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Abstract

Background This study aims to review the existing knowledge on the cost-effectiveness and item costs related to
the diagnosis and treatment of gastroesophageal reflux disease (GERD) patients at different stages.

Methods The study adhered to the PRISMA guidelines. The systematic search involved several steps: finding and
identifying relevant articles, filtering them according to the set criteria, and examining the final number of selected
articles to obtain the primary information. The number of articles published between 2013 and September 2024
in the Web of Science and PubMed databases was considered. The CHEERS checklist was used for the risk of bias
assessment. Ultimately, 36 studies were included.

Results Regarding the cost-effectiveness of GERD treatment, Proton pump inhibitors (PPls) appeared to be the
dominant solution for non-refractory patients. However, this might change with the adoption of the novel drug
vonoprazan, which is more effective and cheaper. With advancements in emerging technologies, new diagnostic and
screening approaches such as Endosheath, Cytosponge, and combined multichannel intraluminal impedance and pH
monitoring catheters should be considered, with potential implications for optimal GERD management strategies.

Discussion The new diagnostic methods are reliable, safe, and more comfortable than standard procedures. PPIs
are commonly used as the first line of treatment for GERD. Surgery, such as magnetic sphincter augmentation or
laparoscopic fundoplication, is only recommended for patients with treatment-resistant GERD or severe symptoms.

Other Advances in emerging technologies for diagnostics and screening may lead to a shift in the entire GERD
treatment model, offering less invasive options and potentially improving patients’ quality of life.
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Introduction

Gastrointestinal (GI) diseases, ranging from functional
problems to cancers, are among the most frequent medi-
cal ailments and a major source of morbidity and care
costs worldwide [1]. According to United European Gas-
troenterology, digestive cancers are responsible for over
one-third of cancer related deaths. United European
Gastroenterology records 332 million prevalent cases
and 498 thousand deaths caused by digestive diseases in
the year 2019 alone amongst its member countries [2].
Global burden of digestive diseases is substantial and var-
ies markedly according to age, sex, SDI, and geographical
region [3].

Gastroesophageal reflux disease (GERD) affects an esti-
mated 1.03 billion people worldwide [4]. Moreover, it is
extremely costly in terms of treatment costs and patients’
quality of life (QoL) [5]. The overall burden of GERD con-
tinued to worsen with the prevalent cases increasing by
77.53% from 441.57 million in 1990 to 783.95 million in
2019 [6]. Furthermore, GERD is associated with several
economic and social issues. In the United Kingdom, the
estimated cost of healthcare and work absenteeism due
to GERD is £760 million, whereas the cost is $24 billion
in the United States [4]. In a 2006 study in Germany [7],
the reported direct cost (physician visits, costs of drugs,
costs of tests, and hospitalization) of GERD per patient
per year was approximately €342 (equal to 396 PPP$ or
purchasing power parity dollars). Schwenkglenks et al.
[8] estimated this to be equal to CHF 185 (equal to 110
PPP$). Over the last 20 years, GERD-associated disabil-
ities have increased globally [6, 9]. Certain factors such
as obesity, pregnancy, smoking, certain foods (fatty or
fried foods), beverages (alcohol or coffee), and medica-
tions (aspirin) increase the risk of GERD. If stomach acid
reflux into the lower esophagus continues for a long time,
it can cause complications such as esophageal inflamma-
tion, stricture, ulceration, perforation, ‘Barrett’s esopha-
gus, and even esophageal adenocarcinoma. Therefore,
if GERD is diagnosed early, continuously monitored,
and treated appropriately, these complications can be
avoided. GERD is not a fatal disease; however, esophageal
cancer is fatal, leading to the death of 5.5% of all types
of cancer patients [10]. Currently, esophageal pH moni-
toring and endoscopy can be used to diagnose GERD
(and other GI diseases) and its effect on the esophageal
mucosa; however, these procedures are invasive, very
unpleasant to patients (nose endoscopy), and can miss
cases with a fluctuating course. Foroutan et al. [11], in
2017, showed that multichannel Intraluminal Impedance
(MII-pH) is particularly effective in distinguishing more
reflux episodes. Moreover, MII-pH is more sensitive and
specific for diagnosing GERD than endoscopy or pH
measurements. In addition, non-catheter-based devices

Page 2 of 23

such as wireless pH capsules are popular tools for GERD
diagnoses [12].

This review aimed to describe the existing and cut-
ting-edge knowledge on cost-effectiveness or item costs
related to the diagnosis and treatment of patients with
GERD at different stages of the disease, including the
possible consequences of the disease in cases of non-
early detection. Our objectives were to compare the costs
of current solutions with one another and establish a
basis for research and progressive development of new
diagnostic solutions (e.g., eHealth CAPsule for digestive
disease diagnostics and therapy). We believe that such a
comparison will provide relevant information for com-
paring the cost-effectiveness of the new diagnostic solu-
tions and their likelihood to succeed in the market.

Methods

Study design

The methodology of this systematic review followed
the standard Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA) guidelines [13]
and the bibliometric analysis by Leung et al. (2017) [14]
to discuss the diagnostics and treatment of patients with
GERD and examine associated cost-effectiveness out-
comes and direct and indirect costs to provide recom-
mendations for research and development (R&D) on
improving patient’s QoL and cost-saving measures. For
risk of bias assessment, the CHEERS checklist was used,
as it is suitable for cost-effectiveness studies.

Two groups of reviewers, Group 1 (Mare$ovd, Hruska)
and Group 2 (Rezny, Klimov4d), used a standardized form
or data extraction tool to code each paper separately. This
was done to reduce potential bias and errors. Both groups
collected data on the study’s design, methodology, par-
ticipants, environment, interventions, and outcomes. In
case of any conflicts, Swanstrom Lee made the final deci-
sion. The design was overseen by Kamil Kuca. All authors
have approved, written, and reviewed the manuscript.

Search strategies and criteria

Information sources and search strategy

This review covers the period from January 2013 to Sep-
tember 2024 because a review paper with a similar focus
titled “Economic Evaluations of Gastroesophageal Reflux
Disease Medical Management: A Systematic Review” was
published in 2014 [5]. The authors of the present review
aimed to update the existing knowledge. Additionally, we
aimed to include the societal perspectives regarding the
costs of GERD, specifically long-term effects and indi-
rect costs. Long-term stomach acid reflux into the lower
esophagus leads to complications such as Barrett syn-
drome and esophageal adenocarcinoma. Studies whose
overall design fit the study aim were included with these
aspects in mind.
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The systematic search consisted of several steps: finding
and identifying relevant articles, filtering them accord-
ing to the set criteria, and examining the final number of
selected articles to obtain the primary information. The
number of articles published between 2013 and Septem-
ber 2024 found using the keywords “Gastroesophageal
reflux disease,” “Cost,” “Technology,” “Capsule,” and “Pro-
ton Pump Inhibitors” and their combinations are shown
in Annex 3. Finally, 36 articles were included in the analy-
sis (Fig. 1). A list of included articles is provided also in
Annex 1.
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Design of cost comparability

Cost data for the studies originating from the US were
inflation adjusted with the help of Inflation calculator of
Federal Reserve Bank of Minneapolis (https://www.min
neapolisfed.org/about-us/monetary-policy/inflation-calc
ulator). Studies from different countries were first infla-
tion adjusted based on their national/regional inflation
rates using CPI inflation calculators [15, 16] and then
were adjusted for purchasing power parity for conver-
sion to USD [17]. So, in the following sections, results are
reported in the constant 2023 dollars unless otherwise
stated.

Duplicate records
excluded (n=2812)

Records excluded based on
title and keywords (n=1540)

J Records excluded based on abstract
‘ reading (n=394)

Full-text article excluded for reasons:
Review studies, meta-analyses, purely descriptive
articles, or conference notes (n=97)
Comparison of treatment approaches, without cost
(n=44)

The article focuses only on the treatment of
children or the results of preclinical studies (n=9)
A language other than English (n=4)

Fig. 1 Article filtering procedure: Distribution of the articles (between 2013 and September 2024). Filter — 2013-01-01 to 2024-09-30. Document types:

Article or Review Articles


https://www.minneapolisfed.org/about-us/monetary-policy/inflation-calculator
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Eligibility criteria
Only articles in the English language were considered.

