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Eosinophilic esophagitis (EoE) is a progressive type 2 in-
flammatory disease characterized by symptoms related to
esophageal dysfunction and significant esophageal eosin-
ophilic infiltration. It can affect patients from infancy
through adulthood. Pediatric EoE has a multidimensional
impact on the quality of life of both patients and their
families. Nonspecific symptoms mimicking other gastro-
intestinal conditions, such as food refusal, failure to thrive,
and feeding difficulties, may profoundly affect young chil-
dren’s eating skills, growth, and psychosocial status, as
well as impact family financial conditions. In adolescence,
dysphagia and esophageal food impactions often lead to
feeding-related anxiety and influence social lives. Delays in
diagnosis, arising from lack of awareness among families
and clinicians and compensatory eating behaviors, could
increase the risk of fibrostenotic complications, which may
ultimately add to the symptom burden. Currently available
treatment options include proton pump inhibitors, dietary
therapies, swallowed topical steroids, esophageal dilation,
and biologic therapy. Despite the efficacy of these ap-
proaches, disease burden may be further impacted by their
limitations, including poor adherence rates, refractory dis-
ease, potential long-term safety concerns, and high costs for
care. Thus, there is a need for more timely diagnosis in
clinical practice and novel targeted disease-modifying
therapies better tailored to treat various phenotypes of
EoE, aimed at reducing the physical and psychosocial bur-
dens on patients and their caregivers.
Abbreviations used in this paper: 4-FED, 4-food elimination diet; 6-FED, 6-
food elimination diet; AA, amino acid; AS, adrenal suppression; BID, twice
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ence Score; FDA, Food and Drug Administration; FTT, failure to thrive;
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Introduction

Eosinophilic esophagitis (EoE) is a chronic, progres-
sive, type 2 inflammatory disease characterized by

symptoms related to esophageal dysfunction and esopha-
geal eosinophilic inflammation.1,2 Concomitant atopic
conditions, including asthma, allergic rhinitis, food allergy,
and atopic dermatitis, are commonly associated with EoE,
irrespective of age.3 EoE affects patients from infancy
through late adulthood.4,5 Since the early 2000s, the prev-
alence of EoE has been steadily increasing globally, with the
estimated EoE prevalence of 42.2/100,000 and 34.4/
100,000 inhabitants for adults (�18 years old) and children
(<16 years old), respectively, based on population-based
studies conducted in the USA, Canada, and Europe, with
some representation of South America and Western
Australia.6 In children, a stable incidence of EoE has been re-
ported over time.6

The natural history of EoE has been evaluated in many
retrospective studies in adult and pediatric patients.1 EoE
can gradually progress from an inflammatory phenotype to
a more fibrostenotic phenotype.1,2 A longer duration of
untreated EoE caused by diagnostic delays and gaps in
care7,8 increases the likelihood of fibrostenotic complica-
tions, which result in dysphagia and food impaction.9,10

Younger patients with EoE tend to present an inflamma-
tory phenotype with other comorbid atopic conditions and
food allergies,11 whereas older patients are more likely to
present fibrostenotic complications.3,7 In a retrospective
study of patients with EoE, the odds of a fibrostenotic

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.gastha.2024.08.009
http://crossmark.crossref.org/dialog/?doi=10.1016/j.gastha.2024.08.009&domain=pdf


2024 Burden of pediatric eosinophilic esophagitis 1055
phenotype doubled for every 10-year increase in age, indi-
cating possible disease progression from chronic inflam-
mation to esophageal remodeling and fibrostenosis.11 The
pattern and rate of EoE progression, however, may vary, and
fibrostenosis has been reported in untreated children.12

Infants and young children with EoE often have
abdominal pain, gastroesophageal reflux/vomiting, and a
wide range of feeding difficulties, whereas adolescents and
teenagers commonly have chronic dysphagia and intermit-
tent esophageal food impaction.2,4,13–16 While these symp-
toms can be nonspecific, they can impact their quality of life
(QOL).17 The chronic symptoms of EoE may affect overall
psychosocial aspects of life in the domains of feeding be-
haviors, sleep, social, school, and emotional functioning.17

Concurrently, their caregivers may also have elevated anx-
iety levels and stress related to their child’s well-being, and
increased financial burden due to the long-term health-care
costs.18,19 As such, further studies are warranted to better
understand the disease burden.

Currently available therapies for pediatric EoE include
food elimination diets, off-label use of proton pump in-
hibitors (PPIs), swallowed topical corticosteroids (STCs),
esophageal dilation, and, more recently, biologics.5,20–24

Despite the effectiveness of pharmacologic and dietary in-
terventions, up to approximately 40% of pediatric patients
who received either dietary interventions or STCs have been
shown to experience failure in achieving histologic remis-
sion.25 Furthermore, the potential long-term adverse effects
of the pharmacologic and dietary therapies in children are
not clear and remain areas of investigation. The biologic
dupilumab is indicated for patients aged � 1 year, weighing
� 15 kg, in the USA,26 and for patients aged � 12 years,
weighing � 40 kg, in Europe.27 Dupilumab may be consid-
ered by clinicians after taking into account individual
Figure 1. Spectrum of EoE symptoms among different age grou
food refusal, along with a tendency to eat only certain foods, irri
weight gain. In school-aged children, food refusal, difficulties in
soft diets, and a tendency to be “slow eaters” are common sym
abdominal pain and vomiting in this age group. Adolescents wit
preference for fluid intake or soft diets, tend to be “slow eaters,”
and food impaction are common symptoms, along with chest pa
rarely, spontaneous esophageal perforation.16,32,33 GERD, gast
patient preferences, as well as access to the drug.23 Several
clinical studies are underway assessing the use of STCs and
biologics for pediatric EoE, including APT-1011,28 budeso-
nide oral suspension (BOS),29 cendakimab,30 and
tezepelumab.31

