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Graphical abstract

Objective Findings
To compare the risk of HCC development associated with tenofovir disoproxil 

fumarate (TDF) vs. entecavir (ETV) treatment in patients with CHB, using 
individual patient data (IPD)

Patients receiving TDF had a significantly lower risk of developing HCC than 
those receiving ETV, with risk diverging after 2.5 years

Conclusions
Patients with CHB receiving treatment with TDF were significantly less likely to 

develop HCC than those receiving ETV
These findings should be considered in determining the treatment course to 

achieve the best long-term outcomes in patients with CHB

Adjusted HR 0.77; 95% CI, 0.61-0.98; p = 0.03
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Methods

20 eligible studies identified; 11 studies from 3 countries contributed IPD 
to the meta-analysis

Meta-analysis performed using IPD from 42,939 eligible 
patients with CHB treated with TDF or ETV 

Systematic literature review (SLR) of published SLRs, electronic 
databases and key congress proceedings

Highlights Impact and implications
� Relative HCC risk for TDF vs. ETV treatment is undetermined
in patients with CHB.

� Prior meta-analyses are limited by heterogeneity of obser-
vational studies.

� Using individual patient data enables a consistent analytic
approach across studies.

� TDF was consistently associated with lower HCC risk
than ETV.
https://doi.org/10.1016/j.jhep.2022.12.007

© 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association

license (http://creativecommons.org/licenses/by-nc-nd/4.0/). J. Hepatol. 2023, 78, 5
Previous aggregate data meta-analyses have reported incon-
sistent conclusions on the relative effectiveness of tenofovir
disoproxil fumarate and entecavir in reducing hepatocellular
carcinoma risk in patients with chronic hepatitis B (CHB).
This individual patient data meta-analysis on 11 studies involving
42,939 patients from Korea, Taiwan and Hong Kong suggested
that tenofovir disoproxil fumarate-treated patients have a signifi-
cantly lower hepatocellular carcinoma risk than entecavir-treated
patients, which was observed in all subgroups of clinical interest
and by different analytical methodologies. These findings should
be taken into account by healthcare providers when determining
the optimal course of treatment for patients with CHB andmay be
considered in ensuring that treatment guidelines for CHB
remain pertinent.
for the Study of the Liver. This is an open access article under the CC BY-NC-ND

34–542

mailto:limys@amc.seoul.kr
https://doi.org/10.1016/j.jhep.2022.12.007
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhep.2022.12.007&domain=pdf


Research Article
Viral Hepatitis
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hepatitis B receiving tenofovir- vs. entecavir-based regimens:

Individual patient data meta-analysis
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Journal of Hepatology 2023. vol. 78 j 534–542
Background & Aims: The comparative risk of hepatocellular carcinoma (HCC) in patients with chronic hepatitis B (CHB) receiving
tenofovir disoproxil fumarate (TDF) vs. entecavir (ETV) remains controversial. In this individual patient data (IPD) meta-analysis, we
aimed to compare HCC risk between the two drugs and identify subgroups who may benefit more from one treatment than
the other.
Methods: Published meta-analyses, electronic databases and congress proceedings were searched to identify eligible studies
through January 2021. We compared HCC risk between the two drugs using a multivariable Cox proportional hazards model with
anonymised IPD from treatment-naïve patients with CHB receiving TDF or ETV for >−1 year. Treatment effect consistency was
explored in propensity score matching (PSM), weighting (PSW) and subgroup analyses for age, sex, hepatitis B e-antigen (HBeAg)
positivity, cirrhosis and diabetes status.
Results: We included 11 studies from Korea, Taiwan and Hong Kong involving 42,939 patients receiving TDF (n = 6,979) or ETV
(n = 35,960) monotherapy. Patients receiving TDF had significantly lower HCC risk (adjusted hazard ratio [HR] 0.77; 95% CI
0.61–0.98; p = 0.03). Lower HCC risk with TDF was consistently observed in PSM (HR 0.73; 95% CI 0.59–0.88; p <0.01) and PSW
(HR 0.83; 95% CI 0.67–1.03; p = 0.10) analyses and in all subgroups, with statistical significance in the >−50 years of age (HR 0.76;
95% CI 0.58–1.00; p <0.05), male (HR 0.74; 95% CI 0.58–0.96; p = 0.02), HBeAg-positive (HR 0.69; 95% CI 0.49–0.97; p = 0.03)
and non-diabetic (HR 0.79; 95% CI 0.63–1.00; p <0.05) subgroups.
Conclusion: TDF was associated with significantly lower HCC risk than ETV in patients with CHB, particularly those with HBeAg
positivity. Longer follow-up may be needed to better define incidence differences between the treatments in various subgroups.

© 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Chronic hepatitis B (CHB), a hepatotropic infection affecting
over 250 million people worldwide,1,2 is associated with a
long-term risk of hepatocellular carcinoma (HCC), the most
common primary cancer of the liver. HCC incidence is
increasing; it is the fifth most common cause of cancer
worldwide, and the third leading cause of cancer-related
death.3,4 As CHB is a major risk factor for HCC, effective
treatment with nucleo(s)tide analogue (NA) therapies is critical
in reducing HCC risk.5 Tenofovir-based therapies, such as
tenofovir disoproxil fumarate (TDF) and tenofovir alafena-
mide, and entecavir (ETV) are recommended first-line thera-
pies for CHB.6 However, whether these therapies differ in
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their ability to reduce HCC risk in patients with CHB re-
mains undetermined.

Randomised-controlled trials (RCTs) are the gold standard
of evidence for comparing treatment efficacy, yet few address
this topic. Two RCTs comparing TDF and ETV have been
published in the last 5 years; however, observed incidence of
HCC was too low to allow for meaningful comparisons of HCC
risk.7–10 Meta-analyses have therefore relied upon data from
observational studies.11–17 Despite published meta-analyses
including similar primary studies, the statistical significance
of results and subsequent clinical recommendations vary.18

While some meta-analyses suggest that TDF is associated
with lower HCC risk than ETV,12–15 others suggest there is no
ntecavir; individual patient data; meta-analysis.
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difference.16,17 It is unclear which therapy provides the
greatest reduction in HCC risk.

Observational study data are often limited by heterogeneous
methodologies and patient populations. Within- and between-
study heterogeneity may contribute to previous meta-
analyses reaching different conclusions. As such, meta-
analyses conducted using individual patient data (IPD) can
help address challenges faced by aggregate data meta-
analyses by allowing for a consistent analytic approach
across data from multiple studies.18 We aimed to analyse a
dataset of individual records of patients with CHB receiving
TDF or ETV to provide a more robust estimate of HCC risk
between the treatments and identify any subgroup of patients
who may benefit more from one drug than the other.

