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a b s t r a c t

Eosinophilic oesophagitis (EoE) is a chronic-inflammatory disease of
the oesophagus. If left untreated, eosinophilic inflammation induces
fibrosis, angiogenesis and stricture formation, resulting finally in a so
called remodelling with structural and functional damage of the
organ. In addition, patients with untreated EoE are permanently at
risk of experiencing food impactions. It is therefore widely accepted
thatactiveEoEshouldbe treated.Any treatmentapplied inEoEshould
ideally achieve two therapeutic goals: first, resolution of symptoms,
and, second, control of inflammation. Avoidance of food allergens by
elimination diets as well as anti-inflammatory drugs have both the
ability to achieve these goals. Among the pharmacological options,
only corticosteroids have documented efficacy, whereas alternatives
have shown rather disappointing results or are still under evaluation.
Of note, swallowed topical corticosteroids are at least as efficient as
systemically administered corticosteroids but have fewer side effects.
As such topical corticosteroids arewidely used asfirst-linedrug in the
treatment of EoE, even though this compound is currently not
approved for this indication by regulatory authorities.
Unfortunately, complete resolution of symptoms can be achieved
with swallowed topical corticosteroids only in approximately 70% of
patients despite appropriate dosing and despite correct adminis-
tration of these compounds. Control of inflammation is even harder
to achieve, as only in approximately 50% of patients tissue eosino-
philia disappears completely under this anti-inflammatory medi-
cation. For this group of “difficult to treat” patients, therapeutic
alternatives are urgently needed. Fortunately several anti-allergic
drugs and several biologicals are currently under investigation.

© 2015 Elsevier Ltd. All rights reserved.
.

.

mailto:alex.straumann@hin.ch
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bpg.2015.06.012&domain=pdf
www.sciencedirect.com/science/journal/15216918
http://dx.doi.org/10.1016/j.bpg.2015.06.012
http://dx.doi.org/10.1016/j.bpg.2015.06.012
http://dx.doi.org/10.1016/j.bpg.2015.06.012


A. Straumann / Best Practice & Research Clinical Gastroenterology 29 (2015) 805e814806
Introduction

Eosinophilic oesophagitis (EoE), a distinct clinico-pathologically defined syndrome, was first
recognized and described in the early 1990s [1,2]. Dysphagia and food impaction are the typical
manifestations in adults, whereas in children, food refusal and failure to thrive are the predominant
symptoms [3e5]. Prior to those first papers describing EoE as its own distinct entity, single case reports
attributed oesophageal eosinophilia to a variety of already described disorders, such as gastro-
oesophageal reflux, achalasia or eosinophilic gastroenteritis [5]. EoE was originally regarded as
something of a curiosity. However, due to increasing incidence of EoE in westernized countries [6,7], it
has now reached a prevalence comparable to that of Crohn's disease and is likely to be the most
common cause of both dysphagia resulting from ingestion of solid food and spontaneous perforation of
the oesophagus [6]. Two decades of intense research has uncovered many molecular, immunological
and clinical aspects of this chronic-inflammatory disorder. In addition, EoE experts have been
instrumental in establishing diagnostic and therapeutic recommendations [4].

In this article, we will focus exclusively on the pharmacologic treatment of EoE, in particular on
indications for treatment, therapeutic goals, the currently available options and the practical perfor-
mance of pharmacotherapy.
Indications for treatment of eosinophilic oesophagitis

When scientific community is confronted with a new disease, the understanding of its natural
course is crucial before any treatment modality can be considered. The first natural history study has
demonstrated that EoE is a chronic disease, and that symptoms as well as inflammation 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 [3e5]. Improvement of quality of life is therefore a first indication for treatment.

In addition, basic science research and clinical studies have accordingly confirmed that an ongoing
active eosinophilic oesophageal inflammation leads to deposition of subepithelial fibrous tissue in the
oesophageal wall [9e11]. This so-called “remodelling” induces alterations that finally result in a rigid
and fragile oesophagus with impaired function [3e5]. It is well documented, that this process can be
prevented or even reversed by an efficient anti-eosinophil treatment [11,12]. Organ preservation can
therefore be regarded as a second, important indication for treatment.

