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Abstract

Background: Few studies have examined combined or alternating treatment algorithms in 

eosinophilic esophagitis.

Aims: We conducted a retrospective cohort study to ascertain the efficacy and adherence to a 

combined and alternating treatment approach with topical corticosteroids and two-food 

elimination diet for pediatric EoE.
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Methods: Patients were prescribed a two-food elimination diet (milk and soy) and topical 

corticosteroid (fluticasone or oral viscous budesonide) for 3 months, after which the steroid was 

discontinued and two-food elimination diet continued for 3 months. An EGD was performed at 

baseline, 3 months and 6 months. Clinical, endoscopic, and histologic data were extracted from 

electronic medical records. Non-parametric tests assessed adherence and outcomes.

Results: Twenty-nine eosinophilic esophagitis cases were included (mean age 11.5 years, 61% 

male). Complete adherence to combined therapy and two-food elimination diet alone was 75% and 

79%, respectively. Median eosinophil counts decreased from 51 to 2 eosinophils/hpf (p < 0.001) 

after combined treatment and rebounded to 31 (p =0.07) after 2FED alone. Dysphagia improved 

after both the combined and two-food elimination diet alone treatment approaches (52% vs. 11% 

and 10%; p = 0.001, 0.005). Non-significant improvements in endoscopic findings were 

documented across the length of follow-up.

Conclusions: An initial combined treatment approach resulted in significant improvements in 

symptoms and histologic findings. While symptomatic improvements continued with two-food 

elimination diet alone, the histologic improvement was not maintained. While loss to follow-up 

may obscure the efficacy of two-food elimination diet alone, a combined/alternating treatment 

approach merits assessment in a larger prospective study.
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Introduction

Eosinophilic esophagitis (EoE) is a chronic immune/antigen-mediated condition 

characterized histologically by eosinophilic-predominant esophageal inflammation and 

clinically by esophageal dysfunction [1]. The diagnosis requires at least 15 eosinophils per 

high-power field (eos/hpf) on esophageal biopsies and the exclusion of alternative etiologies 

of eosinophilia [1,2]. EoE represents a significant contributor to esophageal morbidity and 

the second leading cause of esophagitis [3–5]. Non-specific symptoms predominate in 

children including vomiting, regurgitation, heartburn and less frequently failure to thrive or 

growth failure [6]. Difficulty feeding, choking and refusal of food are more common in 

infants and toddlers [7,8].

EoE is a chronic disease, and without intervention the histologic and endoscopic disease 

activity persists [1,2,9]. Furthermore, the length of the symptomatic period prior to diagnosis 

correlates with stricture formation [10–12]. As such, early identification and treatment of 

children may decrease or eliminate the attendant consequences of untreated disease. The 

optimal treatment strategy for children, however, remains unclear. At present, the first-line 

treatment strategies for EoE in patients who do not respond to proton pump inhibition 

include topical corticosteroids (tCS) and food elimination diets (FED). Though both 

strategies improve the clinical and histologic features of EoE [13–17], patients frequently 

fail to respond to either strategy [15,18,19], may suffer deleterious side effects [20–24], 

experience disease recurrence with cessation of treatment [25,26], and incur significant 

quality of life burdens [27]. A combined treatment approach concurrently utilizing a tCS and 
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FED may represent a preferential alternative to tCS and/or FED monotherapy in certain 

scenarios. For example, a tCS may be a potent means to achieve disease remission, while 

dietary elimination could be used to limit potential side effects in children. However, few 

data exist pertaining to a combined treatment approach with both corticosteroids and dietary 

food elimination [28], and to our knowledge no data report the efficacy of an alternating 

corticosteroid and dietary elimination approach for EoE.

Therefore, this study aimed to assess the overall efficacy of a combined and alternating 

treatment approach with topical corticosteroids and two-food elimination diet in a cohort of 

children with EoE. We also aimed to assess patient adherence to this treatment protocol.

Methods

We conducted a retrospective cohort study at Brenner Children’s Hospital from 2014 – 

2017. Electronic medical records of each child with EoE treated at Brenner Children’s 

Hospital were searched to ascertain all patients meeting study inclusionary criteria. Included 

EoE cases met consensus guidelines for diagnosis [1,2] and were ≤18 years old at the time 

of protocol initiation. Additionally, for study inclusion, patients were required to have upper 

gastrointestinal tract symptoms attributable to pathologies of the upper gastrointestinal tract 

and at least 15 eos/hpf on esophageal biopsies after at least 6-week proton pump inhibitor 

(PPI) treatment. Patients were also required to have had a subsequent follow-up endoscopy 

with biopsy while on the combined/alternating treatment protocol at Brenner Children’s 

Hospital for inclusion. Included patients received instructions to initiate the treatment 

protocol assessed in this study, as described below.

