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Objectives: Eosinophilic esophagitis (EoE) is a clinicopathologic disorder

characterized by infiltration of eosinophils into the esophagus. Primary

treatment approaches include topical corticosteroids and/or food elimin-

ation. The aim of the present study was to compare the effectiveness of

combination therapy (topical corticosteroid plus test-based food elimination

[FS]) with single therapy (topical corticosteroid [S] or test-based food

elimination [F]).

Methods: Chart review of patients with EoE at Texas Children’s

Hospital (age <21 years) was performed. Clinical and histological

statuses were evaluated after a 3-month treatment with either single or

combination therapy. Comparisons were analyzed using Fisher exact test,

Kruskal-Wallis tests, and multiple logistic regression models.

Results: Among 670 charts, 63 patients (1–21 years, median 10.3 years)

with clinicopathologic diagnoses of EoE were identified. Combination FS

therapy was provided to 51% (n¼ 32) and single treatment (S, F) to 27%

(n¼ 17) or 22% (n¼ 14) of patients, respectively. Clinical responses were

noted in 91% (n¼ 29), 71% (n¼ 12), and 64% (n¼ 14) of patients in

the FS, S, and F groups, respectively. The odds of clinically improving

were 4.6 times greater (95% confidence interval: 1.1–18.8) with combination

versus single therapy. The median peak number of eosinophils per high-power

field after 3-month therapy was not significantly different in the S, F, and FS

groups.

Conclusions: The combination of topical corticosteroids with specific food

elimination is as effective in achieving clinical and histological remissions

as the single-treatment approaches. Responses were achieved with the

combination in patients who had previously failed single-agent therapy.

Prospective research of this combination approach in young patients with

EoE is needed.

Key Words: budesonide, combination therapy, eosinophilic esophagitis,

eosinophils, food allergy, immediate-type hypersensitivity testing, patch

testing, test-based elimination diet, topical corticosteroids
(JPGN 2017;64: 933–938)
What Is Known

� Primary treatment approaches for eosinophilic
esophagitis include topical corticosteroids or food
elimination. These single treatment approaches are
effective.

What is New
� The combination of topical corticosteroids with

specific food elimination is as effective in achieving
clinical and histological remissions as the single
treatment approaches.
osinophilic esophagitis (EoE) is a chronic immune- or antigen-
mediated clinicopathologic disorder characterized by eosino-
E

philic infiltration (�15 eosinophils [eos]/high-power field [hpf])
(1). Among pediatric patients, the incidence of EoE is 0.7 to 10
cases per 100,000 children (2). Infants and toddlers present with
feeding difficulties, whereas school-aged children generally exhibit
vomiting and abdominal pain. Teenagers usually present with
dysphagia, epigastric pain, and food impaction (1). Untreated
EoE can progress to more serious conditions, such as dysphagia
and esophageal strictures, during adulthood (3). These EoE-related
conditions are associated with significant morbidity (4,5). Thus,
effective and early treatment of pediatric EoE is critical for pre-
venting long-term esophageal problems.

Primary treatment options for EoE include topical corticos-
teroids, food elimination, and elemental diets. High-dose topical
corticosteroids (6,7) and specific elimination diets improve symp-
toms, reduce esophageal eosinophilic mucosal infiltrates, and
improve endoscopic markers of inflammation. Allergic comorbid-
ities occur in 42% to 93% of pediatric patients, with food allergies
being the most common. An elemental diet based on an amino
acid–based formula is the most effective dietary therapy for
pediatric EoE, resulting in 96% histological improvement (8). High
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cost, poor taste, and nutritional deficiencies, however, limit the use
of this treatment option. The 6-food elimination diet (SFED) with
subsequent reintroduction of the offending foods and endoscopic
reevaluation is extremely effective in children (9). Although 74%
histological improvement occurs with this strategy, the expense of
multiple upper endoscopic procedures limits its application. A
selective elimination diet based on skin testing produced promising
results with 75% symptomatic and histological improvement in a
large pediatric series (6,10). This test-based elimination diet is
based on a skin-prick test (SPT) for immunoglobulin E (IgE)-
mediated food hypersensitivity and an atopic patch test (APT)
for non-IgE–mediated delayed-food hypersensitivity (1,11). Thus,
although several treatment options have been tested, limitations of
individual approaches and lack of a standardized therapeutic
strategy complicate the management of EoE.

