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Abstract Eosinophilic esophagitis (EoE) is a chronic and

abnormal Th2 type immunological response characterized

by intense eosinophilic inflammation localized within the

esophagus. This leads to esophageal dysfunction and

remodeling accompanied by subepithelial fibrosis.

Recently, EoE has been recognized as one of the major

causes of dysphagia or food impaction in adults. The

prevalence of EoE has been increasing over the past several

decades, particularly in Western countries. EoE should be

differentiated from secondary esophageal eosinophilia (EE)

in gastroesophageal reflux disease (GERD) and eosino-

philic gastroenteritis, involving the entire gastrointestinal

tract. EoE is an uncommon condition in Asia compared

with Western countries. With the growing interest and

awareness of this condition during the past decade, reports

of this disease are increasingly emerging in Asian countries

including Japan. Typical EoE does not respond to proton

pump inhibitor (PPI) therapy according to the current

Western diagnostic guidelines. However, some cases of EE

exhibit symptomatic relief and histological improvement in

response to PPI [i.e., PPI-responsive esophageal eosino-

philia (PPI-REE)]. The understanding of the clinical

manifestations and unique endoscopic images of EoE,

differences and similarities between GERD, PPI-REE, and

EoE will all serve as the differential diagnosis. Further

knowledge of the indications and efficacy of PPI therapy

and topical steroid therapy will also aid in the management

of these diseases. In this article, we will review the current

diagnosis and treatment of EoE in clinical practice.
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Abbreviations

EoE Eosinophilic esophagitis

EE Esophageal eosinophilia

GERD Gastroesophageal reflux disease

EGE Eosinophilic gastroenteritis

EC Eosinophilic colitis

PPI Proton pump inhibitor

PPI-REE Proton pump inhibitor-responsive esophageal

eosinophilia

SPT Skin patch test

APT Atopy patch test

TSLP Thymic stromal lymphoprotein

IL Interleukin

TGF Transforming growth factor

HPF High-power field

CYP Cytochrome P450

TTS Through-the-scope

EGD Esophagogastroduodenoscopy

Epidemiology

Esophageal eosinophilia (EE) was first reported as the

esophageal involvement of eosinophilic gastroenteritis

(EGE) in 1977 [1] or as a partial manifestation of eso-

phageal achalasia in 1978 [2]. Thereafter, this condition

had been considered a subtype of gastroesophageal reflux

disease (GERD) with atypical appearance, termed ‘‘ringed

esophagus’’ [3]. In 1993, Attwood et al. [4] described a
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case series of 12 patients characterized by dysphagia as a

chief complaint, young male predominance, intense eosi-

nophilic inflammation localized in the esophagus, normal

endoscopy, and no pathological gastro-esophageal reflux.

Their report was the first to establish EoE as a distinct

disease entity different to GERD or secondary EE (e.g.,

EGE, hypereosinophilic syndrome, celiac disease, Crohn’s

disease, infection, drug hypersensitivity, or connective

tissue disease) [5].

The majority of the epidemiological studies from Wes-

tern countries have shown that the prevalence of EoE has

been increasing during recent decades. The prevalence of

EoE is likely influenced by an enhanced recognition of this

condition and increasing endoscopy use in clinical practice

[6–9]. The prevalence of EoE is much higher in Western

countries compared to Asia, including Japan. In contrast,

EGE is relatively common in the Asian population com-

pared to the Western population [10–12]. A recent sys-

tematic review by Arias et al. [13] revealed that the

population-based prevalence of EoE was estimated at

2.3–56.3/100,000, with a combined prevalence of 22.7/

100,000 and 0.28% in North American and European

populations. As expected, the prevalence varies widely by

the population investigated in each study. According to

several previous reports, EoE was diagnosed in 0.02–0.4%

in the general population [6, 14], in 1.0–6.5% among

patients with upper endoscopy for various reasons [15–17],

and in 2–48% among the patients with dysphagia or a food

impaction [18–22]. In addition, there is a report that EoE is

more prevalent in areas with a cold or arid climate, as well

as urban areas compared with warm climates or rural areas

[23, 24]. Thus, there is a wide variation in the reported

prevalence of EoE according to the various factors, such as

the sample size, studied population, and area.

Although EoE has been reported in all generations, the

prevalence between children and adults is similar

[13, 25, 26]. In adults, these conditions are two- or three-

fold more common in men, presenting primarily in young

men ranging from 20 to 40 years of age [27]. Individuals

with EoE frequently have allergic conditions (e.g., bron-

chial asthma, atopic dermatitis, or rhinitis), with an overall

prevalence of 60–70% in the US population [25, 26].

In Japan, EoE was first reported by Furuta et al. [28].

