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1. INTRODUCTION
Proton pump inhibitors (PPIs) have been widely used in the 
treatment of peptic ulcer disease, gastroesophageal reflux dis-
ease, and in the eradication of Helicobacter pylori. PPIs were 
generally considered to be a safe and effective drug. However, 
adverse effects such as Clostridium difficile-associated diarrhea, 
vitamin and mineral malabsorption, hip fracture, and commu-
nity-acquired pneumonia were noted in some patients follow-
ing the long-term use of PPIs.1–3 Furthermore, overprescription 
of PPIs has been reported lately.4 PPIs were frequently used in 
patients with chronic liver diseases; however, 30% to 50% of 
patients may have been given inappropriate prescriptions.5

Although PPI-induced hepatotoxicity is rare,6 the safety of PPIs 
in patients with chronic liver diseases has been challenged.7–10 
PPI use has been reported to be associated with the severity of 

cirrhosis and an increased risk of decompensation, such as ascites, 
spontaneous bacterial peritonitis (SBP), and hepatic encepha-
lopathy (HE) among cirrhotic patients.7–10 Previous studies have 
also revealed that PPIs may increase the rate of readmission and 
mortality in patients with chronic liver diseases.7–10

In addition, PPIs may be a potential carcinogenic agent. Long-
term use of PPIs has been suspected to increase the risk of colo-
rectal cancer, esophageal cancer, gastric cancer, and pancreatic 
cancer.11–14 Chronic use of PPIs can induce hypergastrinemia and 
dysbiosis of the gut microbiome, which may lead to carcinogen-
esis in the gastrointestinal tract.15–17 Recently, concern has arisen 
over whether long-term use of PPIs increases the risk of hepato-
cellular carcinoma (HCC). In an animal study, omeprazole was 
found to promote the formation of liver tumors,18 and some 
clinical studies have also reported that PPIs may be associated 
with an increased risk of HCC.19,20 However, there were also 
some recent studies that reached contradicting conclusions.21–23

Whether the use of PPIs increases the susceptibility of patients 
to HCC remains unclear. Therefore, the present study performed 
a systematic review and meta-analysis to assess the influence of 
PPI use on the risk of HCC.

2. METHODS

2.1. Identification and retrieval of studies
A literature search of English-language articles was conducted 
to evaluate the potential association between PPI use and HCC, 
in articles published up to January 2019 in PubMed, Medline, 
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Results: A total of five studies, which had shown that PPIs were associated with HCC (crude risk ratio [RR] = 2.27, 95% confi-
dence interval [CI]: 1.44-3.57; p < 0.01) when an unadjusted RR were adopted, were eligible for meta-analysis. It was observed 
that the cumulative dose of PPIs may increase the risk of HCC in a linear model (p < 0.01). However, when using data that were 
adjusted by comorbidities and concurrent medications, the association between PPIs and HCC became insignificant (adjusted 
RR = 1.62, 95% CI: 0.89-2.93; p = 0.11) and this result was consistent in the sensitivity analysis.
Conclusion: The current meta-analysis has shown that PPI use does not significantly increase the risk of HCC after adjusting for 
confounding factors. However, further studies are warranted to verify the association between PPIs and HCC in special popula-
tions, such as viral or alcoholic liver diseases.

Keywords:  Hepatocellular carcinoma; Liver tumor; Proton pump inhibitor

<zdoi: 10.1097/JCMA.0000000000000157>

mailto:yshuang@vghtpe.gov.tw
mailto:yshuang@vghtpe.gov.tw


www.ejcma.org � 757

Original Article. (2019) 82:10� J Chin Med Assoc

Embase, and the Cochrane Database of Systematic Reviews, 
using the medical subject heading search terms: “hepatocellu-
lar carcinoma”, “liver cancer”, “hepatic tumor”, and “proton 
pump inhibitor”. Articles were selected for a full text review 
based on their title and abstract. Furthermore, the reference lists 
of the retrieved articles were manually searched to increase the 
number of possibly appropriate articles. A total of two research-
ers independently examined all of the retrieved articles and 
assessed their eligibility for inclusion within the present study. 
Discordant opinions were resolved by consensus with the other 
coauthors.

2.2. Inclusion and exclusion criteria
The included studies had to fulfill the following selection crite-
ria: (1) patients received PPI treatment, including omeprazole, 
pantoprazole, lansoprazole, rabeprazole, esomeprazole, or dex-
lansoprazole; (2) had data on patients with or without PPI use, 
and with or without HCC; and (3) was published as a full-length 
article. The exclusion criteria were as follows: (1) repeated use 
of the same cohort in the second paper; (2) incomplete data on 
odds ratios, risk ratios (RR), hazard ratios, or standardized inci-
dence ratios. Studies included in the analysis were reviewed for 
the following characteristics: authors and year of publication, 
ethnicity, prospective or retrospective case-control study, and 
type of PPI administered.

