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Background: Eosinophilic esophagitis (EoE) is a chronic immune-mediated
inflammatory disease characterized by eosinophil inflammation of the
esophagus. It has been described as a component of the Allergic March and
is often seen with other atopic diseases. Some atopic diseases, including
asthma, are known to be heterogenous with endotypes that guide treatment.
Similarly, we propose that EoE is a heterogenous disease with varying
phenotypes and endotypes that might impact response to therapy.

Methods: A single-center retrospective review of pediatric patients <18 years
of age diagnosed with EoE was conducted. All gastrointestinal clinic visits
and esophagogastroduodenoscopies (EGD) from disease presentation
through the first three years after diagnosis were reviewed. Histologic
remission rate and therapies utilized [proton pump inhibitor (PPI), topical
steroid, dietary elimination] were assessed.

Results: One hundred and thirty-seven patients were included, 80% of whom
had at least one concurrent atopic condition at diagnosis, with food allergies
being the most common (57%) followed by eczema (34%), and asthma (29%).
The remission rate of the overall cohort was 65%, and by concurrent allergy,
comorbid pollen food syndrome and eczema had the highest remission rates
at 100% and 81%, respectively followed by asthma (62%), food allergies
(62%), seasonal allergic rhinitis (60%), and history of anaphylaxis (56%).
Kaplan-Meier curves for each atopic condition show that patients with
eczema and pollen food syndrome achieve histologic remission faster than
those without. All treatment modalities were more successful in patients with
eczema than those without, and PPl was most effective treatment at
inducing remission.

Conclusions: In a real-world pediatric cohort, 80% of patients with EoE had an
underlying atopic condition. Patients with eczema and pollen food syndrome
had a swifter response and were more likely to achieve histologic remission
than patients with other atopic conditions. This study suggests that EoE, like
other allergic diseases, may have heterogenous phenotypes that could affect
response to treatment. There is currently a knowledge gap in classifying EoE
based on endotypes and phenotypes at diagnosis and correlating responses
to various treatment modalities.

01 frontiersin.org


http://crossmark.crossref.org/dialog/?doi=10.3389/falgy.2022.981961&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/falgy.2022.981961
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/falgy.2022.981961/full
https://www.frontiersin.org/articles/10.3389/falgy.2022.981961/full
https://www.frontiersin.org/articles/10.3389/falgy.2022.981961/full
https://www.frontiersin.org/articles/10.3389/falgy.2022.981961/full
https://www.frontiersin.org/journals/allergy
https://doi.org/10.3389/falgy.2022.981961
https://www.frontiersin.org/journals/allergy
https://www.frontiersin.org/

Sessions et al.

KEYWORDS

10.3389/falgy.2022.981961

eosinophilic esophagitis (EoE), eczema, oral allergy syndrome (OAS), outcomes, atopic dermatitis,
allergy, pollen food syndrome (PFS), pollen food allergy syndrome (PFAS)

Introduction

Eosinophilic esophagitis (EoE) is a chronic immune
mediated inflammatory disease of esophageal eosinophil
infiltration (1). It has been described as a component of the
Allergic March and is often known to affect patients with
underlying atopic comorbidities (2, 3). EoE is defined by
clinical symptoms of esophageal dysfunction and histologically
by presence of >15 eosinophils (eos)/high-powered-field (hpf)
in the esophageal biopsies (4, 5). Recent literature has
described heterogeneity in EoE patients, with variations in
disease phenotypes and endotypes (6). Disease variations are
well described in other atopic diseases, with endotypes and
inflammatory markers that guide clinical treatment (7). For
example, asthma endotypes of Th2 high (eosinophilic) vs. Th2
low (non-eosinophilic) are well established and there are now
biologic agents used for patients with Th2 high disease (8).
Likewise, EoE may be classified based on phenotypic (age,
severity, response to therapy, fibrosis, and/or atopic
comorbidities) or pathogenic variability resulting in endotypes
(Th2 high vs. low, abnormal epithelial barrier function,
esophageal fibrosis, genetic markers) (6). This study aims to
investigate whether differences in type of underlying allergic
manifestations could be correlated to disease endotype, course,

and response to therapy.