Inclusion criteria

«+ Articles published from 2014 to September 2024—
inclusive.

+ English-written peer-reviewed full-text articles.

+ Articles focused on cost-effectiveness outcomes in
the diagnosis and treatment of patients with GERD,
quality-adjusted life year (QALY), incremental
cost-effectiveness ratio (ICER), and ICER/QALY
indicators.

« Studies that described direct and indirect costs.

«+ Studies focused on GERD, the consequences of
the disease, follow-up treatment or surgery, and
associated costs.

+ Studies that described the used therapies, drugs, or
surgical procedures in long-term care for people
with GERD.

«+ Studies that aimed to reveal the present state of
GERD-related costs and economic burden and its
consequences.

Exclusion criteria

+ Articles published in a language other than English.

«+ The study was published before 2013.

+ Review studies, meta-analyses, purely descriptive
articles, or conference notes.

+ An article that focused only on the treatment of
children or the results of preclinical studies.

+ Studies that focused on clinical efficacy with no
relation to costs.

+ Studies with a comparison of two treatment
approaches without reference to costs.

« Studies that discussed diagnostic tools, their
comparison, and description of effectiveness but no
relation to costs or QALY indicators.

+ Studies on the specification of management of the
disease in different contexts.

+ Studies on extraesophageal reflux and hybrid hiatal
hernia repair.

Cluster analysis
Cluster analysis was performed to detect the key areas in
which cost-effectiveness was addressed in the analyzed
domain. These findings highlight the crucial aspects of
the treatment model for GERD.

Figure 2 shows the four clusters in the results. The red
cluster is mainly related to the results of clinical trials of
different treatment approaches, evaluating efficacy and
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QoL; the yellow cluster focuses on other likely related
diseases, such as Barrett’s esophagus; the green cluster
concentrates on general disease characteristics, such as
prevalence and symptoms; and the blue cluster focuses
on related drugs. The overlaps between the clusters were
obvious.

The next cluster (Fig. 3) was related to the main key-
word, “Cost Effectiveness” In this regard, the most sig-
nificant was the green cluster, which focuses directly on
the cost-effectiveness of diagnosis, treatment, and care. It
highlights the following areas in GERD: screening, endos-
copy, bariatric surgery, and, in terms of health context,
dysplasia, Barrett’s esophagus, and cancer. Meanwhile,
the red cluster detects specific approaches in therapy in
relation to the symptoms while considering the results of
clinical trials.

Variables were defined based on the above-described
thematic clusters, which were derived from the set key-
words. Variables characterize the economic context
(cost-effectiveness and item costs) in the context of the
methodological approaches used. Variables are applicable
across clusters; that is, the general characteristics of the
study are study design and approach, relevant character-
istics of the study population, intervention/comparator,
country, outcome/cost-effectiveness, and time horizon.
Regarding the metrics used in the studies included in
the present review, the variables were as follows: model-
ing approaches/model type, number and type of health
conditions/events, cycle length/timeline, assumptions,
and handling of uncertainty. The last group of monitored
variables was cost items: cost items according to the rele-
vant reimbursement catalog, costs per application, treat-
ment costs, currency, and year.

Results of the systematic review

In total, 36 studies were included in this systematic
review (Annex 1). Most of the studies originated from
the United States (18), Korea (4), and Japan (4). Only
five studies were conducted in Europe, specifically in the
United Kingdom (3) and France (2). One of the studies
was a joint study of European and North American schol-
ars, and the other was a joint study of Filipino and Malay-
sian researchers. One study was conducted in South
America and Brazil. The time horizon of these detected
studies spanned from 20-hour interval observations
to 30 years. Furthermore, the number of participants
included in the studies varied, ranging from 1 to a hypo-
thetical cohort of 1,000,000 patients. Table 1 provides an
overview of the main characteristics and findings of the
selected studies.

Most studies (12) have focused on the theoretical mod-
eling of cost-effectiveness using Markov models. This is
because these models can predict the future states of the
healthcare system in terms of determining the possible
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Fig. 2 Gastroesophageal Reflux Disease +Technology, Document types: Articles or Review Articles, Articles in search: 163

costs for a certain medical device or change of the treat-
ment protocol. Observational studies were included
among the remaining articles. They usually report the
total costs obtained by the authors or, in some instances,
only the costs of the selected novel diagnostic method
(Table 1).

In the search phase, certain studies initially appeared
to meet the criteria for inclusion in the final selection of
articles. However, they were subsequently excluded, pri-
marily due to insufficient descriptions of costs [18, 19].

With regard to cost-effectiveness, only three studies
reported expenditure estimates for the general treat-
ment of GERD. Eight studies reported proton pump
inhibitor (PPI) administration and treatment optimiza-
tion and compared them with other medications. Six
studies focused on anti-reflux surgery (ARS) costs and
various in-between surgery cost comparisons. Four stud-
ies compared the overall cost-effectiveness of PPI treat-
ments, surgeries, and endoscopic treatment methods. At
present, diagnostic and screening methods are the most

popular considerations in the field of economic evalua-
tion of GERD treatment, as 11 articles were identified in
this area. Three studies evaluated the Bravo capsule for
pH monitoring in GERD diagnostics, whereas the rest
of the articles focused on Barrett’s esophagus diagnostic
methods and screening procedure effectiveness. More
details about studies are in Table 1.

Overall, the contents of the studies can be divided into
the following areas: a description of the general economic
burden of GERD, including direct and indirect costs; a
description of the costs of PPI therapies, followed by the
costs of surgeries and their comparisons; and descrip-
tion of the costs of diagnostic and screening methods for
GERD, Barrett’s esophagus, and adenocarcinoma. Before
presenting the cost data, it is necessary to clarify the cur-
rent GERD treatment guidelines. In patients experienc-
ing relief during the initial 8-12 week PPI therapy, an
attempt to discontinue medication should be considered.
If necessary, these patients can be treated again with
intermittent PPI therapy. If a patient does not experience
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satisfactory relief from their symptoms or no relief at all,
it is recommended to try to optimize their PPI therapy
for a period of 2—4 weeks. If this attempt does not suc-
ceed, the patient should be diagnosed with esophago-
gastroduodenoscopy and/or impedance-pH monitoring
based on their observed symptoms. Then, depending on
the results obtained, a decision can be made regarding
the next suitable treatment steps, which could be esca-
lated medical therapy or surgical/endoscopic interven-
tion [20].

Therefore, PPIs can be considered first-line treatment,
while surgical/endoscopic interventions can be consid-
ered as second-line treatment options that may be effec-
tive if PPIs are unsuccessful. A detailed discussion of the
findings is provided below.

Costs of treatment of patients with GERD
Table 2 provides an overview of the economic burden of
treating patients with GERD, considering the selected
treatment methods and solution type.

Economic burden of GERD (direct and indirect costs)

Miwa et al. [21] analyzed the medical costs and inci-
dence rates of GERD. In 2014, the GERD prevalence
rate was 3.3% in patients aged between 20 and 59 years.
The researchers reported that the incidence of GERD
increased, and the associated medical cost was approxi-
mately 2.4 times the mean national healthcare cost. The
most commonly used medications were PPIs. Howden
et al. [22] revealed that patients with refractory GERD
symptoms incurred greater healthcare costs per patient
per year than patients without refractory GERD symp-
toms ($26 057 vs. $15 285 [constant $2021]) Additionally,
des Varannes et al. [23] evaluated the negative impact
of GERD on work productivity and daily activities in
716 French patients. Their results indicated a one-third
reduction in mean work productivity and daily activities.
In addition, the mean associated indirect cost per patient
per week was valued at 313 EUR ($541), resulting from
the observed productivity loss.

