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INTRODUCTION

Eosinophilic esophagitis 
(EoE), a chronic, immune-
mediated disease, characterized 
by eosinophilic infiltration at 
the esophageal level, producing 
esophageal dysfunction, has 
raised great interest in recent 
years. It now represents a major 
differential diagnosis when 
patients present with dysphagia, 
food impaction and symptoms 
of gastroesophageal reflux [1, 
2]. There is an approximately 3:1 
male-to-female predominance, 
male gender being a strong risk 
factor for developing EoE [1, 3]. 
A microscopic assessment of the 
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ABSTRACT

Eosinophilic esophagitis (EoE) is an eosinophil-rich, Th2 antigen-mediated disease of increasing worldwide 
prevalence. Originally considered common in children and young adults, it can be seen at any age, with 
the highest prevalence between 30 and 40 years. Symptoms reflect esophageal dysfunction, and typical 
endoscopic pictures consist of rings, furrows, exudates and edema. Progressive disease leads to pathologic 
tissue remodeling, with ensuing esophageal rigidity and loss of luminal diameter caused by strictures. The 
definitive diagnosis is histological (at least 15 eosinophils/HPF, high power field), upper gastrointestinal 
endoscopy with multiple esophageal biopsies being mandatory.  Current therapeutic options include dietary 
and pharmacologic treatments. Despite being successful in a high proportion of patients, elemental diet has 
multiple disadvantages. Therefore, a step-up approach (using a two-, four- and six food elimination diets) is 
preferred, being globally effective in up to 79% of cases and avoiding unnecessary restrictions. Drug therapy 
relies on proton pump inhibitors and topical corticosteroids. Esophageal dilation may be required to increase 
luminal patency, leading to immediate symptomatic improvement in 95% of EoE patients, who have strictures 
or narrow caliber esophagus. The chronic nature of the disease necessitates long-term therapy. In this review, 
current diagnostic and treatment options are discussed and a treatment algorithm is proposed.
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Abbreviations: CAPN14: Calpain-14; EoE: eosinophilic esophagitis; EREFS: exudates, rings, edema, furrows, 
and strictures; GERD: gastro-esophageal reflux disease; HPF: high power field; HRQoL: health-related quality 
of life; PPI: proton pump inhibitor; PPI-REE: esophageal eosinophilia responding to PPIs; SFED: six-food 
elimination diet; TSLP: thymic stromal lymphopoietin.

esophageal endoscopically taken biopsies showing at least 15 
eosinophils/HPF is required to establish a diagnosis of EoE in a 
suggestive clinical setting [1]. The number of EoE publications 
before 2000 was about 0-1 per year and has increased to more 
than 200 publications in 2013. Eosinophilic esophagitis is a 
rapidly increasing disease, in incidence and also in prevalence 
[4] and generates an estimated annual burden of approximately 
1,4 billion dollars in the United States of America [5]. A 
recent study on Japanese patients showed that EoE is a mild 
disease with a slow pattern of progression [6]. Being initially 
an inflammatory condition, over time, EoE progresses to a 
fibrostenotic disease [7]. According to the latest EoE published 
guideline, diet, proton pump inhibitors (PPIs) and topical 
steroids are the current treatment options for these patients [1]. 

EPIDEMIOLOGY

The first report of a patient with EoE was published in 
1978 by Landres et al. [8]. Since then, various case reports 
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with different terminology (such as idiopathic EoE, allergic 
esophagitis, primary EoE, etc.) have been reported. In 1993, 
Attwood et al. were among the first to characterize the disease 
[9]. The incidence and prevalence of EoE have risen rapidly 
in the last years. Nevertheless, it is not known if the ever-
increasing number of EoE cases is due to a real increase in 
incidence or is the result of better recognition [10, 11]. In 
addition, there are reports showing that the number of biopsies 
almost doubled in a period of 15 years [12]. The reported 
incidence of EoE varies from 1 to 20 new cases per 100.000 
inhabitants per year with a mean value of 7 and the prevalence 
ranges between 13 and 49 cases per 100,000 inhabitants [1]. 
Epidemiological data reported by several European studies are 
summarized in Table I. 

At variance from a commonly held idea that EoE is a 
disease mainly diagnosed in children and younger adults, 
any age can be affected by EoE, with the highest prevalence 
between 30 and 40 years, male gender being the most frequently 
involved [13, 17]. From a geographic point of view, reports of 
EoE cases and studies covering developed countries prevail 
upon those published from developing countries, no report 
being available from Africa [18].  Caucasians have an older 
age than African-American subjects and develop dysphagia 
more frequently. However, race is not significantly associated 
with atopic diseases, gender or clinical symptoms, other than 
dysphagia. Esophageal rings were reported more frequently 
in Caucasians [19].