Patients and methods

Study selection and data collection

To identify relevant data sources, a systematic literature review of
existing meta-analyses, electronic databases and key congress
proceedings was conducted in accordance with a pre-specified
protocol, published on PROSPERO (ID CRD42021249314).
Relevant primary studies were extracted from three recently
published meta-analyses (Tseng et al. 2020, Choi et al. 2020 and
Cheung et al. 2020).12,13,16 An electronic database search using
Records identified throug
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Fig. 1. PRISMA flow diagram of the literature review.
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terms specified by Cheung et al. 2020 (most recent search date [9
June 2020] of the three meta-analyses; Table S1) was re-run in
January 2021 to capture any relevant articles published since the
aforementioned meta-analyses. Proceedings from the 2020
congresses of the Asian Pacific Association for the Study of the
Liver, the American Association for the Study of Liver Diseases
and the European Association for the Study of the Liver were
manually searched. Identified studieswere deemed eligible as per
the inclusion/exclusion criteria outlined in Table S2, for a total of
20 eligible studies conducted in East Asia (Fig. 1), of which 11
agreed to participate in the meta-analysis,19–29 contributing data
from48,461patients across three countries (TableS3).Where two
studies involved the same study sites, data were only requested
from one study, to avoid duplication. All study sites were required
to have ethics approval from their institutional review boards.

Consistency checks were performed to ensure data quality
and accuracy, including assessment of outlying values and
missing data. Dataset variables were aligned across study sites
and all IPD from each study site were merged into a sin-
gle dataset.

Patient eligibility criteria

Patient-level eligibility criteria, as defined in the study protocol
(PROSPERO [ID CRD42021249314]), were applied to the initial
48,461 identified patients to produce the analysis dataset of
h

tract 
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published meta-analyses

(Tseng et al., Choi et al., Cheung
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Effect of tenofovir vs. entecavir on HCC risk
42,939 patients. Included patients were: adults with CHB
(defined as hepatitis B surface antigen [HBsAg] positive for at
least 6 months prior to treatment) who were treatment-naïve
before initiating treatment with TDF or ETV monotherapy, and
who completed at least 1 year of treatment with either
regimen (Table S4).
Covariates

Covariate selection and adjustment
To account for possible unbalanced treatment arms, potential
confounding variables were adjusted for. Demographic infor-
mation including age and sex, and comorbidities including dia-
betes mellitus, hypertension, cirrhosis, decompensated
cirrhosis, ascites and hepatic encephalopathy were selected as
covariates. Laboratory data including viral load, hepatitis B e-
antigen (HBeAg) status, alanine aminotransferase (ALT), bili-
rubin, creatinine, alpha-fetoprotein and albumin levels, interna-
tional normalised ratio and platelet counts were also included as
covariates (Table S5). Using these variables, systematic differ-
ences in patient characteristics between the treatment groups
were adjusted for via multivariable analysis (primary analysis
approach), propensity score matching (PSM) and propensity
score weighting (PSW).
Missing data and imputation
All studies provided full information on follow-up time, HCC
events, age, sex and investigator-defined cirrhosis (Table S6).
Partial missingness was observed in most variables (Table S6),
and aspartate aminotransferase was excluded from the anal-
ysis as missingness in this variable was substantial (40.8%). As
the definition of cirrhosis potentially varied across studies, we
utilised an objective, composite cirrhosis definition: patients
were classified as having cirrhosis if they had site-defined
cirrhosis and Child-Turcotte-Pugh score >−6 (i.e. had at least
compensated cirrhosis); or if they had baseline platelet count
<150,000/ll (a cut-off frequently used in the original studies
included in this analysis).

Multiple imputation30 was applied to the pooled dataset (all
patients) to generate 20 imputed datasets via predictive mean
matching for continuous variables and a logistic regression
model for binary variables (Table S5); a random intercept was
included for each study in the imputation models. The primary
analysis and all secondary analyses (except complete-case)
were performed across all imputed datasets, with results
pooled using Rubin’s rules to obtain a final estimate.31
Statistical analyses

Primary analysis
The primary analysis was conducted using a one-stage
approach, in which data from different studies were analysed
simultaneously using a model which accounted for within-
study clustering of patients. All eligible patients were
included, and a multivariable Cox proportional hazards model
was used to evaluate the risk of HCC (hazard ratio [HR]) in
those receiving treatment with TDF vs. ETV. The HCC inci-
dence rate (number of HCC cases per 100 person-years) for
each treatment group was estimated post-censoring at 6.5
years’ follow-up.
536 Journal of Hepatology, Marc
This model adjusted for all variables specified in Table S5
through inclusion of covariates as fixed effects. To account
for potential between-study differences, study-specific in-
teractions with the characteristics specified in Table S5 were
also considered. Variable selection was applied to identify
study-interactions for inclusion; backwards selection (using
stepAIC from the MASS package32) was applied to each of the
20 imputed datasets, and interaction terms retained in at least
50% of imputed datasets (>−10) were kept in the final model.
Separate baseline hazards were estimated for each study and
cluster-robust standard errors were produced to account for
within-study correlation. A treatment indicator was also
included as a covariate in the model.

An unadjusted univariable analysis was performed as a point
of reference for comparison vs. the multivariable primary anal-
ysis. The same approach was used as per the multivariable
analysis, but no baseline characteristics were adjusted for.
Sensitivity analyses
Seven analyses were conducted using a one-stage approach
to assess sensitivity of the primary analysis results to different
methodological assumptions and approaches. A complete
case analysis which excluded patients missing data for any
PAGE-B variables (age, sex and platelet count) was conducted
to assess robustness of the results without imputation. A
second analysis excluded only patients missing data for viral
load (imputation was performed for other variables). Patients
missing data for additional variables (such as alpha-fetoprotein,
Child-Turcotte-Pugh score and international normalised ratio
etc.) were retained in these two analyses; as viral load and the
variables included in PAGE-B are most influential on HCC risk,
this approach allowed a balance between maintaining sample
size while exploring the effect of imputation on the association
between treatment and HCC risk. A treatment start date anal-
ysis excluded patients initiating treatment prior to 2011, limiting
discrepancies in follow-up time due to the earlier introduction of
ETV. A cirrhosis definition analysis used a different platelet
count threshold (<100,000/ll) within the composite cirrhosis
definition. An additional analysis only utilised the site-specific
definition of cirrhosis. A PSM analysis matched patients 1:5
(TDF:ETV) to balance characteristics across treatment arms. A
PSW analysis used weighting to balance observed baseline
characteristics of patients in both treatment arms. Finally, using
a two-stage approach (in which studies are analysed separately
and then resulting study-specific estimates are combined), a
PSW analysis including HRs from studies which declined to
contribute IPD to the meta-analysis was performed, to assess
the impact of selection bias on the primary analysis results.
HRs were obtained from publications or requested directly from
declining studies.
Subgroup analyses
Subgroup analyses (using a one-stage, multivariable approach)
were conducted in subgroups of clinical interest: age at treat-
ment initiation (50 years of age or over, under 50 years of age),
sex (male, female), HBeAg positivity (HBeAg positive, HBeAg
negative), cirrhosis status (present, absent) and diabetes status
(present, absent).

