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Introduction

Eosinophilic esophagitis (EoE) is a chronic, @éimmune-mediated disease diagnosed
in patients with symptoms of esophageal dysfunctmnesophageal eosinophilic infiltrate, and
without potential competing causes of eosinophill/hile EOE is classified as a rare disease
with <200,000 affected in the United Statesthe incidence and prevalence are rising, withsrate
outpacing increases in endoscopic detectidriThe estimated prevalence is approximately 1 in
2000, with up to 150,000 cases in the &.B. many patients, the condition can progress feom
primarily inflammatory process to a fibrostenotrogess, resulting in esophageal strictures,
narrowing, and a need for dilatidri. Anti-inflammatory treatments include proton pump
inhibitors (PPIs), swallowed topical corticostem{d@CS), and dietary eliminatidn® but newer
modalities such as biologics targeting the knowth@genesis of EoE are emergifig-*

Because the disease is chronic and recurs if tezdtiare stopped, ongoing maintenance therapy
is needed in the majority of patierifsCurrently available paradigms for monitoring adlbgic
disease activity (endoscopic appearance and higtoieatures), require upper endoscopy with
biopsy. For all of these reasons, the cost relatdtbE are substantial, ~$1 billion annually in
the U.S'® However, there is relatively scant literatureraitdng either the costs related to EoE
or the approach to cost-effective care for the Bafient* The goals of this review are to
examine costs related to EoE, understand the sofitbese costs, discuss a possible approach

for cost-effective care in EOE, and identify aréasfuture research in this topic.

Costsrelated to EoE
There are multiple costs related to EoE (Figurellipgnostic costs include initial doctor
visits for evaluation of symptoms and initial radigic or endoscopic evaluation. If symptoms

are severe and an esophageal food bolus impaatmnsy there will also be costs related to the
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emergency department visit, and possibly hospatbn. After diagnosis, costs are related to
treatment, repeated endoscopic monitoring exarasdess and optimize treatment response, and
doctor visits. These costs are obvious to botleptst and providers. However, there are also
“hidden” costs of EOE care, costs that are noteiakp in traditional analyses and are as of yet
to be fully quantified. These include costs redate diagnostic delay (due to patient or physician
lack of awareness, or patients using compensatdrg\ors to minimize symptoms), missed
school or work for the patient as well as caregiffamily/friends who accompany the patient to
clinic visits or endoscopy appointments, or misselibol or work because of comorbid
psychiatric diagnoses. There are also costs due to travel to centeththee expertise in EoE
and other eosinophilic gastrointestinal diseas€d[ji), time and money spent shopping for
specialty diets, and impact on insurance statws.ekample, a study by Leiman and colleagues
found that life insurance policies were signifidgmhore expensive in adults with EOE seeking
life insurance compared to age-, sex-, and heattteimed controls without EoE, despite the fact
there are no objective data suggesting EoE decdifsspans® Additionally, Hiremath and
colleagues conducted a needs assessment studgpanted that EOE and EGID patients and
caregivers identified stress due to high medicatsand lack of insurance coverage for certain
treatments as major areas of concgm.

There are some studies that have quantified Eefs €all costs below are in US$).
Jensen and colleagues performed an analysis aj@dtaims database and identified more than
8,000 EOE cases and 32,000 conttdlddedian annual allowed costs, the amount coveyed b
insurance as well as the amount required from pigti@.g. co-pays, deductibles, or co-insurance
fees), were approximately $3,300 for EOE companebilt000 for non-EoE controls, indicating