PATHOPHYSIOLOGY

The pathogenesis of EoE has not been yet fully elucidated. 
Since, according to early reports, the histologic picture of 
EoE improved following restriction of dietary antigens 
[20], and symptoms reappeared after reintroduction of the 
triggering dietary components, the condition was considered 
to be an allergic disease [21]. Furthermore, 70% of pediatric 
population and half of the adults diagnosed with EoE are 
positive to skin prick testing and serum testing to food antigens 
[22]. In addition, patients with EoE have often other atopic 
disorders such as rhinitis, asthma or atopic dermatitis [1, 23]. 
Aeroallergens seem to be involved, as spring and summer 

cases outnumber the cases diagnosed in the fall or winter [24], 
possibly due to sensitization to food allergens derived from 
plants, which cross-react with pollens [23]. Whether EoE is 
an IgE-mediated disease, or an IgG4-associated condition is 
still a matter of debate [25].

More recent studies identified susceptibility genes 
associated with disease development. Squamous epithelial 
cells of the esophagus have a high expression of Calpain-14 
(CAPN14), an intracellular protease involved in cytoskeletal 
dynamics, cell-cycle progression, and gene expression. The 
CAPN14 gene is positioned in an epigenetic hotspot regulated 
by IL-13, a Th2 cytokine overexpressed in patients with EoE. 
Polymorphism of this gene (the variant at rs6736278) increases 
the risk of EoE, by impairing epithelial barrier function [26]. 
Esophageal epithelial cells also produce thymic stromal 
lymphopoietin (TSLP), which induces Th2-type immune 
response. Genetic variants at 5q22 encoding TSLP have been 
associated with allergic diseases such as asthma, allergic 
rhinitis, and EoE [27]. Approximately 1/3 of patients with EoE 
have other autoimmune conditions, including celiac disease, 
Crohn’s disease, ulcerative colitis, rheumatoid arthritis, etc. A 
recent study reported a common locus (16p13) inducing a high 
risk for both EoE and non-allergic, immune-mediated diseases. 
This region encodes for the genes expressed in immune cells 
and esophageal epithelial cells [28]. Environmental factors, 
including the ones experienced in early life are involved in 
the etiology of the disease. An overly hygienic environment, 
antibiotic and PPIs use, cesarean delivery influence the host-
microbiome balance and might increase the risk of EoE [29]. 

Thus, in a genetically susceptible person, with an impaired 
epithelial barrier function, such as a patient with gastro-
esophageal reflux disease (GERD), food and microbiota 
antigens penetrate underneath the epithelium and induce 
a Th2 type immune response in the esophagus [30]. This 
type of immune response plays an important role in EoE 
pathogenesis and was suggested by the presence of Th2 type 
cytokines (especially IL-5 and IL-13) in esophageal mucosa of 
patients with EoE [31]. IL-5 stimulates eosinophil production, 
and IL-13 increases eotaxin-3 production by esophageal 
epithelial cells, increasing secondary eosinophil accumulation 
[32]. Activated eosinophils release granular proteins, which 

Table I. Epidemiology of eosinophilic esophagitis in Europe

Paper Region/ Country Period studied Age (years) Gender Incidence /100,000  
inhabitants

Prevalence 
/100,000 
inhabitants

Hrutz et al.  
[13]

Olten County, 
Switzerland

1989-2009 9-77 76% males 2.45; annual incidence 
increased in the last 6 years 
(4.4-7.4)

42.8

Arias AJL et 
al. 2013 [14]

Spain January 2005 - 
December 2011

29.4 80%< 40 years Male/female: 19/1 6.37 44.6

Giriens B et 
al. 2015 [15]

Canton of Vaud, 
Switzerland

1993-2013 3-81 (the mean age 
at diagnosis 41+/-
16 years)

incidence was almost 
3 times higher in 
males than in females

0.16 in 2004;  6.3 in 2013 
10.6 times higher between 
2010-2013, compared with 
1993 -2009 period

24.1 in 2013

Dellon ES et 
al. 2015 [12]

Denmark 1997-2012 Mean age=48 years 71% males 19.5 increase between 1997 
and 2012 (0.13 to 2.6)

13.8 in 2012

Warners M et 
al. 2017 [16]

Netherlands 1996-2015 37.5 83% males 0.01 in 1996; 2.1 in 2015
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break the epithelial barrier and injure the neurons, hence 
altering sensory and motor function of the esophagus. They 
also increase TGF-β and periostin, which stimulate fibrosis, 
and over time determine tissue remodeling [33]. A synopsis 
of the current understanding of pathophysiology of EoE is 
presented in Fig. 1.

