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Abstract

Background and aims Despite rising incidence of eosinophilic esophagitis (EoE), data on the follow-up and treatment
outcomes in pediatric patients are scarce. Therefore, the aim of this study was to present data on the treatment outcomes in
children diagnosed with EoE who were treated in a tertiary medical center.

Patients and methods A retrospective study involving patients younger than 18 years who were diagnosed with EoE in our
center between January 2011 and June 2017.

Results Thirty-two patients met inclusion criteria and were followed up for a mean of 3 years (range 0.5-6.8). Six months
after the diagnosis, 28 (87.5%) children were still followed up; 21 (75%) were in clinical remission, including 10 (36%) who
were in histological remission. After 12 months, 27 patients were still followed up; 21 (78%) achieved clinical remission,
including 10 (37%) with histological remission. During follow-up, three patients developed gastroesophageal reflux disease
(GERD). There was no difference in body mass index (BMI) Z score between baseline and 12 months follow-up (median
—0.3vs —0.3SD, p=0.862).

Conclusions Absence of symptoms does not indicate mucosal healing; therefore, patients should be followed up endoscopi-
cally. Additionally, despite restricted diet, nutritional status remains unaffected. Finally, patients with EoE can develop sig-
nificant GERD even years after the EoE diagnosis.
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Introduction

Eosinophilic esophagitis (EoE) is a chronic, immune-medi-
ated inflammatory esophageal disease characterized by
symptoms of esophageal dysfunction and finding of 15 or
more eosinophils in the most severely involved high-power
field of esophageal mucosa [1, 2]. The incidence of EoE
is increasing and in children it is estimated to be between
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0.7 and 10/100 000 per person-year [3]. EoE is considered
a distinct form of food allergy [2] in which food antigens
trigger an immune response leading to esophageal eosino-
philia. Interrelation between genetic, environmental and host
immune system factors is responsible for disease develop-
ment [4, 5].

Recently published guidelines for adults and children pro-
pose diagnostic and treatment modalities based on available
evidence [2]. Dietary exclusions and topical corticosteroids
are two treatment modalities with comparable effectiveness
[6], but dietary protocols are better in maintaining long-
term remission [2]. Another obstacle in the diagnosis and
classification is a differential diagnosis to other conditions
that cause eosinophilic infiltration of mucosa—especially
gastroesophageal reflux disease (GERD) and proton-pump
inhibitor-responsive EoE. EoE and GERD are the most com-
mon causes of chronic esophagitis with overlapping symp-
toms and histological findings, but different treatment [7].
Since they can coexist or and even exacerbate each other [2,
8], the priority is to define their relationship and improve
diagnostic guidelines (Fig. 1).
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Although the incidence of EoE has been rising in the last
decade and therefore the number of studies increasing [2],
the number of pediatric studies is still low; therefore, the
aim of this study was to present the data and the outcomes
in children with EoE who are treated in a tertiary center.

Methods
Study design

This was a retrospective follow-up study conducted in com-
pliance with the local ethical board guidelines on human
experimentation and with the Helsinki Declaration of 1964
and revised in 2000. All children younger than 18 years of
age who were diagnosed with eosinophilic esophagitis from
January 2011 until June 2017 by a pediatric gastroenterolo-
gist, in a tertiary medical center, using standard diagnostic
criteria [1], were included in the study. Six esophageal biop-
sies were taken from different parts of the esophagus and
diagnosis was based on at least 15 eosinophils per standard
size high-power field in the esophageal mucosa.

All patients had 8 weeks trials with PPIs to rule out
patients with disease responsive to PPI treatment. In this
study, we included only patients with EoE which was not
responsive to PPI. Patients were treated either with six food
elimination diet (SFED), elimination diet based on allergic
testing or local corticosteroids. Local corticosteroids com-
prised swallowed fluticasone or budesonide. The treatment
modality was chosen based on symptom severity and the
preferences of patient and parents.

Six food elimination
diet (N=5)

!