that EoE-attributable costs were $2,300/year. WAssessing the source of these costs, on
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average (across the entire population of EOE ddsesified) approximately $2,500 were for
outpatient visits, $325 for pharmacy claims, an@0for endoscopy, all substantially higher
than non-EoE control ($700, $80, and $0, respdglivéOverall, costs approached or exceeded
$1 billion, annually, a tremendous amount for & disease, and comparable to expenditures for
more common conditiort&. In this study, the large majority of EOE casesenadults (~80%),
but in children under the age of 18, costs weraiaB6% higher, likely driven by higher
endoscopy costs (hospital-based procedures; reggirefor general anesthesia). Data presented
by Schwartz and colleagues in abstract form comatle the high costs of care in children with
EoE!® This study calculated actual hospital chargespinysicians fees (rather than payments
received) from a sample of patients at a singléezeand found the cost of initial diagnosis was
$18,800. Several studies have used the NatiopatiBnt Sample to assess costs related to EOE
patients who present to emergency departmentsfeothimpactions and require
hospitalization$” ?* These data, reported in abstract form, show casging from $14,000 to
more than $18,000 for relatively short hospitalmas (median <2 days). Two other studies
analyzing the same database, also presented ascihsiboked at total inpatient EOE costs for
any reason, and these exceeded a median of $2ER6)f* and demonstrated rising costs of
hospitalizations for EOE over time (Solani) While these costs are very high on a per-patient
basis, it is important to realize that inpatieratiris in EOE are relatively uncommon. In the
Jensen study, the median overall number of clabn&6E patients was 67 (significantly higher
than then median of 34 for non-EoE controls; p<D)p&hile the median number of inpatient
claims was actually zerd.

There are also more granular data on costs ofte@fapy. As there are currently no

FDA-approved treatments for EOE, current pharmagiolstrategies are used off-label and
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therefore it is unpredictable whether these meminatwill be covered by insurance. While
over-the-counter PPIs are relatively inexpensiwall®wed tCS are quite expensive. Wholesale
cost for a single fluticasone inhaler (120 actuatiof 220 mcg) is approximately $390, and for
initial dosing in adults (880 mcg BID) two inhalease required per month. Full retail cost for a
one month supply of aqueous budesonide respubestatting dose of 1 mg BID (120
0.5mg/2mL vials) is approximately $118b.While some coupons may help individual patient
pay lower out of pocket costs, using a range ofcasj one study estimated the actual median
quarterly cost of fluticasone to be $690 and budiesoto be $2308° If approved by insurance
co-pays may vary (and the time spent on approvahaher hidden cost on the provider side),
but patients without a prescription plan or withigh-deductible plan may be responsible for
these full costs, making obtaining these medicatuifficult to impossible. Dietary therapy is
also not “free”. In a study by Wolf and colleagusscret shoppers went to different groceries to
price dietician-developed menus for the six-foathelation diet (SFED) where dairy, wheat,
egg, soy, nuts, and seafood are removed, as waltegular non-elimination diet. SFED was
significantly more expensive than a regular dietameekly basis, and added nearly $700
annually to the grocery biff Moreover, a trip to at least 2 different storesswequired in order
to purchase all of the needed ingredients and albgdbods. These costs would be multiplied if
multiple family members were also try to complytwihis diet to support the patient. In the
Schwartz study, estimated total first-year patiemel costs from tCS, SFED, and elemental
formula were approximately $20,000, $80,000, an@ &®0, respectively (including all required
treatments, doctor visits, and testifi)Notably, elemental formulas are only covered by
insurance in a minority of states in the U.S., sohe require enteral feeding for coverage to be

enacted’
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There are several reasons for these very higls.c&iE can be difficult to diagnose,
requiring multiple doctor visits and ultimately mssitating upper endoscopy with biopsy. There
are no FDA approved treatments, existing pharmgioloeatments are expensive and must be
used chronically, and insurance may not coverrieats that do not have an indication for EoE.
Foods required for dietary elimination are moreengive than a non-medical diet, and these
costs are invisible to claims data analyses siood €osts (and in many cases elemental formula
costs) are not paid for by insurance. Endoscopgxg@ensive invasive test, is used to obtain
esophageal biopsies to monitor therapeutic resppmd@ssess disease activity. While
outpatient procedures (often done in adults) adtiscin children where procedures are
performed with general anaesthesia in a hospitahgecosts are even higher. Finally,
complications of EoE, particularly esophageal fbotlis impactions necessitating an emergency

department visit, urgent endoscopy, or hospitabmatresults in substantial expense.

