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Abstract
Eosinophilic esophagitis (EoE) is a chronic immune-mediated inflammatory disorder characterized by symptomatic esopha-
geal dysfunction and an eosinophil-predominant inflammation of the esophagus. EoE arises from interaction between genetic 
and environmental factors. In pediatric patients, clinical manifestations vary depending on age, from a gastroesophageal 
reflux disease (GERD)-like condition to severe dysphagic symptoms. Upper endoscopy is considered the gold standard for 
diagnosis and monitoring of EoE; however, significant efforts are underway to identify noninvasive diagnostic tools and 
biomarkers to avoid repetitive invasive procedures. Therapeutic first-line options currently available for EoE are elimination 
diets, proton pump inhibitors (PPIs), and steroids. The aim of treatment is to improve clinical symptoms while obtaining 
mucosal healing and avoiding long-term complications. Dietary treatment options comprise different empiric diets or an 
exclusively amino acid formula. Despite the efficacy of diets, compliance is often challenging. PPIs and topical steroids 
represent the main pharmacological options for EoE, and both can induce and maintain remission. Topical steroids have been 
reported as more effective, but data on long-term safety remain insufficient for both these and PPIs. Endoscopic dilations 
are currently reserved for severe untreated fibrostenotic disease unresponsive to medical therapies. Several biologic agents 
are available but not yet approved for EoE.

Key Points 

Eosinophilic esophagitis (EoE) is a chronic immune-
mediated inflammatory disorder characterized by 
symptoms of esophageal dysfunction and an eosinophil-
predominant inflammation of the esophagus.

The therapeutic options currently available for EoE are 
elimination diets, proton pump inhibitors, and topical 
steroids.

More evidence is needed about the role of biologic 
agents and maintenance therapy for EoE.

1  Introduction

Eosinophilic esophagitis (EoE) is a chronic immune-medi-
ated inflammatory disorder characterized clinically by 
symptoms of esophageal dysfunction and histologically by 
an eosinophil-predominant inflammation of the esophagus 
[1]. EoE represents the main cause of dysphagia among 
children and young adults in Europe and North America 
and is the most prevalent cause of chronic esophagitis after 
gastroesophageal reflux disease (GERD) [2]. It was recog-
nized as a unique clinicopathologic syndrome only in 1993 
[3]. The awareness of this disease has increased over time, 
as has its incidence and prevalence. A recent meta-analysis 
reported an incidence of 6.6/100,000 per year and a preva-
lence of 34/100,000 in children [4]. In adults, incidence and 
prevalence were estimated at 7.7/100,000 and 42.2/100,000, 
respectively [4]. The remarkable increase in recent years 
might result from an improved diagnostic definition. On 
the other hand, the diagnosis of EoE is also rising at rates 
that outpace improvements in diagnostic accuracy. Epide-
miological data indicate a change in environmental, rather 
than genetic and immune, factors [7]. The importance of 
these factors is suggested by the lower incidence in Eastern 
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countries than in Europe and North America, where a west-
ern lifestyle is more common [7]. EoE is more frequent in 
rural areas with low population densities. A higher expo-
sure to plant-based allergens or differences in exposure to 
particulate matter (different size and origin in rural than in 
urban areas, where finer particulate matter is typically asso-
ciated with industrial activity) might be an explanation [5]. 
EoE varies according to climate zone and season, with more 
frequent diagnoses during summer [6]. It is more common in 
males, with a ratio of 3:1. Although 65% of cases occur dur-
ing childhood, there is a second peak of incidence between 
30 and 44 years of age [7]. This review aims to summarize 
the epidemiology/risk factors, clinical features, diagnostic 
management, and pharmacological approach in pediatric 
EoE, with a comprehensive review of dietary treatments. 
Lastly, we analyze and report the unsolved questions on the 
management of this relatively new disease.

2 � Pathogenesis

As mentioned, EoE derives from interaction between genetic 
and environmental factors (Fig. 1) [8]. Increased EoE fre-
quency among first-degree family members supports a role 
for genetic patterns in the development of the disease [9, 10]. 
Alexander et al. [9] reported a 64-fold and 43-fold increased 
risk of developing EoE in fathers and brothers of a patient 
with EoE, respectively, whereas monozygotic and dizygotic 

twins exhibited an EoE frequency of 41 and 22%. Familial 
patterning of EoE does not follow a Mendelian inheritance, 
suggesting a complex multifactorial component. Most of the 
EoE genetic components identified affect epithelial barrier 
functions and T-helper cell type 2 (Th2)-mediated immune 
responses [11, 12].

