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Background. Proton pump inhibitors (PPIs) are widely used to treat digestive system diseases. Previous studies have suggested
conficting results between PPI treatment and the risk for digestive tract cancers (DTCs). Tis study aimed to assess the efect of
PPI use on DTCs by data mining of the FDA Adverse Event Reporting System (FAERS) database. Method. Tis study examined
the correlations between six PPI agents and DTCs by mining the FAERS database from January 2004 to September 2021 by using
OpenVigil 2.1. Te reporting odds ratio (ROR) defned as the ratio between the odds of reporting a specifc adverse event for one
drug divided by the corresponding odds for all other drugs, with 95% confdence intervals (CIs), was used to detect statistically
signifcant correlations between PPIs and DTCs. High-level terms (HLTs) and preferred terms (PTs) were defned by the Medical
Dictionary for Regulatory Activities 24.0 (MedDRA24.0). Result. A total of 2553 DTC adverse event reports were screened, with
positive signals obtained from gastric neoplasms malignant (GNM) (ROR: 1.09, 95% CI: 1.01–1.18) and bile duct neoplasms
malignant (BDNM) (ROR: 1.80, 95% CI: 1.44–2.25). Esomeprazole showed the strongest signal (ROR: 1.85, 95% CI: 1.66–2.06) for
GNM, while rabeprazole for BDNM (ROR: 2.94, 95% CI: 1.32–6.56), and female PPI users had a higher risk of BDNM (ROR: 2.44,
95% CI: 1.77–3.35). Among subordinate PTs, adenocarcinoma gastric and the combination of “bile duct cancer” and “chol-
angiocarcinoma” were highly correlated with PPI use. Conclusion. By mining the FAERS database, we provided important clues
for the correlation between PPI use and DTC risk.

1. Introduction

Since omeprazole was developed by AstraZeneca and approved
to enter the market in 1987, proton pump inhibitors (PPIs)
have been widely used to treat acid-related diseases, including
gastroesophageal refux disease (GERD), peptic ulcer disease
(PUD), and upper gastrointestinal bleeding (GIB) [1]. Due to
their relatively good clinical efcacy and safety, PPIs have been
recognized as a milestone in the treatment of digestive system
diseases in the 20th century [2]. However, in recent years, more
new or serious adverse drug reactions (ADRs) have been re-
ported with long-term PPI use [3].

Evidence from epidemiological and mechanistic studies
is accumulating that supports a possible relationship be-
tween PPI use and digestive tract cancers (DTCs) [4–6]. Te
risk of DTCs was frst noticed for hypoacidity and hyper-
gastrinemia as a consequence of long-term PPI use [7]. In
addition, the microbiota composition has been shown to be
disrupted with a reduction of gastric acid secretion, causing
microbiota “dysbiosis” [8], and the enrichment of specifc
bacterial communities has been shown to be accompanied
by the production of oncogenic metabolites [8, 9].

Te present results indicated that long-term use of PPIs
may lead to the initiation and progression of diferent
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tumour types arising from many sites in the digestive tract,
including oesophageal, gastric, colorectal, pancreatic, liver,
and biliary tract cancers [10, 11]. Te result of a meta-
analysis showed that the use of PPIs may increase the risk of
overall DTCs (relative risk (RR): 1.63, 95% confdence in-
terval (CI): 1.33–2.00), among which the risk of gastric
cancer was the greatest (RR: 1.78, 95% CI: 1.38–2.31), fol-
lowed by pancreatic cancer (RR: 1.72, 95%CI: 1.05–2.82) and
liver cancer (RR: 1.62, 95% CI: 1.04–2.52) [12]. In addition,
several clinical studies confrmed that the use of PPI was
correlated with increased risk of gallbladder cancer (odds
ratio (OR): 1.56, 95% CI: 1.07–2.19) [13], colorectal cancer
(<2 years, hazard ratio (HR): 0.93, 95%CI: 0.83–1.04;
2–4 years, HR: 1.45, 95%CI: 1.28–1.60; ≥4 years, HR: 1.60,
95%CI: 1.42–1.80) [14], and oesophageal adenocarcinoma
(standardized incidence ratios (SIRs): 3.93, 95% CI:
3.63–4.24) [15]. In turn, opposing voices were raised, dis-
approving of research and statistical methods in epidemi-
ology and highlighting the complexity of the real-world data
[16, 17]. In addition, the incipient symptoms of gastric,
pancreatic, and liver cancer, such as heartburn, bloating,
abdominal pain, nausea, and vomiting, are similar to those
of acid-related peptic diseases, so patients have been treated
with PPIs empirically before being diagnosed with
DTCs [12].

