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BACKGROUND & AIMS: Potassium-competitive acid blockers (PCABs) have been increasingly used to treat upper

gastrointestinal disorders, replacing proton pump inhibitors (PPIs). Whereas PPIs are associ-
ated with an increased risk of gastric cancer (GC) after Helicobacter pylori (Hp) eradication, it is
uncertain whether PCABs carry the same risk.

METHODS: Using a population-based claims database in Japan, we identified patients who were prescribed
a clarithromycin-based first regimen of Hp eradication between 2015 and 2018. Patients who
failed this regimen and those diagnosed with GC before or within 1 year after Hp eradication
were excluded. We compared GC incidence between PCAB users and histamine type-2 receptor
antagonist (H2RA) users, matching them on the basis of propensity scores calculated with
considerations for age, sex, smoking, alcohol consumption, comorbidities, and co-administered
medications. PCABs included only vonoprazan in this study.

RESULTS: Among 54,055 patients, 568 (1.05%) developed GC during the follow-up period (mean, 3.65
years). The cumulative incidence of GC was 1.64% at 3 years, 2.02% at 4 years, and 2.36% at 5
years in PCAB users and 0.71% at 3 years, 1.04% at 4 years, and 1.22% at 5 years in H2RA
users. The use of PCABs was associated with a higher GC risk (matched hazard ratio, 1.92; 95%

Abbreviations used in this paper: Cl, confidence interval; GC, gastric ‘i Most current article
cancer; GERD, gastroesophageal reflux disease; Hp, Helicobacter pylori;

HR, hazard ratio; H2RA, histamine 2 receptor antagonist; PCAB, potas- © 2024 by the AGA Institute
sium-competitive acid blocker; PPI, proton pump inhibitor; PS, propensity 1542-3565/$36.00
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confidence interval, 1.13-3.25; P = .016). Longer PCAB use and high-dose PCAB use were
significantly associated with higher incidence of GC. Sensitivity analyses showed the risk of GC
incidence among PCAB users was comparable with that of PPI users.

CONCLUSIONS:

The use of PCABs was associated with an increased risk of GC among Hp-eradicated patients,

with duration/dose response effects.

Keywords: Gastric Cancer; Helicobacter pylori; Potassium-Competitive Acid Blocker; Proton Pump Inhibitor.

astric cancer (GC) is one of the leading causes of

G cancer-related mortality worldwide." Helicobacter
pylori (Hp) is a well-established risk factor for GC,* and
its eradication has been shown to significantly reduce
the incidence and mortality of GC.>”7 However, even after
eradication, there remains a residual risk of GC compared
with Hp naive people.®” Identifying risk factors and a high-
risk group for post-eradicated GC development is impor-
tant for cancer surveillance and prevention.'’

Proton pump inhibitors (PPIs) have been commonly
prescribed for acid-related upper gastrointestinal dis-
eases, and they have been generally considered safe.
However, a growing body of literature indicates that
long-term use of PPIs is associated with several adverse
effects including Clostridium difficile infection and
ischemic diseases.'* ** Furthermore, several studies
have recently reported an association between PPI use
and higher GC incidence rates, particularly after Hp
eradication.”” ** PPI use also reportedly has the poten-
tial to worsen atrophic gastritis.”® One hypothesis sug-
gests that the pharmacologic inhibition of gastric acid
secretion leads to hypergastrinemia and alters gastric
microbiota,?> 2° both of which could activate oncogenic
pathways in the post-eradication gastric mucosa, as
observed in experimental studies.”” >’

Recently, a new class of acid-suppressing drugs,
potassium-competitive acid blockers (PCABs), has been
increasingly used in Japan and is now available in
Western countries.’*?' PCABs could provide stronger
and more sustained acid suppression than PPIs, espe-
cially for healing of severe erosive esophagitis and in the
management of refractory gastroesophageal reflux dis-
ease (GERD). However, this raises the concern that the
intense acid suppression might increase the risk of post-
eradicated GC, as suggested in PPI users. Therefore, we
performed a population-based observational study to
evaluate the association between PCAB use and post-HP
eradication GC.