2.3. Statistical analysis
All statistical analyses were performed using Review Manager 
version 5.3.5 (RevMan for Windows, 2014; The Cochrane 
Collaboration, Oxford, UK). Inverse variance was used as 
the analysis method. RR with 95% confidence intervals (CIs) 
were calculated to determine the association between the inci-
dence of HCC and PPI use. Heterogeneity between-studies was 
recognized with a cutoff value of ≥50% using I2 statistics, or  

p < 0.10 using the χ2 test for Cochran Q statistics. If significant 
heterogeneity was found, a random effect model was selected 
to analyze the pooled data. Funnel plots were used to assess the 
publication bias.

A dose-response meta-analysis was performed using the 
two-stage generalized least squares for trend (GLST) estima-
tion of summarized dose-response data.24,25 The GLST method 
first assessed study-specific slope lines and then obtained an 
overall average slope. The analysis was based on data for the 
median dose of PPI administered, the reported RRs, the 95% 
CIs for effect size, and the number of cases and controls in each 
quantitative group. If the median dose of PPI administered in 
different quantitative groups was not reported, the medians 
were estimated using the midpoint of the lower and upper lim-
its. If the highest quantitative group was open-ended, the dif-
ference between the lowest range to the median was considered 
to be equivalent to the same difference in the closest adjacent 
category. The cumulative doses were allocated to each relevant 
RR. There were two studies that reported RRs with their cor-
responding 95% CIs, included in the GLST dose-response 
analysis.20,23

3. RESULTS

A total of 37 citations were identified following the initial main 
database search, from which five studies were eligible for meta-
analysis (Fig.  1). Of the five included studies, three were per-
formed in Asia, one was from the United States, and one was 
performed in Europe. Four of the studies were case-controlled 
studies and one was a prospective study; three studies docu-
mented the cumulative doses of PPI exposure (Table 1).

The meta-analysis showed that there was an association 
between PPI use and HCC (RR = 2.27, 95% CI: 1.44-3.57;  
p < 0.01; Fig. 2) when unadjusted RRs were used.

Studies identified in literature research 
January 2019 (n = 37)

Exclude:
Duplication (n = 4)
Non-human (n = 13)

PPI use and the development of 
hepatocellular carcinoma (n = 20) 

Exclude: 
Reviews and guidelines (n = 2)
Editorials and letters (n = 12)
Incomplete data (n = 1)

Studies included in this meta-analysis 
(n = 5)

Fig. 1  Flow chart of the selection of eligible studies.
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In Li’s study, the risk of HCC between non-PPI users and 
those with different cumulative defined daily dose (30-180, 181-
540, 541-900, >900) was investigated.19 However, the effect of 
the total cases of PPI on HCC was not obtainable from this 
study. Therefore, a cDDD of 181 to 540 was chosen to represent 
Li’s data in the meta-analysis, as the cumulative doses in the 
other groups of Li’s study were either too high or too low.

The dose-response relation was estimated in two studies that 
provided RRs with their corresponding 95% CIs.20,22 Li’s study 
was not included due to the lack of case numbers for HCC and 
PPI users.19 The summary RR per 50 cumulative dose increases 
in PPI use was 1.24 (95% CI: 1.22-1.26; p < 0.01; Fig. 3) using 
the linear regression model. There was a dose-response relation 
between PPI use and HCC under long-term exposure.

In the studies by Lai et al, Tran et al, and Shao et al, both the 
crude RRs and adjusted RRs were presented.20–22 The data were 
adjusted for age, cirrhosis, viral hepatitis, alcoholic liver disease, 
nonalcoholic fatty liver disease (NAFLD), diabetes mellitus and 

concurrent medications, such as statins, metformin, and aspi-
rin. When these adjusted RRs were used for the meta-analysis, 
the association between PPI use and HCC became insignificant 
(adjusted RR = 1.62, 95% CI: 0.89-2.93; p = 0.11; Fig. 4). A 
sensitivity analysis was performed due to high heterogeneity  
(I2 = 97%; p < 0.01), and the association remained insignificant, 
except when the study by Lai et al was removed (Table 2).

4. DISCUSSION
Recently there has been concern over the potential associa-
tion between PPI use and the risk of HCC; however, it remains 
debated. The current study found that the use of PPIs may be 
associated with an increased risk of HCC, with a dose-response 
relationship. However, this association was not present after the 
data were adjusted for confounding factors.