Statistical analyses are discussed in detail in the supple-
mentary methods.
h 2023. vol. 78 j 534–542
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Adjusted HR 0.77; 95% CI, 0.61–0.98; p = 0.03

Fig. 2. Cumulative incidence of HCC in patients with CHB treated with TDF
or ETV. Statistical significance testing was performed using the Wald test. ETV,
entecavir; HCC, hepatocellular carcinoma; HR, hazard ratio; TDF, tenofovir dis-
oproxil fumarate.
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Results

Patient disposition and baseline characteristics

The analysis included 42,939 patients, 6,979 receiving TDF and
35,960 receiving ETV. Both groups were similar in terms of age
(48.32 vs. 52.26 years; TDF vs. ETV, respectively), sex (female:
38.64% vs. 34.13%) and follow-up time (3.71 vs. 3.97 years). At
baseline, a similar percentage of patients in both groups had
cirrhosis (38.01% vs. 39.23%). However, a greater percentage
of the TDF group was HBeAg positive (49.65% vs. 33.69%),
while a greater percentage of patients receiving ETV were
diabetic (27.42% vs. 18.38%) and hypertensive (38.67% vs.
21.12%; Table 1).

Primary analysis

In the univariable analysis, patients receiving TDF were asso-
ciated with significantly lower HCC risk than those receiving
ETV (HR 0.64; 95% CI 0.48–0.84; p <0.01). Risk of HCC
diverged between the groups after 2.5 years’ follow-up.
Following adjustment for potential confounding variables, pa-
tients receiving TDF showed significantly lower HCC risk than
those receiving ETV (adjusted HR 0.77; 95% CI 0.61–0.98; p =
0.03; Fig. 2). At 6.5 years’ follow-up, the annual HCC incidence
rate for patients receiving TDF vs. ETV (number of HCC cases
per 100 person-years) was 0.86 (95% CI 0.75–0.98) vs. 1.18
(95% CI 1.13–1.24), respectively; in total, 223 patients in the
TDF group (3.20%) and 1,687 patients in the ETV group
(4.69%) developed HCC.

Secondary analyses

Sensitivity analyses
Regardless of analytic methodology, patients receiving TDF
had a consistently lower risk of HCC (HR <1.0), although sta-
tistical significance varied across analyses.
Table 1. Baseline characteristics of eligible patients.

Characteristic TDFa

Number 6,979
Age, median (IQR), years 48.32 (12.21)
Sex, (%) F: 38.64, M: 61.36
Viral load, median (IQR), log10 IU/ml 5.76 (2.00)
HBeAg positivity, (%) 49.65
Cirrhosis defined by study site, (%) 41.70
Cirrhosis defined as per analysis plan, (%) 38.01
Hepatic encephalopathy, (%) 0.16
Ascites, (%) 4.17
Diabetes, (%) 18.38
Hypertension, (%) 21.12
Albumin, median (IQR), g/dl 4.11 (0.72)
INR, median (IQR) 1.09 (0.23)
Platelet count, median (IQR), x1,000/ll 180.92 (66.51)
Bilirubin, median (IQR), mg/dl 1.26 (2.57)
ALT, median (IQR), IU/L 173.81 (333.56)
Creatinine, median (IQR), mg/dl 0.89 (1.25)
AFP, median (IQR), ng/ml 22.44 (141.97)
mPAGE-B score, median (IQR) 10.00 (5.00)
Follow-up time, median (IQR), years 3.71 (1.58)

AFP, alpha-fetoprotein; ALT, alanine aminotransferase; ETV, entecavir; HBeAg, hepatitis
propensity score matching; PSW, propensity score weighting; TDF, tenofovir disoproxil fu
aAfter applying eligibility criteria; before weighting.
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Baseline characteristics between the two groups were well-
balanced after PSM and PSW (Table 1, Table S7 and Table S8).
In the PSM (TDF: n = 6,475; ETV: n = 15,958) and PSW (TDF:
n = 6,220; ETV: n = 14,488) analyses, TDF was associated with
a lower HCC risk (HR 0.73; 95% CI 0.59–0.88 vs. HR 0.83; 95%
CI 0.67–1.03, respectively). Only the PSM analysis was statis-
tically significant (p <0.01 and p = 0.10 for PSM and
PSW, respectively).

When the alternative cirrhosis definition was used (platelet
count threshold <100,000/ll rather than <150,000/ll as in the
primary analysis; Table S9), TDF was associated with a
consistently lower risk of HCC than ETV (adjusted HR 0.77;
95% CI 0.61–0.98; p = 0.03) (TDF: n = 6,979; ETV: n = 35,960).
ETVa

Standardised mean difference

Original After PSM After PSW

35,960 n.a. n.a. n.a.
52.26 (12.60) 0.32 0.02 0.00

F: 34.13, M: 65.87 0.09 0.01 0.00
5.47 (2.04) 0.14 0.15 0.00

33.69 0.33 0.06 0.00
27.66 0.03 0.07 0.00
39.23 0.00 0.18 0.00
0.32 0.03 0.02 0.00
2.87 0.07 0.02 0.00

27.42 0.22 0.20 0.00
38.67 0.39 0.20 0.00

4.02 (0.64) 0.13 0.03 0.00
1.1 (0.21) 0.05 0.05 0.00

178.47 (70.25) 0.04 0.00 0.00
1.32 (2.43) 0.02 0.04 0.03

182 (354.72) 0.02 0.05 0.00
0.98 (1.16) 0.07 0.02 0.00

16.04 (124.50) 0.05 0.02 0.01
11.00 (5.00) n.a. n.a. n.a.
3.97 (1.62) 0.20 0.38 0.57

B e-antigen; INR, international normalised ratio; mPAGE-B, modified PAGE-B; PSM,
marate.

h 2023. vol. 78 j 534–542 537



Effect of tenofovir vs. entecavir on HCC risk
The analysis using the site-specific definition of cirrhosis pro-
duced a similar result (adjusted HR 0.79; 95% CI 0.63–0.99; p =
0.04) (TDF: n = 6,979; ETV: n = 35,960).

In the treatment start date analysis, which excluded patients
initiating treatment prior to 2011, the difference in HCC risk
between TDF- and ETV-treated patients was not significant
(adjusted HR 0.83; 95% CI 0.66–1.05; p = 0.11) (TDF: n = 6,922;
ETV: n = 26,498). The complete case analysis excluding pa-
tients missing data for any PAGE-B variables produced a sta-
tistically significant result (adjusted HR 0.77; 95% CI 0.61–0.98;
p = 0.03) (TDF: n = 6,396; ETV: n = 32,959), while the analysis
which excluded patients missing data for viral load produced a
similar result (adjusted HR 0.79; 95% CI 0.62–1.01; p = 0.06)
(TDF: 5,635; ETV: 22,663).