The objectives of this review are to describe the psy-
chosocial and QOL burdens of EoE in children (�12 years;
preschool-aged and school-aged), adolescents (13–18 years
old), and their caregivers, and to highlight how challenges in
the diagnosis and treatment of the disease particularly affect
the pediatric population.
Clinical Presentation of Pediatric EoE
Differential Spectrum of EoE Symptoms in
Children and Adolescents

Young children with active EoE often have nonspecific
symptoms compared with the majority of adolescents and/
or adults.4,32,33 Preschool-aged children may even have
fewer specific symptoms and are unable to clearly verbalize
those symptoms. Feeding difficulties, which can occur due to
multiple etiologies, are common, as are persistent gastro-
esophageal reflux and vomiting.4,34 EoE-related symptoms
tend to evolve from vague complaints, such as food refusal
and abdominal pain in young children, to more obvious and
slightly more specific symptoms, such as chest pain,
dysphagia, and food impaction in adolescents and
adults.4,32–34 In adolescents, EoE may be misdiagnosed as
eating disorders, because symptoms such as food-related
anxiety, vomiting, and food aversion are shared by both
conditions.34 Detailed clinical symptoms of EoE based on
age are described in Figure 1.4,32–35
ps. EoE symptoms vary between age groups. In preschoolers,
tability, vomiting, and abdominal pain, lead to FTT and lack of
introducing new foods to the diet, preference for liquids and
ptoms. The most frequent gastrointestinal symptoms include
h symptoms of dysphagia and food impaction also maintain a
and show fear and anxiety at mealtimes. In adults, dysphagia
in, GERD symptoms, nonspecific pharyngeal discomfort, and,
roesophageal reflux disease.
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Challenges in Diagnosing EoE in Children and
Adolescents

Diagnosis of EoE, the components of which are similar at all
ages, requires a comprehensive evaluation of clinical symptoms
and assessment of esophageal biopsies, with supportive find-
ings from endoscopy.5,36 The minimal histologic findings
necessary for a diagnosis of EoE in the appropriate clinical
setting are increased eosinophil (eos) counts (�15 eos/high-
power field or 60 eos/mm2).35,36

Time from initial symptom presentation to diagnosis
varies across different age groups. A retrospective analysis
of the Swiss EoE database established in 1989 showed that
diagnostic delay was longest in the young patient popula-
tion (�20 years old) and decreased with increasing age.7

The results from this study, however, need to be inter-
preted with caution in the context of pediatric EoE because
the analysis included both adult and pediatric patients
together. Based on the European Pediatric EoE Registry
analysis (2015–2017; patients � 18 years old), the
diagnostic delay was longer in children � 10 years old
(2.1 years) compared with children > 10 years old
(1.3 years; P ¼ .01).37 However, a study conducted in the
USA demonstrated different results regarding the duration
of diagnostic delay among pediatric patients.3 According to a
registry established by the Consortium for Food Allergy
Research (2011–2016; patients 6 months–65 years old), the
interval between symptoms and diagnosis was shorter in
younger children than in older children, with median diag-
nostic delay of 2 years in patients 11–17 years old and
1 year in children < 11 year old.3 Furthermore, a systematic
analysis using studies conducted in North America and
Europe (1974–2017) reported that the average diagnostic
delay was 1.2–3.5 years in children (5.9–12.0 years old),
3.0–8.0 years in adults (29–30 years old), and 2.5–6.8 years
in populations that include both children and adults.38

Thus, the time of diagnostic delay in EoE is approximately
1–4 years in pediatric EoE.

Potential reasons for delayed EoE diagnosis include
nonspecificity of presenting symptoms,39 compensatory
eating behaviors leading to a delay in seeking medical
attention,3,39 the need to perform an esophageal biopsy to
confirm diagnosis,39 and hesitation from the patient, family,
or clinicians to perform the needed endoscopy.7,39 In young
children with EoE, delayed diagnostic time was significantly
associated with failure to thrive (FTT) and feeding prob-
lems.40 Furthermore, unawareness of the disease both in
patients and the medical community may add to delays in
diagnosis or early misdiagnosis of symptoms.39

Delayed diagnosis of EoE is associated with an increased
risk of esophageal stricture formation in a time-dependent
manner in adults.7 It is important to note that esophageal
narrowing can be seen in the pediatric population,11 which
may in large part be inflammatory.41 The observed pheno-
type may have an inherently different pathophysiology than
the eventual outcome of EoE—namely fibrostenotic
phenotype. Although Ruffner and Spergel described that the
risk of stricture formation in the pediatric population may
be less pronounced than in the adult population,42 a
decreased esophageal distensibility with lamina propria
fibrosis and fibrotic phenotype have been observed in pe-
diatric patients (3–18 years old) with EoE more frequently
than in control patients without EoE who had normal upper
endoscopy and biopsies.43 These findings suggest that some
children with EoE are at high risk of developing stenosis and
fibrotic strictures if left untreated for a long period of time.

In children with EoE, a short course of systemic steroids
has been shown to reverse moderate-to-severe stricture,41

and, similarly, topical steroid treatment or dietary restric-
tion for as short as 3 months has led to resolution of lamina
propria fibrosis.44 Thus, timely diagnosis and institution of
successful therapy at an early stage may be particularly
important to prevent potential progression to fibrostenosis
in pediatric patients with EoE.
Impact of Pediatric EoE on Feeding
Behaviors, Child Growth, and
Psychosocial Functioning in Children
and Their Caregivers

EoE may have a substantial impact on the QOL of pedi-
atric patients and their families (Figure 2).13,14,17,18,45–47

