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Management of Eosinophilic Esophagitis Based
on Pathophysiological Evidence
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Abstract: Over the past decades eosinophilic esophagitis (EoE) has
been increasingly diagnosed, and signiﬁcant progress has been
made in our understanding of its pathophysiology. As EoE cannot
be cured yet, treatment goals are suppression of disease activity and
symptoms as well as the prevention of progression to a more severe
disease phenotype. Disease-modifying treatment options can be
divided into dietary therapy and immunosuppressive medications,
of which topical steroids have been most investigated, yet are still
prescribed oﬀ-label. In this review, we will summarize recent
advances in our understanding of EoE and discuss the mechanisms
of action of current treatment options, with emphasis on the role of
the esophageal epithelial barrier and the eﬀects of proton-pump
inhibitors in the management of patients with EoE.
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osinophilic esophagitis (EoE) is a relatively recently
discovered chronic immune-mediated esophageal disease, ﬁrst described as a distinct disease entity in 1993, for
which the ﬁrst consensus guidelines were published only 10
years ago.1,2 Over the past decades, EoE has been
increasingly recognized worldwide, mostly in western
countries.3–11 The diagnosis of EoE is based on the combination of symptoms of esophageal dysfunction and
characteristic histologic presence of eosinophilic granulocytes (eosinophils), and requires the exclusion of other
diseases.2 Typical but nonspeciﬁc endoscopic ﬁndings,
observed in the vast majority of patients, are rings,
linear furrows, white exudates, edema, and/or narrowing/
strictures in the esophagus.12,13
As with any “new” disease, the deﬁnition of EoE has
been subject to debate and has changed over the past years
as a result of progressing insights. The hot topic of the lack
of response to proton-pump inhibitors (PPIs) in patients
with suspected EoE has been one of the stipulations for the
diagnosis of EoE in all published guidelines, in order to
distinguish EoE from gastroesophageal reﬂux disease
(GERD).2,14–16 However, the work of several groups has
shown that about 50% of patients with esophageal eosinophilia and a phenotype similar to EoE beneﬁt from PPIs;

From the *Department of Dermatology & Allergology, University
Medical Center, Utrecht; and wDepartment of Gastroenterology &
Hepatology, Academic Medical Center, Amsterdam, The
Netherlands.
The authors declare that they have nothing to disclose.
Address correspondence to: Bram D. van Rhijn, MD, PhD, Department of Dermatology & Allergology, University Medical Center,
Huispostnummer L 00.509, P.O. Box 85500, Utrecht 3508 GA, The
Netherlands (e-mail: b.d.van.rhijn@gmail.com).
Copyright r 2017 Wolters Kluwer Health, Inc. All rights reserved.
DOI: 10.1097/MCG.0000000000000879

for these patients the term “proton pump inhibitorresponsive esophageal eosinophilia” (PPI-REE) was introduced.17–19 PPI-REE and EoE have appeared to be clinically, endoscopically, histologically, and pathophysiologically indistinguishable—apart from their response to a
PPI.20 Both entities are now considered part of the same
disease spectrum, and it has become generally accepted to
oﬀer PPI treatment to every patient with suspected EoE.16
In this review, we will summarize current concepts on the
pathophysiology (Fig. 1) and management (Table 1) of
EoE.

PATHOPHYSIOLOGY OF EOE
In the past decades it has become evident that EoE
results from the interplay between genetic and environmental factors.48 Allergens, most probably from foods, are
thought to induce a T-helper 2 (Th2) cell-mediated immune
response characterized by several cytokines, among which
are interleukin (IL)-5 and IL-13. These cytokines induce the
production of a variety of other cytokines by epithelial
cells, leading to esophageal inﬂammation and symptoms of
esophageal dysfunction (heartburn, dysphagia and/or food
impaction in adults, failure to thrive, and vomiting in
children) and suggestive endoscopic signs of EoE.12,49
Chronic inﬂammation may lead to subepithelial remodeling
and ﬁbrosis.50–52 Below, we will discuss diﬀerent aspects of
the pathophysiology of EoE in more detail (Fig. 1).