PPl therapies
Miwa et al. [21] evaluated the costs of medications and
divided them into inpatient and outpatient costs. Each
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Table 1 Summary of the detected studies
Study Study type Study design Relevant character- Strategies Country Outcome Time
and approach istics of thestudy  |ntervention Comparator Cost horizon
population effectiveness
Lawenko Observational  Indications for Asian population Optimal Sub-optimal pH Philip- A complete 24 h
& Lee, Esophageal pH with mentioned 32 threshold cut-  values pinesand  Bravo system intervals
2015 Testing Using the  patients off values Malaysia costs around
Bravo $25,704. A
Capsule System single-use Bravo
capsule with a
delivery device
costs $225 com-
pared to the
conventional
trans-nasal pH
catheter which
costs $62 (in
$2016).
Afaneh  Cost-effective-  Review of 100 100 consecutive PPI costs Procedure costs USA Maximum 215
etal, ness Analysis consecutive patients who un- cost-savings weeks
2016 patients who un-  derwent wireless pH occurred in
derwent wireless  monitoring patients with
pH monitoring for extraesopha-
suspected GERD geal symptoms
($2948-$31,389
per patient).
Samiet  Compara- Markov modeling  The model simu- GERD-based  Cost-effectiveness Europe Swallowable Time
al, 2021 tive Cost was performed lated hypothetical and GERD- of BE and North  esophageal intervals
Effectiveness in 3 scenarios cohorts of 500,000 independent America cell collection (cycles)
in 50 years old individuals. testing devices with of 1
individuals scenarios biomarkers month
were cost-effec- in
tive (<$35,000/  length
QALY) and were
the optimal
screening tests
in all scenarios.
Benaglia Health Ben- Microsimulation  Screening 50-year- Cytosponge No screening UK In a microsimu-  Dura-
etal, efitsand Cost ~ modeling of a hy- old men with and Endosco-  (symptomatic lation model, tion
2013 Effectiveness pothetical cohort  symptoms of gas- py screening  management screening of the
of 50-year-old troesophageal reflux only) 50-year-old micro-
men in the United disease men with simula-
Kingdom symptoms of tion
gastroesopha-  cycle
geal reflux (30
disease by Cyto- days)

sponge is cost-
effective and
would reduce
mortality from
esophageal ad-
enocarcinoma
compared with
no screening.
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Table 1 (continued)
Study Study type Study design Relevant character- Strategies Country Outcome Time
and approach istics of thestudy  |ntervention Comparator Cost horizon
population effectiveness
Park et Cost-Effective-  Decision tree and  Patients aged 50 Surgical PPl medication Korea The model 10 years
al, 2020 ness Study Markov model to  years old who re- strategy predicted that
obtain the costs  quired a continuous the surgical
and quality- double dose of PPIs. strategy had a
adjusted life cost savings of
years (QALYs) of $551 and the
the surgical and QALYs had a
medical gain of 1.18 as
strategies. compared
with the medi-
cal strategy.
Park et Cross-sectional ~ Generalized linear 86 936 participants ~ Medical Compare Korea The medical 5 years
al, 2020  analysis models were in the medication expenditures  ARS and PPI expenditures
used to estimate  group and 40 in the therapy for the of the surgery
cost ratios for surgery group. treatment of group within
comparing the GERD 90 days of anti-
medical costs reflux surgery
of the surgery (ARS) were
and medication 16.9-fold higher
groups compared to
those of the
medication
group.
Pandol-  Budgetimpact Aneconomic Eligible medica- Removable laparoscopic USA Base-case anal-  1-year
finoetal, analysis budget impact tion-refractory magnetic Nissen ysis estimated  time
2020 model was mechanical sphincter fundoplication anetcostsav-  horizon
developed over GERD patients in- augmentation  (LNF) ings of $111,367
a 1-year time cluded in the analysis  (MSA) with the
horizon that were assumed to be introduction of
compared current 9,595 the MSA.
treatment
of GERD
Park et Comparison Compare the Korean patients who  ARS and PPI Laparoscopic anti- Korea The aver- 10 years
al, 2020 study clinical charac- underwent fundo- treatment reflux surgery age cost of
teristics, medical  plication (=342, fundoplication
utilization, and surgery group) was $4,631.The
medical costs of  (n=130987, medica- costs of GERD
anti-reflux surgery tion group) treatment in
and proton pump the first year
inhibitor (PPI) after surgery
treatments. and during
the follow-up
period were
$78.1 and $50.1
per month,

respectively
($2020).
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Table 1 (continued)
Study Study type Study design Relevant character- Strategies Country Outcome Time
and approach istics of thestudy  |ntervention Comparator Cost horizon
population effectiveness
Azzam et Comparison twenty-five Twenty-five patients  The capsule The catheter Brazil Regarding the  48-hour
al, 2021 and monitoring  patients with with symptoms of expenses, the  wireless
study symptoms of gastroesophageal capsule (single moni-
gastroesopha- reflux use) costs toring
geal reflux were $411.53, and cycles
prospectively the catheter (re-
submitted, in a used five times)
simultaneous $39.22; 5o, the
initial period, to catheter costs
24-hour catheter only $7.84 per
esophageal pH use (52021).
monitoring and
4a 8-hour wireless
system.
Park et Cost efficiency  randomized, 279 patients with Omeprazole Rabeprazole Korea By the cost- 42
al, 2013 andevaluation open-label study erosive esophagitis minimization weeks
analysis, cost-  enrolling 279 pa- AorB analysis, the
benefit analysis  tients with erosive mean total
esophagitis A or B costs per
(Los Angeles clas- patient for
sification) and remaining
typical gas- symptom-free
troesopha- for 6 months
geal reflux disease were 241,775
symptoms. won ($357) for
omeprazole
and 287,115
won ($425) for
rabeprazole,
respectively.
Yokoya et Cost-utility A Markov simula-  Japanese clinical trial  ‘'vonoprazan-  ‘esomeprazole- or Japan Expected 5 years
al, 2019  analysis tion model was data for vonoprazan  first'strategy  rabeprazole-first’ costs of the (4-
developed to versus lansoprazole vonoprazan-, week
evaluate the as healing and main- esomeprazole-, cycles).
cost-effectiveness  tenance treatment and rabe-
of vonoprazan- prazole-first
first, esomepra- strategies were
zole-first, and ¥36,194 (5402),
rabeprazole-first ¥76,719 (5853),
strategies and
¥41,105 (5457),
respectively,
over 5 years.
Funket  Long-term A Markov model  The base-case pa- Endoscopic PPl cost USA Low-cost PPIs,  6-
al, 2015  cost-effective-  was generated tient was a45-year-  and surgical Stretta, and month
ness analysis from the payer’s  old man Management laparoscopic cycle
perspective using cost Nissen fundo-  and
a 6-month cycle plication all 30-year
and 30-year time represent cost-  time
horizon. The base- effective treat-  horizon

case patient was
a 45-year-old man
with symptom-
atic GERD taking
20 mg of
omeprazole twice
daily.

ment strategies.
In this model,
when PPIs
exceed $90 per
month, medical
therapy is no
longer cost
effective.
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Study

Study type

Study design
and approach

Relevant character-
istics of the study
population

Strategies

Intervention

Comparator

Country

Outcome
Cost
effectiveness

Time
horizon

Heberle
etal,
2017

Miwa et
al, 2016

Kleiman
etal,
2014

Habu,
2019

Cost-Effective-
ness analysis

Medical and
treatment
analysis

Cost-Effective
analysis

Treatment
comparison

Simulated the
effect of a 1-time
screen for BE in
male patients
with GERD, 60
years

of age,

Longitudinal
analysis among
newly diagnosed
GERD patients

A cohort of 100
consecutive
patients who
underwent 24-h
esophageal pH
monitoring

1,000 patients

An insurance claims
database with data
on approximately
1.9 million company
employees

100 patients

Cost-effectiveness  Simulation

Analysis

ICERs for
cytosponge
screening

Medical costs
for patients
with GERD

Esophageal

No screening

Type 2
diabetes, hyper-
lipidemia, and
hypertension

Empiric Trials of

pH Monitoring  Proton-Pump

Potassium-
competitive
acid blocker
(P-CAB),
Vonoprazan

Inhibitors

PPI, Lansoprazole

USA

Japan

New York,
USA

Japan

The ICERs for
cytosponge
screening
compared to
no screening
ranged from
$28,791to
$33,307. For
screening
patients by
endoscopy
compared to
cytosponge, the
ICERs ranged
from $143,041
to0 $330,361in
constant 2017
dollars.