Finally, the two-stage PSW analysis which included HRs
from declining studies found that TDF was associated with a
lower risk of HCC than ETV, although this difference was not
statistically significant (adjusted HR 0.85; 95% CI 0.72–1.01;
p = 0.18).
Subgroup analyses
In all subgroup analyses, TDF was associated with a consis-
tently lower risk of HCC compared with ETV (HR <1.0), although
statistical significance again varied (Fig. 3). The risk difference
was statistically significant for >−50 of age (p <0.05), male (p =
0.02), HBeAg-positive (p = 0.03) and non-diabetic (p <0.05)
subgroups and was most pronounced in the HBeAg-positive
subgroup (HR 0.69; 95% CI 0.49–0.97).
0.1
Favours TDF   

N TDF N ETV

50 years or older 3,288 21,361

Less than 50 years 3,691 14,599

Males 4,282 23,688

Females 2,697 12,272

HBeAg positive 3,465 12,115

HBeAg negative 3,514 23,845

Cirrhotic 2,653 14,107

Non-cirrhotic 4,326 21,853

Diabetic 1,283 9,862

Non-diabetic 5,696 26,098

Fig. 3. Subgroup analyses for cumulative incidence of HCC in patients with CH
the Wald test. Statistically significant results are in bold. For the ‘50 years or older’
been rounded up to 1.00 when reported to two decimal places. ETV, entecavir; HB
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Discussion
Using IPD of 42,939 patients from 11 studies conducted in
Korea, Taiwan and Hong Kong, the present meta-analysis
found that TDF was associated with significantly reduced
HCC risk compared with ETV in patients with CHB. Sensitivity
analyses supported the relationship of TDF with lower HCC
risk, with consistent relationships observed in the context of
different analytical methodologies. This result was also
observed in all subgroups of clinical interest, although sample
size differences may have precluded achievement of formal
statistical significance in some subgroups.

In line with our findings, many aggregate data meta-
analyses suggest that TDF reduces HCC risk more substan-
tially than ETV for patients with CHB (Fig. 4). Not all meta-
analyses have been in agreement; of ten published meta-
analyses, seven concluded that TDF provides a greater
reduction of HCC risk, while two observed no significant dif-
ference.11–17,33–35 The only meta-analysis that specifically
analysed a subgroup of East Asian patients reported a signifi-
cant difference between the treatments in this subgroup,
although no such difference was reported for the entire
cohort.35 As Asian patients with CHB tend to develop HCC at
higher rates than those from Europe or the United States,36 our
meta-analysis may be of particular relevance to patients from
East Asia. Previous meta-analyses used observational studies,
which have inherent within- and between-study heterogeneity
from lack of randomisation, with frequently unbalanced treat-
ment arms and different patient populations resulting in
1 10
Favours ETV

HR (95% CI)

0.76 (0.58-1.00)
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differences in baseline HCC risk for each treatment group.
Aggregate data meta-analyses have been unable to fully ac-
count for potential bias resulting from heterogeneity, as they
are limited by methodologies of included studies. Overall HRs
produced by these meta-analyses have relied on inconsistent
estimates, sometimes leading to wider confidence intervals,
low precision and data that are difficult to interpret,18 which
may account for their varied conclusions.

IPD meta-analysis can address many of the aforementioned
challenges in a consistent way. The approach has been used
previously to investigate HCC recurrence in patients with
hepatitis C and evaluate the utility of hepatitis B core-related
antigen as a marker for high viral load in patients with
CHB.37,38 To generate IPD, individual patients from multiple
studies are combined into a master dataset, with the same
inclusion criteria, methodologies and assumptions applied
across all patients. Covariate adjustment, PSM and PSW,
requiring IPD, were utilised in this study to address within-study
heterogeneity. Our analysis further explored heterogeneity
through subgroup analyses, in which TDF was associated with
a consistently lower HCC risk even when patients were cat-
egorised into more homogenous groups of clinical interest. A
recently published meta-analysis by Tan et al. used recon-
structed IPD from Kaplan-Meier curves to compare HCC risk
between TDF and ETV.39 In the overall cohort, as well as in the
majority of subgroup and sensitivity analyses, the authors re-
ported a significantly lower risk of HCC in patients receiving
TDF. This finding held true for the subgroup of patients who
were treatment-naïve, aligning with the results of our analysis
(in which all included patients were treatment-naïve). Despite
the significant difference in HCC risk observed between TDF
and ETV throughout many of the analyses, Tan et al. ultimately
concluded that the difference was unlikely to be clinically sig-
nificant. However, the use of synthetic IPD prevented Tan et al.
from consistently adjusting for confounding variables and
systematic differences in patient characteristics; our analysis,
which used actual IPD, was better able to address potential
Journal of Hepatology, Marc
sources of heterogeneity and apply a consistent methodology
across all included data, likely resulting in a more robust esti-
mate of HCC risk.

While our analysis demonstrated a clear difference between
TDF and ETV, building on previous findings, the mechanisms
behind this difference are not fully understood. The subgroup
analysis suggests there may be a greater benefit with TDF over
ETV in HBeAg-positive than HBeAg-negative patients, and
similarly in non-cirrhotic vs. cirrhotic patients. In the initial
phase of CHB infection, characterised by very high serum HBV
DNA levels, patients are primarily HBeAg-positive and non-
cirrhotic, as a substantial immune response has not yet been
mounted. In this phase, oncogenesis is predominantly driven
by mutations in the host genome due to viral integrations into
host DNA.40 HBV integrations are associated with chromo-
somal instability, activation of tumour-promoting genes and
functional loss of tumour-suppressor genes, contributing to
HCC development.40 Studies have suggested that TDF may
provide faster and more complete suppression of HBV DNA
levels than ETV,41–44 particularly in patients with high baseline
HBV DNA levels.41,44 An RCT also suggested that the reduction
in HBsAg level was more profound with TDF treatment than
ETV treatment.42 These superior virologic and serologic re-
sponses by TDF compared to ETV may result in different levels
of effectiveness in HCC prevention.

Moreover, a recent study suggested a higher interferon k3
level in patients with CHB treated with nucleotide analogues
(e.g., TDF) than in those treated with nucleoside analogues
(e.g., ETV).45 The potent antiviral and antitumour activity of the
interferon k pathway was demonstrated in murine models of
cancer, including hepatoma, in previous studies;46 this could
provide another explanation for the results of the current study.
The higher levels of interferon k3 associated with TDF may also
explain why patients discontinuing TDF have earlier virological
relapse than those discontinuing ETV;47 withdrawal of TDF and
subsequent absence of the immunomodulatory effect could
result in earlier and more vigorous relapse following treat-
ment cessation.