Patients were treated with a two-food elimination diet (2FED) excluding milk and soy and a 

tCS (fluticasone or oral viscous budesonide, typically 440 mcg or 1 mg daily, respectively). 

Soy lecithin and soy oil were permitted in this protocol. Patients and/or their caregiver(s) 

created oral viscous budesonide suspension by mixing budesonide respules with Neocate 

Nutra in a ratio of 0.5 mg/2mL respules to 2.5 mL Neocate Nutra. This combined treatment 

was prescribed for 3 months, at which time the tCS was discontinued and patients were 

instructed to follow the 2FED alone for 3 months. An EGD was completed at baseline prior 

to combined therapy, and repeat EGDs were performed at 3 and 6 months following the 

combined and 2FED alone treatments.

Using a standardized data collection form, patient demographics, symptoms, previous 

treatments, endoscopic findings, and outcomes (symptomatic [yes/no], and endoscopic 

response [yes/no] were abstracted from the electronic medical record. As this was a 

retrospective study and validated patient reported outcome measures were not applied in 

clinical settings, symptoms were coded using dichotomous variables signifying their 

presence or absence [yes/no]. Additionally, as the EoE Endoscopic Reference Score 

(EREFS) [29] was not used in routine practice, endoscopic response was also coded using a 

dichotomous variable [yes/no] available from the medical records. Esophageal biopsy 

specimens were re-analyzed specifically for the purpose of this study by a single, non-

blinded, gastrointestinal pathologist using a systematic approach [peak eosinophil count; % 

biopsies with < 15 eos/hpf; hpf size = 0.55 mm2]. Adherence to treatment was assessed 
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utilizing an ordinal variable with three categories, complete, partial and inadequate, based on 

clinical report from the patient and as documented in the electronic medical record. 

Complete adherence signified complete FED and tCS adherence; partial adherence signified 

compliance to 50% or more meals, snacks, and tCS doses; inadequate compliance signified 

lack of tCS adherence or minimal adherence to the FED (0% - 50% of meals, snacks, and 

tCS doses). Sex and age standardized z-scores for height and weight were calculated using 

the Centers for Disease Control reference for child growth.

Descriptive statistics were used to characterize the cohort. Non-parametric, bivariate analysis 

was performed to describe the relationship between pre- and post-treatment outcome 

variables: McNemar’s X2 and Wilcoxon Signed-Rank test assessed pre- and post- treatment 

categorical variables and continuous variables, respectively. Paired t-tests were used to 

compare pre- and post-treatment height and weight z-scores. Non-paired assessment of 

categorical variables utilized Pearson’s X2 test and Student’s t-test for continuous variables. 

All data analyses were performed using Stata 14.1 (StataCorp, College Station, TX). The 

Wake Forest University Health Sciences Institutional Review Board approved this study for 

conduct.

Results

Baseline characteristics

A total of 29 patients met inclusion criteria for analysis in this study (Figure 1). At the start 

of the treatment protocol, the mean age of patients was 11.5 years, 61% were male, and 90% 

were white. Concurrent atopic conditions were reported in 59% of patients. Mean length of 

symptoms prior to diagnosis was 2.8 years. The mean height and weight z-scores at baseline 

were −0.10 and 0.38, respectively (Table 1).

Prior to treatment, the most common symptom was dysphagia (52%) followed by heartburn 

(45%) and abdominal pain (45%). Endoscopic findings of EoE, with the exclusion of 

esophageal furrowing, were relatively uncommon at baseline including 55% with furrows, 

3% with white plaques, 3% with erythema, and no rings or strictures. The median peak 

eosinophil count at baseline was 51 eos/hpf (IQR: 32 – 71) (Table 1). Most patients were 

treatment naïve for EoE, while 5 patients (18%) were previously treated with a food 

elimination diet; no patients had received tCS (Table 1). At the initiation of the combined 

treatment protocol, 82% of patients were started on fluticasone, which was dosed at 440 mcg 

in the overwhelming majority of cases. The remaining 18% of patients were initiated on oral 

viscous budesonide typically at 1 mg per day (Table 1).

