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ABSTRACT

Introduction: Erosive esophagitis (EE) is a sev-
ere form of gastroesophageal reflux disease
commonly treated with proton pump inhibitors
(PPIs). The aim of this retrospective, observa-
tional cohort study was to describe the charac-
teristics and healthcare burden of patients with
EE.

Methods: We identified adults in the USA with
an EE diagnosis between January 1, 2016 and
February 28, 2019 in a linked dataset containing
electronic health records (EHR) from the Ver-
adigm Network EHR and claims data from
Komodo Health. Patients were required to have
1 year of baseline data and 3 years of follow-up
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data. Patients were stratified by the number of
PPI lines of therapy (LOT) during the 4-year
study period. We descriptively captured patient
characteristics and treatment patterns, along
with all-cause and EE-related healthcare uti-
lization and costs.

Results: Among the 158,347 qualifying adults
with EE, 71,958 (45.4%) had 1 PPI LOT, 14,985
(9.5%) had 2 LOTs, 15,129 (9.6%) had 3+ LOTs,
and 56,275 (35.5%) did not fill a PPI prescrip-
tion. Omeprazole and pantoprazole comprised
more than 70% of any LOT, with patients
commonly switching between the two. Mean
(standard deviation) annualized all-cause and
EE-related healthcare costs in the follow-up
period were $16,853 ($70,507) and $523
($3659), respectively. Both all-cause and EE-re-
lated healthcare costs increased with LOTs.
Conclusions: Patients with EE are commonly
treated with prescription PPIs; however, 19.0%
of patients cycled through multiple PPIs. Higher
PPI use was associated with a higher comor-
bidity burden and higher healthcare costs
compared to O PPI use.

Keywords: Gastroesophageal reflux disease;
Erosive esophagitis; Proton pump inhibitor;
Acid  suppression;  Treatment  patterns;
Healthcare costs
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Key Summary Points

Why carry out this study?

Erosive esophagitis (EE) is a complication
of gastroesophageal reflux disease that is
commonly treated with proton pump
inhibitors (PPI).

This study examined the real-world
prescription PPI treatment patterns,
healthcare resource utilization, and costs
of patients with a clinical diagnosis of EE
in the USA.

What was learned from this study?

During a 4-year observation period, we
observed low persistence with PPI therapy
and frequent cycling between omeprazole
and pantoprazole.

Patients who had more lines of PPI
therapy had a higher burden of
gastrointestinal-related comorbidities and
higher healthcare costs.

INTRODUCTION

Gastroesophageal reflux disease (GERD) impacts
roughly 20-30% of the US population and is
marked by recurrent reflux of gastric contents
into the esophagus [1]. Persistent exposure to
gastric acid leads to damage of the esophageal
epithelium resulting in erosive esophagitis (EE)
in approximately 30-40% of patients with
GERD [2, 3]. Patients with EE are at increased
risk of complications, such as Barrett’s esopha-
gus/esophageal adenocarcinoma and gastroin-
testinal (GI) bleeding [4]. In 2015, US healthcare
expenditures for esophageal disorders exceeded
$18 billion [5].

Proton pump inhibitors (PPIs) are widely
used medications that suppress gastric acid
secretion and can lead to esophageal mucosal
healing, as in the case of GERD complicated by
EE [6]. In fact, PPI therapy is the recommended

first step in the healing of EE, according to
American College of Gastroenterology (ACG)
guidelines [7]. ACG further recommends main-
tenance PPI therapy for patients with severe EE
(Los Angeles [LA] grade C-D [8]) or Barrett’s
esophagus and in patients with LA grade A-B EE
whose symptoms recur when PPI treatment is
stopped.

Up to half of the patients with GERD report
persistent symptoms while on PPI therapy [9],
and clinicians will commonly increase PPI dose,
switch PPI, or augment with a different medi-
cation within 6 months [10]. The odds of hav-
ing a partial response to therapy versus
resolution of symptoms are three times higher
among patients being treated for EE or Barrett’s
esophagus. The real-world use of PPIs among
patients with EE in the USA has not been stud-
ied. This descriptive analysis presents the real-
world treatment patterns, healthcare resource
utilization, and costs for patients with a diag-
nosis of EE between 2015 and 2022.

