1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Eur J Clin Pharmacol. Author manuscript; available in PMC 2021 June 01.

-, HHS Public Access
«

Published in final edited form as:
Eur J Clin Pharmacol. 2020 June ; 76(6): 851-866. doi:10.1007/s00228-020-02854-8.

Proton pump inhibitors and risk of liver cancer and mortality in
patients with chronic liver disease: a systematic review and
meta-analysis

Hyun Jin Song, MPharm, PhD12, Xinyi Jiang, MS1, Linda Henry, PhD1, Mindie H. Nguyen,
MD3, Haesuk Park, PhD?

1Department of Pharmaceutical Outcomes and Policy, College of Pharmacy, University of Florida,
HPNP Building Room 3325, 1225 Center Drive, Gainesville, FL 32610, USA

2Department of Pharmaceutical Policy and Outcomes Research, School of Pharmacy,
Sungkyunkwan University, Suwon, South Korea

3Stanford University Medical Center, Division of Gastroenterology and Hepatology, Palo Alto, CA,
USA

Abstract

Background—Epidemiological studies investigating the use of proton pump inhibitors (PPI) on
the risk of liver cancer and/or mortality among persons with chronic liver disease (CLD) have
reported conflicting results. We conducted a systematic review and meta-analysis to determine the
impact of PPI-use on liver cancer and/or death among patients with CLD.

Methods—The core databases including MEDLINE, EMBASE, and Cochrane library were
searched through January 2020. We included studies, evaluating the association between PPIs and
liver cancer or mortality among patients with CLD including randomized controlled,
nonrandomized controlled, and observational studies. We used inverse-variance random-effects
models to estimate the pooled relative risk (RR) and 95% confidence interval (CI) for liver cancer
or mortality.

Results—Eleven studies including 173,894 patients were selected. In three studies, individuals
with CLD who used PPIs had a 67% greater risk of developing hepatocellular carcinoma (HCC)
compared to nonusers (RR, 1.67; 95% ClI, 1.12-2.50; 12=92%). Combining data from the eight

Terms of use and reuse: academic research for non-commercial purposes, see here for full terms. http://www.springer.com/gb/open-
access/authors-rights/aam-terms-v1

Correspondence to Haesuk Park, PhD, HPNP Building Room 3325, 1225 Center Drive, Department of Pharmaceutical Outcomes
and Policy, University of Florida College of Pharmacy, Gainesville, Florida 32610 Tel: +1 352 273 6261; fax: +1 352 273 6270;
hpark@cop.ufl.edu.

Author’s contributions HJS was involved in study concept and design, literature search, data extraction, data analysis, data
interpretation, and manuscript writing and revising. XJ was involved in data extraction and data analysis. LH was involved in
manuscript writing and revising. MN was involved in manuscript writing and revising. HP was involved in study idea and design, data
interpretation, and critical revision of the manuscript for important intellectual content and supervisor of study. All authors reviewed
and approved the final version.

Publisher's Disclaimer: This Author Accepted Manuscript is a PDF file of a an unedited peer-reviewed manuscript that has been
accepted for publication but has not been copyedited or corrected. The official version of record that is published in the journal is kept
up to date and so may therefore differ from this version.

Conflicts of Interest The authors declare that they have no competing interests.


http://www.springer.com/gb/open-access/authors-rights/aam-terms-v1
http://www.springer.com/gb/open-access/authors-rights/aam-terms-v1

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Song et al.

Page 2

studies relating PPI to overall mortality, we observed a 57% increased risk of mortality in PPI
users with CLD compared to CLD nonusers (RR: 1.57; 95% Cl, 1.24-1.99; 12=69%).

Conclusion—PPI-use was associated with an increased risk of HCC and mortality in patients
with CLD suggesting that PPI prescriptions in patients with CLD should be considered carefully.

