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Abstract
Background: This study aimed to systematically analyze the association between long-term use of proton pump inhib@
(PPIs) and the risk of gastric cancer (GC).

Methods: We performed a systematic search of articles on the relationship between long-term use of PPIs and the risk of GC
from PubMed and EMBASE. We calculated the pooled odds ratio of GC in PPl users compared to non-PPI users using random-
effects models.

Results: This meta-analysis included 18 studies from 20 different databases with 4348,905 patients enrolled. In the random
effects model, we found that an increased risk of GC among PPl users (OR = 1.94; 95% CI [1.43, 2.64]). The long-term use of
PPIs compared with histamine-2 receptor antagonist users did not increase the risk of GC (OR = 1.65; 95% ClI [0.92, 2.97]).
Stratified analysis showed that PPI users had a significantly increased risk of noncardia GC (OR = 2.53; 95% CI [2.03, 3.15]), but
had a relatively small relationship with the risk of gastric cardia cancer. (OR =1.79; 95% CI [1.06, 3.03]). With the extension of
PPI use time, the estimated risk value decreases (<1 year: OR = 6.33, 95% CI [3.76, 10.65]; 1-3 years: OR = 1.82, 95% ClI [1.30,
2.55]; >3 years: OR = 1.25, 95% CI [1.00, 1.56]). Despite Helicobacter pylori eradication, the long-term use of PPIs did not alter
the increased risk of GC (OR = 2.29; 95% ClI [1.57, 3.33]).

Conclusion: Our meta-analysis found that PPl use may be associated with an increased risk of GC. Further research on the
causal relationship between these factors is necessary.

Abbreviations: Cl| = confidence interval, ECL = enterochromaffin-like, GC = gastric cancer, H. pylori = Helicobacter pylori, H2RAs
= histamine-2 receptor antagonists, OR = odds ratio, PPIs = proton pump inhibitors, ROBINS-I = Risk Of Bias In Nonrandomized

Studies— of Interventions.
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1. Introduction

Gastric cancer (GC) is among the most prevalent cancers world-
wide. According to the 2018 GLOBOCAN report, its incidence
ranks fifth among all cancers and its mortality ranks third among
cancers worldwide.!'l However, there are large differences in the
epidemiological trends of GC among different regions. The inci-
dence and mortality rates of GC in East Asia are the highest,
whereas those in North America and Northern Europe are low.?!
Helicobacter pylori (H. pylori) has been listed as a class I carcin-
ogen by the World Health Organization and is the most common
risk factor for GC.B! The main risk factors for cardia GC include
obesity and gastroesophageal reflux disease, while the main risk
factors for noncardia GC include H. pylori infection, high salt
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intake, and smoked food intake.! It is estimated that nearly
90% of noncardia GC cases (75% of all GC) can be attributed
to H. pylori infection.”) However, H. pylori eradication cannot
completely prevent the development of GC. Therefore, it is nec-
essary to identify the potential risk factors for GC.I¥!
Acid-suppressing drugs include proton pump inhibitors (PPIs)
and histamine-2 receptor antagonists (H2RAs). PPIs are irrevers-
ible inhibitors of gastric H+/K+/ATP enzymes in parietal cells.
They are the most common prescription drugs in the world.”! PPIs
are more effective inhibitors of gastric acid secretion than H2R As.
They are widely used in the treatment of acid-related upper gas-
trointestinal diseases, including gastroesophageal reflux disease,
peptic ulcer and H. pylori infection. However, a large number of
observational studies have raised concerns about adverse events
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related to PPIs, which can cause several conditions, including
intestinal infection, GC, overgrowth of bacteria in the upper gas-
trointestinal tract, and imbalance in intestinal microbiota.!®! The
long-term use of PPIs can accelerate or induce the progression of
gastric atrophy and lead to hypergastrinemia, thus increasing the
risk of GC.>'% Although previous meta-analyses have elaborated
on the risk relationship between PPIs and GC, the results have
been controversial. In recent years, research on their relationship
has been ongoing, and a large amount of new data can be used to
further analyze the relationship between PPIs and GC.

2. Method

This systematic review and meta-analysis was conducted accord-
ing to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement.!!!!

2.1. Data source and search strategy

All studies published up to January 2022 were searched
from Embase and PubMed using MeSH terms and free
words. Comprehensive search terms are listed in Appendix 1,
Supplemental Digital Content, http://links.lww.com/MD/I90.