Methods

Study Design, Setting, and Participants

We conducted a retrospective cohort study using
healthcare insurance claims and medical check-up data
spanning from April 2014 to February 2023, sourced
from DeSC Healthcare Inc in Tokyo, Japan. This database
is robust and has been used in several previous

studies.’*° This data set includes de-identified health-
care-related information from insurance claims, encom-
passing diagnostic codes, prescription and procedure
codes, and medical check-up data. Importantly, individ-
ual healthcare information can be traced across all
medical institutions in Japan as long as individuals
remain part of the same health insurance plan. The 3
insurance systems providing the data consisted of the
Society-managed Employment-based Health Insurance
Association, serving individuals working at large com-
panies and their family members, the National Health
Insurance, serving people younger than 75 who are not
covered by other public health systems such as self-
employed persons, farmers, college students, and re-
tirees, and the Latter-Stage Elderly Healthcare System,
serving people aged 75 years or older’® (Supplementary
Figure 1). These insurance systems encompassed a
population of more than 10 million individuals, repre-
senting approximately 10% of Japan’s total population.

From the database, we extracted the data of patients
who used a 7-day course of clarithromycin-based triple
therapy for Hp infection between April 2015 and March
2018. We included patients who successfully eradicated
Hp in the analyses. We defined the successful eradication
of Hp as the prescription of the first regimen of
clarithromycin-based triple therapy without the second
regimen prescription of metronidazole-based triple
therapy using a previous research definition.'> We
excluded patients who underwent gastrectomy or were
diagnosed with GC before Hp eradication. We also
excluded patients whose follow-up period was less than
1 year, as well as patients who were diagnosed with GC
within 1 year after Hp eradication. Finally, we excluded
concomitant users of histamine type-2 receptor antago-
nist (H2RA), PPI, and PCAB during the study period
(Figure 14).

Informed consent was waived because we used
completely anonymous data. The data were purchased
from DeSC Healthcare Inc, and permission was obtained
to use them in the study and to publish the results in a
scientific article.

Outcomes and Variables

The primary outcome was the development of GC
more than 1 year after Hp eradication, as defined by the
International Classification of Diseases-10th revision
codes (C16.0-C16.9) according to an approach used in
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previous studies.'”*”1%?%37-40 patients who developed
GC within 1 year after Hp eradication were excluded
from our analysis, because it was indicative that the
onset of these GC cases was likely before Hp eradication.
The date of diagnosis of GC was defined as the first date
of disease registration for GC workup or treatment. The
follow-up period extended from 1 year after the initia-
tion of eradication medication until the final visit, GC
development, or death.

We evaluated the following clinical factors associated
with GC risk: age, sex, smoking, alcohol consumption,
comorbidities, and medication use. Smoking status and
alcohol consumption data were unavailable in the cur-
rent database, necessitating a methodology akin to that
used in previous studies."””>*' Chronic obstructive pul-
monary disease was used as a proxy for smoking. Alcohol
consumption was identified by assessing for alcohol-
related disorders, encompassing hepatic and gastroin-
testinal conditions, as well as neurologic and psychiatric
ailments. The following comorbidities were included:
gastric atrophy, peptic ulcer diseases, hypertension,
diabetes, dyslipidemia, chronic heart failure, chronic
kidney disease, stroke, ischemic heart diseases, obesity,
liver cirrhosis, and atrial fibrillation, in line with previous
studies."”*° These comorbidities were defined on the
basis of International Classification of Diseases-10th
revision diagnosis at baseline. Drug usage in the study
period, encompassing both before and after Hp eradica-
tion, was assessed, including PCABs, PPIs, H2RAs, met-
formin, statins, aspirin, and nonsteroidal anti-
inflammatory drugs. In particular, exposure to PCABs,
PPIs, and H2RAs was defined as a single drug use with a
duration of usage exceeding 6 months, aiming to restrict
their prolonged or long-term usage. PCABs included only
vonoprazan in this study, because vonoprazan has been
the only PCAB that can be prescribed in Japan, and the
medication lists of PCABs, PPIs, and H2RAs are shown in
Supplementary Table 1. In addition, cases where the
prescription was initiated within 6 months before GC
development were excluded to avoid protopathic bias.
The duration of PCAB use was classified into 4 groups
based on prescription periods: PCAB use for less than 1
year, between 1 and 2 years, between 2 and 3 years, and
for 3 years or more. The PCAB dose was also categorized
into 2 groups: the high-dose group (where the duration
of vonoprazan 20 mg exceeded 2 months) and the low-
dose group (which includes half-dose [10 mg] users
with or without 20 mg use for less than 2 months).