METHODS

Data Sources

This retrospective, observational cohort study
of individuals in the USA used electronic health
records (EHR) from the Veradigm Network EHR-
linked with insurance claims data from the
Komodo Health Healthcare Map from Jan-
uary 1, 2015 to February 28, 2022 (hereafter,
“the linked dataset”). The data types have been
previously described in Shah et al. [11].

The linked dataset only contains de-identi-
fied data as per the de-identification standard
defined in Section §164.514(a) of the Health
Insurance Portability and Accountability Act of
1996 (HIPAA) Privacy Rule. The process by
which the data is de-identified is attested to
through a formal determination by a qualified
expert as defined in Section §164.514(b) (1) of
the HIPAA Privacy Rule. Because this study used
only de-identified patient records, it is therefore
no longer subject to the HIPAA Privacy Rule and
is therefore exempt from institutional review
board approval and for obtaining informed
consent according to US law. This study was
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conducted in compliance with the Declaration
of Helsinki and used only de-identified data.

Diagnoses and procedure codes used in this
study are listed in Table S1 in the supplemen-
tary material. The coding systems used for this
analysis included International Classification of
Diseases, 9th and 10th Edition, Clinical Modi-
fication (ICD-9-CM and ICD-10-CM) diagnosis
codes and Clinical Procedure Terminology pro-
cedure codes (CPT).

Patient Selection

We identified all patients with a clinical diag-
nosis of GERD with esophagitis, i.e., those with
at least one ICD-10-CM diagnostic code for
GERD with esophagitis (K21.0, K21.00, or
K21.01), between January 1, 2016 and Febru-
ary 28, 2022. The K21.0 code was used in
reimbursement claims prior to October 1, 2020
to code for any GERD with esophagitis. After
October 1, 2020 the K21.00 code was used to
code for GERD with esophagitis without bleed-
ing, whereas the K21.01 code was used to code
for GERD with esophagitis with bleeding, such
as blood in vomit or tarry stool. In this analysis,
patients with any of these three codes were
considered to have a clinical diagnosis of EE.
The earliest date of an EE code within this
time frame was defined as the index date. We
required that all patients were at least 18 years
old on the index date and had at least
12 months of EHR data and claims enrollment
before the index date and 36 months of EHR
data and claims enrollment after the index date.
On the basis of these inclusion criteria, patients
could only qualify for the study if their index
date of EE diagnosis was before February 28,
2019. Patient selection is summarized in Fig. 1.

Study Periods

For this study, we used a 12-month baseline
period, a 36-month follow-up period, and a
combined 4-year observation period. The study
design is described in Fig. 2.

Study Variables

The primary outcome of interest was the pre-
scription PPI treatment patterns during the
4-year observation period. The six PPIs included
in the study were pantoprazole, lansoprazole,
omeprazole, esomeprazole, rabeprazole, and
dexlansoprazole. Only claims data were used to
identify medications.

We captured PPI lines of therapy (LOT) for all
patients with at least one PPI prescription dur-
ing their 4-year observation period. A LOT
started on the fill date and continued until the
earliest of the following: PPI switch, a gap in PPI
therapy of at least 45 days, or the end of their
4-year observation period. Patients who swit-
ched or had a gap in therapy of at least 45 days
were considered non-persistent, while those
who did not switch or had a gap in therapy of
less than 45 days between the start of their LOT
and the end of the observation period were
considered persistent. A 45-day gap in therapy
was chosen because it gives patients a grace
period to refill their prescription and has been
used in previous literature [12].

For persistent patients, we captured whether
their therapy was augmented with a dose
increase of at least 90% or they filled at least one
prescription for an H2 receptor antagonist dur-
ing the LOT. For non-persistent patients, we
identified the subset who switched to a new PPI
with or without a gap in PPI therapy of at least
45 days (switch), those who restarted their
medication after a gap in therapy of at least
45 days (restart), and those with a gap in ther-
apy who had no further evidence of prescrip-
tion PPI use (discontinuation). For patients who
restarted their medication and then switched to
a new medication, only the switch was included
in the analysis. For this analysis, only PPI
switches were considered a new LOT.