2.2. Study selection

The 2 authors (HG and LL) independently selected articles to
be included and conducted critical assessments. Discrepancies
were resolved by reaching a consensus with the senior author
(YZ). Eligible studies were selected according to the following
inclusion criteria: they are studies on the relationship between
PPIs and GC, the incidence of GC in the control and case
groups can be extracted when exposed to or not exposed to
PPIs, the odds ratio (OR) or relative risk and 95% confidence
interval (95% CI) can be directly or indirectly calculated. The
exclusion criteria are The literature cannot provide valid data,
the repeated study of the same population sample, and the sec-
ondary data analysis literature such as review or meta-analysis.

2.3. Data extraction

Data extraction was independently completed by the 2 research-
ers (HQ Gao and LN Li)). First of all, after the thorough review
of the title and abstract, obtain the full-text literature which meets
the inclusion criteria. Two sides discuss for the controversial lit-
erature and seek the third senior researcher (YZ) to make a final
decision if controversies were meet. The following data were
extracted from each article: first author’s name, year of publica-
tion, study country, study type, control group, H. pylori infection
status and number of control and case groups, as well as related
measurement indicators (OR or relative risk and 95% CI).

2.4. Quality assessment

Two authors (HG and LL) independently evaluated the quality
of the articles. Discrepancies were resolved by reaching a con-
sensus with the senior author (YZ). The quality of the literature
was evaluated using the Newecastle-Ottawa Scale.!'?! The scale
was evaluated from study population selection (4 points), inter-
group comparability (2 points), and exposure or outcome eval-
uation (3 points). The total score is 9 points, with higher scores
indicating better methodological quality.

2.5. Risk of bias assessment

The 2 authors (HG and LL) performed the risk assessment
of the included studies. Any disputes or inconsistencies were
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discussed in the group to achieve a consistent result. The
risk of bias was evaluated by the ROBINS-I (Risk Of Bias In
Nonrandomized Studies—of Interventions) tool.'3! Based on
the risk of bias of 7 different domains, the overall bias risk
for each outcome and study was estimated. It is divided into 3
parts: preintervention (bias due to confounding, bias in selec-
tion of participants into the study), at intervention (bias in
classification of interventions), and postintervention (bias due
to deviations from intended interventions, bias due to missing
data, bias in measurement of outcomes, and bias in selection of
the reported result).

2.6. Statistical analysis

The relationship between PPIs and GC was summarized by the
binary method. OR and 95% CI were calculated for each study.
To investigate the sources of heterogeneity, we carried out the
following tests: heterogeneity tests, subgroup analysis, and sen-
sitivity analysis. The heterogeneity of each study was statisti-
cally analyzed by O test and I? test. When I* was 0 to 40%, it
means littler no heterogeneity, 30 to 60% means moderate het-
erogeneity, 50 to 90% indicates substantial heterogeneity, and
75 to 100% indicates considerable heterogeneity.'¥ The ran-
dom effects model is used to pool the analysis,!"! and subgroup
analysis is carried out according to the factors that may cause
heterogeneity (study type, control group, H. pylori infection sta-
tus, and GC site, etc). Sensitivity analysis verifies the stability of
the results by eliminating each study one by one. Assessment of
potential publication bias was made using Peters regression and
funnel plots. Data collation and analysis were performed using
Stata13.1 software.

3. Result

3.1. Study selection and characteristics

Based on the inclusion and exclusion criteria, 18 studies were
included in our analysis."*3%1 The flow diagram of the system-
atic review is shown in Figure 1. Table 1 summarizes the base-
line characteristics of the included studies. There were a total of
20 different databases. These studies were classified according
to different research databases, including 8 case—control stud-
iesl21-242831-331 and 12 cohort studies.'6-2125-272%301 The studies
were conducted in different regions: 7 from Europe (the UK,
Denmark, and Sweden),16-21:25:28-30.331 3 from North America
(the USA and Canada),?**'? and 8 from Asia (Japan, China
[Hong Kong], China [Taiwan], Republic of Korea, and Isr
ael).17-2023.2426271 Nine of these studies compared the effect
of H2RA users as a control group on GC risk.!6-18:23.25,26,28-30]
Another 13 studies used non-PPI users as controls.[18-222426,27,31-33]
Most studies did not report the type and dose of PPIs. With
regard to the status of H. pylori infection, 3 studies showed that
it had been completely eradicated in the study population,!'8:26:27]
5 studies showed partial eradication,!'*-13% 2 studies showed
partial infection of the study population,?**! and the other
11 studies did not report the infection status.'$20-23:25.28,31-33]
According to the Newcastle Ottawa Scale, eleven studies were
ranked as Very good’[16—19,21,22,24,27,29,30] 8 as good’[20,21,23,25,26,28,31,33]
and one as satisfactory®?(Table S1, Supplemental Digital
Content, http:/links.lww.com/MD/I87).

