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Opinion statement

Eosinophilic esophagitis (EoE) is an immune-mediated, chronic inflammatory
disease of the esophagus. If left untreated, eosinophilic inflammation induces
esophageal remodeling with fibrosis and stricture formation, and patients are
permanently at risk of experiencing food impactions. Therefore, it is widely
accepted that active EoE should be treated. An ideal EoE therapy should achieve
two therapeutic goals: first, to resolve symptoms and, second, to control
inflammation. Avoidance of food allergens by the means of food elimination
diets as well as anti-inflammatory drugs has the ability to achieve both of these
goals. Among the pharmacologic options, only corticosteroids have documented
efficacy, whereas alternatives have shown rather disappointing results or are
still under evaluation. Swallowed topical corticosteroids (TCS) are at least as
efficient as systemically administered corticosteroids (SCS) and have fewer side
effects. As such, TCS are widely used as a first-line drug in the treatment of
EoE, even though this compound is not approved for this indication by regula-
tory authorities. Unfortunately, the therapeutic goals cannot be achieved in
approximately 30 % of EoE patients, despite appropriate treatment with corti-
costeroids. For this “difficult-to-treat” patient category, therapeutic alternatives
are urgently needed.
Key points
1. Clinically and histologically active eosinophilic esophagitis must be treated,
even when patients effectively cope with their symptoms.
2. Swallowed topical corticosteroids have proven efficacy, a good safety profile
and are currently used as a first-line pharmacologic treatment of eosinophilic
esophagitis.
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3. Eosinophilic esophagitis is a chronic disease; as such, a long-term follow-up

and therapeutic strategy is needed.

Introduction

Eosinophilic esophagitis (EoE), a clinicopathologi-
cally characterized syndrome, was first recognized
and described in the early 1990s [1e, 2]|. Dysphagia
and food impaction are the typical manifestations in
adults, whereas in children, food refusal and failure
to thrive are the predominant symptoms [3-5]. EoE
was originally regarded as something of a curiosity.
However, due to increasing incidence of EoE in west-
ernized countries [6, 7], it has now reached a preva-
lence comparable to that of Crohn’s disease and is

likely to be the most common cause of both dyspha-
gia resulting from ingestion of solid food and spon-
taneous perforation of the esophagus [6]. Two de-
cades of intense research has uncovered many mo-
lecular, immunological, and clinical aspects of this
chronic inflammatory disorder. In this article, we
will focus entirely on the pharmacologic treatment
of EoE, in particular on indications for treatment,
therapeutic goals, the currently available options,
and the practical pharmacotherapy.

Indications for treatment of eosinophilic esophagitis

When a scientific community is confronted with a new disease, the
understanding of its natural course is crucial before any treatment mo-
dality can be considered. The first natural history study has demon-
strated that EoE is a chronic disease and that symptoms and inflam-
mation persist over the years [8]. As such, the quality of life of EoE
patients is substantially impaired as long as EoE is not properly treated

[3-5].

Basic science research and clinical studies have accordingly confirmed
that an ongoing active eosinophilic esophageal inflammation leads to
deposition of subepithelial fibrous tissue in the esophageal wall [9-11].
This so-called “remodeling” induces alterations that finally result in a
rigid and fragile esophagus with impaired function [3-5]. It is well
documented that this process can be prevented or even reversed by an
anti-eosinophil treatment [11, 12ee].

EoE patients frequently experience long-lasting food impactions that
necessitate endoscopic interventions [13]. This complication harbors a
relevant risk for esophageal injury. A recently published retrospective
observational study has shown that patients treated with an anti-
eosinophil treatment experienced a significant lower number of food
impactions when compared to non-treated patients [14ee].