For the first three LOTs, we captured the
duration of the LOT, the time to the next LOT,
and other medications prescribed during the
LOT (antidepressants, baclofen, Carafate, H2
receptor antagonists, and other antacids).
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Data source (1/1/2015-2/28/2022)
Veradigm Health Insights Ambulatory EMR Research Database linked to Komodo Insurance Claims

v

>1 diagnosis for GERD with esophagitis (K21.0*) between 1/1/2016 and 2/28/2022 (earliest
is index date)
n=5,127,230

v

AND age 18+ on index date
n=>5,127,230

v

AND >12 months of EHR/claims data both before the index date
n=414,427

v

AND >36 months of EHR/claims data both after the index date
n= 158,347

Number of lines of therapy (LOT) in the 4 year observation

Fig. 1 Patient selection. EHR electronic health records, GERD gastroesophageal reflux disease, N number

Index Date
1/1/2016 — 2/28/2019
(earliest of diagnosis of erosive
esophagitis [K21.0%])

Start of data A End of data
1/1/2015 ( \ 2/28/2022
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Example Patient

* Index Date L~ 12-month baseline period
L~/ 4-year observation period L~/ 36-month follow-up period

Fig. 2 Study design

A\ Adis



Adv Ther (2023) 40:5489-5501

5493

Patient Characteristics

Demographic characteristics were recorded as of
the index date. We recorded body mass index
(BMI) and general clinical conditions in the
12-month baseline period. Gl-related comorbidi-
ties and symptoms that occurred during the
36-month follow-up period were recorded. We
also recorded the occurrence of any diagnostic
esophagogastroduodenoscopy (EGD) on the
index date or during the 12-month baseline
period.

Healthcare Utilization and Costs

Utilization and cost outcomes were measured
using medical and drug claims data. All-cause
healthcare resource utilization included all
office visits, lab services, radiology services, and
outpatient prescriptions captured in the claims
data. EE-related costs included inpatient medi-
cal claims with an EE diagnosis as the admitting
diagnosis, outpatient medical claims with an EE
diagnosis in any position, and pharmacy claims
for a PPI. Costs were captured for the full 3-year
follow-up period, reported as per person per
year (annualized), and were adjusted to Febru-
ary 2022 US dollars using the medical care
component of the Consumer Price Index [13].

Data Analysis

This analysis was descriptive in nature. We pre-
sented categorical measures as number (N) and
percentages, while we presented continuous mea-
sures as mean and standard deviation (SD). For cost
measures, when 50% or more of the individuals
used a service category, we also reported the med-
ian and interquartile range. Descriptive statistics
were generated using SAS V9.4.

Sensitivity Analysis

To increase the confidence our results were
representative of true EE cases, we conducted a
sensitivity analysis of patients with documen-
tation of an EGD on the index date or within
the 12-month baseline period (in addition to

the ICD-10 diagnostic codes K21.0, K21.00, or
K21.01). For these patients, we similarly recor-
ded age, sex, number of LOTs, and all-cause
healthcare utilization and costs in the follow-up
period. It should be noted that EGD results were
not available in the structured data source for
this analysis; therefore, we can only confirm
that an EGD was performed not that the EGD
confirmed a diagnosis of EE.

RESULTS

We identified 158,347 adults with EE who
qualified for study inclusion and comprised the
main analytic cohort. Of these, 72,658 (45.9%)
had a diagnostic EGD either on the index date
or in the 12-month baseline period. Patients
were, on average, 56.9 (SD 14.3) years old,
61.1% were female, 60.9% were White, 6.9%
were Black, and 7.2% were Hispanic (Table 1).
They carried a high comorbidity burden,
including 50.9% with hypertension, 46.6% with
obesity, and 43.4% with hyperlipidemia based
on baseline period data (Table S2 in the sup-
plementary material). In the 36-month follow-
up period, 31.9% had a diagnosis of hiatal her-
nia, 12.6% had a diagnosis of peptic ulcer, and
12.1% had a diagnosis of Barrett’s esophagus.
Gl-related symptoms were also common in the
follow-up period and included 24.7% with
dyspepsia, 23.4% with dysphagia, and 12.4%
with heartburn.