3.2. Risk of bias within studies

According to the ROBINS-I tool, 2 studies had a serious risk of
bias,2%2¢ twelve studies had a moderate risk of bias,!'*21-25:28:30-
3l and 6 of the other studies had a low risk of bias!'6-1827:2l
(Table S2, Supplemental Digital Content, http:/links.lww.com/
MD/I188).
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Figure 1. Flowchart showing selection of publications for review.

Characteristics of literatures included in the meta-analysis.

Observation Exposure Control Hp infection
First author Area Study type period Control group data(T/C) data(T/C) status
Rodriguez et al 2006 Britain Case—control 1994-2001 Non-PPI users 442/43 9851/464 Not reported
Crane et al 2007 America Case—control 1971-2000 Non-PPI users 11/2 231/119 Not reported
Tamim et al 2008 Canada Case—control 1995-2003 Non-PPI users 1299/234 6930/837 Not reported
Poulsen et al 2009 Denmark Cohort 1990-2003 H2RA users 18790/109 17478/52 Partial eradication
Brusselaers Sweden Cohort 2005-2012 H2RA users 797067/2219 20210/12 Partial infection
etal 2017
Wennerstrom Denmark Case-control 1995-2011 H2RA users 1179202/1347 384658/703  Not reported
etal2017
Niikura Japan Cohort 1998-2017 Non-PPI users 118/13 415/8 Total eradication
etal 2017
Niikura Japan Cohort 1998-2017 H2RA users 118/13 38/3 Total eradication
etal 2017
Cheung China Hongkong Cohort 2003-2012 Non-PPI users 327119 60126/134  Total eradication
etal 2018
Peng et al 2019 China Taiwan Case-control 1996-2011 H2RA users 1693/- 429/- Not reported
Brusselaers Sweden Cohort 2005-2012 H2RA users 796492/- N/A Not reported
etal 2019
Laietal 2019 China Taiwan Case-control 2000-2013 Non-PPI users 539/308 759/341 Partial infection
Lee et al 2020 America Case-control 1996-2016 Non-PPI users 937/164 10839/1069  Not reported
Liu et al 2020 Britain (PCCIU) Case-control 1999-2011 Non-PPI users 1542/329 6513/1119  Not reported
Liu et al 2020 Britain (UK Biobank) Cohort 1999-2014 Non-PPI users 46146/44 425633/206  Not reported
Seo et al 2021 Korean (NHIS-CDM database) Cohort 2002-2013 Non-PPI users 11741118 11741/40 Partial eradication
Seo et al 2021 Korean (NHIS-CDM database) Cohort 2002-2013 H2RA users 5067/9 5067/6 Not reported
Seo et al 2021 Korean (NHIS-NSC database) Cohort 2002-2013 Non-PPI users 3256/- 3256/- Total eradication
Kei-Yan Ng China Hongkong Cohort 2004-2017 Non-PPI users 6738/17 6738/7 Partial eradication
etal 2021
Gingold-Belfer et al 2021 Israel Cohort 2002-2016 Non-PPI users 11008/72 40397/125  Not reported
Shin et al 2021 Korean Cohort 2004-2015 H2RA users 38512/421 38512/396  Partial eradication
Abrahami et al 2022 Britain Cohort 1990-2018 H2RA users 973281/1166 198306/244  Partial eradication

