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Abstract
Eosinophilic esophagitis (EOE) is a clinico-pathological
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entity with esophageal symptoms and dense esophageal
eosinophilic infiltration throughout the esophagus
that may persist despite treatment with proton pump
inhibitors. This eosinophilic infiltration is usually absent
in the stomach, small intestine and colon, although
there are a number of reports of patients with a multi-
organ involvement. EoE is associated with abnormalities
involving TH2-dependent immunity, with multiple
environmental factors strongly contributing to disease
expression. The layer of the esophagus affected by the
eosinophilic infiltration causes the specific symptoms.
Esophageal involvement results mostly in dysphagia
for solids that can be severe enough to cause recurrent
esophageal obstruction with typical endoscopic features
suggesting esophageal remodeling and pathological
changes of eosinophilic infiltration of the mucosa,
sub-epithelial fibrosis and muscle hypertrophy. This
disease is frequently associated with other allergic
conditions such as allergic asthma, allergic dermatitis
and eosinophilia. The treatment of patients with EoE
depends on the severity of the symptoms and of the
inflammatory process as well as to their response
to a gradual step-up treatment. The first line of
treatment consists of steroid containing local inhalers.
If unresponsive they are then treated with oral steroids.
Intravenous interleukin blockers seem to have a
consistent positive therapeutic effect.

Key words: Eosinophilic esophagitis; Gastro-esophageal
reflux disease; Esophagus; Esophagitis; Eosinophilia;
Cytokines
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Core tip: Eosinophilic esophagitis is a clinico-pathological
entity characterized by esophageal symptoms and
dense esophageal eosinophilic infiltration throughout
the esophagus. Our manuscript provides a deep
description of the disease showing that many efforts
have been made in the last decades in understanding
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its pathogenesis paving the way to new therapeutic
targets which are reviewed in the manuscript. For these
reasons, the story would not appear to end herewith
but deserves further attention and investigation.

Guarino MPL, Cicala M, Behar J. Eosinophilic esophagitis:
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Pharmacol Ther 2016; 7(1): 66-77 Available from: URL: http://
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INTRODUCTION

One of the first reports of eosinophilic involvement
of the esophagus dates from 1977 when Dobbins et
all described a man with dysphagia who had dense
esophageal eosinophilia. However, it has been classified
as a distinct clinical disease limited to the esophagus
later>?). It is now recognized as a chronic inflammatory
disorder of the esophagus. It is characterized by
dysphagia and gastro-esophageal reflux disease
(GERD) symptoms, including vomiting, regurgitation,
nausea and epigastric pain. Esophageal mucosal biopsy
contains more than 15 to 20 eosinophils per high-power
field in the absence of GERD disease. Occasionally it is
associated with various other conditions including celiac
disease'.

PREVALENCE

In a 16-year follow-up study, an average annual
incidence of 1.4% was reported™. The marked
increase in incidence does not appear to be explained
by a greater recognition of this disease since it is
higher than the increased number of endoscopic
procedures that are being performed™®.. The prevalence
of eosinophilic esophagitis (EoE) is higher in cold
climate zones of the United States than in tropical or
arid zones suggesting a possible relationship between
climate and the disease!”’. There is also a higher
incidence of this disease in westernized countries and
in urban areas of the United States with a significant
Caucasian predominance of almost 90%"®*!,

More recent studies have updated the estimates of
the incidence (7/100000) and prevalence (43/100000)
of EoE™® similar to the estimates reported from
Olmsted County, Minnesota (incidence 9/100000;
prevalence 55/100000) in patients identified
retrospectively'l. A similar prevalence estimate
(52/100000) was derived from physician surveys. It
is far more common in males than in females with a
3:1 to 3:2 ratios™". In some reports the incidence in
males is even as high as 86% of patients. This gender
difference remains unexplained and it contrasts with
the higher incidence of allergic asthma in females than
in malest™. There is also an increased rate of family
history of atopy in patients with EoE, and the disease
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tends to occur with familial clustering™**%.

CLINICAL PRESENTATION

Patients with EoE complain of dysphagia mostly with
solid foods. Food impaction tends to occur in the mid-
esophagus unless the inflammatory process affects the
esophageal innervation resulting in motility disorders
consistent with achalasia or diffuse esophageal
spasm. Fifty to eighty per cent of these patients have
a prior history of atopic symptoms such as allergic
rhinitis, asthma or atopic dermatitis and some of
these allergic conditions are frequently associated
with EOE clinical presentation, particularly allergic
asthma and rhinitis™"***\. Children generally present
with non-specific symptoms of GERD, abdominal pain
or failure to thrive; other present with dysphagia and
esophageal food impaction™.