Response to combined topical corticosteroids and two-food elimination diet

The initiation of the treatment protocol, which consisted of combined tCS and 2FED, was 

followed by repeat endoscopic and clinical evaluation after approximately 3 months. At 3 

months, all 29 patients had follow-up data. Significant decreases in symptoms of dysphagia 

(52% vs. 11%, p = 0.001), heartburn (45% vs. 7%, p = 0.01), and abdominal pain (45% vs. 

15%, p = 0.03) were documented after starting the combined treatment protocol. 

Improvements in nausea (24% vs. 11%, p = 0.18) and vomiting (41% vs. 22%, p = 0.10) 
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trended toward statistically significant improvements (Figure 2A). Height (−0.10 vs. −0.05, 

p = 0.13) and weight (0.38 vs. 0.18, p = 0.33) z-scores did not differ between the pre- and 

post-treatment periods. Complete adherence to the combined treatment strategy was 

documented in 75% of patients and partial adherence in 25% of patients (Table 1).

Following the initiation of the combined treatment strategy, the proportion of normal 

endoscopic examinations trended toward a significant difference (28% vs. 48%, p = 0.13), 

and there were fewer patients with appreciable esophageal furrowing (55% vs. 41%, p = 

0.37). Observation of strictures, white exudate, and decreased vascularity, nearly absent at 

baseline, continued to be absent at combined treatment follow-up (strictures [0% vs. 0%], 

white plaques [3% vs. 4%, p = 1.0], and decreased vascularity [0% vs. 0%]) (Figure 2B). 

Also, of note, no patients required esophageal dilation at baseline or following treatment 

initiation nor did they exhibit evidence of esophageal candidiasis at either time point. The 

median peak eosinophil count decreased from 51 (IQR: 32–71) to 2 (IQR: 0–10) eos/hpf (p 

< 0.001). Of these 29 patients, 23 (79%) achieved a post-treatment eosinophil count of < 15 

eos/hpf (Figure 3). After stratifying the cohort by partial to complete adherence versus 

inadequate adherence, no statistical differences were found for histologic, symptomatic, or 

endoscopic outcomes between the stratified groups.

Response to a 2 food elimination diet alone

After approximately 3 months of combined tCS and 2FED, patients transitioned to a 2FED 

alone. The transition to 2FED mono-therapy was followed by an additional clinical and 

endoscopic evaluation at 3 months, which corresponded with a total elapsed time of 

approximately 6 months from protocol start. Of the 29 patients included in this study, 15 

(52%) had a documented endoscopic and histologic evaluation for the final analysis of 

treatment outcomes. There were 7 patients (24%) who were lost to follow-up, 4 patients 

(14%) for whom the final endoscopy was not yet complete, and 3 patients (10%) for whom 

their provider did not continue the protocol. Symptom outcome data was available for 5 

(36%) of the 14 patients who did not have a final endoscopy with biopsies. Patients not 

completing the protocol did not differ from patients who completed the protocol on post-

combined therapy (tCS + 2 FED) mean peak eosinophil counts (10 non-completers vs. 9 

completers eos/hpf, p = 0.92) or proportion with < 15 eos/hpf on initial follow-up endoscopy 

(85% non-completers vs. 80% completers, p = 0.26). These 2 groups also did not differ 

symptomatically by dysphagia (8% non-completers vs. 14% completers, p = 0.59), heartburn 

(14% non-completers vs. 0% completers, p = 0.13), or abdominal pain (15% non-completers 

vs. 14% completers, p = 0.94). Additionally, a similar proportion of patients in each group 

had normal endoscopic findings (absence of furrows, white exudate, and decreased 

vascularity) (46% non-completers vs. 50% completers, p = 0.84) after tCS with 2FED.

Among the 15 patients undergoing follow-up clinical and endoscopic evaluation following 

the 2FED alone, a significant and durable improvement was reported for dysphagia (53% vs. 