PPI: proton pump inhibitor, H2RA: histamine 2 receptor antagonist, Hp: Helicobacter pylori, T: total number, C:cases.
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Study %
D OR (95% Cl) Weight
Rodriguez et al. 2006 —— 218(1.57,3.03) 5.03
Crane et al. 2007 - ~+ 5.08 (0.24, 107.01) 0.85
Tamim et al. 2008 -~ 160 (1.36,1.88) 526
Poulsen et al. 2009 — 1.96 (1.40,2.72) 5.03
Brusselaers et al. 2017 | —— 4.70 (266, 8.29) 4.51
Wennerstrom et al. 2017 ; 0.63(0.57,068) 531
Niikura et al. 2017 | ——— 6.30 (2.54, 15.59) 3.64
Niikura et al. 2017 _— 1.44(0.39,5.37) 270
Cheung et al. 2018 —_— 262(162,424) 472
Peng et al. 2019 = 248 (1.92,3.20) 5.15
Brusselaers et al. 2019 : . 297 (283,3.10) 533
Laiet al 2019 - 163(1.31,204) 5.19
Lee et al. 2020 = 194 (162,232) 524
Liu et al. 2020(PCCIU) - : 131(1.14,150) 528
Liu et al. 2020(UK Biobank) N 197 (1.42,273) 5.03
Seo et al. 2021(NHIS-CDM) - 297 (2.07,4.26) 4.97
Seo et al. 2021(NHIS-CDM) T T— 1.50 (0.53,422) 3.33
Seo et al. 2021(Original NHIS-NSC) —im 222(1.05,467) 4.06
Kei-Yan Ng et al. 2021 —t— 243(1.01,587) 311
Gingold-Belfer et al. 2021 — 212(1.59,284) 509
Shin et al. 2021 - 106 (0.93,122) 528
Abrahami et al. 2022 - : 0.97 (0.85,1.12) 528
Overall (l-squared = 98.2%, p = 0.000) <D 1.94 (1.43,264) 100.00
NOTE: Weights are from random effects analysis i
T T
.00935 1 107

Figure 2. Meta-analysis of the association between long-term use of proton pump inhibitors and the risk of gastric cancer. Each horizontal bar summarizes a
study. Bars represent 95% Cls. Gray squares inform on each of the studies’ weight in the meta-analysis. Diamond in the lower part of the graph depicts the

pooled estimate along with 95% Cls.

3.3. Relationship between PPIls and risk of GC

Our meta-analysis of all 22 studies showed that PPI users had an
increased risk of GC (OR = 1.94;95% CI [1.43,2.64]),as shown
in Figure 2. Subgroup analysis showed that long-term use of PPIs
did not increase the risk of GC compared to H2RA (OR = 1.635;
95% CI[0.92, 2.97]). Compared with non-PPI users, PPI users
had a significantly increased risk of GC (OR =2.00; 95% CI
[1.69, 2.36]), as shown in Figure 3. When grouped based on
the study type, significant differences were found in the increase
in GC risk among PPI users (case-control study: OR =1.58;
95% CI [1.03, 2.43]; cohort study: OR = 2.18; 95% CI [1.53,
3.12]). In addition, there were 6 studies!?!:2327:2%31331 that could
perform a subgroup analysis of the location of GC. The results
showed that the use of PPIs was more closely associated with
noncardia GC (OR =2.53; 95% CI [2.03, 3.15]), while it had
a relatively weak relationship with cardia GC (OR = 1.79; 95%
CI [1.06, 3.03]), as shown in Figure 4. Subgroup analysis of
the duration of PPI use showed that the duration of PPI use
did not show a time-dependent trend (<1 year: OR =6.33,
95% CI [3.76, 10.65]; 1=3 years: OR = 1.82, 95% CI [1.30,
2.55]; >3 years: OR = 1.25, 95% CI [1.00, 1.56]), as shown in
Figure 5. Regarding the effect of H. pylori infection status on
the relationship between PPI use and GC risk, our meta-analysis
found that 6 studies!'”+1826:273% performed a statistical analysis of
the post-bacterial population. The results showed that despite
H. pylori eradication, the increased risk of long-term use of
PPIs for GC could not be changed (OR =2.29; 95% CI [1.57,
3.33]), as shown in Figure 6. In addition, we used the method

of eliminating each study individually to analyze the sensitiv-
ity and evaluate the impact of a research result on the overall
results. The results showed that after excluding one study, the
pooling effect of the remaining studies was the same as the orig-
inal total pooling effect, and the OR value of each group was
similar to that before excluding one study. None of the studies
had a significant impact on the total pooling effect. This con-
firms the stability of our results.

3.4. Publication bias

Publication bias was tested using Peters regression combined
with funnel plots. The results of the funnel plot showed asym-
metric signs (Figure S1, Supplemental Digital Content, http://
links.Iww.com/MD/I89), suggesting that publication bias may
exist. However, when we used the trim and fill method to
identify and correct the asymmetry of the funnel plot caused
by publication bias, there was no possibility of performing the
fill statistics, indicating that no publication bias was detected.
Peters’ test showed that the P-value was 0.908, indicating that
the difference was not statistically significant, and there was no
significant publication bias in the whole study.