The mean
medical cost
PPPM for GERD
patients aged
20-59 was

JPY 31,900
($361.56),
which was ap-
proximately 2.4
times the mean
national health
care cost PPPM
for Japanese
people aged
20-59in 2013
(JPY 13,500 =
$153).

If the sensitivity
of pH monitor-
ing was 96%,
early referral for
pH monitoring
would have
saved between
$1,197 and
$6,303 constant
2013 dollars per
patient over 10
years.
Cost-effective-
ness ratio (Yen/
Disease-free
day); Results: 58
Yen/day (50.64)
for P-CAB vs. 68
(50.76) for PPI

5 years

10 years

7 years

1 year
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Study Study type

Study design
and approach

Relevant character-
istics of the study
population

Strategies

Country

Intervention

Comparator

Time
horizon

Outcome
Cost
effectiveness

Habu et
al, 2021

Treatment
comparison

Bruley Observational
Des

Varannes

etal,

2013

Howden  Observational
etal,

2021

Ayaziet  Observational

al, 2020

Cost-effective-
ness Analysis

Singer
& Smith,
2021

Cost-effectiveness
Analysis

Prospective,
multicenter,
observational
study. Work pro-
ductivity loss was
assessed using
the WPA-GERD
questionnaire.
Retrospective
analysis of the
IBM MarketScan
databases

Direct costs
calculation

A decision ana-
lytic model

Simulation

716 patients (mean
age: 46.3 years)

399,017 GERD pa-
tients, 103,654 with
refractory symptoms

Patients who un-
derwent MSA over
a 2-year period, 195
patients who under-
went MSA and 1131
that had LNF

The reference case
was

a 60-year-old white
male with GERD

P-CAB
(Vonoprazan)

Magnetic
sphincter
augmentation
(MSA) surgery
treatment

Wide Area
Transepithelial
Sampling with
Computer-As-
sisted Analysis
(WATS3D)
with FB

PPI, Lansoprazole  Japan

- France

- USA

Nissen fundopli- ~ USA

cation (LNF)

random 4-quad-  USA
rant forceps biop-
sies (FB, “Seattle

protocol”)

Cost-effective-
ness ratio (Yen/
Disease-free
day); Results:
Intermit-

tent P-CAB
strategy 31 Yen/
day (50.35),
Intermittent PPI
strategy 39 Yen/
day (50.43).
Mean associ-
ated cost per
patient/week;
Results: 313 EUR
($723).

1 year

1 year

Health care
costs per
patient per
year; $26,057 for
patients with
refractory GERD,
$15,285 without
in constant
2021 dollars.
Treatment cost
per member
per month
(reimburse-
ment); MSA
treatment $ 305
PMPM prior to
surgery and

$ 104 PMPM
after surgery, $
233 PMPM and
$126 PMPM for
LNF in constant
2019 dollars.

Screening with
WATS3D costs
an additional
$1,219 and
produced an
additional
0.017 QALYs,
foran ICER of
$71,395/QALY,
all expressed in
2020 constant
UsD.

1 year

2 years

Unspec-
ified
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Study Study type Study design Relevant character- Strategies Country Outcome Time
and approach istics of thestudy  |ntervention Comparator Cost horizon
population effectiveness
Gron- Observational ~ Health outcomes, Patients who Day-case Inpatient LF France Estimated direct Cases
nier et al,, quality of life underwent a primary  laparoscopic healthcare costs from
2014 and cost-analysis  LF for symptomatic ~ Nissen-Rosset- per patient 2004 to
assessment uncomplicated ti fundoplica- were 2,248 2011
gastroesopha- tion (LF) euros ($5,170)
geal reflux disease in in the day-case
University Hospital group vs. 6,569
Claude Huriez euros ($15,109)
n=292. in the inpatient
group.
Laietal, Aquasi-experi- The study was Adult patients Lower-cost PPl Higher-cost PPI USA The total cost 1 year
2022 mental study conducted at aged 18 years who avoidance from
a call center received higher-cost medication
pharmacists pro-  PPIs were included, conversions per
vided MTM ser- n=40 patient per year
vices to patients $; $4,485.6.
telephonically
Providing conver-
sion recom-
mendations
lower-cost PPIs.
Kleppe et Observational ~ The study evalu- A total of 40,853 pa- - - USA Direct costs; The 90 days
al, 2020 ates healthcare tients were included mean cost of
utilization during ~ from Truven Health the index surgi-
the 90-day post-  MarketScan® Data- cal admission
operative period  base who underwent was $24,034.
following ARS ARS (Anti-reflux Patients requir-
including fundo-  surgery) ing one or more
plication and/or related surgical
paraesophageal readmissions
hernia (PEH) accrued ad-
repair ditional costs of
$29,513in 2020
constant dollars.
Sharaiha  Cost-effective-  Markov model A hypothetical chemopreven- No USA Administration  30-years
etal, ness Analysis cohort of 50-year tion with PPIs chemoprevention of PPIs cost
2014 old white men with $23,000 per
Barrett's esophagus, patient resulted
n=250,000 in a gain of 0.32
QALYs for an
incremental
cost-effective-
ness ratio of
$12,000/QALY
(2014 constant
usD).
Owen et Treatment acostand health  n=12,079 pa- robot-assisted  Open (OLF) and USA Direct costs -
al, 2014 comparison outcomes analysis tients receiving laparoscopic  Conventional Fun- of surgery:
fundoplication fundoplica- doplication (CLF) CLF=$7,968; RLF
tions (RLF) =$10,644; OLF

=5$12,766; 2014
constant USD.
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Study Study type Study design Relevant character- Strategies Country Outcome Time
and approach istics of thestudy  |ntervention Comparator Cost horizon
population effectiveness
Schlott-  Treatment a cost and health  The study included Laparoscopic  open anti-reflux ~ USA the laparoscop- -
mann et  comparison outcomes, adult patients (18 anti-reflux sur-  surgery (OARS) ic approach
al, 2017 years and older) gery (LARS) reduced the
diagnosed with length of stay
gastroesophageal by 2.1 days, and
reflux disease (GERD), decreased hos-
who underwent pital charges by
either laparoscopic $9,5301in 2017
or open fundoplica- dollar prices.
tion, n=75,544
Furneriet Diagnostic decision tree / Simulated cohort opto-digital high-definition UK Total cost 7 years
al, 2019 comparison Markov model; of BE patients chromoen- white light endos- savings (British
Budget impact (n=161,657 atYear ~ doscopy with  copy (HD-WLE) pound); adop-
analysis and 1; estimated annual  the use of tion of NBI
cost-effectiveness  increase: +20%) narrow-band resulted in a
analyses imaging (NBI) cost reduc-
tion of £458.0
($863.86) min.
Yang et  Diagnostic estimated the among the modeled  adequate inadequate USA incremental 5 years
al, 2015 comparison impact of surveil-  Western population  surveillance surveillance (IAS), cost-effec-
lance endoscopy (AS) and no surveil- tiveness ratio
for BE, cost-effec- lance groups (constant 2015
tiveness analysis EUR/% Two-
year disease-
specific survival
percentage of
esophageal
adenocarcino-
ma; Adequate
Surveillance
patient group
had lower in-
cremental cost-
effectiveness
ratio (6,116€/%
vs. 118,347€/%)
than Inad-
equate S. group
(6,187.80€/% vs.
119,736.39€/%).
Mori- Diagnostics comparative 209 patients were unsedated sedated USA Cost of screen- 30 days
arty etal, method effectiveness screened (61 sEGD, transnasal endoscopy ing; One-month
2018 comparison randomized trial; 72 huTNE and 76 endoscopy (sEGD) total sum of
accounting for muTNE), Olmsted (UTNE) direct +indi-

(direct medi-
cal+indirect costs

County, Minnesota
residents 50 years of
age or older

rect costs of
screening; SEGD
$2,149, Hospital
UTNE $976.38
(constant 2018
usD).
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Study Study type

Study design
and approach

Relevant character-
istics of the study
population

Strategies

Intervention

Comparator

Country

Time
horizon

Outcome
Cost
effectiveness

McCarty  Cost-effective-
etal, ness Analysis
2022

Harper et Cost-effective-
al, 2023 ness Analysis

Cost-effective-
ness Analysis

Swart et
al, 2021

Decision-analytic
Markov cohort
model

Analytical
framework used
to assess cost-
effectiveness of
RefluxStop was
a state transition
(Markov) model

A Markov model

Cohort consisted
of patients aged 50
years

1,000 patients whose  Novel implant-

starting age was
52years and 56%
were male

Individuals aged

50 years and over.
6,834 patients were
enrolled, 1750 were
eligible.

