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Introduction

Eosinophilic esophagitis (EoE) is a chronic, allergy/immune-mediated disease diagnosed in 

patients with symptoms of esophageal dysfunction, an esophageal eosinophilic infiltrate, and 

without potential competing causes of eosinophilia.1 While EoE is classified as a rare 

disease with <200,000 affected in the United States,2, 3 the incidence and prevalence are 

rising, with rates outpacing increases in endoscopic detection.2, 4 The estimated prevalence 

is approximately 1 in 2000, with up to 150,000 cases in the U.S.3 In many patients, the 

condition can progress from a primarily inflammatory process to a fibrostenotic process, 

resulting in esophageal strictures, narrowing, and a need for dilation.5–7 Anti-inflammatory 

treatments include proton pump inhibitors (PPIs), swallowed topical corticosteroids (tCS), 

and dietary elimination,8, 9 but newer modalities such as biologics targeting the known 

pathogenesis of EoE are emerging.10, 11 Because the disease is chronic and recurs if 

treatments are stopped, ongoing maintenance therapy is needed in the majority of patients.12 

Currently available paradigms for monitoring of biologic disease activity (endoscopic 

appearance and histologic features), require upper endoscopy with biopsy. For all of these 

reasons, the cost related to EoE are substantial, ~$1 billion annually in the U.S.13 However, 

there is relatively scant literature examining either the costs related to EoE or the approach 

to cost-effective care for the EoE patient.14 The goals of this review are to examine costs 

related to EoE, understand the source of these costs, discuss a possible approach for cost-

effective care in EoE, and identify areas for future research in this topic.

Costs related to EoE

There are multiple costs related to EoE (Figure 1). Diagnostic costs include initial doctor 

visits for evaluation of symptoms and initial radiologic or endoscopic evaluation. If 

symptoms are severe and an esophageal food bolus impaction occurs, there will also be costs 

related to the emergency department visit, and possibly hospitalization. After diagnosis, 

costs are related to treatment, repeated endoscopic monitoring exams to assess and optimize 

Corresponding Author: Evan S. Dellon MD, MPH, CB#7080, Bioinformatics Building, 130 Mason Farm Rd., UNC-CH, Chapel 
Hill, NC 27599-7080, Phone: (919) 966-2513, Fax: (919) 843-2508, edellon@med.unc.edu. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2020 August 01.

Published in final edited form as:
Ann Allergy Asthma Immunol. 2019 August ; 123(2): 166–172. doi:10.1016/j.anai.2019.04.010.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



treatment response, and doctor visits. These costs are obvious to both patients and providers. 

However, there are also “hidden” costs of EoE care, costs that are not picked up in 

traditional analyses and are as of yet to be fully quantified. These include costs related to 

diagnostic delay (due to patient or physician lack of awareness, or patients using 

compensatory behaviors to minimize symptoms), missed school or work for the patient as 

well as caregivers/family/friends who accompany the patient to clinic visits or endoscopy 

appointments, or missed school or work because of comorbid psychiatric diagnoses.15 There 

are also costs due to travel to centers that have expertise in EoE and other eosinophilic 

gastrointestinal diseases (EGIDs), time and money spent shopping for specialty diets, and 

impact on insurance status. For example, a study by Leiman and colleagues found that life 

insurance policies were significantly more expensive in adults with EoE seeking life 

insurance compared to age-, sex-, and health-matched controls without EoE, despite the fact 

there are no objective data suggesting EoE decreases lifespan.16 Additionally, Hiremath and 

colleagues conducted a needs assessment study and reported that EoE and EGID patients 

and caregivers identified stress due to high medical costs and lack of insurance coverage for 

certain treatments as major areas of concern.17

There are some studies that have quantified EoE costs (all costs below are in US$). Jensen 

and colleagues performed an analysis of a large claims database and identified more than 

8,000 EoE cases and 32,000 controls.13 Median annual allowed costs, the amount covered 

by insurance as well as the amount required from patients (e.g. co-pays, deductibles, or co-

insurance fees), were approximately $3,300 for EoE compared to $1,000 for non-EoE 

controls, indicating that EoE-attributable costs were $2,300/year. When assessing the source 

of these costs, on average (across the entire population of EoE cases identified) 

approximately $2,500 were for outpatient visits, $325 for pharmacy claims, and $160 for 

endoscopy, all substantially higher than non-EoE control ($700, $80, and $0, respectively). 

