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Abstract

There are several meta-analyses about the comparison of tenofovir disoproxil fumarate (TDF) versus entecavir (ETV)
for preventing hepatocellular carcinoma in patients with chronic HBV infection published in recent years. However, the
conclusions vary considerably. This umbrella review aims to consolidate evidence from various systematic reviews to evaluate
differences in hepatocellular carcinoma prevention between two drugs. Systematic searches were conducted using PubMed,
Embase, and Web of Science to identify original meta-analyses. Finally, twelve studies were included for quantitative
analyses. We found that TDF treatment was associated with a significantly lower risk of HCC than ETV (hazard ratio, 0.80;
95% CI 0.75-0.86, p <0.05). The lower risk of HCC in patients given TDF compared with ETV persisted in subgroup
analyses performed with propensity score-matched cohorts, cirrhosis cohorts, nucleos(t)ide naive cohorts and Asian cohorts.
In the cohorts of non-Asia and patients without cirrhosis, there was no difference exhibited between these two drugs.
Subsequent analyses showed TDF treatment was also associated with a lower incidence of death or transplantation than
patients receiving ETV. Overall, the preventive effect of these two drugs on HCC has been studied in several published meta-
analyses, but few were graded as high-quality evidence, meanwhile, most of which had high overlap. Thus, future researchers
should include updated cohorts or conduct prospective RCTs to further explore this issue.
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Introduction

Current WHO data indicate 254 million persons living with
CHB resulting in 1.1 million deaths annually (EASL 2017,
Omata et al. 2017; Marrero et al. 2018; El-Serag 2012).
For patients with chronic hepatitis B (CHB), hepatocellu-
lar carcinoma (HCC) is the main cause of death. The sus-
tained replication of HBV is the main driving factor of the
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progression from CHB to cirrhosis and even HCC (Chen
et al. 2006). Suppressing HBV replication using long-term
nucleos(t)ide analogue (NA) therapy can reduce the risk of
HCC and mortality in CHB patients (Hosaka et al. 2013;
Wong et al. 2013). According to current international prac-
tice guidelines, the two NA TDF and ETV are recommended
as first-line antiviral agents for CHB, because of their high
antiviral efficacy and low rate of resistance (Terrault et al.
2018). However, it has not yet been determined whether
there is a difference in the effectiveness of these two drugs
in preventing HCC.

Randomized-controlled trials (RCTs) are the gold stand-
ard of evidence for comparing treatment efficacy, yet few
addressed this topic. Two RCTs compared TDF and ETV
recently, however, the observed incidence of HCC was
too low to allow for meaningful comparisons of HCC risk
(Sriprayoon et al. 2017; Cai et al. 2019). Several meta-
analyses have synthesized data from observational studies,
but results comparing the two drugs remained conflicting,
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thus hampering our ability to draw specific conclusions and
reveal implications for clinical practice. Some researchers
believed that patients receiving TDF had a lower risk of
HCC (Choi et al. 2021; Cheung et al. 2020; Gu et al. 2020;
Shao et al. 2023; Yuan et al. 2022), while others argued
that there was no difference in the efficacy of the two drugs
(Tseng et al. 2020; Dave et al. 2021; Yuan et al. 2021; Li
et al. 2020). However, although the authors of the existing
meta-analysis have tried their best, the number of included
primary studies was still limited, and the subgroups divided
were not comprehensive enough. Furthermore, the meth-
odological quality of the meta-analyses and the quality of
evidence remain to be assessed by validated tools.

In the research field where many meta-analyses
have been conducted, a promising way to integrate the
existing evidence is to conduct an umbrella review, which
systematically synthesizes the findings from multiple
systematic reviews, in order to provide a comprehensive and
up-to-date summary of relevant research (Tiirk et al. 2023).
The conclusion of an umbrella review may not be of novelty
that completely differs from current systematic reviews, but
its purpose is to provide an overall assessment of existing
systematic reviews for a specific question (Aromataris et al.
2015), thereby identifying areas of consensus, highlighting
discrepancies, and pointing out deficiencies.

Our umbrella review aims to critically evaluate and
summarize the evidence from systematic reviews up to
now regarding the HCC risk in different subgroups of CHB
patients receiving TDF versus ETV treatment, through
which provide a comprehensive overview of the current
evidence, aid clinical decision-making, and guide the design
and implementation of future clinical trials.

Methods

Our protocol was registered on the International Prospective
Register of Systematic Reviews (PROSPERO) and assigned
registration number CRD42023494010. To take the highest
quality approach we followed the Cochrane Handbook
guidelines (Pollock et al. 2023) for conducting “Overview
of reviews” and the preferred reporting items for systematic
reviews and meta-analysis (PRISMA) Statement (Moher
et al. 2009) in reporting our umbrella review.

Search strategy

Two authors conducted a systematic literature search in
PubMed, EMBASE, Web of Science, and Cochrane Library
databases until September 2023 to identify published
meta-analyses investigating the HCC risk in CHB patients
receiving TDF versus ETV. In addition, we hand-searched
reference lists of identified meta-analyses and relevant
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review articles. Any disagreements were resolved by
discussion and consensus.

Inclusion and exclusion criteria

Studies were included if they met the following criteria: (1)
meta-analyses based on at least two primary studies, which
includes RCT, nonrandomized prospective or historical
cohort studies; (2) patients with CHB; (3) accepting TDF
or ETV monotherapy; (4) meta-analyses that have reported
the hazard ratio (HR) with 95% confidence interval (CI) for
the risk of HCC in patients receiving TDF versus ETV;

The exclusion criteria were as follows: (1) no
summary estimate was reported (e.g. systematic reviews
without meta-analysis); (2) meta-analyses that included
patients co-infected with hepatitis C virus or human
immunodeficiency virus; (3) using relative risk (RR), odds
ratios (OR) or HCC incidence rate to synthesize the results
of primary studies (4) comparing multiple antiviral drugs
not only TDF or ETV.

Data extraction

Data were extracted by one author and double-checked
by another author. For each published meta-analysis,
we extracted the following data: name of the first author,
publication year, number of included studies, study design of
the primary studies, total number of cases and participants,
quality assessment methods, subgroup classification of the
entire CHB patients, unadjusted and adjusted HR with 95%
CI synthesized using results of primary studies.

For each primary study, we extracted the first author’s
name, year of publication, number of total cases, number of
participants, and unadjusted HR or HR that adjusted for the
most confounders, along with their 95% CI.

Assessment of methodological quality

Since there is no standard for assessing the quality of
meta-analysis yet (Tiirk et al. 2023), and the Cochrane
guidelines (Pollock et al. 2023) points out “cannot
currently recommend one tool over another due to a lack of
empirical evidence on this topic”, we adopted the validated
AMSTAR 2 tool (a measurement tool to assess systematic
reviews) (Shea et al. 2007, 2009, 2017, 2007) to evaluate
the methodological quality of each included meta-analysis.
It includes 16 items about the conduct of a meta-analysis,
including the literature search, study selection and data
extraction, reporting of included and excluded studies,
quality assessment of the included studies, statistical
methods for the meta-analysis, publication bias, and
conflict of interest. Seven of these (item 2, 4, 7,9, 11, 13
and 15) are considered critical as they can significantly
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impact the validity of a review and its conclusions. Each
question can be answered with “yes”, “no” and “Partial
Yes”. This procedure has been applied successfully in
previous umbrella review (Neuenschwander et al. 2019;
Jaff et al. 2023).

AMSTAR 2 is not designed to generate an overall
“score”. A high score may disguise critical weaknesses in
specific domains. In making an overall rating of systematic
review it is important to take account of flaws in critical
domains, which may greatly weaken the confidence that can
be placed in a systematic review. The methodological quality
of included meta-analysis was rated as high (no or one non-
critical weakness), moderate (more than one non-critical
weakness), low (one critical flaw with or without non-critical
weaknesses) and critically low (more than one critical flaw
with or without non-critical weaknesses) according to the
quantity of critical and non-critical weaknesses (Shea et al.
2017).

Assessment and stratification of evidence quality

We evaluated the certainty for each outcome presented in the
umbrella review through the grading of recommendations
assessment development and evaluation (GRADE) approach
(Guyatt et al. 2008) and classified evidence into “high,”
“moderate,” “low,” and “very low” quality. In this approach,
direct evidence from RCTs starts at high confidence and
can be rated down based on the risk of bias, indirectness,
imprecision, inconsistency (or heterogeneity), and/or
publication bias to levels of moderate, low, and very low
confidence. Direct evidence from observational studies starts
at low confidence and can be rated down for the previously
mentioned factors or rated up if the magnitude of effect is
large, or a dose—response effect is observed; where evidence
was derived from both RCTs and observational studies, we
conservatively attributed certainty to the lower level of
evidence.