The prevalence of EE or EoE is estimated to be 0.02–6.6%

(Table 1) in the recent studies reported from the east Asia

including Japan, in which studied population have under-

gone an endoscopy for a health check-up or for gastroin-

testinal symptoms suggestive of EoE [29–37]. The number

of the patients enrolled in Asian reports is approximately

20 at most, much lower than that in the Western reports.

According to the recent meta-analysis by Kinoshita et al.

[38] the reported prevalence of EoE in Asian population is

approximately 17.1-6557/100,000, exhibiting a wide range

possibly attributable to an inclusion bias with studies using

a small sample size or a different indication for endoscopy.

Allergic predisposition and male predominance are simi-

larly observed in Japan, similar to Western countries;

however, the peak age at diagnosis ranges from 40 to

60 years, which is an older age compared with that of the

Western patients [11, 39]. ‘‘Asymptomatic EoE’’ without

any troublesome esophageal symptoms is occasionally and

incidentally identified in clinical practice in Japan, where

the screening endoscopy is widely and easily performed

[30, 32–34, 40, 41]. However, this type of EoE is not an

entity according to the current diagnostic guidelines.

Moreover, little is known about the prevalence, clinical

significance, and natural history of asymptomatic subjects

with EE.

Pathogenesis

A growing body of experimental and clinical evidence

supports the notion that an enhanced Th2 type-immuno-

logical reaction against causal food allergens, with or

without a potential trigger by aeroallergens, is the main

underlying mechanism of EoE [42, 43]. This reaction

occurs primarily via non-IgE mediated hypersensitivity

(delayed hypersensitivity), with a partial participation of

IgE-mediated hypersensitivity (immediate hypersensitiv-

ity) [44–46]. Acute EE associated with an immediate food

hypersensitivity is reportedly present, but it is an uncom-

mon condition [47, 48]. In brief, when causal allergens are

ingested and exposed to the esophageal epithelium, these

subsequently permeate to the subepithelium, triggering the

activation of dendritic cells through the induction of thymic

stromal lymphoprotein (TSLP). TSLP is a key cytokine

related to the induction and enhancement of the Th2 type

immunological reaction mainly produced by epithelial cells

and basophils [49]. Activated dendritic cells strongly

induce the proliferation of Th2 cells, which leads to an

increase in several cytokines associated with eosinophilic

inflammation, (e.g., IL-5, IL13, or IL15) [42]. IL-5 dif-

ferentiates and recruits intramedullary eosinophils or those

in the peripheral intravascular compartment [50]. IL-13 and

IL-15 induce the secretion of eotaxin-3 from epithelial

cells, which is one of the strongest chemotactic factors for

eosinophils [45]. IL-13 also attenuates the barrier function

of the squamous epithelium by decreasing the gene

expression of the epidermal differentiation complex (e.g.,

filaggrin or involucrin) [51]. Locally aggregated and acti-

vated eosinophils, in conjunction with mast cells, produce

TGF-b1. This in conjunction with the action of fibroblasts

and periostin, triggers fibrotic changes in the esophageal

wall, leading to the dysfunction of the smooth muscle [42].

It has also been shown by candidate gene studies and
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genome-wide association investigations, that single

nucleotide polymorphisms exist in the disease-related

genes encoding eotaxin-3, TGF-b1, filaggrin, TSLP, and
the TSLP receptor [42]. Thus, a subject who has genetic

risk factors associated with eosinophilic inflammation

would be susceptible to EoE once exposed to causal food

and/or environmental allergens [52].

Clinical manifestations

The clinical symptoms of EoE are considerably different

between children and adults [53]. In children, unspecific

symptoms (e.g., heartburn, nausea, vomiting, abdominal

pain, or failure to thrive) are presented in addition to

dysphagia, while in adults, eating difficulties (e.g., repeated

dysphagia or food impaction) are predominantly presented

[54]. This difference appears to be associated with the

time-dependent disease progression in which active eosi-

nophilic inflammation is predominantly present in children

and subsequent fibrostenotic changes of the esophageal

wall are the main complications in adults [55, 56]. Dys-

function of the esophageal proper muscle layer is also

considered to participate in symptom generation [57, 58].

However, subepithelial fibrosis or muscle dysfunction is

difficult to detect by a conventional endoscopic approach

with a biopsy. This may partially explain the discrepancy

between the degree of clinical symptoms and the severities

of endoscopic abnormalities or histological eosinophilic

inflammation in EoE [59–62].

Esophageal foreign body impaction is a major GI

emergency in Western countries, where EoE with food

impaction is more common. In a report by Sarah et al.

approximately 100 patients per year present at their uni-

versity hospital with an esophageal foreign body impac-

tion. Approximately half of these cases are caused by a

food impaction. Furthermore, half of these food impaction

cases are histologically diagnosed with EoE by esophageal

biopsies [22]. The most commonly impacted foods in EoE

are meat products, such beef or chicken [63]. Interestingly,

food impaction or esophageal strictures are much more

uncommon in Japan [34, 38]. Although a rare occurrence,

esophageal perforation can occur with the patient’s effort

to vomit the impacted foods [64].