In summary, clinically and histologically active EoE should be treated with
anti-eosinophil medication because this measure has potential: first, to dimin-
ish symptoms and to improve therefore the quality of life of EoE patients;
second, to prevent esophageal damage caused by tissue remodeling due to
unbridled eosinophilic inflammation; and third, to reduce the risk of severe
esophageal injury by preventing long-lasting food impactions.
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Treatment goals in eosinophilic esophagitis

At present, the target of EoE treatment is still a subject of much debate. Should
the treatment result in the improvement of symptoms or biologic measures or
both? In general, the decision to target the treatment on symptoms, biologic
measures or the combination of the two strongly depends on the impact of the
disease-inherent alterations on the symptoms and availability of suitable bio-
logic measures (e.g., biomarkers) that can be used as indicators of disease
severity and/or organ damage. The stronger the relationship between a partic-
ular biologic measure and organ damage is, the more critical it is to assess such a
biologic measure [15]. It is evident that resolution of symptoms is the first goal
of EoF treatment. However, given the fact the ongoing eosinophilic inflamma-
tion in EoE results in a long-term organ damage, bringing eosinophilic in-
flammation under control has to be likely regarded as the second therapeutic
goal.

In conclusion, the ideal pharmacological intervention in EoE has to improve
symptoms and to reduce inflammation.

General principles of pharmacological EoE-treatment

Eosinophilic esophagitis is a young disease, and experience with medical
treatment is therefore still limited. Those pharmacologic therapies that have
already been evaluated for the purposes of EoOE management will now be
discussed.

Proton-pump inhibitors

Currently, proton-pump inhibitors (PPI) are used in EoE patients with
coexisting gastroesophageal reflux disease (GERD) [4]. Given the high preva-
lence of GERD in a general population, it is likely that both diseases can co-
occur. However, it is also possible that impairment of the lower esophageal
sphincter may lead to gastroesophageal reflux as a sequela of EoE [16]. More-
over, it is also known that acid exposure in EoE subjects is more painful than in
control patients [17]. As such, the use of PPI may improve symptoms, such as
pain, but may in general not have an effect on the underlying inflammatory
process.

However, meanwhile, we have learned that a subset of patients with
EoE responds to treatment with PPI [18], and this clinical observation
has been confirmed in a prospective trial, demonstrating that half of
patients with a typical EoE presentation respond to PPI treatment
[19ee]. This so called “PPI-responsive esophageal eosinophilia” is char-
acterized by symptoms, endoscopic, histologic, and even transcriptional
abnormalities comparable with “classic” EoE but responding to
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monotherapy with PPI [4, 17, 20]. However, it remains to be deter-
mined whether acid suppression in patients diagnosed with PPI-
responsive esophageal eosinophilia can be considered as a long-term
therapeutic option, and further studies are needed before PPI can be
included in the definitive armamentarium of therapies for the manage-
ment of EoE.

Corticosteroids

The first study demonstrating that corticosteroids are able to bring active EoE
into remission was published in 1998. Children with marked esophageal
eosinophilia and chronic reflux-like symptoms unresponsive to aggressive
medical anti-reflux therapy were treated with methylprednisolone [21]. After
corticosteroid therapy, all but one patient had dramatic clinical and histological
improvement. Shortly afterwards, it was demonstrated that EoE responded even
to treatment with topically administered corticosteroids [22]. In 2008, an
important prospective controlled trial comparing oral prednisone with
swallowed topical fluticasone was published [23]. Following 4 weeks of thera-
py, topical fluticasone was as effective as systemic corticosteroids in bringing
EoE patients into remission. However, treatment with swallowed topical
fluticasone had fewer side effects. This study provided the first strong evidence
that EoE can be controlled without the use of systemic corticosteroids. A
number of controlled clinical trials in adult and pediatric EoE have demon-
strated that swallowed corticosteroids (budesonide, fluticasone, and
ciclesonide) deposited on the esophageal surface are highly effective in resolv-
ing symptoms and endoscopic and histologic alteration of EoE [24-27]. Over-
all, the response rates to treatment with swallowed topical corticosteroids were
between 50 and 87 % [4]. The main drawback of systemic and topical cortico-
steroid treatment is that almost all patients relapse rapidly after cessation of
therapy [23, 28]. Therefore, corticosteroids are able to control, but not to cure,
EoE. The main side effect of swallowed topical corticosteroids is infection of the
oropharyngeal cavity or the esophagus with Candida albicans [4]. If necessary,
this infection can easily be treated with topically administered antifungal drugs.
Fortunately, systemic side effects of the swallowed topical corticosteroids occur
but rarely. However, it is still prudent to exercise caution, when treating children
and adults with high doses of swallowed topical corticosteroids.