4. Discussion

We aimed to compare the risk relationship between the long-
term use of PPIs and GC. This meta-analysis was based on 18
studies from 20 different databases with 4348,905 patients,
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A Non-PPI users
Study %
D OR (5% CI) Weight
Rodriguez et al. 2006 — 2.18(1.57,3.03) 9.00
Crane et al. 2007 - 5.08 (0.24, 107.01)0.29
Tamim et al. 2008 - 1.60 (1.36, 1.88) 12.27
Niikura et al. 2017 | ——— 6.30 (2.54, 15.59) 2.72
Cheung et al. 2018 k— 262(1.62,424) 641
Lai et al. 2019 — 163 (1.31,2.04) 11.08
Lee et al. 2020 - 1.94 (1.62,2.32) 119N
Liu et al. 2020(PCCIU) - 1.31(1.14,150) 12562
Liu et al. 2020(UK Biobank) —— 1.97 (1.42,2.73) 9.04
Seo et al. 2021(NHIS-CDM) —— 2.97(2.07,4.26) 8.41
Seo et al. 2021(Original NHIS-NSC) ——— 2.22(1.05,4.67) 3.67
Kei-Yan Ng et al. 2021 —Lt— 243(1.01,5.87) 2.84
Gingold-Belfer et al. 2021 — 212(1.59,2.84) 9.73
Qverall (l-squared = 72.6%, p = 0.000) (} 2.00 (1.69, 2.36) 100.00
NOTE: Weights are from random effects analysis :
A00|935 1 1(IJ]'
B H2RA users
Study %
D OR (95% CI) Weight

Poulsen et al. 2009
Brusselaers et al. 2017

Wennerstrom et al. 2017 -

Niikura et al. 2017
Peng et al. 2019

Brusselaers et al. 2019

—_ 1.96 (1.40, 2.72) 11.79
—————— 470(266,8.29) 10.99

0.63 (0.57, 0.68) 12.21

1.44 (0.39, 5.37) 7.59

—— 2.48(1.92,3.20) 11.97

» 2.97 (2.83,3.10) 12.24

Seo et al. 2021(NHIS-CDM)

Shin et al. 2021 -

Abrahami et al. 2022

Overall (l-squared = 99.3%, p = 0.000) <

NOTE: Weights are from random effects analysis

1.50 (0.53, 4.22) 8.87
1.06 (0.93, 1.22) 1217
0.97 (0.85, 1.12) 12.17
1.65 (0.92, 2.97) 100.00

T
121

T
8.29

Figure 3. Meta-analysis of the association between long-term use of proton pump inhibitors and the risk of gastric cancer stratified by control group. Each
horizontal bar summarizes a study. Bars represent 95% Cls. Gray squares inform on each of the studies’ weight in the meta-analysis. Diamond in the lower part

of the graph depicts the pooled estimate along with 95% Cls.

which makes the current study much larger than previous stud-
ies. We found that the overall risk of GC significantly increased
with the long-term use of PPIs compared to the control group.
According to the stratification of the control group, there was
no significant difference between the long-term use of PPIs and
that of H2R As, while the risk of GC was significantly increased
compared with non-PPI users.

This may be because PPIs or H2RAs can reduce gastric acid
by modulating competitive inhibitors of H+/K+/ATP enzymes
or histamine-binding sites in gastric parietal cells. The result-
ing decrease in gastric acid levels may lead to increased bac-
terial colonization and an increase in the number of bacteria
producing nitrosamines?®**! and compounds associated with
an increased risk of gastric adenocarcinoma.¥ In vivo and in

