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Abstract

Eosinophilic gastrointestinal disorders are a group of rare
diseases characterized by the infiltration of eosinophils in the
gastrointestinal wall in a greater amount than in homeostatic
conditions. ‘Non-esophageal eosinophilic gastrointestinal disorders’
is the umbrella term for all eosinophilic gastrointestinal disorders
outside of the well known eosinophilic esophagitis. This includes
eosinophilic gastritis, eosinophilic enteritis and eosinophilic
colitis. The clinical presentation is atypical and not very different
for the three disorders. The depth of infiltration has a bigger
influence on the presenting symptoms than the disease location.
Although the frequency of diagnosis and research in this subject
is increasing over time, non-esophageal eosinophilic disorders
are rare and high quality evidence is limited to date. In this
narrative review, we provide an overview of the latest insights in
the pathophysiology, diagnostic approach and available treatment
options. Transcriptome studies have found the pathogenesis to be
T helper type 2 driven. Various laboratory findings can be used
to trigger raised suspicion and investigation with endoscopy.
As the endoscopic appearance of the mucosa is normal in most
cases, multiple biopsies in each segment are needed to quantify
the amount of eosinophils in the tissue. Eosinophilic cut-offs for
diagnosis are a controversial topic and a consensus is still lacking.
A recently developed tissue based diagnostic platform which
measures differentially expressed genes might be available in the
future to classify patients with intermediate eosinophilic tissue
levels under the cut-off. For the treatment, corticosteroids are still
the cornerstone of treatment but promising research suggests a role
of biologicals, such as Lirentelimab (anti-siglec 8) in particular.
(Acta gastroenterol. belg., 2023, 86, 449-459).
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Introduction

Eosinophilic gastrointestinal disorders (EGIDs) are a
group of chronic inflammatory conditions characterized
by gastrointestinal infiltration of eosinophils without a
secondary cause of eosinophilia (1). EGIDs are divided
into four separate disorders according to the affected
site in the gastrointestinal (GI) tract (1-3). Eosinophilic
esophagitis (EoE), in which the eosinophilic infiltration
is limited to the esophagus, is the most common and best
characterized disease of the group (4). EGIDs distal to the
esophagus are a lot less frequent and poorly understood
as there is limited literature available (5). Current
information is predominantely derived from case reports
and single center retrospective studies (6-8). In the last
decade there was a heterogeneity in the terminology of
non-eosinophilic esophagitis EGIDs (non-EoE EGIDs)
with ‘eosinophilic gastroenteritis’ often being used as
the umbrella term (9). Following recent international
consensus recommendations for EGID nomenclature,

non-EoE disorders include eosinophilic gastritis
(EG), enteritis (EoN) and colitis (EoC) (9). Clinical
manifestations of non EoE-EGIDs are non-specific and
depend on the affected layer and site of the GI wall (10).
Therefore diagnosis is not always easy and requires a
high clinical index of suspicion.

Eosinophils are leucocytes located in the lamina propria
of the gastrointestinal tract in homeostatic conditions
with the exception of the esophagus where there are
no eosinophils in normal conditions (11). Eosinophils
have a role in host defense. They contribute to tissue
homeostasis by selectively protecting against pathogenic
parasites and bacteria. Hereby they also modulate the
intestinal microbiome (12). Eosinophils originate from
pluripotent hematopoietic stem cells and mature in the
bone marrow before migrating to the GI tract. Chemotaxis
is ensured by the local production of chemoattractants,
particularly chemokines with eotaxin-1 (CCL11) being
the most selective (12). Cytokines and chemokines
regulate the survival of eosinophils. Interleukin 5 (IL-5)
is the most potent and selective eosinophil regulator (12).
Upon activation, eosinophils degranulate and release
toxic substances. This contributes to the inflammatory
process in which eosinophils work in synergy by
clustering with Th2 lymphocytes (11). When eosinophils
are more prominently present than normal, it results in
pathology (12). Apart from EGIDs, an elevated number
of GI eosinophils can also be present in drug reactions,
food hypersensitivities, inflammatory bowel disease,
parasitic infections, gastroesophageal reflux disease and
hypereosinophilic syndrome among others (13,14).

Currently, there is no standard approach to the
diagnosis of non-EoE EGIDs but histological presence
of eosinophilia without a secondary cause in multiple
biopsies is necessary (6). The optimal number of biopsies
and the eosinophilic cut-off required for diagnosis is
unclear and an area of active investigation (15,16).
First-line treatment consists of dietary therapy and
corticosteroids (17). Given the limitations and adverse
effects of these treatments, there is increasingly more
research in steroid sparing agents (18).
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In this narrative review we aim to provide a
comprehensive understanding of non-EoE EGIDs and
present the most recent insights into diagnosis and
treatment.

Epidemiology

Non-EoE EGIDs are very rare conditions. A large
population based study in the United States of more than
3 million adults and children reported the prevalence of
eosinophilic gastroenteritis and eosinophilic colitis to
be respectively 1/20,000 and 1/50,000 (5). Eosinophilic
esophagitis is respectively 10 and 25 times more
common with a prevalence of around 1/2000 (4).
Sensitivity analyses of these studies have shown that
when a more restrictive case definition is used to exclude
cases with possible cofounding factors like secondary
eosinophilia, the calculated prevalence remains the same
for eosinophilic gastro-enteritis (EGE) but not for EoC
(5,19). Nearly 25% of all patients originally considered
as EoC were actually patients with inflammatory bowel
disease. This reduced the estimated prevalence of EoC to
around 1/70,000 (5). In eosinophilic esophagitis there is
a known 3 to 2 male predominance (4). The opposite is
true for EGE and EoC which is slightly more prevalent in
females with an odds ratio of respectively 1.11 and 1.60
(5). Similar to eosinophilic esophagitis, the prevalence
of non-EoE EGID in caucasians was higher than in
African-Americans and Asians (2,4,5). In terms of age
of the patients, the highest prevalence of EGE was found
in children (<18 years of age) and decreases with age
(5,19). Multiple studies have shown a peak in the age-
based prevalence rates in the age group of 10-24 years old
(5,19). Therefore, age of onset tends to be younger than
EoE which peaks at 30-39 years (4). EoC seems to be
following the same trend as it is relatively more common
in adults but the differences in prevalence between age
groups are less clear for EoC (5,19).

Recently a study by Talley et al. revealed that non-
EoE EGIDs may be underdiagnosed as it showed that
almost 50% of patients with chronic functional GI
symptoms that underwent an endoscopic biopsy, met
histologic criteria of EG and/or eosinophilic duodenitis
(EoD) (20). In contrast, Hui et al. showed that only
3% of all patients presenting with lower GI symptoms
meet histologic criteria for EoN (ileum) or EoC when
a colonoscopy with biopsies was performed, followed
by a gastroscopy when positive (21). Patients who met
the criteria were significantly younger and were more
likely to have diarrhea or abdominal pain as a presenting
symptom (21).

Lastly, a recent retrospective study has shown that the
frequency of diagnosis of non-EoE EGIDs has increased
over the past decade (2). This raises the thought that these
diseases might not be as rare as traditionally thought.

Overlap between EGIDs
The overlap in eosinophilic disease in the stomach and

the small intestine is often referred to as ‘eosinophilic
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gastroenteritis’ (EGE) (9). This overlap in disease is seen
very frequently to the extent that they are often described
as a distinct diagnosis (2). The overlap in other segments
of the gastrointestinal tract is less described (2). In a
retrospective study of 376 patients, it was seen that 41%
of subjects had multiple sites of eosinophilic inflamma-
tion even with EGE being considered as a single diagnosis
(2). Overlap in disease was significantly more common
in children than in adults (2). Of the patients with
multisite involvement, 75% had esophageal involvement
(2). It is unclear if these findings are representative of
the population as other studies have found different rates
of multisite inflammation, varying from 20-88% (22,23).
Another study with a large database of more than 2500
subjects reported that only 4.9% of patients had more
than 1 disorder (19). A recent study with EoE patients has
shown limited yield of gastric and duodenal biopsies in
EoE patients, with less than 5% of the patients showing
histologic features of EG or EoD (24).