Practicing cost-effective EOE care

Given the high costs related to EoE, it is impatrta consider how to best provide cost-
effective care, but there are few studies to prgdidance. In cost-effectiveness studies,
different perspectives are used which can inforenntiethods, the costs that are included, and the
acceptable thresholds. These typically includeepagrspectives, societal perspectives, and
patient perspectives, though others are also dessib an early exploration of this topic, Miller
and colleagues used a 5-year Markov model fronird-gfarty payer perspective to assess the
diagnostic yield of esophageal biopsies for Eopatients with symptoms of PPI-refractory
GERD?® They found that obtaining esophageal biopsighimsetting was only cost-effective if

the expected prevalence of EOE was at least 8%eipapulation of interest (PPI-refractory
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GERD symptoms), a proportion that has been seehilidren, but not in adults?® In contrast,
esophageal biopsies will detect EOE in patienth wtsphagia in at least 15% of subjects: !
Another cost-effectiveness study conducted by Kawitl colleagues addressed the question of
initial treatment of EoB? They modelled whether a patient who has not medgo to PPI and
remains symptomatic should receive fluticasonefedld by dilation if symptoms persist, or
dilation alone followed by fluticasone if symptopearsist. Costs for both approaches were
similar (about $1100), but on sensitivity analysisial treatment with fluticasone was more
cost-effective if symptom response rates were greain 62%. Cotton and colleagues
performed a cost-utility analysis of tCS vs SFEDtfeatment of EoOE patients who were non-
responsive to PP, Their model was constructed to reflect typicatichl care pathways, and
included costs related to serial endoscopies fmtitling food triggers, crossover between
treatments for non-response to the initial ther@pyice, and endoscopic dilation as a “rescue”
therapy if neither treatment were effective. SFiid tCS (both budesonide and fluticasone
were analyzed) had roughly similar efficacy fortbisgic response, but contrary to the authors’
hypothesis, SFED was more cost-effective than #GE5ayear time horizon. Though SFED
required up to 7 endoscopies upfront, the long tevets of SFED (from the payer perspective
and not accounting for increased grocery costogsirabove) were minimal compared to the
fixed and high long-term costs of tCS. Data présgm abstract form have corroborated this
finding3® Limitations of these studies include relativetast outcome data, a number of
assumptions built into the model and the input dabaformal utility metrics available for EoE,
and the fact that this study was conducted fronpther perspective rather than the societal or

patient perspective (as analyses from these pdrgpecould provide different results).
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In this setting, and with a relative dearth ofegathat is a framework for practicing cost-
effective EOE care? There are several principhegjgh these remain to be tested clinically
(Figure 2). The first is to have a rational diagiimand therapeutic approach with clear goals of
therapy for which practitioners and patients aignald. This should allow provision of more
efficient care. Suspecting EoE as a diagnostisipiisy is crucial at the outset to minimize
diagnostic delay* as early diagnosis and treatment may well prevestly complications but
will also eliminate the need for multiple visitsddferent providers prior to diagnosis. During
the diagnostic process, it is important to followidglines® ** *° Incorrect diagnoses or
situations where there may be competing diagneostiditions (most notably gastroesophageal
reflux disease [GERDY]) would tend to increase co&gually important from this author’s
perspective is the selection of a single initi@rdpy with subsequent assessment of
symptomatic, endoscopic, and histologic resporgdhe time of initial diagnosis, particularly
in a patient who is highly symptomatic or is sufigradverse consequences from EoE, there
might be a temptation to start with multiple theespat once. However, there are few studies of
combination therapy, the majority of patients respond to a single age50% to initial
treatment with PPIs; ~60-70% to tCS or SFED inguas who have not responded to PPff,
and if multiple treatments are started at onds, bt possible to know which one is responsible
for a response. However, studies of single contparenultiple initial treatments are needed,
including those stratifying patients based on sgvef disease at the time of presentation. For
those patients beginning with dietary eliminatitargeted elimination diets based on allergy
tests such as skin-prick test or food-specific IselgE levels are less effective than empiric
elimination?* *?and if testing-directed diet is selected firstréhis a higher likelihood of non-