Novel pathogenetic concepts have recently been put 
forward [35]. From a gastroenterological standpoint, the 
most intriguing hypothesis relates to the use of antisecretory 
medications, especially the PPIs [36]. Studies have shown 
that some food allergens that ordinarily would be degraded 
by peptic digestion are not degraded when the pH of gastric 
fluid is raised. Other studies have shown that PPIs increase 
gastrointestinal mucosal permeability, which might facilitate 
the uptake of undegraded peptide allergens. In adult patients 
treated with antisecretory medications for 3 months, IgE 
antibody levels and new, food-specific IgE antibodies are 
elevated [36]. These findings provide a plausible mechanism 
whereby acid-suppressive medications, by interfering 
with the peptic digestion of food allergens and increasing 
mucosal permeability, might lead to the development of food 
allergy. And indeed, the time course of the introduction and 
subsequent widespread use and misuse of PPIs [37] with the 
emergence of EoE [15] fits well with the hypothesis that PPIs 
might play an etiological role. 

While it is now clear that heritability of EoE is a complex 
issue, few studies have examined the interaction between 
identified genetic variants and environmental factors. Further 
research into the subgroups and epigenetics of EoE will 
promote a better understanding [38].

CLINICAL MANIFESTATIONS

Clinical presentation varies with age. In infants, feeding 
problems such as gagging, food refusal and later introduction 
of solid food are observed. Failure to thrive, described as 
inadequate growth or incapacity to maintain growth, is another 
manifestation reported in infants and small children [39-41]. 
Gastro-esophageal reflux disease symptoms or vomiting were 

reported in young children with EoE, whereas older children 
developed dysphagia and food impaction [3]. In the study of 
Ettyreddy et al. [42] EoE was the most frequent cause for food 
impaction (in more than 70% of cases).

Dysphagia represents the most common symptom in 
adults. Remedios et al. [43] found that any adult patient with 
EoE had a history of solid food dysphagia. In a retrospective 
study, Dellon et al. [44] compared symptoms and other 
parameters in patients with EoE or GERD. They noticed that 
all EoE patients experienced more often dysphagia and food 
impaction, whereas the group of GERD patients reported 
heartburn and abdominal pain as main symptoms. Heartburn 
was common in both groups: 46% in EoE patients vs. 56% in 
GERD patients (p = 0.009) [44]. Patients with dysphagia, in 
whom EoE was diagnosed, tended to be younger than those 
with dysphagia without EoE (42 ± 15 years vs. 61±15 years) 
[45]. Studies from Western countries reported more cases of 
food impaction compared to Asian studies [46].

There are no clinical symptoms that can predict EoE, but 
dysphagia was significantly more often reported in the EoE 
positive patients [47]. A median delay of 6.5 years was reported 
from the first esophageal symptoms to the identification of EoE 
[48] and a median delay of 1 year was reported from the first 
presentation at hospital to the diagnosis [49].

Patients with EoE have often other allergic disorders. In the 
study of Mackenzie et al. [45] the prevalence of EoE was higher 
in those complaining of food allergies, or asthma. In another 
study of 562 patients who had confirmed EoE, two-thirds of 
patients presented with other allergic diseases [3].

Eosinophilic esophagitis impairs the health-related quality 
of life (HRQoL) of patients. Children with EoE evaluated in 
a tertiary care program experienced psychosocial adjustment 
and coping problems [50]. Pediatric patients have reduced QoL 
and persistent symptoms even 15 years after presentation [51].  
Mukkada et al. [52] reported that EoE has a significant impact 
on HRQoL, resulting in disruption to and restrictions on 
daily life for patients, their caregivers, and, in some instances, 
their families. Current pharmacologic and dietary treatments 
improve the HRQoL of patients [52]. Patients with EoE and 

Fig. 1. Pathophysiologic overview of EoE. Environmental factors, including foods and the microbiome, interact with 
the esophageal epithelium to elicit production of the proatopy cytokines IL-33 and TSLP. Activated T regulatory and T 
helper type 2 cells secrete bioactive cytokines including TGF-β, IL-4, IL-13, and IL-5, which elicit barrier disruption, 
tissue remodeling, and eosinophilic inflammation (Reproduced, with permission, from O’Shea et al. 2018 [34])
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esophageal dysfunction try to improve their QoL by changing 
their eating habits. They develop behavioral adaptations (such 
as learning to eat slowly and cautiously) according to their 
symptoms [48].

DIAGNOSIS

Symptoms such as dysphagia or food impaction in adults, 
or feeding problems in children, should raise the concern of 
EoE. The definitive diagnosis is histological. Therefore, upper 
GI endoscopy with multiple esophageal biopsies is mandatory. 
At least 15 eosinophils/HPF (high power field) are required 
on esophageal biopsies to establish a diagnosis of EoE. Barium 
swallow can be useful, providing information complementary 
to endoscopy [18]. It can detect rings, stenoses or sub-stenosis, 
also showing the length and diameter of the esophageal 
body, besides being mandatory before a dilation procedure. 
The measurement of the maximum esophageal diameter 
represents a reliable parameter to evaluate the response to 
treatment [53]. 

