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Abstract

Eosinophilic esophagitis (EOE) is an increasingly common inflammatory allergic disease of the
esophagus characterized by esophageal eosinophilia and symptoms of esophageal dysfunction.
The therapeutic landscape has rapidly evolved for this emerging type 2 inflammatory disorder.

We review traditional therapies including updates and expert opinions, in addition to promising
therapies on the horizon and the history of therapies that failed to meet endpoints and highlight
knowledge gaps for future investigations.
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Introduction

Eosinophilic esophagitis (EOE) is a chronic allergic inflammatory disease that affects the
esophagus. In 2018, a joint task force of allergists and gastroenterologists updated guidelines
for diagnosis of EoE. One of the most significant changes from these guidelines is no longer
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requiring proton pump inhibition (PPI) failure for the diagnosis of EoE (1). Esophageal
symptoms, in addition to finding 15 or more eosinophils per high power field (mm sq) in

the absence of other causes of esophageal eosinophilia confirm the diagnosis, whether a
patient has undergone a PPI trial. In addition to eosinophilic infiltration of the esophageal
mucosa, there are characteristic epithelial changes and underlying lamina propria fibrosis
that can be identified on histology.(2) The most classic esophageal symptom for adults in
particular is dysphagia; however, EoE can manifest as heartburn, abdominal pain, failure to
thrive feeding difficulties, or vomiting, the latter two of which are more common in pediatric
patients.(3) Left untreated, EoE can lead to strictures and narrowing of the esophagus, which
can result in food impactions requiring medical interventions and dilation highlighting

the importance of addressing underlying, ongoing inflammation and to improve patient
quality of life with symptom resolution.(4) For an accurate diagnosis, expert consensus
recommends a minimum of 6 biopsies taken from the length of the esophagus (distal, and
mid/proximal) and should be obtained in any patients where EOE is expected, regardless

of the endoscopic appearance (e.g. grossly normal appearing which can occur ~30% of

the time).(5) Interval endoscopies to evaluate treatment responses are required, even if
patients symptoms improve. Similar to inflammatory bowel disease, symptoms alone are not
sufficient to evaluate response to therapy. It is also recommended that endoscopic reference
scoring (EREFS) should be performed and monitored at each exam.(4, 6)

After the diagnosis of EoE is established or the status of active EoE is confirmed, treatment
is necessary to alleviate symptoms. Moreover, as touched on above, treatment of ongoing,
active inflammation is necessary to prevent fibrotic complications including strictures and
narrowing. Goals of treatment in EoE include inducing histologic remission (defined as
less than 15 eosinophils per hpf) and relieving symptoms of esophageal dysfunction.
Consequently, these two goals are often co-primary outcomes in the evaluation of new
therapies.

EoE is thought to largely be food antigen-driven, given that elimination diets or elemental
formula can be effective treatments, though methods to identify causative allergens

other than empiric elimination diets have been elusive.(7, 8) Similar to other allergic
pathologies such as asthma, EOE has been associated with a Th2 inflammatory response.
(9) Characteristic Th2 cytokines such as IL-33, TSLP, IL-4, IL-5 and IL-13 have been
implicated. Esophageal biopsies have elevated expression of TSLP, 1L-33, and IL-13.(10,
11, 12) Genetic studies have identified susceptibility at Th2 associated genes such as TSLP,
supporting the involvement of type 2 immunity.(13) IL-13 is thought to drive many of the
characteristic epithelial changes seen in EoE and stimulate expression of eotaxin-3, a potent
eosinophil chemoattractant.(14, 15) Esophageal tissue eosinophils have high expression of
IL-4, IL5 and IL-13 as well as the IL-33 receptor in EOE patients.(16) In addition to
eosinophils, other cells present in the esophagus in EoE include mast cells and pathogenic
effector Th2 cells that express IL4, IL5, and IL13.(16, 17, 18, 19, 20) Defective inherited or
acquired defects in esophageal innate barrier function are germane to EoE pathophysiology,
perhaps promoting increase antigen uptake and stimulation of adaptive immunity.(21, 22)

Off-label, approved, and investigative treatments for EoE include PPI, topical
corticosteroids, dietary therapy, and biologic and small molecule therapies, which will all
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be reviewed in this article. In terms of treatment guidelines, the AAAAI/ACAAI Joint Task
Force on Allergy/Immunology Practice Parameters and AGA collated practice parameters
that were published in 2020 and will be reviewed as appropriate regarding therapy here.

