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Abstract

Eosinophilic esophagitis (EoE) belongs to a broad group of allergic gastrointestinal diseases. More narrowly, it is classified
as an eosinophilic gastrointestinal disease and is its most common representative. Until recently, this disease was extremely
rare, but the last 3 decades have seen a rapid increase in its prevalence to such an extent that in some recent studies it has
been named the most common esophageal disease after reflux disease. EoE is an interdisciplinary disorder on the borderline
between gastrointestinal and allergologic diseases, requiring cooperation of these two branches of medicine in diagnostics and
treatment. Despite the development of medical science it remains a poorly known disease, difficult to diagnose and even more
difficult to treat. Recent years have seen the emergence of new studies and guidelines, both American and European, that have
radically changed our approach to the diagnosis and treatment of EoE.

Introduction

Eosinophilic esophagitis (EoE) is a chronic im-
mune-mediated esophageal disease characterized
clinically by symptoms of esophageal dysfunction and
histologically by eosinophilic infiltration of the esopha-
geal wall. Other causes of esophageal eosinophilia have
been excluded [1]. The prevalence of esophageal eosin-
ophilia has risen rapidly within the last three decades
to the point where it is now recognized as the second
most common esophageal disorder after reflux disease.
Between 1989 and 2009, its occurrence is estimated
to have increased by more than 10-fold, due to both
heightened awareness among endoscopists and an ac-
tual growth in its incidence [2].

The etiology of EoE is not well understood. There
is evidence to suggest its association with allergy as
evidenced by:

— Coexistence of allergic conditions, such as asthma,
allergic rhinitis, atopic dermatitis or food allergy in
about 80%;

— Peripheral eosinophilia in 50-70% of cases;

— Elevated levels of total immunoglobulin E (IgE);

— Presence of specific IgE for inhalant allergens (in 90%
of adults) and food allergens (in 75% of children);

— Reduction or resolution of symptoms following elimi-
nation diet or steroid therapy [3].

The symptoms of EoE are not specific and may
change with age. Feeding difficulties, food refusal as
well as weight and growth retardation predominate in
young children, whilst dysphagia and episodes of food
trapping prevail in older children and adults [4].

In additional studies we find:

— Endoscopically: circular folds and rings of mucosa giv-
ing an image of esophageal trachealization, longitu-
dinal furrows, papules, white plaques, obliteration of
the vascular pattern, congestion and edema of the
mucosa, and presence of esophageal strictures.

— Histologically: presence of eosinophils, widening of
intercellular spaces, hypertrophy and elongation of
papillae, and fibrosis of the basal layer of the mucosa.
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The diagnosis is based on histological examination.
The criterion is the presence of more than 15 eosino-
phils per high power field (400x in an area of ~0.3 mm?
or 60 eosinophils in an area of 1 mm?) [5].

New diagnostic criteria

The emergence of new US and European guidelines
in recent years has dramatically changed the approach
to the diagnosis and treatment of EoE [5, 6]. The diag-
nosis of EoE currently consists of three steps:

—Step 1: EoE is suspected upon symptoms of esoph-
ageal dysfunction and endoscopic findings on the
esophageal mucosa. The suspicion of EoE is strength-
ened by allergic coexistence.

— Step 2: Detection of at least 15 eosinophils/high-pow-
er field in esophageal biopsy specimens.

— Step 3: Differentiating EoE from other diseases that
may cause esophageal eosinophilia (e.g. achalasia,
Crohn’s disease, connective tissue disease, drug hy-
persensitivity reaction) [7].

Eosinophilic esophagitis — treatment

Currently, 3 equivalent therapeutic options have been
made available for the treatment of EoE since its incep-
tion: the use of proton pump inhibitors (PPls), corticoste-
roids, and dietary treatment. Due to the lack of random-
ized trials comparing therapeutic strategies, the low cost
of treatment, safety of therapy, convenience of use, and
the good effect on reducing esophageal eosinophilia and
endoscopic lesions, it is suggested that PPIs should be
considered as first-line drugs, but treatment can also be
started with steroid therapy or dietary treatment [5, 7].