Eosinophilic esophagitis and GERD are different entities 
and may coexist, either unrelated or interacting bidirectionally 
[1, 54]. Esophageal pH recording can show an abnormal 
esophageal exposure in some patients, but pH-impedance 
monitoring almost always finds significantly lower basal 
impedance levels in the distal, mid and proximal esophagus 
compared to healthy controls. Whereas baseline impedance 
decreases from proximal to distal in healthy subjects, no such 
gradient was seen in EoE patients [55]. Since both animal 
and human studies have shown that esophageal impedance 
correlates with the transepithelial resistance measured in vitro 
(that in its turn is correlated with intercellular spaces) [56], 

baseline impedance is now considered a marker of esophageal 
mucosal integrity, which appears therefore markedly reduced 
in patients with EoE [54]. The dilation of intercellular spaces 
can explain why patients with EoE are hypersensitive to acid 
perfused in the esophagus, feeling acid earlier than those with 
concomitant GERD or healthy volunteers [57]. Therefore, even 
physiologic acid reflux may trigger symptoms in these patients. 

There is no need for routine manometry since it shows 
non-specific results [58]. High-resolution esophageal 
manometry showed that 35-37% of EoE patients have an 
abnormal esophageal motility pattern [59, 60]. The most 
frequent diagnoses were of weak peristalsis and frequent 
failed peristalsis. Although motility disorders were more 
frequent in EoE patients than in controls, the prevalence and 
type were similar to those observed in GERD patients [59]. 
Pan-esophageal pressurization was present in 17% of cases, 
while compartmentalized pressurization was present in 19% 
of patients [59]. These patterns were resolved after therapy in 
86% of the cases [60]. 

After a (manometric and/or radiologic) diagnosis of 
achalasia and a food impaction history, esophageal biopsies 
are mandatory to exclude EoE [61]. It is important to realize 
that there are other causes of eosinophilic infiltration of 
the esophagus such as GERD, which is characterized by 
a low eosinophil count, usually under 5 eosinophils/HPF 
[1], Barrett disease, drug-induced esophagitis, parasitic 
infections, vasculitis and Crohn’s disease [62]. In a few cases, 
people belonging to the same family of patients with EoE 
presented with esophageal symptoms and molecular, immune-
histochemical, genetic patterns that resembled EoE, but 
without esophageal eosinophilia. This clinical entity is often 
referred to as EoE-like disease [63].

Fig. 2. Endoscopic findings in eosinophilic esophagitis: linear furrows run along the longitudinal axis of the esophagus. A) 
White light image. B) Narrow-band imaging. C) Indigo carmine-sprayed image. D) Linear erosion with reflux esophagitis 
(white arrows) is distinguishable from linear furrows with EoE (white arrow heads). E) Double line or fissure-like furrows 
are easily recognized when in contact with blood after esophageal biopsies are obtained. F) Cobble-stone like appearance 
is present in the linear furrows in severe cases (Reproduced, with permission, from Abe et al., 2017 [71]).
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Endoscopy
Younger patients have either a normal aspect of the 

esophagus or inflammatory changes, and older patients have 
more classic endoscopic findings. In children, normal aspect, 
white exudates, erythema and erosive esophagitis were often 
found, while in adults, esophageal narrowing, esophageal 
strictures, crepe-paper mucosal alterations and rings were the 
most common findings [43, 44].

A meta-analysis found that linear furrows (48%), esophageal 
rings (44%) and pallor/decreased vascularization (41%) are the 
most characteristic endoscopic findings [64]. Plaques, strictures, 
narrow caliber esophagus, are less frequent (Fig. 2). Although 
the endoscopic features raise clinical suspicion, the definitive 
diagnosis always requires esophageal biopsies with histology [64].

Hirano et al. [65] proposed a novel classification for EoE, in 
order to standardize endoscopic assessment among endoscopists. 
There was a good agreement between observers for the four 
major features of EoE namely rings (fixed, concentric rings), 
furrows (vertical lines), exudates (white spots or plaques) and 
edema (decreased vascular markings and mucosal pallor), but 
also for stricture and crepe-paper esophagus (mucosal fragility). 
Based on this novel classification, an endoscopic reference score 
EREFS (acronym for Exudates, Rings, Edema, Furrows, and 
Strictures) was proposed (Table II) with a maximum score of 9 
points.  Narrow-caliber esophagus and crepe-paper esophagus 
were excluded from EREFS [66]. Data regarding the use of this 
endoscopic classification to assess activity or remission of disease 
are so far conflicting [67]. This score is not routinely used by 
physicians in every-day practice [68].