There are little data available regarding the efficacy of com-
bining topical corticosteroids with test-based food elimination to
induce clinical and histological remissions in allergic patients with
EoE. There are no single-center studies that have directly compared
combination therapy to single-agent dietary restriction or topical
corticosteroid therapy for symptom control and treatment of esopha-
geal eosinophilia. The goal of the present study was to determine the
effectiveness of a combination regimen consisting of topical corticos-
teroids with test-based food elimination compared to single therapies.

METHODS

Study Design
This retrospective cohort study included patients diagnosed as

having EoE between January 2006 and December 2012 at the Allergy
and Immunology clinic and the Eosinophilic Gastrointestinal Diseases
clinic at Texas Children’s Hospital. The present study was approved by
the Baylor College of Medicine Institutional Review Board.

Subjects

Subjects were recruited from the Texas Children’s Hospital’
Allergy and Immunology and Eosinophilic Gastrointestinal Diseases
clinics. Records were reviewed if patients met the following inclusion
criteria. First, a physician diagnosed EoE1 based on the criteria of�15
eosinophil count per high-powered field (eos/hpf) in �1 esophageal
biopsies. Second, the patients did not have a documented response to a
proton pump inhibitor (PPI) 8 weeks before the first biopsy. All
patients were on a PPI at the time of the biopsy. Analyses were
performed on patients who were treated with PPI. Third, the patient
was younger than 21 years. Exclusion criteria included the following:
the patient did not meet the diagnostic criteria or had another
diagnosis associated with gastrointestinal eosinophilia (eg, celiac
disease or inflammatory bowel disease), a mitochondrial disorder,
prolonged gastric emptying, lack of previous allergy evaluation of
associated atopic diathesis (allergic rhinitis, asthma, hives, or atopic
dermatitis), no assigned treatment regimen, received 3 treatment
regimens (topical corticosteroids, test-based food elimination, or a
combination of both) before reevaluation, or noncompliance docu-
mented by a physician. Detailed demographic data, including sex, age
at diagnosis, presenting clinical symptoms, associated atopic dia-
thesis (allergic rhinitis, asthma, hives or atopic dermatitis), PPI use
before first biopsy, and eos/hpf in the first and repeat biopsies (if
done), were obtained. Data based on the particular treatment regimen
(eg, dose of corticosteroids for topical corticosteroid group or results
of SPTand APT for test-based food elimination group) were obtained.
Patients were considered atopic if they had physician-diagnosed
asthma, allergic rhinitis, or atopic dermatitis. Treatment regimens
were determined according to the preferences of the patient and
physician at the time of the visit. Patients were followed for �3
934
months during treatment. A histological examination was conducted
by a clinical pathologist at the time of biopsy. The pathologist was
blinded to the treatment group during the histological examination.

Dietary Therapy

Test-based elimination diet was defined as the omission of
foods that elicited positive SPT results, APT results (based on the
scoring system by the North American Contact Dermatitis Group
(12)), or both. Foods that tested positive on the SPTwere not included
in the APT. Patients avoided foods that yielded positive results in the
SPT or APT, and those that caused IgE-mediated symptoms or
anaphylaxis. The number of foods avoided was recorded and counted
for each patient who had dietary or combination therapy.

Skin-prick Test

The 6 foods that cause >90% of IgE-mediated food allergic
reactions were included for the SPTs. Patients had SPTs to cow’s
milk, hen’s eggs, soy, wheat, a mix of peanuts and tree nuts, and a
fish/shellfish mix with standardized extracts from Greer. Individual
foods were added based on clinical history and dietary intake.
Histamine (1 mg/mL) and normal saline were used as positive and
negative controls, respectively. Tests were read after 15 minutes
and interpreted as positive if there was a �3-mm wheal reaction
compared with that of the control (13).