Proton pump inhibitors

Until recently, PPIs only had an adjunctive role in
the pharmacotherapy of EoE. In monotherapy, they
were usually used in the early stages of the disease,
as a test to differentiate EoE from gastroesophageal
reflux disease (GERD) and from proton pump inhibitor-
responsive esophageal eosinophilia (PPI-REE). Together
with corticosteroids, they could be useful as adjunctive
treatment in patients with coexisting EoE and GERD,
whereas in patients with already diagnosed PPI-REE,
they were the mainstay of treatment. However, recent
studies have shown that PPI-REE and EoE are the same
disease with different phenotypes. It is currently be-
lieved that acid reflux damages the epithelial barrier,
allowing antigens to pass through it and initiate an
allergic reaction resulting in eosinophilic infiltration.
The main role of PPI treatment depends on their abil-
ity to regenerate the esophageal epithelial barrier and
their recently demonstrated direct anti-inflammatory

effect by reducing eotaxin 3 and Th2 mediators in the
esophageal mucosa. Given these implications, in recent
recommendations, experts have abandoned the use
of PPI trial and PPP-REE diagnosis; however, they have
recommended the use of PPl in patients with newly di-
agnosed EoE [7].

We treat EoE with omeprazole 20-40 mg twice
a day or another PPI at an equivalent dose for 8 weeks,
leading to clinical remission in 60% and histological re-
mission in 50% of patients. Maintenance treatment for
more than 1 year sustains remission in 73% of patients
who initially responded to such treatment. When PPI
therapy is discontinued, symptoms and/or eosinophilia
usually return within 3—6 months. To date, the timing
and doses of medication for maintenance therapy have
not been clearly defined. The predominant approach is
that the dose is gradually reduced to the lowest dose
that keeps the disease in remission. Once reduced, it
should be maintained for at least 1 year [5].

The effect of PPI therapy on the natural course of
EoE remains unclear. As not all patients respond to PPI
therapy, the search for a marker of response is ongo-
ing. Patients with PPI-responsive EoE have been shown
to have lower levels of Kir2.1 potassium channel gene
expression (KCNJ2 gene), suggesting that some form
of personalized therapy may be possible in the near
future. Additionally, it has been demonstrated that pa-
tients with higher cytochrome CYP2C19 activity are at
greater risk of losing EoE control despite continued PPI
treatment [8].

Glucocorticosteroids (GCSs)

Both systemic and topical GCSs are used to treat
EoE.

Systemic GCSs are effective histologically in 95%
but clinically in 72%. When they are discontinued, 45%
relapse within 24 weeks. Long-term use is known to
cause numerous adverse effects in 40% of patients,
so they should be reserved for exceptional situations
where rapid improvement is required or when local ste-
roid therapy is ineffective.

Topical steroids are low in toxicity. They lead to his-
tological improvement in 50-85% of cases and clinical
improvement in 65%. When they are discontinued, 45%
of patients relapse after 24 weeks. However, what is im-
portant is that the side effects of esophageal candidia-
sis and asymptomatic adrenal suppression are clinically
insignificant and rare (respectively in 15% and 10% of
children on long-term treatment). The efficacy of topical
GCSs in the treatment of EoE has been proven and they
are currently being considered as first-line agents. GCSs
inhibit IL-13-dependent pathways and genes, IL-13 being
considered to be the key interleukin in patients with EoE,
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consequently leading to a reduction in esophageal eosin-
ophilia and mast cell infiltration, a decrease in epitheli-
al cell apoptosis, and a decrease in T-lymphocytes and
pro-inflammatory cytokine levels. It is also known that
topical GCSs can restore the epithelial barrier function
and have a positive effect on tissue remodeling [6, 7].

Topical treatment includes formulations of inhaled
corticosteroids (ICS), such as budesonide (2-4 mg/day
in divided doses as a solution prepared from a suspen-
sion for nebulization (0.5 mg/ml) with the addition of
5 mg of sucralose p.o.) or fluticasone (in children 88—
440 pg 2-4 times/day, in adults 440-880 ug 2 times/
day), from a metered-dose inhaler without a spike in
the form of applying the drug to the mouth while hold-
ing the breath and then swallowing it. Treatment should
be long-lasting, even over 2 years [9].