There is a wide variation in the severity of clinical

symptoms among EoE patients, ranging from no remark-

able symptoms, occasional dysphagia with certain solid

foods, to repeated food impaction almost daily. When

dysphagia is mild and infrequent, the patient may not

consult a doctor, likely considering the symptoms as part of

their constitutional property. Thus, it is likely that this

condition is underdiagnosed or that the diagnosis is delayed

[56]. We also need to take into account that patients with

EoE often have behavioral alternations, such as avoiding

the foods previously responsible for dysphagia or impac-

tion. Moreover, these patients tend to eat more slowly,

drink water while eating for ease of swallowing in a con-

scious or an unconscious way, potentially leading to the

underestimation of disease activity.

Some adult patients with EoE primarily complain of

heartburn in addition to dysphagia or a food impaction.

Thus, in these cases, it is difficult to discriminate between

EoE and GERD based solely on the patient’s symptoms.

The majority of patients with GERD can achieve symp-

tomatic relief and endoscopic improvement by acid sup-

pressive therapy using PPI, whereas typical EoE does not

respond to PPI. Therefore, EoE has been recognized as a

different diagnostic entity of refractory reflux disease.

Previous studies have revealed that the prevalence of EoE

is almost as high as 10% among PPI-failed reflux disease

[65–67]. It is important to know that EoE is a potential

cause of GERD-related symptoms unresponsive to ade-

quate PPI therapy.

Definition

EoE has been categorized as an eosinophilic gastrointesti-

nal disorder which consists of EoE, EGE, and eosinophilic

colitis (EC). In EoE, eosinophilic inflammation is localized

to the esophagus; however, in the EGE or EC, it can extend

to the entire gastrointestinal tract from the esophagus to the

rectum [10]. EoE has been recognized as a clinicopatho-

logical disease characterized by both esophageal symptoms

and histologically proven EE. According to the updated

guideline proposed in the US and Europe: (1) the presence

of any esophageal symptoms (e.g., dysphasia, food

impaction, heartburn, or chest pain); (2) EE with a peak of

more than 15 eosinophils/high-power field (HPF); (3)

unresponsiveness to profound acid suppressive therapy

using PPI; and (4) the exclusion of secondary EE (e.g.,

EGE, hypereosinophilic syndrome, connective tissue dis-

ease, infection, drug hypersensitivity, or Crohn’s disease)

are the diagnostic criteria for EoE [27]. Unresponsiveness

to PPI was originally included in the early diagnostic cri-

teria to exclude GERD as a potential cause of eosinophilic

inflammation [5]. However, in practice, an overlap between

EoE and GERD may be pathophysiologically possible as

EoE can occur secondary to abnormal reflux by inducing

esophageal dysfunction. Furthermore, GERD can trigger

eosinophilic inflammation by increasing an intraepithelial

permeation of causal allergens through dilated intercellular

space of the injured esophageal epithelium [68]. Indeed, a

recent meta-analysis revealed that 20% of patients with

EoE have erosive esophagitis. Thus, EoE is not ruled out

by concurrent GERD. As mentioned below, EE is

90 Clin J Gastroenterol (2017) 10:87–102
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responsive to PPI, namely ‘‘PPI-REE,’’ is recommended to

be discriminated from EoE unresponsive to PPI in the

current diagnostic guidelines proposed in Western coun-

tries [27, 69].

In Japan, EoE is simply defined by the presence of

clinical symptoms and the histological demonstration of

EE according the diagnostic criteria proposed by the EoE/

EGE study group committee of the Ministry of Health,

Labour, and Welfare [11] (Table 2). Unlike Western

countries, the unresponsiveness to PPI is presented as an

adjunct; however, it is not an essential finding, which

supports the diagnosis of EoE in addition to characteristic

endoscopic findings, the thickness of the esophageal wall,

peripheral eosinophilia, and male predominance. A cutoff

threshold of infiltrating eosinophils is determined with 15

eosinophils/HPF (4009) according to the Western criteria

[70]. It has been reported that 10% of Japanese patients

with EGE have eosinophilic inflammation involving the

esophagus [71]. Under such conditions, EE associated

with EGE is classified as EGE, but not as EoE. When an

adult patient with suspected EoE has abdominal symp-

toms (e.g., nausea, vomiting, and diarrhea or abnormal

endoscopic gastrointestinal tract findings), additional

biopsies from the stomach or the intestine should be

obtained for a further histological assessment and diag-

nose EGE, if present [69].