Te FDA Adverse Event Reporting System (FAERS) as
the world’s largest spontaneous reporting database has been
publicly available online and updated quarterly since 2004,
submitted by healthcare professionals from medical in-
stitutions, pharmaceutical companies, patients, and other
members [18]. In the past few years, data mining of adverse
events (AEs) maintained in the FAERS has been performed
to investigate drug utilization in clinical practice and has
been recognized as an essential tool for identifying drug-
related AEs [19]. For the voluntary submission nature of
FAERS as a spontaneous reporting system, FAERS data have
several limitations, such as the possibilities of under-
reporting, overreporting, or missing data on patient de-
mographics, clinical outcomes, drug doses, and concomitant
drug use [20, 21]. However, the limitations are compensated
by the strength, lying principally in the large data set which
can avoid the potential bias and refect the real-world clinical
settings [22]. Tus, in this study, we aimed to identify DTC-
related AEs correlated with PPI use by performing a FAERS
analysis to provide new insights into this issue.

2. Methods

2.1. Data Source. To identify DTC-related AEs reported to
be correlated with PPI use, we retrieved relevant datasets
from the public release of the FAERS database from the frst
quarter (Q1) of 2004 to the third quarter (Q3) of 2021. Data
were retrieved in January, 2022. All data in the FAERS
database have been fully anonymized by the regulatory
authorities.

OpenVigil 2.1 has been used in many pharmacovigilance
studies as a pharmacovigilance data extraction, cleaning,
mining, and analysis tool of the FAERS database [18, 23, 24].
OpenVigil 2.1 is designed for complete case analyses and is

stable and superior for analyses of disproportionality [25].
After data cleaning by OpenVigil 2.1, 9,217,181 reports from
2004 Q1 to 2021 Q3 were identifed for data analysis.

2.2. Data Processing. Tis study included all FDA-approved
PPIs as targeted agents, including omeprazole, lansoprazole,
pantoprazole, rabeprazole, esomeprazole, and dexlanso-
prazole. H2-receptor antagonists (H2RAs) were also in-
cluded in the study, including cimetidine, famotidine, and
roxatidine, for the same acid-suppressive efect but without
the potential carcinogenic efect, referring to previous
clinical studies [26, 27]. Ilaprazole and dexrabeprazole were
excluded because both have not yet been marketed in the
United States, while ranitidine and nizatidine were excluded
because these two drugs had been recalled due to carcino-
genesis of impurities.

FAERS data are publicly available and consist of seven
report forms containing demographic, drug information,
patient outcomes, and reporting sources. Te information
about age, sex, drug name, and outcome from retrieved AE
reports were collected, and categorical variables were re-
ported as numbers of cases and the corresponding per-
centage. Suspect cases of PPIs-related DTCs were searched
using high-level terms (HLTs) coded from the Medical
Dictionary for Regulatory Activities 24.0 (MedDRA 24.0), as
shown in Table 1. Preferred terms (PTs), grouped into
diferent HLTs, were further retrieved. Fourteen PTs sub-
ordinate to the HLT “GNM,” combined with thirteen PTs
subordinate to the HLT “BDNM” (Table 1), were added as
search terms, to get the related ADRs reported through
publicly available FAERS data.

2.3. Data Mining Algorithm. In pharmacovigilance studies,
disproportionality analysis is the most common statistical
approach used to mine data from spontaneous reporting
systems through detecting the signals of disproportionate
reporting (SDR), which refers to statistical correlations
between the use of the study drug and ADRs [28]. In this
study, SDRs were generated by calculating the reporting
odds ratio (ROR) along with a 95% CI by using the following
formulas. ROR was calculated as the ratio of the odds of
reporting DTCs versus all other ADRs for a given drug,
compared with this reporting odd for all other drugs present
in the FAERS database over the same time period.

