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Summary
Background Evidence from observational studies suggests that chronic hepatitis B virus (HBV) infection is associ-
ated with extrahepatic cancers. However, the causal association between chronic HBV infection and extrahepatic
cancers remains to be determined.

Methods We performed two-sample Mendelian randomization (MR) to investigate whether chronic HBV infection
is causally associated with extrahepatic cancers. We identified four independent genetic variants strongly associated
(P-value< 5£ 10�8) with the exposure, chronic HBV infection in 1371 cases and 2938 controls of East Asian ancestry
in Korea, which were used as instrumental variables. Genome-wide association summary level data for outcome var-
iables, that included cancer of the biliary tract, cervix, colorectum, endometrium, esophagus, gastric, hepatocellular
carcinoma, lung, ovary and pancreas were obtained from Biobank Japan.

Findings Using the multivariable inverse variance weighted method, we found genetic liability to chronic HBV infec-
tion causally associated with extrahepatic cancers including cervical cancer (odds ratio [OR] = 1.57, 95% confidence
interval [CI] = 1.29�1.91, P-value = 0.0001) and gastric cancer (OR = 1.12, 95% CI = 1.05�1.19, P-value = 0.0001).
Moreover, chronic HBV infection (OR = 1.20, 95% CI = 1.07�1.34, P-value = 0.0021) was causally associated with
hepatocellular carcinoma, supporting a well-established association between chronic HBV infection and hepatocellular
carcinoma.

Interpretation Our MR analysis revealed that chronic HBV infection is causally associated with extrahepatic cancers
including cervical and gastric cancers.

Funding None.

Copyright � 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Keywords:HBV; Cancer; Mendelian randomization; Genetics; SNPs
*Corresponding author.

E-mail address: abramkamiza@gmail.com (A.B. Kamiza).

www.thelancet.com Vol 79 Month May, 2022
Introduction
About 360 million people worldwide are chronically
infected with hepatitis B virus (HBV) infection.1,2 Evi-
dence from observational studies indicates that chronic
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Research in context

Evidence before this study

Epidemiological studies, suggests that chronic HBV
infection is associated with extrahepatic cancers. How-
ever, uncertainty exists whether these associations are
causal, as much of the current evidence originates from
observational studies, which are prone to confounding
and reverse causation.

Added value of this study

Using multivariate Mendelian randomization, we
revealed that chronic HBV infection is causally associ-
ated with extrahepatic cancers including cervical cancer
and gastric cancer in individuals of East Asian ancestry.
Our analysis further found chronic HBV infection caus-
ally associated with hepatocellular carcinoma, support-
ing evidence from previous observational studies that
chronic HBV infection is the risk factor for hepatocellular
carcinoma.

Implications of all the available evidence

By establishing a causal link between chronic HBV infec-
tions with extrahepatic cancers, our findings will pro-
vide a basis for screening patients with chronic HBV
infection for some site-specific extrahepatic cancers to
prevent cancer development.
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HBV infection is the risk factor for hepatocellular
carcinoma.3�5 Further evidence suggests that chronic
HBV infection is associated with extrahepatic cancers
including cancer of the pancreas, lung, colorectum, kid-
ney, cervix, gastric, and thyroid gland.6�9 Moreover, our
previous analysis using data from Taiwan National
Health Insurance Research Database (NHIRD) revealed
that chronic HBV infection is associated with cancer of
the liver, pancreas, kidney, colorectum, ovary, non-
Hodgkin’s lymphoma, gallbladder and extrahepatic bile
duct.10

Although chronic HBV infection has been associated
with extrahepatic cancers, uncertainties exist whether
these associations are causal. Much of the current evi-
dence originated from observational studies,6�10 that
are susceptible to residual confounding. Hence, these
associations need to be investigated further using differ-
ent approaches that are not prone to confounding. Men-
delian randomization (MR) is an analytical approach
that can improve causal inference by using genetic var-
iants as instrumental variables to infer the causality of
exposure to an outcome.11 Unlike observational studies,
MR analyses are not confounded by some unmeasured
factors owing to the random independent segregation
of alleles during meiosis.12,13 Besides, MR analyses are
not prone to reverse causation as genetic variants are
fixed at birth and do not change over time.14 This makes
MR an ideal approach for inferring the causality of an
exposure on an outcome.