Since FoE is a chronic disease, a long-term therapeutic management strategy
is required. In a first controlled long-term study, adult EoE patients were treated
for 1 year with low-dose budesonide [28]. The treatment was effective in
keeping 50 % of patients in complete or partial histologic remission, whereas
none of the placebo patients was in remission at the end of the study period.
However, the optimal maintenance regimen has not yet been determined, and
further studies are necessary to evaluate the optimal dose of swallowed topical
corticosteroids for maintenance therapy.

Leukotriene inhibitors

An open label study showed that montelukast is able to induce symptomatic
relief in adult patients with EoE. However, its use has not been shown to have
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any effect on esophageal eosinophilia [29]. Unfortunately, neither this symp-
tom relief nor the anti-inflammatory effect could later on be confirmed in a
prospective trial of this medication [30]. Therefore, the use of leukotriene
inhibitors for treatment of EoE is not recommended [4].

Immunosuppressants

Approximately 30 % of patients suffer from steroid-refractory EoE. In analogy to
steroid-refractory inflammatory bowel disease, immunosuppressants have been
evaluated in these patients. Indeed, purine analogs have shown to be effective in
a small series of adult patients with refractory EoE [31]. However, these findings
need confirmation in a larger number of patients.

Prostaglandin D, receptor 2 antagonist

Biologic agents

EoFE has many characteristics of a Tj;2 type inflammatory response [32]. Pros-
taglandin D, receptor 2 (CRTH2) is a chemoattractant receptor expressed by
eosinophils and Ty;2 cells. OC000459 is a first-generation selective prostaglan-
din D, receptor 2 antagonist that blocks the ability of prostaglandin D, to
recruit and activate eosinophils and T2 cells. The efficacy and safety of
0OC000459 monotherapy were evaluated in adult patients with active EoE. An
8-week treatment with this compound led to a reduction of the eosinophil load
in the esophageal tissue by approximately 36 % [33]. EoE-related symptoms
improved, and the appearance of EoE-associated endoscopic alterations was
diminished. These findings demonstrate that patients with EoE respond to
treatment with OC000459. The drug had an excellent safety profile. However,
the overall effect was only moderate. The value of a CRTH2 blockade in the
treatment of EoE needs to be further evaluated, preferably with new generation
compounds.

Interleukin 5 (IL-5) is critically important in the maturation, differentiation,
activation, and tissue recruitment of eosinophils [34]. Humanized anti-IL-5
antibodies are therefore highly specific anti-eosinophil drugs. One trial per-
formed with anti-IL-5 monoclonal antibodies in adult and two in pediatric EOE
have demonstrated a significant reduction of eosinophils in the esophageal
tissue and in the peripheral blood [36-38]. Unfortunately, mepolizumab as
well as reslizumab exerted only minimal clinical improvement in all three
studies [35-37].

In active EoE, the pro-inflammatory cytokine tumor necrosis factor a
(TNF-a) is upregulated and highly expressed in the squamous epitheli-
um [38]. Unfortunately, a proof of concept treatment with the anti-TNF
monoclonal antibody infliximab had neither been proven to be effective
in reducing eosinophilic tissue infiltration nor in improving EoE-related
symptoms [38].

More than 70 % of EoE patients have markedly increased total immuno-
globulin E (IgE) serum levels [4]. In addition, the number of IgE+ cells—most
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likely mast cells—in esophageal epithelium is increased in the esophageal
mucosa of patients with active EoE [4, 32]. Therefore, it was tempting to
evaluate the efficacy of IgE-blocking agents. One prospective, randomized,
placebo-controlled trial with omalizumab evaluated the effect of an IgE block-
ade in 30 adults with eosinophilic esophagitis [39]. Unfortunately,
omalizumab did not reduce EoE-attributed symptoms or tissue eosinophil
counts when compared with placebo. Of note, another non-blinded study
showed that tissue eosinophils, as well as tryptase- and IgE-positive cells de-
creased after a 12-week treatment with omalizumab. In addition, endoscopy
and symptom scores improved significantly [40]. However, given the design
limitation of the second study and the fact, that IgE likely does not play a key
role in the immune pathogenesis of EoE [39], the blocking of IgE does not
appear to be a very promising approach.

