthma.
Patients receiving tezepelumab had lower rates of clinically significant asthma exacerba-
tions than those who received the placebo. A phase 3 RCT on the efficacy and safety of
tezepelumab in patients with EoE is currently recruiting patients (NCT05583227).

3.6.12. Sphingosine 1-Phosphate [S1P] Receptor

S1P receptor modulation has been investigated as a potential treatment pathway for a
number of immune-mediated conditions; it modulates a wide range of biological functions,
including lymphocyte trafficking and endothelial barrier integrity [90]. In this regard,
etrasimod is an oral, selective S1P1, S1P4, and S1P5 receptor modulator in development
for the treatment of immune- and inflammatory-mediated diseases; a phase 2 RCT study
is currently being conducted to determine whether oral etrasimod is a safe and effective
treatment for active eosinophilic esophagitis (EoE) in adult participants (NCT04682639).

3.6.13. The KIT Pathway

The role of mast cells in EoE is being increasingly recognized. Genome-wide transcrip-
tional profiling in patients with EoE showed abundant expression of mast cell (MC)-associated
genes, including those encoding tryptase (TPSABL1), carboxypeptidase A3 (CPA3), and c-KIT
(KIT), implying MC accumulation [91]. A new anti-KIT pathway inhibitor, barzolvolimab, is
being tested to assess its efficacy and safety in adults with EoE (NCT05774184).

Moreover, another multicenter RCT is currently assessing the efficacy and safety of
IRL201104, a novel immunomodulatory peptide (NCT05084963).

In conclusion, several biological drugs are being investigated in patients with EoE,
and dupilumab currently represents the only approved monoclonal antibody for patients
with EoE [17]. More studies are needed before novel biological drugs become available in
clinical practice.

4. Eosinophilic Gastritis and Enteritis

EoG and EoN, once referred to as eosinophilic gastroenteritis [2], are the second-
most represented EGIDs after EoE. Few epidemiological data are available on EoG/EoN.
A large 2017 US database study estimated that the prevalence of EoG/EoN is around
5.1/100,000 people, with a predominance in females (5.3 female vs. 4.8 male/100,000 peo-
ple) (OR, 1.11; 95% CI 1.01-1.21, p = 0.0338) and Caucasians (prevalence 6.3/100,000 people),
compared with Asians (prevalence 4.3/100,000 people) and African Americans (prevalence
5.5/100,000 people) [92]. Similar data have been reported in a previous US database study,
which reported a prevalence of EG of 6.2/100,000 people and EoG/EoN 8.2/100,000 people,
with a predilection for female patients (7.9 patients/100,000 as compared with 5.4 pa-
tients /100,000 for men). Furthermore, the authors noticed a gradual decrease in EoG
prevalence with age, with the highest prevalence for both boys and girls in patients un-
der the age of 5 years (17.6 patients/100,000 and 16.7 patients/100,000, respectively) [93].
This study also showed that EoE coexisted in 10.6% of patients with EoG and in 12.0% of
patients with EoN [93]. Moreover, a recent prospective study investigated the prevalence
of EoG/EoN in patients with lower abdominal symptoms, and found that 2.9% of the
recruited patients (64/2469) had a diagnosis of EoG/EoN [94].
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4.1. Pathophysiology

The underlying pathophysiological mechanisms of EoG/EoN are still unclear, al-
though it is believed that a dysregulation of the immune system in response to allergens
plays a role [95].

4.2. Clinical Manifestations

Symptoms of EoG/EoN can have a severe impact on the quality of life of affected
patients. The clinical presentation of EoG/EoN is heterogeneous and depends on the site
of the eosinophilic infiltration, as well as the wall layers involved. Typically, EoG/EoN can
be categorized into mucosal, muscular, and serosal disease [14,96]. All disease phenotypes
can present with abdominal pain. However, when the mucosal involvement predominates,
patients can experience diarrhea, vomiting, iron deficiency anemia, and protein-losing
enteropathy with weight loss, whereas a predominant involvement of the muscular layer
can lead to the thickening of the wall of the gut and subsequent intestinal obstructive
symptoms. Of particular note, both EoG and EoN can be misdiagnosed as functional bowel
diseases [9]. Serosal EoG/EoN can be associated with ascites and bloating. In this regard,
a large database study showed that such clinical characteristics are associated with both
higher eosinophil counts and good response to steroid therapy [9]. The three subtypes of
EoG and EoN are also characterized by a different clinical course: a chronic disease is most
common in the mucosal type, while a relapsing-remittent disease in the muscular type, and
a non-relapsing disease in the serosal type [97]. It has been estimated that about 40% of
EoG/EoN patients may have a spontaneous resolution of the disease, whereas 50% follow
a complex and chronic course of disease characterized by relapses [97].