(N=1)
)
Topical corticosteroids I
(N=1) No therapy (N=2)
— — —

Exclusion diet (N=7)
- _—_
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Anthropometric data including body mass index (BMI)
were expressed as standard deviation (SD) Z scores for age
and sex (World Health Organization growth-charts, available
at: http://www.who.int/childgrowth/standards/en/).

Outcomes

Primary outcome was to compare treatment success of
exclusion diet and local corticosteroids in the treatment of
children with EoE. Treatment success was evaluated through
clinical remission (complete resolution of symptoms) and
histological remission (number of eosinophils lower than
15 per HPF on two esophageal levels). Secondary out-
come measures were to: a) to describe the characteristics of
children with EoE including anthropometric follow-up; b)
describe the characteristics of children in clinical and his-
tological remission 6 months and 1 year after the diagnosis
and to see whether initial therapy, presence of other allergic
diseases or positive allergic test(s) had impact on remission
at 6 and 12 months after diagnosis. Time points of 6 and
12 months after the diagnosis were chosen because the great
majority of patients had regular clinical and endoscopic
evaluation at these time points.

Statistics

Descriptive statistics were used to describe the basic fea-
tures. Normality of the data distribution was analyzed with
the Shapiro—Wilk test. Differences in quantitative variables,
according to their distribution, were analyzed with the para-
metric ¢ test or the non-parametric Mann—Whitney U test,
and for paired data nonparametric Wilcoxon rank test was
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used. The Chi square test was used to estimate differences
in the distribution of qualitative variables. p values of < 0.05
have been considered as statistically significant. Statistical
analysis was performed using SPSS 19.0 (Chicago, IL) sta-
tistical software.

Results
Epidemiology data

During the study period, 32 children fulfilled the inclusion
criteria. The mean age at diagnosis was 11 years (range
1.1-17 years) and the majority were male (n=22, 69%).
The mean follow-up time was 3 years, range 0.5-6.8 years.
The most frequent symptom (some children presented with
more than one symptom) was epigastric and retrosternal pain
presented in 18 (56%) patients, followed by dysphagia in 11
(34%) and improper weight gain in 9 (28%) patients. Con-
comitant atopic dermatitis was present in 7 (22%) patients
and respiratory allergies in 13 (41%): asthma in 7 and aller-
gic rhino-conjunctivitis in 6 patients. The results of the diag-
nostic procedures are presented in Table 1. Most patients had
nutritive allergies proven with at least one allergic testing
(n=24, 75%); the majority had multiple allergies (n=19,
59%). From allergenic foods, the most common allergen was
cow’s milk protein (n = 14), followed by egg (n=11), gluten
(n=9), nuts (n=3), fish (n="7) and soy (n="7).

Most of the patients were well nourished; normal BMI
Z score (defined as —2 to 2 SD) was found in 75% (n=24)
of the patients. Median Z score for weight for age was 0 SD
(range —4 to 2.5); height for age 0.43 SD (range — 1.45 to
2.8) and BMI for age —0.33 SD (range —2.85 to 2.76).

Table 1 Results of diagnostic procedures performed in our patients

Number of
patients (%)

Diagnostic procedure

Endoscopic finding

Linear furrowing 20 (63%)
Ringed appearance (trachealization) 5 (16%)
Stenosis 1 3%)
Normal 6 (19%)
Skin prick test on nutritive allergens

Positive 15 (47%)
Negative 14 (44%)
Not performed 3(9%)
Specific IgE test on nutritive allergens

Positive 19 (59%)
Negative 11 (34%)
Not performed 2 (6%)
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Primary outcomes

The initial treatment modalities are presented in Table 2.
In the majority of patients, SFED (47%) was initiated, fol-
lowed by exclusion diet based on allergic testing (37%) and
corticosteroids (16%). In the first 6 months, 67% of patients
(n=238) initially treated with exclusion diet based on allergic
testing required escalation of therapy to SFED (n=35) or
corticosteroids (n=2) or combination of SFED and corticos-
teroids (n=1). From children initially treated with SFED, in
4 (27%) local corticosteroids were introduced, and 5 (33%)
children remained on SFED even 6 months after the diag-
nosis (meaning that the attempt to introduce excluded foods
failed).