Materials and methods
Patient population and data sources

Stanford University Institutional Review Board for Human
Research provided ethical approval this
retrospective review (IRB 61 Registration #4947). The
Stanford database identified patients <18 who had an
esophagogastroduodenoscopy (EGD) and EoE diagnosis by
ICD9 or ICDI10 code. if their
diagnostic EGD had >15 eos/hpf in at least one esophageal

Subjects for

Patients were included
biopsy sample along with the presence of esophageal
symptoms, based on the current diagnostic criteria for EoE (4,
5, 9).

systemic diseases such as inflammatory bowel disease, celiac

Exclusion criteria include patients with complex

disease or history of solid organ transplantation, as well as
patients diagnosed with gastroesophageal reflux disease rather
than EoE based on experienced clinician review (10-12).
Chart review involved data collection to investigate
demographics, current

anthropometrics, symptoms,
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medications, past medical history, and relevant family history
for the visit prior to the diagnostic EGD, as well as for all
gastrointestinal clinic visits and endoscopies for up to three
years post-diagnosis. Stanford has a pediatric EoE clinic,
which is a multidisciplinary clinic with a gastroenterologist
and allergist, and the majority of clinic visits reviewed were a
part of the combined clinic. Classification of co-morbid
allergy at diagnosis was based on history of atopic conditions
in the initial clinic note, which was either parent reported or
based on physician chart review. Endoscopic data collected
and reviewed included operative and histopathology reports
with peak eos/hpf (13). Macroscopic inflammation seen
endoscopically was described as edema, rings, exudate,
furrows, and stricture, all of which were included in the data
collected (14-16).

Treatment modality

Treatment information was collected from endoscopy or
clinical visit records and treatment duration was calculated
based on visit dates and notes directly. It was standard of
care for the provider to inquire about therapy adherence on
a yes/no basis at each visit, and only patients who stated
they were adherent to the prescribed therapy were included
in analysis for that treatment. Only treatments tried for at
least six weeks prior to either the date of first histological
remission or date of last visit record were considered as full
treatment. If a treatment was tried for less than six weeks, it
was labeled as partial treatment, and if there was only one
record of a treatment, it was labeled as unknown treatment
duration. If a patient was eliminating specific foods at the
initial visit, these foods were not considered as part of an
elimination diet. Treatment options analyzed include topical
(TS)
budesonide slurry), dietary elimination (DE), proton pump

steroids (swallowed inhalational fluticasone or
inhibitor (PPI), and combination treatment. Visit records
were sorted by date for each patient, and the cumulative
time that the treatment was tried was calculated for each of
the three main treatment modalities across visits (PPI, DE,
and TS). Combination therapy was assessed by determining
the of tried

concurrently for a minimum of six weeks. Remission was

amount time multiple therapies were
defined as <15 eos/hpf on repeat endoscopic evaluation. PPI
responsiveness was defined as at least 6 weeks of treatment
with a PPI in mono- or combination therapy that resulted in

histologic remission.
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Statistical methods

412 patients

Baseline characteristics were summarized for the overall

61 patients < 15 cohort using counts and percentages or medians and inner

eos/hpf or no / quartile ranges (IQR), as applicable. The percentage of
symptoms v patients in histologic remission for each atopic condition
. reported at EoE presentation was descriptively summarized.
351 patients .p. p . P .y.