The entire esophagus is often infiltrated with
increased number of eosinophils [> 15 to 20 eosinophils
per high power field (HPF)] a differential feature
from the increased number of eosinophils found
occasionally in the distal esophagus in patients with
GERD of less than 15 eosinophils per HPF'*”), A recent
study demonstrated that a cutoff value of at least
15 eosinophils per high-power field has a sensitivity
of 100% and specificity of 96% for establishing
the histologic diagnosis of eosinophilic esophagitis,
irrespective of location of the sample (proximal or distal
esophagus). As patients with lower levels of eosinophilia
and phenotypic features of eosinophilic esophagitis have
been described and GERD may be difficult to rule out,
in some cases the diagnosis could be better established
by biopsy of the proximal esophagus'”. In addition
the biopsies showed increased number of mast cells.
Anyway, the relationship between patient symptoms
and endoscopic features as well as histological severity
of the disease is not known. A modest correlation
was found between symptoms and histology in newly
diagnosed, untreated patients differently form patients
with longstanding EoE™®,

The eosinophilic infiltrate in GERD frequently but
not always tends to respond to omeprazole probably
because it blocks stat-6 that appears to be involved
in eosinophilic chemotaxis in the esophagus!®.
Occasionally, the differential diagnosis between EoE
and GERD can be quite difficult particularly in the
pediatric population with both conditions having
similar symptoms and endoscopic appearance of the
esophagus. It is important to treat these patients
initially with high proton pump inhibitors (PPI) doses
before GERD is ruled out®. In some cases this
differential diagnosis is helped by biochemical and
genetic studies. Measurements of eotaxin-3 levels may
be useful in the diagnosis of EOE since its levels are
higher than in GERD™". Another biochemical test that
may be helpful is the level of AOL-15. High levels are
more common in biopsies from patients with EoE than
from GERD and controls™?.
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However, there is a group of patients with biopsies
showing 15 eosinophils or higher per HPF who respond
to PPI therapy. These patients have been labeled PPI
responsive esophageal eosinophilia (PPIREE). They
have similar clinical, endoscopic and pathological
features of those with EoE™. It has been suggested
that PPI reduces the eosinophilic infiltration in this
subgroup of patients by restoring the mucosal integrity
(erosions and ulcerations) that had facilitated the
transport of antigenic proteins'*.

More advanced cases of eosinophilic involvement
the dysphagia for solid foods is caused by remodeling
of the esophageal body due to extensive sub-epithelial
fibrosis that tend to occur more frequently in adults™.
The incidence of fibrostenotic disease increases with
age with the incidence doubling every 10 years of age.

ENDOSCOPIC FINDINGS

The mucosa of esophagus can appear normal par-
ticularly in the pediatric population. It is estimated
that in one-third of pediatric patients with EoE the
esophagus has a normal endoscopic appearance'™!.
However, in most adult patients the endoscopic
examination of the esophagus reveal various types
of abnormalities such as longitudinal furrows, white
nodule- or plaque-like exudates, transient or fixed
corrugated rings (esophageal “trachealization”), crepe-
paper mucosa due to a loss of the mucosal elasticity
and strictures of variable length. Whitish exudates and
longitudinal furrowing occur secondary to local edema
and acute inflammation®**®, Hirano et ai*® reported
a good inter-observer agreement in these patients
when these three esophageal features rings, furrows,
exudates were present.

MOTILITY DISORDERS ASSOCIATED TO
EOE

Patients with EoE exhibit a variety of esophageal
functional disorders depending upon the esophageal
layer involved by the chronic inflammatory process.
Motility disorders occur when this process affect
muscle or neuronal cells. Since the initial studies there
have been at least 22 published series or case reports
in which the results of esophageal manometry have
been reported, 19 adult and 3 pediatric studies. These
esophageal motility studies have included a total of
144 patients, 115 adults and 29 children®. One study
examined the esophageal motility features in 48 EoE
patients, 48 GERD patients and 50 controls. Motility
disorders were more frequent in EoE patients than
in controls; the observed abnormal motility features
were similar in EOE and GERD patients®®”. It has been
suggested that this motor pattern is probably due to
an impaired response to neural stimulation probably
due to impaired acetylcholine release since the
muscle response to this neurotransmitter is normal
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and in more advanced cases to reduced esophageal
compliance due to extensive sub-epithelial fibrosis®".
Furthermore, previous conventional motility studies
assessing esophageal motor function in patients with
EoE have reported few cases of achalasia, diffuse
esophageal spasm, nutcracker esophagus and high
amplitude contractions”®. One patient with dyphagia
and manometric abnormalities consistent with
achalasia responded to treatment with prednisone®?,

NATURAL HISTORY

EOE is a chronic condition that usually starts in
childhood. In some patients it may become clinically
apparent in adulthood when they begin to complain of
dysphagia. Swallowing difficulties are due to remodeling
of the esophagus, strictures and motility disorders.
Strictures are uncommon in children suggesting that
over time the chronic infiltration with eosinophils
leads to this complication in adults. This is particularly
evident when there is a delay in the diagnosis that
may lead to the remodeling of the esophagus and
stricture formation™. In some cases, esophageal food
impaction can be the initial presentation of the disease.
Endoscopic procedures to relieve food impaction may
lead to complications such as esophageal perforation
and, even if rare, spontaneous transmural esophageal
rupture (Boerhaave’s syndrome) has also been reported
as a primary manifestation of EoE.