Atopic Patch Test

Patients had APTs to 8 foods identified from previous groups
as most causative in EoE (11), including cow’s milk, hen’s eggs,
soy, wheat, peanut/tree nuts, fish/shellfish, beef, and chicken.
APTs, however, were excluded for foods that caused a clinical
allergic reaction or those that were positive on the SPT. Raw foods
were used for APTs. Patches were removed after 48 hours and
scored 72 hours after placement. A score of �2 was considered
positive based on the 1þ to 3þ grading scale of the North American
Contact Dermatitis Group (12).

Topical or Oral Corticosteroids

Patients on topical corticosteroids received 1 to 2 mg of
budesonide twice daily as an oral, viscous slurry or 88 to 440 mg
oral fluticasone twice daily. The type and dose of corticosteroid
were determined by the treating physician.

Combination Therapy

Patients began the combination of a test-based elimination
diet and topical corticosteroid treatment (budesonide or fluticasone)
at the time of diagnosis. Patients were included in this group if they
received combination therapy for �3 months or until the next
follow-up biopsy, whichever occurred earlier. Patients who failed
single-therapy treatment before beginning the combination therapy
were only included in the combination therapy group.

Remission Status

Clinical and histological remissions were dichotomized, and
endpoints were determined before conducting the chart review.
Clinical remission was defined as complete resolution of the
presenting symptoms and no new symptoms for �3 months from
the initiation of therapy. A lack of clinical remission was defined as
the persistence of �1 presenting symptom or the development of
www.jpgn.org
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new symptoms. Complete histological remission was defined as
<15 eos/hpf. A lack of histological remission was defined as
�15 eos/hpf.

Statistical Analysis

Patient characteristics and outcome measures were stratified
by treatment group and reported as frequencies with percentages or
medians and minimum and maximum values. Univariate analysis
compared patient characteristics between treatment groups using
Fisher exact test or the Kruskal-Wallis test as appropriate. Multiple
logistic regression models were also used to compare the odds of
clinical and histological improvement between treatment groups by
estimating odds ratios (ORs) with 95% confidence intervals (CIs).
Variables that were significant at the 0.10 level in the univariate
analysis were also included in the multiple logistic regression
models. Otherwise, statistical significance was set at the 0.05 level.

RESULTS

Subjects
Six hundred and seventy charts of patients diagnosed as

having EoE between January 2006 and December 2012 were
reviewed with institutional review board approval. Among these
charts, 9% (n¼ 63) met the inclusion criteria. A flow diagram
showing enrollment of subjects is presented in Supplemental Digital
Content, Figure 1, http://links.lww.com/MPG/A954. The primary
reason for exclusion was lack of evidence of clinical symptoms and
histological criteria. Fifty-one percent of patients (n¼ 32) received
combination therapy, and 27% (n¼ 17) received only topical
corticosteroids. Twenty-two percent of patients (n¼ 14) were
placed on the test-based elimination diet at diagnosis. Demographic
characteristics of the subjects are shown in Supplemental Digital
Content, Table 1, http://links.lww.com/MPG/A955. The majority of
patients enrolled in the present study were male (73%; n¼ 46). The
median age at diagnosis was 8.3 years (range 0.7–20.7 years).
Patients in the corticosteroid-only group tended to be older at
diagnosis and at the initial visit compared to those in the dietary
restriction and combination therapy groups (P< 0.05). All patients
(100%, n¼ 63) presented with at least 1 gastrointestinal symptom,
TABLE 1. Clinical and histological responses according to treatment grou

Variable Steroid (N¼ 17) Dietary re

Time between biopsies

N 14

Median (min, max) 0.5 (0.2, 2.9) 0.8

Baseline eos/hpf

N 17

Median (min, max) 40 (20, 92) 47.