Similar methods were used to describe remission rates by

76 patients eczema status and treatment group.
transferred > 6 Time to first histologic remission was defined as the number
months after v of months from EoE presentation until the first visit in which

diagnosis - peak eosinophil count was <15 eos/hpf. Patients who did not
275 patients

achieve histologic remission in the observation period were
censored at the last EGD visit recorded within the first three

12 patients

complex years after diagnosis. Time to first remission was compared
medical among different atopic conditions using Kaplan-Meier
histories survival estimates which included: anaphylaxis, asthma,

263 patients eczema, food allergy, pollen food syndrome (PFS, also known

as oral allergy syndrome), and seasonal allergic rhinitis. The
log-rank test was used to determine whether time until
remission differed by the presence or absence of each of the

5 patients with
insufficient data

\

4 six atopic conditions. Median months until remission and

258 patients 95% confidence intervals (CIs) were reported. If significant

differences in remission rates were found, each atopic

2 patients / condition was further analyzed to correlate whether rate and

thought to be timing of response with the treatment modality (PPI, DE, or

reflux 4 TS). Patients with incomplete records on response status or

256 patients treatment utilized were excluded from the treatment analyses.

reviewed If the log-rank test for atopic condition and treatment was

statistically significant, post-hoc pairwise tests were conducted

and p-values were adjusted for multiple testing using the

109 patients \_/ Benjamini-Hochberg method for controlling the false

with no follow- v discovery rate (17).

up EGD ) A p-value <0.05 was considered statistically significant. All

147 patients

analyses were conducted in R v4.0.2 (18).

EGD follow-up

<
<

: - Results
140 patients with

peak eos data

Patient characteristics and allergic co-
morbidities

B

The Stanford database identified 412 pediatric patients with

137 patients with an ICD9 or ICD10 code for EoE who had undergone an EGD,

follow-up within 3 256/412 fulfilled histological criteria for EoE diagnosis and were

years included in the review, which took placed between June 2018

CCURE 1 and October 2019. Of these, 147/256 had repeat EGDs, and
Flow diagram of patient inclusion. Flow chart indicating why patients 137/147 had sufficient follow-up and/or EGD data (Figure 1).
were excluded from the retrospective review. For the two patients Within the total 256-patient cohort, 43/256 (17%) of patients

excluded by clinician review, the peak eosinophils/hpf were 15 and
16, respectively, and the patients had mild symptoms that
improved with anti-reflux treatment. (47%) within 3 years. Within the 137-patient cohort with

adequate follow-up data, the average age of diagnosis was 6.4

were diagnosed within 1 year of chart review and 43/256
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years, most of the patients were male (74.5%) and Caucasian
(33%) or an unknown race (35%) (Table 1). Concurrent

TABLE 1 Baseline characteristics.

Baseline characteristics Overall
(n=137)
Age at diagnosis (years), Median [Min, Max] 6.4 (0.7, 17.0]

Male 102 (74.5%)

Race/ethnicity

Asian 16 (11.7%)
Black/African 3 (22%)
Caucasian 45 (32.8%)
Hispanic/Latino 8 (5.8%)
Multiple 17 (12.4%)
Unknown 48 (35.0%)

BMI (>2 yo) or weight-for-length (<2 yo) percentiles

<1 7 (5.1%)

1-10 25 (18.2%)
10-25 16 (11.7%)
25-75 38 (27.7%)
75-90 12 (8.8%)
90+ 11 (8.0%)

Atopic symptoms 109 (79.6%)

Anaphylaxis 18 (13.1%)
Asthma 40 (29.2%)
Eczema 47 (34.3%)
Seasonal allergic rhinitis 33 (24.1%)
Food allergies 78 (56.9%)
Pollen food syndrome 7 (5.1%)
Unknown allergies 5 (3.6%)
Diagnosis of, n (%)
Celiac disease 1 (0.7%)
EGID (eosinophilic gastro-intestinal disorder) 9 (6.6%)
Esophageal malformation (esophageal atresia or trachea- 6 (4.4%)
esophageal fistula), n (%)
Family history of, n (%)
EoE 6 (4.4%)
Atopic condition 56 (40.9%)
Peak eosinophil count on endoscopy, median [range] 48 [14, 216]

Acute presentation in ED/IP admission, n (%) 15 (10.9%)

EGD Gross Findings

Stricture/Narrowing 8 (5.8%)
Rings/trachealization 18 (13.1%)
Linear furrow 66 (48.2%)
Mucosal fragility 14 (10.2%)
Exudate/Microabscess 38 (27.7%)
Food impaction 6 (4.4%)
Erythema 10 (7.3%)
Edema 13 (9.5%)
Total number of pediatric GI endoscopies, median (range) 31, 7]
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allergies were prevalent, with up to 80% of patients having a
comorbid allergy diagnosed. The most common atopies were
food allergy (57%), eczema (34%), asthma (29%), and
seasonal allergic rhinitis (24%). Specific counts of each
combination of comorbid atopic diagnosis are present in
Supplementary Figure S1.