Most studies support a similar pathogenesis in
both pediatric and adult populations suggesting that
the clinical and pathological differences are the conse-
quence of the evolution of the diseased process™*.
Occasionally heavy infiltration of eosinophils is found in
the esophagus of patients complaining of symptoms
originated in other segments of the upper gastro-
intestinal tract. However, a longitudinal study that fol-
lowed 30 patients for up to 11 years and with a mean
follow-up of 7.3 years revealed recurrent episodes of
dysphagia but without nutritional abnormalities and
without extension to other gastrointestinal segments
or blood eosinophilia. Furthermore, in this study there
was a partial spontaneous reduction of the eosinophilic
count even in symptomatic patients®?!, However, the
prognosis of this disease is still in its early stages, but
there is no relation between esophageal cancer and EE
described™',

PATHOLOGICAL ABNORMALITIES

Pathological studies in patients with EoE reveal four
abnormalities: Diffuse eosinophilic infiltration of the
mucosa along the entire esophagus, increase basal
cell hyperplasia, sub-epithelial fibrosis and muscle
hypertrophy. Epithelial cells are highly hyperplasic in
EoE patients™®. In addition the epithelial layer shows a
significant dilation of the intercellular spaces in patients
with active disease compared to patients with inactive
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disease suggesting that this epithelial abnormality is
due to the inflammatory process®”.

The cardinal pathological abnormality is the
presence of high levels of eosinophils in the epithelial
layer. The pathogenic effects of eosinophils include
the promotion of basal cell proliferation and mast
cell recruitment. The finding that eosinophils are
mostly present in the epithelial layer of this disease
is probably because most of the diagnostic studies
are based on endoscopic biopsies that are relatively
superficial. If deeper esophageal specimens are
obtained eosinophils are frequently present in the
muscularis mucosa and circular muscle layer. These
deeper specimens also revealed the presence of mast
cells that may contribute to some of the esophageal
functional abnormalities®. In atopic patients these
mast cells contain IgE whereas they are IgE-negative
in the non-atopic patients. These deeper specimens
also show various degrees of sub-epithelial fibrosis and
muscle hypertrophy that in some patients can be quite
prominent resulting in short and long strictures®®®.

Occasionally the differential diagnosis of EoE is
with erosive esophagitis due to gastro-esophageal
reflux disease. Although most patients with GERD
complain of heartburn, in some patients dysphagia
may be the most prominent symptom. Biopsies from
the esophagus of these patients may reveal increased
number of eosinophils but almost always they are
present only in the distal segment and they are fewer
than 15 cells per HPF®!. This segmental eosinophilia
resolves after treatment with PPI's probably because
it heals the inflammatory process and blocks the
function of stat-6 that contributes to the eosinophilic
infiltration into the esophagus in both disorders*®, In
immortalized squamous epithelial cells omeprazole
had no effect on eotaxin-3 mRNA stability or on STAT6
phosphorylation and its nuclear translocation. Rather,
omeprazole appears to block the binding of interleukin
stimulated STAT6 and RNA polymerase II to the
eotaxin-3 promoter lowering its expression. However,
in few cases the differential diagnosis can be quite
difficult. Therefore it is possible that in these patient’s
determinations of eotaxin-3 mRNA and protein levels
that strongly correlate with tissue eosinophilia may be
able to differentiate between these two entities'*”.

GENETIC VS ENVIRONMENTAL
ETIOLOGICAL FACTORS

Evidence has been presented that both genetic and
environmental factors contribute to the development
of EoE. This disease is associated with a variety of
mendelian genetic based disorders'!!, The most
frequent associations of EoE are with hereditary
collagen disorders such as Marfan and Ehlers-Danlos
syndromes with an incidence of about 1%, Genetic
studies have also identified a number of abnormalities.
The one that appears more frequently is the presence
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of a common single nucleotide polyphormism in the 3’
untranslated region of CCL-26 that encodes eotaxin-3
that is an over-expressed esophageal transcript in the
EoE transcriptome!™, It is well known that CCL-26
mRNA and protein are overexpressed in the majority
of these patients. Although other genetic abnormalities
have been reported perhaps two that have been
persistently demonstrated in unbiased manner are
present in chromosome 5q22. It contains a single locus
in the spanning of the thymic stromal lymphoprotein
(TSLP) and of the WD repeat domain 36 (WDR36)
genes that are significantly associated with EoE™**,
TSLP mRNA is increased in esophageal tissues from
patients with EoE, compared with controls. TSLP is
a cytokine that is produced by keratinocytes and
promotes the development of Th2 cells.