Pathophysiology

In contrast to the reasonably well understood
pathogenesis of EoE, the exact pathophysiology of
non-EoE EGIDs is much less clucidated (25). The
pathophysiology is thought to be multifactorial. It is
a combination of a pure IgE-mediated allergy and a
delayed cellular-mediated response (Fig. 1) (26). Like
in EoE, an allergic component has been suggested
as total IgE and food-specific IgE serum levels were
shown to be elevated in EGE patients and 40-60% of
EGE patients were found to have a history of atopic
conditions (5,19,25-27). However, any sign of atopy is
absent in some EGID patients suggesting there has to
be another driving factor behind the eosinophilia. Like
EoE, the other EGIDs are T helper type 2 (Th2) driven
inflammatory diseases (28,29). Caldwell et al. examined
the genome-wide transcript profile of EG patients and
compared this with the transcriptome of control patients
(28). One hundred transcripts were found to be altered
in EG patients. Pathways key to the pathogenesis were
identified (IL-13 driven Th2 immunity, 1L-17, ErbB-,
and Wnt-dependent pathways). Th2 cytokines (IL-4, IL-
5, IL-13) and eosinophil-related chemokine eotaxin-3
(CCL26) were expressed significantly more in EG
patient’s gastric tissue compared to the gastric tissue of
control patients (28). IL-5 is the most selective cytokine
for the proliferation of eosinophils and their subsequent
release from the bone marrow (26). IL-4 and IL-13
regulate eosinophil accumulation by promoting adhesion
to the endothelium. They ensure chemotaxis along with
eotaxin-3 and chemoattractant receptors expressed on
Th2 cells (28,29). IL-4 and IL-13 also help to activate
mast cells and basophils but their exact role in EGIDs
is unclear (29). Homing of eosinophils to the GI tract is
ensured by integrins. Subsequently, sialic acid-binding
immunoglobuline-type lectins (Siglecs) contribute to
the binding of eosinophils to the mucosal surfaces (29).



Non-esophageal eosinophilic gastrointestinal diseases. a narrative review

Antigens

451

®.
() -
/ ® \ @ Duodenal epithelium
~., IgE
A w Mast cells Inflammation
4 Cle o
: D Amas - __ .
[EUE P A > NE)
! Activation A
' . '
® v Basophils '
LX) IL-4R .
IL-5 i
' IL-5R | Siglecs
==-p _— —_ s -7
7 9 “ Binding to
Release from Chemotaxis Extravasation " the mucosa
bone marrow . . .
Eosinophil IL-13R A Eosinophil !
: 1
' v
H Arteriole endothelium Activated . 4B
. ctivat )
Eotaxin-3 eosinophil i,s(

==
'
'
'

v

ECP, EPO,
MPB, EDN

Figure 1. Pathophysiology of non-EoE EGIDs. IL, interleukin; IgE, Immunoglobulin E; ECP, eosinophil cationic protein; EPO,
eosinophil peroxidase; MBP, major basic protein; EDN, eosinophil derived neurotoxin. This figure was created with BioRender.com.

Table 1. — Frequent symptoms and complications

Klein’s classification

Predominant mucosal
88%

Symptoms Complications

Abdominal pain, vomiting, nausea,
diarrhea, malabsorption and protein-

Acute pancreatitis
Gastric and bulbar ulcers

losing enteropathy

Acute bowel obstruction
Pyloric stenosis
Eosinophilic cysitis

Predominant muscular
5%

Obstructive symptoms

Predominant serosal
7%

Ascites, peritonitis

When activated, eosinophils degranulate and release
cytotoxic granule proteins (e.g. eosinophil cationic
protein, eosinophil peroxidase, major basic protein and
eosinophil derived neurotoxin) (11,26). These proteins
result in a cytotoxic effect on epithelium, the creation of
toxic pores into transmembrane channels which facilitates
the entry of toxic molecules and the dysfunction of vagal
muscarinic M2 receptors which increases smooth muscle
cell reactivity (11,26).

Clinical manifestations

The presenting symptoms of non-EoE EGIDS are
variable (2,6,10). Firstly, they depend on the site of
maximal GI involvement but more importantly on the
layer of the GI wall that is predominantly affected (Table
1) (6,10). Klein et al. were the first to make a classification
of the three main patterns of clinical manifestations in
non-EoE EGIDs: the mucosal, the muscular and serosal
pattern (10). Mucosal disease is defined as the infiltration
of eosinophils in the mucosa and/or evidence of mucosal
edema on imaging without presence of ascites or GI

obstruction (10,30). The mucosal variant most frequently
presents with abdominal pain, vomiting, nausea,
diarrhea, malabsorption and protein-losing enteropathy
(6,10). Muscular layer disease presents with obstructive
symptoms due to thickening and rigidity of the gut
(6,10). Lastly, predominant serosal disease usually leads
to eosinophilic ascites and peritonitis (6,10). The share
of patients with each variant has shown a shift toward
the mucosal variant the last decades (30). In a cohort
of 40 patients in 1990, 58% of patients presented with
mucosal disease, 30% with muscular disease and 12%
with serosal disease (6). A more recent report from
Chang et al. found that mucosal disease was even more
predominant. The distribution in his 59 patient cohort
was 88% mucosal, 5% muscular and 7% serosal disease
(30). Chang et al. hypothesized that it is due to increased
use of upper GI tract endoscopy in people presenting with
GI symptoms and the evolution of the disease, starting
in the mucosa and progressing deeper into the GI wall
(30). Evidently, the diagnosis of isolated muscular and
serosal disease is much more challenging than in case of
mucosa involvement. In terms of the effect of the site of
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maximal GI involvement, multiple studies have reported
similar symptoms for EG, EGE and EoC (2,5,19). For
EG, nausea/vomiting (54%) and abdominal pain (48%)
were the most common presenting symptoms. Patients
with EGE have similar presenting symptoms but diarrhea
is more frequent (32%). Lastly, EC was reported to
more frequently present with abdominal pain (60%) and
diarrhea (52%) but less with nausea and vomiting (38%)
(2). Another study reported that patients with EG were
more likely to have throat or chest pain and patients with
EC were more likely to present with GI bleeding (19).
Multiple studies have reported the association of non-
EoE EGIDS with allergy/atopy (2,5,19). This association
was reported in 30-60% of the patients with food allergy,
rhinitis and asthma being the most prevalent. But also the
odds ratio of drug allergy, sinusitis, dermatitis, eczema
and urticaria in non-EoE EGID patients to controls is
high ranging from 3 to 5 (5,19).

Very few complications of non-EoE EGIDs have
been reported and these reports are limited to single case
reports and small case series (Table 1) (31-39).

Diagnosis

Currently there is no golden standard in the diagnosis
of non-EoE EGIDs like in the diagnosis of EoE (40). It
is a hard diagnosis to make as the presenting symptoms
are nonspecific (2). Therefore symptoms are not reliable
to differentiate between disorders and a high index of
suspicion is key to avoid a diagnostic delay (2). Factors

J. Janssens & T. Vanuytsel

Figure 2. — The endoscopic view of the colon in a patient
diagnosed with eosinophilic colitis. Raised nodular lesions are
seen on the surface of the colon wall (black arrows).

that should raise suspicion are refractory unexplained
chronic GI symptoms, a history of allergy/atopy and a
young age of onset (2,4,5). A wide variety of diagnostic
approaches have been proposed but the one most widely
used until this day is the approach proposed by Talley in
1990 (6,41). He proposed 3 criteria, i.e. gastrointestinal
symptoms, histological presence of eosinophils in the GI
wall or eosinophilia in the ascites fluid (serosal disease)
and exclusion of other causes of peripheral or tissue

High index of clinical

- Refractory unexplained chronic
Gl

- History of atopy/allergy

-Young age of onset

Laboratory testing:
- Diffe ion of WBC
- Total IgE

- a2-macroglobulin

hypoalbuminemia)

- Findings of malabsorption or protein losing
enteropathy (iron-deficiency anemia and

Negative:

Blood-based diagnostic platform:
- Cytokines in plasma (IL-5, eotaxin-3/CCL26 and TARC/CCL17)
- Cytokit

in serum (IL-5, eotaxin-3/CCL26 and TSLP)

- Reconsider DD
- Consider repeat
endoscopy or surgical

le——|

UGIT- and LGIT endoscopy with 6-8 biopsies per site

full thickness biopsy

T~

Tissue eosinophilia above the cut-off:
- EG: 230 eosinophils/HPF in 25 HPFs
- EoD: 230 eosinophils/HPF in 23
duodenal HPFs

- EC: 260 eosinophils/HPF

Intermediate tissue eosinophilia:

- EG: 230 eosinophils/HPF in 1-4 HPFs
- EoD: 230 eosinophils/HPF in 1-3
duodenal HPFs

- EC: 40-60 eosinophils/HPF

!

!