4.3. Diagnostic Criteria

There is currently a lack of consensus-accepted thresholds for the diagnosis of non-
EoE EGIDs. Historically, a diagnosis of eosinophilic gastroenteritis could be made if
>20 eosinophils/HPF on either gastric or duodenal biopsy were found in combination
with gastrointestinal symptoms and no known secondary cause of eosinophilia [98]. Other
authors reported that the expression “histologic eosinophilic gastritis” can only be used in
patients who have gastric biopsies that show an average density of >127 eosinophils/mm?
(i.e., >30 eosinophils/HPF) in at least five separate HPFs, and who have no known as-
sociated cause of eosinophilia [99,100]. Gurkan et al. distinguished EoG from EoGE and
EoN; the authors also defined as pathological the count of >30 HPF for gastric mucosa
in five HPF areas and >20/HPF for duodenal, jejunal, and ileal mucosa [101]. Despite
the lack of consensus criteria, according to various studies, the following eosinophilic
count thresholds have been proposed by Dellon et al. for the histological diagnoses of
EoG or eosinophilic duodenitis (EoD) (eosinophils assessment in at least eight gastric and
four duodenal biopsies required): >30/HPF in >5/HPF for eosinophilic gastritis and
>30/HPF in >3/HPF for eosinophilic duodenitis, while Walker et al. proposed >52/HPF
for eosinophilic gastroenteritis (Table 1) [24,26,27].

With regard to possible overlap among EGIDs, one study reported that, in a se-
ries of 44 patients diagnosed with an EGID (of which 40 were EoOGE-predominant and
4 EoC-predominant), 30% had both gastric and duodenal involvement, 45% had gastric
involvement only, 25% had duodenal involvement only, 30% had also esophageal in-
volvement, and 28% had also colonic involvement [102]. In EoG, epithelial eosinophilic
infiltration is a common finding, especially around the foveolae and inside the epithelium.
In addition, eosinophilic “pit abscesses” are more common when there is a muscularis
mucosae or submucosal involvement of the stomach [99]. It must be noted that as the
inflammatory involvement is patchy in EoG, gastric biopsies may miss areas of mucosal
inflammation [9]. Macroscopically, polyposis or micronodules may be noted in cases of
EoG, together with edema, erythema, and erosion, although in many cases the mucosa can
appear completely normal [100,102,103]. In terms of blood tests findings, many patients
present peripheric eosinophilia, although this finding is not specific nor sensible to diagnose
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EoG/EoN [104]. Double-contrast barium radiography may show mucosal thickening and
luminal narrowing or stenosis [105]. Some imaging techniques, such as ultrasound and CT
scans, can provide good proof of intestinal wall thickening or ascites, which are typical of
muscular/serosal EoG/EoN [106-108], the most common being jejunal thickening. Another
typical finding in EoG is the thickening or nodularity in the antrum. Two CT imaging
signs have been described in EoN, namely the “halo sign” caused by submucosal edema
and the “araneid limb-like sign”, in which contrast medium coats thickened the mucosal
folds [105,109]. Nonetheless, these findings are not specific, and a normal imaging report
does not rule out the disease [110-112].

4.4. Current Treatment

Currently there are no established treatment guidelines and no approved treatments
for EoG and EoN. Figure 1 reports a proposed algorithm for the management of EoG/EoN.

The standard therapy is based on systemic corticosteroids. Prednisolone (rang-
ing from 30 mg/day to 40 mg/day, tapered gradually from 1 month to 3 months) has
shown response rates ranging between 80% and 100% in patients not requiring surgical
management [110,113,114]. However, EGIDs require long-term management, and contin-
uative systemic corticosteroid therapy is hampered by relative side effects. Accordingly,
budesonide (locally effective and with lower systemic adverse events), elimination di-
etary regimens, and steroid-sparing drugs (including leukotriene inhibitors, azathioprine,
antihistamines, and mast-cell stabilizers) have been proposed as alternatives [115].

Targeted elimination diets (TEDs) may lead to a high rate of clinical improvement
(over 75%) in EoGE patients, as suggested in a systematic review [116]. However, since
histological remission has only been evaluated for a minority of patients, and no RCTs are
available, dietary interventions cannot unequivocally be recommended as a treatment for
patients with EoG/EoN [116].