In young children (1–7 years old) with EoE, in whom
nonspecific symptoms such as abdominal pain, nausea/
vomiting, and diarrhea are common, abnormal feeding be-
haviors are quite frequent, as measured by the Behavioral
Pediatric Feeding Assessment Scale.13 Wu et al also re-
ported that children (2.5–18 years old) with eosinophilic
gastrointestinal disorder (85% EoE, 15% eosinophilic
gastroenteritis) had greater childhood behavioral problems
associated with feeding and more parental maladaptive
emotions related to child feeding compared with healthy
children.14 Of note, younger children (2–7 years old) were
found to have more frequent behavioral problems related to
feeding than older children (8–12 years old).14 In addition
to the adverse impact caused by EoE symptoms, overly
restricted dietary elimination therapies during critical pha-
ses of feeding development can limit patient exposure to a
wide range of textures and flavors of food from infancy to
adolesence.15,16 A small case series in the USA reported that
EoE and its symptoms disrupted the development of oral
motor and sensory skills, as well as family dynamics during
mealtimes, which ultimately required management with
multidisciplinary medical support from allergists, gastro-
enterologists, dieticians, and occupational therapists.15

About 10%–24% of young children with EoE present
with FTT.48–50 In particular, a retrospective chart review of
62 Canadian children with EoE showed that 24% (n¼ 15/62)
had FTT based on anthropometric criteria at diagnosis.48

Although the majority of the patients resolved their FTT at
a median of 18 months after diagnosis with medical in-
terventions such as elimination or elemental diets, STCs, or



Figure 2. Pediatric EoE is associated with clinical, psychosocial, and financial burdens. Pediatric EoE has a multidimensional
impact on the QOL of both patients and their caregivers. The chronic, progressive nature of EoE results in significant clinical,
psychosocial, and financial burdens.
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oral prednisone, 6 children had unresolved FTT despite
treatment.48 Overall, timely recognition of FTT may help to
identify the disease at an earlier stage, which may prevent
complications of FTT such as nutritional deficiencies and
faltering in normal growth arising from feeding difficulties.16

In a retrospective cohort of 64 children with EoE, 69%
had some form of psychosocial difficulty, including social
problems, anxiety, sleep difficulties, depression, and prob-
lems in school.17 In young children (0–4 years old), sleep
disturbances and feeding problems were more common
than in older children or adolescents (5–18 years old),
which could potentially affect their caregivers’ QOL as
well.17 Regardless of children’s age, feeding/appetite prob-
lems were significantly associated with more sleep prob-
lems and social difficulties.17 Because children tend to
spend a significant amount of time on eating with family,
friends, and schoolmates, difficulties associated with meals
in EoE, such as prolonged mealtimes, food limitations/
avoidances, and maneuvers to overcome dysphagia or food
impaction, may affect overall psychosocial function by
interfering with children’s motivation or comfort with peer
interactions, family, and sports activities.17

In older children who had pain or discomfort, more sleep
problems as well as social and school functional difficulties
were found relative to those without pain/discomfort.17

Furthermore, children (4–12 years old) with EoE who
reported persistent epigastric pain had greater sleep
disturbance, lower sleep efficiency, and more frequent wake
events after sleep onset than those without epigastric
pain.47 With regards to emotional functioning, depression
or anxiety were more predominant in older children
(11–17 years old) compared with children aged < 11 years.3

Anxiety symptoms appear to arise from concerns about
chronic symptoms, fear of choking on food, long-term dietary
restriction therapies, gastric tubes, and recurrent
endoscopies.46,51
Caregivers of pediatric patients also have impaired QOL.
A prospective study of 97 pediatric patients showed that
caregivers’ QOL was reduced by the severity of their child’s
EoE symptoms, as assessed by the Pediatric Quality of Life
Inventory Family Impact Module.19 The majority of pediat-
ric EoE caregivers report that their work concentration and
daily routine are impacted by their child’s EoE, including
taking time away for medical appointments and hospital
stays.18 Furthermore, more than half of caregivers had
reduced health-related QOL since their child’s EoE diag-
nosis, as measured by the Bakas Caregiving Outcome
Scale.18 Caregivers of young children aged 13–23 months
had poorer QOL compared with caregivers of children aged
> 13 years, indicating that younger age of patients has a
greater impact on the health-related QOL of caregivers.18

Overall, the chronic symptom burden of food refusal,
poor appetite, and pain or discomfort could affect age-
appropriate eating skills, child growth, and the overall
QOL of patients and their caregivers.
Burden of Care in Pediatric EoE
Cost of Care in EoE

Regardless of age, patients with EoE have significantly
higher cost of care than those without EoE in the USA. Ac-
cording to a matched, case-control analysis using a US
Health Plan Claims Database (2009–2010; patients aged
0–64 years), the estimated annual health-care cost for pa-
tients with EoE was $1.4 billion,52 although the cost of care
in other countries is less well characterized. Stratification by
age (<18 vs 18–64 years) indicated that health-care utili-
zation costs during the study period were approximately
20% higher in children (mean cost $15,956) than in adults
(mean cost $12,734).52 In a single-center retrospective
study, the initial cost of diagnosis—defined as hospital
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charges and physician fees—for each patient was estimated
at $18,808 in pediatric patients. The first-year costs for EoE
disease management were $20,691 for steroid therapy,
$60,643 for elemental diets, $80,485 for 6-food elimination
diets (6-FEDs), $55,864 for 4-food elimination diets, and
$17,772 for milk elimination diets.53

Although EoE is primarily managed in the outpatient
setting, the hospitalization rate increased by nearly 70% from
2010 to 2016 based on a cross-sectional analysis using the US
National Inpatient Sample, with the total annual cost for EoE-
related admissions being $24 million in children and adults.54

Irrespective of age, hospitalization charges were higher for
EoE cases with complications (stricture/spontaneous rupture/
perforation/laceration of esophagus or esophageal hemor-
rhage), with such patients being charged 130% more than
minor cases with no complications.54 A unit increase in the
hospitalization severity significantly increased the costs by an
average of $6784 for extremely severe conditions with com-
plications and $1673 for moderate conditions.54 The most
common procedure performed on inpatients with a diagnosis
of EoE was esophagogastroduodenoscopy (EGD) with biopsy,
with the mean cost for each inpatient EGD being $4483.54

While the costs for care are generally high on a per-patient
basis across pediatric and adult patients, inpatient claims in
EoE are relatively uncommon.55