It has been illustrated that the time of contact of
a GCS with the esophageal mucosa is highly important
in topical treatment. A longer contact time and higher
esophageal deposition of GCS have been demonstrat-
ed for new “viscous” GCS formulations compared to
oral inhalation. The shorter exposure time of inhaled
steroids appears to be a major cause of EoE recur-
rence with long-term use [10]. In 2016, 2 new forms of
budesonide were tested — an effervescent form of orally
disintegrating tablets (BET) and a “sticky” budesonide
suspension (BVS). The histological remission rates af-
ter 2 weeks were very high (94.7%), but effervescent
tablets were preferred by up to 80% of patients [11]. In
the long term, 48-week treatment with 1 mg of BET ad-
ministered twice daily and 0.5 mg of BET administered
twice daily was effective in maintaining clinico-histolog-
ical remission in 75.0% and 73.5%, while side effects
in the form of oral candidiasis were demonstrated in
about 2-11% of subjects [12]. It has not been clearly de-
fined how long and what dose of topical GCS should be
used. It is known that discontinuation of steroid therapy
in patients with controlled disease resulted in relapse in
81% of cases within an average of 22 weeks; therefore
long-term treatment should be recommended. On the
other hand, a 2-year follow-up of patients taking topical
GSCs continuously showed maintenance of remission
in up to 63% of cases. Additionally, a 50% reduction
dose of fluticasone resulted in maintaining complete
remission in 73% of cases. In view of the above-men-
tioned observations, it seems that treatment with these
agents should be long-term (more than 2 years) and the
prescribed dose ought to be the lowest effective dose
so that the disease is maintained in remission [9, 11].

Dietary treatment

The type of diet in patients with EoE should be tai-
lored to their individual needs. Dietary recommendations
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include consistency of meals, avoidance of food that is
difficult to swallow, drinking more fluids during consump-
tion, and increasing the chewing time. After dietary inter-
vention and before any food introduction, clinical evalua-
tion and gastroscopy with biopsy are necessary. In adults,
additional pharmacotherapy is usually necessary [13].

Dietary treatment includes 3 options: empirical diet,
targeted diet, and elemental diet.

Empirical diet

This is the most often used type of nutritional treat-
ment. It involves exclusion of the 6 most common aller-
gens: milk, eggs, fish/shellfish, nuts/peanuts, soy and
wheat (SFED). This diet produces clinical and histologic
improvement in 72% of cases. The dietary treatment
is carried out for 8 weeks. After this period, remission
usually occurs, which is confirmed by endoscopy with
biopsy. Then, single allergens are repeated in the diet
in order to select substances responsible for the symp-
toms, which is confirmed clinically and by endoscopic
examination and biopsy evaluation [13].

The main problem with this diet is the high level
of dietary restriction and the number of endoscopies.
However, the study found that in the majority (65—
85%) of patients, the most frequent causative food
was wheat, cow’s milk, eggs and soy/legumes. Based
on this, a diet excluding the 4 most common allergenic
foods (FFED) was developed, leading to clinical and his-
topathological remission in 54% of adults and 71% of
children. Additionally, it was reported that in as many as
50% of adults and 74% of children, the trigger was ei-
ther cow’s milk or wheat. Therefore, a diet excluding the
2 most commonly allergenic foods (TFED) was devel-
oped — this approach led to remission in up to 40% of
patients. Compared with starting the dietary treatment
with SFED, this step-up strategy reduced the number of
endoscopic procedures and the time of the diagnostic
process by as much as 35% [14].

Targeted diet

This diet excludes allergens indicated by a positive
prick or patch skin tests or elevated slgE. The efficacy of
such management in adults is about 32%, and in chil-
dren 45% [15].

Due to the fact that allergy testing does not pre-
dict response to dietary treatment well, new strategies
are under development. Two of them show promising
results:

—measurement of food-specific IgG4 in esophageal
biopsy as an indicator of response efficacy following
elimination diets. High specificity of this procedure
has been demonstrated, but its sensitivity was insuf-
ficient with respect to peanut and soy;
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— lymphocyte proliferation test on patient serum in ad-
dition to the previous test. A positive result in both
of these tests resulted in concordance between the
tests and results of the elimination diet ranging from
53% to 75% [16].