Diagnosis

Blood and allergy testing

Peripheral eosinophils and the total serum IgE levels are

elevated in 10–50% and 60–70% of adult EoE patients,

respectively, in Western countries [5]. In adult Japanese

patients with EoE, an peripheral eosinophilia was found in

only 10–30% of patients with EoE [11, 31], while the total

level of IgE was elevated in 50–80% [31, 72]. There are

some reports showing that the measurement of peripheral

eosinophils may be useful for monitoring the activity of

EoE, at least in a subgroup of patients [73, 74]. Because of

the high prevalence of concurrent atopic conditions or its

various activities, it is difficult to determine a causal rela-

tionship between the level of IgE and EoE activity.

To date, aeroallergen- and food-specific IgE can be

simultaneously and easily measured by a chemilumines-

cence enzyme immunoassay, providing relevant informa-

tion regarding an immediate-type allergic diathesis to

multiple allergens. It has been reported that aeroallergen-

specific IgE and food-specific IgE are present in 60–80%

and 40–80% of adult EoE patients, respectively [72, 75].

To evaluate directly the causal allergens, two types of skin

tests have been developed: (1) the skin patch test (SPT);

and (2) the atopy patch test (APT). The SPT assesses the

status of the immediate-type allergic response as serum-

specific IgE, while the APT judges the status of the

delayed-type allergic response. Based on these skin tests,

several foods, including peanut, egg, soybean, cow’s milk,

and tree nuts, have been identified as the most common

food allergens in EoE [76]. Recently, empiric elimination

diet therapy that antecedently avoiding these major allergic

foods has been developed and reported to be useful as a

nonpharmacological therapeutic option as described below

[77–79].

Endoscopic findings

Several endoscopic findings, including linear furrows,

concentric rings, white exudates, decreased vasculature in

the esophageal mucosa, esophageal strictures, and the

esophagus of narrow caliber, have been reported to be the

characteristic findings of EoE, although neither of these is

specific [80]. Endoscopy and subsequent biopsies are the

most critical assessments for the diagnosis of EoE, in

which EE can be histologically proven. Thus, endoscopists

need to be familiar with the above representative image.

Linear furrows are longitudinally observed in the

esophagus, being relatively frequent and pathognomonic

compared with other endoscopic findings (Fig. 1) [33, 80].

Concentric rings are horizontally observed along the short

Table 2 Diagnostic criteria for EoE proposed in Japan

Essential findings

1 Clinical symptoms associated with esophageal dysfunction (e.g. dysphagia, food impaction, heartburn, chest pain)

2 Histologically proven esophageal eosinophilia ([15 eosinophils/HPF) localized in the esophagus (multiple esophageal biopsies are

recommended)

Supportive findings

1 Abnormal endoscopic findings in the esophagus (e.g. white exudates, linear furrows, rings)

2 Unresponsiveness to PPI therapy

3 Esophageal wall thickening observed by computed tomography or endoscopic ultrasound

4 Peripheral eosinophilia

5 Male
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axis of the esophagus, which is referred to as ‘‘tracheal-

ization’’ or ‘‘ringed esophagus’’ in severe cases (Fig. 2).

However, these rings should be evaluated with caution

since subtle or transient rings are occasionally present in

patients with GERD or even in normal subjects with a

potent gag reflex during the endoscopic examination. This

feature has also been previously described as feline

esophagus [81, 82]. White exudates histologically corre-

spond to eosinophilic microabscesses with the aggregation

of a couple of eosinophils [83], which grossly resemble

esophageal candidiasis (Fig. 3) [84, 85]. The esophageal

mucosa appears to be thick and whitish, owing to the

marked inflammation and edema, resulting in decreased or

missed vascularity, often observed in GERD. Multiple

polypoid lesions resembling esophageal papilloma may be

present in some adolescent and adult patients (Fig. 4)

[87, 88]. Subepithelial fibrosis in the esophageal wall

progresses with persisting long-term eosinophilic inflam-

mation, resulting in an esophagus of narrow caliber or with

an esophageal stricture [55, 56]. In some cases, a traumatic

Fig. 1 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 (while

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

Fig. 2 Concentric rings are

present along the horizontal axis

of the esophagus
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tear occurs with the passage of the endoscope, namely

crepe-paper esophagus, indicative of mucosal fragility

(Fig. 5) [86]. This can occur in both the lower esophagus,

as well as in the middle or upper esophagus, in contrast to

GERD [89–91]. In some case, most of whom have no

symptom, these endoscopic abnormalities is localized in a

narrow area just above the esophagogastric junction

(Fig. 6) [37, 40].

According to a meta-analysis conducted by Kim et al.

consisting primarily of retrospective studies involving

adult cohorts, the overall pooled prevalence of endoscopic

findings in patients with EoE was 44% rings, 21% stric-

tures, 9% narrow caliber esophagus, 48% linear furrows,

27% white exudates, and 41% decreased vascularity, with a

wide variation in the prevalence of those endoscopic

findings between each report. This variation can be ascri-

bed to a lack of an established diagnostic system via

endoscopy in EoE, as indicated by the unsatisfactory inter-

observer agreement for the endoscopic findings [92]. On

the other hand, when only the prospective studies were

examined in the meta-analysis, 93% of patients were found

to have at least one endoscopic abnormality.

