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Abstract: Eosinophilic esophagitis (EoE) is a major cause of
dysphagia and food impaction. Recognition and diagnosis of EoE
have been increasing rapidly, but the role of proton pump inhibi-
tors (PPIs) for the diagnosis of EoE and treatment of esophageal
eosinophilia remains controversial. Initial diagnostic algorithms
for EoE relied on a PPI trial to distinguish EoE from gastroesopha-
geal reflux disease, a common cause of esophageal eosinophilia.
This approach has become complicated by the recent recognition
of PPl-responsive esophageal eosinophilia (PPI-REE), a disorder
characterized by clinicopathologic features similar to EoE but that
resolve with high-dose PPI therapy. The mechanism of PPI action
for treatment of esophageal eosinophilia may rely not only on
acid suppression but also on novel anti-inflammatory effects of the
PPIs themselves. Treatment with PPl therapy is now considered
a required step before a formal diagnosis of EoE can be made,
and continuing PPI therapy in patients with PPI-REE is a common
strategy. However, the role of continuing PPl monotherapy in
patients with EoE remains a matter of debate. The decision to do
so should hinge on improvement in symptoms and histology as
well as the need for ongoing dilation.

osinophilic esophagitis (EoE) is a newly recognized and
E important cause of gastrointestinal illness in adults. It is
a chronic, immune-mediated disorder of the esophagus
defined symptomatically by esophageal dysfunction and patho-
logically by eosinophil infiltration into the esophageal mucosa.! Spe-
cifically, EoE consensus guidelines require symptoms of esophageal
dysfunction, 15 or more eosinophils per high-power field (eos/hpf)
on microscopic examination of esophageal biopsy after 8 weeks on a
high-dose proton pump inhibitor (PPI), and the absence of alterna-
tive causes of eosinophilia.’?
The requirement that patients undergo a trial of PPI therapy was
introduced because both EoE and gastroesophageal reflux disease
(GERD) can cause esophageal eosinophila.® The use of PPI therapy
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was intended to eliminate GERD as an alternative cause
of eosinophil infiltration. However, it became clear that
the relationship between esophageal eosinophilia, EoE,
and GERD was not this simple’” and that the overlapping
symptoms of these disorders made definitive clinical diag-
nosis challenging.

The complexity of this interaction was further height-
ened by the suggestion of a third disorder, PPI-responsive
esophageal eosinophilia (PPI-REE). This entity was first
described in patients with endoscopic and symptomatic
features of EoE who showed resolution of eosinophilia
with PPI therapy alone.® It is unclear whether PPI-REE
represents an independent clinical disorder or is a subtype
of either EoE or GERD.

This article will review the current understanding
of EoE in the context of its interaction with GERD and
PPI-REE and will also discuss the role of PPIs in the treat-
ment of esophageal eosinophilia.

Eosinophilic Esophagitis, Esophageal
Eosinophilia, and the Role of Reflux

EoE is driven by inappropriate immune activation of the
esophagus.? The resulting chronic inflammation causes
esophageal fibrosis, decreases esophageal compliance, and
leads to an increased risk of food impaction, particularly
in adolescents and adults.”!? Other classic symptoms
include dysphagia, chest discomfort, and heartburn and,
in children, abdominal pain, vomiting, and failure to
thrive.” The esophagus has a typical appearance on upper
endoscopy with rings, furrows, edema, white exudates,
and mucosal fragility (crépe paper).'*'> The diagnosis
of EoE is based on the combination of symptoms of
esophageal dysfunction and biopsy findings of 15 or more
eos/hpf while on high-dose PPI therapy in the absence of
an alternative diagnosis."?

The mainstay of EoE treatment in adults has been
topical corticosteroids, but there is an evolving role for
dietary elimination therapy. Corticosteroids such as
budesonide and fluticasone have been used successfully to
control symptoms, decrease esophageal eosinophilia, and
slow or reverse tissue remodeling.'*'8

In children, dietary therapy is a highly successful treat-
ment modality.'>*2! Data in adults are more mixed, but
food elimination diets have been shown to achieve similar
results to those achieved with topical corticosteroids.?>**

A key point in making the diagnosis of EoE is
recognizing that the finding of esophageal eosinophilia
on biopsy does not equate to a diagnosis of EoE. A dif-
ferential diagnosis for esophageal eosinophilia must be
considered.'? Although a number of potential causes
of esophageal eosinophilia—such as hypereosinophilic
syndrome, Crohn’s disease of the esophagus, infections,

drug reactions, and connective tissue diseases—can often
be excluded by a thorough patient history and physical
examination, basic laboratory tests, and endoscopic find-
ings, it can be difficult to separate the esophageal eosino-
philia caused by EoE from that caused by GERD. It was
observed several decades ago that low levels of esophageal
eosinophilia might be a consequence of acid injury in the
lower esophagus,? but even higher levels of esophageal
eosinophilia are not specific for EoE and could be a con-