An even more invasive approach was reported by
the Amsterdam group. This group study involved punc-
turing the esophageal mucosa during endoscopy and
administering an extract of the allergen directly into the
esophageal mucosa. An immediate type reaction was
observed in 5 of 8 and a delayed type reaction in 2 out
of 8 patients. It has not yet been determined whether
these reactions are correlated with the results of elim-
ination diets [16].

Elemental diet

In the elemental diet, all food allergens are elimi-
nated by giving the allergic person industrially obtained
amino acid mixtures. It is highly effective (histopatho-
logical remission in up to 90% of cases), but has numer-
ous disadvantages. Therefore, it should be used only
in exceptional situations, such as failure of empirical
elimination diet, young children, and when inflamma-
tion persists, especially if rapid clinical improvement is
required [13].

As there are no controlled studies/research, the
choice of treatment is individualized and based on pa-
tient preference. The dietary attitude requires strong
motivation both of a patient and physician, as well as
the assistance of a dietitian. If food trigger is identi-
fied, it is fully avoided. The long-term efficacy of this
approach has been demonstrated in a 4-year clinical
follow-up [6, 7, 13].

Esophageal dilatation

It is primarily recommended for patients with
dysphagia accompanied by esophageal stenosis less
than 13 mm. It is an effective and safe procedure.
The efficacy in adults is approximately 75%, and the
risk of esophageal perforation is low at approximate-
ly 1% [17].

Azathioprine and 6-mercaptopurine,
montelukast, cromones

Only one article evaluating the efficacy of azathio-
prine or 6-mercaptopurine (6-MP) in EoE has been pub-
lished. These drugs had a positive steroid-sparing effect
and on induction and maintenance of long-term remis-
sion without GCS in 3 cases of steroid-dependence in
adults. In contrast, there is insufficient evidence to state
that montelukast and cromones have no effect on ei-
ther symptoms or eosinophilic infiltration in patients
with EoE [18].

Biological treatment

Potential future role include treatment of steroid-re-
sistant patients, maintenance of steroid-induced re-
mission, and treatment of EoE patients with coexisting
atopic diseases.

Treatment with anti-IL-5, anti-IgE,

anti-TNF-a,

Mepolizumab and reslizumab (anti-IL-5 antibodies)
have no effect on symptoms and slightly reduce esoph-
ageal eosinophilia. Omalizumab (anti-IgE antibody) and
infliximab (anti-TNF-a antibody) have no effect on ei-
ther symptoms or esophageal eosinophilia. In studies,
benralizumab, an anti-IL-5a-chain antibody, has normal-
ized gastrointestinal eosinophilia in hypereosinophilic
syndrome, but has not yet been analyzed in terms of
EoE [19, 20].

Anti-1L-13 treatment

IL-13 is a key mediator in the pathogenesis of EoE. To
date, two monoclonal antibodies against IL-13 have been
tested, QAX576 and RPC4046. QAX576 showed a statis-
tically significant decrease in esophageal eosinophilia,
but had no effect on clinical symptoms. Examination of
RPC4046 showed a significant reduction in esophageal
eosinophilia and a strong (but non-significant) tendency
to reduce dysphagia symptoms. What is crucial in this
study is the fact that half of the included patients were
previously refractory to topical steroids [21].

Anti-IL-13 and IL-4 treatment

The greatest hope for successful treatment of EoE is
associated with dupilumab. Similarly to IL-13, IL-4 has
also shown to be a key IL in patients with Th2-depen-
dent disease. Dupilumab antagonizes IL-4 and IL-13 by
the a subunit, which is common for both IL-13 and IL-4
receptors. 12-week treatment with dupilumab showed
a considerable clinical, endoscopic, and histologic im-
provement [22].