Finally, EoE patients frequently experience long-lasting food-impactions requiring endoscopic in-
terventions [13]. This complication harbours a risk for oesophageal injury, either caused by retching or
by improperly performed endoscopic intervention. Food impactions are mostly observed in non-
adequately treated patients. A recently published retrospective study has confirmed this observation
and shown that patients treated with an anti-eosinophil medication experience significantly less long-
lasting food impactions when compared to non-treated patients [14]. Prevention of this unforeseeable
EoE complication is therefore a further indication for treatment.

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

At present, the target of EoE treatment is still a subject of intensive debate. Should the treatment
result in the improvement of symptoms or in the normalisation of altered biologic measures or even in
both? In the absence of agreement on meaningful therapeutic endpoints, a uniform treatment algo-
rithm for EoE patients is still lacking [4,5]. In general, as stronger the relationship between an altered
biological marker and organ damage is, the more critical it is to include it in the therapeutic concept
[15]. It is evident that resolution of symptoms is the first goal of EoE treatment. However, given the fact
the ongoing eosinophilic inflammation in EoE results in a long-term organ damage e as is the case in
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many other chronic-inflammatory diseases e bringing eosinophilic inflammation under control has to
be likely regarded as second therapeutic goal.

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

General principles of pharmacological EoE-treatment

Eosinophilic oesophagitis is a new disease. However, it shares many similarities with gastro-
oesophageal reflux disease, atopic diseases, such as asthma and atopic dermatitis, and even inflam-
matory bowel diseases, such as Crohn's disease and ulcerative colitis. Therefore, evaluation of drugs
with proven efficacy in these disorders merits careful consideration. Those pharmacologic therapies
that have already been evaluated for the purposes of EoE management will now be discussed.

Proton-pump inhibitors

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

Based on the initial assumption that EoE does not respond to treatment with proton-pump in-
hibitors (PPI), in contrast to reflux oesophagitis, a 2-month trial with double dose PPI was recom-
mended to distinguish patients with EoE from those with GORD [4]. Unexpectedly, the use of this so-
called diagnostic PPI-trial has shown that a subset of patients with EoE responds to treatment with PPI
[18]. This clinical observation has been confirmed by Molina-Infante and co-workers in a prospective
trial, demonstrating that half of patients with a typical EoE phenotype respond to PPI treatment [19].
This so called “PPI-responsive oesophageal eosinophilia” is observed in both adult and paediatric EoE
and is characterised by symptoms, endoscopic, histologic and even transcriptional abnormalities
comparable with “classic” EoE, but responding tomonotherapywith PPI [4,17,20]. A recently presented,
retrospective multi-center study has shown that patients diagnosed with PPI-responsive oesophageal
eosinophilia remain in clinical and histo-pathological remission when treated with PPI therapy long-
term [21]. However, it remains to be determined whether acid suppression in patients diagnosed
with PPI-responsive oesophageal 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 medical
therapies for EoE.

Corticosteroids

The first study demonstrating that corticosteroids are able to bring active EoE into remission was
published in 1998. Liacouras and co-workers treated 20 paediatric patients with marked oesophageal
eosinophilia and chronic reflux-like symptoms unresponsive to aggressive medical anti-reflux therapy
with 1.5 mg/kg oral methylprednisolone per day for 4 weeks [22]. After corticosteroid therapy, all but
one patient had dramatic clinical and histological improvement. Shortly afterwards, Faubion and co-
workers demonstrated that four paediatric EoE patients responded to treatment with topically-
administered corticosteroids [23]. In 2008, Schaeffer and colleagues published a prospective
controlled paediatric trial comparing oral prednisone with swallowed topical fluticasone [24].
Following 4 weeks of therapy, topical fluticasone was as effective as systemic corticosteroids in
bringing EoE patients into histologic and symptomatic EoE 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. Meanwhile, a number of controlled
clinical trials performed in adult and paediatric EoE patients has demonstrated that swallowed cor-
ticosteroids (budesonide, fluticasone and ciclesonide) deposited on the oesophageal surface are highly
effective in resolving symptoms, endoscopic and histologic alteration of EoE [25e28]. The results of