(23) Importantly, many of these recommendations were made compared to no therapy
instead of comparing treatments head-to-head, and therefore the recommendations should be
interpreted with this in mind.

Therapeutic approaches

Proton pump inhibition—Proton pump inhibitors represent one of the earliest treatment
modalities for EoE given the disease previously required PPI treatment failure and

its early association with reflux symptoms.(24) PPIs are used at high doses in EoE
(generally omeprazole 40 mg BID in adults and 1-2 mg/kg/day in children) and in general
have approximately 30-50% efficacy inducing remission. PPIs in general are very safe
medications, with few and rare risks including potential for infections, decreased vitamin
and nutrient absorption or renal injury.(25, 26) While concerns regarding the safety of

PPIs has been postulated, most studies examining negative effects of PPIs have been using
retrospective and claims-based data, which is subject to profound confounding and bias and
conflicts with high quality randomized trial data.

Several studies have shown that endoscopic, genetic, and transcriptional phenotypes are
largely indistinguishable between PPI-responsive esophageal eosinophilia and PPI-non-
responsive EOE.(27, 28, 29) Mechanisms for PPIs effectiveness is thought to be related

in part to inhibition of eotaxin via K+/H+ ATPase on esophageal epithelial cells in a calcium
channel dependent manner.(30) It is important to note this property is intrinsic only to

PPls, and not for example other methods of acid suppression such as histamine blockade
suggesting it is not merely acid neutralization but a property of ATPase inhibition. Other
investigators performing transcriptional analyses on PPI treated esophageal epithelial cells
suggest inhibition of 1L-13 and its downstream effector cascades may also be at play,
particularly by activation of the aryl hydrocarbon receptor by PPIs.(31)

In general, the field has evolved from mutual exclusivity of gastroesophageal reflux disease
(GERD) and EOoE to recognizing a patient can have both. Some experts believe that low
eosinophil numbers between 0-15 in the esophagus are suggestive of GERD induced injury
resulting in esophageal eosinophilia or evolving EoE, though data for distinguishing is
sparse and both may be true.

Recent updates in both long-term efficacy of PPI as well as re-trial of PPI after a steroid
induction have shown promising results. In a single center study of adults with EoE,

long term clinical and histologic remission rates measured at a mean of 3.6 years post
introduction was around 60% rendering it an effective long-term therapy.(32) In addition,
a retrospective review of 18 patients who were initially refractory to PPI then were treated
with topical corticosteroids that induced remission were again later treated with PPl as a
maintenance therapy.(33)

Investigators looked at 12 weeks post PPI re-introduction and found sustained remission
on PPI at this time point. Further investigation into the duration of remission is warranted.
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Though this is an interesting approach, a 12-week post-PPI reintroduction follow up timeline
may be confounded by lasting effects of topical corticosteroids as some patients have
sustained remission post topical steroid removal for 3-6 months, where by 9 months, many
patients will have recurrence.(34) However, head-to-head and combination therapy trials
have not been carried out and are urgently needed.

There is no specific data on the use of PPIs in pregnant patients with EoE. In general, most
PPIs are rated as Category B (No risk in animal studies [there are no adequate studies in
humans, but animal studies did not demonstrate a risk to the fetus]), except for omeprazole
which is rated Category C (Risk cannot be ruled out. There are no satisfactory studies in
preghant women, but animal studies demonstrated a risk to the fetus; potential benefits of
the drug may outweigh the risks.) It has been previously recommended that patients actively
seeking to conceive be counseled about a small but modestly increased risk of major birth
defects with PPI use in the 4 weeks before conception, but large meta-analyses and cohort
studies have otherwise not found an association between PPI use during pregnancy and
adverse pregnancy outcomes.(35, 36) PPIs are known to be excreted in breastmilk and there
is limited data regarding the effects of the high doses used in EoE, though there are no
reports of adverse effects in infants.(37, 38)

In summary, PPIs are generally very safe therapeutic options for all patients.