Here we performed a two-sample MR to investigate
the causal associations between chronic HBV infection
and extrahepatic cancers using genetic variants strongly
associated with chronic HBV infection as instrumental
variables. We investigated whether genetic liability to
chronic HBV infection is causally associated with biliary
tract, cervical, colorectal, endometrial, esophageal, gas-
tric, liver, lung, ovarian and pancreatic cancers.
Methods

Exposure data
Genetic variants strongly associated with chronic HBV
infection were selected from a genome-wide association
study (GWAS) of individuals of East Asian descent in
Korea.15 A flow chart of study and instrumental variable
selection is presented in Fig. S1. Chronic HBV infection
was defined as the seropositivity of hepatitis B surface
antigen (HBsAg) for more than six months. The discov-
ery GWAS comprised of 1371 chronic HBV patients and
2938 controls; adjusted for age, sex and population
structure by including 10 principal components as cova-
riates in the model. Four independent genetic variants
strongly associated with chronic HBV infection from
this GWAS were identified by selecting the single nucle-
otide polymorphisms (SNPs) with the lowest P-value (P-
value < 5 £ 10�8), in 500 kb window around a lead
SNP that were also less correlated with other SNPs in
this region (r2 < 0.01) (Fig. S1). To avoid violating the
third assumption of MR (horizontal pleiotropy), we
used PhenoScanner to identify and remove any genetic
variants that were directly associated with any site-spe-
cific cancers.16 Interestingly, all our instrumental varia-
bles were not associated with any site-specific cancers.
Moreover, the strength of our instrumental variables
were measured using the F-statistics as described in
detail by the previous study.17 Detailed information for
genetic variants used as instrumental variables in the
current analysis is provided in Table 1.
Outcome data
GWAS summary level data for the associations between
genetic variants and biliary tract cancer (n = 339), cervi-
cal cancer (n = 605), colorectal cancer (n = 7062), endo-
metrial cancer (n = 999), esophageal cancer (n = 1300),
gastric cancer (n = 6563), liver cancer (n = 1866), lung
cancer (n = 4050), ovarian cancer (n = 720) and pancre-
atic cancer (n = 442) were obtained from a recent large
GWAS of the East-Asians ancestry in Japan.18 In these
analyses, Ishigaki et al.18 adjusted for covariates, which
include age, sex, and top five principal components. All
participants included in the analysis were of East-Asian
www.thelancet.com Vol 79 Month May, 2022
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descent recruited from 12 medical institutions through-
out Japan into the Biobank Japan (BBJ), which has over
47 diseases and phenotypes including 13 site-specific
cancers.19
Ethics statement
Our study used publicly available GWAS summary sta-
tistics data from the Biobank Japan, which obtained
informed consent from all participating studies by fol-
lowing the protocols approved by their respective insti-
tutional review boards.18 No separate ethical approval
was required for this study.
Statistical analysis
Our MR analyses were performed using the inverse-var-
iance weighted (IVW) method, which provides accurate
estimates when there is no heterogeneity and direc-
tional pleiotropy between the exposure and outcome
variable.20 The heterogeneity of causal association
between chronic HBV infection and extrahepatic can-
cers were investigated by estimating Cochran’s Q statis-
tics and I2 statistics assuming a fixed-effect model.21 We
performed sensitivity analyses to check and correct for
pleiotropy in the causal estimates.20 We defined the
presence of heterogeneity if the Q statistics were signifi-
cant at a P-value � 0.05 and consequently, we used a
random-effect IVW method in our analysis.22 We
assessed the presence of horizontal pleiotropy using
MR-Egger regression based on its intercept terms and
Mendelian randomization pleiotropy residual sum and
outlier (MR-PRESSO) .23,24 When the MR-Egger inter-
cept deviates from zero or its P-value is statistically sig-
nificant at P-value � 0.05 it indicates the presence of
horizontal pleiotropy25 and a different MR method was
used to report the results. In this analysis, we used the
weighted median method in the presence of heteroge-
neity and horizontal pleiotropy. The weighted median
methods can give valid estimates under the presence of
horizontal pleiotropy when up to 50% of the instru-
ments variables are valid.20 MR-PRESSO was used to
detect and remove outlier instrumental variables.24