Suppression of HBV replication may also lead to indirect
suppression of oncogenesis via faster resolution of the liver
inflammatory response, the other predominant driver of HCC
risk in patients with CHB.48 Chronic liver inflammation leads to
fibrosis and cirrhosis; cessation or reversal of these are key
goals in treating CHB.49 While both TDF and ETV have been
shown to reverse cirrhosis, a large cohort study reported the
reversal rate after 5 years of treatment to be higher with TDF
(73.8% vs. 61.5%, p = 0.038).50

Epidemiologic observations have been consistent, with all
meta-analyses comparing HCC risk between the two treat-
ments either neutral or in favour of TDF. Our IPD meta-analysis
showed high internal consistency in favour of TDF over ETV
across all analyses. Our results also indicate a potential
advantage of TDF in suppressing the oncogenic impacts of viral
replication in patients who have not yet developed cirrhosis.
These findings are important to consider as there has histori-
cally been a focus on clinical intervention for patients with later
stages of CHB,6 highlighting the need for treatment guidelines
to evolve as new evidence becomes available.51 Given
increasing HCC incidence worldwide, of which CHB is a major
cause, early and effective treatment of CHB has the potential to
provide long-term benefits for patients with CHB, reducing
h 2023. vol. 78 j 534–542 539
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HCC and mortality and decreasing the burden placed on
healthcare systems by the long-term consequences of
CHB infection.

Several limitations of this analysis should be mentioned.
Differences in follow-up time between TDF and ETV patients
could not be fully accounted for and may confound the results,
although the sensitivity analysis excluding patients initiating
treatment prior to 2011 reduced the discrepancy in follow-up
time and produced a result similar to that of the primary anal-
ysis, albeit without statistical significance. Underlying data
collection methodologies and definitions used across study
sites could not be aligned; heterogeneity in these may have
influenced our results. Additionally, no adjustment for multiple
testing was performed. Some study sites had substantial
missing data, necessitating imputation; if missingness of data
was related to HCC risk, this may have biased the results. Even
after extensive follow-up, only half of identified study sites
agreed to participate, which may have led to selection bias.
However, this limitation was mitigated by the two-stage PSW
sensitivity analysis, which included the HRs of declining studies
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and found that patients receiving TDF had a lower risk of HCC
than ETV, albeit without statistical significance. Finally, all
included studies were from East Asia, so results may not be
generalisable to the global CHB population.

Our analysis revealed that patients with CHB receiving
treatment with TDF vs. ETV were significantly less likely to
develop HCC. Although statistical significance varied, lower
HCC risk with TDF was consistently observed throughout all
sensitivity and subgroup analyses, and was particularly notable
in HBeAg-positive patients. Since the incidence curve gradually
diverged between the two groups after 2.5 years’ follow-up,
longer follow-up may be needed to better define incidence
differences between TDF and ETV in some subgroups. Use of
IPD rather than aggregate data produced results with less un-
certainty than previous meta-analyses, providing more robust
evidence that TDF conveys a benefit over ETV in reducing HCC
risk in patients with CHB. These findings should be considered
when determining the most appropriate treatment course for
patients with CHB and have implications for healthcare sys-
tems in reducing the burden of CHB.
Affiliations

1Department of Gastroenterology, Liver Center, Asan Medical Center, University of
 Ulsan College of Medicine, Seoul, Republic of Korea; 2CUHK Medical Data Analytics
Centre, Department of Medicine and Therapeutics, The Chinese University of Hong Kong, Hong Kong SAR, China; 3Division of Gastroenterology and Hepatology,
Stanford University School of Medicine, Stanford, California, USA; 4Gilead Sciences, Foster City, California, USA; 5Costello Medical Inc, Boston Massachusetts,
USA; 6Costello Medical Consulting Ltd, Cambridge, UK; 7Division of Hepatogastroenterology, Department of Internal Medicine, Kaohsiung Chang Gung Memorial
Hospital and Chang Gung University College of Medicine Kaohsiung, Taiwan; 8Division of Hepatogastroenterology, Department of Internal Medicine, Ditmanson
Medical Foundation Chia-Yi Christian Hospital Chia-Yi, Taiwan; 9Division of Gastroenterology and Hepatology, Department of Medicine, Taipei Veterans General
Hospital, Taipei, Taiwan; 10Institute of Clinical Medicine, National Yang Ming Chiao Tung University, Taipei, Taiwan; 11Digestive Disease Center, Department of
Internal Medicine, Inha University Hospital, Inha University School of Medicine, Incheon, Republic of Korea; 12Department of Internal Medicine, Hanyang University
Hospital, Hanyang University College of Medicine, Seoul, Republic of Korea; 13Department of Medicine, Seoul National University Bundang Hospital, Seongnam,
Republic of Korea; 14Department of Internal Medicine, Seoul National University College of Medicine, Seoul, Republic of Korea; 15Department of Internal Medicine,
University of Ulsan College of Medicine, Ulsan University Hospital, 877 Bangeojinsunhwando-ro, Dong-gu, Ulsan, 44033, Republic of Korea; 16Biomedical Research
Center, University of Ulsan College of Medicine, Ulsan University Hospital, Ulsan, Republic of Korea; 17Center for Digestive Medicine, Department of Internal
Medicine, China Medical University Hospital, Taichung, Taiwan; 18School of Medicine, China Medical University, Taichung, Taiwan; 19Department of
Gastroenterology and Hepatology, Kyung Hee University Hospital at Gangdong, Kyung Hee University School of Medicine, Seoul, Republic of Korea; 20Department
of Traditional Chinese Medicine, Chiayi Chang Gung Memorial Hospital, Chiayi, Taiwan; 21Health Information and Epidemiology Laboratory, Chang Gung Memorial
Hospital, Chiayi, Taiwan.
Abbreviations

ALT, alanine aminotransferase; CHB, chronic hepatitis B; ETV, entecavir; HBeAg,
hepatitis B e-antigen; HBsAg, hepatitis B surface antigen; HCC, hepatocellular
carcinoma; HR, hazard ratio; IPD, individual patient data; NA, nucleo(s)tide
analogue; PSM, propensity score matching; PSW, propensity score weighting;
RCT, randomised controlled trial; TDF, tenofovir disoproxil fumarate.

Financial support

This study was sponsored by Gilead Sciences. Support for third-party writing
assistance for this article, provided by Isabel Haber, BS, Costello Medical, US,
was funded by Gilead Sciences in accordance with Good Publication Practice
(GPP3) guidelines (http://www.ismpp.org/gpp3).