Swallowed topical corticosteroids—Swallowed topical corticosteroids are among the
best evaluated drugs regarding efficacy and safety for EoE, and their use over no treatment
is recommended strongly with a moderate level of evidence in the 2020 AGA/Joint Task
Force treatment guidelines.(39) A technical review accompanying these guidelines found
that after aggregating 8 studies with 437 enrolled patients, treatment with topical budesonide
or fluticasone had a histologic response rate of approximately two-thirds of subjects, though
recent trials of budesonide orodispersible tablets response rates up to greater than 90% at 6
weeks.(40, 41, 42). Rate of symptomatic response varies between studies, and there appears
to be an endotype of eosinophilic esophagitis that is resistant to topical steroid treatment.(43,
44, 45) Factors that predict non-response to steroids include dilation at baseline prior to
initiation of steroids, edema/decreased vascularity seen on baseline endoscopy, hiatal hernia,
and increased BMI.(46, 47, 48) Factors that have been associated with response to steroids
include older age and the presence of food allergies.(47) Topical corticosteroids are also
conditionally recommended as a long-term treatment with very low-quality evidence in the
2020 treatment guidelines. It is noted that after initial remission, there are some patients who
might prefer avoidance of long-term steroid use over recurrence of symptoms, and continued
monitoring is recommended.(39)

Currently in the United States, topical corticosteroids are used off-label, either by
repurposing corticosteroid inhalers used for asthma or as compounded slurries. Initial
treatment with either oral viscous budesonide (OVB) or a fluticasone metered dose inhaler
(MDI) has been shown to be equivalent in a double-blind, double-dummy trial.(49) Optimal
doses for induction and maintenance for these medications have not yet been determined and
typical initial dosing varies (adults: fluticasone MDI 440-880 mcg twice daily or OVB 2 mg
daily; children: fluticasone MDI 88-440 mcg twice to four times daily or OVB 1 mg daily).
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(50) Previous studies have indicated that a 50% dose reduction after initial induction therapy
can remain effective in 73-93% of subjects, though more recent data suggests that loss of
steroid response is common in adult patients responding to topical steroids and is associated
with dose reduction.(44, 51) When using topical corticosteroids to treat EOE, we recommend
repeat endoscopy after 8-12 weeks of induction therapy to evaluate for histologic response.
If induction is successful, a reduction in the dose of steroids can be considered, considering
patient response, patient preference, and potential side effects.

Though topical corticosteroids are subject to first-pass hepatic metabolism, adrenal
suppression has been reported in individuals on topical corticosteroid therapy for
eosinophilic esophagitis.(52) Guidelines for screening have not been established. Previous
work has suggested that lower BMI and increased steroid dosage increases risk for adrenal
suppression in EOE patients on topical corticosteroids.(53, 54) In a recent report, there was
no difference in the daily steroid dose between those who did and did not develop adrenal
insufficiency while on swallowed topical corticosteroids, suggesting that other unknown
factors are more important and that all patients may benefit from screening.(55) Esophageal
candidiasis has been reported in up to 30% of subjects on topical corticosteroid therapy
for EOE, and patients with suspicious symptoms should be evaluated and treated.(56, 57)
Beyond treatment with fluconazole for 14-21 days, management of steroid doses after an
episode of candida is less well-defined. While there is little data, expert opinion supports
a patient-level discussion regarding the role of steroid reduction in asymptomatic patients
versus continuation at current dosing. Growth suppression is also a concern with long-term
steroid use in children. In a 24-week open label extension study of budesonide after a 12-
week randomized double-blind study, there was a trend towards decreased growth velocity
but no decrease in sex-matched height for age Z-score in the 14 subjects aged 11-18.(58)
Conversely, a study of 54 children on long-term swallowed fluticasone (mean follow-up
20.4 months) found no effect on growth and only 3 cases of asymptomatic Candida which
resolved after fluticasone treatment.(59) Though the risk of growth suppression is likely
small, height and growth velocity should be monitored in children on swallowed steroid
treatment for EoE.