Overall, costs approached or exceeded $1 billion, annually, a tremendous amount for a rare 

disease, and comparable to expenditures for more common conditions.18 In this study, the 

large majority of EoE cases were adults (~80%), but in children under the age of 18, costs 

were about 25% higher, likely driven by higher endoscopy costs (hospital-based procedures; 

requirement for general anesthesia). Data presented by Schwartz and colleagues in abstract 

form corroborates the high costs of care in children with EoE.19 This study calculated actual 

hospital charges and physicians fees (rather than payments received) from a sample of 

patients at a single center, and found the cost of initial diagnosis was $18,800. Several 

studies have used the National Inpatient Sample to assess costs related to EoE patients who 

present to emergency departments with food impactions and require hospitalizations.20, 21 

These data, reported in abstract form, show costs ranging from $14,000 to more than 

$18,000 for relatively short hospitalizations (median <2 days). Two other studies analyzing 

the same database, also presented as abstracts, looked at total inpatient EoE costs for any 

reason, and these exceeded a median of $20,000 (Eke),22 and demonstrated rising costs of 

hospitalizations for EoE over time (Solanki).23 While these costs are very high on a per-

patient basis, it is important to realize that inpatient claims in EoE are relatively uncommon. 

In the Jensen study, the median overall number of claims for EoE patients was 67 

(significantly higher than then median of 34 for non-EoE controls; p<0.001), while the 

median number of inpatient claims was actually zero.13

Dellon Page 2

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2020 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



There are also more granular data on costs of EoE therapy. As there are currently no FDA-

approved treatments for EoE, current pharmacologic strategies are used off-label and 

therefore it is unpredictable whether these medications will be covered by insurance. While 

over-the-counter PPIs are relatively inexpensive, swallowed tCS are quite expensive. 

Wholesale cost for a single fluticasone inhaler (120 actuations of 220 mcg) is approximately 

$390, and for initial dosing in adults (880 mcg BID) two inhalers are required per month. 

Full retail cost for a one month supply of aqueous budesonide respules at a starting dose of 1 

mg BID (120 0.5mg/2mL vials) is approximately $1100.24 While some coupons may help 

individual patient pay lower out of pocket costs, using a range of sources, one study 

estimated the actual median quarterly cost of fluticasone to be $690 and budesonide to be 

$2300.25 If approved by insurance co-pays may vary (and the time spent on approval is 

another hidden cost on the provider side), but patients without a prescription plan or with a 

high-deductible plan may be responsible for these full costs, making obtaining these 

medications difficult to impossible. Dietary therapy is also not “free”. In a study by Wolf 

and colleagues, secret shoppers went to different groceries to price dietician-developed 

menus for the six-food elimination diet (SFED) where dairy, wheat, egg, soy, nuts, and 

seafood are removed, as well as a regular non-elimination diet. SFED was significantly more 

expensive than a regular diet on a weekly basis, and added nearly $700 annually to the 

grocery bill.26 Moreover, a trip to at least 2 different stores was required in order to purchase 

all of the needed ingredients and specialty foods. These costs would be multiplied if multiple 

family members were also try to comply with this diet to support the patient. In the Schwartz 

study, estimated total first-year patient-level costs from tCS, SFED, and elemental formula 

were approximately $20,000, $80,000, and $60,000, respectively (including all required 

treatments, doctor visits, and testing).19 Notably, elemental formulas are only covered by 

insurance in a minority of states in the U.S., and some require enteral feeding for coverage 

to be enacted.27

There are several reasons for these very high costs. EoE can be difficult to diagnose, 

requiring multiple doctor visits and ultimately necessitating upper endoscopy with biopsy. 