A recently proposed classification and grading system

using the major (i.e., edema, rings, exudates, furrows, and

strictures) and the minor (i.e., feline, narrow caliber, and

crepe paper esophagus) endoscopic features was reported

to have good inter- and intra-observer agreement, except

Fig. 3 Granular white exudates

are present in the lower

esophagus in A. Mucous white

exudates are diffusely extending

the entire area of the esophagus

in B. Its gross appearance
resembles esophageal

candidiasis

Fig. 4 Multiple polypoid lesions resembling esophageal papilloma or

glycogenic acanthosis may be present in some adolescent and adult

patients

Fig. 5 An esophagus of narrow

caliber is presented in A. As
shown in B, laceration occurs

with the passage of the

endoscope in a patient with

esophageal narrowing or

strictures, termed crepe-paper

esophagus
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for edema and feline esophagus, irrespective of whether the

assessment was performed by expert or non-expert endo-

scopists [86, 93]. This diagnostic system, termed the

EREFS system (E, edema; R, rings; E, exudates; F, fur-

rows; and S, strictures) is expected to contribute to the

objective and comprehensive assessment of disease sever-

ity and response to therapeutic intervention [94]. The

existence or its severity of these individual endoscopic

signs do not appear to correlate well with the degree of

infiltrating eosinophils [95, 96]; however, it was shown in

one retrospective study, that there was a weak to moderate

correlation between the combined use of these signs with

the histological disease activity [95]. This suggests that the

coexistence of multiple endoscopic abnormalities increase

the possibility of a histologically definitive diagnosis of

EoE, but unfortunately its sensitivity and negative predic-

tive value for histological disease activity was low

(20–30%) in that study. On the other hand, in a recent

prospective study by Dellon et al. [96] a significant cor-

relation was found between a decreased total and individ-

ual EREFS score (with the exception of rings) and

histological response following treatment. These inconsis-

tent results may reflect that clinical studies exploring the

correlation between the endoscopic and histologic status

are potentially impacted by various factors, such as the

study design, inter-observer variation in endoscopic eval-

uation, biopsy protocol, and the method of treatment. It

may be difficult to estimate the histological disease activity

from the endoscopic signs with a high accuracy for all

patients and disease status.

There is a previous report demonstrating that approxi-

mately 40% of patients with EoE have been misdiagnosed

with Schatzki’s rings, an esophageal stricture/web, or

reflux disease [97]. A recent meta-analysis showed that the

endoscopic examination was normal in 20 and 7% of

patients from retrospective and prospective analyses,

respectively [80]. Prasad et al. [19] reported that EoE was

diagnosed in 10% of patients with dysphagia and a normal-

appearing esophageal mucosa. Therefore, endoscopists

should obtain esophageal biopsies even if there are no

remarkable endoscopic abnormalities, particularly for

patients with unexplained dysphasia or food impaction.

In contrast, it has been reported that the presence of

typical endoscopic abnormalities suggestive of EoE added

to the presence of clinical symptoms yield a four- to five-

fold increase in the possibility of being diagnosed with EoE

[19, 21]. Shimura et al. [33] showed that in symptomatic

Japanese patients suspected of having EoE, seven out of 30

patients (23.3%) with EoE-suggestive endoscopic abnor-

malities were diagnosed with EoE, whereas EoE was found

in only one out of 289 patients (0.34%) without such

endoscopic findings. Lutein esophageal biopsies should not

always be recommended for all of patients with dysphagia

in the absence of endoscopic abnormalities, especially in

populations with a lower prevalence of EoE, such as Asian

populations.

Histological findings

The histological demonstration of EE is essential for the

diagnosis of EoE. Since there are virtually no eosinophils

in the normal esophageal epithelium [98, 99], even a few

infiltrating eosinophils are considered to be pathogenic. As

mentioned above, pathological eosinophilic inflammation

can be secondarily induced by various causes, such as

GERD, EGE, hyper-eosinophilic syndrome, Crohn’s dis-

ease, celiac disease, connective tissue disease, achalasia,

infection, drugs, or a graft-versus-host reaction [69]. Of

these, GERD is considered to be the most common cause of

secondary EE in clinical practice. It is conceivable that up

to 10 eosinophils can emerge in the esophagus by GERD

based on previous studies [4, 100, 101]. Several cutoff

values of eosinophil counts (i.e., 15, 20, or 24 eosinophils/

HPF) have been used as the histological definition for

discriminating EoE from EE associated with GERD [102].