There is no specific data on swallowed corticosteroids in pregnant patients with EoE.
Corticosteroids are classified as Category C during pregnancy and have been associated with
small increased risks of adrenal insufficiency, premature rupture of membranes, and cleft
palate. In asthma, budesonide is the maintenance inhaled corticosteroid of choice due to
reassuring prior studies, though national guidelines note that other formulations of inhaled
steroids have not been shown to be harmful.(60) In IBD, higher doses of budesonide than in
EOE are often used in pregnant patients safely.(35) In breastfeeding, nasal, oral, and inhaled
corticosteroids are considered acceptable, though there is evidence that very small amounts
may be excreted in breast milk.(37)

Several formulations of topical steroids are being evaluated in formal clinical trials. In
Europe, Canada, and Australia, topical budesonide as an orodispersible tablet (BOT) is
approved for adults with EoE and is widely and safely used. In two recent phase Il trials

of this formulation of budesonide, clinical and histologic remission were superior with BOT
compared to placebo in both short- and long-term uses of this medication.(41, 42) Notably,
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more patients experienced histologic remission compared to clinical remission, but in the
largest study of 204 subjects greater than 70% of those on one of two BOT doses (0.5 mg
BID or 1 mg BID) experienced both clinical and histologic remission.(41) A fluticasone
orodispersible tablet (ODT) has also recently been evaluated. In a phase Ilb trial of 106
adults with EoE, histologic response rates at 12 weeks were 80% for 3 mg twice daily, 67%
for 3 mg at bedtime, 86% for 1.5 mg twice daily, 48% for 1.5 mg at bedtime, compared to
0% for placebo. EREFS and dysphagia frequency also improved with treatment compared
to placebo.(61) A phase Il trial of budesonide oral suspension (BOS) has also recently
been reported which randomized 318 subjects with EoE to either BOS or placebo ina 2:1
ratio. At 12 weeks, 53% on BOS had a histologic response to treatment (compared to 1%
on placebo) and 52.6% on BOS had a dysphagia symptom response (compared to 39.1%
on placebo).(62) A small minority of subjects in these trials experienced oral/esophageal
candidiasis or adrenal suppression but overall these medications were very well-tolerated.
(41, 61, 62)

In summary, corticosteroids remain an excellent option for EoE treatment, and these new
formulations may make it easier to facilitate treatment if they are approved by US regulatory
authorities in the near future.

Systemic Immunosuppression—~Prednisone has been shown to induce both histologic
and symptomatic improvement in eosinophilic esophagitis. In a trial comparing prednisone
to swallowed fluticasone, prednisone led to a greater degree of histologic improvement,
but did not have a greater effect on symptom improvement compared to fluticasone.(56)
Given the potential for greater systemic side effects, it has been suggested to reserve oral
prednisone for patients with EOE who either do not respond to all other treatments or who
require rapid symptom relief, particularly in the setting of pregnancy where prednisone has
a longer history than newer medications such as dupilumab(57) With the new approval

of dupilumab and other biologics on the horizon, the role of systemic corticosteroids

for patients refractory to initial treatment with PPI, dietary elimination, or swallowed
corticosteroids is likely to diminish.

Azathioprine and 6-mercaptopurine have also been used to treat steroid-dependent EOE in
a case report of 3 patients, but their safety and efficacy have not been studied in a larger
population.(57, 63)

Due to their unfavorable side effect profile compared to other available treatments, we
suggest against using non-specific systemic immunosuppressive medications except in
extremely refractory patients.

Dietary Therapies—EOoE is generally thought to be a non-IgE driven food allergy and
dietary elimination has long been a staple of treatment. Historically, much of the data for
EOE as a food allergy is based on indirect evidence such as stepwise diet elimination.
However, this landscape is beginning to change with recent studies identifying peripherally
circulating food antigen-specific T cells and mucosal associated food-specific antibodies in
patients with EoE.(18, 64, 65) While early, these explorations pose exciting new endeavors
for identifying triggers for patients.
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Much of the dietary studies performed in EoE have been carried out in Spain and the United
States with response rates varying from ~60% to greater than 90% for broad elimination
and elemental diets.(66, 67, 68, 69) Historically, EOE was managed either with elemental
diets removing all complex molecular structures including proteins and later with six food
elimination diets.(70) Elemental diet success ranges from roughly 70-90% in children and
adults, however the logistical and palatable challenges particularly for adults tend to make
it an uncommon therapy.(7, 71, 72) Six food elimination diets (6FED) target removal of the
most common food allergens: dairy, wheat, eggs, soy, peanuts and tree nuts, and fish and
shellfish. Dairy is the most common trigger for pediatric patients ranging from ~50-70%