Exclude secondary causes of tissue eosinophili

ia

Use a tissue based diagnostic platform (e.g. EGDP1s)

|

|

Diagnosis of a non-EoE EGID

L

A significant score based on the expression of
genes

Figure 3. — Suggested diagnostic algorithm for non-esophageal eosinophilic gastrointestinal diseases.
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eosinophilia (6). Figure 3 shows the suggested diagnostic
algorythm that was made based on the available evidence.

Laboratory findings

Peripheral eosinophilia (>500 eosinophils/uL) is
present in about 70-80% of patients (6). Eosinophilia was
found to be higher when there is subserosal involvement
and lower in muscular disease (6,31). As there are still a lot
of cases without peripheral eosinophilia and eosinophilia
is not specific to EGIDs, it can be used as an indication
for EGID but not as a reliable diagnostic criterium. There
is some controversy surrounding the use of peripheral
eosinophilia as a biomarker for disease activity as one
study has reported persistent elevation to be a reliable
indicator of disease relapse of EGE while this idea is
refuted by other studies (42). Ko et al. found that the
peripheral eosinophil counts of EGE patients remained
high despite the histological response to therapy (43).
Other laboratory findings that could be useful to suspect
EGIDs are theb total IgE and o2-macroglobulin. An
elevated total IgE (>100 IU/mL) was reported in about
70% of patients (6,31,44) a2-macroglobulin was found
to be elevated in 92% of the cases in a retrospective
cohort study with 42 patients, which was also proposed
as a useful non-invasive biomarker (7). The erythrocyte
sedimentation rate was found to be normal in most cases
(6,45).

Findings of malabsorption or protein-losing entero-
pathy like iron-deficiency anemia and hypoalbuminemia
may be present, especially when there is mucosal
involvement (41). About one third of the patients with
mucosal disease have malabsorption or protein losing
enteropathy (6). Adding to this, Brenner et al. found that
the diagnostic yield for endoscopic biopsies is greatly
increased when there is peripheral eosinophilia and
hypoalbuminemia (46). The optimal cut-offs in this study
were 3.6 g/dL for albumin and 300 eosinophils/uL. These
cut-offs yielded a sensitivity of 80% and a specificity of
86% (46). An effective method to measure/objectify the
protein-losing enteropathy is to assess the concentration
of al-trypsine in a 24 hour feces collection which has
been shown to be increased in a subset of patients with
EGE (41).

Recently, a study by Shoda et al. created a blood-
based diagnostic platform based on significantly
increased biomarkers (47). Three cytokines in plasma
(IL-5, eotaxin-3/CCL26 and TARC/CCL17) and three
cytokines in serum (IL-5, eotaxin-3/CCL26 and TSLP)
were significantly higher in patients with active EG. The
created serum-based EG biomarker scoring system was
able to diagnose EG and monitor disease activity with a
sensitivity of 100% and specificity of 72% (47).

Altogether, these laboratory findings can not be used
reliably as diagnostic criteria but can serve as a trigger to
raise suspicion and to investigate further with endoscopy
or imaging (Fig. 3). The blood-based diagnostic platform
by Shoda et al. can be used to monitor disease activity
in EG patients, but is not available in daily practice yet.

Endoscopy

In most patients the appearance of the mucosa is
normal. This underscores the importance of taking
biopsies regardless of the endoscopic appearance (15,21,
22,43). A retrospective study of 373 patients found
that 62% of the subjects had a normal appearance of
the mucosa. The most common abnormal endoscopic
findings were erythema (24%), ulceration (8%),
nodularity (8%), and mucosal friability (6%) (15).
This study reported endoscopic abnormalities in the
duodenum to be associated with a higher amount of
eosinophil infiltration. This association was not found in
the stomach and colon (15). The abnormalities were also
found to be non-specific and rarely led to histological
confirmation in another study (48) (Fig. 2).

A recent study by Hirano et al. (49) prospectively
assessed the presence and severity of endoscopically
identified gastric abnormalities in a cohort of patients
with EG of which most were actively in medical or diet
therapy. In this cohort, 92% of patients exhibited one or
more abnormalities in the mucosa appearance which is
notably higher than most other studies even though most
patients were actively treated (15, 22, 43). This study
used a new classification and grading system for mucosal
abnormalities, EG Endoscopic Reference System (EG-
REFS) which was developed by gastroenterologists
with expertise in EGIDs, specifically for the endoscopic
evaluation of EG. It includes features of erosion/
ulceration, granularity, raised lesions, erythema,
friability, fold thickness, and pyloric stenosis. (49) The
EG-REFS shows great promise for the use in clinical
studies as it allows standardization and can be used as
a disease metric to complement symptom and histologic
features. The EG-REFS showed a strong correlation
with physician global assessment of endoscopic activity
which confirms its validity. (49)

However, biopsies are still needed regardless of
the endoscopic appearance as histologic presence of
eosinophils is a criterion for diagnosis (6). Because of
the patchy nature of the disease, multiple biopsies are
required in each segment (15,46). There is however
no consensus on the optimal number and location of
biopsies needed for the diagnosis of non-EoE EGIDs
(16). Recently, 6-8 biopsies per site was proposed as
guidance (15). Moreover, the eosinophilic cut-offs for
diagnosis is a controversial topic. The most commonly
used cut-offs are >30 eosinophils/HPF in >5 HPF for
EG, >30 eosinophils/HPF in >3 duodenal HPFs and >60
eosinophils/HPF in the colon (15,50). However, higher
cut-offs have been suggested as a distinct transcriptome
was only seen when the duodenal eosinophilia peak was
50-60/HPF in patients with duodenal eosinophilia (51). A
consensus is currently still lacking.

In a recent study, Shoda et al. developed a tissue
based diagnostic platform (EGDPI18 score) for EG
based on differentially expressed genes in gastric tissue
(47). A score system was made using the changes in 18
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significant and reproducible differentially expressed
genes. The EGDP18 score was able to diagnose EG with
a sensitivity 88-95% and specificity of 100%. Patients
with intermediate tissue levels (1-4 HPFs with >30
eosinophils) can possibly be classified with the EGDP18
score system in the future. In the study cohort, 68% of
patients with intermediate tissue levels were classified as
active EG (47).

Imaging

Current information about imaging of EGIDs is scarce
and limited to case reports (52-54). The diagnostic yield
of abdominal imaging is low as it often shows non-
specific features. The most common features include
bowel wall thickening, layering of the bowel wall and
diffuse mucosal fold thickening (52). There are two signs
that have been reported in several case studies that can
aid in the diagnosis (52,53,55). Firstly, the “araneid-limb-
like” sign which is a spider leg appearance of contrast
within the mucosal sinuses which results from mucosal
thickening (53). Secondly, an “halo-sign” is the layering
of the bowel wall due to submucosal edema (52). These
signs are characteristic of inflammatory pathology and
thus can help to differentiate EGIDs from neoplastic
pathology such as lymphoma or carcinoma (52,53,55)

Differential diagnosis

When the first 2 criteria for the diagnosis of non-EoE
EGID are fulfilled, i.e. having gastrointestinal symptoms
and histological presence of eosinophils in the GI wall
or eosinophilia in the ascites fluid (serosal disease),
secondary intestinal eosinophilia has to be ruled out to
obtain a definitive diagnosis (6). The main differential
diagnosis to keep in mind are inflammatory bowel
disease, eosinophilia secondary to the use of medication
(NSAIDs, antibiotics, chemotherapy, cholchicine)
and parasitosis (41,56). Other diseases with intestinal
eosinophilia include celiac disease, food hypersensitivity
and Helicobacter pylori gastritis. Lastly, systemic
disorders like Churg-Strauss vasculitis, hypereosinophilic
syndrome and malignancies (lymphoma or carcinoma)
can also present with eosinophilic infiltration in the
bowel (41,56).