ROR �
a/c
b/d

,

95%CI � e
ln(ROR)±1.96

��������������
(1/a)+(1/b)+(1/c)+(1/d)

√

,

(1)

where a is the number of reports of target AEs for target
drugs, b is the number of reports of other AEs for target
drugs, c is the number of reports of target AEs for other
drugs, and d is the number of reports of other AEs for
other drugs.

Basically, a higher ROR suggested a stronger signal
strength [29]. Te signal was considered positive if the
lower limit of the 95% CI was greater than 1, and at least
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three cases were reported [30]. All analyses were per-
formed using Microsoft Excel 2010 and GraphPad
Prism 7.

3. Results

3.1.CorrelationbetweenPPIUseandDTCs. Overall, 387,929
AE reports related to PPIs and 109,724 AE reports related
to DTCs were reported to FAERS from January 2004 to
September 2021. Te systematic research progress from
the FAERS database is shown in Figure 1. We screened
2,553 DTC AE reports correlated with the use of PPIs
from the FAERS database, the characteristics of which are
described in Table 2. Te numbers of reports for GNM,
CNM, PNM, HNM, ONM, BDNM, SINM, GBNM, and
ACNM were 687 (26.9%), 586 (23.0%), 456 (17.9%), 405
(15.9%), 327 (12.8%), 83 (3.3%), 38 (1.5%), 33 (1.3%), and
20 (0.8%), respectively. Serious outcomes of AE-related
HLTs focused on hospitalization (948, 37.1%) and death
(826, 32.4%).

Signal detection was conducted frst based on all PPIs
and H2RAs. Positive signals were obtained for all PPIs
correlated with the GNM (ROR: 1.09, 95% CI: 1.01–1.18) and
BDNM (ROR: 1.80, 95% CI: 1.44–2.25), while the H2RA
cohort (n� 153) had no positive signal as shown in
Figure 2(a).

Tree subset analyses were performed to further dem-
onstrate whether gender, age, and individual PPI molecules
infuenced the reporting of DTCs.

A previous study had demonstrated that the correla-
tions between DTCs and PPI use difered by sex [14].
According to Table 2, PPI reports correlated with DTCs
were higher in males than females (46.3% versus 38.9%,
respectively). Same variation trends were observed in ONM
(64.2% in males versus 29.7% in females), GNM (30.9% in
males versus 26.2% in females), and HNM (59.3% in males
versus 34.8% in females), whereas cases of SINM (44.7% in
males versus 52.6% in females), CNM (45.7% in males
versus 50.7% in females), ACNM (45.0% in males versus
55.0% in females), PNM (47.6% in males versus 48.5% in

Table 1: HLTs and PTs according to MedDRA 24.0.

HLT subordinate to the HLGT “gastrointestinal neoplasms malignant and unspecifed”
HLT Abbreviations HLT Abbreviations

Gastric neoplasms
malignant GNM

Colorectal
neoplasms
malignant

CNM

Pancreatic neoplasms
malignant PNM

Anal canal
neoplasms
malignant

ACNM

Bile duct neoplasms
malignant BDNM

Gallbladder
neoplasms
malignant

GBNM

Small intestinal
neoplasms malignant SINM Hepatic neoplasms

malignant HNM

Oesophageal
neoplasms malignant ONM

PT subordinate to the HLT “gastric neoplasms malignant”

PT

Adenocarcinoma
gastric Gastric cancer Gastric cancer recurrent

Gastric cancer
stage 0 Gastric cancer stage I Gastric cancer stage II

Gastric cancer
stage III

Gastric cancer
stage IV Gastric sarcoma

Gastroesophageal
cancer

Gastroesophageal
cancer recurrent HER2-positive gastric cancer

Linitis plastica Metastatic gastric
cancer

PT subordinate to the HLT “bile duct neoplasms malignant”