of patients, whereas wheat is the most common allergen for adults 40-50%.(73, 74) These
foods are then slowly reintroduced one or two at a time with interval upper endoscopy

and biopsies to determine response and identify food triggers. A notable consideration
particularly for empiric diet elimination in pediatric patients is the repetitive nature of
endoscopy and sedation. This may influence patients, parents, and providers in which foods
and how many are chosen, or pursuit of elemental diets, which tend to have relative ease

in pediatric populations. Additionally, considerations regarding growth and nutrition may
influence the risk-benefit calculation for elimination diets in children with eosinophilic
esophagitis presenting with failure-to-thrive.

In 2018, Molina-Infante et al performed the “Step-up Diet Elimination” study which
changed the way many approach diet therapy beginning with the two most common allergen
triggers, wheat and dairy.(73) In their study, 43% of patients responded to elimination of
these foods, while non responders went on to add eggs and soy to elimination. Similarly, if
there was a lack of response to four food elimination diet (4FED), nuts and shellfish were
added to the elimination to complete the full 6FED. More recently in the United States,
Zalewski et al published long-term results for real world 6FED being lower at 54%.(67)

It is worth noting that most dietary studies have not had a control comparator arm

until recently. In a multi-center study led by the Consortium for Eosinophilic Gl disease
Researchers (CEGIR) investigators and sites, children were randomized to undergo a 1 food
elimination diet (1FED) with dairy versus 4FED. Interestingly, 1FED had similar response
rates to 4FED (44.1% vs 41.2%; p=1.0), although 1FED had significantly better quality of
life metrics than 4FED.(75) In a similar vein, CEGIR later conducted another multi-site
study (SOFEED) including adults with 1FED versus 6FED.(76) Once again, 1FED had
similar response rates to 6FED (34% vs 40%; p=0.58), where the 6FED remission rate
was notably low. Additionally, both diets had comparable improvements in peak eosinophil
counts, EoE histologic severity scores, EREFS scores, EOE symptom severity scores,

and quality of life measures. Similarly, Wechsler et al reported 51% remission rate with
dairy elimination.(74) These variable broad elimination diet results suggest that extensive
education and support is required for successful implementation and maintenance of diet
eliminations.(77)

Regarding options after unsuccessful dietary elimination, in the SOFEED study comparing
1FED to 6FED, subjects who failed the 1FED had the option to transition to 6FED, and
43% of the subjects who transitioned from 1FED to 6FED had histologic response. Subjects
who failed the 6FED had the option to transition to swallowed fluticasone, and 82% of the
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subjects who elected to do so had histologic response. This study also identified predictive
value of baseline milk-specific 1gG4 in predicting responsiveness to 1FED.

Overall, these studies suggest dietary elimination trending towards less restrictive diets such
as 1FED or 2FED may be as successful as broader elimination diets and feasible options
for patients with EoE, though having the dietician support and education is paramount

to execute successfully. We suggest at least considering eliminating fewer foods such as
1FED particularly for pediatric patients or 2FED considering this recent data and a recent
systematic review.(78) No matter the dietary consideration, as with all dietary therapies we
recommend involvement of a Registered Dietician or other dedicated educational resources
directed towards guidance for patients.

There is no data on elimination diet in pregnant patients with EoE. In a Cochrane review of
women avoiding dietary antigens during pregnancy, the avoidance diet was associated with
lower weight gain during pregnancy. There was also a nonsignificant association with higher
preterm birth and with lower birth weight.(79) This certainly underscores the importance of
involving a dietician with pregnant patients interested in an elimination diet.