Statistical Analysis

First, we constructed propensity score (PS) matched
cohorts between PCAB users and H2RA users and
compared the incidence of GC analyses in line with
previous studies,15'17'19 because unobserved differences
in the background gastric mucosa appear to be compa-
rable between PCAB users and H2RA users, and the
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What You Need to Know

Background

An association between long-term use of proton
pump inhibitors (PPIs) and higher gastric cancer
(GC) incidence after the eradication of Helicobacter
pylori (Hp) has been reported. However, the associ-
ation between the use of potassium-competitive acid
blockers (PCABs) and GC incidence after Hp eradi-
cation remains unknown.

Findings

PCAB use was associated with increased GC inci-
dence after Hp eradication, compared with histamine
type-2 receptor antagonist users, with duration/
dose response effects.

Implications for patient care

Caution is warranted for prolonged prescription of
PCABs as well as PPIs for Hp-eradicated patients
because of the potential association with increased
GC risk.

influence of H2RA on the risk of GC is estimated to be
minimal."®'*?*” Details of the matching method are
shown in Supplementary Methods. The Kaplan-Meier
method was used to calculate the cumulative probabil-
ity of GC development at 5 years for each group. Cox
models were used to estimate hazard ratios (HRs) and
95% confidence intervals (Cls).

Second, to evaluate whether the association varies by
exposure duration and dose, we stratified PCAB users
into subgroups based on duration and dosage de-
pendency and repeated analyses. We estimated the HRs
for GC development according to PCAB duration/dose
using another Cox model that was adjusted by PS. The
trend for duration/dose response of PCAB use was
assessed by Cochran-Armitage trend test.

Sensitivity Analyses

First, to compare the influence of PCAB and PPI on GC
risk, we constructed another PS-matched cohort between
PCAB users and PPI users and compared the incidence of
GC analyses. Second, to perform competing risk analysis,
we used Fine and Gray’s test to compute the sub-
distribution HR along with its corresponding 95% CI.
This analysis considered death without the development
of GC as a competing risk. Third, we investigated the
association between PCAB/H2RA usage and GC devel-
opment in the matched cohort, specifically excluding
patients with a follow-up period of less than 2 years. This
exclusion aimed to create a more extended lag duration
between Hp eradication and the potential development
of GC. Finally, we estimated the effects of unmeasured
confounders using calculation for an E-value to formally
examine how strongly unmeasured confounders would
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Figure 1. Association between GC inci-
dence and use of gastric acid inhibitors.
(A) Study flow diagram. Cumulative
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need to be associated with PCAB use (exposure variable)
and GC incidence (outcome variable) to explain the
observed difference in GC incidence between PCAB users
and H2RA users.”” A P value <.05 was considered sta-
tistically significant, and HRs with 95% Cls were deter-
mined. All statistical analyses were performed using SAS
software v. 9.4 (SAS Institute, Cary, NC).

Results

Patient Characteristics

A total of 75,784 patients received Hp eradication
therapy. After excluding 21,729 patients, 54,055 in-
dividuals who successfully eradicated Hp were analyzed
(Figure 1A4). Among these 54,055, mean age was 64.65
years, 44.94% (n = 24,292) were male, and 3.92% used
PCABs. The percentages of PPl and HZRA users were
16.74% and 10.82%, respectively. The baseline charac-
teristics of the cohort are shown in Table 1.