Recently, a peak of 15 eosinophils/HPF or more in at least

one biopsied site has been defined as the diagnostic mini-

mum threshold in the majority of clinical studies according

Fig. 6 Endoscopic

abnormalities, such as linear

furrows, concentric rings, or

decreased vascularity, are

localized in a small area above

the esophagogastric junction (A,
B). Marked eosinophilic

infiltration is histologically

proven in these localized cases

(figure not shown), as well as in

typical histological findings of

EoE as shown in Fig. 7
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to the updated global diagnostic consensus and recom-

mendations for EoE [27]. A representative histological

image is presented in Fig. 7. The superficial distribution of

infiltrating eosinophils in the esophageal epithelium,

degranulation of eosinophils, aggregation of eosinophils

(eosinophilic microabscess), and lamina propria fibrosis are

comparably pathognomonic of EoE [83]. In addition, basal

cell hyperplasia, papilla elongation, and dilated intercel-

lular space are commonly observed in both EoE and GERD

[83].

Eosinophils infiltrating the esophageal epithelium dis-

tribute more heterogeneously in EoE [103, 104]. A previ-

ous report showed that a diagnostic sensitivity of 40–50%

by one biopsy increased to almost 100% with five or more

biopsies [97]. Thus, two to four esophageal biopsies should

be recommended both from the proximal and the distal

esophagus [69]. As mentioned above, the importance of

random biopsies has been highlighted, irrespective of

endoscopic findings since some EoE patients present with

apparently normal mucosa via endoscopy [80]. However,

the degree of EE is more intense in the areas containing

white exudates [34, 105], in linear furrows [32, 106], or in

the lower esophagus compared with the proximal region

[34, 104], suggesting that the histological detection of EE

may also be influenced by the site of the biopsies in

addition to the number of biopsy samples obtained. When

the peak of infiltrating eosinophils is\14 eosinophils/HPF

in patients suspected of EoE, re-biopsies can aid in the

definitive diagnosis of EoE [107].

Treatment

The therapeutic approach consists of the ‘‘3D’’ concept:

diet, drugs, and dilation [108]. The patient is treated based

on the severity of their symptoms or endoscopic findings,

such as esophageal narrowing or stricture. Histological

improvement is usually used as the primary outcome in

clinical trial rather than symptomatic improvement due to

the difficulty in evaluating the symptoms objectively and

uniformly. It is common for these patients to modify the

patient’s dietary or eating behavior to avoid dysphagia or

an impaction [109].

To date, some issues regarding the treatment and man-

agement of EoE remain unresolved. First, the goal of treat-

ment remains to be determined. Should the aim for treatment

be a symptomatic remission, histological remission, or both?

Second, a discrepancy exists between symptomatic and

histologic remission. Some patients do not present symptom

relief even after endoscopic and histological improvement

has been achieved [59, 110, 111]. This discrepancy is likely

attributed to the limited response of the sub-epithelial

fibrosis and remodeling to the currently available medica-

tion. Third, EE easily recurs with the discontinuation of

treatment, and appropriate maintenance therapy has yet to be

established.

Diet

Three different types of the diet therapy, including the

elemental diet, allergy-testing based elimination diet, and

empiric elimination diet, have been attempted primarily in

infants and more recently, in adults [112]. Although the

elemental diet using an amino acid-based formula is highly

effective to induce symptomatic and histological remission,

especially in infants, this approach is extremely costly and

poorly tolerable as it requires a feeding tube or has

unpleasant flavor, and it is unsustainable for long-term use.

To resolve these drawbacks, allergy-testing based elimi-

nation diet therapy has been used. This is based on the

allergic status measured by skin prick test or an atopy patch

test [5]. Some studies have found a relatively high efficacy

for this targeted elimination therapy. However, the ability

Fig. 7 A representative histological image observed in EoE.

A Marked epithelial thickness with basal cell hyperplasia, papilla

elongation, intraepithelial infiltration of eosinophils, and subepithelial

fibrosis. B Many eosinophilic infiltrates ([15 eosinophils/HPF) in the

epithelium with the degranulation of eosinophils, dilated intracellular

space, and edema
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to predict the causal allergens is relatively low using the

currently available allergic tests. Gonsalves et al. [78]

reported that the skin prick test predicted only 13% of

foods associated with EoE in adult patients. Subsequently,

the empiric elimination diet, in which the most common

allergens are antecedently excluded, was devised as a more

practical and simple method. A recent systematic review

and meta-analysis revealed that the six-food elimination

diet (i.e., wheat, milk, eggs, nuts, soy, and seafood) and the

four-food group elimination diet (i.e., dairy, eggs, legumes,

and wheat) achieve histological remission in 70% and 50%

of patients, respectively, without differences between

children and adults [112]. Thus, diet therapy may be a

useful alternative therapeutic option, allowing the reduc-

tion or discontinuation of medication, especially in patients

who may require long-term use of steroid therapy [113].