Esophageal biopsies
Because inflammatory changes in EoE are frequently 

patchy, the probability of detecting EoE increases with the 
number of specimens obtained [72]. The European guideline 
on EoE recommends at least 6 biopsies from proximal and 
distal halves of the esophagus [1]. It is preferable to take 
biopsies from abnormal appearing mucosa, as exudates and 
longitudinal furrows hold the highest number of eosinophils. 
It is worth mentioning that up to 1/3rd of children and adults 
with EoE have a normal macroscopic esophageal mucosa. 
Therefore, if there is a clinical suspicion, biopsies should be 
taken [64]. In addition, specimens from antrum and duodenum 
are always required to rule out eosinophilic gastroenteritis, a 
secondary cause of eosinophilic infiltrate in the esophagus [1]. 

The diagnosis of EoE requires at least 15 eosinophils/
HPF. This threshold allows to differentiate EoE from other 
esophageal inflammatory diseases [1]. Recently, new methods, 
such as cytosponge or ultrathin unsedated transnasal 
gastroscopy, have been proposed to monitor disease activity 
and to assess response to therapy [73, 74].

TREATMENT

The treatment can be summarized in the three Ds: diet, 
drugs and dilation [75]. Currently, the first suggested step is 
a trial of PPIs. If the patient does not respond, either topical 
corticosteroids or diet are proposed, taking into consideration 
the age of the patient (young adults show poor adherence to 
diet), the severity of symptoms and the patient’s lifestyle and 
preferences. When symptoms are severe, topical steroids are 
preferred. Patients, who develop fibrostenotic abnormalities 
are referred to endoscopic dilation [1].

Dietary options
There are three types of diet: elemental diet which  consists 

of total elimination of food allergens using exclusively an amino 
acid-based formula, elimination of specific food allergens after 
skin allergy testing and empiric 6 food elimination diet which 
involves removing foods known by their potential allergenic 
characteristics [76].

Peterson et al. [77] showed that after 4 weeks on the 
elemental diet, there was a substantial histologic improvement 
in most cases. However, symptoms and endoscopic fixed 
strictures did not improve. Authors concluded that EoE in 
adults is substantially triggered by foods [77]. The elemental 
diet has multiple disadvantages such as avoiding all table food, 
high cost, unpleasant taste, social limitations, inducing also 
negative psychological effects. Thus, in the most cases, it is 
limited to children with EoE. Indeed, the European Guideline 
recommends considering elemental diet only after trying and 
failing with medical treatment and/or elimination diet [1]. 

A more targeted approach in dealing with allergy has 
been developed. First, specific food allergens are searched, 
using skin allergy testing [78]. Three types of allergy tests 
are used in EoE: skin prick testing, atopy patch testing and 
measurement of serum food-specific IgE [76].  The  skin prick 
testing combined with patch testing has proved to be capable of 
identifying allergic foods that are involved in the pathogenesis 
of EoE [79]. However, as shown by a meta-analysis [78], the 

Table II. Endoscopic score EREFS for grading eosinophilic esophagitis 
(from Hirano et al. [65])

Endoscopic change Scoring

Exudates 0 - absent

1 – mild, < 10% of the esophageal surface area

2 – severe, ≥ 10% of the esophageal surface areas

Rings 0 - absent

1 – mild, subtle circumferential ridges

2 – moderate, distinct rings

3 – severe, rings that impair passage of a standard 
adult diagnostic endoscope

Edema 0 - absent

1 – present, loss of vascular markings

Furrows 0 - absent

1 – mild, present but without visible depth

2 – severe, visible depth or mucosal indentation

Strictures 0 - absent

1 - present

Peripheral blood eosinophilia
Half of the patients have peripheral blood eosinophilia 

[69]. A relation between the number of circulating eosinophils 
and the eosinophils that infiltrate the esophagus has been 
established. Allergic patients who have an esophagus infiltrated 
with eosinophils have a higher count of blood eosinophils than 
allergic patients without EoE [70].
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combined effectiveness does not exceed 50%. Using a skin test 
is therefore questionable and developing a dietary therapy only 
on skin test results in adults is not recommended [80].

Using the six-food elimination diet (SFED), patients are 
advised to avoid common allergens such as milk protein, 
soy, eggs, wheat, peanuts/tree nuts, and seafood. In one 
study, legumes, rice, and corn were also excluded, given 
the characteristics of the population studied [81]. Six-food 
elimination diet significantly ameliorates symptoms and 
improves endoscopic and histopathologic appearance of EoE 
[82]. Studies looked also at 2- food and 4-food elimination 
diets. Four-food elimination diet induced remission in 54% 
of adult patients [83]. Moreover, SFED was effective in almost 
1/3 of the non-responders to the previous strategies. Globally, 
a 72% combined efficacy was reported when using both dietary 
approaches [83]. Knowing that milk and wheat/gluten are 
the main allergens incriminated in the EoE development, 
Molina-Infante et al. [84] performed a prospective study which 
began with 6 weeks of 2-food elimination diet. Remission 
was achieved in 43% of patients, with no differences between 
ages. Non responders were gradually taken to four-food 
elimination diet and 6-food elimination diet. Remission with 
4-food elimination diet and SFED was observed in 60% and 
79% of cases, respectively. In order to avoid unnecessary 
restrictions, to save endoscopies and to shorten the time to 
the diagnosis, the authors suggested a step-up approach with 
an early identification of patients that respond to an empiric 
diet with few food allergens [84]. Despite rational, long term 
adherence to this type of diet in real life is below 60%, the 
influencing factors being diet effectiveness, social situations, 
and diet-related anxiety [85].