The genetic contribution of this disease, however,
is limited despite of the higher incidence of EoE in
members of the same families. Although EoE is
observed in 1.8% to 2.4% of relatives depending
on the relationship and sex with higher values for
men, there is only a 40% concordance between
monozygotic twins and 30% concordance between
dizygotic twins. This latter low incidence suggests a
strong environmental contribution to acquiring this
disease. This conclusion is supported by the finding
that although the nuclear-family heritability appeared
to be high (72.0%), the twins cohort analysis revealed
that this high levels are likely due to a powerful role of
a common environment that occurs in 81.0% of the
cases'*,

PATHOGENESIS

Epidemiologic studies and therapeutic trials have
provided indirect evidence about the pathogenesis of
this disease. Most patients with EoE (approximately
75% of cases) show signs of atopy, defined by
reactivity to allergens by skin-prick testing (SPT) or
by identifying specific serum IgE™“**"), The majority of
these patients have evidence of either aeroallergen
and/or food sensitization. This was illustrated by one
subject that developed acute eosinophilic esophagitis
after exposure to sublingual immunotherapy that
included typical airborne antigens such as hazelnut,
birch and alder. This esophageal response resolved
clinically and endoscopically after the immunotherapy
was discontinued™®, There is also experimental
evidence in wild mice that repeated nasal inoculation
with allergens such Aspergillus fumigatus triggers an
eosinophilic infiltration of the esophagus. In contrast,
these mice had no response when the allergen was
inoculated in the oral cavity or in the stomach™®*%,
Occasionally the specific trigger of the eosinophilic
infiltration of the esophagus is a drug as illustrated
in two patients found to have had an anticonvulsant
hypersensitivity syndrome!®"!. The allergic component
of EoE also is quite apparent from its strong
association with other allergic diseases. About 70% of
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EoE patients have current or past allergic diseases or
positive skin pricks test especially to a variety of foods.
However, despite these isolated reports the role of
airborne antigens in the pathogenesis of human EoE
is controversial and at best it may be a contributing
factor in a small percentage of patients.

The immunoglobulin mediating this allergic reaction
has not been conclusively determined. Fifty percent to
seventy-five percent of patients with EoE are atopic,
with a high prevalence of food-induced allergen-
specific IgE®?. This conclusion has been questioned
after omalizumab an IgE antibody failed to improve
the symptoms and reduce the eosinophilic infiltration
in patients with EoE™>. On the other hand a recent
study shows that the most prominent immunoglobulin
abnormality appears to be IgG4. There are abundant
IgG4-containing plasma cells and serum levels of IgG4
appear to react to specific foods suggesting that EoE is
more likely to be an IgG4 associated allergy™*.

The role of food in the pathogenesis of EOE is
supported by the consistent observation that disease
activity is responsive to elemental diets and resumption
of unrestricted diets result in disease recurrence™. A
prospective study in adult patients with EoE confirmed
previous observations that a six-food elimination diet
significantly improved their symptoms, endoscopic and
histological abnormalities. Moreover, re-introduction
of specific foods was frequently associated with
recurrence of EoE with wheat in 60% of cases and
milk in 50% of cases. In contrast, skin-prick testing
of these foodstuffs predicted that only 13% of foods
were associated with EoE. Even in patients without
an associated allergic disease, EOE is likely caused
by allergic reactions to certain foods since they still
respond to an elemental diet. However, several studies
have also suggested that aeroallergens may also play a
role in the pathogenesis of this disease. This conclusion
is supported by the fact that the severity of this
disease may be affected by seasonal variations that
correlated with pollen counts. Some of these studies
have even suggested differences between younger
from older patients with the former showing more IgE
and patch sensitivity to certain foods whereas older
children exhibiting greater IgE sensitization to inhalant
aeroallergens™,

This disease consists of highly reactive esophageal
epithelial cells, high levels of cytokines, eotaxins,
particularly eotaxin-3, eosinophils and mast cells
that mediate this type-1 hypersensitivity involving
Th2 cells®”. However, only a minority of EOE patients
present with food anaphylaxis suggesting that the
mechanisms involved in this condition are different
from those causing the classical IgE-mediated mast
cell and basophile activation. These conclusions also
are supported by studies performed in experimental
EoE in wild mice®®.