Immunosuppressors, like azathioprine, have been found to be helpful in combination
with steroid therapy in patients with relapsing EoN [110].

Other steroid-sparing agents, such as the leukotriene antagonist montelukast, have
shown beneficial results in patients with EoGE, including those with steroid-dependent
EoGE [117,118]. Although reported to be effective, montelukast results are confined to
case reports [119]. Mast cell membrane stabilizers, such as sodium cromoglycate, and
antihistaminic drugs, like ketotifen, have also been used in the treatment of EoOGE alone
or in combination with steroids, although with inconsistent results [9,120-124]. Finally,
PPI treatment may be useful in patients with concomitant EoE and EoN with duodenal
involvement [125].

4.5. Emerging Therapies
4.5.1. The IL-5 Pathway

The efficacy of benralizumab in patients with EoGE has been investigated in patients
with EoG and EoN (NCT05251909), but this trial was prematurely closed due to the
results of other independent trials. Indeed, Kuang et al. published an in-depth open-
label analysis including the patients with gastrointestinal diseases among the 20 patients
with hypereosinophilic syndrome treated with benralizumab, which completely depleted
blood and tissue eosinophilia, although their clinical responses were heterogeneous [126].
Therefore, the authors concluded that residual symptoms in some patients may reflect
persistent epithelial inflammation [126]. Another recent single-site phase 2 RCT assessed
the efficacy of benralizumab in EoG with a subcutaneous injection every 4 weeks for a
12-week double-blinded period, including a total of 26 patients [127]. At week 12, 10 (77%)
of 13 patients who received benralizumab and 1 (8%) of 13 who received the placebo
achieved histological remission. However, changes were not significantly different for other
histological features nor for patient-reported outcomes; therefore, the authors concluded
that the persistence of histological, endoscopic, and other features of the disease suggests
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a co-existing, eosinophil-independent pathogenic mechanism and the need for broader
targeting of type 2 immunity [127].

4.5.2. Siglec-8

Antolimab and lirentelimab (also known as AK002) are antibodies targeting sialic
acid-binding immunoglobulin-like lectin 8 (Siglec-8). Siglec-8 is a surface receptor of the
CD-33 family found selectively on human eosinophils and mast cells, both of which are
elevated in EoE. The binding of Siglec-8 induces the apoptosis of activated eosinophils
and inhibits mast cell activation [128]. A phase 2 RCT showed that lirentelimab was able
to reduce gastrointestinal eosinophils and symptoms [129]. The potential of anti-Siglec
antibodies has also been assessed in eosinophilic gastritis and duodenitis in other phase 3,
multicenter, randomized, double-blinded, placebo-controlled studies with disappointing
results (including that presented in the ENIGMA 2, KRYPTOS, and EoDyssey studies),
where histologic co-endpoints were met, but statistical significance on patient-reported
symptomatic endpoints was not achieved (NCT04322604 and NCT04856891).

Cendakimab (CC-93538) is a humanized monoclonal antibody against IL-13 that is
currently being assessed in a phase 3 RCT for its induction and maintenance of remission
in adults and adolescents with EoGE [130]. Dupilumab is also being investigated for its
use in EoG and EoN in a phase 2 trial (NCT03678545) [131]. Finally, a small retrospective
cohort study in treatment-refractory or steroid-dependent patients with EoG/EoN treated
with off-label vedolizumab (a monoclonal antibody directed to 0437 integrin that prevents
leukocytes from migrating into the gastrointestinal mucosa) showed promising results in
reducing the use of chronic steroid therapy and improving histology in two out of five
(40%) patients with EoGE [132].

5. Eosinophilic Colitis (EOC)
5.1. Epidemiology

EoC currently represents the least common EGID, with an estimated prevalence
between 2.1 cases and 3.3 cases every 100,000 individuals [92,93]. However, EoC has
shown a growing trend of incidence in recent years, which might be due to an increased
recognition of the disease [10,11]. The mean age of patients with EoC was determined to
be 33.5 years in a recent study from a US national database [93]. The sex prevalence for
EoC remains unclear, as different studies report conflicting results [93,133,134]. In a recent
study, Mansoor et al. reported a higher female prevalence (2.6 vs. 1.6/100,000) (OR = 1.60,
95% CI: 1.37-1.85, p < 0.0001) [92]. In contrast, Alfadda et al., in a large population study
carried out on a 13-year period, revealed that the median age at diagnosis was 42 years and
that there was not a gender predominance for EoC; however, this study was limited by the
small number of patients included [135].