Many physicians still believe that the food groups included 
in empiric diets are removed from the patients’ regular diet 
indefinitely. In responders to any empiric 6-week diet, all food 
groups should be reintroduced individually, with an endoscopy 
performed following each food challenge. The final goal is to 
provide a personalized maintenance therapy, with long-term 
removal solely of food triggers, namely, foods proven to induce 
esophageal inflammation after individual reintroduction [86].

Proton pumps inhibitors
Until recently, patients with esophageal eosinophilia 

responding to PPIs (PPI-REE) were excluded from EoE. Given 
the fact that EoE and PPI-REE are indistinguishable even at 
histological, molecular and genetic level, the last European 
guideline includes PPI-REE in the spectrum of EoE [1]. 

It is well known that PPIs display several non-antisecretory 
activities [87], of which the mucosal protective and anti-
inflammatory ones are the most relevant. Several mechanisms 
underly the anti-inflammatory action of PPIs: antioxidant 
effects and effects on inflammatory cells, endothelial and 
epithelial cells and gut microbiota [88]. The anti-inflammatory 
effects of PPI therapy rather than acid suppression alone 
may be responsible for the observed clinical and histologic 
improvement through inhibition of the Th2-allergic pathway. 
Indeed, like topical corticosteroids, PPIs down-regulated 
cytokine expression (eotaxin-3/Th2-cytokine) [89]. The 
mucosal protective activity of PPIs was studied by investigating 
their effect on esophageal mucosal barrier in patients with 

PPI-REE or EoE [90]. As already discussed, the integrity of 
the esophageal mucosa is impaired in both these patients, 
allowing transepithelial transport of small molecules and 
allergens. Indeed, in vitro studies from esophageal biopsies 
found that transepithelial electrical resistance is reduced and 
intercellular spaces are dilated. PPI therapy partially restores 
mucosal integrity in patients with PPI-REE, but not in those 
with EoE [90]. This normalization of dilated intercellular spaces 
is similar to that observed in patients with GERD [91].

Both retrospective and prospective studies reported 
histological remission after a 8-week course treatment 
with PPIs, with rates of remission varying from 33 to 50%, 
depending on the cut-off used to define remission (< 5 to 7 
eosinophils/HPF or < 15 eosinophils/HPF) [92, 93]. Patients 
with established GERD have higher chances to respond to 
PPIs. In addition, symptom improvement is common with 
PPI therapy despite persistent eosinophilic infiltration [94].

A meta-analysis of 33 studies (431 adults and 188 children) 
found an overall histologic remission and clinical response 
of 50.5 % and 60.8 %, respectively [95]. No differences were 
observed regarding the study population (children vs. adults) 
(Table III), the type of publication, or its quality. However, 
PPIs appeared more effective, albeit non significantly, in 
prospective studies rather than in retrospective ones (52.6% 
versus 39.1%). PPI therapy was more effective when given 
twice daily (55.9%) compared to once daily (49.7%) and when 
administered to patients with abnormal esophageal exposure 
to acid (success rate 65.4% vs 49.3% in those with normal 
esophageal pH-metry). Here again, these differences fell short 
of statistical significance [95]. To induce clinical remission in 
adults, the European guideline recommends a dose of 20-40 
mg of omeprazole or equivalent, twice daily, for 8 weeks [1]. 
To evaluate PPI-induced histologic improvement in patients 
with EoE, multiple mucosal specimens are generally needed. 
However, 4 biopsies (from the lower and middle esophagus) 
may be sufficient [96]. In responders, PPIs can also be used for 
maintenance by using the lowest effective dose [1]. 

Table III. Histologic remission rates and Clinical Remission/Improvement 
for PPI therapy in patients with EoE (compiled from Lucendo et al. [95])

Patients Histologic 
Remission (%)

I2 (%) Clinical 
Response (%)

I2 (%)

Overall 50.5 (42.2-58.7)* 67.5 60.8 
(43.4-72.2)*

80.2

Adults 49.6 (40.1-59.2)* 65.5 56.2 
(41.4-70.4)*

78.3

Children 54.1 (37.7-70.0)* 69.6 64.9 
(43.4-83.6)*

83.8

*95% Confidence intervals. The high I2 statistic values show the high 
heterogeneity of results among the different retrieved studies

In summary, due to their safety profile, ease of 
administration, and high response rates (up to 60 % clinically), 
PPIs have been considered as a first-line pharmacologic 
treatment for EoE by the Italian PPI Position Paper [97]. Some 
studies show that patients with EoE, responsive to topical 
steroids and diet, also respond to PPI treatment [98, 99]. 
However, while topical steroid therapy should be selected as 
second-line treatment, owing to long-term safety concerns, 
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simple dietary interventions are safe and inexpensive and, 
provided adherence by motivated patients be high, could be 
attempted before any pharmacologic therapy.