vitro studies have shown that nitrosamine compounds promote
gastric tumorigenesis by upregulating prostaglandin receptor
subtypes EP2 and EP4, stimulating vascular endothelial growth
factor and angiogenesis, and inhibiting apoptosis.*”! In addition,
the decrease in acidity opens the positive feedback of the gastric
acid cascade, triggers the release of gastrin, and stimulates enter-
ochromaffin-like (ECL) cells to release histamine.*® If acid secre-
tion does not return to a level sufficient to counteract this reflex,
it leads to hypergastrinemia. Hypergastrinemia occurs rapidly
after PPIs use, and 80 to 100% of patients develop hypergas-
trinemia after long-term use of PPIs.***?I Gastrin also stimulates
ECL cell proliferation and increases the incidence of atrophic
gastritis and gastric polyps, which are precancerous lesions of
GC.#341 Although there is current evidence that tumor-related
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A Non-cardia gastric cancer
Study %
D OR (95% Cl) Weight
i
Rodriguez et al. 2006 —--;— 2.31(1.55,3.44) 3041
Tamim et al. 2008 —":— 196(1.22,317)  21.20
Brusselaers et al. 2017 —;—-t— 3.81(2.11, 6.90) 13.77
Cheung et al. 2018 + 2.59(1.42,4.72) 13.40
Peng et al. 2019 : 3.33(149,745) 746
Liu et al. 2020(UK Biobank) + 2.53 (1.40, 4.58) 13.76
Overall (I-squared = 0.0%, p = 0.610) @ 253(2.03,3.15  100.00
NOTE: Weights are from random effects analysis 3
T ’ T
134 1 745
B Cardia gastric cancer
Study %
D OR (95% CI) Weight
Rodriguez et al. 2006 —-r— 1.89 (1.08,3.32) 2222
Tamim etal. 2008 —_— E 0.58 (0.26, 1.32) 17.40
Brusselaers et al. 2017 ; } 14.39(2.02, 102.21) 579
Cheung et al. 2018 —;0— 1.97 (0.57,6.82) 11.20
Peng et al. 2019 —E-O-— 258(1.38,4.83) 20.92
Liu et al. 2020(UK Biobank) —-0;-— 1.61(0.93,2.79) 22.46
Overall (l-squared = 62.1%, p = 0.022) @ 1.79 (1.06, 3.03) 100.00
NOTE: Weights are from random effects analysis E
T : T

00977

102

Figure 4. Meta-analysis of the association between long-term use of proton pump inhibitors and the risk of gastric cancer (GC) stratified by GC site. Each
horizontal bar summarizes a study. Bars represent 95% Cls. Gray squares inform on each of the studies’ weight in the meta-analysis. Diamond in the lower part

of the graph depicts the pooled estimate along with 95% Cls.

growth effects are caused by hypergastrinemia and that gastrin
plays a role in the growth or pathogenesis of human chronic
hypergastrinemia, this evidence is not convincing and remains
controversial. The ability of PPI use to cause chronic hypergas-
trinemia and changes in gastric ECL cell proliferation in humans
or GC in rodents has not been demonstrated in humans with
long-term use of PPIs for < 5 years. The experimental results of
the effect of gastrin on the growth of many other cancers have
also sparked a debate about its long-term and lifelong safety.
Additionally, the National Institute of Diabetes and Digestive
and Kidney Diseases argues that chronic hypergastrinemia does
not increase the risk of GC.**!

In addition, according to the stratification of the location of
GC, the long-term use of PPIs significantly increased the risk
of noncardia GC, but there was no significant increasing trend
in the risk of cardia GC. The etiology of GC differs from that
of noncardiac GC. Most noncardia GCs are related to peptic

ulcers and chronic mucosal infections caused by H. pylori,1**!
whereas cardia GC is mostly related to gastroesophageal reflux,
obesity, smoking, alcoholism, and low intake of fruits and veg-
etables. PPIs are suitable for the treatment of gastroesophageal
reflux disease.*d! Therefore, many patients with Barrett’s esoph-
agus receive PPIs therapy. The incidence of dysplasia was lower
in patients with Barrett’s esophagus treated with PPIs, which
may weaken the effect of PPIs on cardiac carcinogenesis./**!
This may explain the relationship between the long-term use
of PPIs and the risk of noncardia GC. However, recent data
suggest that some patients with Barrett’s esophagus are more
likely to develop adenocarcinoma due to the hypergastrinemia
caused by PPIs use upon reaching a certain gastrin threshold
level.* In vitro studies have shown that gastrin interacts with
CCK2R and increases cyclooxygenase-2, induces apoptosis,
prostaglandin E2 release, and leads to Barrett’s esophagus cell
proliferation.*” Prostaglandins can lead to the final progression
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Figure 5. Meta-analysis of the association between long-term use of proton
pump inhibitors and the risk of gastric cancer stratified by duration of PPI
use. Each horizontal bar summarizes a study. Bars represent 95% Cls. Gray
squares inform on each of the studies’ weight in the meta-analysis. Diamond
in the lower part of the graph depicts the pooled estimate along with 95% Cils.

of adenocarcinoma by stimulating cell division, inducing angio-
genesis, and inhibiting apoptosis.’'l At present, the number of
relevant studies on the relationship between the long-term use
of PPIs and the risk of gastric cardia cancer is still limited, and
its potential adverse consequences cannot be ignored.