Histologic remission

Eighty nine of 137 patients (65%) went into remission at
some point during the observation period. Supplementary
Figure S2 shows rates of histologic remission at any point in
the observation period based on presence or absence of
comorbid atopic diagnoses. Histologic remission was achieved
in 100% (7 of 7) in patients with pollen food syndrome (PFS)
vs. 63% of those without PFS and 81% in patients with
eczema vs. 56% of those without eczema (Supplementary
Figure S2). Rates of histologic remission in patients with and
without anaphylaxis, asthma, food allergies, and seasonal
allergic rhinitis were similar. There was not an association
between number of allergic diagnoses (ranging from zero to
six), remission rate, or time to remission (Supplementary
Table S1). Symptom duration by comorbid atopic diagnosis
was similar for all allergies, with most patients (42-45%)
having symptoms for >12 months prior to diagnosis.
the of
presentation, showed significantly faster time to first remission
in patients with eczema (p=0.024) and PFS (p=0.0035)
(Figures 2C,E). Patients who reported eczema at presentation

Correlation with comorbid atopy at time

went into remission a median of 7 months faster than those
who did not report eczema (8.1 [95% CI, 5.7-16.4] vs. 15
[10.0-27.3] months, respectively; p=0.024). Median time to
first remission was 3.8 (2.9, upper limit undefined) months in
PES patients compared to 14 (9.4, 19.1) months in non-PFS
(p=0.0035). Demographics for eczema vs. non-eczema and
PES vs. non-PFES patients is seen in Supplementary Table S2
and shows eczema patients had a younger average age of
diagnosis at 4.6 years compared to 7.1 years for non-eczema
patients (p =0.004) and PES patients had lower peak eos/hpf
on initial endoscopy compared to non-PFS patients (p=
0.002) (Supplementary Table S2). Patients with eczema had
trends towards higher peak eosinophil count on initial
endoscopy compared to non-eczema patients (55 eos/hpf vs.
45 eos/hpf, p=0.39) and less frequent or similar EGD
macroscopic findings in all fields (stricture/narrowing, rings/
trachealization, linear furrow, mucosal fragility, exudate/
food erythema)
(Supplementary Table S2). The outcomes for patients with

microabscess, impaction, edema,
eczema appeared promising while no conclusions could be
drawn due to a small sample size in patients with PFS. PFS
comorbid atopic conditions and treatment that induced

remission is available in Supplementary Table S3.
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FIGURE 2
(A—F) Time to first remission by atopic/allergic diagnoses at presentation. Kaplan-Meier curves of time until first histologic remission by the six main
allergic/atopic diagnoses at presentation with 95% confidence bands. Children that did not experience histologic remission by 3 years post-diagnosis
were censored at their last available EGD visit. "NA" indicated that the upper confidence limit is undefined.

Eczema and treatment

Investigations into patients with eczema and specific
treatments that led to histologic remission show that all
therapies are successful in patients with eczema compared to
those  without No patients were on biologic
immunomodulator medications as a first-line therapy. Figure 3
shows that overall (any treatment), TS, DE, and PPI each in

monotherapy or in combination therapy had higher remission

eczema.

rates in patients with eczema than those without. One hundred
percent of eczema patients on combination therapy achieved
histologic remission (Figure 3). Kaplan-Meier curves of time to
first histologic
combination therapy) and eczema status are shown in Figure 4.