2.1 � Epithelial Dysfunction

Several genes involved in epithelial cell differentiation are 
located in a “hot spot” of dysregulation at the epidermal 
differentiation complex (1q21). These are included in a set 
of 574 differentially expressed genes that represent the EoE 
transcriptome [13]. The role of this complex in epithelial 
dysregulation was suggested by specific clinical syndromes 
caused by single mutations. Desmoglein 1 (DSG1) is down-
regulated by interleukin (IL)-13. The absence of DSG1 is 
sufficient to induce epithelial cell barrier dysfunction in 
EoE, even in the absence of dysregulation of tight junction 
genes; the importance of DSG1 has been demonstrated in 
SAM (severe atopic dermatitis, multiple allergies, and meta-
bolic wasting) syndrome, caused by loss-of-function muta-
tions of DSG1 or desmoplankin. Calpain 14 (CALPN14) is 
an esophagus-specific proteolytic enzyme induced by IL-13 
[14]. In EoE, increases in CAPN14 lead to a loss of DSG1 
expression and impaired epithelial barrier function. How-
ever, absence of CAPN14 also impairs the ability of the epi-
thelium to repair following IL-13-mediated damage [15]. 
Hence, it has been hypothesized that CAPN14 is an interme-
diary of IL-13-mediated esophageal epithelial homeostasis.

A fundamental epithelial protein in EoE pathogenesis 
is filaggrin (FLG), which has been reported to be down-
regulated in this condition [12]. Lastly, the serine peptidase 
inhibitors kazal type 5 (SPINK5) and SPINK7 also partici-
pate in EoE pathogenesis, likely because of being related to 
uncontrolled activity of serine proteases. All these genetic 
variants may have an additive effect in vivo, although indi-
vidual proteins have independent action on the epithelial 
function. As a result, it is possible that an increased tissue 
permeability and antigen uptake may lead to an inappropri-
ate Th2 immune response.

2.2 � Th2‑Mediated Immune Response

This immune response pattern involves several cytokines, 
such as IL-4, IL-5, and IL-13. In particular, IL-13 has been 
shown to induce esophageal eosinophilia in an experimen-
tal model and regulates several genes implicated in EoE. 
Eotaxin 3 (CCL26) causes chemotaxis of eosinophils medi-
ated by its receptor (CCR3) while being upregulated by 
IL-13. Another molecule, periostin (POSTN), induced by 
IL-13 and transforming growth factor β, increases the eosin-
ophil adhesion to fibronectin [16]. The interaction between 

Fig. 1   Genetic variants, environmental and interactive factors that 
has the potential to explain gene—environment interactions in patho-
genesis of eosinophilic esophagitis. HSV herpes simplex virus, NICU 
neonatal intensive care unit, Th2 T helper type 2
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epithelial barrier dysfunction and the Th2-mediated immune 
response is highlighted by a tight relationship between DSG1 
and POSTN. When DSG1 is absent, POSTN increases, lead-
ing to epithelial production of thymic stromal lymphopoietin 
(TSLP). TSLP is implicated in the regulation of the dendritic 
cell-mediated Th2 response, eosinophil survival, and mast 
cell and basophil activation [17–19]. STAT6 (12q13) has 
also been shown to independently associate with EoE. It is 
activated by IL-4 and IL-13 and encodes for a transcription 
factor activating many EoE genes [11, 12].

2.3 � Environmental Factors

Another important factor in EoE development is the environ-
ment. In particular, allergic sensitization seems to heavily 
influence disease pathogenesis, as indicated by the success 
of dietary elimination and several animal models [19–21]. 
The esophageal microbiome may play a role, but dysbiosis 
could also result from EoE rather than being a cause [22, 
23]. Helicobacter pylori and herpes simplex virus (HSV) 
have been shown to be inversely and directly associated with 
EoE, respectively. H. pylori has been hypothesized to polar-
ize the immune system toward a Th1 response [24]. Some 
reports described an association between EoE and HSV, but 
the cause–effect relationship remains unclear [25].

Lastly, geographical localization could be another EoE 
risk factor. According to the hygiene and microbial dysbio-
sis hypotheses, a higher EoE incidence should be expected 
within urban settings and in developed countries. Air pollut-
ants and allergens could affect esophageal epithelial devel-
opment and barrier function. On the other hand, living in a 
rural environment may place individuals at higher risk of 
developing EoE because of increased exposure to aeroaller-
gens [21]. A recent review argued against this hypothesis but 
did not rule out the possibility of pollen–food allergen cross 
reactivity [26]. Overall, more rigorous studies are needed 
to establish the true impact of geographic factors in EoE.

3 � Clinical Features

EoE clinical manifestations vary with age. Infants and 
younger children generally present GERD-like symptoms, 
such as regurgitation, vomiting, abdominal pain, food 
refusal, and failure to thrive. In children and young adults, 
dysphagia is the main symptom. Difficulty in swallowing 
solid food, food impaction (defined as difficulty in advanc-
ing bolus through the esophageal lumen and sense of foreign 
body), and non-swallowing-associated heartburn and chest 
pain are also common in this age range [27].