Triggers
About 75% of EoE patients have an atopic diathesis,
and most of them are sensitized against food and/or inhaled
allergens.14,53–56 Food hypersensitivity is thought to cause
EoE, as most EoE patients are sensitized against food and/
or aero allergens and generally respond well to removal of
(food) allergens from their diet.14,21,53,54 The relevance of
these sensitizations, however, remains unclear, as studies on
allergy test–based exclusion of allergens show conﬂicting
eﬀects on disease activity.21,23,57–59 A possible explanation
that was recently hypothesized is that EoE is not immunoglobulin (Ig)E mediated but perhaps IgG4 related.44,60,61
The role of IgG4 in EoE is still unclear; however, it has
been speculated to be a marker of epithelial barrier
impairment.60

Potentiating Factors
Genetics
EoE has a strong familial association, suggesting a
genetic component. A study among 914 EoE probands and
63 monozygotic and dizygotic twins/triplets showed an
estimated sibling recurrence risk ratio for EoE of 44, which
is high compared with other atopic diseases such as asthma
for which it is about 2.62,63 Genome Wide Association
Studies and candidate gene studies have shown associations
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TABLE 1. Therapeutic Targets and Proven Effects of Available
Treatment Modalities for EoE

Treatment

Target

Dietary therapies
Empiric six/four
Empirical food
food elimination
allergen removal
diet
Allergy test–based Selective food
elimination diet
allergen removal
Amino acid diet

FIGURE 1. Overview of eosinophilic esophagitis pathogenesis.
Food allergens are thought to trigger inflammation in eosinophilic esophagitis in the presence of esophageal epithelial barrier
dysfunction, which may lead to remodeling and fibrosis. Ig
indicates immunoglobulin; IL, interleukin; TGF-b1, transforming
growth factor-b1.

with the CCL26 gene (encoding for eotaxin-3) in 14% of
EoE patients, and with TGFB1, TSLP, FLG, CRLF2,
DSG1, CAPN14, LRRC32, and PTEN in smaller percentages of patients.64–68 Previously, genetic variants of thymic
stromal lymphopoietin (TSLP) (and its dysregulated
expression)69 and ﬁlaggrin (FLG)70 have been linked to
other atopic diseases as well. Remarkably, about 75% of
EoE patients are male individuals. This could be partially
explained by a gene-coding variant located on the X or Y
chromosomes, which only in male individuals shows a sexspeciﬁc association with the risk for EoE. This variant in
the cytokine receptor–like factor 2 (CRLF2) gene encodes
the receptor for TSLP.71 An EoE diagnostic gene panel was
found to have 96% sensitivity and 98% speciﬁcity to distinguish patients with EoE in remission from healthy
controls.72

Atopy
About 75% of EoE patients have atopic comorbidities.14,53,73 In other atopic diseases such as asthma and
atopic dermatitis, epithelial barrier dysfunction is thought
to contribute to disease pathogenesis.74 As in asthma and
atopic dermatitis, FLG is also a susceptibility gene in EoE,
which led to the hypothesis that a disrupted epithelial
barrier could also play a fundamental role in EoE.65,70,75

Impaired Barrier Function
In patients with GERD, (increased) acid exposure
causes an impaired esophageal mucosal barrier function,
increased transepithelial permeability to small molecules,
and heartburn.76–79 Similar to GERD, EoE is also characterized by symptoms of dysphagia, heartburn, and acid
hypersensitivity.77,80 These ﬁndings led to the hypothesis
that similar to its role in GERD, acid reﬂux might also be
(pathologically) present and could disrupt the mucosal
barrier in EoE. In theory, exposure to acid reﬂux could
promote the development of EoE by damaging the esophageal epithelium and increasing transepithelial permeability
for allergens in the esophagus, or by inducing mast cell
degranulation, or by increasing the endothelial expression
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Complete food
allergen removal

Relevant Eﬀects
in EoE
Histologic response
relatively good
(about 72%)21,22
Histologic response
low (about
46%)21,23
Histologic response
high (about 91%),
signiﬁcant decrease
of symptoms21,24
Partial restoration of
esophageal
epithelial barrier
defects25