Conflict of interest

Won-Mook Choi has no conflicts of interest to disclose. Terry Cheuk-Fung Yip
has served as an advisory committee member and a speaker for Gilead Sciences.
Grace Lai-Hung Wong has served as an advisory committee member for Gilead
Sciences and Janssen, as a speaker for Abbott, Abbvie, Bristol-Myers Squibb,
Echosens, Furui, Gilead Sciences, Janssen and Roche, and has received
research grants from Gilead. W Ray Kim has served as an advisory committee
member for Gilead Sciences, Inovio Pharmaceuticals and Roche. Leland J Yee is
an employee of, and owns stock in, Gilead Sciences. Craig Brooks-Rooney is an
employee of Costello Medical, which received payment from Gilead Sciences for
analytical services for this study. Tristan Curteis is an employee of Costello
Medical, which received payment from Gilead Sciences for analytical services for
this study. Harriet Cant was an employee of Costello Medical at the time of the
study, which received payment from Gilead Sciences for analytical services for
this study. Chien-Hung Chen has no conflicts of interest to disclose. Chi-Yi Chen
has no conflicts of interest to disclose. Yi-Hsiang Huang received research grants
from Gilead Sciences and Bristol-Meyers Squibb and honoraria from Abbvie,
Gilead Sciences, Bristol-Meyers Squibb, Ono Pharmaceutical, Merck Sharp &
Dohme, Eisai, Eli Lilly, Ipsen and Roche and has served in an advisory role for
Abbvie, Gilead Sciences, Bristol-Meyers Squibb, Ono Pharmaceuticals, Eisai, Eli
Lilly, Ipsen, Merck Sharp & Dohme and Roche. Young-Joo Jin has no conflicts of
interest to disclose. Dae Won Jun has no conflicts of interest to disclose. Jin-
Wook Kim has no conflicts of interest to disclose. Neung Hwa Park has no
conflicts of interest to disclose. Cheng-Yuan Peng has served as an advisory
committee member for Bristol-Myers Squibb and Gilead Sciences. Hyun Phil Shin
has no conflicts of interest to disclose. Jung Woo Shin has no conflicts of interest
to disclose. Yao-Hsu Yang has no conflicts of interest to disclose. Young-Suk
Lim is an advisory board member of AbbVie, Arbutus Biopharma, Assembly
Biosciences, Brii Biosciences, Bayer Healthcare, GlaxoSmithKline, Gilead Sci-
ences, Janssen, Olix Pharmaceuticals, Roche, Vaccitech, and Vir Biotechnology;
and received grant/research support from Gilead Sciences.

Please refer to the accompanying ICMJE disclosure forms for further details.
Authors’ contributions

Substantial contributions to study conception and design: WMC, TCFY, GLHW,
WRK, LJY, CBR, TC, HC, CHC, CYC, YHH, YJJ, DWJ, JWK, NHP, CYP, HPS,
JWS, YHY, YSL; substantial contributions to analysis and interpretation of the
data: WMC, TCFY, GLHW, WRK, LJY, CBR, TC, HC, CHC, CYC, YHH, YJJ, DWJ,
JWK, NHP, CYP, HPS, JWS, YHY, YSL; drafting the article or revising it critically
for important intellectual content: WMC, TCFY, GLHW, WRK, LJY, CBR, TC, HC,
CHC, CYC, YHH, YJJ, DWJ, JWK, NHP, CYP, HPS, JWS, YHY, YSL; final
approval of the version of the article to be published: WMC, TCFY, GLHW, WRK,
LJY, CBR, TC, HC, CHC, CYC, YHH, YJJ, DWJ, JWK, NHP, CYP, HPS, JWS,
YHY, YSL.
h 2023. vol. 78 j 534–542

http://www.ismpp.org/gpp3


Research Article
Data availability statement

Owing to protections around the sharing of private health data, individual patient
data are not permitted to be shared or made publicly available. The study pro-
tocol is available on PROSPERO (ID CRD42021249314), and the statistical
analysis plan is available on request from the corresponding author.

Acknowledgements
The authors thank the patients, the investigators and their teams who took part in
this study. The authors also acknowledge Ben Farrar, PhD, Elliot Dryer-Beers,
PhD, Laura Clark, DPhil, Radost Pencheva, MSc, and Seth Francis-Graham,
PhD, from Costello Medical, UK, and Zarena Jafry, MPH, from Costello Medi-
cal, US, for statistical and data management support, and Isabel Haber, BS, from
Costello Medical, US, for medical writing and editorial assistance based on the
authors’ input and direction. This study was funded by Gilead Sciences.

Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/
j.jhep.2022.12.007.

References

Author names in bold designate shared co-first authorship.

[1] Razavi-Shearer D, Gamkrelidze I, Nguyen MH, Chen D-S, Van Damme P,
Abbas Z, et al. Global prevalence, treatment, and prevention of hepatitis B
virus infection in 2016: a modelling study. Lancet Gastroenterol Hepatol
2018;3(6):383–403.

[2] Schweitzer A, Horn J, Mikolajczyk RT, Krause G, Ott JJ. Estimations of
worldwide prevalence of chronic hepatitis B virus infection: a systematic
review of data published between 1965 and 2013. Lancet 2015;386
(10003):1546–1555.

[3] Gomaa A-I, Khan S-A, Toledano M-B, Waked I, Taylor-Robinson S-D. He-
patocellular carcinoma: epidemiology, risk factors and pathogenesis. World
J Gastroenterol 2008;14(27):4300–4308.

[4] Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin
2021;71:209–249.

[5] Lampertico P, Agarwal K, Berg T, Buti M, Janssen HLA, Papatheodoridis G,
et al. EASL 2017 Clinical Practice Guidelines on the management of hepatitis
B virus infection. J Hepatol 2017;67(2):370–398.

[6] Terrault NA, Lok ASF, McMahon BJ, Chang K-M, Hwang JP, Jonas MM,
et al. Update on prevention, diagnosis, and treatment of chronic hepatitis B:
AASLD 2018 hepatitis B guidance. Hepatology 2018;67(4):1560–1599.

[7] Choi J, Lim Y-S. Comparison of risk of hepatocellular carcinoma between
tenofovir and entecavir: one direction or no direction. J Hepatol
2019;71(4):846–847.

[8] Flemming JA, Terrault NA. Tenofovir vs. Entecavir for hepatocellular carci-
noma prevention in patients with chronic hepatitis B: one of these things is
not like the other. JAMA Oncol 2019;5(1):17–18.

[9] Sriprayoon T, Mahidol C, Ungtrakul T, Chun-On P, Soonklang K,
Pongpun W, et al. Efficacy and safety of entecavir vs. tenofovir treatment in
chronic hepatitis B patients: a randomized controlled trial. Hepatol Res
2017;47(3):E161–E168.

[10] Cai D, Pan C, Yu W, Dang S, Li J, Wu S, et al. Comparison of the long-term
efficacy of tenofovir and entecavir in nucleos(t)ide analogue-naïve HBeAg-
positive patients with chronic hepatitis B: a large, multicentre, randomized
controlled trials. Medicine (Baltimore) 2019;98(1):e13983.

[11] Li M, Lv T, Wu S, Wei W, Wu X, Ou X, et al. Tenofovir vs. entecavir in
lowering the risk of hepatocellular carcinoma development in patients with
chronic hepatitis B: a critical systematic review and meta-analysis. Hepatol
Int 2020;14(1):105–114.

[12] Cheung KS, Mak LY, Liu SH, Cheng HM, Seto WK, Yuen MF, et al. Entecavir
vs. Tenofovir in hepatocellular carcinoma prevention in chronic hepatitis B
infection: a systematic review and meta-analysis. Clin Transl Gastroenterol
2020;11(10):e00236.

