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Abstract: Eosinophilic esophagitis (EoE) is a chronic, food-
allergic disease manifest by symptoms of esophageal dysfunc-
tion and dense esophageal eosinophilia in which other causes
have been excluded. Treatments include dietary restriction of
the offending allergens, topical corticosteroids, and dilation of
strictures. EoE has become increasingly prevalent over the past
decade and has been increasingly recognized as a major health
concern. Advancements in research and clinical needs have led
to the development of novel pediatric- and adult-specific clinical
outcome metrics (COMSs). These COMs provide ways to measure
clinically relevant features in EoE and set the stage for measuring
outcomes in future therapeutic trials. In this article, we review
novel symptom measurement assessments, the use of radiographic
imaging to serve as a metric for therapeutic interventions, recently
developed standardized methods for endoscopic assessment,
novel techniques to evaluate esophageal mucosal inflammation,
and methods for functional assessment of the esophagus. These
advancements, in conjunction with current consensus recommen-

dations, will improve the clinical assessment of patients with EoE.

Ithough the original case series involving eosinophilic esopha-

gitis (EoE) were published in the early 1990s featuring adult

patients," the following wave of publications focused on the
identification and treatment of EoE in children. Subsequently, in
1995, a study of 10 pediatric patients with esophageal eosinophilia
who were unresponsive to standard anti-gastroesophageal reflux dis-
ease therapies experienced symptomatic and histologic improvement
after the use of elemental formulas, indicating a possible immunologic
mechanism to the intake of intact dietary proteins.’ As clinical experi-
ences increased with the recognition of EoE as more than a pediatric
concern, the second generation of interest spawned the publication of
consensus recommendations in 2007, with subsequent revisions and
reports in 2011, 2013, and 2014.*7 Each of these publications has
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been built on research and clinical experiences of adult and
pediatric investigators from a number of subspecialties and
locations from across the world.

Currently, EoE is defined as a chronic, food-allergic
disease that is manifest by symptoms referable to esopha-
geal dysfunction and dense esophageal eosinophilia that
are persistent after a proton pump inhibitor (PPI) trial
in which other causes have been excluded. Treatments
include diet restriction of the offending allergens, topi-
cal corticosteroids, and dilation of strictures.® The role of
PPIs in the diagnosis of EoE is beyond the scope of this
article and has been reviewed recently elsewhere.®’ Cur-
rent consensus recommendations provide guidelines for
diagnosis and management of EoE.°

Together, the tide of research and clinical recogni-
tion of EoFE in children and adults has led to not only
the identification of EoE as a major health concern, but
also to a new era of developing novel clinical outcome
metrics (COMs) to support prospective therapeutic trials.
The development of each of these new COMs has been
based on the clinical impact that EoE has imparted on
children and adults. These COMs are being used to sup-
port patient-oriented research in EoE. This article will
review recently developed COMs for the assessment of
EoE patients and relate how these metrics measure clini-
cally relevant aspects of EoE-related inflammation.

Symptom Measurement

Measuring symptoms experienced by children and adults
poses challenges because of compensatory behaviors that
develop around long-standing symptoms related to swal-
lowing. For instance, swallowing itself may not be reported
as a problematic issue because patients learn to chew for
prolonged periods of time, use water or other lubricants
to aid in the passage of foods, or avoid problematic foods
that may be highly textured (eg, meats, breads, rice).!
This observation may have led to the inability to capture
symptom differences in some clinical trials.

To address this issue, pediatric- and adult-specific
EoE COMs have been developed that identify not only
whether dysphagia is present, but also whether compensa-
tory behaviors are being used. A European research team
has led a multidisciplinary team of pediatric and adult
investigators from across the world to develop the Eosino-
philic Esophagitis Symptom Activity Index (EESAI). The
adult version of the EESAI was recently published, and the
pediatric index is near completion." This index provides a
visual analogue of foods for subjects to examine and rate
for difficulty in swallowing. In addition, the Dysphagia
Symptom Questionnaire (DSQ) has been developed as
a daily 3-question method to assess dysphagia severity in

adults with EoE (Table 1).!2 This COM was shown to have

Table 1. The Dysphagia Symptom Questionnaire

Since you woke up this morning, did you eat solid food?
Yes (go to the next question)
No (go to the next question)

Since you woke up this morning, has food gone down slowly
or been stuck in your throat or chest?

Yes (go to the next question)

No (stop)

For the most difficult time you had swallowing food today
(during the past 24 hr), did you have to do anything to make
the food go down or to get relief?