Corticosteroids
More than 20 years ago, oral corticosteroids were used 

to alleviate severe reflux symptoms in patients with EoE not 
responsive to PPIs and prokinetics. Clinical and histological 
improvement was observed after short courses (4 weeks) of 
methylprednisolone [100]. The use of oral corticosteroids is 
limited, however, by the high frequency (40%) of adverse effects 
[101]. Topical corticosteroids are nowadays the mainstay of 
EoE therapy [1]. Randomized trials and meta-analyses confirm 
their efficacy in inducing histologic remission in EoE [102, 
103]. Adverse events of topical corticosteroids do also occur, 
especially esophageal asymptomatic candidiasis (number 
needed to harm of 9) [104]. 

In the meta-analysis of Murali et al. [102], topical 
corticosteroids proved to be effective in inducing histological 
remission. However, the improvement in clinical symptoms 
did not reach statistical significance [102]. In the meta-analysis 
conducted by Sawas et al. [103], compared to the control group 
(placebo or PPI), topical steroid treatment achieved both 
symptomatic improvement (OR: 3.03, 95% CI: 1.57-5.87) and 
histological remission (OR: 13.66, 95% CI: 2.65-70.34).

Current steroid formulations used in the treatment of EoE 
are designed for airway delivery, and patients are instructed 
to swallow the various formulations: suspensions, puffs 
from inhalers, viscous slurry or orodispersible tablets [1]. 
Physicians should prefer the ones that offer the longest contact 
time between the drug and esophageal mucosa (for example 
viscous formulations are prefered to swallowed puffs), since 
this parameter was correlated with a higher reduction in 
eosinophils count [105]. In 2016, Miehlke et al. [106] reported 
that both regimens with budesonide (1 mg twice daily or 2 
mg twice daily) were equally effective; the effervescent tablet 
formulation was preferred by 80% of patients. These two 
formulations (orodispersible tables and viscous suspensions) 
showed the highest histologic remission rates [1].

Fluticasone (440 to 880 µg twice daily) or budesonide (1-2 
mg twice daily) for 8 weeks can be used to induce remission. 
Although long-term therapy with topical corticosteroids is 
considered effective in maintaining remission, there are no 
general recommendations regarding the doses or the duration 
of treatment, as yet [1]. In one study, 28 adult patients received 
either budesonide 0.5mg/day or placebo for 50 months, and 
at the end of follow-up, only 36% of patients were in complete 
histological remission [107]. The dose was however quite 
small, and this might have diminished the effectiveness of 
the treatment [1]. In a similar study in children, a constant 
dose of fluticasone (2 puffs to swallow twice a day; 2-4-year 
old: 44 μg/puff; 5-11-year old: 110 μg/puff; and ≥12-year old: 
220 μg/ puff) for 24 months, induced histological remission 
in 60% of patients [108]. A comparison between fluticasone 
and budesonide showed that about half of the patients had 
a histological response to treatment (<15 eosinophils/HPF), 
while clinical response was reported in 2/3 of the patients, 
with no difference in the response rate between fluticasone 
and budesonide [109].

One small trial in children evaluated ciclesonide, a topical 
glucocorticoid with less systemic absorption than fluticasone 
and showed that symptoms, as well as eosinophil counts, 
significantly decreased after 2 months of treatment [110].  
Ciclesonide is a “pro-soft drug”, which is converted to an 
active metabolite (desisobutyryl-ciclesonide) in the lungs. 
The anti-inflammatory effect of desisobutyryl-ciclesonide is 
much higher than ciclesonide, and therefore, the local effect 
of the metabolite is higher with lower systemic side effects 
[111]. Further studies with this interesting corticoisteroid are 
obviously needed to select the best regimen for the treatment 
of EoE.

Endoscopic dilation
The chronic inflammation of the esophageal mucosa leads 

to tissue remodeling, fibrosis and a change in esophageal 
caliber. Narrow caliber esophagus and fixed rings may indicate 
fibrous stricture formation. The risk factors for esophageal 
strictures are patient age and longer symptom duration [112, 
113]. At a diameter < 13 mm, dysphagia occurs, and a diameter 
< 17 mm can determine food impaction [69]. One study 
reported strictures or fibrosis in 56% of 950 patients with EoE, 
and 56% of these required dilation [114]. These patients are 
usually more refractory to steroid treatment [113] and require 
repeated endoscopic dilations. 