%6 Because of this, the first EoE consen-

sequence of reflux.
sus guidelines required that patients undergo a PPI trial
with the expectation that acid suppression would control
GERD, thus differentiating the 2 diseases.? Similarly, the
cutoff of 15 or more eos/hpf served, in part, to exclude
low-grade esophageal eosinophilia typical of GERD.»

It quickly became clear, however, that the relation-
ship between EoE and GERD was not so simple. Spechler
and colleagues highlighted that the 2 diseases may interact
in a complex manner.” Specifically, there are 4 possible
scenarios: 1) GERD causes reflux-mediated esophageal
injury that results in a mild eosinophilic infiltration; 2)
GERD and EoE coexist but are unrelated, as might be
expected given how common GERD is among the gen-
eral population; 3) EoE contributes to or causes GERD,
for example, with the eosinophilic infiltrate causing
esophageal dysmotility that would predispose patients
to reflux; or 4) GERD contributes to or causes EoE,
potentially by causing barrier breaks in the esophageal
epithelium, which would allow new antigens or allergens
to be exposed to the immune system.” This framework
also provides hypotheses as to how PPIs might benefit
some patients with EoE. PPIs would treat reflux-mediated
esophageal eosinophilia, decrease the symptoms related to
reflux when EoE and GERD overlap, and heal esophageal
barrier function, leading to less antigen exposure.

Because the PPI trial would not then simply distin-
guish EoE from GERD, additional clinical testing may
be required in patients with esophageal eosinophilia who
are suspected of having reflux. One reasonable approach
to assess the contribution of gastric acid is to use pH
monitoring. However, even ambulatory 24-hour pH test-
ing does not reliably predict response to PPI or swallowed
corticosteroid therapy.*®

Proton Pump Inhibitor-Responsive
Esophageal Eosinophilia

Over the past several years, the approach to esophageal
eosinophilia has become more complicated with the recog-
nition of PPI-REE. This condition was first described in a
series of 3 pediatric patients with clinical, endoscopic, and
histologic features of EoE but who completely responded
to a course of PPI treatment.® Since that time, retrospec-
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tive and prospective studies in both children and adults
consistently show that at least one-third of patients with
esophageal eosinophilia respond to a course of high-dose
PPIs.>*" Although the mechanisms of this PPI response
are currently being elucidated (see below), the critical
point is that patients with esophageal eosinophilia that
responds to PPI therapy are currently not considered to
have EoE."? Specifically, guidelines require that patients
undergo a PPI trial before they can receive a formal diag-
nosis of EoE."? It is unclear, however, whether a patient
has PPI-REE or GERD based on PPI response alone. It
is also unclear if PPI-REE is a form of GERD, a subtype
of EoE, a result of their interaction, or an independent
condition. Adding to the confusion, PPI-REE can be a
transient condition. Dohil and colleagues have presented
a series of patients who had an initial response to PPI
therapy, but on long-term follow-up, and in the absence
of medication adherence issues, seasonality, changes in
diet, or new allergen triggers, subsequently developed
recurrent esophageal eosinophilia consistent with EoE in
spite of ongoing PPI therapy for PPI-REE.?

The Role of Proton Pump Inhibitor Therapy
for Esophageal Eosinophilia

In spite of the diagnostic uncertainty associated with EoE,
GERD, and PPI-REE, there are benefits to PPI therapy in
a subset of patients with esophageal eosinophilia. A review
by Molina-Infante and colleagues indicated that the rate of
symptom improvement in adults with esophageal eosino-
philia who were treated with PPI therapy ranged from
25% to 80% and histologic remission from 33% to 61%,
depending on the study design and patient population.®
One of the most fascinating areas of emerging data
concerns the mechanism of PPI response in patients with
esophageal eosinophilia. For example, several studies have
suggested that PPIs may have novel anti-inflammatory
effects that are independent of their acid suppression. PPIs
can act as antioxidants, directly inhibit neutrophils and
monocytes, decrease expression of proinflammatory cyto-
kines, and inhibit or kill multiple bacteria and fungi.**3¢
PPIs also have been shown to inhibit eosinophil recruit-
ment from blood to tissue, not just into the gastrointestinal
tract but also into lung tissue and secretions.” Specifically
applicable to esophageal eosinophilia are studies that show
that PPIs block interleukin (IL)-4— and IL-13—stimulated
secretion of eotaxin-3 in esophageal cell lines from patients
with EoE, likely by impacting STATG6 binding to the
eotaxin-3 promotor.>>* This not only provides a direct
mechanism of action for the clinical improvement noted
in patients who have PPI-REE®#-3%3 but also potentially
explains why it is difficult to predict which patients with
suspected EoE will have a PPI response.®® Interestingly,