There is evidence that epithelial cells are capable
of mediating this food-induced allergic reaction. In
vitro studies have shown that esophageal epithelial
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cell lines act as antigen presentation cells in the
presence of interferon-y (IFNy) by inducing the major
histocompatibility complex (MHC) class I system.
These findings suggest that the antigen presentation
by esophageal epithelial cell may contribute to the
pathophysiology of EoE™?,

Similarly to GERD patients with esophagitis'”®", EoE
is associated with high levels of cytokines particularly
IL-3, IL-5, IL-13, increase production of eotaxin
chemokines CCL11, CCL24 and CCL26 (or eotaxins 1,
2 and 3 respectively) that attract inflammatory cells,
predominantly eosinophils®®*®®l, Studies performed in
esophageal rings showed that stimulation of the rings
with IL-13 for 48 h resulted in a significant attraction
of eosinophils into the lower chamber containing
TH-2 lymphocytes while chambers containing only
IL-13 did not™®®). These data demonstrate that
IL-13 supports eosinophil migration and that CCL11
and CCL24 also are both important in promoting
eosinophil infiltration®®®”. Although patients with EoE
have higher levels of several cytokines, the cytokines
that are most consistently increased in this allergic
disease are IL-5, IL-13 and eotaxin-3 (CCL26)!%*%,
Genome-wide microarray expression studies have
shown that the gene-encoding eotaxin-3 is the most
highly induced gene in EoE patients compared to
healthy individuals™®®!, Furthermore, a single-nucleotide
polymorphism in the human eotaxin-3 gene seems
to be associated with disease susceptibility and mice
deficient in the eotaxin receptor were protected from
experimental EoE"®**Y, Eosinophils are born from
the bone marrow progenitor stem cells under the
influence of interleukin-3 (IL-3), interleukin-5 (IL-5)
and granulocyte-macrophage colony-stimulating factor
(GM-CSF). Eosinophils contain cytokines, GM-CSF,
transforming growth factor (TGF)-B, tumor necrosis
factor (TNF)-o, RANTES (or CCL5)""\. Eosinophils are
also potent pro-inflammatory cells capable of causing
severe host tissue damage!®®®,

There is also increasing evidence that suggests a
strong role of mast cells in the pathogenesis of EOE.
Although mast cells have been studied indirectly in
EoE, the published data suggest that the number of
mast cells present in the esophageal epithelium is
higher with respect to controls and to patients with
gastro-esophageal reflux disease”®”!!, However,
history of anaphylactic reactions after exposure to
allergens is uncommon in these patients. These
findings suggest that the mast cells function in EoE
may be dependent on T lymphocytes and that there
may be a bi-directional crosstalk between mast cells
and eosinophils. This relationship may contribute to
EoE physiopathology. Furthermore, even though mast
cells are present in healthy subjects, only the EoE
patients have IgE-bearing mast cells. Their role in
the pathogenesis of EoE was tested in experimentally
induced EoE in wild-type mice, mast cell-deficient WWv
mice, and mast cell-reconstituted WWv mice®*’?, The
results of these studies reveal that esophageal mast
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Table 1 Possible mechanisms involved in eosinophilic esophagitis pathogenesis

Mechanism

Evidence

Ref.

Atopy Reactivity to allergens by skin-prick testing

Presence of specific serum IgE

[46,47,49,50,52,54]

Experimental evidence in animals undergone nasal inoculation with allergens

Strong association with other allergic diseases

High association with food-induced allergen-specific IgE

Abundant IgG4-containing plasma cells
Food Disease activity is responsive to elemental diets
Aeroallergens
Chemo attractants

Increased levels of eotaxin-3

Severity of disease affected by seasonal variations which correlate with pollen counts
Increased IL-13 supports eosinophil migration by stimulating the chemo attractants production

[55]
[56]
[43,63,64,66,67,68,69]

Gene-encoding eotaxin-3 the most highly induced gene in EoE patients
Single-nucleotide polymorphism in the eotaxin-3 gene associated with disease susceptibility
Mice deficient in the eotaxin receptor (CCR3) protected from experimental EoE

Mast cells
Mast cells linked to IgE
TGF-B

remodeling, processes linked to eosinophil-derived TGF-f

Increased number of mast cells in the esophageal epithelium

Obstructive symptoms seem to occur secondary to epithelial cell proliferation and extracellular matrix

[70,71]

[61]

TGF-B is known to increase smooth muscle cell hyperplasia

Leukotriene C4

Leukotriene C4 is metabolized to LTD4 and LTE4 both of which stimulate smooth muscle contraction

[74]

EoE: Eosinophilic esophagitis; IL-3: Interleukin-3; TGF-B: Transforming growth factor-f.

cell numbers increase in parallel with eosinophils in
a dose- and time-dependent manner. Incorporation
5’-bromodeoxyuridine analysis have indicated that
mast cells contribute to the development of muscle
cell hyperplasia and hypertrophy suggesting that
these cells may have a significant role in promoting
esophageal remodeling in EoE'"*!, However, therapies
that inhibit mast cell functions have been ineffective
in treating EOE in contrast to their effectiveness in
other respiratory tract diseases. It has been therefore
suggested that mast cells may have a limited role in
the pathogenesis of EoE.