Although not associated with an increased risk of mor-
tality or malignancies, EoE has a chronic and progressive 
course with a negative impact on the patient’s quality of 

life [28]. The progressive EoE course is characterized by 
repeated mucosal inflammation, damage and remodeling of 
esophageal wall, collagen deposition, and lamina propria 
fibrosis, leading to the development of strictures and narrow-
caliber esophagus [29, 30]. The evolution of symptoms from 
childhood to adult age reflects the progressive inflammation 
and damage. Adolescents and adults tend to change their eat-
ing behaviors and hide dysphagia by avoiding specific foods 
(particularly meat and bread) and increasing water intake 
during the meal. Thus, symptom assessment is not a reliable 
instrument in monitoring the disease. Dysphagia can also 
be an intermittent symptom, caused more by inflammation 
than by fibrosis. Indeed, EoE has been recently recognized 
as a transmural disease involving muscular layers and neu-
ronal plexus [31]. Nonetheless, several studies have reported 
progression to fibrostenosis in most untreated EoE [32, 33].

Several scores have been proposed to assess EoE activity 
and predict remission and relapses. The Pediatric Eosino-
philic Esophagitis Symptoms Score is a parent- or self-
reported measure of EoE activity currently used for pediat-
ric patients because it has good correlation with esophageal 
inflammation [35]. For adult patients, the Eosinophilic 
Esophagitis Activity Index patient-reported outcomes instru-
ment is available: this quantifies the difficulties encountered 
by patients in swallowing different food and behavioral mod-
ification (during the meal), with modest predictive capacity 
to assess endoscopic or histologic remission [34]. Further 
and wider studies are needed to confirm the ability of the 
scores to predict actual EoE activity.

4 � Diagnosis

Diagnosis of EoE is based on a combination of symptoms 
and histologic features. Multiple esophageal mucosal biop-
sies (at least six) are necessary to evaluate the peak eosino-
phil count, which represents the current main diagnostic 
criterion [1]. The diagnostic threshold is > 15 eosinophils/
high power field (eos/HPF; standard size of around 0.3 
mm2). This cut-off provides uniformity in EoE diagnosis, 
thus distinguishing it from other esophageal inflammatory 
diseases (mainly GERD with < 5 eos/HPF). This threshold 
has been shown have a sensitivity of 100% and a specificity 
of 96% [36].

The endoscopic lesions suggestive of EoE vary. The 
most common are edema, decreased vascularity of mucosal 
surfaces, longitudinal furrows, white plaques (spots or exu-
date), and concentric rings (also indicated as trachealization) 
up to the reduction of the esophageal caliber. Esophageal 
mucosa may also appear normal in 10–25% of patients with 
EoE [133, 134]. A meta-analysis of EoE endoscopic find-
ings in more than 100 publications, comprising a total of 
4678 patients with EoE and 2742 controls (both adults and 



346	 D. Rossetti et al.

children), revealed modest sensitivity and negative and posi-
tive predictive values for endoscopic features in predicting 
histologic inflammation [37]. An EoE endoscopic score, 
the EREFS (Exudate, Rings, Edema, Furrows, Strictures) 
was proposed as a standardized tool to classify the sever-
ity of mucosal lesions, with good interobserver agreement 
[38]. Histologic examination is then mandatory to correctly 
diagnose EoE. The six biopsies should be from different 
locations, mostly focusing in areas with mucosal abnormali-
ties [1]. Beyond the eosinophil count, other nonspecific his-
tologic alterations (i.e., eosinophil abscesses, basal-layer 
hyperplasia, dilated intercellular spaces, papillary elonga-
tion) have been associated with EoE. These abnormalities 
were recently scored for severity (grade) and extent (stage) 
in a specific scoring system (EoHSS) [39]. Lamina pro-
pria fibrosis was not included in this score because it is not 
always available on mucosal biopsy, but it should be evalu-
ated to determine the effect of therapy on fibrotic changes 
[40].

Currently, no noninvasive biomarkers are available for 
EoE diagnosis and monitoring. Neither serum eosinophil 
count [41] nor level of eosinophil-derived proteins (includ-
ing cationic eosinophil protein, eosinophil-derived neuro-
toxin, basic major protein [42, 43]) have been useful for this 
purpose. Minimally invasive devices, such as Cytosponge 
(an ingestible gelatin capsule comprising compressed mesh 
attached to a string), String test, and blind esophageal brush-
ing have shown promising results in detecting esophageal 
eosinophilia. However, none of them are currently recom-
mended in EoE clinical practice [44, 45].

The use of esophageal pH-multichannel luminal imped-
ance is debated, and strong evidence is lacking. This tool 
may be used in patients with symptoms suggestive of GERD 
during the initial EoE assessment [46].

Lastly, barium swallow series have a role in esophageal 
stricture assessment when endoscopy is not technically pos-
sible, but not in EoE diagnosis. Upper gastrointestinal (GI) 
endoscopy and barium swallow series have similar sensi-
tivity in identifying the remodeling consequences of EoE, 
but inflammatory features are better assessed on endoscopy 
[47, 48].

5 � Treatment

Therapy of EoE should aim for symptoms improvement and 
esophageal inflammation resolution. Esophageal mucosa 
healing avoids long-term fibrotic sequelae and quality-of-
life deterioration [49]. EoE therapy includes dietary modi-
fications, PPI, and steroids. All are considered as first-line 
therapy in children with EoE, with no approach preferable 
to another (Fig. 2) [1], although poor patient or parental 
compliance might discourage a dietary intervention [79]. 