Families and caregivers of pediatric patients with EoE
also face financial burdens (Figure 2). Costs of care in both
inpatient and outpatient settings are significantly higher for
pediatric patients compared with adult patients, with the
median cost per EoE case being $4001 for pediatric patients
vs $1906 for adult patients.56 Furthermore, caregivers of
children and adolescents with EoE have estimated annual
indirect costs of $2473 and $16,487 due to reduced working
hours and stopping work, respectively.57

Overall, pediatric patients with EoE and their caregivers
in the USA face increased all-health-care costs due to med-
ications, special diets, and multiple endoscopies, and they
experience a significant impact on their daily lives,
contributing to burden of care. Of note, the costs of care
were analyzed before the approval of biologic dupilumab for
EoE in 2022. On the other hand, evidence on the direct and
indirect financial burden to patients with EoE and their
caregivers from countries outside the USA is scarce; 1
Australian survey study reported an annual mean health-
care–related out-of-pocket expenditure cost of AUD $3064
per child with EoE.18 It is important to note that many of the
aforementioned costs are likely to be lower in many Organi-
sation for Economic Co-operation and Development countries
than in the USA because of the lower estimated health-care
costs and/or the availability of government health insurance
coverage.58,59 As such, it is plausible that direct health-care
costs for EoE may be lower in other countries, but future
comparative studies are necessary to further elucidate the
global financial burden of pediatric EoE.
Current Status of EoE-Specific Transition of Care
from Adolescence to Adulthood

As a component of burden of care, there remain chal-
lenges and unmet needs in the transition of care in pediatric
EoE. Given the chronic nature of type 2 inflammation in EoE,
management of EoE requires continued coordination of care
from childhood to adulthood. Specific barriers to effective
health-care transition for patients with EoE include a
knowledge gap in patient/parent experience related to
health-care transition, disjointed communication between
pediatric and adult health-care professionals, and lack of a
standardized health-care transition system.60–63

In an online survey of patients aged � 13 years with
EoE/eosinophilic gastroenteritis and the parents of those
patients, 78% of patients and 76% of parents reported
having no prior knowledge of the health-care transition
process.62 Additionally, patients with EoE struggled with
meal planning, food shopping, and cooking/finding foods,
and had limited knowledge of their insurance coverage
during the transition of care from adolescence to adulthood,
based on another survey.60 In the survey, most patients
reported having confidence in their knowledge of managing
their EoE, but nearly 50% of patients worried about man-
aging their condition in the future.60

In general, previously published EoE-specific health-care
transition models suggest initiating a transition-of-care
program from early adolescence (13–15 years old) to late
adolescence/young adults (�18 years old), including edu-
cation on disease course, medications, insurance, re-
sponsibilities of care (eg, scheduling appointments for
patients/parents), and joint review of medical records for
pediatric and adult providers.61,63 For effective transfer of
medical care, facilitating multidisciplinary collaboration
among allergists, gastroenterologists, pediatricians, di-
eticians, psychologists, and social workers has also been
recommended to improve continuity of care through a
shared decision-making process.63 Despite the proposed
models for an EoE-specific health-care transition program,
there is no standardized transition system for both patients
and providers,61 which is an area of this chronic disease that
needs further improvement.
Treatment Options and Limitations for
the Management of Pediatric EoE

Currently available treatment options include dietary
therapy (elemental, test-directed elimination, and empiric
elimination diets), PPIs, and STCs (fluticasone, budesonide)
in pediatric patients. The biologic dupilumab is available for
patients as young as 1 year old in the USA and for patients
� 12 years old in Europe.23,26,27 When strictures are pre-
sent in pediatric patients, 22%–31% of cases undergo
esophageal dilations to relieve symptoms of dysphagia.64,65
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Dietary Therapies
Because food antigens are implicated in the development

of EoE, diet modification is a therapeutic approach that
targets the cause of the disease regardless of age.5 Dietary
therapies for EoE include an elemental diet, a food allergy
test-directed elimination diet (based on results of skin prick
tests and atopy patch tests), and an empiric food elimination
diet.5,66

Elemental diets, in which all foods are removed from the
diet except for a liquid formulation of free amino acids
(AAs) fortified with nutrients, are associated with a 90.8%
histologic remission rate and are shown to be effective in
reducing symptoms in children and adolescents.5,67,68

However, certain limitations to this dietary therapeutic
approach exist, especially in young children with EoE who
have food aversion. The poor taste of the AA-based formula
makes it unpalatable, which may lead to requiring tube
feeding.66 Large volumes of the AA-based formula may also
need to be provided to young children to meet their caloric
needs for normal growth, which they often cannot manage
orally, again leading to tube feeding.66 Furthermore,
because feeding skills are acquired through the presentation
of foods during the first 3 years of life, an elemental diet
could delay normal development of oral sensory and motor
skills in young children.66,69 In adolescents, an inability to
eat solid foods, particularly in social situations, may signif-
icantly affect their QOL.5,46

Empiric elimination diets, currently the most common
and effective dietary therapy, consist of avoiding the most
common food allergens known to trigger EoE, including
milk, wheat, eggs, soy, fish/shellfish, and peanuts/tree nuts,
without any allergy testing.66 In a systematic review and
meta-analysis, the histologic EoE remission rate using the
6-FED was estimated at 72.8% in children, which was
higher than the histologic remission rate achieved with test-
directed food elimination (47.9%).67 Less restrictive empiric
elimination diets, including the 4-food elimination diet
(milk, wheat, eggs, soy) and the milk elimination diet, have
also shown to be effective, with histologic remission rates
reported as high as 60.0% and 66.3%, respectively.67

Empiric elimination diets may be preferred by patients
and families over elemental diets, with the advantages of
lower costs, improved adherence, and the need for fewer
endoscopies.67

Although dietary therapies are effective in children, they
can lead to nutritional inadequacy when provided to pa-
tients with underlying feeding difficulties and without
appropriate guidance from physicians or dietitians.66,69