Repeated eos/hpf

N 14

Median (min, max) 9.5 (0, 102) 9.5

Change in eos/hpfy

N 14

Median (min, max) �32 (�88, 72) �29

Remission, n (%)

Clinical 12/17 (71%) 9/

Histological 7/14 (50%) 6/

Eos/hpf¼ number of eosinophils per high-power field; max¼maximum; min�
P were determined by Fisher exact test or Kruskal-Wallis test.
yComputed as post-treatment minus baseline; negative values indicate a decl

www.jpgn.org
including nausea, vomiting, abdominal pain, failure to thrive/
weight loss, or diarrhea and received a PPI for 8 weeks before
the first biopsy. Asthma and allergic rhinitis were more common
among patients in the dietary restriction group (P< 0.05). Among
the 63 enrolled patients, 95% (n¼ 60) continued to receive PPIs
along with their respective treatment regimen after the first biopsy.

Clinical Remission in the Combination Therapy
Group

Clinical remission for each treatment group is shown in
Table 1. Complete resolution of the presenting clinical symptoms
occurred more frequently (91%, n¼ 32) in patients who received
combination therapy compared to that of patients in the topical
corticosteroid (71%) or dietary restriction (64%) groups. This,
however, did not reach statistical significance (P¼ 0.06). The
unadjusted odds of clinical improvement were 4.6 times greater
(95% CI: 1.1–18.8) in patients with combination therapy compared
to that of either of the single therapies. The OR was 2.0 (95% CI:
0.3, 12.3) after adjusting for the time between repeat biopsies in this
subgroup (n¼ 43). The odds of clinical improvement were 3.7 time
greater (95% CI: 1.1, 12.7) among patients in the combination
therapy group compared with that of the topical corticosteroid
group after adjusting for corticosteroid dose.

Histological Remission in the Combination
Therapy Group

Repeat biopsies were performed in 70% (n¼ 44) of the 63
patients in the present study. Although time between repeat biopsies
did not significantly (P¼ 0.22) differ between groups, the dietary
restriction group tended to have more time between biopsies
(median¼ 0.8 years) compared with that of the topical corticoster-
oid (median¼ 0.5 years) and combination therapy (median¼ 0.7
years) group (Table 1, Fig. 1). Histological remission was higher
among patients in the combination therapy group (80%) compared
with those in the topical corticosteroid (50%) and dietary restriction
groups (60%), but this was not statistically significant (Table 1).
The unadjusted odds of histological remission were 3.5 times
p

striction (N¼ 14) Combination (N¼ 32) P
�

9 20

(0.3, 3.9) 0.7 (0.2, 6.5) 0.22

14 32

5 (20, 75) 49.5 (19, 105) 0.95

10 20

(0, 100) 0 (0, 25) 0.07

10 20

(�50, 37) �38.5 (�105, 5) 0.26

14 (64%) 29/32 (91%) 0.06

10 (60%) 16/20 (80%) 0.21

¼minimum; N¼ number.

ine in eos/hpf.
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greater (95% CI: 1.2, 10.5) among patients in the combination
therapy group compared with that of patients in the single-therapy
groups. After adjusting for covariates, the OR was 3.5 (95% CI: 1.1,
11.2). The median change in number of eos/hpf was greatest in the
combination group, although the difference between groups was not
statistically significant (P¼ 0.07); the corticosteroid and food
avoidance groups had relatively equivalent changes in eos/hpf
(Table 1). Patients who received <176 mg corticosteroid in the
combination group were more likely to respond than patients in the
single-agent corticosteroid group who were treated with �176 mg
corticosteroid (OR¼ 5.8, 95% CI: 0.9, 39); however, this estimate
was underpowered. The combination therapy group and corticos-
teroid groups were comparable with 80% of patients receiving
fluticasone, but the corticosteroid group was treated with a slightly
higher dose (Table 2).

Atopy and Food Avoidance in Single and
Combination Therapy Groups

The majority of patients had atopic diathesis, and 73%
(n¼ 46) had atopic rhinitis. Asthma and eczema were less common
at 51% (n¼ 32) and 37% (n¼ 23), respectively. Patients with
dietary restriction tended to exhibit higher incidences of asthma
and atopic rhinitis. The distribution of positive test results for the
immediate-type hypersensitivity skin test (IHST) and patch test
(APT) is shown in Figure 2. The 6 most common foods that yielded
positive results in both the IHST and APT were chicken, beef, milk,
peanut, soy, and wheat. On average, patients treated exclusively by
food elimination (n¼ 10) avoided 5.1 (standard deviation¼ 1.8)
TABLE 2. Comparison of steroid doses between FS and S groups

FS S

Average dose, mg 0.93 1.12

Minimum dose, mg 0.176 0.176

Maximum dose, mg 4 6

Median dose, mg 0.44 0.88

Percent fluticasone 80% 80%

FS¼ food plus steroid; S¼maximum.