Endoscopic dilation is reserved for long-term untreated dis-
ease with fibrotic stenosis. Table 1 summarizes the indica-
tions for and the pros and cons of each option, as well as 
drug dosages. 

5.1 � Dietary Therapy

The rationale for diet modifications in EoE comes from the 
efficacy of dietary allergens as a trigger in the disease patho-
genesis. Three major classes of elimination diets are in use: 
elemental, targeted by allergy testing, and empiric diet [50].

In 1995, Kelly et al. [51] demonstrated the efficacy of 
an exclusively amino acid-based formula in a small pedi-
atric EoE series. All patients had normalized esophageal 
histology, and eight of ten also exhibited complete clinical 
remission. Since then, numerous studies, mostly retrospec-
tive, have corroborated these initial promising data. In a 
recent meta-analysis, the effectiveness of an elemental diet 
has been shown to be around 90% in adults and children 
[52]. However, the use of this diet is challenging for several 
factors: poor palatability, use of nasogastric tubes, lack of 
adherence, social and psychological impact, important qual-
ity of life impairment, and high costs. Thus, an elemental 
diet should be reserved for persistently active EoE resistant 
to other conventional drugs and/or empiric diets [1].

Targeted dietary therapy guided by allergy tests (includ-
ing skin prick tests, atopy patch test, and serum-specific 
immunoglobulin E [IgE]) has demonstrated efficacy of about 
45–53% in different studies in childhood [53, 54]. The main 
criticism of one of these studies was that food triggers were 
not identified by histologic remission but rather by symptom 
relapse reported by parents after individual food reintroduc-
tion [53]. A meta-analysis including 1128 children and 128 
adults with EoE confirmed these data, reporting an effective-
ness of allergy test-targeted diets in 45.5% of cases, although 
with a wide heterogeneity (I2 = 75%) and low reproducibil-
ity [52]. Its effectiveness was significantly lower in adults 
than in children (32.2 vs. 47.9%) [52]. Similar results were 
reported in some adult cases series [55, 56]. In a comprehen-
sive study from Australia, Philpott et al. [57] assessed the 
accuracy of combining five different food allergy tests (skin 
prick and patch tests, serum allergen-specific IgE, basophil 
activation test, and serum food-specific IgG) to detect causa-
tive foods in adults with EoE. None of these tests could 
accurately predict food triggers [57].

An empiric diet is currently the best studied and most 
established dietary treatment in pediatric EoE; the elimina-
tion of the most frequent foods involved in immediate hyper-
sensitivity is the rationale for this diet. The 6-Food Elimina-
tion Diet (6FED; avoiding milk, wheat, egg, soy, nuts, and 
fish/seafood) was reported for the first time in 2006, when 
Kagalwalla et al. [58] described a clinical and histologi-
cal remission rate of 74% in 60 children with EoE. Similar 
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results were obtained in other pediatric studies [64, 135]. By 
comparison, lower success rates were reported in an adult 
study (remission rate of 52% after 6 weeks of 6FED [59]). 
After the induction period, the aim is to identify the trig-
gering foods, with a gradual reintroduction. The most com-
mon causative foods identified were cow’s milk, followed 
by wheat/gluten, egg, and, to a lesser extent, soy/legumes 
(with the exception of studies conducted in Spain, where 
legumes are consumed regularly) [60, 61]. By contrast, stud-
ies have consistently shown that nuts and fish/seafood rarely 
trigger EoE. After 8 weeks of using 6FED, the reintroduc-
tion process should include a histologic remission evalua-
tion by endoscopy after each food challenge [1]. Although 
timeframes are not clear and standardized, a period of 
8–12 weeks between the challenges, and 4–6 weeks from the 
latter to endoscopy, should be reasonable [50]. This process 
entails a rigorous sequence of upper endoscopy to assess 
histological remission after a food class reintroduction, with 

a negative psychological impact and high healthcare costs. 
On this basis, a step-up approach was developed to optimize 
dietary restrictions and endoscopic procedures, beginning 
with a two- or four-food elimination diet [63]. A first multi-
center study in 78 patients from the USA showed a remission 
rate of 64% with a 4FED [62]. The frequency of triggering 
foods was similar to that in previous studies, and 45% of 
patients registered cow’s milk as a unique trigger. These 
data suggest that 2FED (exclusion of cow’s milk and wheat/
gluten) could be sufficient to identify foods that cause EoE 
in a substantial proportion of affected children. This step-up 
approach was first assessed in a multicenter study conducted 
in 14 centers involving 130 consecutive adult and pediatric 
patients: all patients underwent 2FED (milk and gluten), and 
nonresponders were offered to escalate to 4FED and eventu-
ally to 6FED [63]. 2FED achieved EoE remission in 43% of 
patients, and 4FED and 6FED led to remission rates similar 
to those previously reported. Compared with starting with a 