The red outlined boxes are newly developed diagnostic
techniques with a proven potential in experimental studies
but are not readily available to use in daily practice
yet. WBC, white blood cells; IgE, immunoglobulin
E; IL, interleukin; CCL, C-C motif chemokine ligand;
TARC, thymus and activation-regulated chemokine;
TSLP, thymic stromal lymphopoietin; UGIT, upper
gastrointestinal tract; LGIT, lower gastrointestinal tract;
EG, eosinophilic gastritis; EoD, eosinophilic duodenitis;
EC, eosinophilic colitis; DD, differential diagnosis; HPF,
high power field; EGDP, eosinophilic gastritis diagnostic
panel; Non-EoE EGID, non-esophageal eosinophilic
gastrointestinal disease; GI, gastrointestinal.
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Natural history/prognosis

A prospective long-term follow-up study by
Pineton de Chambrun et al. with 43 non-EoE EGID
cases reported a spontaneous remission without any
treatment in 40% of the patients (31). These patients also
had a significantly lower risk of relapse than patients
who needed treatment at diagnosis. Relapse was seen in
33% of all cases during the median 13.1 years follow-
up. The percentage of patients with clinical relapse was
higher (60%) in patients treated with corticosteroids as
initial treatment. Also hypereosinophilia at diagnosis and
predominant mucosal disease involving the duodenum or
multiple localizations were found to be associated with
a higher rate of relapse. There was no association found
between history of allergy and relapse rate (31). There
were 3 different disease patterns observed in the study,
namely a single flare of disease without any relapse after
(42%), recurring disease of at least 2 flares with remission
in between (37%) and lastly continuous disease without
any period of remission (21%) (31). The continuous
group were almost solely patients with mucosal disease.
The single flare and recurring group were predominantly
represented by mucosal and subserosal disease. Most
patients with muscular disease had a recurring disease
course (31). These data suggest that in most patients no
long-term treatment is needed. Altogether, the available
literature has shown that the prognosis of non-EoE
EGIDs is good, with no increased risk for malignancy
(41).

Treatment

There is high variability in the treatment approach
of non-EoE EGIDs between different centers (2).
This is likely based on the absence of clear treatment
guidelines due to a lack of high-level evidence. The
management approach is therefore based on the
experience of practitioners (2). The different therapeutics
will be reviewed below. In general, the evidence for the
individual treatments in non-EoE EGIDs is poor and
treatment is still mainly based on experience and expert
opinion.

Wait and see

As described above, the strategy of watchful waiting
is legitimate as 40% of patients in the study by Pineton de
Chambrun went into spontaneous remission (31). To our
knowledge, there have been no other prospective follow
up studies confirming this finding. A small retrospective
case series of 7 EC patients reported that EC is mild and
self-limiting in most cases without a need for therapy
(71%) (57). Moreover, based on clinical expertise and
the observed natural history of non-EoE EGIDs, most
patients do not need continuous therapy in contrast to
EoE.
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Corticosteroids

Corticosteroids (CS) have been a cornerstone in the
management of non-EoE EGIDs for the past decades (2,
58). They have been shown to be effective with clinical
response ranging from 80-100% in multiple case series
but there have not been any randomized clinical trials
(RCTs) to date. (8,30,58). Therefore CS-use remains
off-label based on physician’s experience and the type,
duration and dosage show great variability (8,17). Also,
evidence on histologic remission is limited. Most centers
use prednisolone as the first-choice corticosteroid for
induction of remission of non-EoE EGIDs. This is likely
due to the fact that the vast majority of studies treating
EGE with CS have used prednisolone and reported rapid
clinical improvement(7,30). Prednisolone is usually given
at an initial dose of 30-40mg/d which usually induces
remission within 2 weeks. Thereafter, most centers taper
the dosage over a 6-8 week period (41,59). However,
relapses occur and sometimes require maintenance dose
of prednisolone for a longer time (8,58). Patients treated
with CS as initial therapy have been shown to have a
higher risk of clinical relapse which may be linked to the
severity of disease at presentation necessitating steroids
3.

A case report by Hartranfit et al. reported succesful
treatment of olmesartan-induced enteropathy with
“Triple Phase” Enteric-coated (EC) budesonide capsules
(60). Budesonide ensures more local activity in the
GI tract and less systemic effects because of the low
bioavailability (21% in healthy controls). “Triple phase”
stands for three capsules of EC budesonide capsules that
need to be taken, each in a different manner. The first
capsule has to be opened, the EC pellets inside crushed
and swallowed with apple sauce to exert an effect in the
stomach and proximal small intestine. The second capsule
is opened and the EC pellets are swallowed as a whole.
The enteric coating dissolves at pH >5.5 so that the timed
release starts after passage of the upper small intestine to
target the lower part of the small intestine and proximal
colon. The third capsule is swallowed intact, with the
outer gelatin capsule theorized to ensure release in the
more distal colon. EC-budesonide with the normal intake
is used for the treatment of Crohn’s disease involving
the ileum or ascending colon with good effect (61). As
systemic impact is limited in comparison to prednisolone
due to the high first pass metabolism and therefore
corticosteroid-related adverse effects are significantly
less frequent (60,61). As the author of the case report
suggests, triple phase EC budesonide can be used in
treatment of EGIDs (60). The manner of intake should
be adapted to which site in the GI tract is predominantly
affected. In some areas budesonide immediate-release
tablets are available as well for treatment of proximal
inflammatory disorders (41,60). There have been multiple
case reports and case series of non-EoE EGID patients
succesfully treated with budesonid (62-64). Some case
reports even reported histological remission.(41,64,65).

A recent case series reported 100% clinical and
histologic success in 8 children treated with the triphasic
EC budesonide therapy. The administration regimens
were modified for each patient to treat the endoscopy-
determined target areas of EGID. (64) The usual initial
dose is 9mg/day, this can be tapered to 6mg/d and even
3mg/day for use as maintenance therapy. The duration of
therapy needs to be individualized, but in most patient
therapy can be stopped after 3-6 months. Altogether, the
similar efficacy but better safety profile of budesonide
makes it the preferred CS for long term therapy of steroid
dependent disease though high level evidence is needed.

Dietary therapy

Dietary therapy has been shown to be effective in
small case series and case reports (66,67). However
most studies do not objectively measure the change in
symptoms and have no evidence of histologic remission
(66). Most evidence gathered is with amino acid-based
elemental diet therapy (EDT) which is a hypoallergic
artificial formula. A systematic review by Lucendo et
al reported a clinical improvement of over 75% in non-
EoE EGID patients. Histologic follow up was done for
a small fraction of the patients of which 83% reached
histologic remission (66). Recently, Gonsalves et al.
performed the first prospective dietary trial in EG/EGE.
The study showed histologic remission in 100% of the
patients who completed the 6 week trial with EDT (68).
The most commonly used dietary therapies are empiric
elimination diets with 6-FED and 7-FED being the most
common, which respectively includes the elimination of
wheat, egg, seafood (shellfish, finfish), soy, cow’s milk,
hen’s egg and the former along with red meat (17,66).
Symptomatic improvement was reported in most cases
but evidence on histologic evolution is scarce (66).
Elimination of food based on allergy testing has not been
proven effective and cannot be reliably used, similar
to EoE where allergy testing can also not be used to
guide dietary exclusion. At this point in time, there is
no test able to identify the triggering foods that need
to be eliminated. (29,66). Succesfully determining the
causative foods by serial reintroduction of foods after a
period of an elimination diet has been reported in small
case reports and case series. (67,69).

Proton pump inhibitors

Even though PPIs were the most commonly used
medications for non-EoE EGIDs, literature on PPIs in
non-EoE EGIDs is scarce (2). Most evidence on the
potential effect of PPIs in EGIDs is for EoE in which PPIs
are a cornerstone in disease management (41). PPIs have
anti-inflammatory effects apart from the effect on acid
secretion (70,71). PPIs were shown to inhibit eotaxin-3
expression (stimulated by IL-4) in esophageal cells of
EoE patients by reducing STAT6- and RNA polymerase
binding to the eotaxin-3 promotor (71). Moreover, in
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functional dyspepsia, PPIs have also been shown to
reduce duodenal eosinophilia thereby reducing symptoms
(72). Multiple case reports/case series have reported PPIs
to be effective in EG and EoD with significant clinical
and histologic remission (2,69,73). High level evidence
is lacking as the available studies are retrospective and
have a small sample size with even lower numbers with
histologic follow up (2).

Leukotriene-Receptor Antagonists (LRA)

Montelukast is a potent selective antagonist at the
cysteinyl leukotriene D4 receptor (cysLT1) (74). CysLT1
plays a role in eosinophil recruitment while LTC4, LTD4
and LTE4 are released by cosinophils and mast cells in
the inflammatory process (17). Montelukast is a selective
inhibitor of cysteinyl leukotriene D4 (LTD4) with a usual
dose of 5-10mg once daily. Montelukast has been reported
effective as monotherapy but also in combination with
other therapeutics (8,44,75,76). Most reports describe
a single case with clinical remission. Only a few case
reports show histologic remission (76). The likelihood
of reporting bias is high as very few reports of failure
to response have been reported (77). More randomized
trials are needed to determine the benefits of LRA in the
treatment of non-EoE EGIDs.