Transoral
incisionless
fundoplication
(TIF 2.0)

able device
(RefluxStop)

Cytosponge
screening

Omeprazole

20 mg twice daily,
laparoscopic Nis-
sen fundoplica-
tion [LNF]

PPI-based medical
management
(MM), LNF and
magnetic sphinc-
ter augmenta-
tion (MSA, LINX
system)

No screening

USA

UK

England

One-way
sensitivity and
threshold analy-
ses showed TIF
2.0 remained
cost-effective
up to a total
procedural cost
of $11,724.94
among patients
on twice-

daily 20-mg
omeprazole.

10 years

Model
cycle
length
was

T month

The results of
the cost-effec-
tiveness analysis
demonstrated
that RefluxS-
top is highly
likely to be a
cost-effective
treatment op-
tion for GERD
patients when
compared with
treatment op-
tions currently
available within
NHS England
and Wales.

One-
year
cycle-
length
and a
lifetime
time
horizon

Per person,

one round of
Cytosponge-
TFF3 screen-
ing, including
confirmatory
endoscopy and
treatment, in
the interven-
tion arm costed
£82 (5149.5)
more than
usual care and
generated an
additional 0.015
quality-adjusted
lifeyears (QALYs)
atan ICER of
£5,500 per QALY
gained.
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Study Study type Study design Relevant character- Strategies Country Outcome Time
and approach istics of thestudy  |ntervention Comparator Cost horizon
population effectiveness
Honing  Cost-effective- A Markov model  50-year-old white uTNE or No screening USA Costs of UTNE,  Lifetime
etal, ness Analysis men. simulated standard standard endos- horizon
2019 10,000 patients. endoscopy copy, and no
screening were
estimated at,
$2,495, 82,957,
and $1,436,
respectively in
constant 2018
USD.
Torer&  Cost Analysis Retrospective 102 patients MIl/pH Conventional pH  Turkey The costofthe 24 h
Aytag, cross-sectional with suspected monitoring monitoring single- step intervals
2017 descriptive study  non-erosive GERD algorithm using
and underwent MIl catheter was
24 h impedance/ calculated as
pH-monitoring. $15,300, while
the total cost
of two-step
scenario would
have been
predicted as
$16,890in 2016
constant prices.
Harper et Cost-effective- A Markov model — Group of 1,000 RefluxStop PPIs, Nissen Switzerland Higher QALYs Model
al, 2024 ness Analysis patients with a lower fundoplication, and lower costs  cycle
age limit of 52 years, and MSA were provided  length

composed of 56%
males.

by RefluxStop ~ was
compared to T month
Nissen fundopli-

cation and the

MSA system.

Exchange rate for price conversions as of July 26, 2022 using https://www.bankofamerica.com/foreign-exchange/exchange-rates/

PPI drug was supplied to each patient for 68,5 days. The
most commonly used medications were lansoprazole,
rabeprazole, esomeprazole, and omeprazole. In patients
aged 20-59 years, the mean medical cost per patient
per month was $361, divided into inpatient (JPY 12 700
= $144), outpatient (JPY 13 200 = $149), and prescribed
drug costs (JPY 6 000 = $68). McCarty et al. [24], in base
case analysis, expressed in constant 2022 dollars, showed
that the average cost of TIF 2.0 was $13,979 vs. $17,658
for LNF and $10,931 for a PPL. Compared to the PPI
strategy, TIF 2.0 was cost-effective, with an incremen-
tal cost of $3,047 and incremental effectiveness of 0.29
QALYs, resulting in an ICER of $10,423/QALY gained.
Lai et al. [25] showed that directed medication therapy
management performed via phone under expert supervi-
sion might lower the cost of PPI therapy. Nine out of 40
GERD patients who accepted the conversion to lower-
cost PPIs gained a total cost savings of $40,371 per year
or $4,486 per patient annually in constant 2022 dollars.
When comparing different PPIs, Park et al., [26] showed
that omeprazole and rabeprazole were equivalent with
respect to the severity and incidence of reflux symptoms.

However, omeprazole 10 mg was superior to rabeprazole
10 mg in terms of cost efficiency of maintenance therapy
of GERD symptoms. The mean total cost per patient for 6
months was $184 for omeprazole and $219, respectively,
for rabeprazole in constant 2020 dollars.

Sharaiha et al. [27] modeled chemoprevention with
PPIs to assess their cost-effectiveness in Barrett’s esopha-
gus. The authors developed a Markov model for a hypo-
thetical cohort of patients with Barrett’s esophagus, with
one group using PPIs for chemoprevention and the other
using no chemoprevention, with endoscopic surveillance
for all treatment arms. The authors assumed a 50% reduc-
tion in EAC as a result of PPI chemoprevention treat-
ment, which is a cost-effective strategy compared to no
chemoprevention. The administration of PPIs incurred
a total of $3,706 per patient (incremental cost compared
to no chemoprevention group) and resulted in a gain of
0.32 QALYs for an incremental cost-effectiveness ratio of
$12,000/QALY based on 2014 constant dollars.

Habu [28] assessed a novel potassium-competitive acid
blocker (P-CAB), vonoprazan. These results indicate
that it is more cost-effective than PPIs (lansoprazole).


https://www.bankofamerica.com/foreign-exchange/exchange-rates/

Maresova et al. BMC Health Services Research (2024) 24:1351 Page 16 of 23

Table 2 Costs of the intervention and comparator(s)

Study cost item according to relevant reim- Costs per application Treatment Treatment cost Currency  Year

bursement catalogue [Original currency

unit (2023 constant
US dollars)]

Lawenko & Bravo capsule $225 (5289.25) Diagnostic tool $25,704 (533,044)  USD 2015
Lee, 2015 pH catheter $62 ($79.71)
Afaneh et BRAVO wireless pH monitoring $614 (5789) Procedure/diagnostic usD 2015
al, 2016 Esophagogastroduodenoscopy $400 ($514) — monitoring tool

Total $1,014 ($1304)

BRAVO + Esophagogastroduodenoscopy

Catheter-based pH monitoring $340 ($437)

Esophageal manometry $350 ($450)
Benagliaet An excess inpatient stay day cost $268.20 (5350.80) Patient care usD 2013
al, 2013 Postsurgery follow-up — 2 $392.67 (5513.60) Patient care

outpatient visits/y

Endotherapy (RFA EMR) $1,725.20 (52,256.52) Diagnostic tool

Endoscopy biopsy (screening/ $785.84 (51,027.47) Diagnostic tool

surveillance)