Patient with confirmed EoE

PPI therapy Dietary treatmentSwallowed topical steroids

Strictures/narrow caliber  esophagus

Clinical and 
histologic remission 

Rule out other conditions
Revaluation of the initial diagnosis

No remission

Check the efficacy of alternative  
anti-inflammatory treatment 

above

No 

 Elemental diet
Experimental drugs

Long-term treatment with an effective anti-
inflammatory drug or diet

Endoscopic dilation

Histologic remission 
with persistent 

symptoms

Consider one among these options

No remission Yes 

Fig. 2   Therapeutic algorithm for treatment of eosinophilic esophagitis in clinical practice. Reproduced with permission from Lucendo et al. [1]
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6FED, this step-up strategy allowed reduction of endoscopic 
procedures and shortening of the diagnostic process time 
[63]. Taking these results into consideration, a 6FED might 
be reserved for motivated patients unresponsive to a less 
restrictive empiric elimination diet.

Overall, although these dietary treatments have shown 
good efficacy in obtaining remission and identifying trig-
gering foods, very weak evidence has been reported regard-
ing long-term effectiveness to maintain drug-free disease 
remission. A first pediatric study described a relapse fol-
lowing rechallenge with triggering food after 4 years of an 
elimination diet [64]. Other more recent studies in adults 
reported a stable remission after 1 year of diet [59, 65], but 
data about longer follow-up with a diet maintenance therapy 
are needed.

5.2 � Proton Pump Inhibitors

The role of PPIs in the management of EoE has changed 
over time. They were originally used in patients with esoph-
ageal eosinophilia to distinguish GERD from EoE. Later on, 
patients who responded to PPI were diagnosed as having a 
specific condition named “PPI-responsive esophageal eosin-
ophilia” (PPI-REE) [66], considered an entity distinct from 
EoE and GERD. However, in 2017, the AGREE conference, 

involving experts from 14 countries, recognized significant 
overlap between PPI-REE and EoE in terms of Th2-mediated 
inflammation and abnormal gene expression [67]. Therefore, 
challenge with PPI was excluded from the diagnostic crite-
ria, and PPI-REE was recognized within the same spectrum 
as EoE. Consequently, PPI therapy is now recognized as 
a valid first-line therapeutic option in patients with EoE, 
with recommended doses of omeprazole 1–2 mg/kg twice 
daily (BID) or equivalent in children and 20–40 mg BID in 
adults [1]. The efficacy of PPI in inducing remission seems 
to be related not only to the reduction of esophageal damage 
caused by acid exposure [86] but also to the anti-inflam-
matory effect. By blocking the Th2 response, PPIs lead to 
a reduction in inflammatory cytokines, thus repairing the 
epithelium [87, 88]. Evidence of PPI efficacy derives from 
several prospective randomized controlled trials (RCTs) 
[68–71], with clinic and histologic remission rates (defined 
as < 15 eos/HPF at biopsy) ranging from 33 to 57%, depend-
ing on the study design and patient population. Recently, a 
systematic review and meta-analysis of 33 studies, including 
431 adults and 188 children, reported an overall efficacy 
of PPI in inducing histologic remission in about 50.5% of 
cases, with clinical improvement in 60.8% [72]. No differ-
ences were observed between children and adults. Moreover, 
the authors observed a trend toward significance for a higher 

Table 1   Dietary and pharmacological induction therapies available for children with eosinophilic esophagitis

GI gastrointestinal, NA not applicable

Intervention Dose Indications Advantages Limitations

Dietary therapy
 Empiric diet NA First-line dietary therapy Effective in induction ofremission 

(around 70%)
Can identify trigger foods
Step-up approach possible

High costs of top-down approach
Many upper endoscopies required to 

identify trigger foods
Timing of reintroduction to maintain 

remission is unclear
 Elemental diet NA Recommended for severe 

and unresponsive 
disease

High efficacy in inducing and main-
taining remission (90%)

High costs
Poor palatability
Poor compliance
Impaired quality of life

 Targeted diet NA Not recommended Low hypothetical number of foods to 
be eliminated

Mild efficacy (40–50%)
Allergy tests unsuitable for identifying 

trigger foods
Pharmacological therapy
 PPI 1–2 mg/kg/day 

(max 80 mg/
day)

First-line therapy Effective in induction
Easy administration
Possible as maintenance therapy

Increased side effects with long-term 
therapy (dysbiosis, micronutrient 
malabsorption, GI and respiratory 
infections)

 Topical steroids Fluticasone 
880–1760 
mcg/day

Budesonide:
height < 150 cm: 

1 mg/day
height > 150 cm: 