5.2. Pathophysiology

The etiology and pathophysiology of EoC are still unclear and considered to be mul-
tifactorial and involving a Th2 CD4+ mechanism [10]. In children, EoC is likely to be
predominantly IgE-mediated and linked to food allergies (such as cow’s milk allergy),
whereas in adults the pathogenesis is believed to mainly involve a CD4+-mediated mecha-
nism [10,136,137].

5.3. Clinical Manifestations

EoC is associated with a vast spectrum of clinical manifestation, including abdominal
pain, diarrhea with or without blood, and/or weight loss [10]. Based on the localization
of the eosinophilic infiltrate in the different layers of the colonic wall, three forms of EoC
can be identified; (1) mucosal EoC is the most common type of EoC, and typically causes
abdominal pain, diarrhea, malabsorption, and protein-losing enteropathy [11]. Mucosal-
predominant EoC can be frequently associated to a chronic evolution of the disease without
remission phases [97]; (2) muscular or transmural EoC is less common than the mucosal
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type. In this particular variant, the eosinophilic cells are predominantly located in the
muscle layer of the colonic wall, causing the thickening of the colon that can lead to
obstructive symptoms [11], colo-colonic intussusception [138], cecal volvulus, and intestinal
perforation [139]. Muscular EoC is associated with recurrence and relapse of symptoms [97].
Finally, while (3) serosal EoC is the least common, it is associated with the best prognosis.
Its typical presentation is characterized by a single flare that usually does not relapse.
Ascites rich in eosinophils is common in serosal EoC [97]. In a recent study, the symptoms
of patients with primary EoC were compared with those of adults with microscopic colitis,
ulcerative colitis, and Crohn’s disease [19]. This study showed that patients with EoC
often presented with diarrhea (38%) or abdominal pain (27%). In addition, diarrhea was
significantly more frequent in EoC compared to control groups, except for patients with
microscopic colitis [19]. In 74 patients (38%) colonic eosinophilia was detected in biopsies
taken during screening colonoscopy with no reported significant lower gastrointestinal
symptoms. Of note, patients with EoC with less than 500 eosinophils/mm? were found
to be 25 times more likely to present with diarrhea compared to those with more than
2000 eosinophils/mm? [19]. In a recent prospective study enrolling patients presenting
with chronic diarrhea and IBS-D, EoC was reported as the final diagnosis in 4.0% of chronic
diarrhea patients and 4.7% of IBS-D patients [140].

5.4. Diagnostic Criteria

The diagnosis of EoC is mainly based on multiple colonic biopsies; however, the lack
of standard diagnostic criteria makes the diagnosis challenging in clinical practice. Recently
proposed diagnostic thresholds of eosinophils/HPF have been reported in Table 1. In
addition, the patchy distribution of eosinophils in the gastrointestinal mucosa and the need
to rule out secondary causes should be considered [10,30]. Endoscopically, the colonic
mucosa can be unremarkable in patients with EoC, although the loss of the normal vascular
pattern with erythema, granularity, and superficial ulcerations can be present. However,
endoscopic changes in EoC are usually modest and non-specific [30]. Of note, there is
no established consensus on the diagnostic threshold of eosinophil count at histology for
EoC. In this regard, to avoid the overdiagnosis of EGIDs due to a misinterpretation of the
cell count [15,18], Collins et al. suggested to collect multiple biopsy samples from more
than one site in the colon and send them separately to the pathologist together with the
specification of the site of origin [27]. In case of EoC, eosinophils are most likely to be found
inside the lamina propria of the colonic mucosa, but sometimes they penetrate through
the muscularis mucosa and reach the submucosal layer. Occasionally, eosinophils can
infiltrate up to the muscularis propria and form eosinophilic crypt abscesses and lymph
nodular hyperplasia [3,10,135,136,141,142]. Eosinophilic colitis is defined with a count
of >50 eos/HPF in the right colon and/or >35 eos/HPF in the transverse colon and/or
>25 eos/HPF in patients showing characteristic signs and symptoms of the disease. Other
diagnostic tests can support a diagnosis of EoC. For instance, cutaneous allergy tests, such as
the patch test, prick test, or radio-allergosorbent (RAST) test, can help in the characterization
of IgE-related forms of EoC associated with allergies to food or inhaled allergens [10].
Peripheral eosinophilia is not necessarily associated with tissue eosinophilia [10]. With
regard to radiology findings, Brandon et al. investigated computed tomography (CT)
findings in a population of seven children within 2 months from the diagnosis of EoC.
CT scans were abnormal in six children (86%), demonstrating colonic wall thickening
(predominantly cecal) in five (71%), mild-to-moderate terminal ileal thickening in two
(29%), and pneumatosis with wall thickening, predominantly involving the rectum in one
(14%) [143]. In adults, radiological appearance typically shows strictures, thickening of the
bowel wall and mucosal folds, a rigid ileocecal valve open to reflux, and ulcerative and
polypoid lesions [139]. Another typical radiological finding in EoC is the “halo sign”, made
by the stratified bowel wall secondary to submucosal edema [112]. In case of mucosal EoC
the “araneid limb-like sign” may be seen as well as in eosinophilic enteritis [105,144].
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5.5. Current Treatment