PT

Bile duct
adenocarcinoma

Bile duct
adenosquamous

carcinoma
Bile duct cancer

Bile duct cancer
recurrent

Bile duct cancer
stage 0 Bile duct cancer stage I

Bile duct cancer
stage II

Bile duct cancer
stage III Bile duct cancer stage IV

Bile duct squamous
cell carcinoma

Biliary cancer
metastatic Cholangiocarcinoma

Cholangiosarcoma
HLGT, high-level group term; HLTs, high-level terms; PTs, preferred terms.
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females), GBNM (30.3% in males versus 60.6% in females),
and BDNM (47.0% in males versus 50.6% in females) had
an opposite trend. Te gender subset analysis showed that
a further increase in signal was obtained in the female
group for PPIs correlated with BDNM with a ROR of 2.44
(95% CI: 1.77–3.35) as shown in Figure 2(b). Although the
GNM cohort had the largest number of AE reports for the
cancer category, accounting for 26.9%, the signal was
negative after stratifying by sex, which might be caused by
the removal of unknown or missing groups.

When stratifed by age, most AE reports were distributed
in the middle age group (18–65 years) and old age group
(>65 years), regardless of whether DTCs were considered as
a whole or split into subcategories as shown in Table 2. Te
young people group (<18 years old) was not included in the
disproportionality analysis due to the small number of AE
reports. Statistically signifcant RORs of assessed AEs for
BDNM were found in both the middle group (ROR: 2.00,
95% CI: 1.38–2.89) and the old group (ROR: 1.72, 95% CI:
1.24–2.39) as shown in Figure 2(c). A negative signal was
detected for PPIs in GNM after stratifying by age which is
same as the sex stratifcation analysis.

Furthermore, we conducted a subset analysis stratifed
by diferent PPIs. Te results are represented in Supple-
mentary Table 1 and visualized using heatmaps, showing the
relationship between diferent DTCs and diferent PPIs
(Figure 3). We found statistically signifcant GNM signals
for the following single agents (Figure 4(a)): omeprazole
(ROR: 1.41, 95% CI: 1.27–1.56), lansoprazole (ROR: 1.87,
95% CI: 1.65–2.13), pantoprazole (ROR: 1.32, 95% CI:
1.16–1.51), esomeprazole (ROR: 1.85, 95% CI: 1.66–2.06),
and dexlansoprazole (ROR: 1.56, 95% CI: 1.21–2.01). For
BDNM detection (Figure 5(a)), rabeprazole had the stron-
gest signal (ROR: 2.94, 95% CI: 1.32–6.56), followed by
lansoprazole (ROR: 1.86, 95% CI: 1.15–3.00) and omeprazole
(ROR: 1.63, 95% CI: 1.13–2.34).

3.2. Correlation between PPI Use andGNM. Abrahami et al.
found that there was a slight diference in hazard rates for
the correlation between the use of specifc types of PPIs
and gastric cancer [27]. Tus, to better understand gastric
cancer of diferent types and individual PPI molecules
(esomeprazole, lansoprazole, omeprazole, pantoprazole,

Total AE reports in FAERS from January 2004 to September 2021
( n=9,217,181)

AE reports related to H2RA
(n=387,929)

AE reports related to digestive tract cancer
(n=109,724 ) 

AE reports related to PPIs
(n= 387,929)

AE reports related to GNM
(PPIs n=687 vs H2RA n=44) AE reports related to PNM (PPIs n=456 vs H2RA n=38)

AE reports related to SINM (PPIs n=38 vs H2RA n=5)
AE reports related to ONM (PPIs n=327 vs H2RA n=4)
AE reports related to CNM (PPIs n=586 vs H2RA n=48)
AE reports related to GBNM (PPIs n=33 vs H2RA n=1)
AE reports related to ACNM (PPIs n=20 vs H2RA n=3)
AE reports related to HNM (PPIs n=405 vs H2RA n=25)

AE reports related to BDNM
(PPIs n=83 vs H2RA n=4)

Included AE reports
(PPIs n=2,553 vs H2RA n=153)

Subset analyses

Division into individual PPI
Omeprazole n=364 (GNM) and 30 (BDNM) 
Lansoprazole n=239 (GNM) and 17 (BDNM) 
Pantoprazole n=226 (GNM) and 19 (BDNM) 