Mast-cell stabilizers

Oral sodium cromoglycate (SCG) prevents the release
of histamine and leukotrienes among other mediators
by blocking mast-cell degranulation. This ensures the
inhibition of eosinophil chemotaxis (17,41). The dose
varies among different reports but ranges from 100-
300mg 3-4x/d and is usually given over a long period
of time (41). A few older case reports show a significant
efficacy with SCG monotherapy (78,79). Histologic
remission was shown in one report after 4-5 months of
therapy but others have reported minimal to no response
(6,65,80). The last study dates from 2009 when Sheikh et
al. reported 3 cases with only a partial response to SCG.
In each of the cases, CS had to be associated (33).

Antihistamines

Ketotifen belongs to the second generation HI-
antihistamines and is also known to stabilize mast cells
(59). It is usually dosed at 1-2mg 2x/d (59). A case
series by Melamed et al. reported succesful treatment
with Ketotifen monotherapy in 6 patients with EGE.
All patients reported symptomatic improvement and
histologic remission was demonstrated in all 4 patients in
whom repeat endoscopy was performed (81). Bolukbas
et al. reported a single case treated with monotherapy
ketotifen with similar results (82). In contrast to this,
another case has been reported where endoscopic and
histologic abnormalities appeared to progress under
ketotifen monotherapy (83). More studies are needed to
determine the potential role.
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Immunomodulators

Azathioprine (AZA) is a prodrug which converts
to 6-Mercaptopurine (6MP). AZA and O6MP are
myelosuppressive drugs that act by inhibiting purine
synthesis (DNA/RNA synthesis) and proliferation of B
and T lymphocytes (84). They have been shown to induce
clinical and histological remission in EoE in a 3 patient
case series (84). To our knowledge, there are no studies
using 6MP in non-EoE EGID patients. Azathioprine has
been shown to maintain remission after treatment with
CS in a patient with EGE (77,85).

Biological agents

Lirentelimab

Lirentelimab (AKO002) is an antibody directed
against siglec-8. Siglecs contribute to the binding to
the endothelial wall and are expressed by eosinophils,
basophils and mast cells. AK002 depletes eosinophils
but also inhibits mast-cell activation and thereby reduces
the recruitment of other immune cells (29,86). Clinical
activity has been reported in chronic urticaria and allergic
conjunctivitis among other allergic diseases (86). A phase
2 trial with 65 EG and EoD patients has shown a treatment
response (defined as a >30% reduction in symptom score
and a >75% reduction in GI tissue eosinophil count) of
63%, significantly more than the placebo group (86). A
follow-up phase 3 trial in EGE patients is enrolling at the
moment as well as a phase 2 trial in EoE patients (87,88).

Vedolizumab

Vedolizumab is an antibody directed against a4f7
integrin located on lymphocytes, thereby inhibiting the
binding of lymphocytes to endothelial cells. RCTs with
vedolizumab in EGID patients are still lacking to date. In
a case series of 5 patients with non-EoE EGIDs, only 2 of
S patients had clinical and histological improvement and
could wean off corticosteroids (89). In a retrospective
cohort of 22 patients with EGE, 4 out of these 22 patients
were steroid-refractory and treated with vedolizumab.
Clinical and histological improvement was observed in
3 of these patients (90).

Dupilumab

Dupilumab is an antibody directed against the 1L-4
receptor and thereby inhibits both the IL-4 and IL-
13 pathway which are important in the pathogenesis
of EGIDs (25, 29). A phase 2 randomized trial in EoE
patients showed a significant effect of dupilumab on
symptoms and histology (91). A phase 2 randomized
controlled trial in EG and EGE patients is currently
enrolling with an estimated completion date of 2024 (92).

Omalizumab

Omalizumab is an anti-IgE antibody. As EGIDs are
hypothesized to be partly IgE driven, omalizumab was
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expected to be an effective antibody in the treatment of
EGIDs (29). In the first trial with 9 EGE patients, treatment
with omalizumab resulted in a decrease in symptoms and
peripheral eosinophil count but no histologic remission
was seen (93). There have been 2 subsequent RCTs in
EoE patients which have not shown convincing evidence
on the effectiveness of omalizumab either (94,95).

Anti IL-5 antibodies

Mepolizumab, reslizumab and benralizumab are
antibodies that target IL-5. All 3 antibodies have been
approved for treatment of eosinophilic asthma (29).
Mepolizumab and reslizumab have only been studied
in EoE patients with mixed results (29). Mepolizumab
was found to give a reduction in esophageal eosinophils
but few patients reached full histological remission (<5
eosinophils/HPF) or a significant change in symptoms
(96-98). Benralizumab has been studied in a randomized
trial with 24 patients with hypereosinophilic syndrome.
Seven of these patients had GI tissue eosinophilia which
was completely depleted after benralizumab treatment
and all patients reported improvement in GI symptoms
(99). One RCT with benralizumab in EGE patients is
finished but no results have been published yet (100).

Conclusion

Non-EoE EGIDs including eosinophilic gastritis,
eosinophilic enteritis and eosinophilic colitis are rare
conditions but may be underdiagnosed as studies found
a high percentage of patients with chronic functional GI
symptoms meeting the histologic criteria of non-EoE
EGID and the frequency of diagnosis is increasing over
time. The pathophysiology of non-EoE EGIDs is less
elucidated but they it is hypothesized to be a combination
of IgE-mediated and T helper type 2 driven diseases.
The diagnostic approach most widely used to date is
meeting the 3 criteria proposed by Talley, i.e. symptoms,
compatible histology and exclusion of alternative causes
of eosinophilia. In the future, the recently created blood-
based diagnostic platform may help to raise the index of
suspicion. However, current diagnosis is still based on
histological findings in biopsies. The recently developed
tissue based diagnostic platform, using differentially
expressed genes in the GI tissue might be implemented
in the future for patients with eosinophilia around the
cut-off value. Guidelines are lacking for the treatment
of non-EoE EGIDs. Watchful waiting has been proven
to be a valid treatment option as 40% patients go into
spontaneous remission. Corticosteroids have been the
cornerstone of the treatment of non-EoE EGIDs because
of the high clinical response rate reported in most case
series. Topical corticosteroids like budesonide are
preferred over systemic steroids because of the systemic
exposure being substantially lower while maintaining
a similar efficacy. Other main treatments like dietary
therapy, PPIs, LR As, mast-cell stabilizers, antihistamines

and immunomodulators have some successful case
reports but conclusive evidence is lacking. Comparative
trials and RCTs are needed to determine the potential
role of these therapeutics in the management of non-
EoE EGIDs. Lastly, novel biological agents with great
potential have become available. Lirentelimab in
particular has promosing phase 2 data and a phase 3 trial
is currently enrolling.

Conflict of interest

TV has served on the speaker bureau and has served as
a consultant for Dr. Falk Pharma.

Funding information
TV is supported by the Flanders Research Foundation
(FWO Vlaanderen) through a senior clinical research

mandate (1830517N).

References

. GONSALVES N. Eosinophilic Gastrointestinal Disorders. Clin Rev Allergy
Immunol. 2019;57(2)::272-85.

. PESEK RD, REED CC, MUIR AB, FULKERSON PC, MENARD-
KATCHER C, FALK GW, ef al. Increasing Rates of Diagnosis, Substantial
Co-Occurrence, and Variable Treatment Patterns of Eosinophilic Gastritis,
Gastroenteritis, and Colitis Based on 10-Year Data Across a Multicenter
Consortium. Am J Gastroenterol. 2019;114(6)::984-94.

. ISHIHARA S, KINOSHITA Y, SCHOEPFER A. Eosinophilic Esophagitis,
Eosinophilic Gastroenteritis, and Eosinophilic Colitis: Common Mechanisms
and Differences between East and West. Inflamm Intest Dis. 2016;1(2)::63-9.

. DELLON ES, JENSEN ET, MARTIN CF, SHAHEEN NJ, KAPPELMAN
MD. Prevalence of eosinophilic esophagitis in the United States. Clin
Gastroenterol Hepatol. 2014;12(4)::589-96 el.

. MANSOOR E, SALEH MA, COOPER GS. Prevalence of Eosinophilic
Gastroenteritis and Colitis in a Population-Based Study, From 2012 to 2017.
Clin Gastroenterol Hepatol. 2017;15(11)::1733-41.

. TALLEY NJ, SHORTER RG, PHILLIPS SF, ZINSMEISTER AR.
Eosinophilic  gastroenteritis: a clinicopathological study of patients
with disease of the mucosa, muscle layer, and subserosal tissues. Gut.
1990;31(1)::54-8.