response and increased costs. Monitoring respaftesetreatment changes, typically with
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endoscopy, may also be cost-effective. Becaus@teyns only modestly correlate with
histologic disease activif{,and because it is felt that ongoing eosinophilfammation is the
major risk factor for progression to fibrostendsss! ensuring an endoscopic and histologic
response to treatment in addition to a symptormaiponse confirms the most effective
treatment is being used and allows treatment tchbaged if it is ineffective. Additionally,
having comorbid atopic diseases in EOE patientkiated and treated by an allergist is an
important component of EoE cdfe;”though whether this is cost-effective has not kstadied.
The second principle is to use effective mainteeaherapy for disease control and
ideally to prevent complications, however a formuaélysis has not been performed on this topic.
EoE is chronic, and disease activity returns afeatment is stopped?® *’but more research is
needed to identify the spectrum of minimally neaegsherapy, which could significantly
impact costs. While it might be appealing to tyeatients only when they are symptomatic, if
recurrent symptoms are manifest by a food bolusotipn requiring an urgent endoscopy and
hospital stay, then high costs are conferred. &t#hiere are relatively few data on maintenance
therapy for topical steroid$; *"**histologic response has been associated withreatesd need
for future esophageal dilaticha procedure that increases the cost of endosd®ariers to
long-term use of steroids may be related to sitects, including oral and esophagus
candidiasi$, concern about potential adrenal insufficiency mvwgh suppression/bone heatth,
and more long-term safety data are needed. Sotimizahave concerns about long-term PPI
use as well, though many of the recently reporsste@ations are controversial and likely
overstated” For dietary elimination, long-term adherencerisssue, and non-adherence can
lead to disease flaré3.Barriers to adherence include perceived efficzfape diet, challenges

of maintaining the diet in social situations, amciaty related to the dié.



185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

A third principle involves the approach to monitgy therapy. It makes sense to perform
endoscopy to monitor the outcomes from initial #pgras well as when therapies are changed.
However, the question remains about how frequeathonitor a patient endoscopically who
has excellent disease control on stable theramypeactice varies widely related to thislt is
important, however, to have sufficient communicatio allow newly diagnosed patients and
caretakers to assimilate information and accurateptement the treatment plan, and to monitor
treatment adherence. The monitoring approachildren may also be different given the need
to assess growth and potential side effects oathes. In the future, it is highly likely that tes
invasive monitoring methods will allow for decredsmsts, as well as more routine monitoring
that might pick up early disease flares that catrdegted before complications arfe.

Unsedated transnasal endoscopy (TNE) has beenlgsar children with EoE, and in the

initial report by Friedlander and colleagues, @astings were substantial with >60% reduction
compared with standard sedated endosédpyguyen and colleagues have recently reported a
large experience with TNE in children, and acrds®oat 300 successful procedures, costs were
decreased by 53% (~$4,400 for TNE compared to $&0BGD)*® Newer methods under
development hold a promise of being far less expensr'he Esophageal String Test and
Cytosponge can potentially be performed to sant@eesophagus and monitor disease activity
during a routine clinic visit rather than in an erpive procedural suif&,®?but costs of new
diagnostic strategies have not been set and armressmain unknown, though are suggested to
be lower in data presented in abstract f6tm.