2 mg/day

First-line therapy High efficacy in inducing and main-
taining remission

Excellent symptom control
Effective in preventing mucosal 

fibrotic changes
No systemic side effects

Approved pre-prepared viscous formu-
lations unavailable for children

Esophageal candidiasis and herpes 
esophagitis

Effects of long-term treatment unclear
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efficacy of PPI when administered BID compared with once 
daily (55.9 vs. 49.7%, respectively). Higher remission rates 
have been reported in those with documented GERD, rang-
ing from 70 to 80% [73]; nevertheless, esophageal pH moni-
toring failed to predict responsiveness to PPI treatment in 
other studies [74, 80, 81]. A negative correlation between the 
number of eos/HPF and response to PPI has been reported 
[74, 80]: patients with a higher peak eosinophil count were 
less likely to respond to PPIs. However, no defined threshold 
for PPI responsiveness has been identified. Clinicopatho-
logic recurrence typically occurs 3–6 months after stopping 
treatment [75, 76]. Gutierrez-Junquera et al. [74] first dem-
onstrated a sustained clinicopathologic remission at 1-year 
follow-up in children with PPI-REE receiving maintenance 
doses of PPI (esomeprazole 1 mg/kg/day) [74]. A sustained 
remission was demonstrated in about 80% of the patients 
when reducing the induction dose by between 25 and 50% 
[77]. Optimum maintenance doses have not been defined, 
so some authors have suggested that decreasing the dose 
to the lowest that keeps the disease in remission could be 
acceptable to minimize potential treatment complications 
[1, 78, 79, 82, 83]. PPIs are recognized as generally safe 
drugs, but possible recognized side effects of long-term acid 
suppression are dysbiosis, micronutrient malabsorption, 
osteoporosis, and possible higher risks for GI and respira-
tory infections [97, 98].

5.3 � Topical Steroids

Swallowed/topical steroids are a recommended first-line 
therapy option in children with EoE [1]. Their action 
seems to be related to the nonspecific inhibition of the Th2 
immune response, with secondary reduction of esophageal 
inflammation, remodeling, and fibrosis [84, 85]. Initially, 
Liacouras et al. [89] demonstrated the clinical effective-
ness of corticosteroids in an observational study conducted 
in 20 children by using systemic (oral) methylprednisolone 
1.5 mg/kg BID for 4 weeks. However, an RCT compar-
ing oral prednisolone and swallowed (topical) fluticasone 
propionate over 12 weeks demonstrated an equal effective-
ness in inducing clinicopathologic remission, with a lower 
rate of side effects in the topical steroid arm [90]. In this 
study, 40% of children treated with oral prednisolone and 
none of those in the topical steroid arm exhibited systemic 
effects (weight gain, hyperphagia, and/or cushingoid fea-
tures), although 15% of patients receiving the topical ster-
oid reported esophageal candidiasis. Therefore, systemic 
steroids are not recommended as first-line therapy in EoE 
[1]. Topical steroids are effective in children, but their 
efficacy or safety profile for chronic use is poorly under-
stood [107]. Although the European Medicines Agency 
(EMA) approved a swallowed effervescent budesonide 
tablet in 2017 for use in adult patients with EoE [103], 

they are yet to approve a corticosteroid formulation for 
use in children, so current options are limited to swallow-
ing aerosolized or nebulizer corticosteroids, with flutica-
sone and budesonide the best studied. Several RCTs have 
demonstrated the efficacy of topical steroids in inducing 
histologic remission in patients with EoE [91–96]. Topical 
steroids were superior to placebo in inducing improve-
ments in dysphagia scores, despite not having statistically 
significant differences [93]. However, a meta-analysis of 
five RCTs conducted in children and/or adults comparing 
fluticasone and budesonide demonstrated that the latter 
was significantly superior to placebo in terms of sympto-
matic relief [odds ratio (OR) 7.20; 95% confidence interval 
(CI) 2.15–24.05] but not superior to fluticasone propionate 
(OR 1.27; 95% CI 0.44–3.65) [92]. No head-to-head tri-
als have compared budesonide and fluticasone in children; 
available data are limited to indirect comparisons of data 
from different trials. Dellon et al. [100] evaluated the effi-
cacy of oral viscous budesonide (OVB) and swallowed 
fluticasone in a randomized trial with placebo involving 
129 adult and young adult patients with a new diagnosis 
of EoE: both the pharmacological arms showed an analo-
gous clinical-endoscopic and histological improvement. 
Fluticasone propionate is administered directly into the 
patient’s mouth using a metered dose inhaler without a 
spacer and then swallowed; patients should then not drink 
for at least 30 min. Recommended doses are as follows: 
fluticasone 880–1760 mcg/day in children and 1760 mcg/
day in adults; swallowed/topical budesonide 1–2 mg/day 
in children and 2–4 mg/day in adults [1].

Maintenance treatment is crucial in children, as disease 
generally relapses after cessation of therapy, and active 
inflammation may lead to progressive fibrosis over time 
[108]. Little evidence is available regarding a maintenance 
strategy. Oliva et al. [104] recently reported a sustained 
remission after induction therapy in 20 children receiving 
maintenance treatment with a 50% dose reduction of OVB. 
Similar results have been reported for half doses of swal-
lowed fluticasone [105]. Guidelines support the use of long-
term therapy with topical corticosteroids in maintaining 
remission in steroid-responsive patients, decreasing the dose 
by 50% [1]. However, available data are poor and conflicting 
regarding the long-term safety of these drugs [109–111].