remission by treatment type (mono or
There were significant differences in time to first remission by
eczema status and use of PPI (Figure 4A). Among patients with
eczema, those on PPI had the shortest median time to
remission [5.6 months (3.7-14.9)] compared to non-eczema
patients not on PPI [25.5 months (14.7-undefined)] (post-hoc
p-value =0.0019). There was no significant difference among
eczema patients treated vs. not treated with PPI (post-hoc
p-value =0.056) or among eczema Vvs. non-eczema patients on
PPI therapy (post-hoc p-value =0.22). Looking at the overall
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cohort, most of the patients treated with PPI did go into
remission, with 41/55 (74.5%) treated with PPI in mono- or
combination  therapy  achieving  histologic  remission;
demographics and baseline data for patients who were PPI
responsive vs. non-responsive is shown in Supplementary
Table S4, with 46% of PPI responsive patients having eczema

compared to 7% of PPI non-responsive.

Discussion

EoE is a relatively new chronic inflammatory disease and
like other allergic conditions it may have underlying
heterogeneous phenotypes, endotypes and outcomes. This
study shows significantly higher and faster histologic
remission rates in patients with underlying eczema and PFS.
The differential response to treatment may suggest a different
underlying endotype of EoE in the setting of eczema.

Studies have investigated atopic vs. non-atopic sub-
populations of EoE patients. Ancellin et al. showed 78% of a
pediatric EoE cohort had concurrent atopic diseases, those
with atopic disorders had non-significant higher remission

rate that those without, and PPI was commonly used as a
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FIGURE 3

Eczema status and remission rate by treatment group. Bar graphs of history of eczema at presentation and therapies by remission rate. Overall

first-line therapy (19). Notably, Ancellin et al. grouped all atopic
disorders together whereas this study further investigates
different atopic disorders and shows significantly higher and
faster histologic remission rates in patients with history of
eczema and PFS (19).

Eczema is an atopic disease specifically related to
epidermal barrier function and, in our study, EoE patients
with eczema are younger, have fewer macroscopic findings
on initial endoscopy, and are more treatment responsive
with favorable outcomes. Typical therapy for both eczema
and EoE
dupilumab (a monoclonal antibody against IL4 and IL13),
be in Th2-driven atopic
inflammation (20, 21). Our results suggest that the presence

includes medications, such as steroids and

known to also effective
of eczema may identify those patients who have primarily
atopic inflammatory EoE. A possible mechanistic link
between eczema and EoE responsiveness lies in tissue barrier

function via filaggrin, an epithelial protein that aids in the
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structure and function of the stratum corneum and plays a
key role in pathogenesis of eczema and food allergy related
inflammation (22, 23). Th2 inflammation down-regulates
filaggrin, which leads to barrier defects in eczema. Eczema
treatment is directed towards decreasing inflammation and
restoring the skin barrier, which allows for restoration of
filaggrin function (22). A similar barrier defect may be
driving inflammation in EoE and the profilaggrin gene FLG
has been linked to EoE patients (24). Similar to eczema, in
EoE as therapies decrease inflammation, filaggrin function
may improve and the barrier defect restored. Thus, the mode
of therapy (PPI, TS, DE) may be less important as long as
inflammation decreases. Our preliminary data is promising
in that atopic EoE patients may have different phenotypes,
and future studies would be helpful to develop more patient
and symptom specific guidelines. For example, patients
without eczema may require other therapies or more careful
monitoring to ensure their response.
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FIGURE 4