Drug: PPI therapy

Ngo et al. [114] described a case series of three patients

whose symptoms and EE had shown nearly a complete

remission with PPI. This report raised the possibility that

eosinophilic inflammation can occur as a consequence of

reflux disease, and suggested the necessity of the ‘‘PPI

testing’’ before the final diagnosis of EoE. Subsequently

reported retrospective and prospective studies have

demonstrated that about 30–70% of adult EoE patients

exhibited both symptomatic and histologic improvement

of EE by PPI therapy [115]. A high dose of PPI is con-

ventionally used twice daily or once daily for 8 weeks

[116]. In the consensus recommendation for EoE in 2011,

it was proposed that those conditions should be discrim-

inated from EoE as a new potential disease entity termed

‘‘PPI-REE.’’ Although the underlying mechanism of PPI-

REE remains unclear, two theories have been mainly

proposed: (1) PPI blocks the permeation of the causal

allergens from the esophageal luminal surface to the

subepithelium by curing the acidic damage (e.g., dilated

intracellular space or erosions in the esophageal epithe-

lium); [68, 117, 118] and (2) PPI potentially reduces

eosinophilic inflammation by suppressing Th2-associated

cytokine or gene expression as topical steroids, indepen-

dently of the gastric acid inhibitory effect [119, 120].

Thus, symptomatic and histological resolution of EE by

PPI does not necessarily indicate the existence of GERD

as a potential cause of EE [121].

A latest systematic review and meta-analysis showed

that PPI therapy can achieve an overall clinical response in

60% and histological response in 50% of patients with EE,

although there is poor-quality evidence, heterogeneity, and

publication bias in the respective study [122]. Conse-

quently, PPI is a reasonable first-line therapeutic agent for

symptomatic EE due to its feasibility, tolerability, and

paucity of side effects compared with diet or steroid ther-

apy [116]. No significant difference has been shown

regarding the treatment efficacy between children and

adults, between the dose and number of PPI administered,

or between the absence and the presence of GERD [122].

Although evidence of the pathogenesis of PPI-REE and

EoE is accumulating, the two entities cannot be clearly

differentiated solely based on patient characteristics,

symptoms, endoscopic findings, histological findings with

immunostaining, or molecular findings [116, 123, 124].

Thus, some experts have proposed that the responsiveness

to PPI should not be included in the diagnostic criteria for

EoE, and that use of the term PPI-REE should be avoided

[116]. High doses of PPIs (e.g., omeprazole 40 mg twice

daily) are initially used in PPI therapy; however, 70–80%

of patients may maintain histological remission with lower

doses of PPI (e.g., omeprazole 20 mg twice or once daily)

[125, 126]. In Japan, at least 15–50% of patients achieve

clinicopathological remission with the standard PPI dose

used for the treatment of GERD (e.g., omeprazole 20 mg

once a day, rabeprazole 10 mg once a day) [11, 29–31]. In

a pediatric case series, it was reported that PPI-REE is a

potentially transient phenomenon [127]. Recently, Molina-

Infante et al. [125] reported that 27% of patients with PPI-

REE histologically relapsed on maintenance PPI therapy

and the CYP2c19 polymorphism is significantly associated

with the loss of a response to the therapy, in which a

relapse of EE occurred in 36% of rapid metabolizers, in

contrast to only 6% of intermediate or poor metabolizers.

Little is known about the long-term prognosis of PPI-REE,

and such patients should be monitored after clinicopatho-

logic remission with PPI is achieved.

Drug: steroid therapy

When symptomatic and histological remission are not

achieved by PPI therapy, steroid therapy should be consid-

ered [69]. Remarkably, unlike EGE, topical therapy by

swallowing inhaled corticosteroids used to treat asthma is

primarily applied for EoE because of its equivalent efficacy

and fewer adverse events compared with systemic corti-

costeroid therapy. In principle, the systemic administration

of steroids is considered for patients unresponsive to topical

therapy, or in patients with severe conditions whose symp-

toms or eosinophilic inflammation must be eliminated as

early as possible. As a nebulizer, fluticasone propionate has

been used primarily as an early regimen; however, recently

budesonide, a viscose type, was preferably selected due to a

more reliable and uniform delivery to the entire esophageal

mucosa in both children and adults [128, 129]. A recom-

mended dose of topical steroids is 440–880 lg fluticasone

twice daily and 1–2 mg budesonide twice daily for 8 week

as an initial duration in adults [69]. The patient is instructed
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to swallow the nebulized agents into the esophagus by

holding his or her breath to avoid inhaling the drug into the

trachea. It is preferable that viscous budesonide is used as a

mixed suspension with syrup for children because of its

unpleasant flavor. However, for the majority of adults, it can

be taken without a sweetener. After swallowing, the patient

should rinse their mouth to prevent oral candidiasis and stop

eating and drinking for 30 min to 1 h to avoid washing the

drug from the esophagus into the stomach.