Esophageal dilation can be performed with either a 
balloon or a Savary dilator. Both devices are useful; however, 
the tightness and length of the stricture determines which 
method should be used. If the stricture is short (1-2 cm), a 
balloon dilator is ideal, whereas a Savary dilator can be passed 
through a longer stretch of a narrowed esophagus. To date, no 
head-to-head comparison has been conducted to conclude that 
one method is better than the other [115]. EndoFLIP (endo 
Functional Luminal Imaging Probe) can be a helpful adjunctive 
tool in both stricture identification and assessment when 
planning for esophageal dilation in adults since esophageal 
distensibility (evaluated with this device) can improve after 
treatment with either diet or medication [116].

Endoscopic dilation leads to immediate symptomatic 
improvement in 95% of EoE patients who have strictures 
or narrow caliber esophagus. Symptoms improvement after 
performing endoscopic dilation shows that tissue remodeling 
contributes substantially to symptom generation in EoE [116]. 
Since dilation has no effect on the underlying eosinophil 
inflammation, repeated procedures are usually required to 
maintain symptoms in remission. Adding an effective EoE 
treatment (be it pharmacologic or dietary) reduces the need 
of further dilation [112].

There is evidence of an increased fragility in the inflamed 
esophagus of patients with EoE. A systematic review evaluated 
the presentation, management and outcomes of surgical 
interventions for esophageal perforation in these patients: of 
76 esophageal perforation episodes in 70 individual patients, 
only eight episodes occurred after dilation. Most patients were 
treated conservatively, and recovery was uneventful [117]. 
Therefore, endoscopic dilation is a safe procedure, with a low 
rate of serious complications (< 1% perforation rate) and a 
short-term improvement of symptoms in most patients [118, 
119]. The high rate of severe complications from dilation 
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reported in early literature has not been reproduced in most 
recent series, with mild postprocedural chest pain as the most 
common side effect [112].

A suggested treatment algorithm is illustrated in Fig. 3. In 
contrast to the current guideline [1], our algorithm starts with 
diet, because it is a valid, efficient option for a good number 
of patients [84].

Other treatments
One small case series documented a clinical and histologic 

response to azathioprine or 6-mercaptopurine in steroid-
dependent EoE subjects [120].

Despite a theorical rationale, sodium cromoglycate (mast 
cell stabilizer) and antihistamines (H1-receptor antagonists) 
have all provided disappointing results [1]. Montelukast (a 
leukotriene D4 receptor antagonist) was found not superior 
to a placebo in maintaining remission induced by swallowed 
topical steroids and the compound marked OC000459 (an 
oral CRTH2 antagonist, effective against eosinophilic asthma) 
was associated with a significant improvement in symptoms, 
but not with normalization of esophageal eosinophil counts 
[121].

Future treatments
Several new drugs, especially monoclonal antibodies, are 

being developed to address the unmet medical needs of patients 
with EoE. Most are imported from other Th2-mediated allergic 
diseases and have the potential of modifying the natural history 
of the disease. However, this has to be demonstrated, as yet.

Anti-IL-5 therapies designed to target eosinophilic 
inflammation have been some of the most studied anti-
inflammatory biologic therapies in EoE. The main results of 
some small trials conducted with these monoclonal antibodies 
are summarized in Table IV.  The drugs, especially the ones 
targeting Th2 axis showed the ability to moderately reduce 
eosinophilic esophageal infiltration. However, a parallel 
improvement of symptoms was not observed. After the 
disappointing results, obtained with the anti-IgE antibody 
omalizumab and IL-5 blockers (mepolizumab and reslizumab), 
anti-IL-13 drugs have shown some effectiveness. The IL-4 
receptor antagonist dupilumab is the most promising option, 
but several molecules acting over different points at the intimate 
mechanisms leading to EoE are also potential therapies [121]. 
None of these investigational drugs is included in the latest 
EoE guideline, as a standard of care.

Fig. 3. Treatment options in patients with eosinophilic esophagitis. PPI: proton pump inhibitor
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CONCLUSIONS

Eosinophilic esophagitis is a chronic disease, genetically 
related with immune disorders, but also with allergic diseases. 
The incidence has been on the rise over the last ten years, 
and clinicians should be aware of this condition in patients 
with short term dysphagia or food impaction. Diagnosis and 
treatment of EoE are not always easy. Current therapeutic 
options, such as PPIs, topic corticosteroids, or elimination 
diet alleviate symptoms and induce histologic remission in 
most patients, but symptoms can reappear after discontinuing 
treatments and/or diet. Since progression to esophageal 
fibrosis and benign stenosis is possible, patients should be 
closely followed-up. Some new drugs (such as monoclonal 
antibodies against IL-13) appear promising, but the availability 
of novel therapies for EoE will require re-designing rational 
and realistic strategies for both remission and maintenance 
treatments. To overcome the limitations of current therapies, 
future approaches should be patient-centered and shared by 
all stakeholders involved in EoE.
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