We also identified evidence that had the strongest
evidence and no signals of large heterogeneity or bias
according to the guideline by Fusar-Poli et al. (Fusar-Poli
and Radua 2018). Specifically, we considered as convincing
(class I) the evidence that fulfilled all the following criteria:
when number of cases > 1000, statistical significance at
p <1075, low between-study heterogeneity I* < 50%, 95%
prediction interval excluding the null, no small-study effects
and no excess significance bias. Evidence with > 1000 cases,
p <107, and class I criteria not met were graded as highly
suggestive (class II). Evidence with > 1000 cases, p < 1073,
and class I-II criteria not met were considered suggestive
(class III). The remaining nominally statistically significant
evidence was considered weak (class IV). Evidence with
p>0.05 was considered non-significant.

Primary study overlap

A non-ignorable special issue is the possibility of
overlapping primary studies in individual meta-analyses. To
ensure statistical independence of effect sizes, it is usually
recommended that each primary study only appear once in
the final analyses (Tiirk et al. 2023). We created a citation
matrix for main subgroups in the included systematic
reviews separately to visualize the degree of overlap, and
we calculated the corrected covered area (CCA). The CCA
is a measure representing the overlap (relative coverage)
of primary studies in the included meta-analyses: a CCA
between 0 and 5 demonstrates slight overlap, 6 to 10
demonstrates moderate overlap, a score between 11 and
15 is considered high overlap, and > 15 very high overlap
(Pieper et al. 2014).

Data analysis

HR with 95% CI adjusted by multivariable analysis or,
preferentially, if possible, propensity score matching (PSM)
was exacted from the primary studies. All the data synthesis
was performed using DerSimonian and Laird random-
effects models by weighting each effect size by its inverse
variance, which takes into account heterogeneity both
within and between studies. Between-study heterogeneity
was calculated using Higgins’ I* statistics. I> < 50% was
considered low heterogeneity, and the fixed effect model
was used for analysis instead. Individual effects and pooled
mean effect sizes were summarized in forest plots for each
outcome. Publication bias was visualized using funnel plots,
and funnel plot asymmetry was assessed using Egger’s and
Begg’s test. All tests were 2-sided, and P-value less than
0.05 was considered statistically significant.

Results
Study selection

Our preliminary literature search yielded 1298 relevant stud-
ies. After the screening process, 12 meta-analyses ultimately
met our inclusion criteria and were included in qualitative
synthesis (Fig. 1).

Description of included meta-analyses

An overview of the main characteristics of included meta-
analyses was presented in (Table 1). Eligible meta-analyses
were published between 2020 and 2023 including primary
studies conducted between 2013 and 2021. All primary
studies were retrospective. On average, meta-analyses
included 17.5 primary studies with a range from 7 to 32
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Records identified through databases
searching
(n=873)

A 4

Records after duplicates removed
(n=450)

A4

Records screened by title for eligibility

Records excluded

(n = 450)

Records screened by abstract

A4

(n = 274)

Records excluded

(n = 126)

4

Full-text articles assessed for
eligibility

(n = 83)

(n=43)

A 4

Meta-analysis finally included
(n=12)

Fig. 1 Flow chart of literature search and screening process

studies. Sample sizes ranged between 24269 and 263947
participants in the included meta-analyses with an average
of 89772 subjects per meta-analysis. Each meta-analysis
reported the results of 9 subgroups on average by the form of
HR with 95% CI with the number of subgroups ranging from
1 to 23. Among these subgroups reported in the included
meta-analysis, results of the entire cohort without covariate
adjustment were reported 5 times, results of the entire cohort
adjusted by the multivariable analysis were reported 7 times,
results from PSM cohorts were reported 9 times, results
from NA treatment-naive subgroups were reported 8 times
and results from cirrhotic patients were reported 9 times,
and 6 meta-analyses reported results in Asian and non-Asian
CHB patients. In addition, 4 meta-analyses reported results
at different follow-up times.
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”| Full-text articles excluded (n = 31)
Other NA types (n = 9)

No quantitative synthesis (n = 5)

Different synthesis (e.g., network MA) (n = 3)
No HCC incidence (n =7)

No HR reported (n = 7)

Among the 12 meta-analyses included, 2 were considered
as convincing evidence, 4 as suggestive evidence, 3 as weak
evidence and 3 as non-significant.

Methodological quality of included meta-analyses

The quality scores of each meta-analysis were based on
the AMSTAR 2 tool. Overall scores with the single items
were shown in (Supplementary Table S1). The included
meta-analyses were rated as high for 16.7% (n=2) studies,
moderate for 25% (n=3), low for 25% (n=3), and critically
low for 33.3% (n=4). In general, the main flaws of meta-
analyses rated as low or critically low in quality were that
the authors did not conduct comprehensive enough literature
retrieval strategies, did not provide lists of excluded studies
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Table 1 Characteristics of included meta-analysis

Author Year Number Number of  Quality assessment methods Number of Detailed subgroups Level of evidence
of primary participants subgroups
studies
Choi 2020 15 61787 MINORS 8 2-9 Weak
Tseng 2020 31 119053 NOS, GRADE 23 1-4, 725 Non-significant
Dave 2021 14 263947 QUIPS, GRADE 1 4 Weak
Cheung 2020 13 85008 NOS 8 2,4,7,8,10, 11, 14, 15 Suggestive
Gu 2020 11 70864 NOS 4 2,3,9,10 Convincing
Yuan 2021 13 80202 NOS 16 1-8, 10, 11, 14, 15, 20, 21, 26,27 Non-significant
Li 2020 32 78136 Cochrane collaboration tool 9 1,7,8, 10, 22, 23, 28-30 Non-significant
for RCTs, NOS, GRADE
Yuan 2022 24 109865 NOS 16 1,3,4,7,8,10-17, 26, 27, 31 Suggestive
Liu 2020 7 25785 NOS 1 3 Weak
Shao 2023 17 90897 NOS, GRADE 2 2,10 Convincing
Oh 2022 19 57455 NOS 16 1-4,32-43 Suggestive
Tan 2022 14 24269 NOS 6 3,4, 10, 14, 20, 21 Suggestive

MINORS methodological index for non-randomized studies score, NOS newcastle-ottawa quality assessment scale, GRADE grading of
recommendations assessment, development and evaluation, QUIPS quality in prognosis studies tool, PSM propensity score matching, NA
nucleos(t)ide analogue

1, unadjusted results; 2, results adjusted by multivariable analysis; 3, PSM; 4, cirrhosis; 5, inclusion of decompensated cirrhosis; 6, exclusion
of decompensated cirrhosis; 7, Asia studies; 8, non-Asia studies; 9, death or liver transplantation; 10, NA treatment-naive; 11, non-cirrhosis;
12, follow-up difference less than 1 year for both drugs; 13, follow-up time 1 year or longer for entecavir; 14, clinical cohorts; 15, electronic
database records; 16, full length article; 17, abstract; 18, time of enrolment: before 2011; 19, time of enrolment: after and in 2011; 20,
multicenter study; 21, single center study; 22, no industry funding; 23, funded by industry; 24, prospective study; 25, retrospective study; 26,
follow-up time >4 years; 27, follow-up time <4 years; 28, follow-up time >3 years; 29, cirrhosis patients accounts for 1%-30%; 30, cirrhosis
patients accounts for 31%-100%; 31, NA treatment-experienced; 32, treatment duration less than 6 months; 33, treatment duration less than
12 months; 34, exclusion of patients diagnosed with HCC within 6 months; 35, exclusion of patients diagnosed with HCC within 12 months;
36, interval >3 years in the start point of patient enrolment; 37, interval < 3 years in the start point of patient enrolment; 38, exclusion of patients
with baseline HBV DNA levels of <2000 IU/mL; 39, inclusion of patients with baseline HBV DNA levels of <2000 IU/mL; 40, exclusion of
patients with significant alcoholic liver disease; 41, inclusion of patients with significant alcoholic liver disease; 42, exclusion of patients with
CKD or baseline creatinine > 1.5 mg/dL; 43, inclusion of patients with CKD or baseline creatinine > 1.5 mg/dL

and reasons, and did not explain the selection of the primary
study designs for inclusion in the review.

Quality of evidence in meta-analyses

Only four meta-analyses (Shao et al. 2023; Tseng et al.
2020; Dave et al. 2021; Li et al. 2020) assessed the quality
of evidence on outcome-level via the GRADE approach
and provided specific evaluation criteria in the relevant
supplementary materials. Given that all the primary studies
included in the meta-analyses were observational, we
conservatively attributed certainty of evidence to the low
level.