(A—C) Time to first remission by last full treatment tried. Kaplan-Meier curves of time until first histologic remission by treatment type and eczema
status. Children that did not experience histologic remission by 3 years post-diagnosis were censored at their last available EGD visit.
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There were few patients with PES in this cohort, reducing
our ability to draw general conclusions about these patients.
Other studies have noted a strong association between PES
and EoE, including higher rates of PES in EoE patients.
Letner et al. looked at 346 adults with EoE and found 26%
had concurrent PFS and EoE patients with PFS had higher
rates of diagnosis in the Spring (25). Mahdavinia et al. looked
at 186 adult EoE patients compared to adults with allergic
rhinitis and found that PFS among pollen-sensitized cases was
significantly more prevalent in the EoE (51%) compared to
allergic rhinitis (10%) group (26). They propose that EoE may
start with sensitization to pollen aeroallergens that cross-react
with food proteins leading to esophageal inflammation/EoE
before the food proteins are degraded in the stomach; this
progression takes time so their group suggests that high rates
of PFS and EoE may be seen in adult rather than pediatric
EoE patients (26). Another possibility is that epithelial barrier
disruption seen in EoE allows for sensitization to food
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proteins (26). Additional work is needed that might look at
pediatric EoE populations and the role played by cross-
reacting antigens, such as profilins, known to be fundamental
in PFS. The low frequency of PFS in our cohort may have
been due to data collection as only those with very prominent
PFS had their disease noted in the routine medical record.
Nonetheless, the very strong correlation between PFS and EoE
remission in this cohort argues for more attention to the role
these antigens may play in EoE.

In addition to favorable overall outcomes in EoE patients
with eczema, this study also shows positive treatment
response to PPI. EoE patients with eczema treated with PPI
had higher rates of histologic remission than non-eczema
patients who were not treated with PPI. There has been
significant research into PPI-responsive EoE (PPI-REoE). In
2018 the EoE international diagnosis criteria changed to
exclude a PPI trial prior to diagnosis of EoE, allowing for PPI
to be accepted as treatment for EoE and a new group of PPI-
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REOE patients to exist (5). Literature shows that 23%-68% of
pediatric EoE patients respond to PPI therapy with difficulty
elucidating what predicts responders vs. non-responders (27).
This data shows a high PPI response rate, with up to 74.5%
of those treated with PPI in mono- or combination therapy
achieving histologic remission and similar demographics
between PPI-REoE
Table S4). Despite the similarity in demographics, there were

and non-responsive (Supplementary
higher rates of eczema in the PPI-REoE group compared to
the PPI non-responsive group. In this study, the majority of
pediatric EoE patients respond positively to treatment with
PPI, either in mono- or combination therapy, suggesting that
PPI may be a useful component of therapy in EoE patients.
Overall, this data shows that there is heterogeneity in
endotype in EoE patients, and that this variation may be
related to the presence of Th2 type inflammation. EoE
patients with eczema are significantly more treatment
with The
heterogeneity in EoE outcomes suggests a possible endotype
studied with
investigations into atopic biomarkers. Limitations of this

responsive positive  disease  outcomes.

variation that could be further specific
study include the retrospective review format with missing
data in medical records contributing to our low patient
counts in treatment groups and variability in timing of
endoscopic follow-up and treatments. Given the low
number of patients and practice variation in treatment,
patients were usually not on monotherapy, but various types
of combination therapy were often utilized. Although allergy
history was patient reported, many patients were seen in
multidisciplinary EoE clinic with both a gastroenterologist
the

Furthermore, AGREE guidelines were instituted during the

and allergist who, together, reviewed history.
time of this study, meaning there may be inaccurate
numbers of PPI responsive EoE patients included given that
some patients were pre-treated with PPI before diagnosis
(5). These factors hindered the ability to draw conclusions
on correlations between phenotype, endotype and specific
treatment response. Additionally, 43% of patients were lost
to endoscopic follow-up, which further decreased our cohort
size in assessment of histologic remission. Although there
were many patients without endoscopic follow-up data, this
may have been because 17% of the cohort was diagnosed
within one year of chart review and 47% within 3 years;
these patients may not have had sufficient time to present
for follow-up. Furthermore, in comparison with current
literature, Votto et. al had similar follow-up rates with just
40% of their 52-patient cohort having repeat endoscopic
evaluation within one year of diagnosis (28). However, this
study remains the first real-world study looking at treatment
response based on different allergic phenotypes and to
observe that patients with eczema and PFS appear to have a
better outcome with some advantage to including PPI in the

treatment of these patients.
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