Overall, 45.4% (N = 71,958) had evidence of
1 PPI LOT, 9.5% (N = 14,985) had evidence of
2 PPI LOTs, and 9.6% (N = 15,129) had evidence
of 3+ PPI LOTs during the 4-year observation
period. By comparison, 35.5% of patients
(N = 56,275) did not fill a prescription for a PPI
during the 4-year observation period (Fig. 1).

In the baseline period, many general
comorbidities, including cardiovascular disease
(55.4% vs. 71.6%) and diabetes (19.9% vs.
31.0%), were less common among patients with
0 PPI LOTs than those with 3+ PPI LOTs. We
also observed large differences in baseline rates
of opioid use (19.0% vs. 55.9%), abdominal
pain (27.0% vs. 53.3%), and chest pain (23.1%
vs. 37.5%) between patients with O PPI LOTs vs.
those with 3+ PPI LOTs.
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Table 1 Bascline patient characteristics and gastrointesti-
nal-related comorbidities and symptoms in the follow-up

period

All EE patients
(N = 158,347)

Age, index date (mean, SD) 56.9 (14.3)

Sex (N, %)
Male 61,583 38.9%
Female 96,692 61.1%
Unknown/not reported 72 0.0%
Race (N, %)
White 96,415 60.9%
Black 10,922 6.9%
Asian 4022 2.5%
Other 3646 2.3%
Unknown/not reported 43,342 27.4%
Ethnicity (N, %)
Hispanic 11,469 7.2%
Non-Hispanic 129,671 81.9%
Unknown/not reported 17,207 10.9%
Geographic region (N, %)
Northeast 45,389 29.0%
Midwest 26,332 16.6%
South 61,920 39.1%
West 20,275 12.8%
Other/unknown 3931 2.5%
Gl-related comorbidities® (N, %)
Hiatal hernia 50,575 31.9%
Peptic ulcer 19,879 12.6%
Barrett’s esophagus 19,232 12.1%
Esophagogastric junction 13,923 8.8%
outflow obstruction
Helicobacter pylori 6219 3.9%
Gastroparesis 5275 3.3%
Dyskinesia of esophagus 3774 2.4%
Aspiration pneumonia 2123 1.3%

Table 1 continued

All EE patients
(N = 158,347)

Foregut cancer” 1646 1.0%
Achalasia 943 0.6%
Gl-related symptoms® (N, %)

Dyspepsia 39,162 24.7%
Dysphagia 37,112 23.4%
Heartburn 19,581 12.4%
Functional dyspepsia 11,424 7.2%
Chronic cough 9845 6.2%
Chronic laryngitis 1877 1.2%

EE erosive esophagitis, N number, SD standard deviation
*Measured in the 36-month follow-up period

bForegut cancer is defined as malignancies in the upper
gastrointestinal tract to the that includes the esophagus,
stomach, pancreas, liver and bile ducts

During the 36-month follow-up period, the
most common Gl-related comorbidities among
all cohorts were hiatal hernia, peptic ulcer, and
Barrett’s esophagus. The most common GI-re-
lated symptoms in the follow-up period were
dyspepsia and dysphagia. The percentage of
patients with these Gl-related comorbidities
and symptoms increased with an increase in the
number of PPI LOTs (Fig. 3).