Secondary outcome

From the initial cohort, 28 (88%) children were followed
up for 6 months. From these children, 21 (75%) were in
clinical (symptom free remission), and of these 10 (36%)
were in histological remission as well. All children in remis-
sion still received some form of therapy: 5 were on SFED,
4 had exclusion of some allergens (majority cow’s milk
and/or egg) and one was on corticosteroids. There was no
association between remission at 6 months and type of the
first therapy, presence of positive allergic tests (at least one)
or history of other atopic disease (not significant for any
factor).

Furthermore, after 12 months 27 (84%) patients were
still followed up; at that point 21 (78%) children had no
symptoms, including 10 (37%) of them who were in both
clinical and histological remission. From those 10 patients, 2
received no therapy, one received local corticosteroids and 7
received exclusion diet (in 2 patients only cow’s milk exclu-
sion diet, in other combination of different allergens).

There was no association between remission at 12 months
and type of the first therapy, presence of positive allergic
tests (at least one) or history of other atopic disease (not
significant for any factor).

None of the patients developed EoE-related strictures
during the follow-up. One patient presented with esophageal
stenosis which required endoscopic balloon dilatation. How-
ever, 2 patients whose EoE was in histological and clinical

Table 2 Initial treatment modality

Initial treatment n (%)
Six food elimination diets 15 (47%)
Elimination diet based on allergic testing 12 (37%)
Topical corticosteroids” 5 (16%)

n Number of patients started on that treatment modality
“Swallowed fluticasone or budesonide
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remission (during diet therapy) developed GERD (4.4 and
5.3 years after EoE diagnosis). GERD was diagnosed based
on symptoms (heartburn) and endoscopic finding of hiatal
hernia and grade A esophagitis [LA classification (11)] on
endoscopy, together with relief of symptoms after introduc-
tion of PPIL. One patient, whose EoE was not in stable remis-
sion, developed erosive esophagitis (B grade, LA classifica-
tion) with cardiac metaplasia of esophagus.

There was no difference in BMI Z score between base-
line and 12 months follow-up (median — 0.3 vs —0.3 SD,
p=0.862), weight Z score (0.1 vs 0.4 SD, p=0.241) and
height Z score (0.43 vs 0.82 SD, respectively; p=0.149)
(data available for 26 patients).

Discussion

This study found that although the majority of patients
would be symptom free during the follow-up, it is still dif-
ficult to maintain histological remission. Therefore, although
without symptoms, patients need to be followed up endo-
scopically to assure mucosal healing and prevent remodeling
and fibrosis caused by eosinophilic inflammation [9]. Fur-
thermore, almost all patients required maintenance therapy
during the follow-up, mainly exclusion of culprit food(s).
This finding is in line with previous reports indicating that
relapse will occur in the majority of patients after stopping
the treatment [10].

As in previous reports, treatment modalities varied in
our cohort, which is mainly related to the long recruitment
period. Therefore, some of our early patients were treated
with allergy test-guided elimination diet which eliminates
foods with positive results on skin prick test or atopy patch
test. Our study confirmed previous findings [11, 12] that this
is the least effective therapy. SFED [13] elicited much better
treatment result. A meta-analysis from 2014 [12] included
7 studies and reported the combined efficacy of SFED of
72.1%. According to the research, in up to 75% of patients
who responded to SFED, only one or two food triggers were
found [14]—mostly cow’s milk and egg [15, 16], which was
confirmed by our study as well.