the same eotaxin-blocking effect is not seen when PPIs
are applied to a fibroblast culture system.”’ The similarities
between patients with EoE and some with PPI-REE are
further highlighted by the fact that the same genes, includ-
ing eotaxin-3 and Th2 cytokines, are downregulated after
treatment.” Finally, use of PPIs can restore esophageal
mucosal barrier function in patients with esophageal
eosinophilia, potentially decreasing the route of exposure
for allergen triggers to inflammation.”!

The PPI response goes beyond the effect on histology
and improvement in esophageal eosinophilia and leads to
other clinical improvements as well. PPI therapy may play a
role in combination therapy with patients who require dila-
tion.* In a systematic review examining dilation in patients
with EoE, Bohm and Richter found that inflammation
was reduced in patients who underwent dilation and PPI
therapy but not in patients who underwent dilation alone.®

There can also be significant improvement in
dysphagia with PPI therapy in those with esophageal
eosinophilia. Two studies have randomized patients
with esophageal eosinophilia and possible (although not
confirmed with a PPI trial) EoE to fluticasone or high-
dose esomeprazole. In both studies, patients had greater
improvement in dysphagia on PPI therapy than on fluti-
casone therapy.** In a study by Moawad and colleagues,
although abnormal pH testing or erosive esophagitis
predicted a greater histologic response to PPIs, patients
without clinical features of GERD also had a robust
histologic response to PPIs.* It is likely that the patient
groups enrolled in these studies included a combination
of GERD, PPI-REE, and EoE, and those differences may
explain the underlying response rates.

Controversy

Because of the clinical confusion that can arise from
determining if esophageal eosinophilia is due to GERD,
PPI-REE, or EoE, and because of the multiple roles that
PPIs occupy in this clinical scenario (diagnostic require-
ment, therapeutic test, antisecretory actions, and anti-
inflammatory actions), it is not surprising that there are
a number of controversies related to PPI use,!4¢-8:3336.46
First, while there has been consistent findings in the
literature that PPI therapy resolves esophageal eosinophilia
in at least one-third of patients,****! many of the details of
the PPI trial remain controversial. Specifically, the length
of PPI treatment, the type of PPL, the dose, the frequency
of dosing, and whether the approach should be different
in children or adults have not been determined. Although
many of the PPI-REE studies use either twice-daily or
high-dose PPIs, this dose level is not approved by the US
Food and Drug Administration, and the utility of high-
dose PPIs remains controversial even in GERD.# This
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lack of data supporting the exact strategy for the PPI trial
is recognized in the most recent EoE clinical guidelines,
with a grade of “low evidence.”> Additional research that
helps delineate the optimal approach to PPI treatment in
patients with esophageal eosinophilia would be welcome.
Second, although PPIs can be effective for a subgroup
of patients, it is possible that the opposite could be the
case: Merwat and Spechler have suggested, using several
lines of evidence, that the use of PPIs may actually cause
EoE.* The authors note that there is a synchronous rise in
both the use of PPIs and the diagnosis of EoE, which is an
ecologic association. Furthermore, they lay out evidence
demonstrating that acid suppressive medications may
interfere with peptic food digestion, thereby contribut-
ing to an increase in food-specific antigens, and may also
increase mucosal permeability. These effects together may
cause increased allergic reactivity to foods over time, per-
haps sensitizing persons and eventually triggering EoE. In
fact, in animal models, PPI use can cause the formation of
food-specific immunoglobulin (Ig) E antibodies and trig-
ger food allergy.*>* However, there are some counterargu-
ments to PPIs as the cause of EoE. So far, the mechanism
described is IgE-mediated, and EoE is most likely not an
IgE-mediated disease.’! Also, case reports of esophageal
changes consistent with EoE predate the introduction of
PPIs.>? Finally, it has yet to be shown prospectively, either
in animals or humans, that PPIs cause EoE, and typically
in humans, a preexisting symptom would trigger the use
of a PPI. However, there is increasing use of PPIs in early
childhood to treat presumed reflux or colic,® and this
could provide the eatly exposure needed to trigger EoE.
Third, the inclusion of a PPI trial in the diagnostic
algorithm for EoE, although currently necessary, is some-
what unsatisfying. There are few conditions in which
response or lack of response to a medication is a diagnostic
requirement, and the PPI trial adds risk, expense, and time
to the diagnostic process. (If a patient is not on a PPI for
their first esophagogastroduodenoscopy, then a second
procedure is required to confirm the EoE diagnosis.)
Moreover, the PP, by itself, is not helpful for distinguish-
ing GERD from PPI-REE as the cause of esophageal
eosinophilia, and it similarly cannot distinguish between
patients who might have EoE and respond to a PPI as an
anti-inflammatory agent and those who have non-EoE
PPI-REE and respond for other reasons. One reason
that the guidelines require a PPI trial is to help establish
a consistent definition of EoE in a field where multiple
definitions were used,’® but the guidelines have evolved
over time as more data have emerged to inform the
diagnostic process.' Ideally, clinicians would be able to
characterize a patient with esophageal eosinophilia at the
time of biopsy with either specialized testing or new bio-
markers and would be able to avoid a PPI trial altogether.