Primary study overlap

The group without covariate adjustment, adjusted by the
multivariable analysis, adjusted by PSM, NA treatment-
naive subgroups, and cirrhotic patients were the most fre-
quently mentioned in the published systematic reviews.
So, we analyzed the overlap of these subgroups. The CCA

represented the primary study overlap and was rated very
high for all subgroups (Table 2), indicating that some
primary studies have been included multiple times in the
meta-analyses published up to now. A citation matrix
including the visual demonstration of the amount of over-
lap was provided in (Table 3).

Table 2 Overview of CCA score as measure of primary study overlap

Subgroups k CCA Overlap

Unadjusted results 5 0.38 Very high

Adjusted by multivariable 8 0.27 Very high
analysis

PSM 8 0.42 Very high

NA treatment-naive 7 0.32 Very high

Cirrhosis 7 0.30 Very high

k=number meta-analyses

CCA corrected covered area
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Table 3 A citation matrix including the visual demonstration of the amount of overlap

Tseng (2020) Yuan (2021) Li (2020) Yuan (2022) Oh et al. (2022)
Chang et al. (2021) 1 1
Chen et al. (2020) 2 1 1
Cho et al. (2018) 4 1 1 1
Choi et al. (2019) 5 1 1 1 1
Gordon et al. (2019) 6 1 1
Giizelbulut et al. (2021) 7 1
Ha et al. (2020a) 9 1 1 1
Ha et al. (2020b) 10 1 1 1
Hsu et al. (2020) 11 1 1 1 1 1
Hu et al. (2020) 12 1
Kim et al. (2018a) 13 1 1 1 1
Kim et al. (2019a) 14 1 1 1 1 1
Kim et al. (2019b) 15 1
Kim et al.(2018b) 16 1
Kramer et al. (2015) 17 1 1
Lee et al. (2019) 18 1 1 1 1
Lee et al. (2021) 19 1
Lee et al. (2020) 20 1 1 1
Na et al. (2021) 21 1 1
Oh et al. (2020) 22 1 1 1 1
Papatheodoridis GV (2020) 23 1 1
Pol (2019) 24 1
Pol and ANRS/AFEF study 25 1

group (2021)

Shin et al. (2021) 26 1 1 1
Su et al.(2020) 27 1 1 1
Tsai et al. (2017) 28 1 1
Wu et al. (2017) 29 1 1
Yip et al. (2020) 30 1 1 1 1
Yu et al.(2018) 31 1 1 1 1
Yu et al. (2019) 32 1
Studies (k) 32 10 12 13 23 19

Times studies Number of rows ~ Number of Proporation Percentage

appeared in reviews reviews

N r c

Overall 75 30 5 0.375 37.5%

Preventive effects on HCC
HCCrisk in the overall cohort

As shown in Fig. 2A, the overall effect from 35 primary
studies showed that TDF was associated significantly
with a lower HCC incidence than ETV (HR 0.80; 95% CI
0.75-0.86; p <0.05) with low heterogeneity (I>=33.5%).
We then aggerated 19 results adjusted by PSM and found
that TDF treatment is associated with lower HCC risk com-
pared to ETV (HR 0.81; 95% CI 0.71-0.93; p<0.05) with
1*=51.7% (Fig. 2B).
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HCC risk in specific patients’ group

Comparisons between the two drugs in specific CHB
patients were shown in Fig. 3. Twenty-seven primary stud-
ies investigating the preventive effects of these two drugs on
HCC in NA treatment-naive CHB patients were included.
The overall synthesis of these effect sizes resulted in an HR
of 0.78 (95% CI 0.68-0.88, p <0.05), which means TDF
was associated with significantly lower HCC risk compared
with ETV.

Nineteen primary studies reported the pooled effect
sizes for HCC risk of liver cirrhosis patients receiving TDF
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Study %

D ES (95% CI) Weight
Koklu S 2013 0.60 (0.1, 3.28) 0.16
Goyal SK 2015 —0—,—— 0.49 (0.14, 1.72) 0.29
Kim YM 2018 —_— 0.67 (0.19, 2.35) 0.28
YuJH 2018 —_—— 1.39 (0.56, 345) 0.55
Kim BG 2018 —_— 0.60 (0.28, 1.30) 0.76
Choi J 2019 National cohort - 0.68 (0.59, 0.77) 25.42
Choi J 2019 Hospital cohort — 0.66 (0.46, 0.96) 3.33
Kim SU 2019 —— 0.98 (0.76, 1.27) 6.83
Yip TC 2020 —_— 0.36 (0.16, 0.80) 0.70
Hsu YC 2020 —0—'— 0.81 (042, 1.56) 1.05
Lee SW 2020 0.97 (0.67, 1.40) 3.32
Kim WR 2022

Chang KC 2019
Pol § 2021
Su'F 2020

J

— 0.58 (0.38, 0.87) 2.63

—_— 059 (037,0.95) 2.03
L 1.51 (058, 3.92) 0.49
——

1.00 (0.76, 1.32) 591

Oh H 2020 —— 1.26 (0.81,1.97) 2.28
Gorden SC 2019 Asian cohort —0—{—— 0.70 (0.29, 1.68) 0.58
Gorden SC 2019 Non-Asian cohort —_— 1.87 (0.60, 5.87) 0.35
Lee CJ) 2019 —_—— 0.86 (0.39, 1.91) 0.71
Ha 12020 ——— 1.30 (0.81,2.10) 1.99
Lee HW 2021 —_— 0.65 (0.33, 1.26) 1.00
Shin JW 2021 —_— 0.83 (0.52, 1.30) 2.15
Chang TS 2021 —— 0.89 (0.71, 1.12) 867
Chen CH 2020 —_—— 0.67 (048, 0.93) 4.12
Cho BW 2018 _Q—v—l— 047 (0.16, 1.38) 0.39
HaY 2020 —_— 0.32(0.13, 0.80) 0.55
Kramer JR 2015 —— 0.95(0.80, 1.13) 15.11
Papatheodoridis GV 2020 —_—— 0.93 (0.56, 1.56) 1.72
Guzelbulut F 2021 —_— 0.66 (0.24, 1.81) 0.44
Na JE 2021 —_— 0.82(0.52,1.29) 2.18
Tsai MC 2017 —O—e—— 052 (0.12,2.22) 0.21
Wu IT 2017 —_—Sr 0.73 (0.26, 2.05) 0.42
Huang Y 2021 ———— 0.26 (0.08, 0.81) 0.34
Hal2018 —_— 0.79 (043, 1.44) 1.23
Hu TH 2020 —_— 0.66 (040, 1.08) 1.83
Overall (I-squared = 33.5%, p = 0.030) [ 0.80 (0.75, 0.86) 100.00
i
L
T

Study %

D ES(95%C)  Weight
Kim BG 2018 _ 056 (0.21,154) 165
Choi J 2019 National cohort = 068 (0.60,0.78) 1148
Choi J 2019 Hospital cohort — 0.68 (0.46,0.99) 641
Kim SU 2019 P 1,02 (0.77,135) 834
Yip TC 2020 _— 039(0.18,0.84) 2.54
Hsu YC 2020 . 089 (041,1.92) 253
Lee SW 2020 —— 1,03 (0.70,1.51) 639
Chang KC 2019 —_— 056 (0.32,0.98) 4.09
Ha 1 2020 — 206 (0.98,4.33) 2.69
Kim WR 2022 —— 058 (0.38,0.87) 591
Oh H 2020 —_ 1.30 (0.82, 2.07) 521
Shin JW 2021 —_— 077 (046, 129) 456
Ha Y 2020 — 036 (0.12,1.14) 133
Chang TS 2021 —t 087 (0.69,1.10) 9.36
Chen CH 2020 —_— 0.66 (046, 095) 6.76
Na JE 2021 —— 1.02 (0.68, 1.52) 6.10
Su F 2020 = 1.00 (0.76,1.32) 844
Lee HW 2019 _ 097 (040,237) 201
Hu TH 2020 —_ 066 (038, 1.14) 4.19
Overall (I-squared = 51.7%, p = 0.005) Q 0.81(0.71,0.93) 100.00

T
®  Favors TDF Favors ETV '®

A

T . T
12 Favors TDF ' Favors ETV 83

B

Fig.2 Forest plot of HCC incidence between TDF and ETV treatment in the overall cohort. A results adjusted by multivariable analysis; B
results adjusted by PSM. HCC hepatocellular carcinoma, TDF tenofovir disoproxil fumarate, ETV entecavir, CHB chronic hepatitis B

treatment compared with ETV. We summarized these results
and found that the HCC incidence was significantly lower
in patients receiving TDF treatment (HR 0.74; 95% CI
0.67-0.82, p<0.05).