Incidence of GC and the Factors Associated With GC in
PCAB Users Compared With Matched H2RA Users

During mean follow-up period of 3.69 years, 61 pa-
tients (1.44%) developed GC in a PS matched cohort
consisting of PCAB users and H2RA users after excluding

incidence of GC (B) in PCAB users vs
matched H2RA users, (C) in PCAB users
vs matched PPI users. Bold: P < .050.
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3728 H2RA users (Table 2, Supplementary Figures 2 and
3). The cumulative incidence of GC was 1.64% at 3 years,
2.02% at 4 years, and 2.36% at 5 years in PCAB users
and 0.71% at 3 years, 1.04% at 4 years, and 1.22% at 5
years in H2RA users (Figure 1B). PCAB use was signifi-
cantly associated with increased GC incidence (P = .014,
log-rank test).

The results of a Cox model evaluating factors associ-
ated with GC are shown in Table 3. In the analyzed Hp-
eradicated patients, PCAB users had a higher incidence of
GC than H2RA wusers (adjusted HR, 1.92; 95% ClI,
1.13-3.25; P = .016). This trend was consistent with the
findings for GC occurring at non-cardia sites, whereas the
incidence of GC at the cardia did not reach statistical
significance (Supplementary Table 2).

Association Between Duration/Dose of PCAB Use
Compared With H2RA Use and GC Incidence

The incidence of GC according to the duration of
PCAB use was as follows: PCAB use < 1 year, 2/400
(0.05%); 1 year < PCAB use < 2 years, 9/476 (1.89); 2
years < PCAB use < 3 years, 6/354 (1.69%); and PCAB
use > 3 years, 23/890 (2.58%). Of the 1361 low-dose
PCAB users, 18 developed GC (1.32%), whereas 22 of
759 high-dose PCAB users did (2.90%). The associations
between the duration and dose of PCAB use and GC
incidence were assessed using a Cox model (Table 4).
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Table 1. Characteristics of Patients With Successful Hp

Eradication
Variables No. of patients (%)
Male 24,292 (44.94)
Age, y 64.65 + 11.60
Follow-up y 3.65 + 1.38
Smoking 2052 (3.80)
Alcohol 970 (1.79)
Comorbidities
Gastric atrophy 18,209 (33.69)
Peptic ulcer diseases 23,348 (43.19)
Hypertension 29,479 (54.54)
Diabetes mellitus 19,157 (35.44)
Dyslipidemia 29,656 (54.86)
Chronic heart failure 9551 (17.67)
Chronic kidney disease 2352 (4.35)
Stroke 6327 (11.70)
Ischemic heart disease 8299 (15.35)
Obesity 516 (0.95)
Liver cirrhosis 723 (1.34)
Atrial fibrillation 2642 (4.89)
Medication use
PCAB 2120 (3.92)
PPI 9049 (16.74)
H2RA 5848 (10.82)
Metformin 3791 (7.01)
Statin 18,573 (34.36)
Aspirin 3400 (6.29)
NSAIDs 44,536 (82.39)
Gastric cancer development 568 (1.05)
Cardia 6 (0.03)
Non-cardia 552 (1.02)

NSAIDs, nonsteroidal anti-inflammatory drugs.

The adjusted HRs for PCAB use >3 years and high-dose
PCAB use were 2.36 (95% CI, 1.30-4.26; P = .004) and
3.01 (95% CI, 1.66-5.48; P < .001), respectively,
compared with the H2RA use group. The Cochran-
Armitage trend test demonstrated a duration/dose-
dependent relationship between PCAB usage and GC
development (P yeng = -001 and .001, respectively).

Sensitivity Analyses

In a PS matched cohort (Table 5, Supplementary
Figures 3 and 4), PCAB users had comparable inci-
dence rates of GC with PPI users (Figure 1C, Table 3). In
competing risk analysis, the risk of GC incidence was
higher among PCAB users than H2RA users but compa-
rable with PPI users (Supplementary Table 3). The
findings from the 2-year lag duration analysis were
consistent with the main analysis (Supplementary
Table 4). The E-value for the observed difference in GC
incidence between PCAB users and H2RA users was 3.24,
indicating that an unmeasured confounder that was

Potassium-Competitive Acid Blockers and Gastric Cancer 1221

associated with both the exposure and outcome is un-
likely to exist according to our knowledge and previous
studies'®™?? (Supplementary Figure 5).