It has been demonstrated that IL-13 is a major regulator of the pathways
involved in EoE [41]. In a recently published, double-blind, placebo-controlled
trial using QAX576, the effect of an IL-13 blocking approach was evaluated in
adult patients with active EoE [42]. After a 12-week course of treatment with
intravenous QAX576, the eosinophil load decreased by 60 %, whereas an
increase of 23.3 % was observed in the placebo group.

In conclusion, among the already evaluated biologic agents, anti-IL-13
monoclonal antibody holds most promise as a novel therapeutic approach
for management of EoE.

Pharmacological EoE treatment in clinical practice

Following a discussion of currently available options for the pharmacological
treatment of EoE, we would like to discuss the way these therapies can be used
in a routine clinical practice.

Once a dlinician is confronted with a patient with clinically and histologi-
cally active EoE, it is prudent to evaluate whether this patient should be treated
with an anti-eosinophil drug or with food elimination diet. Since no studies
directly comparing the efficacy of these two different modalities have been
carried out to date [4], the treatment decision taken is not an evidence-based
one and should be based on the individual preference of the patient. Physicians
in EoE centers should therefore be adept in treating patients choosing either
pharmacological or dietary therapy. Given the fact that currently not one single
medication approved for EoE is available on the US and European markets
[43e¢], patients should be carefully instructed on how to administer these
drugs, originally designed for the delivery into the airway and not into the
esophagus. Indeed, the improper administration of these drugs is believed to be
the main cause of refractory EoE [44].

Given the data on efficacy of swallowed topical corticosteroids in bringing
active EoE into remission [4], we recommend that EoE patients should be put
on an induction treatment with 1 mg bid fluticasone or budesonide for a period
of 2 to 4 weeks. Of note, it has been demonstrated that the effect of the
compound strongly depends on contact time of the compound with the
esophageal surface [45]. Therefore, viscous syrup, melting tablet, or powder are
preferable formulations for swallowed topical corticosteroids. Patients should
be instructed to avoid eating and drinking for at least half an hour after
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administration of the drug [4]. The best time for application of the drug is at
bedtime and after breakfast. A 2-week induction treatment is able to bring
approximately 70 % of EoE patients into clinical and histological remission
[26].

After achieving a remission, a patient should be put on a maintenance
treatment, because if EoE is left untreated, the flare-ups occur after
approximately 3 months on average [23, 28]. The long-term regimens
are still not well defined. A daily 0.5 mg dose of budesonide might be
likely too low for some patients, as approximately one third of the
patients had experienced a flare-up episode when being treated with this
dose in a 1-year trial [28]. Using doses higher than 2 mg daily has the
drawback of lacking safety data regarding systemic side effects. Therefore,
the optimal dose might lie somewhere in between 0.5 and 2.0 mg. So
long that many uncertainties regarding the evolution of the disease and
the long-term side effects of pharmacologic treatment still exist, we
strongly recommend that EoE patients are seen by a gastroenterologist
on an annual basis for clinical, endoscopic, and histologic work-up.

Patients that do not achieve a remission after an induction treatment
with swallowed topical corticosteroids need to be reevaluated in order to
distinguish between those patients in whom both symptoms and in-
flammation persist and those in whom only symptoms remain. If in-
flammation is under control, symptoms might be caused by fibro-ste-
nosis, and a gently performed dilation might be appropriate [46]. In
contrast, if inflammation is not under control, either a repeated induc-
tion treatment with swallowed topical corticosteroids, a combination of
swallowed topical corticosteroids with a single-food elimination diet, or
a treatment with immunosuppressants should be considered. However,
it is generally recommended to refer patients with refractory EoE to
specialized centers. The proposed treatment algorithm is shown in
Fig. 1.
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