No, it got better or cleared up on its own

Yes, I had to drink liquid to get relief

Yes, I had to cough and/or gag to get relief

Yes, I had to vomit to get relief

Yes, I had to seek medical attention to get relief

Adapted from Dellon ES et al.’?

content validity and measure dysphagia frequency and
intensity. The Pediatric Eosinophilic Esophagitis Symptom
Score (PEESS) uses both child and parent proxy scores to
assess dysphagia in pediatric subjects (Table 2)."> Recently,
the PEESS reported a significant association with histo-
logic evidence of inflammation as well as some EoE-related
genes, in particular those related to mast cells."

Symptoms of gastroesophageal reflux, heartburn,
and regurgitation are very common in children with EoE
and can be present in adults. Both the EESAI and PEESS
assess for esophageal symptoms other than dysphagia and
feeding difficulties. COMs that evaluate beyond dyspha-
gia and feeding difficulties are important so as not to
miss signs of symptom activity and so that clinicians may
more completely identify how therapeutic interventions
improve global symptoms.

These assessments set the stage for future develop-
ment of therapeutic trials that will provide the first US
Food and Drug Administration—approved treatment for
EoE." In addition, they help raise awareness to clinicians
about the detailed history-taking necessary to identify
patients with EoE.

Radiographic Imaging

Early case reports of EoE, emanating from the radio-
graphicliterature, described some of the well-known imag-
ing patterns of the condition, including proximal focal

16-

strictures and long segment narrowing.'*'® More recently,

esophagrams have also served as a metric for therapeutic

intervention in adults'®?

and possibly as a more sensi-
tive marker for esophageal narrowing than endoscopy in
children.?! In a study of 11 adults with EoE, maximal
and minimal esophageal diameters were measured before

and after 6 weeks of topical corticosteroid treatment. Of
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Table 2. Questions From the Pediatric Eosinophilic Esophagitis
Symptom Score for Children and Teenagers

How often do you have chest pain, ache, or hure?

How bad is the chest pain, ache, or hurt?

How often do you have heartburn (burning in your chest,
mouth, or throat)?

How bad is your heartburn (burning in your chest, mouth,
or throat)?

How often do you have stomach aches or belly aches?

How bad are the stomach aches or belly aches?

How often do you have trouble swallowing?

How bad is the trouble swallowing?

How often do you feel like food gets stuck in your throat or
chest?

How bad is it when food gets stuck in your throat or chest?

How often do you need to drink a lot to help swallow your food?

How bad is it if you don't drink a lot to help swallow your food?

How often do you vomit (throw up)?

How bad is the vomiting (throwing up)?

How often do you feel nauseous (feel like you're going to
throw up, but don’t)?

How bad is the nausea (feeling like you're going to throw up,
but don’t)?

How often does food come back up your throat when eating?

How bad is the food coming back up your throat when eating?

How often do you eat less food than others?

How often do you need more time to eat than others?

Adapted from Franciosi JP et al.”?

the total group, neither maximal nor minimal esophageal
diameters were shown to increase significantly follow-
ing treatment; upon subgroup analysis, subjects with an
abnormal pretreatment esophageal diameter were found
to have a significant increase following treatment.”

In a study of 22 children who underwent both
esophagram and endoscopy within 3 months of each
other, 55% had an esophageal narrowing identified
by esophagram but not endoscopy. This discrepancy
highlights that there is no current single and specific
clinical assessment of clinically relevant stricture in EoE.
Radiographic imaging likely complements endoscopy in
identifying problematic strictures.*!

More research is needed to determine the specific-
ity and sensitivity of esophagrams if they are to be used
in future therapeutic studies and pre-endoscopic assess-
ments. Regardless, if an esophageal narrowing, whether it
is isolated or a long segment, is identified in a radiographic
image, the diagnosis of EoE should be strongly considered
if it has not already been made.

Endoscopic Analysis

Along with defining novel methods of assessing clinical
symptoms of EoE, at least 1 new strategy toward scoring
endoscopic appearances associated with inflammation
has been developed in Chicago. The Endoscopic Refer-
ence Score (EREEFS) grades the severity of endoscopic
features, including edema, rings, exudate, furrows, and
strictures, with a numerical score.”? The EREFS has been
validated externally by a center in Europe.” A meta-anal-
ysis of 100 articles and abstracts with over 4500 patients
with EoE has shown that the prevalence of individual
endoscopic findings in EoE can vary significantly and
is not universal. In this meta-analysis, the prevalence of
esophageal rings was 44%, strictures was 21%, linear fur-
rows was 48%, white plaques was 27%, and decreased
vasculature was 41%.% Therefore, this scoring system
provides endoscopists with a relatively straightforward
and efficient method to assess the mucosa.?