Discussion

In this population-based cohort study, we found that
PCAB use was associated with an increased risk of post-
eradication GC incidence when compared with H2RA use
and duration/dose response relationships were
confirmed, whereas PPI users and PCAB users showed
no significant differences in GC risk (Graphic abstract).

We recently reported the potential association be-
tween PCAB use and GC using a small sample size
database analysis.”” This population-based study pro-
vided consistent and more convincing results that PCAB
use was associated with a higher incidence of GC when
compared with H2RA use, and also the influence of both
PPIs and PCABs on GC risk exhibited a similar profile.
Both of these medications exert robust inhibitory effects
on gastric acid secretion, and their respective influences
on the incidence of GC appear to be quite comparable. To
gain a comprehensive understanding of the causal rela-
tionship between the development of GC and the use of
PPIs and PCABs, prospective cohort and/or randomized
controlled studies would be required. An exhaustive
analysis encompassing clinical variables, blood tests,
genetic profiles, and diverse racial backgrounds would
be helpful for future studies.

Recently, PCABs have been prescribed not only for Hp
eradication or treatment of peptic ulcers but also for
alleviation of several abdominal symptoms, mainly
GERD-related. Because treatment for GERD often re-
quires longer prescriptions of acid-suppressing drugs,
long-term usage of PCABs may increase in various
countries worldwide. According to the results of our
study, longer use of PCABs was particularly associated
with the increased risk of GC after Hp eradication.
Therefore, for patients at high risk of GC such as those
with a history of Hp infection, it might be better to switch
strong acid inhibitors including PCABs and PPIs to
H2RAs before reaching a lengthy prescription period (eg,
more than 3 years).

This is a population-based, large-scale cohort study to
evaluate the association between PCAB use and the
incidence of GC after Hp eradication. Nevertheless, our
study has several limitations. First, this study was
retrospective, introducing several inherent challenges,
notably selection bias and confounding. Although we
used PS matching and conducted multivariable analyses
to mitigate these biases to some extent, it is imperative to
emphasize the necessity for future prospective observa-
tional studies to provide more robust evidence. Second,
information on some potential confounders, including
diet, body mass index, and family history, was unavai-
lable in our database. However, the E-value of the
adjusted HR for PCAB use was high enough that the
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Table 2. Baseline Characteristics of PCAB/H2RA Users Before and After Propensity Score Matching

Before matching

After matching

H2RA users PCAB users H2RA users PCAB users
(n = 5848) (n = 2120) SMD (n = 2120) (n = 2120) SMD
Male 2443 (41.77) 972 (45.85) 0.082 971 (45.80) 972 (45.85) 0.001
Age, y 65.88+11.83 66.88+11.06 0.087 66.88+11.13 66.88+11.06 -.0002
Smoking 265 (4.53) 123 (5.80) 0.057 130 (6.13) 123 (5.80) -0.015
Alcohol 138 (2.36) 40 (1.89) -0.033 53 (2.50) 40 (1.89) -0.043
Comorbidities
Gastric atrophy 1668 (28.52) 728 (34.34) 0.125 733 (34.58) 728 (34.34) -0.005
PUD 3706 (63.37) 1337 (63.07) -0.006 1345 (63.44) 1337 (63.07) -0.008
HT 3643 (62.29) 1389 (65.52) 0.067 1419 (66.93) 1389 (65.52) -0.029
DM 2314 (39.57) 921 (43.44) 0.079 949 (44.76) 921 (43.44) -0.027
DL 3536 (60.47) 1345 (63.44) 0.061 1344 (63.40) 1345 (63.44) 0.001
CHF 1244 (21.27) 600 (28.30) 0.163 613 (28.92) 600 (28.30) -0.014
CKD 316 (5.40) 148 (6.98) 0.065 144 (6.79) 148 (6.98) 0.008
Stroke 910 (15.56) 409 (19.29) 0.098 402 (18.96) 409 (19.29) 0.009
IHD 1110 (18.98) 519 (24.48) 0.134 507 (23.92) 519 (24.48) 0.014
Obesity 71 (1.21) 1 (1.46) 0.022 30 (1.42) 1 (1.46) 0.004
LC 90 (1.54) 38 (1.79) 0.020 43 (2.03) 38 (1.79) -0.018
Af 318 (5.44) 170 (8.02) 0.103 173 (8.16) 170 (8.02) -0.006
Medication use
Metformin 432 (7.39) 186 (8.77) 0.051 195 (9.20) 186 (8.77) -0.016
Statin 2233 (38.18) 902 (42.55) 0.089 901 (42.50) 902 (42.55) 0.001
Aspirin 459 (7.85) 249 (11.75) 0.131 241 (11.37) 249 (11.75) 0.013
NSAIDs 5110 (87.38) 1851 (87.31) -0.002 1852 (87.36) 1851 (87.31) -0.001