PPIs can block the secretion of gastric acid by directly inhib-
iting hydrogen transport in the parietal cells of the stomach.26 

Table 1

Main characteristics of enrolled studies in the order of publication year (n = 5)

First author, year Country Study design PPI/non-PPI HCC/non-HCC Patient population

Lai, 201321 Taiwan Case-control 1500/13 935 3087/12 348 Included patients with cirrhosis, viral hepatitis, alcoholic liver disease, 
and nonalcoholic fatty liver disease

Li, 201819 USA Case-control 5752/5774 Not documented Noncirrhotic, hepatitis C
Shao, 201820 Taiwan Case-control 10 288/313 693 29 473/29 508 Excluded patients with viral hepatitis and cirrhosis
Tran, 201822 UK Prospective Total: 471 851 88/471 763 Included patients with cirrhosis, hepatitis, alcoholism, and obesity
Kao, 201923 Taiwan Case-control 7492/7492 448/14 536 Hepatitis B or C

HCC = hepatocellular carcinoma; PPI = proton pump inhibitor.

Fig. 2  Forest plot of association between PPI use and the risk of hepatocellular carcinoma in five eligible studies, using unadjusted risk ratio. Events denote 
patients with hepatocellular carcinoma. CI = confidence interval; IV = inverse variance; PPI = proton pump inhibitor.

Fig. 3  Dose-response analysis shows significant relationship between dose of PPI and the risk of HCC in linear regression model (RR = 1.24, 95% CI: 1.22-1.26; 
p < 0.01). CI = confidence interval; HCC = hepatocellular carcinoma; PPI = proton pump inhibitor.
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Long-term use of PPIs causes hypergastrinemia as a response 
to the reduced acidity of the gastric juice.27,28 Gastrin not only 
participates in the regulation of gastric acid secretion29 but also 
plays a crucial trophic factor in the gastrointestinal tract.30 Both 
gastrin and its receptor, cholecystokinin B receptor, were found 
to be expressed by HCC and may be associated with HCC 
tumor proliferation.31,32

Another possible mechanism of carcinogenesis by PPIs is 
alteration of the gut microbiota. Dysbiosis of gut microbiota 
may cause inflammation in the intestine, and the bacteria may 
translocate to the systemic circulation through a leaky gut and 
induce chronic inflammation in the body.33 Both bacteria and 
their metabolites can enter the liver via the portal vein, and then 
activate the proinflammatory signaling pathway in the liver.34 
This process may induce hepatitis, fibrosis, and cancer.34 Also, 
the gut microbiota plays an important role in modulating bile 
acids.35 The deregulation of bile acids and increased fermented 
products from dysbiotic gut microbiota may be associated 
with the formation of HCC.35,36 It has been shown that PPIs 
can induce dysbiosis of gut microbiota and increase the growth 
of potentially pathogenic bacteria, such as Clostridium diffi-
cile, genera Enterococcus, Streptococcus, Staphylococcus, and 
Escherichia coli.16,37,38 Grąt et al from Poland discovered that 
patients with HCC had significantly increased fecal counts of 
Escherichia coli compared with non-HCC patients, but this 
association was not found for other enterobacteria.39 Further 
studies are needed to confirm whether the alteration in the com-
position of the gut microbiome, which is induced by PPI use, can 
lead to carcinogenesis of the liver.

Furthermore, omeprazole, lansoprazole, and pantoprazole 
are CYP1A inducers, which may activate the aryl hydrocarbon 
receptor (AhR).40,41 AhR is recognized as facilitating tumor pro-
motion by 2,3,7,8-tetrachlorodibenzo-p-dioxin, also recognized 
as dioxin.42 Some other CYP1A inducers are known to have the 
potential to promote hepatocellular tumors and increase oxida-
tive stress in animal studies.43,44 Omeprazole was found to be a 
hepatocellular tumor promoter in rats, with significant augmen-
tation in the expression of AhR genes.43,44

Based on the above-mentioned hypothesis, Dultz et al found 
that PPI use was associated with a higher model of end-stage 
liver disease (MELD) score and ascites in cirrhotic patients, and 
was an independent risk for mortality in cirrhotic patients apart 
from MELD score, HCC and hepatic decompensation.7 PPI use 
may also increase the risk of HE and SBP in patients with cir-
rhosis.8,9 In a study by Llorente et al, it was demonstrated that 
PPIs may promote alcoholic liver disease by altering the gut 
microbiota.38