To avoid our results from being confounded, we per-
formed a multivariable IVW (MIVW) method adjusting
for chronic hepatitis C virus (HCV) infection and ciga-
rette smoking. Our previous analysis found chronic
HCV to be associated with site-specific cancers includ-
ing liver, ovary, non-Hodgkin’s lymphoma, gallbladder
and extrahepatic bile duct.10 Cigarette smoking was
adjusted as one of the risk factors for some site-specific
cancers. Genetic variants strongly associated with ciga-
rette smoking and chronic HCV infection were obtained
from the East Asian ancestry population in BBJ and
included in the multivariable MR analysis.26 For multi-
ple testing, we used the Bonferroni method27 and causal
associations were considered to be statistically
3



Fig. 1. The causal association between chronic HBV infection with extrahepatic cancer in individuals of East-Asian ancestry in Japan
using the inverse variance weighted (IVW) method. OR; odds ratio, CI; confidence interval, IVW P-value < 0.005 was defined as statis-
tically significant after Bonferroni multiple corrections.
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significant when a P-value < 0.005 (0.05/10 outcomes).
All statistical analyses were performed using the Men-
delian Randomization28 and Two-sample MR29 pack-
ages using the R programming language.
Role of the funding source
The funders did not have any role in the analysis and
interpretation of the data; writing of the manuscript; or
in the decision to submit the paper for publication.
Results
We identified four independent significant SNPs
strongly associated with chronic HBV infection from
individuals of East Asian ancestry in Korea (Table 1).
These genetic variants had an F-statistics of more than
220, thus indicating that our instrumental variables
were strongly associated with chronic HBV infection.
Moreover, our instrumental variables were not directly
associated with any site-specific cancers.
Chronic HBV infection MR estimates
We evaluated whether chronic HBV infection is caus-
ally associated with extrahepatic cancers in East-
Asians descents. The IVW method was our primary
MR method in the absence of horizontal pleiotropy
and we found chronic HBV infection causally associ-
ated with hepatocellular carcinoma, odds ratio
(OR) = 1.27 and 95% confidence interval
[CI] = 1.20�1.35, P-value < 0.0001, IVW, Fig. 1). Addi-
tionally, we found chronic HBV infection causally
associated with extrahepatic cancers including gastric
cancer (OR = 1.09, 95% CI = 1.05�1.12, P-value
< 0.0002, IVW) and lung cancer (OR = 1.12, 95%
CI = 1.08�1.17, P-value < 0.0002, IVW) in
individuals of East Asian ancestry in Japan. Moreover,
we found genetic liability to chronic HBV infection
positively associated with biliary tract cancer, cervical
cancer, colorectal cancer, endometrial cancer, esoph-
ageal cancer, and pancreatic cancer although our
results were not statistically significant (Fig. 1). Sur-
prisingly, we found genetic liability to chronic HBV
infections inversely associated with ovarian cancer
(OR = 0.97, 95% CI = 0.88�1.06, P-value = 0.4853,
IVW). However, this result was not statistically signif-
icant.
Multivariable MR estimates
We then performed a multivariable MR analysis adjusting
for chronic HCV infection and cigarette smoking. We
found genetic liability to chronic HBV infection causally
associated with hepatocellular carcinoma (OR = 1.20, 95%
CI = 1.07�1.34, P-value = 0.0021, MIVW) and extrahepatic
cancers including cervical cancer (OR = 1.57,
95%CI = 1.29�1.91, P-value = 0.0001, MIVW) and gastric
cancer (OR = 1.12, 95%CI = 1.05�1.19, P-value = 0.0001,
MIVW, Fig. 2) in individuals of East Asian ancestry in
Japan. Moreover, genetic liability to chronic HBV infec-
tions were positively associated with biliary tract cancer,
colorectal cancer and lung cancer and inversely associated
with ovarian and prostate cancers (Fig. 2). However, these
results were not statistically significant.
Sensitivity analyses
We performed sensitivity tests using different MR
approaches including MR-PRESSO, MR egger, simple
median and weighted median methods. We found no
evidence of horizontal pleiotropy for chronic HBV infec-
tion with all site-specific cancers with P-values > 0.05
for the MR-Egger regression intercept approach (Table
www.thelancet.com Vol 79 Month May, 2022