As we all know, H. pylori has been listed as class I carcinogen.
It is estimated that at least 50% of the world’s population is
infected.’? Meining et ali®! suggested that H. pylori may lead
to the formation of gastric adenocarcinoma by causing severe
gastric inflammation and complete gastric atrophy. Studies have
shown that gene polymorphisms of proinflammatory mediators
(IL-1B, IL-01RN, IL-10, TNF-a) increased the risk of noncar-
dia GC in the case of H. pylori infection.* Our study found
that the long-term use of PPIs increased the risk of GC even
after H. pylori eradication. On one hand, it may lead to the
overgrowth of non-H. pylori bacteria due to the acid-suppres-
sive effect of PPIs.’>%¢ In the context of a compromised gas-
tric mucosal barrier (secondary to H. pylori infection), resident
non-H. pylori bacteria develop pathogenic properties that allow
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them to adhere to and penetrate the mucosa. In addition, it has
been suggested that non-H. pylori and its byproducts may act
as a persistent antigenic stimulus to enhance the inflammatory
response caused by H. pylori infection.’”*8) Cumulative dam-
age to the gastric mucosa caused by double infection with H.
pylori and non-H. pylori bacteria may lead to the development
of atrophic gastritis and eventually GC in the long term. In con-
trast, among non-PPI users, H. pylori mainly colonizes the gas-
tric antrum, which may easily lead to antral gastritis. Owing to
the complete acid production of the remaining stomach, its per-
sistent acidic environment makes it difficult for H. pylori to sur-
vive, making it difficult to infect. However, once gastric acid is
inhibited by PPIs, H. pylori colonization spreads to the corpus,
leading to corpus-dominant gastritis and accelerated progres-
sion of atrophic gastritis and pangastritis.*”! In addition, even if
the infection was eradicated, there were still patients who failed
to eradicate H. pylori, and we were unable to determine the
infection status of H. pylori during PPI use. Therefore, some H.
pylori-positive patients were included in this study. In addition,
H. pylori-positive patients may require more PPIs for symptom
control. We believe that comparing the long-term use of PPIs in
H. pylori-negative patients with the risk of GC should not mean
that there is a causal relationship because there may be devia-
tion (subjects may still remain H. pylori-positive) and there may
be an association. However, we cannot exclude the possibility
of a causal relationship between long-term PPI use and GC risk.
Therefore, physicians should exercise caution when prescribing
long-term PPIs to these patients, even after successful H. pylori
eradication. If H. pylori is eradicated, long-term use of PPIs and
inhibition of gastric acid may be needed to prevent the occur-
rence of GC. Therefore, long-term PPI should be used with cau-
tion in high-risk areas for GC.

In addition, our study found that the risk estimate seems to be
decreasing with longer PPI use. However, the main data in the
study we included were from Brusselaers et al,*’! and they found
that the risk of GC was highest when PPIs were used for <1
year, the risk increased after 3 years of PPIs use, but decreased
after > 5 years of PPIs use. Despite being similar to the results of
our meta-analysis, these findings may be misleading because of
the significantly reduced number of relevant studies included in
the stratified analysis and the lack of a standardized PPI admin-
istration duration. Seo et al,l'"¥! Lai et al®¥ and Cheung et al?”
found a seemingly duration-dependent relationship between
the use of PPIs and the risk of GC. In other words, the longer
the duration of PPI use, the greater the risk of GC. This does
not mean that the use of maintenance PPIs can be considered
a potential independent risk factor for GC. The indications for
a long time are not consistent (especially those irrelevant to the
increased risk of GC). This may be because PPIs are beneficial to
most individuals with known cancer risk factors (such as peptic
ulcer and H. pylori infection); however, for those who do not
have gastrointestinal indications (such as aspirin and nonsteroi-
dal anti-inflammatory drug users), further research is needed.
This poses a challenge to a wide range of maintenance PPIs
treatments, especially in cases of weak indications.