A growing but poorly understood aspect of dietary therapy includes oral immunotherapy
(OIT). While this is not a therapy for EoE, increasingly, providers have noted the association
of EoE in patients undergoing OIT. Estimates for the rate of EOE during OIT ranges from
5.1% (confirmed cases) to 34% (symptoms possibly related to EOE during OIT), but the true
prevalence is difficult to estimate given that most patients with significant gastrointestinal
symptoms during OIT stop therapy without undergoing endoscopy.(80) Though symptoms
and histological abnormalities typically remit with cessation of OIT, in some patients EoE
continues. Whether this represents worsening of unknown, pre-existing EoE or the induction
of EoE by OIT remains an area under investigation. It is recommended that OIT providers
perform a detailed gastrointestinal history prior to initiation of OIT and discuss the potential
for development of EoE.

In summary, dietary interventions remain a common and effective therapy for patients with
EoE, and implementation should occur with considerations of age, patient motivation and
educational resources.

Dilation—While esophageal dilation does not treat the underlying inflammation driving
fibrosis and stricturing, we do recommend dilation to a goal of 15-18mm in patients with
clinically significant esophageal stricture.(81) The timing of dilation is not well established,
in an ideal scenario inflammation is controlled though this is not always possible. Dilation in
general is safe, and risk of perforation and bleeding is very rare.(82)

Biologic and small molecule therapies

Dupilumab—Dupilumab is a monoclonal antibody against the alpha subunit of the IL-4
receptor, which is shared by the IL-13 receptor. Blockade of this subunit effectively
blocks signaling from both cytokines, which are key to the pathogenesis of EoE.(83, 84)
Dupilumab has recently become the first Federal Drug Administration (FDA)-approved
treatment for eosinophilic esophagitis in May 2022. In the phase I11, three-part LIBERTY-
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EOE-TREET trial which included adults and adolescents, weekly subcutaneous dupilumab
300 mg resulted in significant histologic remission (<6 eos/hpf in 59.9% vs 5.1% placebo
in part A, 58.8% vs 6.3% placebo in part B) and significant decreases in dysphagia

scores compared to placebo. The most common side effects were injection site reaction
(16-37.5%), nasopharyngitis (11.9% in part A), and fever (6.3% in part B). Conjunctivitis,
a notable side effect in atopic dermatitis patients treated with dupilumab, occurred at a low
rate. Blood eosinophil counts did not increase. Of note, part B of this study did evaluate
every 2-week dosing, as is used in asthma and eczema, and though this dose induced
histologic remission at a rate similar to weekly dosing, it did not meet endpoints related to
the dysphagia score.(85) In children, there is evidence that dupilumab prescribed for asthma,
atopic dermatitis, or nasal polyposis leads to histologic and symptomatic improvement in
patients with EOE.(84) There is an ongoing phase 11 trial in children (NCT04394351), with
preliminary results reporting 68% (higher dose) and 58% (lower dose) of pediatric subjects
achieving histologic remission after 16 weeks of treatment. In this initial analysis, there
was no difference in symptomatic improvement at 16 weeks with dupilumab compared to
placebo.(5, 86) At this time, dupilumab is approved for patients aged 12 years and older for
eosinophilic esophagitis.

Where dupilumab fits into the treatment algorithm for EoE is not currently established; as
approved, it could be used as first line, “top-down” treatment or as a secondary treatment for
those who have failed other therapies. Its use in pregnant patients is not known at this time.
In a recent expert opinion piece, Aceves et al suggest that dupilumab should be considered
for the below situations: (87)

. Patients who also have asthma, atopic dermatitis, or chronic rhinosinusitis with
polyposis meeting criteria for biologic therapy

. Patients with strictures

. Patients with failure to thrive, weight loss, or growth impairment due to EoE

. Patients who require elemental formula for 50+% of their daily caloric intake due
to EoE

. Patients with severe inflammation requiring frequent oral glucocorticoids

. Patients who have failed first line (topical corticosteroid, PPI, diet) therapy