Keywords

proton pump inhibitor; mortality; liver cancer; hepatocellular carcinoma; chronic liver disease;
systematic review; meta-analysis

Introduction

Methods

Proton pump inhibitors (PPIs) were first introduced in 1989 to treat gastroesophageal reflux
disorder (GERD) by blocking acid production by irreversibly inhibiting Hp/Kp-adenosine
triphosphatase in gastric parietal cells. By 2015, PPIs in the United States ranked among the
top 10 national health-related drug expenditures [1-4]. However, in recent years, concern
has been raised for potential serious adverse events associated with PPI-use including gastric
cancer, pancreatic cancer, major adverse cardiovascular events, and death [5-9]. The most
recent research suggests that when PPIs are used appropriately, they are safe medications but
should be used for the shortest time period at the smallest effective dose [10,11].

As in the general population, PPIs are also among the most commonly prescribed classes of
drugs among patients with cirrhosis [12]. However, PPIs are only recommended in a few
specific situations such as during the immediate post variceal banding period and only for
short-term use [13]. In fact, PPl is not routinely recommended for patients with
decompensated cirrhosis and not even for primary or secondary prophylaxis against
gastrointerestinal bleeding among those with significant esophageal varices [14].

Recently, several observational studies examining the association between the use of PPIs
and the risk of hepatocellular carcinoma (HCC), a well-known complication of cirrhosis
whether due to viral hepatitis or alcoholic or nonalcoholic liver disease [15-18], but they
reported conflicting results [18-21]. Therefore, we performed a systematic review and meta-
analysis of the relevant published literature to evaluate the association between PPI-use, liver
cancer development, and mortality among patients with CLD.

Literature search

We searched relevant full-text articles using the MEDLINE, EMBASE, and Cochrane library
databases through January 31, 2020. The search strategy included “liver disease,” “liver
neoplasm,” and “liver cancer” as patient-related terms, and “proton pump inhibitor” as the
main drug-related term (Supplementary Table 1). Both MeSH terms and text words were
applied to each database as applicable. PPI drug names included in the search strategy were
omeprazole, esomeprazole, pantoprazole, rabeprazole, dexlansoprazole, tenatoprazole, and
benatoprazole as well as their brand and chemical names.
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Study selection

We followed the Preferred Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) guidelines [22]. We included studies that met the following inclusion criteria:
they (1) presented original data from randomized controlled studies, nonrandomized
controlled studies, or observational studies that evaluated the association between PPIs and
liver cancer or mortality among patients with CLD; (2) included clearly defined outcomes of
liver cancer incidence and/or mortality; (3) provided quantitative risk estimates (hazard ratio
[HR], relative risk [RR], or odds ratio [OR]) and associated 95% confidence intervals (Cl);
and (4) were written in English. We excluded non-comparative studies, non-peer reviewed
studies, conference abstracts, and review studies. Two investigators independently conducted
the study selection, data extraction, and quality assessment (HJS and XJ). When discordance
occurred and a consensus could not be reached through discussion by the two primary
reviewers, discussion and adjudication with the third investigator (HP) was carried out.

Quality assessment

Since all eligible studies of this systematic review were observational studies, we used the
risk of bias assessment tool for non-randomized studies (ROBANS) to assess the quality for
all articles included in this study [23]. ROBANS consists of six items (selection of
participants, confounding variables, measurement of intervention, blinding for outcome
assessment, incomplete outcome data, and funding resources) evaluated on the three levels
of bias (low, unclear, or high risk of bias).

Data extraction

Data were extracted using a data frame with predefined variables: country of study, study
design, data source, inclusion and exclusion criteria of patients, the number of patients in
each group, and cohort characteristics (e.g., mean age, sex, and etiology of liver disease),
PPI name with dosage, criteria to define liver cancer incidence and mortality outcomes,
study follow-up duration, and other relevant confounders if regression analysis was
performed. The study protocol was registered to PROSPERO (CRD42018116354) prior to
the study execution.