Ten primary studies comparing the HCC risk of these
two drugs in patients without liver cirrhosis were included
in our analysis. Among non-cirrhotic patients, there is no
significant difference in the incidence of HCC between TDF
treatment and ETV treatment (HR 0.96; 95% CI 0.69-1.33;
p=0.80).

In the subgroup analysis based on whether including
patients with decompensated cirrhosis, we concluded nine
primary studies including patients with decompensated
cirrhosis and found that TDF showed a significantly lower
risk of HCC over ETV (HR 0.69; 95% CI 0.55-0.85;
P <0.05). For the six primary studies excluding patients with
decompensated cirrhosis, the pooled results exhibited that
there was no difference in the incidence of HCC between the
two drugs (HR 0.90; 95% CI, 0.76-1.06; p=0.20).

For analysis concerning regions, twenty-four primary
studies from the East tended to favor TDF over ETV against
HCC incidence (HR 0.76; 95% CI 0.70-0.83; p <0.05),
whereas the eight studies from the West did not (HR 0.93;
95% CI1 0.81-1.05; p=0.30).

In the subgroup analysis based on data sources, we pooled
the results from twenty-two primary studies using clinical
records and found that TDF had a lower risk for HCC than
ETV among hospital-based clinical cohorts (HR 0.88; 95%

CI 0.80-0.96; p<0.05). For the five primary studies using
electronic database records, the results were consistent with
those from the clinical cohort (HR 0.74; 95% CI 0.59-0.93;
p<0.05).

In terms of follow-up time, existing meta-analyses have
not reached a consensus on grouping criteria. Ten primary
studies offered the results in patients who received ETV
and had a follow-up time at least 1 year longer than those
who received TDF. The pooled data showed that TDF was
consistently and significantly associated with a lower risk
of HCC (HR 0.71, 95% CI 0.64-0.79; p <0.05). Whereas,
no difference was observed among the fifteen studies with
minimal (<1 year) disparity in follow-up duration (HR
0.92, 95% CI 0.84-1.02; p=0.18). Besides, no significant
difference in risk reduction of HCC was found between TDF
and ETV groups in patients with follow-up time >4 years
(HR 0.99; 95% CI 0.84-1.16, p=0.74), while TDF was
found to be associated with a reduced risk of HCC than
ETV in studies with follow-up length of <4 years (HR 0.73;
95% CI 0.65-0.82; p < 0.05). For the twelve primary studies
with follow-up time > 3 years, pooled data showed a similar
incidence rate of HCC between the two drugs (HR 0.86;
95% CI1 0.70-1.06).

In the aspect of enrollment time, pooled results from
eleven or three primary studies showed that TDF and
ETV treatment were similar in HCC incidence regardless
of whether the time of enrollment was before (HR 0.87;
95% CI 0.86-1.10) or after 2011 (HR 0.93; 95% CI
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Fig.3 Summary of pooled HR
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0.63-1.36). Furthermore, pooled results from thirteen
primary studies showed that an interval of over three
years in the start points of patient enrolment between the
two groups resulted in a lower risk of HCC development
in the TDF group than in the ETV group (HR 0.69; 95%
CI 0.51-0.92; p<0.05). However, the results from five
primary studies with enrollment interval between the two
groups of less than three years did not support this point
(HR 0.83; 95% CI1 0.62-1.12).

In the remaining subgroup analysis, the pooled results
from primary studies tended to favor TDF over ETV
against HCC incidence in the group excluding patients
with significant alcoholic liver disease (HR 0.58; 95%
CI 0.44-0.76; p <0.05) or diagnosed with HCC within
12 months (HR 0.69; 95% CI 0.54-0.88; p <0.05),
accepting treatment less than 6 months (HR 0.56; 95%
CI0.34-0.92; p <0.05), including patients with baseline
HBV DNA levels of <2000 IU/mL (HR 0.69; 95% CI
0.52-0.90; p <0.05), and including patients with CKD
or baseline creatinine > 1.5 mg/dL. (HR 0.72; 95% CI
0.53-0.97; p<0.05). However, the two drugs seemed
to be similar in the subgroup stratified by publication
type (full-text articles or meeting abstracts), study scale
(multicenter or single center), funding source (with or
without industry funding), and study type (prospective
or retrospective).

Fig.4 Pooled HR for death or
liver transplantation incidence

between TDF and ETV treat- Study

ment in CHB patients. HR D

hazard ratio, TDF tenofovir
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Death or transplantation incidence

Fifteen primary studies reported incidences of death or
transplantation. As shown in Fig. 4, the pooled result indi-
cated that TDF treatment was associated with a significantly
lower rate of death or liver transplantation caused by CHB
compared with ETV treatment (HR 0.89; 95% CI 0.80-0.99;
P <0.05) without significant between-study heterogeneity
(>=0%).

Publication bias

Funnel plots were constructed to estimate the extent of
publication bias in the pooled analyses (Supplementary
Fig. S1). No apparent publication bias was shown among
the results. We did not test publication bias for the remaining
subgroups not presented in Supplementary Fig. S1 because
too few primary studies were available to perform a valid
statistical test.

Discussion

In clinical medical practice, systematic reviews become
commonplace partly because of the continuous output of
clinical research results (Pollock et al. 2023). In turn, the
rapidly increasing number of systematic reviews has led
many to perform reviews of these reviews, which were
variously known as “overviews”, “umbrella reviews”, or
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“reviews of reviews”, trying to discover and obtain the best
evidence of a certain territory.

The HCC risk of receiving TDF compared with
ETV treatment in CHB patients with different baseline
characteristics such as NA-naive, cirrhosis, and different
regions has been examined in many published meta-
analyses. This umbrella review provided an overview of the
latest meta-analytical evidence on the risk of developing
HCC in CHB patients receiving TDF versus ETV treatment.
As no previous research has examined the literature in this
way, this is the first and most comprehensive umbrella
review that critically reviews the prevention effect on
HCC of the two drugs before the present study, as well as
evaluates the methodological quality of the meta-analyses
and quality of evidence. To ensure a high scientific
standard, we followed the latest recommendations from the
Cochrane Collaboration (Pollock et al. 2023) for reporting
an umbrella review. In addition to the narrative summary of
specific characteristics of the different meta-analyses, we
aggregated the current evidence on a quantitative level and
conducted meta-analyses. These kinds of analyses reveal
variation between results from individual meta-analyses and
may thus contribute to explaining observed heterogeneity
between results from individual meta-analyses. Our goal is
to simplify knowledgeable clinical decisions when choosing
the drug for a certain type of CHB patients to improve their
disease-related outcomes.

We compared the differences in the preventive effect of
TDF versus ETV on HCC among the overall cohort and 43
specific subgroups of CHB patients, as well as differences
in the death or transplantation rate in the overall cohort.
We found that TDF treatment was associated with a lower
incidence of HCC, which was consistent with several
previous researches (Choi et al. 2021; Cheung et al. 2020;
Gu et al. 2020; Shao et al. 2023; Liu et al. 2020; Tan et al.
2022). However, some other researchers (Tseng et al. 2020;
Dave et al. 2021; Li et al. 2020) believed that there was
no significant difference in the incidence of HCC between
receiving these two drugs.

As is well known, liver cirrhosis is an important risk
factor for HCC (Persson et al. 2012). A multicenter cohort
study (Papatheodoridis et al. 2017) found that the annual
incidence of HCC differed significantly within and beyond
the first 5 years of NA treatment in patients with cirrhosis
but not in those without, indicating a possible interaction
between NA treatment and cirrhosis. Subgroup analysis
based on the criteria of whether or not including patients
with decompensated cirrhosis in a primary study showed
a statistically significant or insignificant difference in HCC
incidence between the two drugs. Three relatively large-
scale cohort studies (Kim et al. 2018, 2019; Lee et al.
2020) from Korea excluded patients with decompensated
cirrhosis, whereas another study (Choi et al. 2019) included
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those patients. Only a few meta-analyses authors (Choi
et al. 2021; Yuan et al. 2021) have noticed this difference
in the inclusion criteria of primary studies and discussed it
in their study. This point may be a plausible explanation for
the inconsistent results of previous studies. However, the
study by Yuan et al. showed the similarity of TDF to ETV
in HCC prevention persisted in two subgroups including
or excluding decompensated cirrhosis patients. This may
be related to the insufficient sample size of their research.
Hence, more studies with a large sample size are needed to
clarify this issue.