Rabeprazole n=34 (GNM) and 6 (BDNM) 
Esomeprazole n=346 (GNM) and 14 (BDNM) 
Dexlansoprazole n=59 (GNM) and 0 (BDNM) 

Division into sex 
Male n=212 (GNM) and 39 (BDNM)

Female n=180 (GNM) and 42 (BDNM)

Division into age 
<18y n=0 (GNM) and 0 (BDNM) 

18–65y n=125 (GNM) and 31 (BDNM)
>65y n=148 (GNM) and 40 (BDNM)

Division into PTs subordinate to the HLT “GNM”
• adenocarcinoma gastric n=79
• gastric cancer n=585 
• gastric cancer recurrent n=6
• gastric cancer stage 0 n=1
• gastric sarcoma n=1
• gastrooesophageal cancer n=4
• metastatic gastric cancer n=20

Division into PTs subordinate to the HLT “BDNM”
• bile duct adenocarcinoma n=3
• bile duct cancer n=40 
• cholangiocarcinoma n=40

Figure 1: Flowchart for studying the correlation between PPIs and digestive tract cancer risk.
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rabeprazole, dexlansoprazole, or combinations), we ad-
ditionally assessed a new disproportionality analysis.

Te total number of reports for PPIs correlated with
GNM was 678 after the removal of related indications to
reduce the “indication bias,” most of which belonged to
gastric cancer (585, 86.3%) and adenocarcinoma gastric
(79, 11.7%). Four statistically signifcant signals were
identifed, including adenocarcinoma gastric (ROR: 9.99,
95% CI: 7.67–13.02), gastric cancer recurrent (ROR: 3.25,

95% CI: 1.38–7.65), gastroesophageal cancer (ROR: 3.37,
95% CI: 1.18–9.64), and metastatic gastric cancer (ROR:
4.38, 95% CI: 2.71–7.06) as shown in Figure 4(b). In the
further stratifcation analysis, the signals of adenocar-
cinoma gastric and metastatic gastric cancer were pos-
itive regardless of whether they were correlated with any
one PPI molecule (Figure 4(c)) or PPIs assessed together
as a drug class, while statistically signifcant gastric
cancer recurrent signals were found only for
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Figure 2: Forest plot of signal detections for PPIs and digestive tract cancers with subgroup analysis stratifed by gender and age. (a) Signal
strength for PPIs and H2RAs correlated with digestive tract cancers. (b) Subset analysis stratifed by gender. (c) Subset analysis stratifed by
age. PPIs, proton pump inhibitors; H2RA, H2-receptor antagonist; GNM, gastric neoplasms malignant; PNM, pancreatic neoplasms
malignant; BDNM, bile duct neoplasms malignant; SINM, small intestinal neoplasms malignant; ONM, oesophageal neoplasms malignant;
CNM, colorectal neoplasms malignant; ACNM, anal canal neoplasms malignant; GBNM, gallbladder neoplasms malignant; HNM, hepatic
neoplasms malignant; ROR, reporting odds ratio; CI, confdence interval.
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esomeprazole (ROR: 7.04, 95% CI: 2.53–19.59) and
omeprazole (ROR: 6.50, 95% CI: 2.56–16.41), with lower
case numbers.

Te disproportionality analysis between PPIs and gastric
cancer revealed interesting results. Cases correlated with
GNM were mainly from gastric cancer, but the ROR lower
bound of the 95% CI of gastric cancer was detected to be not
more than but close to 1 (ROR: 1.07, 95% CI: 0.98–1.16).
Surprisingly, when diferent PPIs were analysed as a single
agent, all drugs obtained positive signals except rabeprazole
(Figure 4(c) and Supplementary Table 2). Further in-
vestigation is needed to prove this possibility instead of
simply explaining the lack of gastric cancer risk in patients
treated with rabeprazole.