Data analyses

Our primary outcome was the adjusted estimates of the risk of liver cancer incidence or
mortality rates associated with PPI-use among patients with CLD. For studies that reported
multiple risk estimates, we used the best-adjusted estimates to obtain the pooled estimate.
The summary estimate of the adjusted risk ratio of outcome was generated by weighting the
study-specific risk ratios by the inverse of their variance. We considered HRs as RRs
[24,25], and we converted ORs to RR using the Zhang and Yu method [26]. We included
eight studies that reported HRs and two studies that reported ORs in our analysis to estimate
the pooled RR [27,28]. If the included study reported the number of deaths for each group,
we pooled the unadjusted RR using inverse-variance random effect models.

Heterogeneity was assessed using the 12 tests and the Q statistic [29]. Significance of the Q-
statistic test (P<0.05) indicates a substantial level of heterogeneity. The 12 statistic describes
the percentage of the variability in estimates resulting from heterogeneity rather than
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sampling error, with 12 values of 50% or higher indicating the presence of a significantly
high level of heterogeneity [29]. Due to the high level of heterogeneity observed in the
preliminary analysis of this study, we used a random-effects model to analyze the pooled
estimates.

In addition, we performed subgroup analyses according to the type of CLD (cirrhosis or
hepatitis), follow-up period (<1 year versus >1 year), and study location (Asia versus non-
Asia) when there was data available for at least two studies. We used the funnel plot to
assess possible publication bias. All statistical analyses were performed using the Review
Manager Software version 5.3 (RevMan v5.3, The Cochrane Collaboration, Oxford, UK).

Literature search

Our search strategy initially yielded 9,002 articles for review and screening (Fig. 1). After
excluding duplicates, 8,575 articles remained for title or abstract screening. Excluded studies
included: no CLD patients, no PPI group, papers not written in English, case reports or
series, editorials, reviews, and abstracts. After these articles were excluded, 683 full text
articles were reviewed and 672 studies were then excluded. Eleven articles (173,894
patients) met our study inclusion/exclusion criteria and were included in the meta-analysis:
three studies provided data for liver cancer incidence analysis [20,21,30] and eight studies
for mortality rate analysis [12,18,19,31-35]. No studies provided both liver cancer and
mortality outcomes.

General characteristics of the included studies

Table 1 describes the characteristics of the included studies and their patient cohorts. There
were three studies from Taiwan and one from each of the following countries: United States,
United Kingdom, Germany, Austria, Italy, Hungary, Singapore, and South Korea. Ten used a
cohort study design and one used a nested case-control study design. The etiologies/types of
CLD of the study cohorts included ALD, NAFLD, viral hepatitis, cirrhosis of any etiology,
autoimmune disease, and other miscellaneous liver diseases. The exposure to PPIs was
based on prescribed medications (e.g. omeprazole, esomeprazole, lansoprazole,
dexlansoprazole, pantoprazole, and rabeprazole). Table 2 describes the ascertainment
methods of exposures and outcomes employed by the included studies.

Quality assessment

We assessed the risk of bias for ten cohorts from nine studies since Kao et al. included two
separate cohorts (hepatitis B virus [HBV] cohort and hepatitis C virus [HCV] cohort) [30].
All included studies had low risk of bias in the selection of study participants, blinding for
outcome assessment, and funding resources (Fig. 2). Since the outcomes of liver cancer and
mortality were not associated with subjective judgement, we considered low risk for
blinding for outcome assessment. Most (>80%) of the studies also had low risk of bias in the
category of confounding variables and incomplete outcome data, while two were considered
high risk of bias because the study participants’ demographic data were not included as
confounders [12,37]. For bias regarding measurement of intervention, half of the included
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studies were considered low risk, while the risk was not ascertainable in the remainders
because the studies could not identify over-the-counter medications that patients may have
purchased.