Medical therapies
Proton pump
inhibitors

Healing esophagitis Histologic response
and restoring
correlates to
mucosal barrier
partial restoration
integrity by
of esophageal
blocking acid
epithelial barrier
reﬂux
defects18
Blocking esophageal Histologic response
epithelial eotaxin-3 51%, decrease in
symptoms in
release
61%.20
Topical
Esophageal
Histologic response
corticosteroids
inﬂammation
50%-75%26–29
Swallowed
Esophageal
98% of EoE
ﬂuticasone
inﬂammation
transcriptome
propionate
genes normalized
aerosol
when reaching
remission
Histologic response
correlates to
partial restoration
of esophageal
epithelial barrier
defects30–33
Oral viscous
Esophageal
Signiﬁcant better
budesonide
inﬂammation
eﬀect on
eosinophil count
than nebulized
budesonide due to
increased contact
time34
Systemic
Systemic
Complete histologic
corticosteroids
inﬂammation
remission after
4 wks in 81% of
pediatric EoE
patients35
More (chance of) side
eﬀects than topical
corticosteroids35
Thiopurines
Systemic
Long-term histologic
(azathiopurine,
inﬂammation
remission in small
6-mercaptopurine)
(steroid sparing)
case series36
Inﬂiximab
TNF-a (steroid
No eﬀect on
sparing)
eosinophil count
or symptoms37
Montelukast
Leukotriene receptor No maintenance of
on inﬂammatory
steroid-induced
cells: eosinophils,
disease
mast cells,
remission38,39
basophils (steroid
sparing)
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TABLE 1. (continued)
Treatment

Target

Anti IL-5
(Mepolizumab,
Reslizumab)

IL-5

Anti IL-13

IL-13

Anti CRTH2

CRTH2 on Th2
cells, eosinophils,
basophils

Anti IgE
(Omalizumab)

IgE

Relevant Eﬀects
in EoE
Signiﬁcant reduction
of eosinophil count
but not
symptoms40,41
Improvement of
eosinophil count,
trend toward
decrease of
symptoms42
Modest
improvement of
eosinophil count
and symptoms43
No eﬀect on
eosinophil count
and symptoms44

Mechanical therapies
Esophageal
Esophageal stricture Relieves dysphagia;
dilation
or diﬀuse
no eﬀect on
narrowing
underlying
inﬂammation45–47
CRTH2 indicates chemoattractant receptor-homologous molecule
expressed on Th2 cells; EoE, eosinophilic esophagitis; IgE, immunoglobulin E;
IL-5, interleukin-5; IL-13, interleukin-13.

of adhesion molecules that are recognized by eosinophils.81–83 In a study using 24-hour pH impedance monitoring, the amount of gastroesophageal reﬂux was within
normal values in most EoE patients; however, decreased
baseline impedance values were found throughout the
esophagus of EoE patients, suggesting impairments of the
esophageal epithelial barrier.84
Shortly thereafter, several studies by diﬀerent research
groups using diﬀerent techniques found evidence for
esophageal epithelial barrier defects in EoE. In children
with active EoE, the expression of the intercellular tight
junction proteins E-cadherin and claudin-1 was found to be
reduced.85 Sherrill et al30 demonstrated that downregulation of desmoglein-1 (DSG1) by IL-13 impairs the
esophageal mucosal barrier integrity and increases inﬂammation. Desmoglein-1 is an important component of desmosomes, which play a crucial role in maintaining epithelial
barrier integrity. Desmoglein-1 downregulation and/or
dysfunction has a central role in the pathophysiology of
several skin diseases.86,87 In 2014, 2 studies supporting the
hypothesis of a disrupted mucosal barrier in EoE were
simultaneously published.18,31 Using immunohistochemical
stainings, Katzka et al31 showed that in 10 patients with
quiescent EoE after treatment with ﬂuticasone propionate,
FLG expression—on a protein level—was higher than in 10
untreated patients with active disease. Genetic studies in
atopic dermatitis strongly suggest that decreased FLG
expression impairs skin barrier function.88 Using several
techniques, our group demonstrated that the esophageal
mucosal barrier integrity is functionally and structurally
impaired in patients with active EoE as well as in patients
with active PPI-REE compared with healthy controls.10
Following treatment with double dose PPI, a decrease in
esophageal eosinophilic inﬂammation in patients with PPIREE was associated with an increase of FLG mRNA
expression and partial restoration of the esophageal