Our meta-analysis showed that the long-term use of PPIs
increases the risk of GC. However, we believe that the incidence
rate of GC associated with PPI use may be due to a confusion
with the existent indications. Patients with H. pylori infection
and gastric ulcer need PPI treatment, which is also a potential
risk factor related to GC, not PPIs themselves. In fact, it is nec-
essary to clarify whether PPIs are an independent risk factor for
GC, whether they have a synergistic effect with H. pylori infec-
tion, or whether they are overestimated by common H. pylori
infection. Deep acid inhibition may accelerate the progression of
atrophic gastritis caused by chronic H. pylori infection, but PPIs
can also inhibit the growth and bacterial activity of H. pylori.

Compared to the latest meta-analysis, we analyzed 20 dif-
ferent databases, including 6 additional studies and more than



Gao et al. ® Medicine (2022) 101:49

Medicine

Study

Poulsen et al. 2009

Niikura et al. 2017

Nikura et al. 2017

Cheung et al. 2018

Seo et al. 2021(Original NHIS-NSC)

Shin et al. 2021

Qverall (-squared = 48.5%, p = 0.084)

NOTE: Weights are from random effects analysis

%
OR (95% CI) Weight
:
R 3.30 (1.50, 7.20) 1423
1
. 301(0.80,11.40) 658
|
)
—_—————— 355(1.45,862) 12.10

262 (162, 4.24) 2326
222 (1.05, 4.67) 1512
1.36 (0.97, 1.92) 28.72

229(1.57,3.33) 100.00

N

i
[~ E—

i
.

R S—
i
i
—=
i
i
i
i
i

T
0877

T
1 1.4

Figure 6. Meta-analysis of the association between long-term use of proton pump inhibitors and the risk of gastric cancer after Helicobacter pylori eradication.
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2500,000 additional patients. Segna et al'®” included 12 studies
(13 databases), a stratified analysis of the location of GC, and
the same number of studies. Although the same cutoff values
were used for stratified analysis based on PPI duration, our
updated meta-analysis included more studies. We additionally
analyzed the effect of PPI use on the risk of GC in the state of
H. pylori infection and further compared whether the long-term
use of H2RA, which is also an acid suppressant, increases the
risk of GC. However, Segna et al did not analyze these factors.
The other 2 recent meta-analyses Lin et al'® and Jiang et all®*!
included fewer studies. Our meta-analysis investigated more
research articles, thus increasing the reliability of our study.

However, our study also has some limitations. First, many
confounding factors were not considered in the study design
or data analysis. Risk factors beyond H. pylori infection for
noncardia GC include older age, cigarette smoking, alcohol
consumption, and familial predisposition. A positive associa-
tion between gastro-esophageal reflux disease and cardia GC
has been reported. In addition, a large prospective case-co-
hort study published in Lancet Public Health in 2021 clearly
showed that H. pylori infection is a strong risk factor not only
for noncardia cancer but also for cardia cancer in Chinese
adults. H. pylori infection causes approximately 80% of non-
cardia cancers and more than 60% of cardia cancers in this
population.!®3 It can be seen that the presence or absence of
H. pylori infection is the most important confounding factor
to study the association between the 2. Similarly, we inves-
tigated the effect of PPIs on the risk of GC after H. pylori
eradication. Our study lacked data on other important risk
factors that, if adjusted for, might have weakened the associ-
ation. However, we could not analyze these other risk factors
of GC according to the current relevant articles. In addition,
we performed an integrated meta-analysis of all the research
literature, but Asian populations have a higher risk of GC
than Western populations, and our findings may not apply to
all ethnicities. Second, the heterogeneity of the total pooled
effect was high. Although this heterogeneity can be reduced
after subgroup analysis, it also reduces the number of studies,
limiting the reliability of the data. Finally, there were clear
dose-response and time-response trends in PPI use and GC
risk. The type and dose of PPI and their time of use have not
been reported in many studies. However, we could not analyze
this in detail.

5. Conclusion

In summary, our meta-analysis found that PPI use may increase
the risk of GC. Further research on the causal relationship
between these factors is necessary. Very long-term and careful
prospective research can completely solve all the problems that
lead to the current controversy regarding the lifelong use of PPIs.
We suggested that H. pylori eradication status should be deter-
mined before starting long-term PPI treatment to reduce the risk
of severe atrophic gastritis and gastric dysplasia. In addition,
we recommend the use of the lowest effective dose of PPIs in
patients who need to maintain the treatment regimen. Forcing
withdrawal of PPIs from their maintenance regimens may result
in compromised quality of life for patients.
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