Fig. 2. The causal association between chronic HBV infection with extrahepatic cancer in individuals of East-Asian ancestry in Japan
using the multivariate inverse variance weighted (MIVW) method. OR; odds ratio, CI; confidence interval, MIVW P-value < 0.005 was
defined as statistically significant after Bonferroni multiple corrections.
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S1). However, we found evidence for heterogeneity
between genetic liability to chronic HBV infections with
cervical cancer, I2 = 76.9% and P-value for heterogene-
ity = 0.0047 (Fig. S2). Our sensitivity analysis revealed
rs7453920 as the instrument variable driving the causal
association between genetic liability to chronic HBV
infection and cervical cancer (OR = 1.16,
95%CI = 0.94�1.44, P-value = 0.1832, MR egger, Fig.
S2B). We then performed MR-PRESSO, which identify
and remove outlier instrumental variables. Our outlier
corrected method found genetic liability to chronic
HBV infection not causally associated with cervical can-
cer (OR = 1.05, 95%CI = 0.97�1.13, P-value = 0.3673,
MR-PRESSO). This association should be interpreted
with caution as it was found in multivariable MR only.
However, using simple median and weighted median
MR methods (Fig. S3), our results for gastric, liver, and
lung cancers remain statistically significant (Table S1),
thus indicating that our results are statistically robust.
Furthermore, we found genetic liability to chronic HBV
infection to be positively associated with colorectal can-
cer (Table S1) using MR-Egger and MR-intercept. How-
ever, this finding was not statistically significant after
Bonferroni corrections (P-value < 0.005).
Discussion
To the best of our knowledge, this is the first MR study
set out to investigate whether chronic HBV infection is
causally associated with extrahepatic cancers. We found
genetic liability to chronic HBV infection causally associ-
ated with extrahepatic cancers including cervical cancer
and gastric cancer in individuals of East Asian ancestry
in Japan. Moreover, our genetic liability to chronic HBV
infection was causally associated with hepatocellular car-
cinoma, supporting the overwhelming evidence from
observational studies that chronic HBV infection is a risk
factor for hepatocellular carcinoma.3�6
www.thelancet.com Vol 79 Month May, 2022
HBV is a hepatotropic virus strongly associated with
hepatocellular carcinoma.3�8 Our MR analysis has con-
firmed this association and indicates that chronic HBV
infection is causally associated with hepatocellular carci-
noma. Although HBV is a hepatotropic virus, some
observational evidence showed that chronic HBV infec-
tions are also associated with other extrahepatic cancers
including esophageal, endometrial, cervical, gastric,
lung and colorectal cancers.8�10,30�32 Given the limita-
tions of observational epidemiological studies in estab-
lishing causal associations, we, therefore, performed a
MR study to determine whether chronic HBV infection
is causally associated with extrahepatic cancers. Our
MR analysis revealed that genetically predicted chronic
HBV infection is causally associated with extrahepatic
cancers including cervical and gastric cancers, corrobo-
rating with previous observational studies.6�10,30,31