. Patients who have experienced adverse effects from other therapies

Lirentelimab—Lirentelimab is a monoclonal antibody against Siglec-8, which is expressed
on the surface of eosinophils and mast cells. Because lirentelimab facilitates depletion of
eosinophils via antibody-dependent cellular cytotoxicity (ADCC) and inactivates mast cells,
its use has been studied in EoE. (88, 89) While early studies were very promising for
lirentelimab, in a phase 11/111 study of the drug in 276 subjects with EoE, treatment with
lirentelimab resulted in histologic improvement (>85% in both treatment groups compared
to 11% of placebo) but did not result in a significant change in the Dysphagia Symptom
Questionnaire, failing to meet its co-primary endpoints.(90)
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Benralizumab—Benralizumab is a fully humanized monoclonal antibody specific for the
IL-5 receptor a and is used in cases of severe asthma, particularly those with peripheral
eosinophilia. Benralizumab induces ADCC via natural killer cells and IL-5 is critical for the
development and maturation of eosinophils and therefore was studied in EOE most recently
in the MESSINA phase I11 trial. The MESSINA study consisted of 210 patients aged 12-65
and did not meet the symptomatic component (dysphagia) of the dual-primary endpoints but
did significantly reduce tissue eosinophilia.(91)

Mepolizumab and Reslizumab—Mepolizumab and reslizumab are monoclonal
antibodies directed against IL-5, preventing binding of the cytokine to its receptor on
eosinophils. Both therapies have been previously trialed in eosinophilic esophagitis. In

trials of mepolizumab, esophageal eosinophil counts have significantly decreased, but
symptomatic outcomes have been variable, with some studies reporting symptomatic
improvement in only a minority of subjects despite consistent histologic improvement.(92,
93, 94) These studies have been limited by their employment of non-validated EoE symptom
score metrics, and variable severity of enrolled patients compared with the recent successful
dupilumab EoE study. A multi-center double-blind randomized clinical trial of mepolizumab
300 mg monthly vs mepolizumab 100 mg monthly vs placebo has recently been completed
but results have not yet been reported (NCT03656380).

In a randomized trial of reslizumab in 227 children and adolescents with EoOE, eosinophil
counts were significantly reduced (though very few reached true histologic remission after
4 months of treatment), but symptom scores improved equally across all groups in the study.
(95)

Omalizumab—Omalizumab, the monoclonal antibody against IgE, has also been trialed
in eosinophilic esophagitis. In a small randomized controlled trial of omalizumab in 30
patients with EoE, there was no histologic or symptomatic improvement in treated subjects
compared to placebo.(96)

Therapies on the horizon

Targeting type 2 inflammatory cytokines—As EoE is a type 2 allergic response,
therapies continue to explore interventions in these pathways. Early data in monoclonal
antibody targeting of IL-13 has been promising histologically where dectrekumab had
improved esophageal eosinophilia but did not meet remission levels, whereas later
cendakimab did meet histologic endpoint (97, 98). Upstream of 1L-13 are epithelial alarmins
such as thymic stromal lymphopoietin (TSLP), IL-33 and 1L-25. Tezepelumab is a fully
humanized monoclonal antibody targeting TSLP and gained FDA orphan drug status in
2021 and is actively recruiting for a phase 3 study in EoE.

Targeting cellular migration and immunomodulation—Vedolizumab is a humanized
monoclonal antibody specific for the integrin a4p7, which many immune cells express

and is specific for migration into the gastrointestinal tract. Blockade of this integrin is
thought to impair trafficking of pathogenic cells to the gut. It is used primarily in Crohn’s
disease and ulcerative colitis and has been described in case reports for use in eosinophilic
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gastrointestinal diseases (99, 100). Etrasimod is an oral small molecule that modulates
the S1P receptor, impairing lymphocyte egress from lymph nodes and is in phase Il in
adults with EoE. Interestingly, this mechanism of action in recently gained FDA approval
for ulcerative colitis for the medication Ozanimod. Lastly, a first-in-class peptide that
was derived from a nature immunoregulatory protein in mycobacteria tuberculosis (mTB
Chaperonin 60.1) recently completed enrollment for its phase Il trials in EOE.(101) The
chaperonin protein has been described to “reset” the immune system and formulations are
being studied in both allergy and autoimmunity.

It should be noted that many biologic and small molecule trials are designed to evaluate
therapies as monotherapy as opposed to add-on therapies, though many trials do permit the
use of ongoing therapies that did not result in disease remission at the time of screening.
These therapies are summarized in Table 1.

Knowledge Gaps—Despite the significant strides made in the last few years within the
therapeutic world of EoE, knowledge gaps remain. A non-exhaustive list is provided here
where further study would be particularly helpful.