Treatment Characteristics

During the 4-year observation period, 102,072
(64.5%) patients with EE diagnosis were pre-
scribed at least one prescription PPI, and 81.9%
of these patients received either omeprazole
(48.6%) or pantoprazole (33.2%) as their first
LOT (Table 2). Use of the other PPIs increased
slightly across LOTs, but more than 70% of
patients in the second and third LOT received
either omeprazole or pantoprazole. Among
those with omeprazole as a first LOT, 73.7% had
pantoprazole as a second LOT, whereas among
those with pantoprazole as a first LOT, 61.9%
had omeprazole as a second LOT (Fig. S1 in the
supplementary material).
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Lines of Prescription PPI Therapy

Fig. 3 Select GI-related comorbidities and symptoms in the 36-month follow-up period among cohorts stratified by proton

pump inhibitor (PPI) switching trends. N number

Treatment patterns were measured for the
first three lines of therapy (Table 2). Only 11.4%
(N =11,613) of treated patients were persistent
with their first LOT. Among the 11,613 patients
who were persistent with their first LOT, 12.7%
augmented with a dose increase of at least 90%,
and 16.8% augmented with an H2 receptor
agonist. Among the 88.6% (N =90,459) of
patients who were non-persistent with their first
LOT, roughly one-third switched to a different
PPI, one-third restarted their index PPI without
evidence of subsequent switching, and one-
third discontinued without any subsequent
prescription PPI use.

The proportion of patients who were persis-
tent increased slightly in the second (12.6%)
and third (15.6%) LOT, but more than 80% of
patients were non-persistent (Table 2). How-
ever, the reason for non-persistence shifted as
patients became more likely to switch medica-
tions rather than restart or fully discontinue
prescription PPIs. In addition, the percentage of
switchers who did so without a gap in therapy
of at least 45 days increased from 45.1% in the

first LOT to 67.2% and 74.6% in the second and
third LOT, respectively.

With respect to the timing of the LOTs,
among all patients with at least one PPI pre-
scription during the observation period, the
mean (SD) time from the start of the observa-
tion period to the start of the first LOT was 9.9
(11.1) months. The mean (SD) gap in therapy
between the first and second LOT was 7.8 (10.5)
months, and the mean (SD) gap in therapy
between the second and third LOT was 3.5 (6.8)
months. The mean (SD) duration of LOT among
persistent patients in the first, second, and third
LOT was 2.67 (1.46) years, 1.29 (1.16) years, and
1.22 (1.09) years, respectively. By comparison,
the mean duration of LOT among non-persis-
tent patients in the first, second, and third LOT
was 0.56 (0.73) years, 0.32 (0.47) years, and 0.32
(0.46) years, respectively.

Among those with a first LOT, 33.1%
received at least one prescription for antide-
pressants, 15.0% for an H2 receptor antagonist,
9.2% for Carafate, and 3.3% for baclofen
(Table 2). As the number of LOTs increased,
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Table 2 Treatment patterns during the 4-year observation period

1st LOT 2nd LOT 3rd LOT
N = 102,072 N = 30,114 N = 15,129
PPI in LOT (N, %)

Omeprazole 49,653 48.6% 8365 27.8% 6204 41.0%

Pantoprazole 33903  332% 13,287  44.1% 4519 29.9%

Esomeprazole 9138 9.0% 3183 10.6% 1747  11.5%

Lansoprazole 4387 4.3% 2013 6.7% 920 6.1%

Dexlansoprazole 3650 3.6% 2236 7.4% 1050 6.9%

Rabeprazole 1156 1.1% 530 1.8% 284 1.9%

Combo 185 0.2% 500 1.7% 405 2.7%

Reason for end of LOT (V, %)

Persistent 11,613 11.4% 3784  12.6% 2359 15.6%
No augmentation 8589 8.4% 2879 9.6% 1785 11.8%
Augmentation, > 90% dose increase 1477 1.6% 354 1.3% 221 1.7%
Augmentation, > 1 H2RA prescription during LOT* 1952 2.1% 658 2.4% 412 3.1%

Non-persistent 90,459  88.6% 26,330  87.4% 12,770  84.4%
Discontinuation 28,486  18.0% 6468  21.5% 2399 15.9%
Restart 31,859 312% 4733 15.7% 2320 15.3%
Switch 30,114 295% 15,129  50.2% 8051  53.2%
With > 45-day gap 16522 162% 4959  165% 2048 13.5%
Without > 45-day gap 13,592 13.3% 10,170 33.8% 6003 39.7%