Cytosponge screening $152(5198.81) Diagnostic tool
Parketal,  Medication $10,247 (512,064) PPIs, including usb 2020
2020 lansoprazole, dexlan-

soprazole, omepra-
zole, pantoprazole,
s-pantoprazole,
rabeprazole,

ilaprazole, or
esomeprazole
Surgery $9,696 (511,415) Surgery
Parketal,  Medical costs for PPI $163 ($194) Medical usb 2019
2020
Pandolfino  pH test $637 (5759) Diagnostic tool usb 2019
etal, 2020 Bravo pH test $938 ($1,118)
Impedance test $414 ($493)
Parketal, Fundoplication $4,631 ($5,452) Fundoplication usb 2020
2020
Azzamet  Capsule $411.53 ($463) Diagnostic tool usb 2021
al, 2021 Catheter $39.22 ($44)
Parketal,  Omeprazole 10 mg 241,755 won (5358) 10 mg/day x 24 Won 2013
2013 Rabeprazole 10 mg 287,115 won ($425) weeks
Yokoyaet  Vonoprazan ¥36,194 (5402) 20 mg/day x 4 weeks Yen 2019
al, 2019 Esomeprazole ¥76,719 ($853)
Rabeprazole ¥41,105 ($457)
Funketal, Omeprazole, $234($300.82) PPI therapy $1587.40 usb 2015
2015 20 mg twice daily; 6-month supply ($2,040.20)
Stretta $14511.18
($18,655.14)
Nissen $16433.99 (521,127)
EsophyX $24143.82
($31,038.58)
Miwa et al, Mean medical cost/month $266 (5338) usb 2016
2016
Kleiman et pH monitoring/impedance $340 ($445) usbD 2013
al, 2014 Esophageal manometry $350 (5458)
Habu, 2019 Vonoprazan 20 mg ¥201,6 (52.24) 20 mg/day x 4 weeks  ¥6 290 ($70) Yen 2019
Lansoprazole 30 mg ¥124,8 (51.39) 30 mg/day x 4 ¥4 050 ($45)

Doctors office visit and physical examination  ¥720 ($8)
Endoscopic examination ¥14 500 ($161.24)




Maresova et al. BMC Health Services Research

Table 2 (continued)

(2024) 24:1351

Page 17 of 23

Study cost item according to relevant reim- Costs per application Treatment Treatment cost Currency  Year
bursement catalogue [Original currency
unit (2023 constant
US dollars)]
Habuetal, Vonoprazan 10 mg ¥130,3 (51.45) 10 mg/day x 4 weeks ¥4 410 (549.17) Yen 2021
2021 Lansoprazole 15 mg ¥57,6 (50.64) 15mg/day x 4 weeks  ¥2 450 (527.32)
Doctors office visit and physical examination  ¥730 ($8.14)
Endoscopic examination ¥13,360 ($149)
Ayazietal, Magnetic sphincter augmentation (MSA) $13,522 (516116) Surgery - usD 2019
2020 Nissen fundoplication (LNF) $13,388 (515956) Surgery
Singer Cost of WATS3D adjunctive, for screening $780 (5918) BE Diagnostic tool - usb 2020
;&oszr?ith, Cost of surveillance EGD +forceps biopsy $1,442 (51 697) BE Diagnostic tool -
Gronnier et Surgery (LF) €397,5(5918) Surgery - Euro 2013
al, 2014
Owen et CLF $7,968 (510,256) Surgery - usb 2014
al, 2014 RLF $10,644 ($13,700)
OLF $12,766 (516,431)
Furneriet  NHS tariff for esophageal endoscopy (£) £517 ($975) Diagnostics - Pound 2019
al, 2019
McCarty et Omeprazole 20 mg (per pill) $1.54 ($1.60) PPI strategy $10,931.49 usb 2022
al, 2022 ($11,381.48)
Omeprazole 40 mg (per pill) $4,39 ($4.57) TIF strategy $13,978.63
(514,554)
Barium esophagram $230(5239.47) LNF strategy $17,658.47
($18,385.37)
Harperet ~ Mean medical cost/patient £4.801 (57,386) RefluxStop £12,204 (518,775) Pound 2023
al, 2023
Swart et al, Cytosponge screening £77 (5140) Diagnostics Pound 2021
2021
Honinget  Standard endoscopy $1,821(52210) Diagnostics - usD 2018
al, 2019
Torer & MII catheter + procedure $120 +$30 (5152 + Single-step algorithm  $15,300 ($19,424) usb 2016
Aytag, 2017 $38) using Ml catheter
Two-step MIl catheter $16,890 (521,443)
Harperet  Device — RefluxStop CHF 6,700 RefluxStop CHF 33,780 CHF 2024
al, 2024 (56,828) (534,425)
Procedure cost — all surgical treatments CHF 13,998 Nissen fundoplication CHF 33,844
($14,265) ($34,490)
Device — MSA CHF 5,170 MSA CHF 42,715
($5,269) ($43,530)

Moreover, the entire therapy lasting for 8 weeks resulted
in a significantly lower number of days with medica-
tion (65 for P-CAB vs. 114 for PPI) and a cost-effective-
ness ratio of 58 ($0.64 P-CAB) vs. 68 ($0.756 PPI) yen/
day without esophagitis. In a subsequent study, Habu
[28] investigated multiple strategies (maintenance with
P-CAB or PPI and intermittent treatment with P-CAB
or PPI) using the same medications as that in the previ-
ous study while employing the Markov model with health
state transitions on a monthly basis. The highest cost-
effectiveness was obtained for the intermittent P-CAB
strategy (¥31 per day ($0.34) without esophagitis), with
the total yearly direct medical cost attributable to this
strategy being ¥9,380 ($104). Yokoya et al. [29] compared

the costs of various drugs among GERD patients, includ-
ing vonoprazan, esomeprazole, and rabeprazole, for 5
years in 4-week cycles. The most cost-effective strategy
in this regard was vonoprazan, which also increased the
QALYs. The costs of vonoprazan, esomeprazole, and
rabeprazole were ¥36,194 ($402), ¥76,719 ($853), and
¥41,105 ($457), respectively, over a five-year period.

Surgical treatment

Gronnier et al. [30] aimed to compare the postoperative
health outcomes and direct healthcare costs in patients
undergoing Nissen fundoplication (LF) on an outpatient
basis, with a single-day discharge, and in patients under-
going LF as inpatients. Health outcomes were comparable
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between the two groups, but the estimated direct health-
care costs per patient were €2,248 ($5,170) in the day-
case group vs. €6,569 ($15,108) in the inpatient group. In
addition, Kleppe et al. [31] Evaluated healthcare expendi-
tures after ARS. They reported (in 2020 constant dollars)
that the average cost of surgical admission was $24,034.
In addition, 4.2% of the patients needed another surgical
treatment, which accumulated extra costs of $29,513.

When comparing different types of ARS, the results
indicated that some types of ARS were less cost-effective
than others, as demonstrated by Schlottmann et al. [32]
in a retrospective population-based analysis to compare
laparoscopic anti-reflux surgery and open anti-reflux
surgery in terms of perioperative outcomes and direct
costs. The study included patients diagnosed with GERD
(75,544) who underwent either laparoscopic (44,089;
58.4%) or open fundoplication (31,455; 41.6%). Accord-
ing to their findings, direct healthcare cost was reduced
by $9,530 in 2017 constant dollars. Similarly, Owen et
al. [33] compared data from the US national database to
examine perioperative outcomes and costs of open (OF),
laparoscopic (CLF), and robotic approaches (RLF) to
those of ARS surgery. The data of 12,079 patients showed
2,168 patients underwent OF, 9,572 CLF, and 339 RLE.
The results revealed that RLF methods generated equiva-
lent results comparable with those of OF and CLF, with
the exception of added cost (mean direct cost of $7,968
for CLF, $10,644 for RLF, and $12,766 for OF in 2014
constant dollars) and a higher readmission rate.

Harper et al. [34] analyzed a novel implantable device,
RefluxStop, and found that it showed favorable surgical
outcomes compared to both laparoscopic Nissen fundo-
plication (LNF) and magnetic sphincter augmentation
(MSA). The base-case incremental cost-effectiveness
ratios compared with MM, LNF, and MSA were £4,156,
£6,517, and £249 per QALY gained ($6,393, $10,026, and
$383 per QALY), respectively. This analysis has been
repeated by the same author in the context of Switzer-
land’s healthcare system, Markov model was developed
using the payer perspective with a lifetime horizon. Find-
ings were similar - ICER for the RefluxStop was CHF
2,116 in comparison to usage of PPI's. RefluxStop was
also found to be cost-effective with probabilities of 97%
and 100% against Nissen fundoplication and MSA at a
cost-effectiveness threshold of CHF 100,000 per QALY
gained [35].