13%, p = 0.01) and nausea (27% vs. 0%, p = 0.05) from baseline symptoms to after 2FED 

alone. Additionally, vomiting (33% vs. 7%, p = 0.10), abdominal pain (40% vs. 13%, p = 

0.10), and heartburn (40% vs. 20%, p = 0.08) neared a statistical improvement at the end of 

the protocol (Figure 2A). The proportion of patients with normal endoscopic features at 
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EGD (42%) was similar to that which was found after combined therapy (50%) and trended 

toward a significant improvement (42% vs. 27%, p = 0.18) from baseline findings. Again, no 

patients required an esophageal dilation there were no cases of and candidal esophagitis 

(Figure 2B). After withdrawal of tCS, eosinophil counts rebounded to a median peak count 

of 31 eos/hpf from a baseline of 53 eos/hpf (p = 0.07) (Figure 3). Similarly, a smaller 

proportion of patients (33%) maintained a histologic response of < 15 eos/hpf at the end of 

the protocol than following combined treatment (79%). Height (−0.57 vs. −0.54, p = 0.39) 

and weight (0.14 vs. −0.14, p = 0.88) z-scores were also unchanged from baseline. 

Adherence to a 2FED was recorded as complete in 11 (79%) and partial in 3 (21%) patients, 

respectively (Table 1). After stratifying by partial to complete adherence versus inadequate 

adherence, post-treatment eosinophil counts neared statistical significance (29 eos/hpf vs. 87 

eos/hpf; p =0.07) and dysphagia differed between the groups (0% vs. 33.3%; p =0.05). No 

other differences were found by compliance for symptoms or endoscopic findings.

Discussion

Topical corticosteroids and food elimination diets improve the clinical and histologic 

findings of EoE and are regarded as the first-line therapies for management of this condition 

[13–16]. Not all patients, however, respond to tCS or food elimination strategies [18,19], and 

these treatments may produce side effects [20–24,30] and impose burdens on the quality of 

life of patients [27]. A combined treatment strategy may represent a viable alternative for 

EoE patients. Little data pertains to this form of treatment strategy [28], and no known 

studies report the efficacy of an alternating corticosteroid and dietary elimination approach 

for the disease. In this paper, we evaluated the efficacy of a combined treatment strategy 

with a 2FED consisting of soy and dairy elimination with tCS. As a part of the protocol for 

this treatment strategy, we minimized corticosteroid exposure by withdrawing tCS after 3 

months of the protocol. We found that a combined and alternating treatment approach 

produced sustained and significant improvements in symptoms and endoscopic features of 

EoE. However, after withdrawal of tCS, histologic eosinophil counts rebounded 

substantially, but did not reach pre-treatment numbers. We also found, among the patients 

available for analysis, that adherence was acceptable in all phases of the treatment protocol. 

As such, patients with active disease requiring rapid relief of symptoms and/or patients 

without a clinical or histological response to monotherapy may represent those in which a 

combined approach should be utilized.

The significant and pronounced response to tCS plus the 2FED suggests it may be a viable 

management approach in children with EoE. Additionally, although the post-2FED mono-

therapy eosinophil count increased toward pre-treatment levels, symptomatic and endoscopic 

improvements persisted through the final clinical and endoscopic evaluations. Such findings 

suggest that intermittent use of corticosteroids may mitigate the concern over long-term side 

effects, but further long-term data are needed to confirm this point. Furthermore, although it 

is plausible to presume that a proportion of patients did not have soy or dairy as sole trigger 

allergens, which partly explains the increase in eosinophil counts at the end of the protocol, 

the selection of a 2FED still benefited patients for whom these foods are triggers, and 

mitigated the follow-up burden imposed by a conventional 6FED. The loss of histologic 

response after 2FED alone, in a cohort largely consisting of adolescents, may also be subject 

Reed et al. Page 6

Dig Dis Sci. Author manuscript; available in PMC 2020 March 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



to non-differential response bias, possibly attenuating estimates observed toward the null. As 

the patients without final follow-up data uniformly exhibited clinical, endoscopic, and 

histologic improvements after combined treatment, it is conceivable that their missing data 

reduced the power of our statistical testing, but not the validity of our conclusions. For this 

study, the 2FED consisted of dairy and soy. Cow’s milk and wheat are considered the most 

common food allergen triggers for EoE [1,2]. However, the elimination of milk and wheat 

from a child’s diet likely imposes a greater psychosocial burden than the elimination of milk 

alone [31]. In addition, elimination of dairy alone has been reported to produce clinical and 

histologic remission in approximately 65% of children [32]. Finally, further lending 

credence to our strategy, a previous study suggested that 25% - 60% of infants with non-IgE 

mediated reactions to dairy also react to soy [6,33–36].