Af, atrial fibrillation; CHF, chronic heart failure; CKD, chronic kidney disease; DL, dyslipidemia; DM, diabetes mellitus; HT, hypertension; IHD, ischemic heart
disease; LC, liver cirrhosis; NSAIDs, nonsteroidal anti-inflammatory drugs; PUD, peptic ulcer disease; SMD, standard mean difference.

effect of unmeasured confounders is estimated to be
quite low. Third, it is important to note that our study
exclusively focused on an almost single racial back-
ground in Japan, which may restrict the broader appli-
cability of our findings. The pathogenesis of Hp infection,
as well as the responsiveness to PPIs and PCABs, can
vary among different countries. Therefore, further vali-
dation using data from diverse racial backgrounds across
different countries is necessary to substantiate the

generalizability of our study’s outcomes. Fourth, the drug
prescription data before the study periods were un-
available, and the study periods were relatively short.
Future studies with extended observation periods are
warranted. Fifth, it is noteworthy that this study exclu-
sively incorporated vonoprazan among PCABs, which
may constrain its generalizability because other
PCABs such as linaprazan, soraprazan, revaprazan,
tegoprazan, and fexuprazan exist. Consequently, further

Table 3. Association Between PCAB/H2RA/PPI Use and GC Development in the Matched Cohort

H2RA and PCAB

matched cohort Non-GC (n = 4179) GC (n = 61) Matched HR P value
H2RA use 2099 (99.01) 1(0.99) 1

PCAB use 2080 (98.11) 40 (1.89) 1.92 (1.13-3.25) .016
PPl and PCAB

matched cohort Non-GC (n = 4155) GC (n = 85) Matched HR P value
PPI use 2075 (97.88) 45 (2.12) 1

PCAB use 2080 (98.11) 40 (1.89) 0.88 (0.58-1.35) 569

NOTE. Bold font indicates P < .050.
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Table 4. Association Between Duration/Dose of PCAB Use and GC Development in the H2RA/PCAB Matched Cohort

Non-GC (n = 4179) GC (n = 61) HR adjusted with PS P value P trend

H2RA use 2099 (99.01) 21 (0.99) 1

PCAB use < 1y 398 (99.50) 2 (0.05) 0.54 (0.13-2.31) 542 .001

1y <PCABuse <2y 467 (98.11) 9 (1.89) 2.13 (0.98-4.65) .058

2y <PCABuse <3y 348 (98.31) 6 (1.69) 1.81 (0.73-4.50) .199

3y < PCAB use 867 (97.42) 23 (2.58) 2.36 (1.30-4.26) .005
H2RA use 2099 (99.01) 21 (0.99) 1

Low-dose PCAB use 1343 (98.68) 18 (1.32) 1.32 (0.70-2.47) .395 .001

High-dose PCAB use 737 (97.10) 22 (2.90) 3.01 (1.66-5.48) <.001

NOTE. Bold font indicates P < .050.

investigations are warranted to evaluate the class effect
of PCABs in future research. Finally, the determination of
successful Hp eradication may not be completely accu-
rate because of the lack of laboratory data including Hp
antigen in stool, antibody, and urea breath test. However,
Japanese public insurance covered second regimens for
all patients who failed to first regimens. Furthermore, the
ratio of second regimen prescriptions compared with the
first regimen in our database is approximately 15%,
aligning with the rate of unsuccessful Hp eradication in
Japan.*’ Hence, the majority of patients who do not
successfully eradicate Hp with the initial regimen

undergo a second regimen. Consequently, our criteria for
successful Hp eradication should have reasonable reli-
ability. However, further studies incorporating compre-
hensive laboratory data for detailed Hp profiles are
necessary to validate these findings.