. ZHANG L, DUAN L, DING S, LU J, JIN Z, CUI R, et al. Eosinophilic
gastroenteritis: clinical manifestations and morphological characteristics, a
retrospective study of 42 patients. Scand J Gastroenterol. 2011;46(9)::1074-
80.

. WONG GW, LIM KH, WAN WK, LOW SC, KONG SC. Eosinophilic
gastroenteritis: Clinical profiles and treatment outcomes, a retrospective
study of 18 adult patients in a Singapore Tertiary Hospital. Med J Malaysia.
2015;70(4)::232-7.

. DELLON ES, GONSALVES N, ABONIA JP, ALEXANDER JA, ARVA
NC, ATKINS D, et al. International Consensus Recommendations for
Eosinophilic Gastrointestinal Disease Nomenclature. Clin Gastroenterol
Hepatol. 2022;20(11)::2474-84.3.

10. KLEIN NC, HARGROVE RL, SLEISENGER MH, JEFFRIES GH.

Eosinophilic gastroenteritis. Medicine (Baltimore). 1970;49(4)::299-319.

11. JACOBS I, CEULEMANS M, WAUTERS L, BREYNAERT C, VERMEIRE
S, VERSTOCKT B, et al. Role of Eosinophils in Intestinal Inflammation
and Fibrosis in Inflammatory Bowel Disease: An Overlooked Villain? Front
Immunol. 2021;12::754413.

12. POWELL N, WALKER MM, TALLEY NIJ. Gastrointestinal eosinophils in
health, disease and functional disorders. Nat Rev Gastroenterol Hepatol.
2010;7(3)::146-56.

13. HOGAN SP, WADDELL A, FULKERSON PC. Eosinophils in infection and
intestinal immunity. Curr Opin Gastroenterol. 2013;29(1)::7-14.

14. WALKER MM, POTTER M, TALLEY NJ. Eosinophilic gastroenteritis and
other eosinophilic gut diseases distal to the oesophagus. Lancet Gastroenterol
Hepatol. 2018;3(4)::271-80.

15. PESEK RD, REED CC, COLLINS MH, MUIR AB, FULKERSON PC,

MENARD-KATCHER C, et al. Association Between Endoscopic and

]

%)

~

w

(=

~

o

o

Acta Gastro-Enterologica Belgica, Vol. 86, July-September 2023



458

20.

2

22.

23.

24.

25.

26.

217.

28.

29.

30.

3

32.

33.

34.

35.

36.

37.

38.

39.

Histologic Findings in a Multicenter Retrospective Cohort of Patients with
Non-esophageal Eosinophilic Gastrointestinal Disorders. Dig Dis Sci.
2020;65(7)::2024-35.

. DELLON ES, COLLINS MH, BONIS PA, LEUNG J, CAPOCELLI KE,

DOHIL R, et al. Substantial Variability in Biopsy Practice Patterns Among
Gastroenterologists for Suspected Eosinophilic Gastrointestinal Disorders.
Clin Gastroenterol Hepatol. 2016;14(12)::1842-4.

. CHEN PH, ANDERSON L, ZHANG K, WEISS GA. Eosinophilic Gastritis/

Gastroenteritis. Curr Gastroenterol Rep. 2021;23(8)::13.

. PETERSON K, SAFRONEEVA E, SCHOEPFER A. Emerging Therapies

for Eosinophilic Gastrointestinal Diseases. J Allergy Clin Immunol Pract.
2021;9(9)::3276-81.

. JENSEN ET, MARTIN CF, KAPPELMAN MD, DELLON ES. Prevalence of

Eosinophilic Gastritis, Gastroenteritis, and Colitis: Estimates From a National
Administrative Database. J Pediatr Gastroenterol Nutr. 2016;62(1)::36-42.
TALLEY NJ, KAMBOJ AP, CHEY WD, RASMUSSEN HS, LACY BE,
HIRANO 1, et al. High Discovery Rate of Eosinophilic Gastritis and/or
Duodenitis Among Patients with Chronic Unexplained Gastrointestinal
Symptoms. 2021.

. HUI CK, HUI NK. A Prospective Study on the Prevalence, Extent of Disease

and Outcome of Eosinophilic Gastroenteritis in Patients Presenting with
Lower Abdominal Symptoms. Gut Liver. 2018;12(3)::288-96.

REED C, WOOSLEY JT, DELLON ES. Clinical characteristics, treatment
outcomes, and resource utilization in children and adults with eosinophilic
gastroenteritis. Dig Liver Dis. 2015;47(3)::197-201.

CHOI JS, CHOI SJ, LEE KJ, KIM A, YOO JK, YANG HR, et al. Clinical
Manifestations and Treatment Outcomes of Eosinophilic Gastroenteritis in
Children. Pediatr Gastroenterol Hepatol Nutr.2015;18(4)::253-60.
HIRAMOTO B, ZALEWSKI A, GREGORY D, YANG GY, HO N,
GONSALVES N, ef al. Low Prevalence of Extracsophageal Gastrointestinal
Pathology in Patients with Eosinophilic Esophagitis. Dig Dis Sci.
2022;67(7)::3080-8.

O’SHEA KM, ACEVES SS, DELLON ES, GUPTA SK, SPERGEL
JM, FURUTA GT, et al. Pathophysiology of Eosinophilic Esophagitis.
Gastroenterology. 2018;154(2)::333-45.

ROTHENBERG ME. Eosinophilic gastrointestinal disorders (EGID). J
Allergy Clin Immunol. 2004;113(1)::11-28; quiz 9.

CALDWELL JH, TENNENBAUM JI, BRONSTEIN HA. Serum IgE in
eosinophilic gastroenteritis. Response to intestinal challenge in two cases. N
Engl J Med. 1975;292(26)::1388-90.

CALDWELL JM, COLLINS MH, STUCKE EM, PUTNAM PE,
FRANCIOSI JP, KUSHNER JP, et al. Histologic eosinophilic gastritis
is a systemic disorder associated with blood and extragastric eosinophilia,
TH2 immunity, and a unique gastric transcriptome. J Allergy Clin Immunol.
2014;134(5)::1114-24.

PESEK RD, GUPTA SK. Future therapies for eosinophilic gastrointestinal
disorders. Ann Allergy Asthma Immunol. 2020;124(3)::219-26.

CHANG JY, CHOUNG RS, LEE RM, LOCKE GR, 3RD, SCHLECK CD,
ZINSMEISTER AR, et al. A shift in the clinical spectrum of eosinophilic
gastroenteritis toward the mucosal disease type. Clin Gastroenterol Hepatol.
2010;8(8)::669-75; quiz e88.

. PINETON DE CHAMBRUN G, GONZALEZ F, CANVA JY, GONZALEZ

S, HOUSSIN L, DESREUMAUX P, et al. Natural history of eosinophilic
gastroenteritis. Clin Gastroenterol Hepatol. 2011;9(11)::950-6.e1.

BAEK MS, MOK YM, HAN WC, KIM YS. A patient with eosinophilic
gastroenteritis presenting with acute pancreatitis and ascites. Gut Liver.
2014;8(2)::224-7.

SHEIKH RA, PRINDIVILLE TP, PECHA RE, RUEBNER BH. Unusual
presentations of eosinophilic gastroenteritis: case series and review of
literature. World J Gastroenterol. 2009;15(17)::2156-61.

YUN MY, CHO YU, PARK IS, CHOI SK, KIM SJ, SHIN SH, et al.
Eosinophilic gastroenteritis presenting as small bowel obstruction: a case
report and review of the literature. World J Gastroenterol. 2007;13(11)::1758-
60.

WIG JD, GOENKA MK, BHASIN DK, VAIPHEI K. Eosinophilic
gastroenteritis presenting as acute intestinal obstruction. Indian J
Gastroenterol. 1995;14(3)::104-5.

HUMMER-EHRET BH, ROHRSCHNEIDER WK, OLESZCZUK-
RASCHKE K, DARGE K, NUTZENADEL W, TROGER J. Eosinophilic
gastroenteritis mimicking idiopathic hypertrophic pyloric stenosis. Pediatr
Radiol. 1998;28(9)::711-3.

SIAW EK, SAYED K, JACKSON RJ. Eosinophilic gastroenteritis presenting
as acute gastric perforation. J Pediatr Gastroenterol Nutr. 2006;43(5)::691-4.
ISSA H, BSEISO B, AL-SALEM AH. Eosinophilic enteritis presenting as
a perforated duodenal ulcer. Endoscopy. 2011;43 Suppl 2 UCTN::E358-9.
HAN SG, CHEN Y, QIAN ZH, YANG L, YU RS, ZHU XL, et al
Eosinophilic gastroenteritis associated with eosinophilic cystitis: Computed

Acta Gastro-Enterologica Belgica, Vol. 86, July-September 2023

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

5

—

52.