Our study showed that in the Asian study, patients
treated with TDF showed a lower incidence of HCC,
while in the non-Asian study, patients treated with the two
drugs showed a similar HCC risk. However, the specific
mechanism underlying this regional discrepancy remained
unclear. Possible reasons might include differences in
ethnicity, HBV genotypes, health care system, as well as
baseline characteristics (Tian and Jia 2016; Mittal et al.
2018; Robinson et al. 2019). Most of the included primary
studies only analyzed Asian patients with CHB, where
HBYV genotype C prevails among chronic carriers (Bae
et al. 2005). It has been confirmed that genotype C confers
higher HCC risk than others (Yang et al. 2008). In addition,
the transmission mode of HBV varies among patients
in different regions. In Asians with CHB, vertical HBV
transmission from mother to child predominates, while HBV
is usually transmitted during childhood and adulthood in
Europeans and Americans with CHB!, which may lead to
a lower HCC risk. A recent study by Jang et al. (Jang et al.
2022) found higher HBeAg positivity and liver cirrhosis
proportion among Koreans than Caucasians.

The later approval and availability of TDF for the
treatment of CHB might partly explain the result from
studies in which the follow-up time was shorter by 1 year or
more in patients receiving TDF compared with ETV. TDF
was not approved to treat CHB until 2008 in the USA and
2011 in East Asia, whereas ETV had been available since
2005 (EASL 2017; Terrault et al. 2018). This asynchronous
introduction of the two drugs could have resulted in
physicians prescribing ETV to the patient populations
bearing higher potential HCC risks (Shao et al. 2023). For
example, owing to the later approval of TDF, physicians may
preferentially prescribe ETV to patients with more severe
liver disease because they would have met the treatment
indications before TDF became available (Tseng et al. 2020).
The follow-up duration of TDF-treated patients was usually
shorter than ETV-treated ones in real-world studies. With
longer observation time, more HCC events might occur in
ETV-treated patients, which may mislead to the superiority
of TDF over ETV in reducing the HCC risk observed in
previous meta-analyses. Our subgroup analysis showed that
TDF-treated and ETV-treated patients had similar HCC
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incidence when follow-up duration was longer than 4 years
in both groups, which may be a hint that HCC events were
likely to occur in CHB patients over a longer observation
period regardless of the therapeutic agent. Moreover, the
wild application of TDF was delayed in Asian countries
because of reimbursement policies. For instance, since
its initial introduction to Hong Kong in 2012, TDF was
restricted to only patients with antiviral resistance or young
female patients of childbearing age, which is younger than
most patients with CHB receiving antiviral treatment, and
remained more restricted in use than ETV until 2017 (Kim
et al. 2019; Ma et al. 2019; Drafting Committee for Hepatitis
Management Guidelines 2019).

In a 12-year follow-up cohort study (Papatheodoridis
et al. 2020), researchers found a significant difference in the
incidence of HCC in NA-naive and NA-experienced patients,
which suggested that previous NA therapy may be one of the
confounding factors leading to different potential HCC risks
in CHB patients before receiving subsequent ETV or TDF
treatment. Combined with the results that TDF treatment
was related to a lower risk of HCC in cohorts of cirrhosis
patients or cohorts including patients with decompensated
cirrhosis in our study, the superiority of TDF over ETV
therapy on the incidence of HCC may be observed only in
CHB patients at higher HCC risk such as cases from Asian,
NA-naive or with cirrhosis, but not in patients at lower HCC
risk such as Europeans and Americans, NA-experienced or
without cirrhosis (Lee et al. 2021).

In existing meta-analyses, authors usually chose
multivariable analysis or PSM to adjust for confounding
factors in CHB patients’ baseline characteristics.
Nevertheless, using PSM and covariate-adjusted estimates
did not guarantee that the results in the previous meta-
analyses were robust because only a few primary study
authors have provided a detailed list of the variables, even
so, we still found that some key variables were omitted.
For example, in the study by Kim et al. (Kim et al. 2019)
only 9 variables were used for matching, and well-known
predictors of HCC, such as HBV DNA levels and alanine
aminotransferase levels, were not included. Wu et al. (Wu
et al. 2017) did not adjust for variables such as gender,
alanine aminotransferase and aspartate aminotransferase
levels. Hsu et al. (Hsu et al. 2020) did not adjust the
creatinine levels of included CHB patients. This issue was
particular in studies using data from electronic databases,
where clinical data on key covariates may not be available,
meaning that resulting adjusted estimates may still be biased
in an unpredictable direction (Choi et al. 2022). Besides, we
found a significantly lower HCC risk in the TDF group when
patients with alcoholic liver disease were excluded. The time
of being diagnosed with HCC was also crucial, and some
primary studies excluded CHB patients who developed HCC
within six months after enrollment. It has been reported

that the tumor volume doubling time (TVDT) of HCC is
approximately 4-5 months (Nathani et al. 2021). Therefore,
it is difficult to exclude patients with HCC present at the
start of treatment by excluding patients who develop HCC
within six months. However, these variables have generally
not been given sufficient attention in existing studies.

In principle, researchers should conceive appropriate
exclusion criteria to filter out studies in considerably
heterogeneous populations. However, researchers may
prefer to use relatively loose inclusion criteria to maximize
sample size and assess the effects of heterogeneity through
subgroup analyses. However, such subgroup analyses remain
subject to uncertainty. When conducting subgroup analysis
based on a certain factor, the distribution of other factors
among subgroups may not be uniform. For example, when
comparing the subgroups of patients with liver cirrhosis
versus those without, the proportion of primary studies
that only included NA-naive patients differed between each
subgroup. In a meta-analysis by Tseng et al., the 3 industry-
funded studies had lower HR than the 11 non-industry-
funded studies (Tseng et al. 2020). However, 2 of the 3
industry-funded studies were based on electronic databases,
which may themselves be associated with lower HR, thus
the subgroup analysis examining the effect of funding may
be confounded by differences in the data source (Sapena
et al. 2022).

One key challenge in conducting an umbrella review
was how to deal with study overlap across different meta-
analyses, as the same primary study may be included in
multiple meta-analyses. However, authors often disregard
overlaps rather than address the issue in their work, which
may lead to unreliable conclusions. Pieper et al. (Pieper et al.
2014) argued that all producers of overviews should analyze
the overlaps and report their analysis.

Our study reported the overlap of primary studies in
existing meta-analyses for the first time. The results of
the citation matrix and CCA showed that there was a high
degree of overlap in the subgroups of confounding factors
unadjusted cohort, adjusted by multivariable analysis cohort,
PSM cohort, NA treatment-naive patients, and liver cirrhosis
patients, indicating that some primary studies have been
repeatedly included in different published meta-analyses.
Future meta-analyses authors should conduct broad
searches to screen out updated primary studies, rather than
conducting repeated analyses of these that have already been
included multiple times. Applying advanced meta-analytic
methods such as individual participant-data (IPD) meta-
analysis is also an advisable choice, which would offer a
more robust estimate, by allowing biases to be explicitly
accounted for with consistent methodologies across all
datasets (Choi et al. 2022). However, an IPD meta-analysis
would not address the potential lack of universality resulting
from the predominance of studies conducted in East Asia.
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There are several limitations of our study. This umbrella
review was based on evidence from published systematic
reviews and meta-analyses, thus, our conclusions may
be similar to some of the included studies. Meanwhile,
potential limitations and shortcomings of the included
studies can be inherent to the study design and might
undermine the validity of the findings. Only four of
the meta-analyses included in this overview adopted
the GRADE approach to evaluate the evidence quality.
According to the AMSTAR 2 tool, not all of the included
systematic reviews were rated as high quality. The use
of an umbrella review brought the risk of duplicating
the findings from the included studies. Despite this, our
study demonstrated notable strengths, such as rigorous
methodological approaches, extensive database search,
and comprehensive analysis.

In conclusion, our umbrella review provided
recommendations for future primary studies and meta-
analyses comparing the efficacy of the two drugs by
comprehensively reviewing existing evidence. We found
TDF treatment was associated with a lower HCC risk
compared with ETV treatment in most subgroups. However,
it should be noted that all of the studies that compared the
HCC risk between the 2 treatments either favored TDF or
showed no differences (Choi and Lim 2019). None of the
studies showed results favoring ETV over TDF (Kim et al.
2019). In the current meta-analyses and primary studies,
especially for the meta-analyses that included data after
confounding factors adjustment, the conclusions of these
meta-analyses may not be as robust as their authors claimed
due to the heterogeneity of the variables involved in the
primary study and the possible absence of certain key
variables. In order to compare the preventive effects of these
two drugs on HCC more scientifically, our work highlights
the need for meta-analyses based on standardized primary
studies. Resorting to more advanced meta-analysis methods
is also encouraged.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00432-025-06082-4.