In conclusion, PCABs were associated with an
increased risk for GC in Hp-eradicated patients, with
duration/dose response effects. Although the effects of
PCABs on GC risk in general population remains to be
elucidated, greater attention should be given to long-
term prescription of PCABs in patients after Hp
eradication.

Table 5. Baseline Characteristics of PCAB/PPI Users Before and After Propensity Score Matching

Before matching

After matching

PPI users PCAB users PPI users PCAB users
(n = 9049) (n = 2120) SMD (n = 2120) (n = 2120) SMD
Male 4116 (45.49) 972 (45.85) 0.007 969 (45.71) 972 (45.85) 0.003
Age, y 65.88+11.83 66.88+11.06 -0.119 66.88+11.13 66.88+11.06 0.027
Smoking 265 (4.53) 123 (5.80) -0.016 129 (6.08) 123 (5.80) -0.012
Alcohol 138 (2.36) 40 (1.89) -0.040 42 (1.98) 40 (1.89) -0.006
Comorbidities
Gastric atrophy 3193 (35.29) 728 (34.34) -0.020 723 (34.10) 728 (34.34) 0.005
PUD 5132 (56.71) 1337 (63.07) 0.130 1333 (62.88) 1337 (63.07) 0.004
HT 6426 (71.01) 1389 (65.52) -0.118 1364 (64.34) 1389 (65.52) 0.025
DM 4349 (48.06) 921 (43.44) -0.093 935 (44.10) 921 (43.44) -0.013
DL 5998 (66.28) 1345 (63.44) -0.060 1353 (63.82) 1345 (63.44) -0.008
CHF 2831 (31.29) 600 (28.30) -0.065 568 (26.79) 600 (28.30) 0.033
CKD 672 (7.43) 148 (6.98) -0.017 133 (6.27) 148 (6.98) 0.027
Stroke 1875 (20.72) 409 (19.29) -0.036 397 (18.73) 409 (19.29) 0.014
IHD 2593 (28.66) 519 (24.48) -0.095 532 (25.09) 519 (24.48) -0.014
Obesity 106 (1.17) 1 (1.46) 0.026 9 (1.37) 31 (1.46) 0.008
LC 198 (2.19) 38 (1.79) -0.028 42 (1.98) 38 (1.79) -0.014
Af 911 (10.07) 170 (8.02) -0.072 177 (8.35) 170 (8.02) -0.012
Medication use
Metformin 863 (9.54) 186 (8.77) -0.026 181 (8.54) 186 (8.77) 0.008
Statin 4133 (45.67) 902 (42.55) -0.063 910 (42.92) 902 (42.55) -0.008
Aspirin 1462 (16.16) 249 (11.75) -0.128 242 (11.42) 249 (11.75) 0.010
NSAIDs 7933 (87.67) 1851 (87.31) -0.011 1852 (87.36) 1851 (87.31) -0.001

Af, atrial fibrillation; CHF, chronic heart failure; CKD, chronic kidney disease; DL, dyslipidemia; DM, diabetes mellitus; HT, hypertension; IHD, ischemic heart
disease; LC, liver cirrhosis; NSAIDs, nonsteroidal anti-inflammatory drugs; PUD, peptic ulcer disease; SMD, standard mean difference.
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Supplementary Methods

Propensity Score Matching

We conducted a one-to-one PS score matching anal-
ysis based on estimated PSs for each patient, pairing
PCAB users with H2RA users and PPI users. This
approach was conducted to achieve covariate balance
between the 2 groups and avoid the problem of off-
support inference, ie, the method focuses on common
support regions (in contrast to multivariate adjustment)
and does not depend on unreliable extrapolations in
regions where the treatment and control groups have
very different covariate distributions. To calculate the PS,
we used a logistic regression model that considered

Clinical Gastroenterology and Hepatology Vol. 22, Iss. 6

patient demographic factors, including age, gender,
smoking, alcohol consumption, 12 comorbidities, and 5
medications, to predict PCAB use as opposed to H2RA
use and PPI use. For each PCAB user, an appropriate
match from the H2RA and PPI user groups was identi-
fied. This matching process aimed to pair patients with
the most similar estimated PSs on the logit scale, with the
calliper widths set at <0.2 of the pooled standard devi-
ation of estimated logits." The distribution of PSs before
and after matching is shown in Supplementary Figure 3.