between PPIl-use and liver cancer

Three studies including two from Asia comprising 166,301 patients and evaluating the
association between PPIs and HCC were included [20,21,30]. As Kao et al. reported patients
with HBV and HCV separately [30]; we had a total of four cohorts in our analysis: one HBV
cohort, two HCV cohorts, and one cirrhosis cohort. Overall, the patients’ mean age ranged
from 48 to 59 years, with about 48% to 96% male and 6%—19% diabetic patients. Notably,
the vast majority of the patients had CLD related to HBV (n=11,154), HCV (n=15,356), or
cirrhosis (n=139,791) and less than 3% of HBV and HCV patients had ALD (n=319) or
NAFLD (n=256). All three studies adjusted for relevant demographic, comorbidity and/or
concomitant medication covariates in their regression analysis relating HCC outcomes to
PPI1 exposure and showed similar etiology/types of CLD between PPI user and nonuser
groups. The Kao et al. and Shao et al. studies defined PPI users by cumulative daily drug
dose (cDDD), calculated as the number of pills dispensed by the prescribed dose divided by
the recorded days’ supply), of 28 or 30 mg or greater [20,30] while the Li et al. study
classified PPI users as those who took at least one PPI prescription at any time during the
study period [21] (Table 2). Over a median follow-up time ranging from one to eight years,
there were 1,452 cases of incident HCC in 13,037 PPI users (11.1%) and 11,744 cases of
incident HCC in 141,738 nonusers (8.3%) from three studies (RR, 1.42; 95% CI 0.68-2.95)
(Fig. 3a).

The pooled risk estimates indicated that PPI users with CLD had a 67% greater risk of
developing HCC compared to nonusers (aRR, 1.67; 95% CI, 1.12-2.50) (Fig. 3b). There was
evidence of significant heterogeneity (12=92%, P<0.001), but not publication bias (Fig. 4a).
In the subgroup analysis, significantly higher HCC risk was observed in PPI users with
hepatitis (PPI users: n=13,244, nonusers: n=13,266) compared to nonuser counterparts
(aRR, 1.45; 95% CI, 1.03-2.03). This association was observed among patients with
cirrhosis although this finding was not statistically significant (aRR, 1.14; 95% Cl, 0.32—
4.01) (PPI users: n=5,878, nonusers: n=133,328) (Table 3). We observed that the longer the
follow-up of HCC after PPI-use, the higher the pooled RR. Notably, the association between
PPI-use and higher HCC risk was not statistically significant in the Asia study.

between PPI-use and mortality

Eight studies investigated the relationship between PPI-use and mortality among patients
with CLD (n=7,593 patients: 2,492 PPI users and 5,101 nonusers) [12,18,19,31-35]. One
included patients with all types of liver disease [31] whereas seven included patients with
cirrhosis [12,18,19,32-35]. Some of the cirrhotic patients from the seven studies also had
other liver diseases such as viral hepatitis, ALD or NAFLD, or HCC and the proportion of
liver disease among the two groups was similar (Table 1). The majority of the study patients
were male (54—-77%) with mean age ranging 56 to 63 years. For CLD patients, the model for
end-stage liver disease (MELD) score ranged from 11 to 20. Regarding liver disease
etiology, ALD accounted for 8-55% among the included studies, NAFLD 3-18%, HBV 13-
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75%, and HCV 12-27%. Of note, about half of Hung et al. (45%) and Kwon et al. (54%)
study patients had HCC [18,32]. The median follow-up time ranged from 30 days to 3.4
years (Table 2). Among eight studies, five reported the number of deaths and adjusted HR
[18,19,32,34,35] and three reported mortality data only as adjusted HR [12,31,33]. In the
five studies, there were 1,062 deaths among 1,705 PPI users (62.2%) and 2,718 deaths
among 4,803 nonusers (56.6%) (RR, 1.82; 95% Cl, 1.22-2.72) (Fig. 5a).