Author contributions Conceptualization: Shi-Jia Liu, Xiao Zhang,
Methodology: Shi-Jia Liu, Lun-Jie Yan, Han-Chao Wang, Software:
Shi-Jia Liu, Data curation: Zi-Niu Ding, Hui Liu, Investigation: Xiao
Zhang, Guo-Qiang Pan, Formal analysis: Shi-Jia Liu, Cheng-Long
Han, Bao-Wen Tian, Supervision: Zhao-Ru Dong, Dong-Xu Wang,
Funding acquisition: Tao Li, Project administration: Yu-Chuan Yan,
Resources: Tao Li, Writing—original draft: Shi-Jia Liu, Writing—
review & editing: Tao Li.

Funding This work was supported by the grants from the Taishan
Scholars Program of Shandong Province (Grant No. tstp20221158),
National Natural Science Foundation of China (Grant No. 82073200),
and Major basic research of Shandong Provincial Natural Science
Foundation (Grant No. ZR2021ZD?26).

@ Springer

Data availability The datasets generated during and/or analyzed dur-
ing the current study are available from the corresponding author on
reasonable request.

Declarations

Conflict of interest The authors declare that they have no competing
interests.

Ethics approval Ethical approval was waived by the local Ethics Com-
mittee of Qilu Hospital of Shandong University in view of the retro-
spective nature of the study and all the procedures being performed
were part of the routine care.

Consent to participate and publish Not applicable.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International
License, which permits any non-commercial use, sharing, distribution
and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons licence, and indicate if you modified
the licensed material. You do not have permission under this licence
to share adapted material derived from this article or parts of it. The
images or other third party material in this article are included in the
article’s Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article’s
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

References

Aromataris E, Fernandez R, Godfrey CM, Holly C, Khalil H, Tung-
punkom P (2015) Summarizing systematic reviews: methodologi-
cal development, conduct and reporting of an umbrella review
approach. Int J Evid Based Healthc 13(3):132-140. https://doi.
org/10.1097/xeb.0000000000000055

Bae SH, Yoon SK, Jang JW et al (2005) Hepatitis B virus genotype C
prevails among chronic carriers of the virus in Korea. J Korean
Med Sci 20(5):816-820. https://doi.org/10.3346/jkms.2005.20.5.
816

Cai D, Pan C, Yu W et al (2019) Comparison of the long-term effi-
cacy of tenofovir and entecavir in nucleos(t)ide analogue-naive
HBeAg-positive patients with chronic hepatitis B: a large, mul-
ticentre, randomized controlled trials. Medicine (Baltimore)
98(1):e13983. https://doi.org/10.1097/md.0000000000013983

Chang T-S, Yang Y-H, Chen W-M, Shen C-H, Tung S-Y, Yen C-W,
Hsieh Y-Y, Lee C-P, Tsai M-L, Hung C-H, Lu S-N (2021) Long-
term risk of primary liver cancers in entecavir versus tenofovir
treatment for chronic hepatitis B. Sci Rep 11(1):1365. https://doi.
org/10.1038/s41598-020-80523-7

Chen CJ, Yang HI, SuJ et al (2006) Risk of hepatocellular carcinoma
across a biological gradient of serum hepatitis B virus DNA level.
JAMA 295(1):65-73. https://doi.org/10.1001/jama.295.1.65

Chen CH, Chen CY, Wang JH et al (2020) Comparison 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 10(11):3882-3895

Cheung KS, Mak LY, Liu SH et al (2020) Entecavir vs tenofovir
in hepatocellular carcinoma prevention in chronic hepatitis B
infection: a systematic review and meta-analysis. Clin Transl


https://doi.org/10.1007/s00432-025-06082-4
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1097/xeb.0000000000000055
https://doi.org/10.1097/xeb.0000000000000055
https://doi.org/10.3346/jkms.2005.20.5.816
https://doi.org/10.3346/jkms.2005.20.5.816
https://doi.org/10.1097/md.0000000000013983
https://doi.org/10.1038/s41598-020-80523-7
https://doi.org/10.1038/s41598-020-80523-7
https://doi.org/10.1001/jama.295.1.65

Journal of Cancer Research and Clinical Oncology (2025) 151:77

Page 130of 15 77

Gastroenterol 11(10):e00236. https://doi.org/10.14309/ctg.
0000000000000236

Cho BW, Jang JW, Chae HB, Kim SB, Song IH (2018) Long-term
clinical outcomes of chronic hepatitis B patients treated with
entecavir vs. tenofovir: a retrospective, observational, compara-
tive study. Hepatology 68:268A

Choi J, Lim YS (2019) Comparison of risk of hepatocellular car-
cinoma between tenofovir and entecavir: One direction or no
direction. J Hepatol 71(4):846-847. https://doi.org/10.1016/j.
jhep.2019.06.013

Choi J, Kim HJ, Lee J, Cho S, Ko MJ, Lim YS (2019) Risk of hepa-
tocellular carcinoma in patients treated with entecavir vs teno-
fovir for chronic hepatitis B: a Korean nationwide cohort study.
JAMA Oncol 5(1):30-36. https://doi.org/10.1001/jamaoncol.
2018.4070

Choi WM, Choi J, Lim YS (2021) Effects of tenofovir vs entecavir on
risk of hepatocellular carcinoma in patients with chronic HBV
infection: a systematic review and meta-analysis. Clin Gastro-
enterol Hepatol 19(2):246-258.e9. https://doi.org/10.1016/j.cgh.
2020.05.008

Choi WM, Yip TC, Lim YS, Wong GL, Kim WR (2022) Methodo-
logical challenges of performing meta-analyses to compare the
risk of hepatocellular carcinoma between chronic hepatitis B
treatments. J Hepatol 76(1):186—194. https://doi.org/10.1016/j.
jhep.2021.09.017

Dave S, Park S, Murad MH et al (2021) Comparative effectiveness
of entecavir versus tenofovir for preventing hepatocellular car-
cinoma in patients with chronic hepatitis B: a systematic review
and meta-analysis. Hepatology 73(1):68-78. https://doi.org/10.
1002/hep.31267

Drafting Committee for Hepatitis Management Guidelines (2020)
Japan society of hepatology guidelines for the management
of hepatitis B virus infection: 2019 update. Hepatol Res
50(8):892-923. https://doi.org/10.1111/hepr.13504

EASL (2017) Clinical practice guidelines on the management of
hepatitis B virus infection. J Hepatol 67(2):370-398. https://
doi.org/10.1016/j.jhep.2017.03.021

El-Serag HB (2012) Epidemiology of viral hepatitis and hepatocel-
lular carcinoma. Gastroenterology 142(6):1264-1273.el. https://
doi.org/10.1053/j.gastro.2011.12.061

Fusar-Poli P, Radua J (2018) Ten simple rules for conducting
umbrella reviews. Evid Based Ment Health 21(3):95-100.
https://doi.org/10.1136/ebmental-2018-300014

Gordan SC, Zhou Y, Li J (2019) LBP-13-Effect of treatment of
hepatitis B patients with tenofovir disoproxil or entecavir on
risk of hepatocellular cancer death in a U.S. Cohort. J Hepatol
70(1):e147. https://doi.org/10.1016/S0618-8278(19)30259-2

Gu L, Yao Q, Shen Z et al (2020) Comparison of tenofovir versus
entecavir on reducing incidence of hepatocellular carcinoma
in chronic hepatitis B patients: a systematic review and meta-
analysis. J Gastroenterol Hepatol 35(9):1467-1476. https://doi.
org/10.1111/jgh.15036

Guyatt GH, Oxman AD, Vist GE et al (2008) GRADE: an emerging
consensus on rating quality of evidence and strength of recom-
mendations. BMJ 336(7650):924-926. https://doi.org/10.1136/
bm;j.39489.470347.AD

Giizelbulut F, Gokgen P, Can G, Adali G, Degirmenci Saltiirk AG,
Aslan E, Ozdil K, Doganay HL (2021) Comparison of the effi-
cacy of entecavir and tenofovir in reducing hepatocellular car-
cinoma risk in chronic hepatitis B patients: a real-life study in
Turkey. Turk J Gastroenterol 32(4):412—421. https://doi.org/10.
5152/tj2.2021.20423

Ha I, Chung JW, Jang ES, Jeong SH, Kim JW (2020a) Comparison
of the on-treatment risks for hepatocellular carcinoma between
entecavir and tenofovir: a propensity score matching analysis.