In contrast to nutritional therapy, a smaller proportion
of patients in our study received topical corticosteroids.
Recent studies [17, 18] have shown that budesonide and
swallowed fluticasone are safe and successful in inducing
remission in children with EoE. In this study, 43 out of
44 patients treated with corticosteroids achieved remis-
sion [17]. Similarly, a study by Straumann et al. [18]
showed that budesonide led to rapid clinical and histo-
logical improvement of esophageal inflammation after
only 15 days of treatment. However, there are two main
reasons why topical corticosteroids are not chosen more
often as the first line therapy in children. First of all, when

treating EoE, the main goal is to reduce or discontinue
any form of therapy after achieving remission, which is
often impossible in patients who achieved remission on
corticosteroids due to high relapse rate [19, 20]. A study
by Greuter [19] found that among patients aged 5—62 years
(mean age 46.9) during a median follow-up of 6 years, 85%
responded to therapy with topical corticosteroids, but only
9.4% achieved complete remission and relapse occurred
in 78.8% of patients after discontinuation of therapy. The
second reason is a fear of possible side effects of long-term
corticosteroid use, such as recurrent candida infections
and alteration of the hypothalamic—pituitary—adrenal axis
with suppressed growth. The above-mentioned study [17]
with long follow-up, however, found very low incidence
of candida infection and no impact on growth.

After 6 months, only 36% (10/28) of our patients were in
clinical and histological remission and all of them required
some form of therapy. Nine out of 10 of these patients
were on diet (4 on exclusion diet and 5 on SFED) and only
one used topical corticosteroids. After 12 months, 37% of
patients achieved clinical and histological remission; of
those patients, the majority were on an exclusion diet of
culprit allergenic food (mainly cow’s milk). We found that
7.4% of patients were in remission and received no therapy.
Our findings confirm that EoE is a chronic disease, and to
maintain remission, either long-term exclusion of identified
food triggers, confirmed by food reintroduction, or topical
corticosteroids are needed. This is supported by one of the
few long-term studies of children with EoE [15] where only
around 2% of patients were in a remission on a normal diet
without any medications and an additional 6% developed
tolerance to one or more culprit foods during an average
5.2 years of follow-up. A study by Liacouras et al. [21]
reported that in only 1.2% of children, it was possible to
reintroduce the identified and previously excluded food anti-
gens (31, 38 and 46 months after exclusion) without relapse.
We noticed dissociation between clinical and histological
remission both at the 6- and 12-month follow-up—only
about half of the patients in clinical remission were in his-
tological remission as well. Unfortunately, symptoms often
do not correlate with histologic disease activity [22] and for
now endoscopy with histologic analysis remains necessary
for monitoring the disease activity [2].

Similarly, 19% of our patients had normal macroscopic
finding on endoscopy at presentation, and other studies
reported an even higher percentage [21, 23, 24]. These
findings further emphasize the need for esophageal biopsy
regardless of the macroscopic (endoscopic) appearance in
all children in whom EoE is suspected.

Even though a failure to thrive might be a part of disease
manifestation prior to diagnosis [25], our patients were well
nourished at the time of diagnosis and their nutritional status
did not deteriorate during follow-up, although in many of
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them food restrictions were implemented. This finding was
confirmed by previous reports [21, 25].

As previously mentioned, differential diagnosis between
GERD and EoE is challenging, since they have similar clini-
cal presentation and can both cause esophageal eosinophilia.
However, treatment is different and, therefore, establishing
a correct diagnosis is of importance.

In the first guidelines [26], EoE and GERD were consid-
ered mutually exclusive disorders, but according to the latest
guidelines [1, 2] they might coexist or even exacerbate each
other. To our best knowledge, there are no data on long-term
risk of developing GERD in pediatric EoE patients. In our
cohort, 3 patients with primary diagnosed EoE subsequently
developed GERD.

Our study has some limitations mainly related to its retro-
spective nature, relatively small number of included children
and different duration of follow-up. However, the study had
relatively long follow-up and provides interesting data to the
limited literature of pediatric EoE.

In conclusion, this study confirms that absence of symp-
toms does not indicate mucosal remission of EoE, emphasiz-
ing the need for endoscopy follow-up. In pediatric patients,
exclusion diet remains the most important treatment modal-
ity, especially in the long term. This is even more supported
by the fact that nutritional status would not deteriorate,
although some foods are excluded. Finally, patients with
EoE can develop significant GERD even years after the EoE
diagnosis.

Although knowledge and understanding of EoE increased
in the last several years, more prospective, well-designed
studies are needed to further elucidate the possible cause of
the disease, help to improve the diagnostic algorithm and
determine the long-term course of the disease.
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