In children, the dietary avoidance of foods capable of triggering symptoms and
inflammation seems to be a therapeutic option sufficient to prevent the typical clinical
manifestations of EoC [116]. In contrast, a pharmacological therapy is often required for
adult patients with EoC. The first-line pharmacological therapy is based on steroidal anti-
inflammatory drugs, such as prednisone or budesonide, which inhibit the eosinophilic
growth factors IL-3, IL-5, and GM-CSF [11]. Oral prednisone treatment can lead to symptom
remission after two weeks of treatment, after which the dose should be tapered. However,
some patients experience clinical recurrence following the reduction of the dose (steroid
dependent-EC), thus requiring a dose escalation to the minimum effective dose [16]. Budes-
onide CIR (controlled ileal release), which is a scarcely absorbed corticosteroid with high
topical activity and low systemic activity, can be alternatively used instead of prednisone in
the maintenance therapy, also due to its reduced risk of long-term adverse effects [145,146].

Immunomodulatory drugs, such as azathioprine and 6-mercaptopurine, can be used
as an alternative to corticosteroid in the maintenance therapy of EoC, especially in patients
with severe, refractory, or steroid-dependent disease [147]. Other drugs that find a place in
the treatment of EoC are leukotriene receptor antagonists, such as montelukast, which are
able to block the recruitment of eosinophils and their infiltration in the colonic wall. Mon-
telukast has been found to successfully maintain symptom remission in steroid-dependent
EoC [10,81].

The intestinal microbiota plays an essential role in promoting the development and
maturation of the immune system through interaction with the gut epithelium [148]. In a
case report of a patient not responding to steroids alone or azathioprine, fecal microbiota
transplantation (FTM) followed by a steroid therapy (prednisone 35g/die) induced remis-
sion of the disease [149]. There are, however, no consensus recommendations for the use of
FTM in EoC. Surgery may be needed in cases of intestinal obstruction or perforation, which
occur more frequently in muscular-type EoC. A proposed algorithm for the treatment of
EoC is reported in Figure 1.

5.6. Emerging Therapies

Currently, no data have been published on the use of new emerging therapies for EoC
treatment on humans. A pre-clinical study by Song et al. used a mouse model of oral egg
ovalbumin (OVA)-induced eosinophilic inflammation of the gastrointestinal mucosa associ-
ated with diarrhea and weight loss to determine whether administering an anti-Siglec-F
(a sialic acid-binding immunoglobulin superfamily receptor that is highly expressed on
eosinophils) antibody would reduce levels of intestinal mucosal eosinophilic inflamma-
tion. Mice receiving the anti-Siglec-F antibody had significantly lower levels of intestinal
eosinophilic inflammation, reduced intestinal permeability changes, normalization of in-
testinal villous crypt height, and restoration of weight gain [150]. In a more recent study on
a murine model, it was demonstrated that the use of an anti-CCR3 antibody significantly
reduced eosinophilic inflammation of the intestinal mucosa. Indeed, cysteine—cysteine
chemokine receptor-3 is a specific receptor for eotaxin strongly expressed by eosinophils.
By blocking it, the recruitment of eosinophils to the sites of inflammation is inhibited [151].