Very minimal data currently exists similar to that which we present in this paper. In a recent 

study by Constantine et al. [28] 32 patients were treated with a combined treatment 

algorithm consisting of tCS with the targeted elimination of food triggers. Similar to the 

results observed in our study, they found a histological remission rate of 80%, which was 

defined as < 15 eos/hpf on repeat biopsies, in patients treated with the combined strategy. It 

is also notable that the combination treatment group in this study had previously failed 

single-agent treatment for EoE. However, the time between initiating combined treatment 

and repeat endoscopy with biopsies was longer at 0.7 years, increasing the potential for co-

interventions and diminishing adherence to therapy. There also was only a single follow-up 

point reported.

Limitations exist for this study. Foremost, the study utilized a retrospective design, and data 

were obtained from the electronic medical record, so there is the potential for 

misclassification bias. There is also the potential for incomplete assessment of symptoms 

and clinical response. As most outcomes were assessed without validated patient reported 

outcome measures, measurement bias may exist for these variables. Using a single 

pathologist to re-read all of the biopsy samples minimized misclassification of histologic 

data, and is a strength of the study. The sample size for the study was relatively small, 

limiting the power to detect significant differences in treatment efficacy and adherence, 

particularly at the 6-month follow-up. Given the study was conducted at a single center site, 

there is potential that the results may not be generalizable to other pediatric populations. 

However, the clinical features are typical of other pediatric EoE populations, and 48% of 

patients in this cohort were covered by Medicaid, which is similar to the proportion of 

children in North Carolina covered by Medicaid overall. Strengths of this paper include the 

inclusion of patients meeting consensus disease definition, expert pathology interpretation, 

and the examination of a relatively homogenous cohort. Additionally, the study results are 

outside of a clinical trial, and give an approximation of how such a treatment strategy would 

work in ‘real-world’ clinical practice.

In summary, an initial treatment approach consisting of combined tCS and 2FED produced 

significant improvements in the histologic, symptomatic and endoscopic features of EoE. 

With a transition to 2FED alone, the histologic improvement was not maintained, though 

patients continued to report significant improvements in the other outcome domains. 

However, as a result of loss to follow-up, the histologic efficacy of such a treatment protocol 
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may be underestimated. The efficacy of a combined and alternating treatment approach to 

EoE merits further assessment in a larger and prospective study.
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EoE eosinophilic esophagitis
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Figure 1. 
Patient flow throughout the treatment period for patients treated with topical corticosteroids 

(tCS) and 2-food elimination diet (2FED). At each point in the figure, the number of patients 

indicates those who remained on the treatment protocol and for which data were available 

for analysis.
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Figure 2. 
(A) Symptom reporting across the study period for patients treated with topical 

corticosteroids (tCS) and 2-food elimination diet (2FED). (B) Endoscopic findings across 

the study period for patients treated with topical corticosteroids (tCS) and 2-food elimination 

diet (2FED).
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Figure 3. 
Histologic findings across the study period for patients treated with after topical 

corticosteroids (tCS) and 2-food elimination diet (2FED).
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Table 1.

Cohort demographic features, prior eosinophilic esophagitis (EoE)-specific therapies, and clinical history

Demographic features

 Age at baseline (mean years ± SD
1
)

11.5 ± 4.8

 Symptom duration prior to diagnosis (mean years ± SD) 2.8 ± 3.1

 % Male 61

 % White 90

 % Atopic disease comorbidity 59

 % MDI
2
 fluticasone/oral viscous budesonide at baseline

82/18

 Insurance

  % Medicaid 48

  % Private/commercial insurance 52

 Baseline weight z-score (mean ± SD) 0.38 ± 1.6

 Baseline height z-score (mean ± SD) −0.10 ± 1.2

Prior EoE-specific therapies in last 6 months (%)

 Any food elimination diet 18

 Inhaled steroids 11

 Systemic corticosteroids 4

Baseline symptoms (%)

 Dysphagia 52

 Heartburn 45

 Chest pain 3

 Nausea 24

 Vomiting 41

 Abdominal pain 45

Baseline endoscopic findings (%)

 Rings 0

 Furrows 55

 Decreased vascularity 0

 White plaques 3

 Stricture 0

 Erythema 3

Baseline histology findings (median peak eos/hpf
3
; IQR

4
)

51; 32 – 71

Adherence

 % Complete/partial adherence

  Following combined tCS
5
 + 2FED

6 75/25

  Following 2FED 79/21

1
standard deviation;

2
metered dose inhaler;
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3
eosinphils per high-power field;

4
inter-quartile range;

5
topical corticosteroids;

6
2-food elimination diet;
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