Predictors of response to steroids are not understood. 
Wolf et al. [106] evaluated several potential predictive fac-
tors of response to topical steroids in a retrospective study 
conducted in 221 patients: multivariate regression analy-
sis indicated the need for esophageal dilation at baseline 
endoscopy, and decreased levels of mast cells and eotaxin-3 
were demonstrated to predict nonresponse; conversely, the 
presence of abdominal pain was a predictor of response to 
topical steroids. Oliva et al. [137] recently identified a differ-
ent messenger RNA expression of a serine protease inhibitor 
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(SERPINB12) in a pediatric cohort with a different tendency 
to relapse after discontinuation of topical steroids.

Unlike systemic steroids, topical steroids are generally 
considered safe. The most common associated complication 
is esophageal candidiasis, which occurs in 5–30% of cases 
[99]. Recently, herpes esophagitis has been reported as a 
possible complication [101, 102]. No evidence is currently 
available regarding the potential role of topical steroids in 
reduction of bone mineral density or growth retardation.

5.4 � Biologic Agents

The role of immune cells and cytokines in EoE inflammatory 
processes suggests that agents directly modulating immune 
response might have substantial efficacy by minimizing the 
risk of adverse effects. Table 2 summarizes the most relevant 
clinical trials, both published and ongoing, using biologic 
agents in children and adolescents with EoE.

5.4.1 � Interleukin (IL)‑5 and Immunoglobulin E

The cytokine IL-5, as mentioned, has a recognized central 
role in the chronic Th2 inflammation that occurs in EoE. 
Monoclonal antibodies against IL-5 (mepolizumab, resli-
zumab) were evaluated in five studies in adults and chil-
dren with EoE, the results of which indicated a significant 
reduction of esophageal eosinophilia and a mild reduction 
of clinical symptoms but without a complete histological 
remission, and with rapid relapse after discontinuation. The 
most frequent adverse events were headache, cough, nasal 
congestion, and upper respiratory tract infections [112–116]. 
In particular, a multicenter, double-blind randomized trial 

investigated the effect of mepolizumab in pediatric patients 
with EoE and reported a decrease of peak eosinophil counts 
from 122.5 to 40.2 eos/HPF. However, the primary out-
come (< 5 eos/HPF at week 12) was achieved in only 8% 
of patients, and significant improvement in symptoms was 
not detected across dosing arms [114]. Another placebo-
controlled trial with mepolizumab is currently ongoing in 
patients aged ≥ 16 years (clinicaltrials.gov NCT03656380). 
In a large phase III trial, 226 children with EoE received res-
lizumab in three different dosing arms every 4 weeks: < 25% 
of subjects achieved the threshold of < 15 eos/HPF, and no 
changes were observed in symptoms compared with placebo 
[115]. Preliminary data demonstrated the clinical and histo-
logic efficacy of benralizumab (an antibody binding to the 
IL-5 receptor α on eosinophils) in patients with hypereosino-
philic syndrome [136], and it is currently being investigated 
in adolescent and adult patients with eosinophilic gastritis 
(clinicaltrials.gov NCT03473977).

Omalizumab (a serum IgE-blocking agent) demonstrated 
no efficacy in reducing symptoms or tissue eosinophilia 
compared with placebo in a trial in 30 adults with EoE [117].

5.4.2 � IL‑13 and IL‑4

As previous described, a large number of EoE-associated 
genes are induced by IL-13, so these molecules could 
be a promising target for biological therapy. A study in 
adult patients with monoclonal antibodies against IL-13 
(QAX576, dectrekumab) showed a decrease of 60% in 
eosinophil load and a decrease in EoE-related gene expres-
sion but did not significantly improve clinical symptoms 
[118]. QAX576 appears to have been discontinued in all 

Table 2   Clinical studies evaluating monoclonal antibodies for the treatment of eosinophilic esophagitis involving adult and pediatric patients

IL interleukin, NR no response, OLE open-label extension, PC placebo controlled, RCT​ randomized controlled trial, + indicates slight but not 
significant improvement, +  + indicates significant improvement
a Clinicaltrials.gov record
b Estimated enrollment

Target Name Study Design Population (N) Dosage Duration 
(months)

Clinical response 
(%)

Histologic 
remission 
(%)

IL-5 Mepolizumab Assa’ad et al. 
[114]

PC phase II RCT​ 59 0.55, 2.5, or 
10 mg/kg 
monthly

3 NR NR

NCT03656380a PC phase II RCT​ 72b 100 or 300 mg 
monthly

3 Study ongoing

IL-5 Reslizumab Spergel et al. 
[115]

PC RCT​ 226 1, 2, or 3 mg/kg 
monthly

4 NR  + 

Markowitz et al. 
[116]

OLE of PC RCT​ 9 2 mg/kg monthly 108  +   +  + 

IL-5 Benralizumab NCT03473977a PC RCT​ 26b 30 mg monthly 3 Study ongoing
IL-4/-13 Dupilumab NCT03633617a PC RCT​ 425b Not reported 6 Study ongoing



351Diagnosis and Treatment of Children with Eosinophilic Esophagitis

indications. RPC4046 (cendakimab), another anti–IL-13 
monoclonal antibody, reduced esophageal eosinophilia 
and improved endoscopic features and dysphagia in adult 
patients, particularly in patients with steroid-refractory 
EoE [119]. The lack of full symptomatic response in this 
trial, despite histologic remission, may be due, in adults, to 
fibrotic remodeling of the esophageal wall and not necessar-
ily to the pharmacologic failure of the drug.