3.3. Correlation betweenPPIUse andBDNM. Recently, more
attention has been given to the risk of biliary tract cancer in
persons treated with PPIs, largely due to a nationwide
clinical study conducted in Sweden [31]. Terefore, the total
number of reports for PPIs correlated with BDNM was low,
with only 33 cases after indications were removed. However,
the results of the disproportionality analysis between PPIs
and BDNM were signifcant and are presented in Figure 5
and Supplementary Table 3. Overall, based on the criteria for
the data mining algorithm, we found statistically signifcant
RORs of assessed AEs for bile duct cancer (ROR: 1.63, 95%
CI: 1.18–2.25) and cholangiocarcinoma (ROR: 2.52, 95% CI:
1.82–3.50). Further stratifed analysis was conducted, which
provided a possibility for a correlation between bile duct
cancer and lansoprazole (ROR: 2.14, 95% CI: 1.18–3.88) as
well as rabeprazole (ROR: 3.47, 95% CI: 1.30–9.28). In
addition, we found statistically signifcant chol-
angiocarcinoma signals for the following agents: omeprazole
(ROR: 2.32, 95% CI: 1.41–3.83) and pantoprazole (ROR:
2.19, 95% CI: 1.17–4.10). However, these signifcant results

were unlikely due to the small number of reported cases,
which only provided important clues for subsequent studies.

Bile duct cancer is also known as cholangiocarcinoma
[32], but bile duct cancer and cholangiocarcinoma are
distinguished in MedDRA. We combined bile duct cancer
and cholangiocarcinoma as a group for analysis. Te results
(Supplementary Table 4) showed a total of 80 cases identifed
corresponding to this new group, and the signals detected
with the PT combination (ROR: 2.00, 95% CI: 1.59–2.51)
were positive. We also identifed sex diferences between PPI
use and the new group, and the correlation was stronger in
females (ROR: 2.63, 95% CI: 1.89–3.66). Te data showed
that dexlansoprazole listed much later showed no signals for
the few data reported, and the signal of esomeprazole did not
reach statistical signifcance, while the other four PPIs did
show statistically signifcant signals, as noted in Supple-
mentary Table 4.

4. Discussion

Ongoing postmarketing surveillance is essential due to the
following limitations of clinical trials: population type, group
size, duration, and indications. Te longer-term safety of
drugs and occurrence of rare adverse efects are to a large
part evaluated using postmarketing surveillance data, which
increases the value of spontaneous reporting systems such as
the FAERS to some extent. Terefore, the FAERS database
has been widely used to identify passive pharmacovigilance
risk signals in a real-world clinical setting.

PPIs, one of the most commonly prescribed drugs
worldwide, have been recognized as a relatively safe drug
based on the fndings of clinical trials. However, with the
increasing use of PPIs, more and more novel or even severe
PPIs-related ADRs have been reported, especially after long-
term and high-dose treatment [27, 33]. Te content of the
ADR part in drug instructions should be revised according
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Figure 3: Heatmap of signal strength for diferent PPIs correlated with diferent digestive tract cancers (ROR lower bound of 95% CI). PPIs,
proton pump inhibitors; GNM, gastric neoplasms malignant; PNM, pancreatic neoplasms malignant; BDNM, bile duct neoplasms
malignant; SINM, small intestinal neoplasms malignant; ONM, oesophageal neoplasms malignant; CNM, colorectal neoplasms malignant;
ACNM, anal canal neoplasms malignant; GBNM, gallbladder neoplasms malignant; HNM, hepatic neoplasms malignant; ROR, reporting
odds ratio; CI, confdence interval.
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to the announcement of the National Medical Products
Administration of China on February 24, 2022, and was
requested additional warning on the risk of severe ADRs due
to PPI therapy, such as difcile-associated diarrhea, hypo-
magnesemia, and fractures. Most surprising is that PPIs as
frst-line drugs for treating acid-related gastric diseases may
induce or be correlated with DTCs [12]. Te inconsistent
results obtained from emerging clinical trials may initiate
more discussion on the correlations between PPI use and
DTC risk.

Based on a large-scale ADR dataset, the correlations be-
tween PPIs and the risk for fracture [34], dementia [35],
hepatotoxicity [36], subacute cutaneous lupus erythematosus
[37], kidney injury, and chronic kidney disease [38] were in-
vestigated to provide valuable information on potential ADRs.