J Gastroenterol Hepatol 35(10):1774—1781. https://doi.org/10.
1111/jgh.15031

Ha'Y, Chon YE, Kim MN, Lee JH, Hwang SG (2020b) Hepatocellular
carcinoma and death and transplantation in chronic hepatitis B
treated with entecavir or tenofovir disoproxil fumarate. Sci Rep
10(1):13537. https://doi.org/10.1038/541598-020-70433-z

Hosaka T, Suzuki F, Kobayashi M et al (2013) Long-term entecavir
treatment reduces hepatocellular carcinoma incidence in patients
with hepatitis B virus infection. Hepatology 58(1):98—107. https://
doi.org/10.1002/hep.26180

Hsu YC, Wong GL, Chen CH et al (2020) Tenofovir versus entecavir
for hepatocellular carcinoma prevention in an international con-
sortium of chronic hepatitis B. Am J Gastroenterol 115(2):271-
280. https://doi.org/10.14309/ajg.0000000000000428

Hu TH, Yueh-Hsia Chiu S, Tseng PL et al (2020) Five-year compara-
tive risk of hepatocellular carcinoma development under ente-
cavir or tenofovir treatment-naive patients with chronic hepatitis
B-related compensated cirrhosis in Taiwan. Aliment Pharmacol
Ther 52(11-12):1695-1706. https://doi.org/10.1111/apt.16116

Jaff S, Zeraattalab-Motlagh S, Amiri Khosroshahi R, Gubari M,
Mohammadi H, Djafarian K (2023) The effect of selenium therapy
in critically ill patients: an umbrella review of systematic reviews
and meta-analysis of randomized controlled trials. Eur ] Med Res
28(1):104. https://doi.org/10.1186/s40001-023-01075-w

Jang H, Yoon JS, Park SY et al (2022) Impact of HBeAg on hepato-
cellular carcinoma risk during oral antiviral treatment in patients
with chronic hepatitis B. Clin Gastroenterol Hepatol 20(6):1343-
1353.e16. https://doi.org/10.1016/j.cgh.2021.09.001

Kim BG, Park NH, Lee SB et al (2018a) Mortality, liver transplanta-
tion and hepatic complications in patients with treatment-naive
chronic hepatitis B treated with entecavir vs tenofovir. J Viral
Hepat 25(12):1565-1575. https://doi.org/10.1111/jvh.12971

Kim YM, Shin HP, Lee JI, Joo KR, Cha JM, Jeon JW, Yoon JY, Kwak
MS (2018b) Real-world single-center experience with entecavir
and tenofovir disoproxil fumarate in treatment-naive and expe-
rienced patients with chronic hepatitis B. Saudi J Gastroenterol
24(6):326-335. https://doi.org/10.4103/sjg.SJG_49_18

Kim W, Telep L, Lu M et al (2019a) Risk of incident hepatocellular
carcinoma in hepatitis B-infected patients treated with tenofovir
disoproxil fumarate versus entecavir: a US administrative claims
analysis. Hepatology 70:302A-303A

Kim SU, Seo YS, Lee HA et al (2019b) A multicenter study of ente-
cavir vs. tenofovir on prognosis of treatment-naive chronic hepa-
titis B in South Korea. J Hepatol 71(3):456-464. https://doi.org/
10.1016/j.jhep.2019.03.028

Kramer JR, Mittal S, Richardson P, El-Serag HB, Kanwal F (2015)
Comparative effectiveness of tenofovir vs. entecavir in reduc-
ing the risk of hepatocellular carcinoma in a U.S. cohort of
patients with chronic hepatitis B virus infection. Hepatology
62:335A-336A

Lee CJ, Su CW, Lin HC, Hou MC, Huang YH (2019) Occurrence of
hepatocellular carcinoma in chronic hepatitis B patients undergo-
ing entecavir or tenofovir treatment. Hepatology 70:578A-579A

Lee SW, Kwon JH, Lee HL et al (2020) Comparison of tenofovir and
entecavir on the risk of hepatocellular carcinoma and mortality in
treatment-naive patients with chronic hepatitis B in Korea: a large-
scale, propensity score analysis. Gut 69(7):1301-1308. https://doi.
org/10.1136/gutjnl-2019-318947

Lee SW, Choi J, Kim SU, Lim YS (2021) Entecavir versus tenofo-
vir in patients with chronic hepatitis B: enemies or partners in
the prevention of hepatocellular carcinoma. Clin Mol Hepatol
27(3):402-412. https://doi.org/10.3350/cmh.2021.0179

Li M, Lv T, Wu S et al (2020) Tenofovir versus entecavir in low-
ering the risk of hepatocellular carcinoma development in
patients with chronic hepatitis B: a critical systematic review and

@ Springer


https://doi.org/10.14309/ctg.0000000000000236
https://doi.org/10.14309/ctg.0000000000000236
https://doi.org/10.1016/j.jhep.2019.06.013
https://doi.org/10.1016/j.jhep.2019.06.013
https://doi.org/10.1001/jamaoncol.2018.4070
https://doi.org/10.1001/jamaoncol.2018.4070
https://doi.org/10.1016/j.cgh.2020.05.008
https://doi.org/10.1016/j.cgh.2020.05.008
https://doi.org/10.1016/j.jhep.2021.09.017
https://doi.org/10.1016/j.jhep.2021.09.017
https://doi.org/10.1002/hep.31267
https://doi.org/10.1002/hep.31267
https://doi.org/10.1111/hepr.13504
https://doi.org/10.1016/j.jhep.2017.03.021
https://doi.org/10.1016/j.jhep.2017.03.021
https://doi.org/10.1053/j.gastro.2011.12.061
https://doi.org/10.1053/j.gastro.2011.12.061
https://doi.org/10.1136/ebmental-2018-300014
https://doi.org/10.1016/S0618-8278(19)30259-2
https://doi.org/10.1111/jgh.15036
https://doi.org/10.1111/jgh.15036
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.5152/tjg.2021.20423
https://doi.org/10.5152/tjg.2021.20423
https://doi.org/10.1111/jgh.15031
https://doi.org/10.1111/jgh.15031
https://doi.org/10.1038/s41598-020-70433-z
https://doi.org/10.1002/hep.26180
https://doi.org/10.1002/hep.26180
https://doi.org/10.14309/ajg.0000000000000428
https://doi.org/10.1111/apt.16116
https://doi.org/10.1186/s40001-023-01075-w
https://doi.org/10.1016/j.cgh.2021.09.001
https://doi.org/10.1111/jvh.12971
https://doi.org/10.4103/sjg.SJG_49_18
https://doi.org/10.1016/j.jhep.2019.03.028
https://doi.org/10.1016/j.jhep.2019.03.028
https://doi.org/10.1136/gutjnl-2019-318947
https://doi.org/10.1136/gutjnl-2019-318947
https://doi.org/10.3350/cmh.2021.0179

77 Page 140f15

Journal of Cancer Research and Clinical Oncology (2025) 151:77

meta-analysis. Hepatol Int 14(1):105-114. https://doi.org/10.
1007/512072-019-10005-0

Liu H, Shi Y, Hayden JC, Ryan PM, Rahmani J, Yu G (2020) Tenofovir
treatment has lower risk of hepatocellular carcinoma than ente-
cavir treatment in patients with chronic hepatitis B: a systematic
review and meta-analysis. Liver Cancer 9(4):468-476. https://doi.
org/10.1159/000507253

Ma TL, Hu TH, Hung CH, Wang JH, Lu SN, Chen CH (2019) Inci-
dence and predictors of retreatment in chronic hepatitis B patients
after discontinuation of entecavir or tenofovir treatment. PLoS
ONE 14(10):e0222221. https://doi.org/10.1371/journal.pone.
0222221

Marrero JA, Kulik LM, Sirlin CB et al (2018) Diagnosis, staging, and
management of hepatocellular carcinoma: 2018 practice guidance
by the American association for the study of liver diseases. Hepa-
tology 68(2):723-750. https://doi.org/10.1002/hep.29913

Mittal S, Kramer JR, Omino R et al (2018) Role of age and race in the
risk of hepatocellular carcinoma in veterans with hepatitis B virus
infection. Clin Gastroenterol Hepatol 16(2):252-259. https://doi.
org/10.1016/j.cgh.2017.08.042

Moher D, Liberati A, Tetzlaff J, Altman DG (2009) Preferred report-
ing items for systematic reviews and meta-analyses: the PRISMA
statement. Ann Int Med 151(4):264-269. https://doi.org/10.7326/
0003-4819-151-4-200908180-00135

Na JE, Sinn DH, Lee JH, Jang H-J, Baek SY, Kim KA, Kang WS,
Gwak G-Y, Paik YH, Kim YJ, Choi MS, Yoon J-H, Lee JH, Koh
KC, Paik SW (2021) Efficacy of entecavir versus tenofovir in pre-
venting hepatocellular carcinoma in patients with chronic hepatitis
B with maintained virologic response. J Viral Hepat 28(10):1392—
1399. https://doi.org/10.1111/jvh.13572

Nathani P, Gopal P, Rich N et al (2021) Hepatocellular carci-
noma tumour volume doubling time: a systematic review and
meta-analysis. Gut 70(2):401-407. https://doi.org/10.1136/
gutjnl-2020-321040