936
foods, whereas those treated with the combination therapy (n¼ 38)
avoided 3.5 (standard deviation¼ 2.1) foods. Sixty-two percent
(n¼ 20) of patients who responded to combination therapy pre-
viously failed single-agent topical corticosteroid (n¼ 13) or food
elimination therapy (n¼ 7). Sixteen of these 20 patients were
defined as having ‘‘failure of therapy’’ based on continued clinical
symptoms, and 2 were defined as having histological failures based
on eos/hpf count >15.

DISCUSSION
Currently, there is a debate regarding the ideal therapy for

pediatric EoE. The first-line therapy in adults is a regimen of topical
corticosteroids (14). Food elimination diets, however, are often
considered in pediatric patients (1). This is the first study to evaluate
food elimination compared to topical corticosteroids or a combi-
nation therapy in pediatric patients with EoE.

Utility of Test-based Food Elimination

The 2011 EoE consensus document recommends food avoid-
ance diets in pediatric patients with EoE (1). The practical imple-
mentation of such diets, however, remains under debate. There are 3
major dietary options for food elimination: the elemental diet,
SFED, and skin test-based avoidance (8). An elemental diet elim-
inates all foods, and nutrition is provided exclusively by a crystal-
line amino acid formula (8). The test-based diet is often conducted
with empiric milk avoidance (15). Although the elemental diet is the
most effective, compliance with this strategy is challenging for
patients older than infant or toddler age (8,16). In addition, dietary
restriction is generally associated with reduced quality of life (17).

Skin test elimination diets are controversial because of low
specificity (�50%) for positive values on IHST (8). In addition,
EoE is thought to include a non-IgE-mediated pathophysiology;
thus, positive IHST results are difficult to interpret as a sole marker
of sensitization (8,16). Given the concern for non-IgE-mediated
disease, patch testing is advocated. The test results are, however,
subjective and lack standardization (8). Thus, SFED has become
more popular, as testing is not required. Nonetheless, patient
compliance remains difficult because of the high prevalence of
foods containing these antigens (8).

In 2012, Henderson et al (8) compared these 3 diets and
found that elemental diets are the most effective; however, there
was no significant difference between SFED and test-based diets. In
2012, Spergel et al reported that SFED is as effective as food-
specific elimination. Food-specific elimination diets, however, may
exclude fewer foods (15). The present study confirms the effec-
tiveness and utility of specific food elimination diets. The remission
rate in this cohort was 64%, which is consistent with previously
reported rates of 77% (Spergel et al) and 65% (Henderson et al).
Interestingly, the top 5 foods to be removed were chicken, beef,
milk, soy, and wheat. Most studies did not report chicken or beef
among the most frequently removed foods (8,11,15). This distinc-
tion may be because of different methods of food preparation for
APT. Chicken and beef were the 2 most frequently removed foods
in this cohort. These results support the importance of carefully
selecting the foods to be tested, as meats are not included in the
SFED but appear to be important causative antigens. Prospective
studies should be performed to confirm these findings.

Effectiveness of Combination Therapy

We report for the first time that corticosteroid therapy is more
effective when combined with a test-based elimination diet com-
pared to either strategy alone. There is limited literature comparing
www.jpgn.org
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the efficacy of topical corticosteroids versus elimination diets in
patients with EoE. In 2005, a 10-year retrospective review demon-
strated an 81% response rate to topical corticosteroids in 17 patients
with EoE compared to a 57% response rate in 132 patients treated
with test-based dietary restriction and a 97% response in 164
patients treated with an amino acid–based formula (11). There
was, however, a large variation among the numbers of patients in
each group, and statistical analyses were not performed. There are
no other reports from a single institution comparing topical corti-
costeroids to elimination diets.