In the following publication, authors analysis aimed to
describe the budget impact of introducing RefluxStop
within National Health Service (NHS) of and Wales with
the development of model adherent to the recommenda-
tions of the International Society for Pharmacoeconom-
ics and Outcomes Research with a 5-year time horizon.
Introducing RefluxStop alongside currently used PPI,
MSA and LNF treatments led to a marginal increase in
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annual NHS spending on GORD treatment (estimated to
be maximally increased by 3,36%) with significant reduc-
tion in number of surgical failures, reoperations, and
endoscopic dilations [36].

Furthermore, Ayazi et al. [37] evaluated MSA for the
treatment of patients with GERD. MSA was compared
with standard LNF based on the payer’s reimbursement
data (12 months before and after surgery) collected from
the database of a local United States insurance company.
In total, the data included 195 MSA and 1131 LNF treat-
ments. The median surgery reimbursement was $13,522
for MSA vs. $13,388 for LNF based on 2019 constant dol-
lars. The median reimbursement per month before sur-
gery was $305 for the MSA group vs. $233 for the LNF
group, and the postoperative reimbursement per month
declined to $104 for MSA vs. $126 for the LNF group.
The authors concluded that the MSA results were simi-
lar to those for LNF, with a reduction in disease-related
expenses for the payer in the year following surgery.
However, the surgical costs were slightly higher. Further-
more, Pandolfino et al. [38] predicted cost savings in 2019
constant dollars of $111,367 with the introduction of the
MSA (savings of $0.01 per insured member per month).

GERD treatment regimen comparisons

Comparisons of different types of treatments indicated
that ARS was generally more cost-effective than PPIs in
the long term. Park et al. [39] in their Markov model, cal-
culated that surgical therapy would save $551 constant
2016 dollars and increase QALYs by 1.18, compared with
the medication group. This finding was also observed in
another study by Park et al., [26] which revealed that the
costs of medication for surgical intervention significantly
decreased compared with those for medication interven-
tion. The most evident difference was among patients
aged 20-19 years.

Funk et al. [40] developed a Markov model from the
payer’s perspective and found that if PPI treatment costs
were higher than $90.63 constant 2020 dollars per month
for a period of 30 years, LNF was the preferred therapy
choice. Low-cost PPIs, Stretta, and LNF, were shown to
be cost-effective treatment strategies.

Costs of diagnostic and screening methods for the detection
of GERD, Barrett’s esophagus, and adenocarcinoma

As the research suggests, diagnostic and screening meth-
ods for the detection of chronic GERD can reduce the
costs of treatment with PPIs. Kleiman et al. [41] reported
that if the sensitivity of pH monitoring was 96%, early
referral for pH monitoring would save between $1,197
and $6,303 of constant 2016 dollars per patient over
10 years. Furthermore, Azzam [42] reported that dur-
ing reflux monitoring, a wireless system (Bravo) is more
user-friendly and generates more benefits for daily
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activities; however, pH monitoring incurs higher costs.
Similarly, Afaneh et al. [43] monitored pH with a BRAVO
wireless pH monitoring system to evaluate cost savings
compared to empirical PPI therapy. The largest cost sav-
ings were observed among patients with extraesophageal
symptoms ($2,948-$31,389 of constant 2016 dollars per
patient). Lawenko et al. [44] assessed the Bravo system
from the viewpoint of cost. The results showed that the
full Bravo system price was $25,704, and the cost of one
Bravo capsule was $225; meanwhile, the cost of the con-
ventional transnasal pH catheter was $62, all expressed in
constant 2016 dollars. Torer et al. [45] compared conven-
tional 24-h pH monitoring with Multichannel Intralumi-
nal Impedance (MII) analysis, which markedly improves
the diagnostic accuracy of non-erosive, non-acidic gas-
tro-esophageal reflux disease while being more expen-
sive — $120 compared to $40 of constant 2017 dollars for
standard pH catheter. The study authors analyzed medi-
cal data from 102 patients in their registry, out of which
36.3% had a Demeester score greater than 14.7. They per-
formed a retrospective projection of costs and used two
diagnostic algorithms - one in which the impedance mea-
surement was performed solely and the other following
a negative conventional pH monitoring. Based on their
study population, the authors concluded that the cost
of the single-step algorithm using the MII catheter was
$15,300, while the total cost of the two-step scenario was
predicted to be $16,890 (constant dollars of 2017). Thus,
an approach based solely on a more expensive yet more
accurate method, such as the MII analysis, would have
been cost-saving.

Several types of screening methods for Barrett’s
esophagus are available. However, the most commonly
used technique is esophagogastroduodenoscopy with
biopsy. Moriarty et al. [46] assessed the direct and indi-
rect costs associated with Barrett’s esophagus screening
through a comparative effectiveness randomized trial
of unsedated transnasal endoscopy (UINE, also using a
variant of mobile research van [muTNE] instead of hos-
pital [huTNE] variant) and sedated endoscopy (sEGD).
Among the 209 patients screened, total costs (direct
medical+indirect costs) were higher in the SEGD group
($2022, with $77.76 indirect cost of missed work) than in
the uTNE group. The muTNE group had the lowest costs
($286.67; $62.21), followed by the huTNE group ($511;
$62.21). Honing et al. [47] used the Markov model to ana-
lyze the cost-effectiveness of the new screening modality
Endosheath (ultrathin transnasal endoscopy) in a cohort
of 50-year-old white men with chronic GERD compared
to standard endoscopy and no screening. The study com-
pared the costs of uINE, standard endoscopy, and no
screening at all. The estimated costs were $2,495, $2,957,
and $1,436 constant 2018 dollars, respectively. Compared
with no screening, uINE screening resulted in an overall
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QALY increase of 0.039 and an incremental cost-utility
ratio of $29,446 per QALY gained, superior to standard
endoscopy — 0.034 QALY and an ICUR of $47,563. Both
screening methods seem to be cost-effective, especially
when considering a willingness-to-pay cutoff of $50,000.

Moreover, other types of screening for Barrett’s esoph-
agus appear to be cost-effective and have great poten-
tial, including narrow-band imaging-guided targeted
biopsy [48], wide-area transepithelial sampling with
three-dimensional computer-assisted analysis [49], and
Cytosponge [50]. However, when comparing different
novel screening methods and their tests, Sami et al. [51]
showed that the optimal strategy was Cytosponge screen-
ing (ICER = $57,500/QALY, based on constant dollars
of 2021). In a cost-utility analysis of randomized con-
trol data, Swart et al. [52] obtained even more favorable
results. By using Markov modeling, they found that one
round of Cytosponge-TFF3 screening with confirmatory
endoscopy and treatment in the intervention arm costed
£82 ($149) more than usual care per person. This inter-
vention generated an additional 0.015 QALYs at an ICER
of £5,500 per QALY gained.

Overall, the results showed that the incidence of GERD
increased year by year [21], especially among individuals
older than 50 years of age. These findings indicated that
the most common medical therapies were PPIs, which
are cost-effective but may have adverse side effects. Cur-
rently, omeprazole is the most cost-effective medication
[25]. According to Habu et al. [53] and Yokoya et al. [29],
PPIs can be dominated by a novel P-CAB, vonoprazan,
with a yearly cost as low as $101 (originally reported in
yen), which is related to its higher effectivity and, thus,
lower dosage. In addition, the findings indicated that
PPIs were dominant in cost-effectiveness comparisons
to surgery and endoscopic treatment methods in non-
refractory patient cohorts because the PPI treatment per
month cost was reported to be as low as $39 (2015 USD)
[40], whereas the lowest direct cost of surgery reported
was €2,248 ($5,192) [30] in an outpatient mode in France
and $10,256 [33] for the United States CLF inpatient vari-
ant. This gap will probably widen due to the disadvantage
of the ARS after the expansion of vonoprazan use into
additional markets. Two studies assessed the novel ARS
procedure MSA. However, according to their results, its
adoption can lead to only a marginal decrease in surgery
costs; thus, it does not change the overall comparison.