A. Straumann / Best Practice & Research Clinical Gastroenterology 29 (2015) 805e814808
these studies are difficult to compare, because different compounds, different formulations, different
dosages and different treatment periods were used. Overall, the response rates to treatment with
swallowed topical corticosteroids were between 50% and 87% [24e27]. The main drawback of systemic
and topical corticosteroid treatment is that almost all patients relapse rapidly after cessation of therapy
[24,29]. Therefore, corticosteroids are able to control, but not to cure EoE. The main side effect of
swallowed topical corticosteroids is infection of the oro-pharyngeal cavity or the oesophagus with
Candida albicans. This occurs in 10e15% of the patients [4]. This infection is often asymptomatic and can
be treated with topically administered anti-fungal drugs in the majority of patients. Fortunately, sys-
temic 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 cortico-
steroids. Table 1 summarizes design and findings of the nine already performed Randomized Clinical
Trials (RCT's) with swallowed topical corticosteroids in the short-term treatment of EoE.

Since EoE 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 one year with low dose budesonide.
The treatment with 0.25 mg twice daily swallowed budesonide was effective in keeping 50% of EoE
patients in complete or partial histologic remission, whereas none of the placebo patients was in
remission at the end of the study period [29]. 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 in adult and paediatric EoE patients.

Leukotriene inhibitors

In an open label study, Attwood and colleagues showed that montelukast, a leukotriene receptor
antagonist, is able to induce symptomatic relief in adult patients with EoE. However, its use has not
been shown to have any effect on oesophageal eosinophilia [30]. Unfortunately, neither this
symptom relief nor the anti-inflammatory effect could later on be confirmed in a prospective trial of
this medication [31]. Therefore, the use of leukotriene inhibitors for treatment of EoE is not rec-
ommended [4].

Immunosuppressants

As mentioned above, in up to 70% of patients symptom resolution can be achieved with properly
performed treatment with swallowed topical corticosteroids. However, approximately 30% of patients
remain symptomatic and suffer therefore from steroid-refractory EoE. In analogy to steroid-refractory
inflammatory bowel disease, immunosuppressants have been evaluated in these patients. Indeed,
purin-analogues have shown to be effective in a small series of adult patients with refractory EoE [32].
Surprisingly, this promising treatment modality has not been further evaluated and is currently almost
neglected.

Prostaglandin D2 receptor antagonists

EoE has many characteristics of a TH2 type inflammatory response [33]. Prostaglandin D2 receptor 2,
also known as CRTH2, is a chemoattractant receptor expressed by eosinophils and TH2 cells. This re-
ceptor mediates activation of lymphocytes in response to prostaglandin D2. OC000459 is a first gen-
eration selective prostaglandin D2 receptor 2 antagonist that blocks the ability of prostaglandin D2 to
recruit and activate eosinophils and TH2 cells. The efficacy and safety of OC000459 monotherapy was
evaluated in adult patients with active EoE in a randomised placebo-controlled trial. An 8-week
treatment with this compound led to a reduction of the eosinophil load in the oesophageal tissue by
approximately 36% [34]. 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.



Table 1
(AeD) Randomized controlled trials with corticosteroids in EoE.
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Biologic agents

Interleukin 5 (IL-5) is critically important in the maturation, differentiation, activation and tissue
recruitment of eosinophils [35]. Mepolizumab and reslizumab e humanized anti-IL-5 antibodies e

are therefore highly specific anti-eosinophil drugs. One trial performed with anti-IL-5 monoclonal
antibodies in adult and two in paediatric EoE have demonstrated a significant reduction of eo-
sinophils in the oesophageal tissue and in the peripheral blood [36e38]. Unfortunately, mepoli-
zumab as well as reslizumab exerted only minimal clinical improvement in all three studies
[36e38].

In active EoE, the pro-inflammatory cytokine tumour necrosis factor a (TNF-a) is up-regulated and
highly expressed in the squamous epithelium [39]. Unfortunately, an open-label proof of mechanism
treatment with the anti-TNFmonoclonal antibody infliximab had neither been proven to be effective in
reducing eosinophilic tissue infiltration nor in improving EoE-related symptoms [39].