There are no FDA approved treatments, existing pharmacologic treatments are expensive 

and must be used chronically, and insurance may not cover treatments that do not have an 

indication for EoE. Foods required for dietary elimination are more expensive than a non-

medical diet, and these costs are invisible to claims data analyses since food costs (and in 

many cases elemental formula costs) are not paid for by insurance. Endoscopy, an expensive 

invasive test, is used to obtain esophageal biopsies to monitor therapeutic response and 

assess disease activity. While outpatient procedures (often done in adults) add costs, in 

children where procedures are performed with general anaesthesia in a hospital setting, costs 

are even higher. Finally, complications of EoE, particularly esophageal food bolus 

impactions necessitating an emergency department visit, urgent endoscopy, or 

hospitalization, results in substantial expense.

Practicing cost-effective EoE care

Given the high costs related to EoE, it is important to consider how to best provide cost-

effective care, but there are few studies to provide guidance. In cost-effectiveness studies, 

different perspectives are used which can inform the methods, the costs that are included, 
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and the acceptable thresholds. These typically include payer perspectives, societal 

perspectives, and patient perspectives, though others are also possible. In an early 

exploration of this topic, Miller and colleagues used a 5-year Markov model from a third-

party payer perspective to assess the diagnostic yield of esophageal biopsies for EoE in 

patients with symptoms of PPI-refractory GERD.28 They found that obtaining esophageal 

biopsies in this setting was only cost-effective if the expected prevalence of EoE was at least 

8% in the population of interest (PPI-refractory GERD symptoms), a proportion that has 

been seen in children, but not in adults.2, 29 In contrast, esophageal biopsies will detect EoE 

in patients with dysphagia in at least 15% of subjects.2, 30, 31 Another cost-effectiveness 

study conducted by Kavitt and colleagues addressed the question of initial treatment of EoE.
32 They modelled whether a patient who has not responded to PPI and remains symptomatic 

should receive fluticasone followed by dilation if symptoms persist, or dilation alone 

followed by fluticasone if symptoms persist. Costs for both approaches were similar (about 

$1100), but on sensitivity analysis initial treatment with fluticasone was more cost-effective 

if symptom response rates were greater than 62%. Cotton and colleagues performed a cost-

utility analysis of tCS vs SFED for treatment of EoE patients who were non-responsive to 

PPI.25 Their model was constructed to reflect typical clinical care pathways, and included 

costs related to serial endoscopies for identifying food triggers, crossover between 

treatments for non-response to the initial therapy choice, and endoscopic dilation as a 

“rescue” therapy if neither treatment were effective. SFED and tCS (both budesonide and 

fluticasone were analyzed) had roughly similar efficacy for histologic response, but contrary 

to the authors’ hypothesis, SFED was more cost-effective than tCS at a 5 year time horizon. 

Though SFED required up to 7 endoscopies upfront, the long term costs of SFED (from the 

payer perspective and not accounting for increased grocery costs as noted above) were 

minimal compared to the fixed and high long-term costs of tCS. Data presented in abstract 

form have corroborated this finding.33 Limitations of these studies include relatively scant 

outcome data, a number of assumptions built into the model and the input data, no formal 

utility metrics available for EoE, and the fact that this study was conducted from the payer 

perspective rather than the societal or patient perspective (as analyses from these 

perspectives could provide different results).

In this setting, and with a relative dearth of data, what is a framework for practicing cost-

effective EoE care? There are several principles, though these remain to be tested clinically 

(Figure 2). The first is to have a rational diagnostic and therapeutic approach with clear 

goals of therapy for which practitioners and patients are aligned. This should allow provision 

of more efficient care. Suspecting EoE as a diagnostic possibility is crucial at the outset to 

minimize diagnostic delay,34 as early diagnosis and treatment may well prevent costly 

complications but will also eliminate the need for multiple visits to different providers prior 

to diagnosis. During the diagnostic process, it is important to follow guidelines.1, 35, 36 