Drugs currently used and/or tested for the treatment of patients affected by EoE
or EoGE may also open new paths for the treatment of EoC, such as reslizumab [71],
mepolizumab [73], cendakimab [76], and dupilumab [79]. A phase 2 clinical trial is actively
recruiting participants to investigate the efficacy and safety of dupilumab therapy compared
with placebo in patients with moderately to severely active ulcerative colitis with an
eosinophilic phenotype [152]; in the case of success, dupilumab may also be considered for
the treatment of EoC in the future. Recently, a patient with EoC was successfully treated
with the immunoglobulin/histamine complex (IHC, Histobulin) subcutaneously once a
week for 10 weeks with concomitant tapering and suspension of oral corticosteroids [153].
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6. Conclusions

EGIDs are an emerging group of disorders characterized by the presence of gastroin-
testinal symptoms and infiltration of eosinophils in the different layers and regions of the
gut. The therapeutic landscape of these diseases is evolving [17]. With regard to EoE, the
most common EGID, for the first time, approved drugs are available in Europe (BOT) and in
the US (dupilumab). In addition, several other molecules are currently being tested in RCTs.
Other promising molecules are being tested in non-EoE EGIDs and will be likely available
in the future. Table 3 summarizes investigational molecules for the treatment of EGIDs.
However, it must be noted that there is still a gap in the knowledge of the pathophysiology
of EGIDs, which is currently mirrored by the lack of therapeutic options for most of them.
In this regard, further basic science studies are needed to identify new molecules targeting
the Th2 inflammatory cascade and develop effective drugs for the EGIDs.

Table 3. Overview of the current best evidence available on biological therapies for the eosinophilic
gastrointestinal diseases. Abbreviations: EoE: eosinophilic esophagitis; EoG: eosinophilic gastritis;
EoN: eosinophilic enteritis; and EoC: eosinophilic colitis.

EoE

The study did not meet
one of the two dual
primary endpoints.
Given the lack of clear
benefit in this patient
population, the study
has been terminated

EoG EoN EoC

Reduction of
intraepithelial gastric
eosinophil counts, but
no other histologic
modifications nor
significant clinical
improvement [127].

Benralizumab

(anti-IL5R cx) Not evaluated.

Not evaluated.

(NCT04543409; phase NCT05251909 has been
II RCT). interrupted.

Reduction of

intraepithelial

Reslizumab (anti-IL5) esophageal eosinophil ~ Not evaluated. Not evaluated. Not evaluated.
counts (Phase II and IIT

RCTs) [71].

Reduction of
intraepithelial
esophageal eosinophil
counts (RCT) [73,74].

Mepolizumab

(anti-IL5) Not evaluated.

Not evaluated. Not evaluated.

Endoscopic, histologic,
and clinical
improvements (phase II
RCT) [76,77].

Phase III RCT is
ongoing
(NCT04753697).

Currently being tested
(phase IIT RCT) [130].

Currently being tested

(phase Il RCT), Not evaluated.

Cendakimab (anti-IL13)

Endoscopic, histologic,
and clinical

Dupilumab
(anti-IL4Rx)

improvements and/or
remission [80].
Currently the only
monoclonal antibody
licensed for EoE (phase
I RCT).

Currently being tested
(phase II RCT) [131].

Currently being tested
(phase II RCT) [131].

Currently recruiting
patients with ulcerative
colitis and eosinophilic
phenotype (phase I
RCT) [152].

Omalizumab (anti-IgE)

Failure in histologic
and clinical
improvements (phase II
RCT) [81].

Not evaluated.

Not evaluated.

Not evaluated.
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Table 3. Cont.

EoE

EoG

EoN

EoC

Infliximab (anti-TNFx)

Failure in histologic and
clinical improvements
(case series) [84].

Not evaluated.

Not evaluated.

Not evaluated.

Tezepelumab (anti-TSLP)

Currently recruiting
(NCT05583227; phase III
RCT).

Not evaluated.

Not evaluated.

Not evaluated.

Etrasimod (S1P receptor
modulation)

Currently being tested
(NCT04682639; phase 1L
RCT).

Not evaluated.

Not evaluated.

Not evaluated.

Barzolvolimab (anti-KIT
pathway)

Currently being tested
(NCT05774184; phase 11
RCT).

Not evaluated.

Not evaluated.

Not evaluated.

Lirentelimab (anti-Siglec8)

Not evaluated.

Reduction of
gastrointestinal
eosinophils and symptoms
(phase II RCT) [129].
Histologic improvement
but no significant clinical
improvement
(NCT04322604 and
NCT04856891; phase III
RCT).

Not evaluated. Not evaluated.

Vedolizumab (anti-a437
integrin)

Not evaluated.

Histologic and clinical
improvements
(retrospective cohort
study) [132].

Not evaluated. Not evaluated.
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