While the natural history of EoE remains obscure,
the fact that some patients develop esophageal
narrowing and strictures is of concern, particularly as
patients become adults. Obstructive symptoms seem
to occur secondary to epithelial cell proliferation and
extracellular matrix remodeling, processes linked to
eosinophil-derived TGF-p®". Leukotriene C4 may be
an additional contributing factor since it is metabolized
to LTD4 and LTE4 both of which stimulate smooth
muscle contraction. This action may be quite important
because obstructive symptoms may be also related to
active smooth muscle contraction”.

It is also conceivable that EOE is an allergic reaction
of the esophageal mucosa to a variety of stimuli that
may be mediated by different immunologic pathways.
This complexity may explain the discrepancies in the
therapeutic responses to specific immune suppressing
agents. Therefore, these studies also raised a number
of questions regarding this disease: (1) whether the
eosinophilic response through nasal or oral cavity
depends to a greater extent on the type of the allergen
applied; (2) why the esophagus is singularly affected
by this allergic reaction since other segments of the
upper gastrointestinal tract like the pharynx appears
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to be spared despite of its contact with foods and aero
allergens that could also trigger this reaction; and
(3) whether its pathogenesis in humans have similar
molecular processes to those induced experimentally
in wild mice.

Possible mechanisms involved in EOE pathogenesis
are summarized in Table 1.

TREATMENT

The treatment of patients with EoE depends on the
severity of symptoms and of the inflammatory process
as well as on their response to a gradual step-up
treatment. It is a possible that with appropriate and
persistent treatment the symptoms, endoscopic and
histological abnormalities can be completely controlled
in most patients, including reversal of the sub-epithelial
fibrosis and fibro-stenotic complications. However,
treatment needs to be maintained for prolonged
periods since EoE is a chronic disease that tends to
relapse once the treatment is discontinued.

Initially patients should be treated with PPIs since
some patients may respond to this treatment either
by reducing the acid secretion in patients with co-
existent GERD, or, by means of other still undefined
anti-inflammatory mechanisms®**. A small-randomized
trial showed that EoE patients with coexisting GERD
treated with esomeprazole, were significantly more
likely to have resolution of esophageal eosinophi-
lia as compared with fluticasone alone (100% vs
0%) and even in a few patients regardless of the
presence of GERD. Treatment with esomeprazole,
but not fluticasone, was associated with a significant
improvement of dysphagia’®!. As mentioned before
PPIs also may be effective in small subgroup of
patients that have been labeled PPI responsive
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EoE (PPI-REE) with symptomatic improvement
and resolution of the esophageal eosinophilial’®.
However, a 24-ph-test performed prior to treatment
to select patients that could be responsive to PPI
therapy was unable to predict the response to PPI
treatment. Neither positive nor negative tests were
able to determine whether patients would respond
to acid suppressing treatment'”). The PPI responsive
patients with EOE are genetically and phenoptypically
indistinguishable from patients that are unresponsive.
Some studies have suggested that up to 30% to 40%
of patients with EOE may be responsive to PPI's. It is
therefore recommended that PPI's should be the first
line of treatment.

The PPI unresponsive patients are then treated with
steroid containing local inhalers or with intravenous
interleukin blockers. Patients complaining of dysphagia
due to strictures or impaired esophageal poor
distensibility due to subepithelial fibrosis are treated
with esophageal dilation using Savary or Malone
dilators. Most of the reports indicate that the risk of
perforation in patients with EoE is not different from
these complications observed when this procedure is
performed in patients with other types of esophageal
strictures”®’?, A meta-analysis confirmed the safety
of this procedure with reported complication rate of
less than 1%, However, irrespective of the type of
esophageal disorder this therapeutic procedure should
be performed carefully.

Topical treatment is as effective as systemic
corticosteroids. Topical fluticasone was just as effective
as oral prednisone in terms of histological and
symptomatic remission®", Its local anti-inflammatory
effects induce the development of esophageal
steroid responsive genes such as FK-506 binding
protein and miRs and can even partially reverse
the eosinophil transcriptome. Furthermore, there
is an occasional discrepancy between clinical and
histological improvement, defined by the reduction
of the eosinophilic infiltration to normal levels. It is
unclear, however, why symptoms may persist in some
patients despite of the resolution of the inflammatory
process. In some of these patients the symptomatic
unresponsiveness may be due to the sub-epithelial
fibrosis and muscle hypertrophy.