Pathophysiology and Management of EoE

mucosal integrity, whereas in EoE patients (who did not
respond to PPIs) FLG mRNA expression was not aﬀected
by PPIs, and the mucosal integrity remained impaired.10 In
a subsequent study, topical ﬂuticasone treatment also led to
partial restoration of the esophageal mucosal barrier
integrity in EoE patients.32 Interestingly, it has been shown
that 2% of the 574 abnormally expressed EoE transcriptome genes are not normalized with adequate therapy,
one of them being DSG1.33 Taken all together, these data
show that the esophageal mucosal barrier integrity is signiﬁcantly impaired in patients with active EoE, but also
remains slightly impaired in disease remission, suggesting
that an underlying barrier defect may propagate the
development of EoE. The recent ﬁnding of an increased
presence of intraepithelial food antigens in the esophagus of
active versus inactive EoE as well as healthy controls, further suggests that epithelial barrier dysfunction plays a
central role in the pathophysiology of EoE.89

Inflammatory Infiltrate
Eosinophils are pathologically present in the esophagus of patients with EoE, with a threshold of 15 eosinophils per microscopic high-power ﬁeld as a key criterion for
the diagnosis of EoE.16 Besides eosinophils, other innate
immune cells such as mast cells and antigen-presenting cells
(dendritic cells and basophils), and adaptive immune cells
such as B cells and T cells play a role in the inﬂammatory
response in EoE.90–97 Interestingly, also, the esophageal
epithelial cells themselves may contribute to the inﬂammatory reaction by acting as nonprofessional antigenpresenting cells or by regulating TSLP expression.98,99

Eosinophils
In western countries, eosinophils mainly have a role in
atopic inﬂammation. Eosinophils express receptors for IgE,
complement cytokines and chemokines, and their development is regulated by IL-5.100 In EoE, they are recruited
from the blood into the esophagus by the chemoattractant
eotaxin-3.100 Several studies have shown an increase of
esophageal and serum eotaxin-3 levels in EoE, which correlate with esophageal eosinophil and mast cell
counts.18,32,64,101 Eosinophils act via several mechanisms in
EoE. They contain the cytotoxic granule proteins’ major
basic protein, eosinophil peroxidase, and eosinophil cationic protein that are released upon activation and cause
damage to the esophageal epithelium.90 In vitro, major
basic protein causes esophageal epithelial cells to secrete
ﬁbroblast growth factor 9, leading to basal cell hyperplasia.102 Eosinophils may also activate mast cells via the
production of IL-9.103 In addition, eosinophils express
transforming growth factor-b1 (TGF-b1), which induces
ﬁbrosis, a feature more frequently observed with longstanding disease activity.67,104,105 The severity of epithelial
esophageal eosinophilia correlates with epithelial remodeling and ﬁbrosis.52 Furthermore, eosinophils are thought to
be capable of acting as antigen-presenting cells in EoE via
the secretion of inﬂammatory cytokines inducing T cell
proliferation, and via the expression of major histocompatibility complex class II proteins.106

Mast Cells
Although the ﬁnding of eosinophils in the esophageal
mucosa is abnormal, mast cells are physiologically present
and located at the basement membrane and the lamina
propria. However, in EoE their number is increased, they
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invade the epithelium, and mast cell and eosinophil numbers often correlate.32,91,96,103,107 Like eosinophils, mast
cells express the high aﬃnity IgE receptor (FcERI). After
activation of the FcERI, mast cells release several cytokines
and other mediators, including histamine and TGF-b1,
thereby activating eosinophils and inducing ﬁbrosis.52,96,108
Mast cell numbers are also increased in the esophageal
smooth muscle layer, in which they modulate the esophageal contractility.96 A speciﬁc mast cell gene upregulation
has been observed in both adult and pediatric EoE, which
can be restored with treatment.91,109

T Cells
Mouse studies have established an essential role for T
cells in the pathophysiology of EoE.110 EoE is characterized
by a Th2-type inﬂammatory reaction, and typical Th2
cytokines such as IL-4, IL-5, and IL-13 are increased in
EoE.94 IL-4 causes naive T-helper cells to diﬀerentiate into
Th2 cells and activates B cell class switching to produce
IgE.111 IL-5 is produced by eosinophils, mast cells, and Th2
cells and promotes eosinophil expansion and survival.112
Interestingly, IL-5-deﬁcient mice do not develop experimental EoE.113 In a small randomized trial in adults with
EoE, treatment with the anti-IL-5 antibody mepolizumab
signiﬁcantly reduced esophageal eosinophilia and TGF-b1
expression, although the eﬀects on symptoms were disappointing.40 IL-13 is overproduced by activated eosinophils and Th2 cells in the esophagus of EoE patients and
seems critical for the development of EoE.33,65,94 IL-13deﬁcient mice have reduced levels of allergen-induced
experimental EoE.114 IL-13 induces upregulation of
CCL26 (encoding eotaxin-3), which attracts eosinophils,
and IL-13 promotes the production of periostin by ﬁbroblasts, leading to increased eosinophil recruitment and
remodeling.50,115 IL-13 also aﬀects the esophageal epithelial
barrier integrity as it downregulates the expression of
DSG1, FLG, and involucrin, which all play a role in maintaining barrier integrity.18,30,32 In experimental (mouse) and
human EoE, anti-IL-13 treatment caused a signiﬁcant
decrease in esophageal eosinophil numbers, and it restores
the expression of CCL26, periostin, and DSG1.42,116