Regular EGDs with esophageal biopsies for histologic
follow-ups on EoE disease activity following food reintro-
ductions add to patient burden,66 and repeated exposure to
the anesthesia used to perform the EGDs may have an
impact on the developing brains of young children.70 For
some patients and caregivers, restricted insurance coverage
for the high-cost AA-based formula has been shown to be a
barrier to affordable access.66,71 Furthermore, the costs of
food shopping for empiric elimination diets may add to
patient/caregiver burden, because the average weekly cost
of shopping at a standard grocery store is higher, costing
$92.54 for a 6-FED vs $79.84 for an unrestricted diet
(P ¼ .0001) in the USA. Additionally, a patient shopping at a
standard grocery store for the 6-FED needs a higher pro-
portion of items from a second store to complete the
shopping compared with a patient consuming an unre-
stricted diet (32% vs 3%, P ¼ .0001).72

Overall, children with EoE undergoing highly restrictive diet
therapies without adequate supervision and support may have
delayed sensory oral and motor development, and result in
inadequate nutrition and feeding difficulties. Furthermore,
patients and caregivers may have to carry the additional
spending associated with dietary therapies (Table 1).5,66,69,71,72
PPIs
Although there are currently no approved PPIs for the

treatment of EoE, PPIs are considered a low-cost first-line
treatment in pediatric patients, and dosing recommenda-
tions for PPI therapy have been derived from clinical
guidelines based on experts’ clinical experience.5,32

PPI therapy leads to clinical response in up to 65% and
histologic remission in up to 54% of pediatric patients with
EoE, and is generally considered tolerable and safe.5,73

Despite the effectiveness of PPIs, some children with EoE
do not respond to a high PPI dose, or lose response to PPIs
within 1 to 2 years after achieving histologic response.95–97

Furthermore, patients receiving PPIs may need to remain on
a high dose after achieving histologic remission, because
approximately 30% of patients who achieved histologic
remission on esomeprazole showed histologic relapse after
receiving a reduced maintenance dose.98

In addition to disease relapse, early use of PPIs may have
long-term adverse impacts on young children.80,99–101 With an
increase in the general use of PPIs in infants worldwide,102,103

there are concerns about the potential negative effect of PPIs
on the microbiomes of the pediatric population.101 In a pro-
spective, longitudinal study, early use of PPIs in infants with
gastroesophageal reflux disease has been shown to disrupt
the intestinal microbiome, with a decrease in Lactobacilli and
Stenotrophomonae and an increase in Haemophili following
PPI treatment for a mean period of 18 weeks.80 Additionally,
use of PPIs in the context of asthma is thought to cause
interference in the balance between the symbiotic and path-
ologic species in the intestinal and respiratory tract.104 Of
note, the long-term effects of PPI use in children with EoE
have not been explored thus far; however, a previous study in
early infancy suggests that PPIs may increase the risk of a
food allergy.100 Although intestinal permeability may be
increased in early infancy compared with later in childhood,
another report in adults found elevated levels of food-specific
immunoglobulin E with PPI use.105

Overall, current literature suggests that pediatric pa-
tients with EoE may relapse while on PPI treatment or if not



Table 1. Current Therapeutic Options and Limitations for EoE in the Pediatric Population

Dietary therapies PPIs STCs Esophageal dilation Dupilumab

Efficacy in
histologic
endpoint

Histologic remission rate
� Elemental diet: 90.4%
� 6-FED: 72.8%
� 4-FED: 60.0%
� Milk elimination diet: 66.3%
� All based on a systematic
review and meta-analysis67

Histologic remission rate
� 54.1% based on a system-
atic review and meta-
analysis73

Histologic response ratea

� Budesonide oral suspension
(2 mg BID): 53.1% of pa-
tients aged � 11 y (vs 1% in
placebo) in Study 1 and
38.0% (vs 2.4% in placebo)
in Study 2 following 12
weeks of treatment24

� Off-label use of STCs:
64.0%–87.0% based on
RCTs and retrospective
studies74–76

No influence on histologic
endpoint
� Sustained symptom relief in
95% of patients of all ages
undergoing dilation77

Histologic remission rate
(based on the phase 3 EoE
TREET and KIDS studies78,79)
� At wk 52, 85.0% of patients
aged � 12 y who received
dupilumab at a dose of
300 mg qw since baseline
and 68.0% of those who
received placebo from
baseline until wk 24 and
switched to dupilumab
300 mg qw78

� At wk 16, 68.0% of children
aged 1–11 y who received
higher-exposure
dupilumabb and 58% of
children on lower-dose
dupilumabb; the remission
rate was generally
sustained through wk 5279

Adverse events
and potential
long-term
adverse impact

� Delay in sensory oral and
motor development5,66

� Nutrition inadequacy66

� Impairment in feeding
skills69

� High cost of elemental diet
and increased cost of gro-
ceries associated with 6-
FED66,71,72

� Disruption of microbiome in
the gut in infants80

� Respiratory tract infection24

� Oral and esophageal candi-
diasis24,81–86

� Headache24

� Gastroenteritis24

� Throat irritation24

� Erosive esophagitis24

� Risk of AS24,87–89

� High cost of off-label
STCs90–92

� Postprocedural chest pain93

� High cost of endoscopy and
anesthesia for dilation94

� Injection-site
reaction26,78,79

� Upper respiratory tract
infections26

� Arthralgia26

� Herpes viral infections26

� Helminth infection (in EoE
KIDS part B) 26

� Lack of efficacy and safety
data beyond 1 year

� High cost of dupilumab

4-FED, 4-food elimination diet; qw, once a week; RCT, randomized controlled trial.
aStudies used different cut-off values ranging from 0 to < 15 eos/high-power field.
bWeight-tiered dosing based on body weight, � 5 kg to < 15 kg, � 15 kg to < 30 kg, or � 30 kg to < 60 kg.79
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maintained on a high dose. In addition, PPIs can disturb the
microbiome in the gut,80 which may increase the risk of
allergies in young children (Table 1).
STCs
There is currently 1 approved STC BOS in the USA for a