To make the ARS competitive with PPIs, the assess-
ment or evaluation period has to be expanded and at
least cover 9-30 years with ordinary PPIs [40] (Annex 2)
and include refractory GERD patients.

Generally, research on diagnostic tools and screen-
ing methods has advanced rapidly, and there remains
a question regarding which tools will be the most cost-
effective. Therefore, Cytosponge and EsophaCap may
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play important roles in the detection of Barrett’s esopha-
gus. In addition, narrow-band imaging-guided targeted
biopsy [48] and wide-area transepithelial sampling with
three-dimensional computer-assisted analysis [49] may
enhance biopsy precision in the detection of Barrett’s
esophagus, in addition to being cost-effective.

Discussion

This broad review aimed to provide insights for research-
ers who are considering the introduction of new
approaches to the diagnosis and treatment of GERD. The
author’s perspectives on the selection of studies were
broader, including a purely cost-effective perspective
to comparing ICERs/QALYs and a societal perspective.
Thus, this review included studies highlighting the costs
of diagnosis, treatment, and care. In addition, the authors
attempted to detect GERD-related indirect costs.

The results revealed that there was considerable effort
to prevent GERD and Barrett’s through the introduc-
tion of new diagnostic tools and screening methods,
thereby reducing the overall economic impact associated
with treatment, hospitalization, and increasing the QoL
of patients with GERD. Miwa et al. [21] explained that
in Japan, the mean medical cost per patient with GERD
per month was JPY 31,900 ($361), which was about 2,4
times the mean national healthcare cost. In addition, des
Varannes et al. [23] stated that the mean indirect cost per
patient with GERD per week is 313 EUR ($723), resulting
from the observed productivity loss.

These findings show that PPIs remain the gold standard
for the treatment of GERD; however, their long-term
cost-effectiveness has been questioned [26, 40, 54], sug-
gesting that, in the long run, surgical treatment strate-
gies might be more cost-effective. Funk et al. [40] showed
that if the cost of PPI therapy topped $90.63 ($2020) a
month over 30 years, LNF would be the preferred treat-
ment option. However, this is valid only assuming long
surgery durability of over a decade. In addition, it is nec-
essary to note that most studies in this review reported a
monthly cost of PPI therapy that was comfortably below
the $90.63 monthly threshold. Furthermore, Kleppe et
al. [31] showed that post-surgery readmission was pres-
ent in 4.2% of patients, and of those, 26.3% might require
surgical intervention, leading to an additional cost of up
to $34,746. It appears highly improbable for ARS treat-
ment to dominate the newly introduced drug vonoprazan
(monthly cost as low as $16 [28]). Ultimately, ARS and
endoscopic treatments might be relevant only for patients
with serious GERD symptoms for whom PPI or vonopra-
zan treatment might not be appropriate or for medication
non-responders. These findings are consistent with those
of a recent review by Jamshed et al. [55] which showed
that on-demand (medicine administered after symptom
recurrence) treatment with PPIs may have an ICER in
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2020 constant dollars as low as $2,197/QALY and was
the most effective and cost-saving option compared with
all other treatments (i.e., antacids, histamine-2 receptor
antagonists, and ARS). However, this seems to contradict
the conclusions of recent studies. Park et al. [54] reported
that surgical treatment might have cost savings of $551,
and the QALYs might improve by 1,18 compared with
medical therapy. However, the target cohort in the afore-
mentioned study included patients with severe GERD
who required continuous double-dose PPIs. Gockel et al.
[56] reached an opposite conclusion, stating that laparo-
scopic fundoplication seemed to be more cost-effective
than long-term medical therapy. However, their findings
were based on only six previous studies from 2015, 2013,
2011, 2008, 2004, and 2002. Thus, the review could not
describe the shift from branded medication to off-pat-
ent generics, which led to significant cost reductions for
PPIs, thereby making its conclusions irrelevant to current
conditions. Gawron et al. [5] determined that endoscopic
anti-reflux procedures are not cost-effective methods and
that surgery can be cost-effective compared to medical
therapy over a period modeled from 3 years to a lifetime
in patients with chronic GERD symptoms.

Recently, wireless esophageal pH monitoring sys-
tems for diagnosing GERD and Barrett’s esophagus
have become popular. Regarding these new diagnostic
approaches, new findings show that the costs of PPI ther-
apy became equivalent to those of the pH monitoring sys-
tem after 6,4-23,7 weeks, depending on the PPI regimen
(Kleiman et al., 2014 [41]). In addition, this wireless pH
monitoring system (Bravo) is feasible and safe for moni-
toring GERD [57]. Besides, they are also well accepted
by young adolescents, as shown by Karjoo et al. [58].
However, they are more expensive than conventional
catheters [42-44]. Lawenko et al. [44] calculated that
a complete Bravo system costs approximately $25,704
constant 2016 dollars. A single-use Bravo capsule with a
delivery device costs $225 compared to the conventional
trans-nasal pH catheter, which costs $62 in 2018 constant
dollars. However, as Afaneh et al. [43] claimed, Bravo
wireless pH testing is more cost-effective than prolonged
empiric medical management for GERD and should be
incorporated early into the treatment algorithm.

Rubenstein et al. [59] stated that conventional esopha-
gogastroduodenoscopy for screening Barrett’s esophagus
can prevent 60% of cancer deaths at a cost of $11,254
per QALY gained compared with no screening. Simi-
larly, Honing et al. [47] concluded that Endosheath ultra-
thin transnasal endoscopy is a cost-effective screening
method for Barrett’s esophagus in older white males
experiencing GERD symptoms. They reported a cost of
$29,446 per QALY gained.

These results indicate that new diagnostic methods
are reliable and safe, and many patients judge them to be
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more comfortable than standard procedures. However,
they are often still expensive when compared with other
methods, especially in the short run.

In summary, the findings of this review revealed that
PPIs appear to be the preferred GERD treatment option
in terms of cost-effectiveness. This might change with the
adoption of the novel drug vonoprazan, which is more
effective and cheaper to use. Furthermore, our results
suggest that from a cost-effectiveness point of view, only
patients with refractory GERD or patients with serious
symptoms should undergo surgery, preferably magnetic
sphincter augmentation or laparoscopic fundoplication,
where the cost differences are marginal. In addition, with
advancements in emerging technologies, more frequent
use of new diagnostic and screening approaches should
be considered because they might be less invasive and
may enhance patients” QoL while being cost-effective,
leading to a change in the entire GERD treatment model.

A significant limitation of this review is the variation
in the economic data obtained. The studies included in
this review originated predominantly in the USA but also
in Europe, Japan, and South Korea. Moreover, the stud-
ies were published in different years, and some, typically
retrospective studies, used older data that exceeded the
period defined for this review. To obtain roughly com-
parable data, it was necessary to carefully project infla-
tion in the country of publication to 2023 and then prices
were converted to USD using purchasing power parity-
corrected exchange rates. However, this represents only
an approximate approach. The focus of this review also
included novel treatments for GERD to describe the
treatment progress in the field. Unfortunately, this makes
direct comparisons difficult in many instances, such as
studies with vonoprazan (a novel P-CAB that dominated
PPIs), which originated in Japan, in its domestic mar-
ket and is currently only under review for its use in the
United States by the FDA. Their long-term side effects
profile might also be in question, as it was with PPIs, and
surfaced only after a significant expansion of their use.
In addition, the limited availability of certain treatments
and diagnostic methods makes them unsuitable for retro-
spective studies.

Conclusions

This review is the first to comprehensively analyze the
cost-effectiveness of treatments for GERD, taking into
account both direct and indirect costs. The results of
this review build on and expand the findings of previ-
ous studies [5, 55, 56], indicating that medical care for
GERD is becoming increasingly cost-effective. How-
ever, the identified studies presented some challenges in
comparing estimates due to considerable differences in
the time intervals of individual interventions or types of
interventions. Future studies on GERD should consider
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the cost-effectiveness of individual treatment and care
approaches in relation to the patient’s QoL.
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