Previous studies have demonstrated that topical steroid

therapy can lead to histological remission in 15–94% and

symptomatic remission in 30–97% of patients compared

with the placebo, PPI, and systemic corticosteroid ther-

apy, with an extremely wide variation in the remission

rate [130]. This variation could be attributed to multiple

divergent factors in each study, including the comparative

agents, dosage form (nebulized or viscous), dose of the

drug, patient age, sample size, treatment duration, defi-

nition of histological or symptomatic remission, and PPI

trial prior to topical steroid treatment (exclusion of PPI

responders) [131]. According to two recent reviews and

meta-analyses, topical steroid therapy resulted in a sig-

nificantly higher histological remission compared with the

placebo (odds ratio 20.8–33.8), whereas the achievement

of symptomatic remission induced by topical steroid

therapy was only modest compared with the placebo

(odds ratio 2.7–3.1) [132, 133]. As mentioned above, this

discrepancy between symptomatic and histologic remis-

sion may potentially be attributed to the limited efficacy

of steroid therapy on fibrostenotic changes in the subep-

ithelium [134, 135], and difficulties in the objective

assessment of clinical symptoms owing to the lack of

validated symptom questionnaires [109]. Notably, in the

systematic review and meta-analysis conducted by

Chuang et al. [136], the significant efficacy of topical

steroid therapy was observed only in patients with prior

PPI therapy (PPI non-responders); this indicates the use-

fulness of the PPI trial prior to steroid therapy. Mainte-

nance therapy by topical steroids is effective for

controlling the clinical symptoms or eosinophilic inflam-

mation in some patients [134, 137]; however, its with-

drawal leads to relapse at a high rate [73, 138, 139].

Adverse effects appear to be less frequently associated

with topical therapy comparedwith systemic steroid therapy.

Mild (asymptomatic) oral candidiasis can occur in up to 10%

of patients [136]. A recent report showed that 10% of chil-

dren treated with topical steroids for more than 6 months

exhibited adrenal insufficiency, measured by an adrenocor-

ticotropic hormone stimulation test [140]. Although such

cases have not been reported in adults, close attention should

be paid for long-term users of topical steroids. Straumann

et al. [134] have reported the efficacy ofmaintenance therapy

using low-dose budesonide in adult EoE patients. Dose

reductions should be considered as much as possible while

aiming to maintain clinical remission.

Dilation

Dilation therapy is recommended for symptomatic patients

who have esophageal strictures or narrowing despite

medical therapy [141]. Patients requiring dilation are pri-

marily adults since esophageal remodeling (e.g., esopha-

geal stricture or narrowing) develops progressively during

long-term and persistent eosinophilic inflammation

[55, 56]. Three types of procedures have primarily been

employed, (1) the simple bougie; (2) the wire-guided

bougie; and (3) through-the-scope (TTS) balloon dilation

[142]. In a recent retrospective study conducted by Runge

et al. [143], 164 of 509 EoE patients were dilated a total of

486 times during a 12-year period at their hospital. The

bougie and TTS dilation were used in approximately 20

and 80% of the cases, respectively. The TTS methods

exhibited the potential to extend the esophageal lumen

further than the bougie method, while no significant dif-

ference was reported regarding complications (e.g., pain,

bleeding, and perforation). It is important for the endo-

scopists to gently and gradually dilate, since chest pain or

mucosal tears can often occur secondary to esophageal

mucosal fragility. The most critical complication is eso-

phageal perforation, which can occur in up to 0.1% of cases

according to some recent systematic reviews [144, 145].

Notably, this is a considerably lower rate compared with

previous years. In patients with EoE, a younger age, mul-

tiple dilations, upper esophageal strictures, and the inability

to pass through the strictures with the endoscope are risk

factors for dilation-related adverse events [146]. The

majority of patients demonstrate symptomatic improve-

ment following dilation; however, its durability appears to

be unsatisfactory. A recent large cohort study revealed that

more than half of the patients with dilation underwent

repeated procedures, especially within the first year [143].

The efficacy of endoscopic dilatation is not different in the

presence or absence of concomitant antieosinophilic med-

ication [147].

Conclusion

In this review article, we briefly described the epidemiol-

ogy, pathogenesis, clinical manifestations, diagnostic def-

inition, blood and allergy tests, endoscopic and histological

findings, dietary and pharmacological therapy with PPI, as

well as topical steroids and dilation therapy used in EoE. In

Japan, this disease is presently infrequent; however, gas-

troenterologists and endoscopists should be aware of EoE

as a major cause of dysphagia, food impaction, and
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esophageal strictures, in addition to GERD and esophageal

cancer.
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