53.

54.

55.

56.

57.

58.

59.

60.

6

62.

63.

J. Janssens & T. Vanuytsel

tomography and magnetic resonance imaging findings. World J Gastroenterol.
2015;21(10)::3139-45.

FERNANDEZ-BECKER NQ. Eosinophilic Esophagitis: Incidence,
Diagnosis, Management, and Future Directions. Gastroenterol Clin North
Am. 2021;50(4)::825-41.

SUNKARAT, RAWLA P, YARLAGADDAKS, GADUPUTI V. Eosinophilic
gastroenteritis: diagnosis and clinical perspectives. Clin Exp Gastroenterol.
2019;12::239-53.

SATO H, HONMA T, OWAKI T, TOMINAGA K, YOKOYAMA J, TERAI
S. Clinical and pathological profile of eosinophilic gastroenteritis. Eur J
Gastroenterol Hepatol. 2019;31(2)::157-62.

KO HM, MOROTTI RA, YERSHOV O, CHEHADE M. Eosinophilic
gastritis in children: clinicopathological correlation, disease course, and
response to therapy. Am J Gastroenterol. 2014;109(8)::1277-85.

TIEN FM, WU JF, JENG YM, HSU HY, NI YH, CHANG MH, et al. Clinical
features and treatment responses of children with eosinophilic gastroenteritis.
Pediatr Neonatol. 2011;52(5)::272-8.

INGLE SB, HINGE INGLE CR. Eosinophilic gastroenteritis: an unusual type
of gastroenteritis. World J Gastroenterol. 2013;19(31)::5061-6.

BRENNER EJ, GREENBERG SB, CHANG NC, CORDER SR, COWHERD
EL, DELLON ES. Peripheral eosinophilia and hypoalbuminemia are
associated with a higher biopsy diagnostic yield for eosinophilic gastro-
enteritis. Clin Res Hepatol Gastroenterol. 2021;45(5)::101746.

SHODA T, WEN T, CALDWELL JM, COLLINS MH, BESSE JA,
OSSWALD GA, et al. Molecular, endoscopic, histologic, and circulating
biomarker-based diagnosis of eosinophilic gastritis: Multi-site study. J
Allergy Clin Immunol. 2020;145(1)::255-69.

DE ROOI] WE, HAASNOOT ML, LEI A, WARNERS MJ, MOOKHOEK A,
BREDENOORD AlJ. Utility of gastric and duodenal biopsy sampling in adult
eosinophilic esophagitis patients to rule out other gastrointestinal disorders.
Scand J Gastroenterol. 2021;56(5)::613-20.

HIRANO I, COLLINS MH, KING E, SUN Q, CHEHADE M, ABONIA JP,
et al. Prospective Endoscopic Activity Assessment for Eosinophilic Gastritis
in a Multisite Cohort. Am J Gastroenterol. 2022;117(3)::413-23.

TALLEY NJ, PETERSON KA, GENTA RM, CHANG AT, DELLON ES,
SANDBORN W/J. High discovery rate of duodenal and gastric eosinophilia
in patients with unexplained moderate-severe abdominal symptoms: A
prospective US multi-site study. Gastroenterology. 2022.

. SHODA T, ROCHMAN M, COLLINS MH, CALDWELL JM, MACK

LE, OSSWALD GA, et al. Molecular Analysis of Duodenal Eosinophilia. J
Allergy Clin Immunol. 2022.

ANURADHA C, MITTAL R, YACOB M, MANIPADAM MT, KURIAN
S, EAPEN A. Eosinophilic disorders of the gastrointestinal tract: imaging
features. Diagn Interv Radiol. 2012;18(2)::183-8.

ZHENG X, CHENG J, PAN K, YANG K, WANG H, WU E. Eosinophilic
enteritis: CT features. Abdom Imaging. 2008;33(2)::191-5.

HORTON KM, CORL FM, FISHMAN EK. CT of nonneoplastic diseases
of the small bowel: spectrum of disease. J Comput Assist Tomogr.
1999;23(3)::417-28.

XIANG H, HAN J, RIDLEY WE, RIDLEY LJ. Araneid limb-like sign:
Eosinophilic enteritis. J Med Imaging Radiat Oncol. 2018;62 Suppl 1::53.
PINETON DE CHAMBRUN G, DUFOUR G, TASSY B, RIVIERE B,
BOUTA N, BISMUTH M, et al. Diagnosis, Natural History and Treatment
of Eosinophilic Enteritis: a Review. Curr Gastroenterol Rep. 2018;20(8)::37.
ALFADDA AA, SHAFFER EA, URBANSKI SJ, STORR MA. Eosinophilic
colitis is a sporadic self-limited disease of middle-aged people: a population-
based study. Colorectal Dis. 2014;16(2)::123-9.

CHEN MJ, CHU CH, LIN SC, SHIH SC, WANG TE. Eosinophilic
gastroenteritis: clinical experience with 15 patients. World J Gastroenterol.
2003;9(12)::2813-6.

ABOU RACHED A, EL HAJJ W. Eosinophilic gastroenteritis: Approach
to diagnosis and management. World J Gastrointest Pharmacol Ther.
2016;7(4)::513-23.

HARTRANFT ME, REGAL RE. “Triple Phase” Budesonide Capsules for
the Treatment of Olmesartan-Induced Enteropathy. Ann Pharmacother.
2014;48(9)::1234-7.

. MCKEAGE K, GOA KL. Budesonide (Entocort EC Capsules): a review of its

therapeutic use in the management of active Crohn’s disease in adults. Drugs.
2002;62(15)::2263-82.

SIEWERT E, LAMMERT F, KOPPITZ P, SCHMIDT T, MATERN
S. Eosinophilic gastroenteritis with severe protein-losing enteropathy:
successful treatment with budesonide. Dig Liver Dis. 2006;38(1):
55-9.

TAN AC, KRUIMEL JW, NABER TH. Eosinophilic gastroenteritis treated
with non-enteric-coated budesonide tablets. Eur J Gastroenterol Hepatol.

2001;13(4)::425-7.



Non-esophageal eosinophilic gastrointestinal diseases: a narrative review

64.

65.

66.

67.

68.

69.

70.

7

72.

73.

74.

75.

76.

71.

78.

79.

80.

8

82.

KENNEDY K, MUIR AB, GROSSMAN A, BROWN-WHITEHORN
T, CIANFERONI A, SPERGEL JM, et al. Modified oral enteric-coated
budesonide regimens to treat pediatric eosinophilic gastroenteritis, a single
center experience. J Allergy Clin Immunol Pract. 2019;7(6)::2059-61.
RUSSEL MG, ZEIJEN RN, BRUMMER RJ, DE BRUINE AP, VAN
KROONENBURGH MJ, STOCKBRUGGER RW. Eosinophilic enterocolitis
diagnosed by means of technetium-99m albumin scintigraphy and treated
with budesonide (CIR). Gut. 1994;35(10)::1490-2.

LUCENDO AJ, SERRANO-MONTALBAN B, ARIAS A, REDONDO O,
TENIAS JM. Efficacy of Dietary Treatment for Inducing Disease Remission
in Eosinophilic Gastroenteritis. J Pediatr Gastroenterol Nutr. 2015;61(1)::56-
64.

HIGUCHI T, TOKUNAGA M, MURAI T, TAKEUCHI K, NAKAYAMA
Y. Elemental diet therapy for eosinophilic gastroenteritis and dietary habits.
Pediatr Int. 2022;64(1)::¢14894.

GONSALVES N, DOERFLER B, ZALEWSKI A, YANG G-Y, GREGORY
D, MARTIN L, ef al. 229 RESULTS FROM THE ELEMENT STUDY:
PROSPECTIVE STUDY OF ELEMENTAL DIET IN EOSINOPHILIC
GASTROENTERITIS NUTRITION TRIAL. Gastroenterology.
2020;158::S-43.

YAMADA Y, KATO M, ISODA Y, NISHI A, JINBO Y, HAYASHI Y.
Eosinophilic gastroenteritis treated with a multiple-food elimination diet.
Allergol Int. 201463 Suppl 1::53-6.

KEDIKA RR, SOUZA RF, SPECHLER SJ. Potential anti-inflammatory
effects of proton pump inhibitors: a review and discussion of the clinical
implications. Dig Dis Sci. 2009;54(11)::2312-7.