Terefore, this study was the frst to evaluate the correlations
between PPI use and DTC risk using the unique resources of
FAERS. Using the data mining method, statistically signifcant
signals between PPIs and nine HLTcategories of DTCs classed
by MedDRA were detected in this study. Two positive signals
for the HLTs “GNM” and “BDNM” were identifed and were
consistent with prior reports of an increased risk for gastric
cancer and bile duct cancer with use of PPIs [27, 31, 39, 40]. In
contrast, DTCs were not correlated with the use of H2RAs in
our study, which was consistent with the results of the meta-
analysis and observational studies in the epidemiology group
[26, 27].

Tis observation can be explained by the possible
mechanism by which PPIs have a better acid-inhibitory
efect than H2RAs, resulting in inhibiting the secretion of
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Figure 4: Signal strength for diferent PPIs correlated with GNM at the PTs level. (a) Forest plot of signal detections for diferent PPIs and
GNM. (b) Forest plot of signal detections for PPIs as a whole and PTs subordinated to the HLT “GNM” after removing parts of PTs for the
low number of reported cases. (c) Heatmap of signal strength for diferent PPIs correlated with PTs subordinated to the HLT “GNM” (ROR
lower bound of 95% CI). PPIs, proton pump inhibitors; GNM, gastric neoplasms malignant; PTs, preferred terms; HLT, high-level term;
ROR, reporting odds ratio; CI, confdence interval.
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gastrointestinal hormones and changing the gastrointestinal
microbiome [41, 42]. PPIs were given to inhibit gastric acid
secretion by suppressing the parietal cell proton pump and
thus induce elevated levels of gastrin as a negative feedback
regulation to the raised gastric pH [43]. Gastrin, a peptide
hormone produced by G-cells, may cause enterochromafn-
like cell hyperplasia and induce the proliferation of pan-
creatic, gastric, and colonic epithelial cells, which are cor-
related with gastrointestinal carcinogenesis [44–46].
Furthermore, an elevated gastric pH will also alter the oral,
gastric, duodenum, and gut microbiome [47–49], and al-
terations in the microbiome can lead to digestive cancer
through upregulated cell proliferative signalling pathways
and mediated infammation because of modulation of im-
mune responses and carcinogenic metabolites [50].

When analyses were stratifed by age and sex, GNM
showed no signals, most likely due to large proportions of
missing variable values.Tis is an inevitable limitation of the
spontaneous reporting mechanism of the FAERS database.
We also screened the signals of each PPI, indicating no
signifcant signal between rabeprazole and GNM. Lanso-
prazole and esomeprazole (ROR lower bound of 95% CI:
1.65–1.66) showed stronger signals than omeprazole, pan-
toprazole, and dexlansoprazole (ROR lower bound of 95%
CI: 1.16–1.27), partly difering from the various degrees of
risk for gastric cancer reported in one population-based
cohort study from England: lansoprazole > omeprazole
≈ rabeprazole> esomeprazole> pantoprazole [27]. Com-
bining this literature and our study, there may be slightly
diferent risks of gastric cancer using diferent PPIs, while
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Figure 5: Signal strength of diferent PPIs correlated with BDNM at the PTs level. (a) Forest plot of signal detections for diferent PPIs and
BDNM. (b) Forest plot of signal detections for PPIs as a whole and PTs subordinated to the HLT “BDNM” after removing parts of PTs for the
low number of reported cases. (c) Heatmap of signal strength for diferent PPIs correlated with PTs subordinated to the HLT “BDNM” (ROR
lower bound of 95% CI). PPIs, proton pump inhibitors; BDNM, bile duct neoplasms malignant; PTs, preferred terms; HLT, high-level term;
ROR, reporting odds ratio; CI, confdence interval.
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the highest risk of lansoprazole still needs to be validated
further to draw a reliable conclusion after considering the
limits of the current analysis.