Pooled estimates from the eight included studies indicated that PP1 users had a 57%
increased risk of (RR) mortality compared to PPI nonusers (aRR, 1.57; 95% Cl, 1.24-1.99).
There was significant heterogeneity (12=69%, P=0.002) (Fig. 5b) but not publication bias
(Fig. 4b). We found a significant association between PPI-use and increased mortality
among patients with cirrhosis in seven studies (aRR, 1.59; 95% CI, 1.23-2.06). There was
insufficient data to perform sub-analysis for patients with hepatitis. When investigating the
effect of follow-up duration, the association between PPI-use and increased mortality was
highly significant (aRR, 2.05; 95% ClI, 1.63-2.58), while the association was only modest
and trending towards significance among those with a one-year follow-up or shorter duration
(aRR, 1.20; 95% CI, 0.97-1.48) (Table 3). The significant association between PPI-use and
mortality appeared consistent among studies from Asia (aRR, 1.43; 95% Cl, 1.08-1.89) and
non-Asia (aRR, 1.69; 95% ClI, 1.12-2.54).

Discussion

To the best of our knowledge, this is first meta-analysis to evaluate and quantify the
association between PPI-use and the risk of liver cancer and mortality among patients with
CLD. Overall, we found that patients with CLD who used PPIs had a 67% increased risk of
HCC and a 57% increased risk of mortality compared to nonusers, though there were some
differences among the various subgroups.

Investigations of the association between PPI-use and hepatic encephalopathy in patients
with liver dysfunction [36] and PPI-use and HCC in general population (i.e. people with or
without liver disease) [37] reported varied results. One meta-analysis reported that PPIs were
associated with a higher hepatic encephalopathy risk among patients with chronic and acute
liver dysfunction (OR, 1.76; 95% ClI, 1.15-2.69) [36]. Another reported that there was no
significant association between PPI-use and the risk of HCC (OR, 1.58; 95% Cl, 0.91-2.76)
[37]. The differences in our findings may be due to previous studies not considering the
impact of CLD as an important risk factor for the incidence of HCC [38]. In fact, HCC
almost exclusively occurs in the setting of CLD.

Therefore, to further investigate our findings, we performed subgroup analyses and found
that patients with hepatitis were at a higher risk for HCC than nonusers. In addition, patients
with >1 year follow-up after initiating PPIs had a two times greater risk for HCC than those
with <1 year. Unfortunately, we were unable to analyze PPI dosage as only two studies (Li et
al. and Shao et al.) reported dose-dependent risk. They found that an increased cumulative
daily dose was associated with an increased risk of HCC [20,21]. Though we also found that
PPI-use was associated with increased risk of HCC among cirrhotic patients, this finding
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was not statistically significant, probably due to small sample sizes of PPI users among
cirrhotic patients.

Besides the observed increased risk for mortality, we also found that PPI-use was
significantly associated with increased risk of death in CLD patients (aRR, 1.57; 95% ClI,
1.24-1.99). The association remained significant among patients with cirrhosis and those
with >1 year follow-up. Several meta-analyses evaluated the association between PPIs and
risk of death in patients with other chronic medical conditions (e.g., spontaneous bacterial
peritonitis [SBP]) and their findings are somewhat different [39-42]. Yu et al. conducted a
meta-analysis of PPI-use and the risk for mortality among cirrhotic patients with SBP. They
reported that the association was not statistically significant. However, they noted that their
meta-analysis included only four observational studies including one of low quality and
cautioned readers that their results were unstable and further studies were needed [39]. The
results of systematic reviews about the association between PPIs and mortality in patients
taking clopidogrel were also controversial [40-42].