B Cells
The role of B cells in EoE is unclear. However, B cells
are thought to produce IgE in EoE, and many EoE patients
have abnormal allergen-speciﬁc serum IgE.23 Nevertheless,
anti-IgE treatment using omalizumab, indeed, caused IgE
depletion but did not aﬀect disease activity in EoE
patients.44

Esophageal Motility in EoE
As described above, TGF-b1 production by eosinophils and mast cells causes esophageal remodeling and
ﬁbrosis.96,108 Mast cell numbers are also increased in the
esophageal smooth muscle layer and modulate esophageal
contractility.96 It is assumed that symptoms of dysphagia
and food impaction in EoE patients are a result of ﬁbrosis
and/or disturbed esophageal contractility. Several highresolution manometry (HRM) studies performed by different research groups have, indeed, shown impaired
esophageal motility patterns in a signiﬁcant proportion
of EoE patients (varying between 37% and 76%),
mostly weak peristalsis and panesophageal pressurization.105,117–121 Unfortunately, the HRM abnormalities
observed in EoE are nonspeciﬁc as they are described to a
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similar extent in patients with GERD and even healthy
controls.105,117 So far, no clear correlation between HRM
abnormalities and the severity of dysphagia or endoscopic
signs has been described, and results are contradictory.118–121 Consequently, HRM studies currently have
no role in the diagnosis or follow-up of EoE.
A more promising technique may be the use of a
functional lumen-imaging probe to approximate the intraluminal esophageal anatomy during volumetric distention.
The functional lumen-imaging probe probe can detect
esophageal narrowing and localized strictures in patients
with EoE.122 It has been shown that the esophageal distensibility is signiﬁcantly reduced in EoE patients.122 Later,
it was shown that a reduced esophageal distensibility predicts the severity of esophageal endoscopic rings as well as
the risk for food impaction in patients with EoE.123,124

TREATMENT MODALITIES BASED ON DISEASE
PATHOPHYSIOLOGY
Removing the Trigger: Dietary Therapy
Food allergen elimination is perhaps the most logical
treatment option, as EoE is a food allergen-driven disease.
Dietary therapies are generally very eﬀective and can be
divided into 3 diﬀerent types of approaches (Table 1). First,
elemental diets with an amino acid–based formula show
good results with regard to histologic remission in both
children125,126 and adults,24,127 but have the problem of low
palatability. Second, empirical 6 or 4 food elimination diets,
in which the most common food triggers are removed, are
also reasonably eﬀective in achieving histologic remission
and have been shown to decrease mast cells as
well.22,107,128–130 Third, allergy test–based elimination diets
have shown disappointing results, perhaps because
observed sensitizations are not relevant for EoE and/or
because the causative food triggers are not identiﬁed by
these tests.23,58,131 In a meta-analysis investigating dietary
therapies in patients with EoE, the eﬃcacy rates of elemental diets, empirical elimination diets, and test-based
elimination diets for inducing histologic remission were
estimated at 91%, 72%, and 46%, respectively.21 Dietary
therapy can also reverse epithelial barrier integrity defects25
and esophageal subepithelial ﬁbrosis.132,133