However, the biological mechanism linking chronic
HBV infection with extrahepatic cancers has not yet
been fully illustrated. Still, it is thought that HBV pro-
tein X, a transcriptional coactivator, plays a crucial role
in initiating tumorigenesis by modulating key regula-
tors of the apoptosis, interfering with the DNA repair
pathways and tumor suppressor genes.29 Moreover,
Song et al. observed a higher HBV protein X expression
in the cancerous part of the tissue specimen than the
healthy part of the same specimen, supporting the onco-
genic role of HBV protein X.7 Furthermore, some stud-
ies found HBV DNA in some extrahepatic tissues,
including gastric, kidney, gallbladder and pancreas,33,34

suggesting that HBV can initiate and promote tumori-
genesis outside the liver.

Although our MR analysis failed to find any signifi-
cant association between genetic liability to chronic
HBV infection and with some extrahepatic cancers
including biliary tract, esophageal, endometrial and
colorectal cancers, our ORs for these associations were
> 1 (Fig. 2), suggesting that chronic HBV infection may
5
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be a risk factor for these site-specific cancers. Moreover,
previous studies found chronic HBV infection associ-
ated with these extrahepatic cancers.6�8,10,30 Surpris-
ingly, we found genetic liability to chronic HBV
infection inversely associated with ovarian and prostate
cancers, contrary to our previous analysis in Han Chi-
nese patients.10 However, these associations were not
statistically significant (Fig. 1) and future studies should
validate these findings further.

Our IVW, simple median, and weighted median
methods found genetic liability to chronic HBV infec-
tion significantly associated with gastric, liver and lung
cancers (Table S1 and Fig. S3). However, our multivari-
ate IVW method adjusting for chronic HCV infection
and cigarette smoking found genetic liability to chronic
HBV infection causally associated with cervical, gastric
and hepatocellular carcinomas (Fig. 2), suggesting that
the association between chronic HBV infection with cer-
vical and lung cancers may have been confounded by
chronic HCV infection and cigarettes smoking.
Although MR analyses are not susceptible to confound-
ing and reverse causation, the robustness of the results
usually depends on the statistical approach used and
whether risk factors strongly associated with the expo-
sure or outcome variables were adequately adjusted.

Our study has several strengths including the use of
the MR approach, which eliminate some confounders
commonly observed in epidemiological studies. More-
over, we used multiple SNPs, which were strongly asso-
ciated with chronic hepatitis HBV. Besides, we use a
homogenous population that minimizes heterogeneity
commonly observed when individuals of different
ancestry populations are used in genetic studies. We
further adjusted for cigarette smoking and chronic
HCV infection, indicating our results are statistically
robust. However, our study had limitations including
small sample sizes on certain site-specific cancers
including biliary tract cancer and pancreatic cancer. Our
analyses included individuals from East Asia where
there is a high prevalence of chronic HBV infection and
therefore our results might not be generalizable to other
ancestry populations. Moreover, our results may have
been confounded by some residual population struc-
tures between Koreans and Japanese. Nevertheless,
both the exposure and outcome data were adjusted for
population structure by including 10 and five principal
components, respectively; hence the impact of popula-
tion structure confounding our results is minimal. In
addition, our Cochran’s Q test failed to find any obvious
heterogeneity between the Koreans and Japanese. Inter-
estingly, the three major East Asian populations (Han
Chinese, Japanese and Koreans) share a clade, dietary
intake pattern, lifestyle and cultural factors; hence the
impact of population structure is minimal. In summary,
our MR results support a well-established relationship
between chronic HBV infection and hepatocellular car-
cinoma and suggest that chronic HBV infection may
also be a risk factor for extrahepatic cancers including
cervical and gastric cancers.
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