Although no pathognomonic feature has yet been
identified for EoE, the longitudinal tear or crepe paper
esophagus® and esophageal pull or “tug sign”* may pro-
vide the closest approximation. The longitudinal tear of
the squamous epithelia and underlying tissue occurs fol-
lowing passage of an endoscope; the tear likely represents a
fibrotic change of the mucosa that renders the underlying
tissue susceptible to shearing. The tug sign occurs in some
patients with EoE undergoing an endoscopic mucosal
biopsy; a rubbery tension is felt and requires extra exer-
tion on the forceps in order to retract the tool into the
endoscope. The tug sign is also thought to occur following
extensive remodeling of the mucosal surface.

Finally, new imaging techniques, including confo-
cal and other endomicroscopy procedures, offer added
benefit by providing cross-sectional images of the gastro-
intestinal mucosa, which may allow for tissue diagnosis
during endoscopy without biopsy.” In this regard, these
minimally invasive tests offer a new level of assessing enu-
meration of eosinophils and mucosal architecture.

The EREFS provides a much-needed standard
method to assess the endoscopic appearance of EoE as
part of clinical care and for future studies. If encountered
as a part of clinical practice, the longitudinal tear and tug
sign should alert clinicians to the possibility of EoE.

Inflammatory Mediators and Assessment of
Disease Activity

To date, the gold standard for diagnosing EoE and
monitoring disease activity has been the large number of
eosinophils in the squamous epithelia from endoscopi-
cally obtained mucosal biopsy samples.® Although enu-
meration of eosinophils from biopsy samples has proven
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clinically useful and has provided rigor for studies by
setting a benchmark for maintaining entry homogeneity
and establishing diagnoses, it still has a number of prob-
lems. First, obtaining biopsies requires repeat endoscopic
procedures with associated risks and costs. Second, with
increasing knowledge as to the pathophysiology of EoE,
eosinophils likely are not the only responsible inflamma-
tory cell and may not be the best available biomarker.
Other concerns include variability of eosinophil numbers
within a single mucosal sample and among specimen
location, observer variability in counting eosinophils, and
limited sampling of the mucosal surface.

To address the last issue, a number of new methods
to assess the mucosal surface and inflammation of the
esophagus have been developed, including the Esopha-
geal String Test (EnteroTrack), Cytosponge (University of
Cambridge), and esophageal brushings.?®* To date, each
technique is based on harvesting luminal effluents and
cells for eosinophil- or eosinophil-protein—based analy-
sis. One limitation to these methods is that biopsies can
provide insight on submucosal fibrosis; therefore, these
procedures may be best used in conjunction with other
modalities for ongoing management of EoE.

To expand the scope of assessment beyond eosino-
phils, the Eosinophilic Esophagitis Diagnostic Panel
(EDP) uses genechip assessments of mucosal samples to
determine a score based on the number of EoE genes that
are up- or downregulated.?! Investigators using the EDP
have been able to develop a scoring platform to define
diagnostic clarity and, potentially, therapeutic efficacy. In
the future, the EDP may be a modality to improve EoE
diagnosis and treatment.

Functional Measurements

Despite the fact that numerous methods exist to assess
symptoms and inflammation characteristic of EoE,
functional assessment of the esophagus was limited to
esophageal manometry until the development of Endo-
FLIP (Endolumenal Functional Lumen Imaging Probe;
Crospon). This catheter-based technology is used during
endoscopy, and can determine esophageal distensibility as
a measure of compliance (ie, the less distensible, the less
compliant).? Use of this technology in adults has created
a plateau measurement that identifies subjects who are
more likely to develop food impactions. Interestingly, no
correlation was found between mucosal eosinophil den-
sity and food impaction, need for dilation, or distensibil-
ity plateau, suggesting that eosinophil enumeration may
not fully identify clinically relevant outcomes that are a
result of fibrostenosis, such as dysphagia.* This device
will likely serve as a necessary metric for therapeutic trials
as well as for improving clinical care.

Summary

Clinical needs have sparked interest in the development
of pediatric- and adult-specific COMs. This has led to the
development of symptom assessment guides, including
EESAIL DSQ, PEESS, and EREES. These COMs provide
methods to measure clinically relevant features in EoE and
set the stage for measuring outcomes in future therapeu-
tic trials. The EREES score, a standardized and validated
method for endoscopic evaluation, provides an efficient
method for assessment in clinical practice. In addition,
the longitudinal tear and tug sign should alert clinicians to
the possibility of EoE. Although histologic evaluation with
enumeration of eosinophils remains the gold standard for
the diagnosis of EoE, a number of new methods, includ-
ing the Esophageal String Test, Cytosponge, esophageal
brushings, and the EDP, have been developed to assess the
mucosal surface. To evaluate the function of the esopha-
gus, EndoFLIP has been shown to determine esophageal
distensibility as a measure of compliance and, in adults,
to identify subjects with reduced distensibility as more
likely to have food impaction. These new developments,
in conjunction with current consensus recommendations,
will help to improve the clinical assessment of patients with
EoE and improve the quality of COMs in clinical trials.
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