A final principle, and perhaps the most importamé, is that of patient-centric care. As
EoE is still a “young” disease, evidence to suppuahy clinical decisions is still needed, and a

formal decision aid may be useful. As such, usirsfpared decision making model to select
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testing and treatment options seems prudent.olfigers are cognizant of both the overt and
hidden costs of EoE, as their patients most assuaeé, then providing cost-effective care can
be incorporated into all clinical decisions. Thiso goes beyond cost-effectiveness to include
symptom control and quality of life, and necessgatlear communication about treatments,
testing, and goals. For example, if a patienhiswo elimination diet but has not fully understood
how to avoid the selected foods and there is onpdisease activity, this is a “wasted”
endoscopy that is not helpful in evaluating whethertreatment was successful. Additionally,
as EoE is often managed with a multidisciplinagntethat might not all be physically present on
a given day that a patient is evaluated, commuboicamongst providers is imperative, and
would be cost-effective. Communication is alsac@las children transition from pediatric to
adult provider®" ®because this is a time where patients could ligddsllow-up and develop
complications which are costly to treat. New med#lprovider-patient interactions, via either
patient portals or using telemedicine are promisamgl should be studied in the context of EoE
to determine if this reduces costs and/or imprawgsomes. One simple cost saving measure
may be telephone follow-up to convey results aftetoscopy, depending on patient and
provider preferences. This could save time reguioe patients to be off from work or school to
come to the doctor’s office as well as costs asgediwith the office visit. This requires a
potential sacrifice from providers as care providedr the phone may not be reimbursed or
reflected in patient care effort, and may be maerapriate for follow-up and treatment changes

in patients with known EoE rather than in patiemt® are newly diagnosed.

Conclusion
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As a rare disease, EOE has outsized costs. Iagjis can be related to diagnostic delays,
requirement for upper endoscopy with biopsy fogd@sis and monitoring of disease activity,
expensive medications that are all currently udéthbel, expensive dietary treatment options
that are not often reimbursed by insurance, frefidector visits with subspecialists, and
complications or disease exacerbations that resaliditional expensive tests and treatments.
High costs are also an understudied area in EaEhbre are many future areas of research that
can be explored to optimize cost-effective careHOE patients. If accurate predictors of
treatment response can be identified, then treatosmbe personalized and improved. This
would increase the efficiency of care as the mffstgve treatments could be directed to those
would most benefit from them, while patients unlyke respond could be spared the costs of
taking and evaluating a treatment that is not Vikelwork. This is particularly important if the
biologic agents which are under study come intg'tiss they have the potential to increase
costs substantially, and will required the develeptrof guidelines and algorithms regarding
when the use of these agents is warranted. #blgiminimally- or non-invasive methods to
monitor disease activity are validated, either wasts that directly sample the esophagus or
assess a peripheral biomarker, then costs assbevdgteendoscopy can be greatly decreased.
Coordinating a multidisciplinary care team may aage costs and facilitate communication
amongst providers and between providers and patidntaddition, efforts by multiinstitutional
consortia and patient advocacy groups to incressase awareness among patients and
education among providers will ultimately lead torecenters specializing in c&feso patients
can be effectively treated locally without haviogtavel large distances to find a provider. In
the meantime, having a rational approach to cdet®¥e care using a patient-centric shared

decision making model is currently the best optidppropriate diagnostic and therapeutic
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algorithms, clear goals for starting with individti@atments and for when to perform
endoscopy, using maintenance therapy for long-thsease control and complication

minimization are tenets of cost-effective care otEat the current time.
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Figurelegends
Figure 1. Pointsin the diagnostic and treatment al gorithm where high costs are generated for
EoE.

Figure 2. Components of cost-effective care in EOE.
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Key Messages

Though EoE isarare disease, the costs of care related to EoE are substantial.

High costs in EoE can be related to diagnostic delays, requirement for upper endoscopy
with biopsy for diagnosis and monitoring of disease activity, expensive medications
currently used off-label, increased food costs related to dietary elimination treatment,
frequent doctor visits with subspecialists, and complications or disease exacerbations.
Cost-effective care may be providing using a patient-centric approach and shared
decision-making model, with arationale strategy for EOE diagnosis and initia treatment,
effective maintenance therapy for disease control and ideally to prevent complications,
and appropriate long-term monitoring.

Provision of cost-effective carein EOE is an understudied area, and there a multiple areas

where future research can make an impact.