12-week EoE treatment in patients aged� 11 years, at a dose
of 2 mg twice daily (BID), with histologic remission of 38.0%–
53.1%,24 and 1 approved STC (budesonide orodispersible
tablet [BOT]) in Europe for patients aged� 18 years.106 Before
the recent approval of the BOS in pediatric patients, off-label
topical steroid formulations (swallowed budesonide or fluti-
casone propionate) have typically been used for EoE, which
induce histologic response in 64%–87% of patients,74–76 with
reduction in esophageal mucosal inflammation and eosinophil
counts, as well as reduction of fibrosis progression and toler-
able safety profiles.42,74,75 Despite their relatively successful
treatment outcomes, STCs have been associated with side ef-
fects such as occasional oral and esophageal candidiasis in
both adult and pediatric patients.81–86,107

Although some of the potential side effects of short-term
STC use in EoE are considered incidental and negligible, the
cumulative impact of long-term STC use in pediatric patients
with EoE is unclear. In both pediatric and adult patients
treated with STCs, the rate of adrenal suppression (AS) was
found to be 15.8% (n ¼ 94/596) based on a systematic
review.108 According to 2 prospective studies and 1 retro-
spective study in pediatric patients who received STCs for
� 1 month, AS, as measured by the low-dose adrenocorti-
cotropic hormone stimulation test, was observed in some
children without clinically significant symptoms of AS.87–89

Thus, the risk of clinically significant AS in the pediatric
population is likely to be low, and future prospective studies
evaluating the clinical impact of AS secondary to STCs are
warranted. Nevertheless, clinicians should be aware of the
risk of AS when managing children during illness and before
anesthesia.89 Of note, the frequency of AS, in addition to
being dose-dependent,109 can also result from the cumula-
tive effect of additional chronic topical steroids (ie, topical to
the skin, nasal, and/or inhaled) being used for concurrent
comorbid allergic diseases.89

Before the BOS US Food and Drug Administration (FDA)
approval in 2024, patients have been using either off-label
fluticasone via metered-dose inhaler to swallow, or manu-
ally preparing an oral viscous budesonide by mixing with a
viscous solution/powder (eg, sucralose, syrup).110 Limited
data are available on the costs of heterogeneous off-label
STC use in pediatric EoE; however, cost analysis studies of
adult patients in the USA offer insights into the burden and
costs of off-label STCs. A telephone survey of compounding
pharmacies in Michigan reported that the formulations,
dose, and instructions for use of compounded oral viscous
budesonides varied across pharmacies, with a mean cost of
$75.40/mo and fewer than half of the pharmacies reporting
insurance coverage for the formulation.90 Also, a cost-
effectiveness modeling study of adults with EoE in the
USA estimated the expense for fluticasone as $9262 and
budesonide as $21,609 per person per 5-year horizon, dis-
counted at 3% per year after the first year (vs 6-FED
[$5720]) from the payer perspective.91 Of note, initial
treatment cost with fluticasone (an average of $1078 over a
1-year time horizon) was modestly less than EGD with
dilation (an average of $1171) in another cost analysis
model.92 Although a prospective study demonstrated the
safe and effective use of swallowed fluticasone, with a mean
follow-up period of 20.4 months,82 further studies are
needed to better understand the risks of longer-term use of
off-label STCs in children with EoE. The cost effectiveness of
the approved BOS is currently unclear.

Overall, off-label use of STCs may increase the risk of
oral or esophageal candidiasis, elevate the risk of AS
particularly in children with EoE who are concomitantly
using multiple forms of steroids (eg, patients with
moderate-to-severe comorbid asthma, allergic rhinitis, or
atopic dermatitis) for a long period, and accumulate treat-
ment burden. Additionally, the potential side effects of the
newly approved BOS include respiratory tract infection,
gastrointestinal mucosal candidiasis, headache, gastroen-
teritis, throat irritation, AS, and erosive esophagitis
(Table 1).24,81–85,87–92

Esophageal Dilation
Esophageal balloon dilation and Savary dilation are the

options available as an adjunct treatment of severe
dysphagia in children with fibrostenotic complications.5,64,65

If needed, dilation is performed in conjunction with dietary
elimination therapy or STCs.64 A meta-analysis demon-
strated that a median of 3 dilations led to symptom
improvement in 95% of patients of all ages, with < 1% rates
of perforation and hemorrhage.77 However, 74% of patients
reported chest pain following the procedure.93 Although
dilation is safe and effective, the need for multiple dilations,
postprocedural pain, and lack of reduction of esophageal
inflammation may contribute to long-term drawbacks
(Table 1).93,94 Additionally, the cost of endoscopy for dila-
tion could be a treatment burden, with an estimated total
cost of $9390.79 for 11 sedated EGDs in children.94

Dupilumab
Dupilumab is a fully human VelocImmune-derived111,112

monoclonal antibody that blocks the shared interleukin (IL)-
4 receptor a subunit for IL-4 and IL-13, inhibiting signaling
of both IL-4 and IL-13, essential drivers of type 2 inflam-
mation.113,114 Blocking IL-4 receptor a inhibits IL-4 and IL-13
cytokine-induced inflammatory responses, including the
release of proinflammatory cytokines, chemokines, nitric
oxide, and immunoglobulin E.113–115 Dupilumab is approved
for the treatment of multiple type 2 inflammatory diseases,
including atopic dermatitis, asthma, chronic rhinosinusitis
with nasal polyposis, EoE, and prurigo nodularis.26,27
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Dupilumab is the first and only biologic approved in the
USA to treat EoE for adult and pediatric patients � 1 year
old, weighing � 15 kg.26 The initial US FDA approval in May
2022 for patients aged � 12 years was based on the phase 3
LIBERTY EoE TREET study. At week 52, 85% of patients
who received dupilumab at a weekly dose of 300 mg since
baseline, and 68% of those who received placebo from
baseline until week 24 and switched to a weekly dose of
dupilumab, achieved histologic remission (�6 eos/high-
power field).78 Dupilumab treatment also improved symp-
tomatic, endoscopic, and molecular aspects after 24 weeks
of treatment, which were sustained or continued to improve
to week 52 in both adults and adolescents.78 The most
common adverse event was injection-site reaction; such
reactions did not lead to discontinuation of dupilumab.78,116