Although there has been novel and exciting diagnostic
work with gene expression profiling and minimally inva-
sive biomarker measurement,”>¢ there is still no way to
distinguish EoE from PPI-REE with the current clinically
available testing. Although potentially desirable, there are
not yet enough data to conclude that EoE and PPI-REE
are the same. Because of this controversy, the role of PPIs
in the diagnostic approach to EoE should be a point of
emphasis for future research, and new or emerging data
may eventually challenge the current guidelines.

Conclusions

EoE is an increasingly important cause of dysphagia and
food impaction in adults and adolescents and of abdomi-
nal pain, vomiting, and failure to thrive in children. Clini-
cal awareness has risen rapidly, with an associated rise in
the incidence and prevalence of this condition. Accurate
diagnosis of EoE hinges on a thorough evaluation of the
cause of esophageal eosinophilia. Diagnostic algorithms
were first created with the intention of distinguishing
EoE from GERD with a PPI trial. However, the role of
PPIs in the treatment of esophageal eosinophilia remains
complex. One reason is the recognition of PPI-REE as a
new clinical entity. It remains unclear whether PPI-REE
is a subset of GERD or of EoE, a separate disease state, or
a result of the interaction of GERD and EoE.

In this complex setting, the role of PPI therapy con-
tinues to evolve. PPIs currently are a necessary part of the
diagnostic algorithm of EoE, and the diagnosis of EoE
cannot be confirmed without a PPI trial.® Furthermore,
PPIs appear to have benefit both in improving symptoms
of dysphagia in patients with esophageal eosinophilia***
and reducing inflammation in patients who undergo dila-
tion for EoE-related esophageal narrowing.** The mecha-
nisms of the PPI response in patients with esophageal
eosinophilia are beginning to be elucidated. In particular,
PPIs have an anti-inflammatory/antieosinophilic effect by
decreasing Th2 cytokine-mediated eosinophil chemoat-
traction and may decrease allergen exposure by restoring
esophageal mucosal integrity.>**>%4 In spite of these
benefits, researchers have intriguingly hypothesized that
PPIs may cause EoE,* although evidence to support this
position is largely theoretical.

Long-term use of PPIs in patients with esophageal
eosinophilia should be driven by clinical and histologic
response to therapy. In patients with persistent esophageal
eosinophilia who are taking PPIs, therapy should con-
tinue with the medication at the lowest effective dose only
if the PPI reduces dysphagia, heartburn, or other clinical
symptoms. In patients who have histologic resolution
of eosinophilia after a PPI trial, a diagnosis of PPI-REE
should be made, and PPIs should be continued. If neither
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symptoms nor histology improves, the diagnosis of EoE is
confirmed, and PPIs should be discontinued to minimize
associated risks such as calcium malabsorption and Clos-
tridium difficile infection.””*® One important exception
may be in patients who require serial dilation, as those
patients may have decreased inflammation when a PPI is
part of their regimen. In patients who respond to PPIs,
reevaluation of both the indication for the medication
and monitoring for recurrent symptoms should be ongo-
ing, as eosinophilia may recur and PPI-REE may progress
to EoE. Because the complex relationship between EoE,
PPI-REE, and GERD is only now being fully appreciated,
it is expected that diagnostic algorithms and treatment
approaches with PPIs will change in the future.

The authors have no relevant conflicts of interest to disclose.
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