Reference

1. Austin PC. Optimal caliper widths for propensity-score matching
when estimating differences in means and differences in proportions
in observational studies. Pharmaceut Stat 2011;10:150-161.
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8.5 million (2020)

The National Health Insurance 15.2%
Age < 75 > . Accumulated patients
(n = 29.3 million) : 11.0 million

(about 10% of the Japanese population)

Supplementary Figure 1. The construction scheme of the database.
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Supplementary Figure 3. Distribution of propensity score for PCAB/H2RA users (A) before and (B) after matching and PCAB/
PPI users (C) before and (D) after matching.
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Supplementary Figure 4. Standardized
differences plot for PCAB users and PPI
users before and after propensity score
matching. af, atrial fibrillation; chf,
chronic heart failure; ckd, chronic kidney
disease; dl, dyslipidemia; dm, diabetes
mellitus; ht, hypertension; ihd, ischemic
heart disease; Ic, liver cirrhosis; nsaids,
nonsteroidal anti-inflammatory drugs;
PUD, peptic ulcer disease.
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Supplementary Figure 5. Calculation of the E-value for the
adjusted hazard ratio of PCAB use compared with H2RA use
for gastric cancer incidence.

Supplementary Table 1. Specific Medication Lists That Are
Included Under the PCAB, PPI, and
H2RA Categories

Categories Medication lists

PCAB Vonoprazan

PPI Esomeprazole, lansoprazole, omeprazole,
rabeprazole

H2RA Famotidine, ranitidine, cimetidine,

roxatidine, nizatidine, lafutidine
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Supplementary Table 2. Association Between PCAB Use and GC Development According to the Site of GC

Non-GC at cardia

(n = 4236) GC at cardia (n = 4) Matched HR P value
H2RA use 2119 (99.95) 1 (0.05) 1
PCAB use 2117 (99.86) 3 (0.14) 2.97 (0.31-28.57) .346
Non-GC at non- GC at non-cardia
cardia (n = 4183) (n = 57) Matched HR P value
H2RA use 2100 (99.06) 20 (0.94) 1
PCAB use 2083 (98.25) 37 (1.75) 1.86 (1.08-3.21) .025

NOTE. Bold font indicates P < .050.

Supplementary Table 3. Association Between PCAB and H2RA/PPI Use and GC Development in the Matched Cohort

H2RA and PCAB

Fine-Gray

matched cohort Non-GC (n = 4179) GC (n = 61) Death (n = 110) subdistribution HR P value
H2RA use 2049 (96.65) 21 (0.99) 50 (2.36) 1

PCAB use 2020 (95.28) 40 (1.89) 60 (2.83) 1.92 (1.13-3.25) .016
PPl and PCAB Fine-Gray

matched cohort Non-GC (n = 4155) GC (n = 85) Death (n = 149) subdistribution HR P value
PPI use 1986 (93.68) 45 (2.12) 89 (4.20) 1

PCAB use 2020 (95.28) 40 (1.89) 60 (2.83) 0.89 (0.58-1.36) 586

NOTE. Bold font indicates P < .050.
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Supplementary Table 4. Association Between PCAB/H2RA and GC Development in the Matched Cohort After Excluding
Patients Whose Follow-up Period Was Less Than 2 Years

H2RA and PCAB matched cohort Non-GC (n = 4042) GC (n = 45) Matched HR P value
H2RA use 2007 (99.31) 14 (0.69) 1
PCAB use 1990 (98.47) 31 (1.53) 2.25 (1.20-4.23) 012

NOTE. Bold font indicates P < .050.
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