Although the pathophysiologic mechanism between PPI-use and the risk of liver cancer and
death are not well understood, several plausible mechanisms have been suggested. Since
PPIs are metabolized in the liver, PPI toxicity may occur in liver impaired patients which
could lead to hypergastrinemia causing carcinogenic effects, especially on liver cells [43,44].
In addition, the use of cultured cells from the human liver have exhibited a genetic
expression similar to well-known carcinogens in the liver after exposure to PPIs [45,46].
Reducing gastric acid with PPIs also leads to bacterial overgrowth of the stomach by
increasing various microbes [48,49]. It has been shown that primary bile acid of the intestine
transforms to secondary bile acid contributing to liver disease exacerbation in mice [50-52].
High levels of secondary bile acid in liver and bile duct cells may cause inflammatory, toxic,
and deoxyribonucleic acid (DNA) damage that may contribute to HCC and
cholangiocarcinoma [53,54]. Furthermore, PPI-use was found to lead to the proliferation of
cells with fatal mutations through the induction of oxidative stress and the production of
reactive oxygen species that further damage DNA and increases the mutation rate, tumor
suppressor genes and oncogenes-increasing the risk of cancers [55-58]. Others have
suggested that PPI-use limits the regenerative capacity of livers, reduces proteostasis and
lysosomal acidification, and may promote oxidative stress, dysfunction, telomere shortening,
aging of human endothelial cells, blockage of the antigen-presenting pathway, inhibiting
synthesis and secretion of cytokines, as well as effecting the complement component
proteins and coagulation factors. However, the mechanism of the association between
changing gene expression and the risk of death is not entirely clear, requiring further study
[59-62].

Our study has several strengths. First, this study, to the best of our knowledge, is the first
systematic review and meta-analysis to examine the association between PPI-use and liver
cancer and mortality in patients with CLD. The results of each observational study were
controversial so now we are able to offer the best available evidence through our systematic
and meta-analytic approach. Another strength of this study was that the present meta-
analysis included a large sample size and high-quality studies. Thus, the precision of the
meta-analysis was increased and the results more reliable. Third, we could identify PPI as an
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independent risk factor for liver cancer or mortality in patients with CLD since we used the
best-adjusted estimates to obtain the pooled estimate after controlling for confounders
including demographic characteristics, comorbidities, and/or concomitant medications.

Several limitations need to be considered in the interpretation of our findings. First, the
number of included studies was small, so we could not examine the magnitude of the
association in detail or stratify by dose or different types of CLDs or different categories of
PPI. Only two studies reported the dose-related association and found a PPI associated with
an increased risk of HCC in a dose-dependent manner. There was one study that investigated
a dose-dependent risk for mortality. Second, there was substantial heterogeneity in the
population and quality of the original studies. The methods used to ascertain PPI-use and
population varied widely across studies, likely contributing to the high degree of
heterogeneity in the results. Although a random-effects meta-analysis, which takes into
account study variability and confounders, was used to obtain a pooled estimate of studies,
unknown factors can affect our results. Third, the included studies of this meta-analysis were
cohort or case-control studies. Thus, we could only investigate the association between PPI-
use and liver cancer or mortality and the casual relationship could be not confirmed. Fourth,
there could be a confounding effect by indication of PPI use among “sicker” patients at
higher risk for gastrointestinal bleeding. However, except for the few specific situations such
as the immediate postendoscopic variceal banding period, there are generally no proven
benefit or recommendation for PPI use in sicker or decompensated liver patients. In addition,
PPI use in such situations is usually short-term. Therefore, it is likely that the vast majority
of PPI use among cirrhotic patients are for indications that would be similar to the
widespread use of PPI in the non-CLD population. Fifth, residual confounding is possible
because no information was available for the duration of liver disease.

Conclusion

This systematic review and meta-analysis found that PPI-use was associated with an
increased risk for HCC and mortality in CLD patients. We discussed various
pathophysiologic mechanisms for these findings to include the direct damage to the liver
cells and the impact of the liver disease itself in perhaps hastening liver disease progression.
However, these theories require further study before conclusions can be drawn. Therefore,
we conclude that PPIs should be used cautiously in patients with CLD.
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