Although each therapy offered benefit, the approach to com-
bine corticosteroids with food elimination was also effective. This
result was observed even in patients who failed previous individual
therapy. One explanation for these results is that a patient may require
that fewer foods be eliminated when corticosteroids are added;
conversely, a lower dose of topical therapy may be required to
achieve benefit when combined with food elimination. It is difficult
to comply with dietary therapies owing to the number of avoided
foods; thus, decreasing the number of foods that must be eliminated
may improve compliance and quality of life (17). In addition,
common parental concerns regarding topical corticosteroids include
potential adverse effects and the need for indefinite treatment. The
shorter median time between biopsies in corticosteroid-treated
patients in this cohort is consistent with this concern. Using lower
doses of topical corticosteroids, as in the combination group, may
minimize long-term adverse effects and reassure parents.

In pediatric patients, diet should be comprised of 45% to 50%
carbohydrates, 20% to 25% fats, and 15% to 20% protein (18). Fat
and protein-containing foods are often eliminated from children’s
diets during SFED or skin test-based elimination (18). In addition,
vitamin and mineral deficiencies may occur when multiple food
groups are avoided (18). Fewer foods were eliminated when the
combination therapy was applied, which may decrease nutritional
deficiencies. The majority of safety data with topical corticosteroids
is based on administration for asthma. It is, however, unclear
whether oral treatment shows the same adverse effect profile in
EoE as that of inhaled therapy. There are limited studies regarding
the safety of topical corticosteroids in EoE; these studies have been
based on <2 years of treatment (19–22). Although adrenal sup-
pression and growth delay are potential adverse effects of corti-
costeroid’ use in asthmatic patients, these adverse effects have not
www.jpgn.org
yet been documented in EoE (23–26). The effects of the combi-
nation therapy on nutrition and on the adverse effects of topical
corticosteroids remain unclear and warrant further study.

EoE is potentially a TH2-driven allergic reaction to food.
Eotaxin-3 and interleukin-5 and -13, which induce eosinophil traf-
ficking to the esophagus, are released in response to antigens (27,28).
Elimination of foods from the diet may decrease the antigen burden,
diminishing this immune reaction. Although the exact mechanism of
corticosteroid therapy is unknown, studies show that eotaxin mRNA,
interleukin-13 mRNA, and epithelial hyperplasia are reduced by
topical corticosteroid therapy (29–31). We hypothesize that the
reduced antigenic burden from food elimination and diminished
inflammation by corticosteroids leads to inhibition of inflammatory
pathways and the overall efficacy of combination therapy. In
addition, as effects were also observed in a treatment-refractory
population, this therapy may be more suitable for those who have
failed previous therapy rather than as a front-line treatment option.

Limitations

The main limitation of the present study is the retrospective
design. The individual preferences, allergy profiles, and concerns
regarding corticosteroid’ adverse effects may have influenced the
treatment group assignment. It is also possible that because the
combination therapy group was younger, it included patients who
were easier to treat; however, factors affecting treatment decisions
were not recorded. The dietary group was also more atopic, so it
might have included more difficult-to-treat patients, but the base-
line eos/hpf in all groups was not statistically different (S, F, FS: 40,
47.5, 49.5 eos/hpf, respectively), so this is unlikely. There were a
high proportion of patients who previously failed single therapy and
this may bias the comparison between the 3 groups. The large subset
of patients who lacked follow-up biopsies was also a concern, as
some patients were not assessed histologically. There were, how-
ever, no differences in clinical response between those who
received biopsies and those who did not.

CONCLUSIONS
The optimal treatment for pediatric EoE remains unknown.

The present study shows that topical corticosteroids, test-based
dietary elimination, and combination therapy are all effective
937
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treatment options for atopic patients with EoE. Combination
therapy, however, is most effective in this cohort at inducing
clinical remissions and fewer foods are avoided when compared
to test-based dietary elimination. As combination therapy may be a
second-line treatment in clinical practice, its ability to induce
remission in patients who failed single therapy is important. Future
prospective studies are warranted to confirm our findings that food
elimination combined with corticosteroids offers an alternative
treatment option for patients who are refractory to single-
agent therapy.
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