Other medications during LOT

Antidepressants 33,819 33.1% 10,388  34.5% 5774  38.2%

Baclofen 3385 3.3% 1014 3.4% 617 4.1%

Carafate 9397 9.2% 3495 11.6% 1718 11.4%

H2RA 15282  15.0% 5069  16.8% 2615 17.3%

Non-PPI/non-H2RA antacids 1039 1.0% 366 1.2% 207 1.4%

LOT line of therapy, H2RA H2 receptor antagonists, N number, PPI proton pump inhibitor, SD standard deviation
*Patients who augmented with an H2RA included those who were persisting with H2RA therapy initiated before the start

of the LOT

there were slight increases in the proportion of
patients who received prescriptions for these
medications during the respective LOTs.

Healthcare Utilization and Costs

Mean (SD) annualized healthcare costs for all
patients with EE in the 36-month follow-up
period were $16,853 ($70,507) (Fig. 4a). In all
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Fig. 4 a All-cause and b erosive esophagitis (EE)-related healthcare costs in the 36-month follow-up period. ED emergency

department, LOT line of therapy

service categories, healthcare costs were higher
in patients with more PPI LOTs (Table S3 in the
supplementary material). Consequently, annu-
alized all-cause healthcare costs were $16,713
higher in patients with 34+ LOTs than among
patients with O LOTs. This was driven by greater
utilization of inpatient and pharmacy services.

On average, 3.1% ($523 [$3659]) of mean
annualized all-cause healthcare costs could be

directly attributed to EE (Table S3 in the sup-
plementary material). Despite large differences
in total healthcare costs, the percentage
attributable to EE varied only slightly between
LOT cohorts, ranging from 2.9% for patients
with 2 LOTs to 3.3% for patients with either O or
3+ LOTs. EE-related utilization increased with
increasing numbers of PPI LOTs. In each service
category, annualized EE-related costs in the
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follow-up period increased with increasing
numbers of PPI LOTs. Mean (SD) annualized EE-
related costs were 2.4 times higher in patients
with 3+ PPI LOTs ($924 [$6609]) than in
patients with OPPI LOTs ($380 [$4233])
(Fig. 4b).

Diagnostic EGD Sensitivity Analysis

We conducted a sensitivity analysis of the sub-
set of the 72,658 patients with documentation
of a diagnostic EGD on the index date or in the
baseline period, in addition to the diagnostic
codes for erosive esophagitis. Patients in the
EGD subset were, on average, 56.2 (13.8) years
old at index, and 60.8% were female, which is
consistent with the overall EE cohort (Table S4
in the supplementary material). Overall, 32.1%
of patients in the EGD subset did not fill a pre-
scription for a PPI during the 4-year observation
period. In the EGD subset, 46.1% had evidence
of 1 PPI LOT, 10.7% had evidence of 2 PPI LOTs,
and 11.2% had evidence of 3+ PPI LOTs during
the 4-year observation period. Mean (SD)
annualized all-cause healthcare costs in the
3-year follow-up period were similar between
the overall EE and EGD subset ($16,853
[$70,507] vs. $17,565 [$69,889]).

DISCUSSION

In this study of patients with EE in the USA,
19.0% of patients had more than 1PPI LOT
during a 4-year observation period encompass-
ing a 12-month baseline period and 36 months
of follow-up. We observed low persistence with
PPI therapy and frequent cycling, most often
between omeprazole and pantoprazole. As
patients progressed through multiple lines of
PPI therapy, the frequency of PPI discontinua-
tions and restarts on the same medication
became less common, and switching became
more common. Patients who are cycling
through multiple PPI LOTs had a higher
healthcare burden, including GlI-related
comorbidities and symptoms, along with
greater healthcare utilization and costs.
Notably, only 45.9% of patients had evi-
dence of a diagnostic EGD on or before their

index EE diagnosis, but we found many patients
were starting PPI treatment before their index
EE diagnosis. This treatment pattern is consis-
tent with current GERD treatment guidelines,
which recommend starting PPI treatment prior
to EGD as part of the differential diagnosis;
however, an EGD, with a pause in PPI therapy
prior to the procedure, would then be required
to confirm the EE diagnosis [7]. It is unclear why
so many patients received an EE diagnosis
without a diagnostic EGD, but it may reflect the
necessity of coding in real-world clinical prac-
tice where patients may not consent to or have
insurance coverage for the procedure. That said,
the sensitivity analysis of the subset of patients
with an EGD indeed still identified similar
trends as the primary analytic cohort.