[13] Choi J, Kim GA, Han S, Lim YS. Earlier alanine aminotransferase normali-
zation during antiviral treatment is independently associated with lower risk
of hepatocellular carcinoma in chronic hepatitis B. Am J Gastroenterol
2020;115(3):406–414.

[14] Dave S, Park S, Murad MH, Barnard A, Prokop L, Adams LA, et al.
Comparative effectiveness of entecavir versus tenofovir for preventing
Journal of Hepatology, Marc
hepatocellular carcinoma in patients with chronic hepatitis B: a systematic
review and meta-analysis. Hepatology 2021;73(1):68–78.

[15] Liu H, Shi Y, Hayden JC, Ryan PM, Rahmani J, Yu G. Tenofovir treatment
has lower risk of hepatocellular carcinoma than entecavir treatment in pa-
tients with chronic hepatitis B: a systematic review and meta-analysis. Liver
Cancer 2020;9(4):468–476.

[16] Tseng CH, Hsu YC, Chen TH, Ji F, Chen I-S, Tsai Y-N, et al. Hepatocellular
carcinoma incidence with tenofovir vs. entecavir in chronic hepatitis B: a
systematic review and meta-analysis. Lancet Gastroenterol Hepatol
2020;5(12):1039–1052.

[17] Wang X, Liu X, Dang Z, Yu L, Jiang Y, Wang X, et al. Nucleos(t)ide ana-
logues for reducing hepatocellular carcinoma in chronic hepatitis B patients:
a systematic review and meta-analysis. Gut Liver 2020;14(2):232–247.

[18] Choi W-M, Yip TC-F, Lim Y-S, Wong GL-H, Kim WR. Methodological
challenges of performing meta-analyses to compare the risk of hepatocel-
lular carcinoma between chronic hepatitis B treatments. J Hepatol
2022;76(1):186–194.

[19] Shin JW, Jeong J, Jung SW, Lee SB, Park BR, Kim M-J, et al. Comparable
incidence of hepatocellular carcinoma in chronic hepatitis B patients treated
with entecavir or tenofovir. Dig Dis Sci 2021;66(5):1739–1750.

[20] Kim YM, Shin HP, Lee JI, Joo KR, Cha JM, Jeon JW, et al. Real-world single-
center experience with entecavir and tenofovir disoproxil fumarate in treat-
ment-naïve and experienced patients with chronic hepatitis B. Saudi J
Gastroenterol 2018;24(6):326–335.

[21] Oh H, Yoon EL, Jun DW, Ahn SB, Lee H-Y, Jeong JY, et al. No difference in
incidence of hepatocellular carcinoma in patients with chronic hepatitis B
virus infection treated with entecavir vs. Tenofovir. Clin Gastroenterol Hep-
atol 2020;18(12):2793–2802.e6.

[22] Yu JH, Jin YJ, Lee JW, Lee DH. Remaining hepatocellular carcinoma risk in
chronic hepatitis B patients receiving entecavir/tenofovir in South Korea.
Hepatol Res 2018;48(11):862–871.

[23] Choi J, Kim HJ, Lee J, Cho S, Ko MJ, Lim YS. Risk of hepatocellular car-
cinoma in patients treated with entecavir vs. Tenofovir for chronic hepatitis
B: a Korean nationwide cohort study. JAMA Oncol 2019;5(1):30–36.

[24] Ha I, Chung JW, Jang ES, Jeong SH, Kim JW. Comparison of the on-
treatment risks for hepatocellular carcinoma between entecavir and teno-
fovir: a propensity score matching analysis. J Gastroenterol Hepatol
2020;35(10):1774–1781.

[25] Chang T-S, Yang Y-H, Chen W-M, Shen C-H, Tung S-Y, Yen C-W, et al.
Long-term risk of primary liver cancers in entecavir vs. tenofovir treatment for
chronic hepatitis B. Sci Rep 2021;11(1):1365.

[26] Chen C-H, Chen C-Y, Wang J-H, Lai H-C, Hung C-H, Lu S-N, et al. Com-
parison of incidence of hepatocellular carcinoma between chronic hepatitis
B patients with cirrhosis treated with entecavir or tenofovir in Taiwan - a
retrospective study. Am J Cancer Res 2020;10(11):3882–3895.

[27] Huang Y-H, Yu M-L, Peng C-Y, Liu C-J. Occurrence of hepatocellular car-
cinoma in chronic hepatitis B patients undergoing entecavir or tenofovir
treatment: a multicenter study in Taiwan. J Hepatol 2020;73:S887.

[28] Lee C. Occurrence of hepatocellular carcinoma in chronic hepatitis b pa-
tients undergoing entecavir or tenofovir treatment. AASLD 2020;70:S578A.

[29] Yip TC, Wong VW, Chan HL, Tse YK, Lui GC, Wong GL. Tenofovir is
associated with lower risk of hepatocellular carcinoma than entecavir in
patients with chronic HBV infection in China. Gastroenterology 2020;158(1):
215–225.e6.

[30] Audigier V, Resche-Rigon M. Micemd: multiple imputation by chained
equations with multilevel data.. R package version 1.6.0. 2019. Available at:
https://CRAN.R-project.org/package=micemd.

[31] Rubin DB. Multiple imputation for nonresponse in surveys. New York , NY:
Wiley; 1987.

[32] Venables WN, Ripley BD. Random and mixed effects. Modern Applied
Statistics with S. New York, NY: Springer; 2002. p. 271–300.

[33] Gu L, Yao Q, Shen Z, He Y, Ng DM, Yang T, et al. Comparison of tenofovir
vs. entecavir on reducing incidence of hepatocellular carcinoma in chronic
hepatitis B patients: a systematic review and meta-analysis. J Gastroenterol
Hepatol 2020;35(9):1467–1476.

[34] Zhang Z, Zhou Y, Yang J, Hu K, Huang Y. The effectiveness of TDF vs. ETV
on incidence of HCC in CHB patients: a meta analysis. BMC Can-
cer 2019;19(1):511.

[35] Yuan BH, Li RH, Huo RR, Li MJ, Papatheodoridis G, Zhong JH. Lower risk of
hepatocellular carcinoma with tenofovir than entecavir treatment in subsets
of chronic hepatitis B patients: an updated meta-analysis. J Gastroenterol
Hepatol 2022;37(5):782–794.