Medical Therapies
PPIs
Until relatively recently, PPI treatment in patients with
suspected EoE was used to distinguish patients with GERD
(responding to a PPI) from those with EoE (not responding), as the eﬀects of PPIs in GERD were long assumed to
result from blocking gastric acid secretion only.2,14 Indeed,
PPIs are eﬀective in healing esophagitis and thereby
restoring the epithelial barrier integrity in patients with
GERD, and perhaps this is also the mechanism by which
disease activity is reduced in patients with EoE.18,134,135
However, in vitro and clinical studies have shown that
omeprazole also exhibits acid-independent anti-inﬂammatory eﬀects in patients with GERD as well as patients with
EoE.136–140 PPIs can reduce the esophageal expression of
eotaxin-3 and Th2-cytokines in patients with suspected
EoE.18,139–141 PPIs are also capable of restoring the
esophageal epithelial barrier integrity and improving the
expression of DSG1 and FLG.18,139 All of these ﬁndings
could explain the observations of several research groups
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that PPIs induce disease remission in patients with suspected EoE.17,18,142–144 These patients responding to PPI
have since been classiﬁed as having PPI-REE, although
they have appeared to be clinically, histologically, and
immunologically indistinguishable from patients with
EoE.140,145–148 In 2 randomized controlled trials comparing
PPI treatment with topical steroids in patients with suspected EoE, PPIs had a similar eﬃcacy (33%) as topical
steroids.143,144 According to a recent systematic review and
meta-analysis pooling data from 619 patients in 33 studies,
PPIs result in histologic remission (< 15 eosinophils per
microscopic high-power ﬁeld) in 51% and a decrease in
symptoms in 61% of patients with suspected EoE.20 In a
multicenter follow-up study, a sustained histologic response
to PPI treatment after 1 year was found in 55 of 75 (73%)
patients with initial response to a PPI.149 As a result of
increasing evidence of their eﬃcacy, PPIs were recently
recommended as a ﬁrst step in the treatment of all patients
with suspected EoE.16,19

Topical Corticosteroids
Topical corticosteroids are the best documented
treatment for EoE, and their eﬃcacy in reducing esophageal eosinophil counts has been shown in several
randomized trials34,150–155 and meta-analyses.26–29 However, as none of these drugs is formally approved for EoE
treatment by the European Medicines Agency or Food &
Drug Administration, these preparations are still prescribed
oﬀ-label for EoE. The suboptimal histologic response rates
of 50% to 75% in randomized clinical trials might be partly
explained by the fact that these medications are actually
asthma medications and developed as topical treatments in
the smaller airways, and not designed for esophageal deposition. The signiﬁcance of optimizing esophageal deposition was emphasized by a randomized trial comparing oral
viscous budesonide and swallowed nebulized budesonide, in
which increased esophageal contact time was associated
with improved histologic response.34 In both pediatric and
adult EoE, a decrease in epithelial eosinophil counts after
topical budesonide treatment has been shown to correlate
with reduced esophageal remodeling and ﬁbrosis.67,152,156
Topical corticosteroids may be less eﬀective than oral prednisone, however, with a lower risk of developing potentially severe side eﬀects.35

Other Therapies
For patients with a more severe disease phenotype, the
use of systemic steroids and eventually steroid-sparing
therapies such as thiopurines and anti-TNF-a could be
considered, although data supporting these therapies are
limited.35–37 Montelukast, a leukotriene inhibitor, has been
evaluated as a long-term steroid-sparing therapy after
steroid-induced remission, but most patients had a relapse
during therapy.38,39

Dilation
In EoE patients with severe esophageal stenosis,
endoscopic esophageal dilation can be a useful and relatively safe means to relieve troublesome dysphagia and
prevent food bolus impaction by increasing the esophageal
diameter.45–47 The main disadvantages are that dilation has
no eﬀect in patients with mild stenosis and that it does not
treat the underlying inﬂammation.157