Biological treatments — the future
Currently, there are some studies for new treat-
ments based on other immunocompetent molecules.
Some hope lies within the following molecules:
—0C000459 (CRTH2 — a homolog of the Th2 cell recep-
tor antagonist) — administered at a dose of 100 mg
over 8 weeks significantly reduced eosinophilic infil-
tration. However, it had no effect on clinical symp-
toms or endoscopic changes. Because its efficacy is
lower than that of steroids, it was excluded from fur-
ther studies [23].
— Integrin a4/B7 is involved in the passage of lympho-
cytes. Vedolizumab is an antibody of a4/B7 integrin.
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Its potential role in the treatment of EoE was sug-
gested by 2 case studies of patients with coexisting
inflammatory bowel disease in which treatment re-
sulted in clinical and histological responses on the
esophageal side. In addition, its antieosinophilic ac-
tivity was demonstrated in 2 case series involving eo-
sinophilic gastroenteritis [24].

— AK0O2 (anti Siglec-8 antibody) in a mouse model is
responsible for reduction in IL-5-induced eosinophilia.
A phase Il study of AKOO2 in patients with eosinophil-
ic gastroenteritis demonstrated reduction of symp-
toms and gastrointestinal tissue eosinophils. Data on
the efficacy of AKOO2 in patients with EoE are not
currently available [25].

— Tezepelumab (anti-TSLP antibody) reduces esopha-

geal eosinophilia and food response inflammation in

a mouse model of EoE. Tezepelumab has proved to be

effective in patients with severe asthma, but has not

yet been studied in patients with EoE [26].

Other drugs and immunocompetent molecules:

There is also a theoretical basis for the use of drugs
from other groups, such as:

—Losartan: blocks transforming growth factor-f
(TGF-B)-dependent signaling, which is crucial for eo-
sinophil recruitment and plays an important role in
tissue remodeling in patients with EoE. Therefore,
losartan is currently under investigation for the treat-
ment of EoE and eosinophilic gastroenteritis [27].

—Verapamil: has recently been shown to attenuate IL-
4-induced eotaxin expression in esophageal epithelial
cells. Therefore calcium channels are a potential tar-
get for reducing the recruitment of esophageal eosin-
ophilia. However, there are no clinical data on such
treatment [28].

— AXP1275, a CCR-3 antibody against eotaxin, which is
a key factor in the recruitment of eosinophils to the
esophageal mucosa. It has been illustrated in a mouse
model that this antibody inhibits eotaxin-dependent
eosinophil influx and mucosal damage in patients
with eosinophilic gastroenteritis. However, studies
in patients with asthma have not demonstrated the
efficacy of AXP1275 and studies in patients with EoE
have not yet been performed [29].

In addition, it is believed that a future point of treat-
ment may be antibodies against the following interleu-
kins:

—IL-9: seems to be a major factor which is responsible
for mast cell recruitment and damage of the epithe-
lial barrier in patients with EoE. Until now antibody
against IL-9 has been tested in patients with asthma,
but has not yet been studied in patients with EoE.

—IL-15: has been shown to mediate EoE pathogenesis in
in vivo models. An antibody against IL-15 (CALY-002)
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is currently under investigation. Clinical data regard-
ing its efficacy in the treatment of EoE are not yet
available.

—1L-33: increased expression of endogenous IL-33 has
been shown to be associated with EoE development
in children, and exogenous IL-33 promotes EoE devel-
opment in mice. However, to date, there are no clinical
data on the use of anti-IL-33 antibodies in patients
with EoE [30].

Summary

To effectively diagnose, treat, and prevent compli-
cations of EoE, we must have proven procedures and
effective medications in place. To achieve this, there is
a need to fill the gaps in our knowledge of this disease.
These gaps and deficiencies include aspects, such as the
use of uniform endpoints in clinical trials, direct studies
comparing single therapies and combinations of ther-
apies, accurate data on the natural history of EoE, and
mechanisms and management of persistent symptoms
despite histological remission. It is also important to
conduct long-term studies to evaluate the effectiveness
of maintenance treatment, learn about new biomark-
ers in the diagnosis and monitoring of EoE, and validate
non-endoscopic methods for monitoring EoE activity. We
should also understand the impact of the history of food
exposure and avoidance of environmental allergens on
the development and natural history of EoE, and assess
the interactions between oral immunotherapy and the
development of EoE, as well as the impact of atopic dis-
eases on the development and progress of EoE.

Thus, in view of the above, it seems that the road to
the full knowledge of this disease may still be long [7].
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