Adenocarcinoma accounts for over 95% of gastric ma-
lignancies, and gastric cancer generally refers to gastric
adenocarcinoma [51]. We performed separate analyses for
PTs subordinate to the HLT “GNM.” Tere was no doubt
that ADR cases correlated with gastric adenocarcinoma
showed a statistically signifcant signal under the HLT
“GNM,” which is consistent with the fndings in the liter-
ature that the risk of gastric adenocarcinoma was similar to
that of gastric cancer of any type [52]. In the single signal
analysis, each kind of PPI showed high ROR values, sug-
gesting that further research on these ADR-related disease
signals may be worthwhile. In contrast, the positive signals of
gastroesophageal cancer and gastric cancer recurrent were
not analysed due to the small data volume, which easily led
to a false-positive result.

Two notable fndings were observed for the detected
signals for the HLT “BDNM” and its stratifcation analyses.
One was that a sex-based diference was observed in this
correlation between PPIs and bile duct cancer. Tere was
only one study involving bile duct cancer risk, in which no
sex-specifc diferences were observed. Previous work
proved that increased levels of estrogenmay play a role in the
etiology of biliary tract cancers by stimulating the pro-
liferation of cholangiocytes and decreasing biliary motility
[53, 54], while the potential impact of longer-term PPIs use
can also afect biliary motility and reduce acid output,
thereby increasing the risk of infection and infammation in
the biliary tract [55]. Terefore, sex hormones and PPIs may
both be predisposing factors with a synergistic efect on
cholangiocarcinogenesis.

Te other was the defciencies in some MedDRA term
defnitions. Bile duct cancer and cholangiocarcinoma should
not be set as two PTs in MedDRA. We combined bile duct
cancer and cholangiocarcinoma as a group for analysis, and
there is no doubt that the signal was statistically signifcant
between this new PT combination and PPI use (ROR: 2.00,
95% CI: 1.59–2.51), and this correlation was stronger among
female patients (ROR: 2.63, 95% CI: 1.89–3.66). Terefore,
the results between the new PT combination and PPI use
were consistent with prior results that there may be an
increased risk for BDNM with PPI use in females, which
were worth exploring further.

Although the use of PPIs was reported to be correlated
with the subsequent risk of oesophageal cancer, colorectal
cancer, pancreatic cancer, and liver cancer [15, 26, 33, 56],
the correlations were not confrmed in our study. Tis
fnding does not preclude the possible correlations because
results obtained from the FAERS should be interpreted with
caution for the limitations of the FAERS database.

First, the FAERS database is a passive surveillance system
and drug-ADR correlations may be substantially mis-
labelled, overreported, or underreported [57]. In addition,
the large proportions of missing variable values call into
question the completeness and accuracy of the data, namely,
the overall quality. For example, a large number of FAERS
reports of GNM were missing information on patient age

and sex, resulting in the blurring of group diferences.
Second, due to the absence of total exposed numbers and the
presence of confounders, the analysis results from the
FAERS database had inevitable and unquantifable bias and
were difcult to interpret [57]. Terefore, a causal re-
lationship between one drug and one ADR cannot be
confrmed based on the FAERS data alone, as information
bias may occur. Moreover, information were not analysed in
this study, such as dose and route of administration, clinical
course, concomitant medications, and the combined dis-
order, because the data presented by OpenVigil do not allow
this to be examined further.

Despite these limitations, the ROR values are reliable and
credible, and signal strength can partly refect the extent of
the correlation between drugs and specifc ADRs from
a statistical standpoint. We believe that several potential
correlations generated by our extensive analyses from the
large database are valuable and can provide several im-
portant clues for future in-depth clinical research. Future
research could pay more attention to diferences among
various types of PPIs, rather than just focusing on the dose
and course. By considering too few related studies, PPIs-
related BDNM merit attention for its relatively strong
warning signals, especially epidemiological studies based on
a wider study population and the underlying pathogenic
mechanisms.

5. Conclusions

Tis is the frst study to assess the correlations between PPI
use and DTC risk using the unique resources of FAERS.
Trough analysis of passive pharmacovigilance data, we
found a statistically signifcant correlation of PPIs with
GNM and BDNM risks. Te risk was higher in the female
group than in the male group for BDNM. Esomeprazole and
rabeprazole showed the greatest risk for GNM and BDNM,
respectively. Te fndings of the present study may provide
important clues for further clinical research.
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Te data supporting the fndings of this study were derived
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