Incorrect diagnoses or situations where there may be competing diagnostic conditions (most 

notably gastroesophageal reflux disease [GERD]) would tend to increase costs. Equally 

important from this author’s perspective is the selection of a single initial therapy with 

subsequent assessment of symptomatic, endoscopic, and histologic response. At the time of 

initial diagnosis, particularly in a patient who is highly symptomatic or is suffering adverse 

consequences from EoE, there might be a temptation to start with multiple therapies at once. 
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However, there are few studies of combination therapy,37 the majority of patients respond to 

a single agent (~50% to initial treatment with PPIs; ~60–70% to tCS or SFED in patients 

who have not responded to PPI),38–40 and if multiple treatments are started at once, it is not 

possible to know which one is responsible for a response. However, studies of single 

compared to multiple initial treatments are needed, including those stratifying patients based 

on severity of disease at the time of presentation. For those patients beginning with dietary 

elimination, targeted elimination diets based on allergy tests such as skin-prick test or food-

specific serum IgE levels are less effective than empiric elimination,41, 42 and if testing-

directed diet is selected first there is a higher likelihood of non-response and increased costs. 

Monitoring response after treatment changes, typically with endoscopy, may also be cost-

effective. Because symptoms only modestly correlate with histologic disease activity,43 and 

because it is felt that ongoing eosinophilic inflammation is the major risk factor for 

progression to fibrostenosis,2, 5–7 ensuring an endoscopic and histologic response to 

treatment in addition to a symptomatic response confirms the most effective treatment is 

being used and allows treatment to be changed if it is ineffective. Additionally, having 

comorbid atopic diseases in EoE patients evaluated and treated by an allergist is an 

important component of EoE care,44, 45 though whether this is cost-effective has not been 

studied.

The second principle is to use effective maintenance therapy for disease control and ideally 

to prevent complications, however a formal analysis has not been performed on this topic. 

EoE is chronic, and disease activity returns after treatment is stopped,2, 46, 47 but more 

research is needed to identify the spectrum of minimally necessary therapy, which could 

significantly impact costs. While it might be appealing to treat patients only when they are 

symptomatic, if recurrent symptoms are manifest by a food bolus impaction requiring an 

urgent endoscopy and hospital stay, then high costs are conferred. While there are relatively 

few data on maintenance therapy for topical steroids,12, 47–51 histologic response has been 

associated with a decreased need for future esophageal dilation,52 a procedure that increases 

the cost of endoscopy. Barriers to long-term use of steroids may be related to side effects, 

including oral and esophagus candidiasis,8 concern about potential adrenal insufficiency or 

growth suppression/bone health,53 and more long-term safety data are needed. Some patients 

have concerns about long-term PPI use as well, though many of the recently reported 

associations are controversial and likely overstated.54 For dietary elimination, long-term 

adherence is an issue, and non-adherence can lead to disease flares.55 Barriers to adherence 

include perceived efficacy of the diet, challenges of maintaining the diet in social situations, 

and anxiety related to the diet.56

A third principle involves the approach to monitoring therapy. It makes sense to perform 

endoscopy to monitor the outcomes from initial therapy as well as when therapies are 

changed. However, the question remains about how frequently to monitor a patient 

endoscopically who has excellent disease control on stable therapy, and practice varies 

widely related to this.57 It is important, however, to have sufficient communication to allow 

newly diagnosed patients and caretakers to assimilate information and accurately implement 

the treatment plan, and to monitor treatment adherence. The monitoring approach in children 

may also be different given the need to assess growth and potential side effects of therapies. 

In the future, it is highly likely that less invasive monitoring methods will allow for 
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decreased costs, as well as more routine monitoring that might pick up early disease flares 

that can be treated before complications arise.58Unsedated transnasal endoscopy (TNE) has 

been described in children with EoE, and in the initial report by Friedlander and colleagues, 

cost savings were substantial with >60% reduction compared with standard sedated 

endoscopy.59 Nguyen and colleagues have recently reported a large experience with TNE in 

children, and across almost 300 successful procedures, costs were decreased by 53% (~