A promising effective biologic is dupilumab, a monoclo-
nal antibody that acts on the IL-4 receptor, thereby inhibit-
ing IL-4/IL-13 signaling and negatively regulating the Th2 
response. In a very recent phase II study, dupilumab reduced 
dysphagia, histologic features of disease (including eosin-
ophilic infiltration and a marker of type 2 inflammation), 
and abnormal endoscopic features compared with placebo 
in 23 adult patients with EoE [120]. A large phase III trial 
of dupilumab in adolescents and adults with EoE is ongo-
ing and scheduled to complete in 2023 (clinicaltrials.gov 
NCT03633617). In conclusion, of the already evaluated bio-
logics, dual targeting of IL-13 and IL-4 appears to represent 
the most promising approach in EoE.

5.4.3 � Novel Targets

Other possible targets for biologic agents are receptors and 
cytokines involved in epithelial barrier disruption and eosin-
ophil migration. Although clinical trials are not available 
yet, some studies on IL-33-blocking agents, macrophage 
migration inhibition factor, and TSLP receptors in murine 
models of EoE seem to show promising results [121, 122, 
138].

5.5 � Other Medical Therapies

The mast cell stabilizer cromolyn sodium is not effective 
in EoE. In a randomized double-blind trial in 16 children, 
the efficacy of viscous oral cromolyn (100 or 200 mg/day 
for 8 weeks) was compared with placebo. Cromolyn failed 
to improve clinical symptoms and did not decrease the peak 
eosinophil count [127].

Montelukast, a leukotriene receptor antagonist, was 
shown in an open-label trial to induce symptomatic relief 
in adult patients with EoE without affecting esophageal 
eosinophilia [123]. Unfortunately, these data have not been 
confirmed in controlled trials of this medication [124, 125]. 
The use of montelukast in pediatric patients with EoE has 
not been assessed. The use of leukotriene inhibitors for treat-
ment of EoE is therefore not recommended [1].

In analogy with inflammatory bowel disease, immu-
nomodulators have been proposed as sparing agents for 
topical steroid therapy. Indeed, in a small series of adult 
patients with refractory EoE, purine analogs were effec-
tive in maintaining remission [126]. However, pediatric 

trials with these drugs are not available, and this possible 
therapeutic strategy has not been further evaluated with 
controlled clinical trials, so thiopurines are not currently 
recommended for EoE.

5.6 � Endoscopic Dilation

The most serious complication of EoE, both in pediatric and 
adult patients, is the development of tight esophageal stric-
tures as a consequence of remodeling and consequent fibro-
sis of mucosa, especially in the lamina propria. Although the 
causes leading to the “stenosing” phenotype in some patients 
remain unclear, the duration of untreated disease is currently 
the most important risk factor for strictures [1]. Esopha-
geal dilation is usually indicated in severe fibrostenotic EoE 
strictures unresponsive to medical/dietary treatment; these 
represent the minority of strictures in children. Indeed, the 
first medical treatment indicated in mild recent inflammatory 
EoE strictures should be topical steroids before esophageal 
endoscopic dilation [128]. Esophageal dilation may be con-
sidered first-line treatment for very severe strictures and/
or significant dysphagia and frequent symptoms necessitat-
ing prompt improvement. In this eventuality, a concomitant 
pharmacological therapy should also be promptly initiated. 
Endoscopic dilation using hydrostatic balloon dilation or 
Savary-Gilliard-Bougie (both are safe and effective [129, 
130]) should be considered in children with lumen narrow-
ing not responsive to steroid and/or PPI therapy, with serious 
symptoms that interfere with adequate diet or—in severe 
stenosis with a marked fibrotic character, where a significant 
benefit from drug therapy is not expected [131, 132].

6 � Conclusions

Many questions regarding the management of EoE in chil-
dren remain unanswered (Table 3). Several studies are evalu-
ating the molecular mechanisms underlying EoE and possi-
ble therapeutic targets [138]. The ultimate aim is to introduce 
a personalized approach. Meanwhile, current efforts should 
focus on optimization of PPIs and topical steroids, either 
alone or in combination with a tailored elimination diet. 
Dilation is a rescue therapy for the narrowed, fibrostenotic, 
symptomatic esophagus, but this should be rare in children 
with adequate maintenance therapies. The complexity of 
the treatment regimens and the frequent follow-up evalua-
tions require a multimodal, multidisciplinary management 
approach for optimization of patient care.
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