Topical corticosteroids improve symptoms and
reduce esophageal eosinophilia and have become
the “gold standard” of the pharmacotherapy of this
disease. Anyway, due to lack of approved drugs for
EoE, “off-label” drugs, designed for other allergic
diseases, such as asthma or rhinitis are used. One-
year treatment with fluticasone propionate caused a
slight reduction in the sub-epithelial fibrosis although
the differences did not reach significance probably
because the number of patients included in the study
was relatively small®™™. Moreover viscous steroids are
more effective than nebulized steroids®”!. However
even high doses of fluticasone have a 30% failure.
Other therapeutic studies have shown that some
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patients have remained symptomatic despite the
histological improvement defined by the reduction in
the number of eosinophils®®. Pediatric patients are
more responsive probably because adult patients have
a significant remodeling of the esophagus that may be
responsible for the persistent dysphagia®’. In addition,
treating patients with EoE with this topical steroid for
three months significantly down regulated the levels
of cytokines IL-5 and eotaxin-3 although control levels
were not reached™.

Viscous budesonide has also been successfully
used in both children and adults. Remission is usually
obtained after 12-wk treatment. A control trial showed
that budesonide 1 mg twice daily administered as
viscous slurry was more effective in reducing the
eosinophilic infiltration of the esophagus than the
nebulized form'™!. This is due to greater mucosal
contact time with former than with the latter as
measured by esophageal scintigraphy®>®*"., However,
the disease commonly recurs after the drugs are
withdrawn. Therefore maintenance treatment with
either steroid drug should be considered to avoid
symptomatic recurrences and development of sub-
epithelial fibrosis'™.

Those conclusions are supported by a meta-
analysis that included seven clinical studies that
treated a total of 226 patients™!. Despite of the
substantial heterogeneity of the studies it showed
topical steroids induced a significant reduction in
the number of eosinophils compared to controls.
Subgroup analysis also showed that the reduction
in eosinophil count was only present in patients who
where previously treated with PPI's used to rule out
GERD. As mentioned in previous reports eleven out of
127 patients that received the oral steroid developed
asymptomatic esophageal candidiasis®®. Therefore,
topical steroid therapy seems to be safe in general
and, to date, there has been no evidence of adrenal
suppression'®®,

Specific treatments have also been developed in
an attempt to inhibit immune mechanisms presumed
to be involved in this disease. These therapies have
been directed toward inhibition of IgE and IL-5 induced
immunological abnormalities. While these approaches
are often effective, no pharmaceutical agents have yet
been approved by the Food and Drug Administration.
The effect of omalizumab, an antibody against IgE,
was evaluated in a double blind placebo controlled
study in patients with EoE. This antibody, however,
did not alter symptoms of eosinophilic esophagitis or
eosinophil counts in biopsy samples compared with
placebo™*®,

The therapies against IL-5 were selected because
this cytokine plays a pivotal role in innate and acquired
immune responses and eosinophilia. In humans,
the biologic effects of antibodies against IL-5 are
best characterized by the reduction in the levels of
eosinophils due to this cytokine involvement in the
mechanisms of eosinophil development and activation.
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These findings have led to therapeutic trials using
humanized antibodies against IL-5 or the IL-5RP%Y,
However, probably due to the heterogeneity of this
disease the symptomatic improvement induced
by mepolizumab has not been consistent and not
all patients respond to this form of treatment. In
addition there have been discrepancies between the
symptomatic improvement and the reduction of the
esophageal eosinophils. It is more effective in reducing
eosinophilic infiltration than in improving patients’
symptoms.

Straumann et al® performed a placebo control
study that enrolled few patients showed that
mepolizumab reduced the number of eosinophils in the
esophagus and reversed the esophageal remodeling.
Moreover the safety profile was acceptable even at
higher doses. It was partially supported by a double
blind study performed in children using increasing
doses of 3 infusions of mepolizumab of 0.55, 2.5, or
10 mg/kg every 4 wk over a 12-wk period followed
by no treatment until week 24. After 3 mo, this
antibody induced a mild to moderate symptomatic
improvement associated with reduction in the number
of eosinophils to normal levels (less than 20 per HPF)
but only in 31.6% of the patients™. A sub analysis of
the esophageal biopsies obtained from these children
examined the effect of this antibody on eosinophils and
mast cells. Forty per cent of patients responded with
reductions in eosinophils and 77% in the number of
mast cells®. Moreover prior to treatment eosinophils
and mast cells were found in couplets that were
significantly reduced after therapy. This treatment
appears to be well tolerated.

This clinical trial was supported by a larger study
showing that mepolizumab, assessed by immuno-
fluorescence, induced a marked reduction in the mean
esophageal eosinophilia (P = 0.03). Mepolizumab
induced a 54% reduction in the eosinophil numbers
of the esophageal mucosa compared to only 5%
reduction in the placebo group 4 wk after initiation of
treatment. Mepolizumab also reduced the number of
mast cells in the esophageal mucosa™.