The US FDA expanded the indication for younger chil-
dren (1–11 years old) with EoE in January 2024 based on
the ongoing phase 3 EoE KIDS study (Part A, 16-week
double-blind treatment; Part B, 36-week extended active
treatment; Part C, up to 108-week open-label extension
period; NCT04394351). At week 16 in Part A, 68% of chil-
dren on higher-dose dupilumab and 58% of children on
lower-dose dupilumab at tiered dosing regimens based on
weight achieved the primary endpoint of histologic remis-
sion vs 3% of children on placebo.79 The higher-exposure
dupilumab led to significant improvements in histologic,
endoscopic, and transcriptomic measures.79 The improve-
ments in histologic, endoscopic, and transcriptomic mea-
sures between baseline and week 52 in all the patients were
generally similar to the improvements between baseline and
week 16 in the patients who received dupilumab in Part A.79

Furthermore, higher-dose dupilumab numerically improved
symptom burden, evaluated by caregivers using the Pedi-
atric EoE Signs/Symptoms Questionnaire-Caregiver version
at week 16, and continuous improvement was seen over
1 year of treatment with dupilumab.79 The safety profile
observed through 16 weeks in children aged 1–11 years
was generally similar to the safety profile in adult and pe-
diatric patients � 12 years old observed through 24 weeks.
The most common adverse events (�2%) more frequently
observed with dupilumab than placebo were injection-site
reaction, upper respiratory tract infections, arthralgia, and
herpes viral infections.26 In EoE KIDS Part B, 1 case of
helminth infection was reported in the dupilumab arm.26

Importantly, dupilumab use in EoE has been discussed
by experts considering the current treatment algorithm for
EoE.23 Because the US FDA approved dupilumab in EoE
without requiring failed response to other available treat-
ments (PPIs, dietary therapies, STCs),26 dupilumab may be
considered as a first-line treatment in pediatric patients
with EoE after taking into account the severity of their co-
morbid allergic diseases, if present, and their preferences.23

However, in the LIBERTY EoE TREET and EoE KIDS studies,
all patients had PPI-refractory disease and more than 30%
had previously tried other available therapies including di-
ets or steroids,78,79 suggesting that dupilumab could also be
used in patients refractory to other treatments.23
Although experts’ clinical guidance has been provided on
the use of dupilumab in patients � 12 years old,23 whether
dupilumab is superior to other available therapies in EoE
remains unknown. The availability of generic formulations
of PPIs as tablets/capsules or suspensions117 may mean
they are perceived as a more convenient treatment option
than dupilumab. The same may hold true for some STC
formulations, although low adherence rates to STCs were
observed in adolescents.45 Furthermore, while data on the
cost of dupilumab are not available, dupilumab is likely to
be the most expensive EoE treatment compared with other
therapies.23 It is important to note that the long-term effi-
cacy and safety profile of dupilumab in EoE has been
demonstrated regardless of prior STC use or inadequate
response, intolerance, and/or contraindication to STCs in
adults and adolescents,118 although the treatment impact
and safety of dupilumab beyond a 1-year period in pediatric
patients as young as 1 year old with EoE still need to be
elucidated.
STCs and Biologics in Clinical
Development for Pediatric EoE

A variety of novel STCs and biologics are undergoing
clinical development for pediatric EoE (Table 2).

APT-1011 is an orally disintegrating tablet formulation
of fluticasone. In the FLUTE phase 2b study (FLUTE-2), APT-
1011 (4 regimens: 1.5 mg hora somni [at bedtime; HS],
1.5 mg BID, 3.0 mg HS, 3.0 mg BID) led to histologic,
endoscopic, and symptomatic improvements at week 12 vs
placebo that were sustained up to week 52 in adults with
EoE.107 A phase 3 study in adults with EoE, the FLUTE-3
study (NCT05634746) is ongoing to evaluate the efficacy
and safety of APT-1011 3.0 mg HS for the induction of
response to treatment over 24 weeks.120 A substudy of
FLUTE-2, the FLUTEEN study (3.0 mg HS) in pediatric pa-
tients aged � 12 to < 18 years (NCT05083312) enrolled
patients with histologically confirmed EoE (�15 peak eos/
high-power field) who had a history of � 6 episodes of
dysphagia in the 14 days before baseline. The primary
endpoints are histologic responder rates (�6 eos/high-
power field) at week 12 and mean change from baseline
to week 12 in number of dysphagia episodes. Secondary
endpoints include mean change in Eosinophilic Esophagitis
Endoscopic Reference Score (EREFS) from week 0 to
week 12, percentage of patients with < 1 peak eos/high-
power field at week 12, and mean change in Patient Re-
ported Outcomes Symptoms score.28

BOS (2.0 mg/mL) is also undergoing clinical develop-
ment. In a phase 3 induction study, 1.0 mg of BOT BID for
6 weeks led to clinical-histologic remission in adults with
EoE86; maintenance of the clinical-histologic remission was
demonstrated at 48 weeks following 1.0 mg or 0.5 mg of
BOT in adults with EoE.85 The phase 2/3 PEDEOS-1 study
(EudraCT#2017-003737-29) is ongoing for children aged
� 2 to < 18 years with EoE. The study is enrolling pediatric



Table 2. STCs and Biologics in Clinical Development for Pediatric EoE

Druga Target/MOA

Summary of drug efficacya

reported in clinical trials of
EoE

Summary of drug safetya

reported in clinical trials of
EoE Ongoing clinical trial

Study population

Children
Adolescents
and adults

Fluticasone propionate
oral dispersible
tablet formation
(APT-1011)