Pathophysiology and Management of EoE

Targeted Therapies
Over the past decade, the evolving insights into the
genetic proﬁles and the cytokines driving EoE have led to
the development of targeted therapies.
In 2 randomized trials, anti-IL-5 treatment (mepolizumab in adults and reslizumab in children and adolescents) signiﬁcantly reduced esophageal eosinophil counts
but not symptoms and mast cell numbers.41,46 In contrast,
in a retrospective study in pediatric EoE, response to IL-5
therapy was associated with a decline in epithelial mast cell
numbers.103
In moderate-to-severe asthma, anti-IL-13 treatment
(using Lebrikizumab) reduces exacerbations and improves
lung function.158 IL-13 has also been targeted in a mouse
model of EoE. In mice treated with anti-IL-13, the esophageal eosinophil count decreased signiﬁcantly.116 In human
EoE, a small double-blind, randomized trial showed
improvement of esophageal eosinophil counts and a trend
for improved symptoms following treatment with an antiIL-13 antibody.42
Th2 cells (but also other inﬂammatory cells) express
the chemoattractant receptor-homologous molecule
expressed on Th2 cells (CRTH2), which is an attractive
treatment target in allergic disorders.159,160 In asthma
patients, the expression of CRTH2 on blood T cells was
demonstrated to be signiﬁcantly increased on a subgroup of
IL-4/IL-13-positive T cells compared with interferon-gpositive T cells.161 Given the Th2-nature of EoE, it was
hypothesized that anti-CRTH2 could reduce eosinophil
counts in EoE. In a small randomized trial among 26
patients with steroid-dependent or steroid-resistent EoE,
anti-CRTH2 treatment resulted in a signiﬁcant, although
modest, decrease of eosinophilic inﬂammation and
symptoms.43
Given the increased presence of speciﬁc IgE against
food and inhaled allergens in EoE, IgE seems an obvious
therapeutic target.53–55 However, in a randomized, doubleblind, placebo-controlled trial in adults with EoE, an antiIgE antibody (Omalizumab) did not reduce esophageal
eosinophil counts and symptoms compared with placebo.44

Future Therapies?
In a mouse model of EoE, the development of eosinophilic inﬂammation was dependent upon TSLP. In these
mice, the development of EoE could be prevented by TSLPblockade, using monoclonal antibodies.93 Anti-TSLP antibodies have not been studied in human EoE yet. Sucralfate is
used in acid-peptic diseases in order to heal esophageal
mucosal ulceration. The eﬀect of sucralfate on disease
activity and various markers of the esophageal epithelial
barrier is currently studied in EoE (NCT02353078, www.
clinicaltrials.gov). The eﬃcacy of dupilumab is currently
being investigated in a randomized controlled trial in adult
patients with EoE (NCT02379052, www.clinicaltrials.gov).
Dupilumab is a fully human monoclonal antibody to the
IL-4 receptor a subunit that inhibits both IL-4 and IL-13
signaling. In a randomized trial in patients with moderate-tosevere asthma and elevated eosinophil levels, fewer asthma
exacerbations, improved lung function, and reduced levels of
Th2-inﬂammatory markers were seen following dupliumab
treatment.162 A mast cell stabilizer, cromolyn sodium, is also
being investigated (NCT02371941, www.clinicaltrials.gov).
Currently, the histologic and symptomatic eﬃcacy and safety
of losartan (an angiotensin II receptor antagonist) is studied
in EoE patients (NCT01808196, www.clinicaltrials.gov).
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In other diseases such as hypertension and the Marfan
syndrome, Losartan seems capable of reducing TGFb levels
and may thus prevent esophageal remodeling.163,164

SUMMARY
EoE is a food-allergen driven, chronic inﬂammatory
esophageal disease that causes remodeling and ﬁbrosis,
which leads to troublesome symptoms and requires longterm therapy. Certain aspects of EoE (genetics, epithelial
barrier dysfunction, inﬂammatory response, sensitization
patterns) closely resemble the pathophysiology of other
atopic diseases such as atopic dermatitis and asthma.
Although insights into the pathophysiology have evolved
over the past decade, most treatment options are still not
designed for esophageal administration and have suboptimal eﬃcacy. A potentially steroid-sparing approach
could be to start treatment with a PPI trial in virtually all
patients with suspected EoE with the aim to reduce disease
activity and symptoms. For cases not responding to a PPI,
the subsequent use of dietary and/or topical steroid therapy
may be considered, as these treatments have been best
investigated and have proven eﬃcacy. Targeted therapies
may become promising treatment options in the (near)
future.
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Gómez-Garre D, Martı́n-Ventura JL, Granados R, et al.
Losartan improves resistance artery lesions and prevents
CTGF and TGF-b production in mild hypertensive patients.
Kidney Int. 2006;69:1237–1244.
Bolar N, Van Laer L, Loeys BL. Marfan syndrome: from
gene to therapy. Curr Opin Pediatr. 2012;24:498–504.

Copyright r 2017 Wolters Kluwer Health, Inc. All rights reserved.
Copyright r 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
This paper can be cited using the date of access and the unique DOI number which can be found in the footnotes.