. ZHANG X, CHENG E, HUO X, YU C, ZHANG Q, PHAM TH, et al.

Omeprazole blocks STAT6 binding to the eotaxin-3 promoter in eosinophilic
esophagitis cells. PLoS One. 2012;7(11)::¢50037.

WAUTERS L, CEULEMANS M, FRINGS D, LAMBAERTS M, ACCARIE
A, TOTH J, et al. Proton Pump Inhibitors Reduce Duodenal Eosinophilia,
Mast Cells, and Permeability in Patients With Functional Dyspepsia.
Gastroenterology. 2021;160(5)::1521-31.€9.

NG LQ, LOH W, ONG JX, MERCHANT K, CHIOU FK. Clinical,
histopathological features and efficacy of elimination diet and proton-pump
inhibitor therapy in achieving histological remission in Asian children with
eosinophilic gastritis. J Paediatr Child Health. 2022;58(7)::1244-50.
MUIJSERS RB, NOBLE S. Montelukast: a review of its therapeutic potential
in asthma in children 2 to 14 years of age. Paediatr Drugs. 2002;4(2)::123-
39.

EL-ALALI EA, ABUKHIRAN IM, ALHMOUD TZ. Successful use of
montelukast in eosinophilic gastroenteritis: a case report and a literature
review. BMC Gastroenterol. 2021;21(1)::279.

SELVA  KUMAR C, DAS RR, BALAKRISHNAN CD,
BALAGURUNATHAN K, CHAUDHURI K. Malabsorption syndrome and
leukotriene inhibitor. J Trop Pediatr. 2011;57(2)::135-7.

COPELAND BH, ARAMIDE OO, WEHBE SA, FITZGERALD SM,
KRISHNASWAMY G. Eosinophilia in a patient with cyclical vomiting: a
case report. Clin Mol Allergy. 2004;2(1)::7.

PEREZ-MILLAN A, MARTIN-LORENTE JL, LOPEZ-MORANTE A,
YUGUERO L, SAEZ-ROYUELA F. Subserosal eosinophilic gastroenteritis
treated efficaciously with sodium cromoglycate. Dig Dis Sci. 1997;42(2)::342-
4.

MOOTS RJ, PROUSE P, GUMPEL JM. Near fatal eosinophilic gastroenteritis
responding to oral sodium chromoglycate. Gut. 1988;29(9)::1282-5.

DI GIOACCHINO M, PIZZICANNELLA G, FINI N, FALASCA F,
ANTINUCCI R, MASCI S, et al. Sodium cromoglycate in the treatment of
eosinophilic gastroenteritis. Allergy. 1990;45(3)::161-6.

. MELAMED I, FEANNY SJ, SHERMAN PM, ROIFMAN CM. Benefit

of ketotifen in patients with eosinophilic gastroenteritis. Am J Med.
1991;90(3)::310-4.

BOLUKBAS FF, BOLUKBAS C, UZUNKOY A, BABA F, HOROZ M,
OZTURK E. A dramatic response to ketotifen in a case of eosinophilic
gastroenteritis mimicking abdominal emergency. Dig Dis Sci. 2004;49(11-
12)::1782-5.

83.

84.

85.

86.

87.

88.

89.

90.

9

92.

93.

94.

95.

96.

97.

98.

99.

100.

459

FREEMAN HJ. Longstanding eosinophilic gastroenteritis of more than 20
years. Can J Gastroenterol. 2009;23(9)::632-4.

NETZER P, GSCHOSSMANN JM, STRAUMANN A, SENDENSKY A,
WEIMANN R, SCHOEPFER AM. Corticosteroid-dependent eosinophilic
oesophagitis: azathioprine and 6-mercaptopurine can induce and maintain
long-term remission. Eur J Gastroenterol Hepatol. 2007;19(10)::865-9.
REDONDO-CEREZO E, CABELLO MJ, GONZALEZ Y, GOMEZ M,
GARCIA-MONTERO M, DE TERESA J. Eosinophilic gastroenteritis: our
recent experience: one-year experience of atypical onset of an uncommon
disease. Scand J Gastroenterol. 2001;36(12)::1358-60.

DELLON ES, PETERSON KA, MURRAY JA, FALK GW, GONSALVES
N, CHEHADE M, et al. Anti-Siglec-8 Antibody for Eosinophilic Gastritis
and Duodenitis. N Engl J Med. 2020;383(17)::1624-34.

Allakos Inc., 2023, A Study to Assess AK002 in Eosinophilic Gastritis
and/or Eosinophilic Duodenitis (Formerly Referred to as Eosinophilic
Gastroenteritis) (ENIGMA 2): viewed 30 January 2023,< https:/beta.
clinicaltrials.gov/study/NCT04322604>.

Allakos Inc., 2023, A Study of Lirentelimab (AK002) in Patients With
Active Eosinophilic Esophagitis (KRYPTOS): viewed 30 January 2023,<
https://beta.clinicaltrials.gov/study/NCT04322708>.

KIM HP, REED CC, HERFARTH HH, DELLON ES. Vedolizumab
Treatment May Reduce Steroid Burden and Improve Histology in
Patients With Eosinophilic Gastroenteritis. Clin Gastroenterol Hepatol.
2018;16(12)::1992-4.

GRANDINETTI T, BIEDERMANN L, BUSSMANN C, STRAUMANN
A, HRUZ P. Eosinophilic Gastroenteritis: Clinical Manifestation, Natural
Course, and Evaluation of Treatment with Corticosteroids and Vedolizumab.
Dig Dis Sci. 2019;64(8)::2231-41.

. HIRANO I, DELLON ES, HAMILTON JD, COLLINS MH, PETERSON

K, CHEHADE M, et al. Efficacy of Dupilumab in a Phase 2 Randomized
Trial of Adults With Active Eosinophilic Esophagitis. Gastroenterology.
2020;158(1)::111-22.¢10.

CHILDREN’S HOSPITAL MEDICAL CENTER, CINCINNATI, 2023,
Dupilumab in Eosinophilic Gastritis: viewed 30 January 2023,< https:/
ClinicalTrials.gov/show/NCT03678545>.

FOROUGHI S, FOSTER B, KIM N, BERNARDINO LB, SCOTT LM,
HAMILTON RG, et al. Anti-IgE treatment of eosinophil-associated
gastrointestinal disorders. J Allergy Clin Immunol. 2007;120(3)::594-601.
LOIZOU D, ENAV B, KOMLODI-PASZTOR E, HIDER P, KIM-CHANG J,
NOONAN L, et al. A pilot study of omalizumab in eosinophilic esophagitis.
PLoS One. 2015;10(3)::¢0113483.

CLAYTON F, FANG JC, GLEICH GJ, LUCENDO AJ, OLALLA JM,
VINSON LA, et al. Eosinophilic esophagitis in adults is associated with
IgG4 and not mediated by IgE. Gastroenterology. 2014;147(3)::602-9.
STEIN ML, COLLINS MH, VILLANUEVA JM, KUSHNER JP, PUTNAM
PE, BUCKMEIER BK, ef al. Anti-IL-5 (mepolizumab) therapy for
eosinophilic esophagitis. J Allergy Clin Immunol. 2006;118(6)::1312-9.
STRAUMANN A, CONUS S, GRZONKA P, KITA H, KEPHART G,
BUSSMANN C, et al. Anti-interleukin-5 antibody treatment (mepolizumab)
in active ecosinophilic oesophagitis: a randomised, placebo-controlled,
double-blind trial. Gut. 2010;59(1)::21-30.

ASSA’AD AH, GUPTA SK, COLLINS MH, THOMSON M, HEATH AT,
SMITH DA, et al. An antibody against IL-5 reduces numbers of esophageal
intraepithelial eosinophils in children with eosinophilic esophagitis.
Gastroenterology. 2011;141(5)::1593-604.

KUANG FL, DE MELO MS, MAKIYA M, KUMAR S, BROWN T,
WETZLER L, et al. Benralizumab Completely Depletes Gastrointestinal
Tissue Eosinophils and Improves Symptoms in Eosinophilic Gastrointestinal
Disease. J Allergy Clin Immunol Pract. 2022;10(6)::1598-605.¢2.
CHILDREN’S HOSPITAL MEDICAL CENTER CINCINNATI, 2022,
Benralizumab for Eosinophilic Gastritis (BEGS): viewed 30 January 2023,<
https://Clinical Trials.gov/show/NCT03473977>.

Acta Gastro-Enterologica Belgica, Vol. 86, July-September 2023