Another IL-5 antibody reslizumab was studied in
douple-blind placebo controlled study. Reslizumab
or placebo was administered to 226 children and
adolescent with EoE. Four infusions of 1, 2 and 3 mg
were administered at weeks 0, 4, 8 and 12 wk. Peak
eosinophil count was reduced by 59% to 64% from
baseline in the antibody treated group and 24% in the
placebo treated group. Symptomatic improvement was
observed in the antibody and placebo treated groups
but were not significantly different®?.

The limited percentage of patients that respond to
these antibodies raise a number of questions regarding
patient selection and the immune mechanisms
involved in this disease. The selection of topical
corticosteroid-refractory patients in these studies may
have had a negative impact on the clinical results
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and possibly because targeting a single molecule IL-5
may prove insufficient to optimally control symptoms
and disease progression, particularly in the adults
who already have develop sub-epithelial fibrosis and
strictures. These complications may also explain the
discrepancy between symptomatic improvement and
reduction of eosinophilic infiltration.

There is also increasing evidence that most patients
with EoE respond to elemental diets or to specific
dietary restrictions. However, even in pediatric patients
these dietary restrictions are limited by the usefulness of
predicting therapeutic response using skin-prick testing
and atopy patch testing for food allergies. Moreover, it
is still uncertain how to formulate the optimal dietary
restrictions for the management of this disease'®*.

Although these elemental/amino acid-based formula
diets have shown to be effective in children they do not
appear to be well tolerated by adults because of taste,
volume or high expense. However, patients treated with
specific and nutritionally acceptable diets have not been
examined®. Moreover there are conflicting reports
as to the efficacy of treating patients with elemental
diets. It is possible as mentioned with previous
treatments that the partial or lack of response to these
relatively short dietary treatments may depend on
the degree of the sub-epithelial fibrosis. In one clinical
trial treatment an elemental diet reduced the number
of eosinophils in the biopsies from adult patients
with EoE. However, symptoms did not significantly
improve and the eosinophilic infiltration recurred after
the elemental diet was discontinued suggesting that
persistent dietary treatment may be necessary!®.
Another study, however, showed that treatment with
an elemental diet for 6 wk significantly improve the
esophageal symptoms and markedly reduced the
number of eosinophils in the esophageal biopsies.
These studies showed that four foods were the most
likely to trigger the eosinophilic reaction. Twenty-eight
of 52 patients achieved clinical-pathological remission.
Milk induced remission in 11 patients (50%), eggs
in 8 patients (36%), wheat in 7 (31%) and legumes
in 4 (18%)P\. These conclusions were supported by
a meta-analysis”®. The reasons for the therapeutic
responses to different foods are not known. An
elimination diet also significantly improved symptoms
and reduced endoscopic and pathologic features of EoE
in adults. The systematic reintroduction food allergens
in these patients lead to the recurrence of clinical and
histological features of EoE supporting their role in its
pathogenesis. It is conceivable that in some patients,
as it occurs with other forms of therapy, the lack of
correlation between reductions in the eosinophilic
infiltration in the esophagus and symptomatic im-
provement after an elemental diet may be due to
presence of esophageal remodeling and sub-epithelial
fibrosis that may not respond to the treatment during
the relatively short period of these clinical trials®”.

A more practical and acceptable treatment was
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conducted in a prospective trial comparing swallowed
fluticasone and elimination of cow’s milk"®. After 6-8
wk, esophageal eosinophil counts decreased in 64% of
patients treated with cow’s milk elimination and 80% of
patients treated with fluticasone. Cow’s milk elimination
also significantly improved the Mean pediatric quality
of life (PedsQL) EoE Module total scores and total
symptoms scores. Cow'’s milk elimination may be more
acceptable and desirable for EoE patients who do not
want to take chronic, long-term steroid medications'®®.
The benefits of dietary restrictions is further supported
by the reduction in the number of mast cells and its
proteases since these cells seem to play a role in the
pathophysiology and symptoms of EoE™®,

In conclusion, from the data available to date it is
reasonable to conclude that in most patients EoOE is
primarily caused by food hypersensitivity in subjects
with a genetic predisposition induced by an early
exposure to allergens that may abnormally stimulate
T-helper type cytokines. However, the partial and
selective response to specific treatments carried out
in the above mentioned clinical trials do not provide
conclusive evidence regarding the mechanisms
involved in its pathogenesis. It is conceivable that
more than one allergen or immune mechanism may
contribute to this disease and therefore therapies
may not only have to be individualized but also be
acceptable to patients since long-term therapy may be
necessary in order to avoid sub-epithelial fibrosis and
remodeling of the esophagus.
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