. Intentional exposures to allergens (“cheat days”) and the use of topical
corticosteroids during this time.

. Switching between therapies and timing surrounding this approach such as wash
out time of one therapy to another.

. Topical corticosteroid induction followed by alternative maintenance therapy
such as PPI or diet elimination.

. Timeline of return to disease after cessation of therapies beyond steroids.
. Liberalizing diet once initiating dupilumab.

. Laboratory monitoring on therapies, particularly dupilumab

. Head-to-head quality of life comparisons of different first line therapies
. Studies focused on pregnant patients with EoE.

Recommended Treatment Algorithm

In a patient with newly-diagnosed eosinophilic esophagitis, we suggest that either PPI,
topical corticosteroids, dietary therapy, or dupilumab could be used as first-line therapy
(Figure 1). The decision to use one therapy over the other should be tailored to the individual
patient, as there is currently not evidence to support one treatment over the others. Some
patients may want to avoid the use of steroids or PPIs, while others may have difficulty
restricting diet. In the case of dupilumab, cost is a consideration, given that therapy for EoE
is likely to be lifelong and we do not have data regarding switching between therapies.

After initiating a therapy for EoE, we recommend endoscopic evaluation of response after
8-12 weeks of initiation of therapy. If the patient is in histologic remission (defined as <15
eos/hpf though increasingly providers consider lower thresholds such as <6 eos/hpf given
that eosinophils are devoid in a healthy esophagus), we recommend continuing the currently
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effective therapy. If the patient is on topical corticosteroids, a dose reduction of 50% can

be considered with follow-up evaluation to ensure continued response. If the patient is on
dietary elimination of more than one food, reintroduction of one or more foods can be
considered. We recommend reevaluation in 8-12 weeks after making these changes. If the
patient continues to have active eosinophilic esophagitis, therapy should be modified. This
could include increasing the dose of topical corticosteroids if an initial dose less than the
maximum was selected, increasing the number of foods eliminated in an elimination diet, or
switching to an alternate therapy for EOE. This can be repeated with reevaluation every 8-12
weeks until an effective therapy is determined. When patients become pregnant or are trying
to become pregnant, discussion of risks and benefits of medications specific to pregnancy is
an important consideration.
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Dilation

Stricture in conjunction with
medical therapy

- -

Consider decreasing dose if using sleroids .
Consider broadening diet if on more than 1FED *

Diagnosed with EoE |
Proton pump inhibition Topical corticosteroids Elimination diet Dupilumab®
+ High-dose omeprazole *  Flutlicasone * 1FED «  Weekly
*  30-50% response + Budesonide = 2FED *  60% response
+  T0% response = 4FED
« BFED
= ~40-70% response
|
Effective?
(<15 eos/hpf and symptomatic improvement)
[ Yes I l | No |
Continue therapy Modify therapy

Choose allernate first-line therapy

Assess administration of topical corticosteroids

and increase dose if adherence adequale.
« Remain on FED, eliminate additional foods

## «Patients who also have asthma, atopic dermalitis, or chronic rhinosinusitis with polyposis meeting criteria for biologic therapy

sPatients with strictures

ePatients with failure to thrive, weight loss, or growth impairment due to EoE
sPatients who require elemental formula for 50+% of their daily caloric intake due lo EoE
ePatients with severe inflammation requiring frequent oral glucocorticoids

sPatients who have failed firsl line (topical corticosteroid, PP, diet) therapy

ePatients who have experienced adverse effects from other therapies

Figure 1.

Proposed treatment algorithm. *Dupilumab has been suggested for the following groups
of patients8”: Patients who also have asthma, atopic dermatitis, or chronic rhinosinusitis
with polyposis meeting criteria for biologic therapy; Patients with strictures; Patients with
failure to thrive, weight loss, or growth impairment due to EoE; Patients who require
elemental formula for 50+% of their daily caloric intake due to EoE; Patients with severe
inflammation requiring frequent oral glucocorticoids; Patients who have failed first line
(topical corticosteroid, PPI, diet) therapy; Patients who have experienced adverse effects

from other therapies, eos/fipf, Eosinophils per high-power field.
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