In 2013, Lai et al from Taiwan evaluated the association 
between PPIs and HCC, and they revealed that PPI use did not 
significantly increase the risk of HCC after adjusting for age, 
cirrhosis, alcoholic liver damage, NAFLD, viral hepatitis, dia-
betes mellitus, and the use of other medications.21 In 2018, two 
different studies demonstrated that PPI use may be associated 
with the occurrence of HCC. Li et al from the United States 
found that PPI use increased the risk of HCC among patients 
with chronic hepatitis C infections.19 Shao et al from Taiwan 
discovered that PPI use was associated with an increased risk 
of HCC in patients without viral hepatitis or cirrhosis, with a 
dose-response relationship (p for trend <0.0001).20 Conversely, 
Tran et al, from the United Kingdom, analyzed two sets of data 
from the UK Biobank and Primary Care Clinical Informatics 
Unit (PCCIU), and found no significant correlation between PPI 
use and HCC after adjusting for age, gender, body mass index, 
alcohol, smoking, use of other medications and comorbidities, 
including cirrhosis, hepatitis, diabetes, and peptic ulcer disease.22 
Kao et al from Taiwan analyzed patients with chronic hepatitis 
B and C infections, and revealed that PPI use was not associated 
with HCC, even in patients with long-term use (>365 cumulative 
doses).23 In 2018, a short report revealed that PPI use was not 
associated with HCC following a meta-analysis.45 However, the 
meta-analysis enrolled patients with both HCC and cholangio-
carcinoma, which may have distorted the results.22,45 Although 
the current study included the same five studies, the data that 
were used was different, and included HCC patients only.22

In the present study, a significant association was found 
between PPI use and HCC when crude RRs were used. 
However, a high heterogeneity was found in the studied pop-
ulation. Lai et al included a heterogenous population with 
patients having viral hepatitis, cirrhosis, alcoholic liver dis-
ease, and NAFLD. Li et al included patients with Hepatitis 
C virus (HCV) infection who received anti-HCV therapy 
during the study period and excluded patients who had pre-
vious hepatic decompensation, HCC, or coinfection with 
human immunodeficiency virus or Hepatitis B virus (HBV).19 
However, patients who had been exposed to PPIs had higher 
baseline HCV RNA levels, lower sustained viral response 
rates, and increased alcohol abuse or a history of smoking 
compared with non-PPI users, which may have influenced the 
result.19 Shao et al excluded patients with viral hepatitis or 

Fig. 4  Forest plot of association between PPI use and the risk of hepatocellular carcinoma in five eligible studies, using adjusted risk ratio. Events denote patients 
with hepatocellular carcinoma. CI = confidence interval; IV = inverse variance; PPI = proton pump inhibitor.

Table 2

Sensitivity analysis

Risk ratio 95% CI p

Lai et al21 1.88 1.15-3.07 0.01
Li et al19 1.51 0.74-3.07 0.26
Shao et al20 1.35 0.93-1.98 0.12
Tran et al22 1.62 0.83-3.18 0.16
Kao et al23 1.84 0.99-3.42 0.05

Sensitivity analysis was done by removal of included studies one by one.
CI = confidence interval.
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cirrhosis at baseline.20 Tran et al extracted two sets of data 
from the UK Biobank and PCCIU, and analyzed them sep-
arately. The data from the PCCIU was not analyzed in the 
present study because it included both HCC and intrahepatic 
cholangiocarcinoma patients and could not be properly used 
to assess the effect of PPI on HCC. Data from the UK Biobank 
included 0.1% patients with cirrhosis and 0.5% patients with 
hepatitis, and revealed that PPI use was not associated with 
HCC.22 In the study by Kao et al, the included patients either 
had chronic HBV or HCV infection; however, patients with 
dual HBV and HCV infections were excluded.23 They found 
that PPI use was not associated with HCC in both the HBV 
and HCV groups, even in patients with hepatic decompensa-
tion.23 The association between PPI use and HCC was insig-
nificant in the homogenous cohort of HBV or HCV carriers in 
Kao’s group.23 Viral hepatitis is known to be a risk factor for 
HCC, and the presence of viral hepatitis may overwhelm the 
effect of PPI. The association between PPI use and HCC was 
lost when the data were adjusted for concurrent liver disease 
and other medications during the meta-analysis. However, it 
was not possible to perform a subgroup analysis of coexisting 
liver diseases, such as viral hepatitis infection, due to the small 
study number and the lack of detailed information about the 
status of viral hepatitis in all of the studies.

A dose-response relationship between PPI and HCC was 
found in the present study. However, only two studies were cor-
responded to the analysis.20,23 Therefore, further investigation is 
needed to confirm whether prolonged use of PPIs increases the 
risk of HCC.

There were several limitations to the present meta-analysis. 
First, the enrolled studies focused on different populations. Two 
of the studies focused on patients with viral hepatitis,19,23 while 
one study excluded patients with HBV or HCV.20 The status 
of hepatic function and the antiviral treatment were not well 
defined in most of the studies. Second, four of the included 
studies were case-controlled studies. There were unmeasurable 
confounding factors for HCC, such as alcoholic liver disease, 
NAFLD, smoking and family history. Third, some patients who 
bought PPIs over the counter may have been misclassified as 
non-PPI users.

In conclusion, the present meta-analysis has shown that PPI 
use was not significantly associated with an increased risk of 
HCC. However, limited studies have suggested that there may 
be a dose-response relationship between PPIs and HCC. Further 
studies are warranted to verify the association between PPI use 
and HCC.
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