[36] Wong R, Corley DA. Racial and ethnic variations in hepatocellular carcinoma
incidence within the United States. Am J Med 2008;121(6):525–531.
h 2023. vol. 78 j 534–542 541

https://doi.org/10.1016/j.jhep.2022.12.007
https://doi.org/10.1016/j.jhep.2022.12.007
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref1
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref1
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref1
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref1
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref2
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref2
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref2
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref2
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref3
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref3
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref3
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref4
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref4
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref4
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref4
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref5
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref5
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref5
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref6
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref6
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref6
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref7
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref7
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref7
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref8
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref8
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref8
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref9
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref9
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref9
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref9
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref10
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref10
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref10
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref10
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref11
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref11
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref11
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref11
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref12
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref12
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref12
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref12
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref13
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref13
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref13
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref13
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref14
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref14
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref14
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref14
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref15
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref15
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref15
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref15
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref16
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref16
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref16
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref16
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref17
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref17
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref17
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref18
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref18
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref18
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref18
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref19
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref19
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref19
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref20
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref20
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref20
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref20
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref21
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref21
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref21
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref21
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref22
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref22
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref22
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref23
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref23
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref23
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref24
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref24
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref24
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref24
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref25
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref25
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref25
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref26
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref26
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref26
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref26
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref27
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref27
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref27
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref28
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref28
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref29
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref29
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref29
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref29
https://CRAN.R-project.org/package=micemd
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref31
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref31
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref32
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref32
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref33
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref33
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref33
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref33
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref34
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref34
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref34
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref35
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref35
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref35
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref35
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref36
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref36


Effect of tenofovir vs. entecavir on HCC risk
[37] Sapena V, Enea M, Torres F, Celsa C, Rios J, Rizzo GEM, et al. Hepato-
cellular carcinoma recurrence after direct-acting antiviral therapy: an indi-
vidual patient data meta-analysis. Gut 2022;71(3):593–604.

[38] Yoshida K, Desbiolles A, Feldman SF, Ahn SH, Alidjinou EK, Atsukawa M,
et al. Hepatitis B core-related antigen to indicate high viral load: systematic
review and meta-analysis of 10,397 individual participants. Clin Gastro-
enterol Hepatol 2021;19(1):46–60.e8.

[39] Tan DJH, Ng CH, Tay PWL, Syn N, Muthiah MD, Lim WH, et al. Risk of
hepatocellular carcinoma with tenofovir vs. Entecavir treatment for chronic
hepatitis B virus: a reconstructed individual patient data meta-analysis.
JAMA Netw Open 2022;5(6):e2219407.

[40] Péneau C, Imbeaud S, La Bella T, Hirsch TZ, Caruso S, Calderaro J, et al.
Hepatitis B virus integrations promote local and distant oncogenic driver
alterations in hepatocellular carcinoma. Gut 2021;71(3):616–626.

[41] Gao L, Trinh HN, Li J, Nguyen MH. Tenofovir is superior to entecavir for
achieving complete viral suppression in HBeAg-positive chronic hepatitis B
patients with high HBV DNA. Aliment Pharmacol Ther 2014;39(6):629–637.

[42] Koike K, Suyama K, Ito H, Itoh H, Sugiura W. Randomized prospective study
showing the non-inferiority of tenofovir to entecavir in treatment-naïve
chronic hepatitis B patients. Hepatol Res 2018;48(1):59–68.

[43] Wong WWL, Pechivanoglou P, Wong J, Bielecki JM, Haines A, Erman A,
et al. Antiviral treatment for treatment-naïve chronic hepatitis B: systematic
review and network meta-analysis of randomized controlled trials. Syst
Rev 2019;8(1):207.
542 Journal of Hepatology, Marc
[44] Park JW, Kwak KM, Kim SE, Jang MK, Suk KT, Kim DJ, et al. Com-
parison of the long-term efficacy between entecavir and tenofovir in
treatment- naïve chronic hepatitis B patients. BMC Gastroenterol 2017;
17(1):39.

[45] Murata K, Asano M, Matsumoto A, Sugiyama M, Nishida N, Tanaka Eiji,
et al. Induction of IFN-k3 as an additional effect of nucleotide, not nucleo-
side, analogues: a new potential target for HBV infection. Gut 2018;67(2):
362–371.

[46] Sato A, Ohtsuki M, Hata M, Kobayashi E, Murakami T. Antitumor activity of
IFN-k in murine tumor models. J Immunol 2006;176(12):7686–7694.

[47] Choi HSJ, Hirode G, Chen C-H, Su T-H, Seto W-K, Van Hees S, et al. Dif-
ferential relapse patterns after discontinuation of entecavir vs. Tenofovir
disoproxil fumarate in chronic hepatitis B. Clin Gastroenterol Hepatol 2022
[Online ahead of print], https://doi.org/10.1016/j.cgh.2022.07.005.

[48] Refolo MG, Messa C, Guerra V, Carr BI, D’Alessandro R. Inflammatory
mechanisms of HCC development. Cancers (Basel) 2020;12(3):641.

[49] Wang G, Duan Z. Guidelines for prevention and treatment of chronic hepa-
titis B. J Clin Transl Hepatol 2021;9(5):769–791.

[50] Papatheodoridis GV, Dalekos GN, Idilman R, Sypsa V, Van Boemmel F,
Buti M, et al. Similar risk of hepatocellular carcinoma during long-term
entecavir or tenofovir therapy in Caucasian patients with chronic hepatitis
B. J Hepatol 2020;73(5):1037–1045.

[51] Koffas A, Petersen J, Kennedy PT. Reasons to consider early treatment in
chronic hepatitis B patients. Antivir Res 2020;177:104783.
h 2023. vol. 78 j 534–542

http://refhub.elsevier.com/S0168-8278(22)03459-6/sref37
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref37
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref37
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref38
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref38
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref38
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref38
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref39
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref39
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref39
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref39
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref40
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref40
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref40
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref41
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref41
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref41
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref42
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref42
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref42
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref43
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref43
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref43
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref43
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref44
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref44
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref44
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref44
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref45
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref45
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref45
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref45
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref46
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref46
https://doi.org/10.1016/j.cgh.2022.07.005
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref48
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref48
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref49
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref49
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref50
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref50
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref50
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref50
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref51
http://refhub.elsevier.com/S0168-8278(22)03459-6/sref51

	Hepatocellular carcinoma risk in patients with chronic hepatitis B receiving tenofovir- vs. entecavir-based regimens: Indiv ...
	Introduction
	Patients and methods
	Study selection and data collection
	Patient eligibility criteria
	Covariates
	Covariate selection and adjustment
	Missing data and imputation

	Statistical analyses
	Primary analysis
	Sensitivity analyses
	Subgroup analyses


	Results
	Patient disposition and baseline characteristics
	Primary analysis
	Secondary analyses
	Sensitivity analyses
	Subgroup analyses


	Discussion
	Abbreviations
	Financial support
	Conflict of interest
	Authors’ contributions
	Data availability statement
	Supplementary data
	References