$4,400 for TNE compared to $9400 for EGD).60 Newer methods under development hold a 

promise of being far less expensive. The Esophageal String Test and Cytosponge can 

potentially be performed to sample the esophagus and monitor disease activity during a 

routine clinic visit rather than in an expensive procedural suite,61, 62 but costs of new 

diagnostic strategies have not been set and at present remain unknown, though are suggested 

to be lower in data presented in abstract form.63

A final principle, and perhaps the most important one, is that of patient-centric care. As EoE 

is still a “young” disease, evidence to support many clinical decisions is still needed, and a 

formal decision aid may be useful. As such, using a shared decision making model to select 

testing and treatment options seems prudent. If providers are cognizant of both the overt and 

hidden costs of EoE, as their patients most assuredly are, then providing cost-effective care 

can be incorporated into all clinical decisions. This also goes beyond cost-effectiveness to 

include symptom control and quality of life, and necessitates clear communication about 

treatments, testing, and goals. For example, if a patient is on an elimination diet but has not 

fully understood how to avoid the selected foods and there is ongoing disease activity, this is 

a “wasted” endoscopy that is not helpful in evaluating whether the treatment was successful. 

Additionally, as EoE is often managed with a multidisciplinary team that might not all be 

physically present on a given day that a patient is evaluated, communication amongst 

providers is imperative, and would be cost-effective. Communication is also crucial as 

children transition from pediatric to adult providers64, 65 because this is a time where 

patients could be lost to follow-up and develop complications which are costly to treat. New 

models of provider-patient interactions, via either patient portals or using telemedicine are 

promising, and should be studied in the context of EoE to determine if this reduces costs 

and/or improves outcomes. One simple cost saving measure may be telephone follow-up to 

convey results after endoscopy, depending on patient and provider preferences. This could 

save time required for patients to be off from work or school to come to the doctor’s office 

as well as costs associated with the office visit. This requires a potential sacrifice from 

providers as care provided over the phone may not be reimbursed or reflected in patient care 

effort, and may be more appropriate for follow-up and treatment changes in patients with 

known EoE rather than in patients who are newly diagnosed.

Conclusion

As a rare disease, EoE has outsized costs. High costs can be related to diagnostic delays, 

requirement for upper endoscopy with biopsy for diagnosis and monitoring of disease 

activity, expensive medications that are all currently used off-label, expensive dietary 

treatment options that are not often reimbursed by insurance, frequent doctor visits with 

subspecialists, and complications or disease exacerbations that result in additional expensive 

tests and treatments. High costs are also an understudied area in EoE, but there are many 
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future areas of research that can be explored to optimize cost-effective care for EoE patients. 

If accurate predictors of treatment response can be identified, then treatment can be 

personalized and improved. This would increase the efficiency of care as the most effective 

treatments could be directed to those would most benefit from them, while patients unlikely 

to respond could be spared the costs of taking and evaluating a treatment that is not likely to 

work. This is particularly important if the biologic agents which are under study come into 

use,11 as they have the potential to increase costs substantially, and will required the 

development of guidelines and algorithms regarding when the use of these agents is 

warranted. If reliable minimally- or non-invasive methods to monitor disease activity are 

validated, either with tests that directly sample the esophagus or assess a peripheral 

biomarker, then costs associated with endoscopy can be greatly decreased. Coordinating a 

multidisciplinary care team may also save costs and facilitate communication amongst 

providers and between providers and patients. In addition, efforts by multiinstitutional 

consortia and patient advocacy groups to increase disease awareness among patients and 

education among providers will ultimately lead to more centers specializing in care,66 so 

patients can be effectively treated locally without having to travel large distances to find a 

provider. In the meantime, having a rational approach to cost-effective care using a patient-

centric shared decision making model is currently the best option. Appropriate diagnostic 

and therapeutic algorithms, clear goals for starting with individual treatments and for when 

to perform endoscopy, using maintenance therapy for long-term disease control and 

complication minimization are tenets of cost-effective care in EoE at the current time.
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Key Messages

• Though EoE is a rare 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 a rationale strategy for EoE diagnosis 

and initial treatment, effective maintenance therapy for disease control and 

ideally to prevent complications, and appropriate long-term monitoring.

• Provision of cost-effective care in EoE is an understudied area, and there a 

multiple areas where future research can make an impact.
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Figure 1. 
Points in the diagnostic and treatment algorithm where high costs are generated for EoE.
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Figure 2. 
Components of cost-effective care in EoE.
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