More than 70% of EoE patients have markedly increased total immunoglobulin E (IgE) serum
levels [4]. In addition, the number of IgE þ cells e most likely mast cells e is increased in the
oesophageal mucosa of patients with active EoE [4,33]. Therefore, it was tempting to evaluate the
efficacy of IgE-blocking agents. One prospective, randomised, placebo-controlled trial with omali-
zumab evaluated the effect of an IgE blockade in 30 adults with eosinophilic oesophagitis [40].
Unfortunately, omalizumab did neither reduce symptoms of EoE nor tissue eosinophil counts when
compared with placebo. In contrast, Alpan and co-workers found in a non-blinded study of 15 EoE
patients that tissue eosinophils, as well as tryptase- and IgE-positive cells decreased after a 12-week
treatment with omalizumab. In addition, endoscopy and symptom scores improved significantly
[41]. 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 [40], the blocking of IgE does not appear to be
very promising approach.

It has been demonstrated that a large number of EoE-associated genes are directly induced by
interleukin 13 (IL-13) in oesophageal epithelial cells, confirming that IL-13 is a major regulator of the
pathways involved in EoE. IL-13 mRNA is indeed overexpressed 16 fold in patients with EoE [42]. In a
recently published, double-blind, placebo-controlled trial using QAX576, the effect of an IL-13 blocking
approach was evaluated in a series of 23 adult patients with active EoE [43]. After a 12-week course of
treatment with intravenous QAX576, the eosinophil load decreased by 60% (17 patients), whereas an
increase of 23.3% was observed in the placebo group (eight patients).

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 clinician is confronted with a patient with clinically and histologically 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 completely 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 not a single pharmacological therapy for management of EoE has been approved by regu-
latory authorities in USA and Europe [44], patients should be carefully instructed on how to
administer these drugs, originally designed for the delivery into the airway and not into the
oesophagus. Indeed, the improper administration of these drugs is believed to be one of the main
causes of refractory EoE [45]. The dietary treatment has the drawback that more than one staple food
is removed from the diet. As such, the patients should be encouraged to seek the professional advice
of both allergists and dieticians familiar with the particularities of EoE [46e48]. Lastly, the recom-
mendations that follow pertain to management of adult EoE, and pediatricians may have the adapt
some of these recommendations.
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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 twoefour weeks. Of note, it has been
demonstrated by Dellon and co-workers that the effect of the compound strongly depends on
contact time of the compound with the oesophageal surface [49]. Therefore, viscous syrup,
melting tablet or powder are preferable formulations for swallowed topical corticosteroids. Pa-
tients should be instructed to avoid eating and drinking for at least half an hour after adminis-
tration 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 [27].

After achieving a remission, a patient should be put on a maintenance treatment, because if EoE is
left untreated, the flare-up episodes occur after approximately three months on average [24,29]. The
long-term regimens are still not well defined. A daily 0.5mg dose of budesonidemight 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 one-year trial [29]. Using doses higher than 2 mg daily has the
drawback of lacking safety data regarding systemic side effects. Therefore, the optimal dose might lay
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 gastroenterologist on an annual basis for clinical, endoscopic and his-
tologic work-up.

Patients that do not achieving a remission after an induction-treatment with swallowed topical
corticosteroids need to be re-evaluated in order to distinguish between those patients, in whom both
symptoms and inflammation persist and those, in whom only symptoms remain. If inflammation is
under control, symptoms might be caused by fibro-stenosis and a gently performed dilation might be
appropriate [50]. In contrast, if inflammation is not under control, either a repeated induction treat-
ment with swallowed topical corticosteroids, a combination of swallowed topical corticosteroids with
a single-food elimination diet or a treatment with immunosuppressants should be considered. How-
ever, it is generally recommended to refer patients with refractory EoE to specialized centers. The
proposed treatment algorithm is shown in Fig. 1.
Fig. 1. Algorithm illustrating the current treatment strategy in eosinophilic oesophagitis.



Practice points

� Clinically and histologically active eosinophilic oesophagitis must be treated, even when
patients effectively cope with their symptoms

� Because eosinophilic oesophagitis is a chronic disease a long-term follow-up and a long-term
therapeutic strategy is needed

� Swallowed topical corticosteroids have proven efficacy, a good safety profile and are
currently used as first-line drugs for treatment of eosinophilic oesophagitis

Research agenda

� Evaluation of swallowed topical corticosteroid maintenance treatment with respect to
dosage, tolerance and side effects

� Evaluation of alternative medications for patients suffering from steroid-refractory eosino-
philic oesophagitis

� Comparison of medical (swallowed topical corticosteroids) with dietary (empiric elimination
diets) modality
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