While there is no previously published data
on PPI use in the USA by patients with EE, PPI
treatment patterns have been previously exam-
ined in the US Veteran population with
uncomplicated GERD between 2002 and 2007
[14, 15]. Similar to our study, omeprazole was
the most commonly used first-line PPI [14, 15].
Among Veterans whose PPI therapy lasted at
least 6 months, 31.7% switched to a different
PPI, which is consistent with the switching rate
of 29.5% observed in this EHR-claims-linked
study.

For some patients, the numerous lines of PPIs
may not have been a result of insufficient acid
suppression but perhaps a result of side effects,
comorbidities, dosing optimization, an
enhanced brain-gut axis, hypersensitivity, or
cognitive-affective disorders [16, 17]. In addi-
tion, a recent emphasis on the potential risks of
PPIs has led to a decrease in the prescribing of
these medications. This may all lead to cycling
if physicians start treatment empirically, stop
prescribing PPIs to assess severity, and reinitiate
PPIs when symptoms return [18].

PPIs are effective at acid suppression and
mucosal healing in patients, and there is little
difference in effectiveness observed between
PPIs when they are taken as directed, i.e., prior
to meals on an empty stomach [19, 20]. How-
ever, some patients have persistent symptoms
that may be attributed to an excess of acid
exposure or insufficient gastric acid suppres-
sion. For example, a meta-analysis found that
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the rapid metabolizer genotype of cytochrome
P450 2C19 was associated with being refractory
to PPIs [21]. In these patients, more potent and
durable acid-suppressive agents may provide
superior results; however, insurance formularies
often require failure with at least one first-gen-
eration PPI before covering newer formulations,
even though the former are heavily metabolized
by CYP2C19.

While LA grade is not documented in the
structured EHR, the newer ICD-10 codes intro-
duced in October1, 2020 do differentiate
between EE with and without bleeding. Future
work could explore differences in costs between
patients with and without bleeding using these
newer codes. Other potential future directions
include a deeper exploration of the diagnostic
and therapeutic procedures used in this popu-
lation or an investigation into the associated
between specific comorbidities and frequent PPI
cycling.

Limitations

This analysis is limited by the wide availability
of over-the-counter PPIs. As over-the-counter
medications are not captured in claims data, it
is likely that the numbers reported in this study
are an underestimate of both PPI use in the EE
population and the cost burden of EE. A survey
of patients with GERD reported that 32% of
patients using PPIs were purchasing them over
the counter [10]. Patients were not required to
be newly diagnosed, so we may not be fully
capturing PPI switching. Furthermore, patients
with mild EE may be underestimated in this
analysis if they are using only over-the-counter
medication and not seeking medical care for
their condition.

Additionally, cohort construction is based
on a claims-based diagnosis of EE, and our main
study cohort likely includes an unknown pro-
portion of patients with non-erosive reflux dis-
ease or LA grade A esophagitis. In the sensitivity
analysis, we required that patients have evi-
dence of a prior diagnostic EGD; however, this
does not fully resolve the issue as the results
were not available in the structured EHR data

used in this study. Additionally, the optimal use
of PPIs cannot be measured in this study [22].

Finally, this retrospective study used rou-
tinely collected claims and EHR data and is
subject to the typical limitations of using data
not gathered for specific research purposes. The
dataset used in this analysis only included
insured individuals and may not be represen-
tative of the uninsured population.

CONCLUSIONS

Prescription PPI use is common among patients
with EE, but persistence with medication is low.
A subset of patients tended to cycle through
PPIs, and these patients had more comorbidities
and higher all-cause and EE-related healthcare
costs.
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