Localized immune
suppression (STCs)

� Phase 2b: Histologic
response with APT-1011
(80.0% for 3.0 mg BID;
67.0% for 3.0 mg at bedtime
[HS]; 86.0% for 1.5 mg BID;
48.0% for 1.5 mg HS) at wk
12, which was sustained
through wk 52 in adults107

� Endoscopic and symptom-
atic improvements at wk 12,
which were sustained up to
wk 52 in adults107

� Nasopharyngitis107

� Oral and esophageal
candidiasis107

Phase 3 FLUTEEN (a substudy
of the FLUTE-2 trial,
NCT05083312)28

— Aged � 12 to < 18 y

Budesonide oral
suspension

Localized immune
suppression (STCs)

� Phase 3: Induction of clinical
and histologic remission
with BOT 1.0 mg BID
(58.0%) at wk 6 in adults86

� Phase 3: Maintenance of
clinical and histologic
remission with BOT (73.5%
for 0.5 mg BID; 75.0% for
1.0 mg BID) at wk 48 in
adults85

� Oral and esophageal
candidiasis86

Phase 2/3 study
(EudraCT#:2017-003737-
29)29

Aged � 2 to < 18 y —

Cendakimab IL-13
Binds to the IL-13

ligand, inhibits
binding to IL-13Ra1
and IL-13Ra2
subunits

� Phase 2: Histologic
response with cendakimab
(94.8% for 180 mg qw;
99.9% for 360 mg qw) at wk
16 in adults119

� Endoscopic improvement at
wk 16 in adults119

� Headache119

� Upper respiratory tract
infection119

Phase 3 (NCT04753697)30 — Aged � 12 to � 75 y

Tezepelumab Anti-TSLP
Binds to TSLP and

blocks its
interaction with the
heterodimeric TSLP
receptor

— — Phase 3 (NCT05583227)31 — Aged � 12 to � 80 y

MOA, mechanism of action; qw, once a week; R, receptor; TSLP, thymic stromal lymphopoietin.
aInvestigational agents.
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patients with clinico-pathologic diagnosis of EoE who have
clinically and histologically active EoE and an indication for
treatment with a steroid. The primary endpoint is rate of
patients with both pathologic remission and clinical
response at week 12. Secondary endpoints include rate of
patients with histologic remission at week 12 and rate of
patients with clinical response at week 12.29

Cendakimab (RPC 4046/CC-93538) is a humanized
monoclonal antibody that blocks IL-13 binding to the receptor
subunits IL-13Ra1 and IL-13Ra2.119 In a phase 2 study, cen-
dakimab treatment at a dose of 180 mg or 360 mg subcu-
taneous once a week led to histologic and endoscopic
improvements, but no statistically significant reduction of
dysphagia clinical score at week 16 in adults with EoE.119 At a
360 mg dose of cendakimab, significant reductions in endo-
scopic severity score, histologic grade and stage scores, and
clinician’s global assessment of disease severity were
observed at week 16.119 A phase 3 study of cendakimab at a
dose of 360 mg subcutaneous (NCT04753697) is ongoing for
patients aged � 12 and � 75 years. The study is enrolling
patients with histologic evidence of EoE (�15 peak eos/high-
power field) who reported history of � 4 dysphagia days
within 2 consecutive weeks before end of screening. The pri-
mary endpoints are clinical response (mean change in
dysphagia days) and histologic response (�6 eos/high-power
field) at week 24. Secondary endpoints include histologic
response (<15 eos/high-power field), change from baseline in
EREFS, and change from baseline in Eosinophilic Esophagitis
Histology Scoring System grade and stage scores at week 24.30

Tezepelumab is a human monoclonal antibody that
binds to thymic stromal lymphopoietin and blocks its
interaction with the heterodimeric thymic stromal lympho-
poietin receptor. While clinical data in EoE are lacking,
tezepelumab is approved for add-on maintenance treatment
of adult and pediatric patients aged � 12 years with severe
asthma.121 The phase 3 CROSSING study of tezepelumab at a
high or low subcutaneous dose (NCT05583227) is ongoing
for patients aged � 12 and � 80 years. The study is
enrolling patients with a previous EGD and an esophageal
biopsy confirming a diagnosis of EoE. Patients who have
symptomatic EoE (as defined by a history of on average of
� 2 episodes of dysphagia per week within the 4 weeks
before the first visit of the study) are being included. The
primary endpoints are histologic response (�6 eos/high-
power field) and change from baseline in Dysphagia
Symptom Questionnaire score at week 24. Secondary end-
points include change from baseline in EoE EREFS and
Eosinophilic Esophagitis Histology Scoring System grade
and stage scores at week 24.31
Conclusion
EoE is a chronic, progressive, type 2 inflammatory con-

dition that can present at any age during one’s life, bringing
a significant burden to pediatric patients. In young children,
nonspecific symptoms and feeding difficulties substantially
affect children’s eating skills and growth, as well as the
psychosocial and financial domains of QOL in both patients
and their caregivers. In adolescents, chronic symptoms of
dysphagia and food impaction are associated with anxiety
and negative impacts on their daily feeding and social life. In
pediatric EoE, diagnostic delay ranges from 1 to 4 years and
may lead to persistent esophageal inflammation and
increased risk of esophageal fibrostenosis, further adding to
the symptom burden. Current treatment options can be
effective but may not provide long-term comprehensive
disease control or may have uncertain long-term side ef-
fects. Overall, the burden of pediatric EoE is carried by both
patients and caregivers, impacting the psychosocial,
emotional, and financial aspects of their lives. Thus,
comprehensive evaluation of nonspecific symptoms of EoE
in clinical practice, timely referral to specialists familiar
with managing EoE, and development of novel targeted
therapies that can modify the disease are needed. With
newly approved therapies and products in the pipeline,
greater understanding of the pathophysiology and the
various phenotypes of EoE is warranted, so that tailored
therapies can be used to reduce the disease burden for
patients and their caregivers.
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