Neuenschwander M, Ballon A, Weber KS et al (2019) Role of diet in
type 2 diabetes incidence: umbrella review of meta-analyses of
prospective observational studies. BMJ 366:12368. https://doi.org/
10.1136/bm;j.12368

Oh H, Yoon EL, Jun DW, Ahn SB, Lee HY, Jeong JY, Kim HS, Jeong
SW, Kim SE, Shim JJ, Sohn JH, Cho YK; Long-Term Safety
of Entecavir and Tenofovir in Patients With Treatment-Naive
Chronic Hepatitis B Virus (CHB) Infection (SAINT) Study (2020)
No difference in incidence of hepatocellular carcinoma in patients
with chronic hepatitis B virus infection treated with entecavir
vs tenofovir. Clin Gastroenterol Hepatol 18(12):2793-2802.¢6.
https://doi.org/10.1016/j.cgh.2020.02.046

Oh H, Lee HY, Kim J, Kim YJ (2022) Systematic review with meta-
analysis: comparison of the risk of hepatocellular carcinoma in
antiviral-naive chronic hepatitis B patients treated with ente-
cavir versus tenofovir: the devil in the detail. Cancers (Basel)
14(11):2617. https://doi.org/10.3390/cancers 14112617

Omata M, Cheng AL, Kokudo N et al (2017) Asia-pacific clinical prac-
tice guidelines on the management of hepatocellular carcinoma: a
2017 update. Hepatol Int 11(4):317-370. https://doi.org/10.1007/
$12072-017-9799-9

Papatheodoridis GV, Idilman R, Dalekos GN et al (2017) The risk
of hepatocellular carcinoma decreases after the first 5 years of
entecavir or tenofovir in Caucasians with chronic hepatitis B.
Hepatology 66(5):1444—-1453. https://doi.org/10.1002/hep.29320

Papatheodoridis GV, Dalekos GN, Idilman R et al (2020) Similar risk
of hepatocellular carcinoma during long-term entecavir or tenofo-
vir therapy in Caucasian patients with chronic hepatitis B. ] Hepa-
tol 73(5):1037-1045. https://doi.org/10.1016/j.jhep.2020.06.011

@ Springer

Persson EC, Quraishi SM, Welzel TM et al (2012) Risk of liver cancer
among US male veterans with cirrhosis, 1969-1996. Br J Cancer
107(1):195-200. https://doi.org/10.1038/bjc.2012.193

Pieper D, Antoine SL, Morfeld JC, Mathes T, Eikermann M (2014)
Methodological approaches in conducting overviews: current state
in HTA agencies. Res Synth Methods 5(3):187-199. https://doi.
org/10.1002/jrsm.1107

Pol S (2019) Tenofovir versus entecavir in HBV chronic infection:
impact on HCC and other liver-related complications occurrences.
Hepatology 70:128 A-129A

Pol S, ANRS/AFEF study group (2021) Similar 5-year HCC occur-
rence in Tenofovir- and Entecavir-treated HBV chronic infection
in the French AFEF/ANRS CO,, Hepather cohort. Aliment Phar-
macol Ther 53(5):616-629. https://doi.org/10.1111/apt.16197

Pollock M, Fernandes RM, Becker LA, Pieper D, Hartling L (2023)
Chapter V: Overviews of Reviews. In: Higgins JPT, Thomas J,
Chandler J, Cumpston M, Li T, Page MJ, Welch VA (editors).
Cochrane Handbook for Systematic Reviews of Interventions
version 6.4 (updated August 2023) www.training.cochrane.org/
handbook.

Robinson A, Tavakoli H, Cheung R, Liu B, Bhuket T, Wong RJ (2019)
Low rates of retention into hepatocellular carcinoma (HCC) sur-
veillance program after initial HCC screening. J Clin Gastro-
enterol 53(1):65-70. https://doi.org/10.1097/mcg.0000000000
001024

Sapena V, Enea M, Torres F et al (2022) Hepatocellular carcinoma
recurrence after direct-acting antiviral therapy: an individual
patient data meta-analysis. Gut 71(3):593-604. https://doi.org/
10.1136/gutjnl-2020-323663

Shao J, Wang Y, Hu L, Zhang L, Lyu C (2023) Lower risk of hepa-
tocellular carcinoma with tenofovir than entecavir in antiviral
treatment-naive chronic hepatitis B patients: a systematic review
and meta-analysis involving 90,897 participants. Clin Exp Med
23(6):2131-2140. https://doi.org/10.1007/s10238-023-00990-w

Shea BJ, Bouter LM, Peterson J et al (2007) External validation of a
measurement tool to assess systematic reviews (AMSTAR). PLoS
ONE 2(12):e1350. https://doi.org/10.1371/journal.pone.0001350

Shea BJ, Grimshaw JM, Wells GA et al (2007) Development of
AMSTAR: a measurement tool to assess the methodological qual-
ity of systematic reviews. BMC Med Res Methodol 7:10. https://
doi.org/10.1186/1471-2288-7-10

Shea BJ, Hamel C, Wells GA et al (2009) AMSTAR is a reliable and
valid measurement tool to assess the methodological quality of
systematic reviews. J Clin Epidemiol 62(10):1013-1020. https://
doi.org/10.1016/j.jclinepi.2008.10.009

Shea BJ, Reeves BC, Wells G et al (2017) AMSTAR 2: a critical
appraisal tool for systematic reviews that include randomised or
non-randomised studies of healthcare interventions, or both. BMJ
358:j4008. https://doi.org/10.1136/bmj.j4008

Shin JW, Jeong J, Jung SW, Lee SB, Park BR, Kim M-J, Park EJ,
Park NH (2021) Comparable incidence of hepatocellular carci-
noma in chronic hepatitis B patients treated with entecavir or
tenofovir. Dig Dis Sci 66(5):1739-1750. https://doi.org/10.1007/
$10620-020-06375-3

Sriprayoon T, Mahidol C, Ungtrakul T et al (2017) Efficacy and
safety of entecavir versus tenofovir treatment in chronic hepa-
titis B patients: a randomized controlled trial. Hepatol Res
47(3):E161-e168. https://doi.org/10.1111/hepr.12743

Su F, Berry K, Ioannou GN (2021) No difference in hepatocellular
carcinoma risk between chronic hepatitis B patients treated with
entecavir versus tenofovir. Gut 70(2):370-378. https://doi.org/10.
1136/gutjnl-2019-319867

Tian Q, Jia J (2016) Hepatitis B virus genotypes: epidemiological and
clinical relevance in Asia. Hepatol Int 10(6):854—860. https://doi.
org/10.1007/s12072-016-9745-2


https://doi.org/10.1007/s12072-019-10005-0
https://doi.org/10.1007/s12072-019-10005-0
https://doi.org/10.1159/000507253
https://doi.org/10.1159/000507253
https://doi.org/10.1371/journal.pone.0222221
https://doi.org/10.1371/journal.pone.0222221
https://doi.org/10.1002/hep.29913
https://doi.org/10.1016/j.cgh.2017.08.042
https://doi.org/10.1016/j.cgh.2017.08.042
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.1111/jvh.13572
https://doi.org/10.1136/gutjnl-2020-321040
https://doi.org/10.1136/gutjnl-2020-321040
https://doi.org/10.1136/bmj.l2368
https://doi.org/10.1136/bmj.l2368
https://doi.org/10.1016/j.cgh.2020.02.046
https://doi.org/10.3390/cancers14112617
https://doi.org/10.1007/s12072-017-9799-9
https://doi.org/10.1007/s12072-017-9799-9
https://doi.org/10.1002/hep.29320
https://doi.org/10.1016/j.jhep.2020.06.011
https://doi.org/10.1038/bjc.2012.193
https://doi.org/10.1002/jrsm.1107
https://doi.org/10.1002/jrsm.1107
https://doi.org/10.1111/apt.16197
http://www.training.cochrane.org/handbook
http://www.training.cochrane.org/handbook
https://doi.org/10.1097/mcg.0000000000001024
https://doi.org/10.1097/mcg.0000000000001024
https://doi.org/10.1136/gutjnl-2020-323663
https://doi.org/10.1136/gutjnl-2020-323663
https://doi.org/10.1007/s10238-023-00990-w
https://doi.org/10.1371/journal.pone.0001350
https://doi.org/10.1186/1471-2288-7-10
https://doi.org/10.1186/1471-2288-7-10
https://doi.org/10.1016/j.jclinepi.2008.10.009
https://doi.org/10.1016/j.jclinepi.2008.10.009
https://doi.org/10.1136/bmj.j4008
https://doi.org/10.1007/s10620-020-06375-3
https://doi.org/10.1007/s10620-020-06375-3
https://doi.org/10.1111/hepr.12743
https://doi.org/10.1136/gutjnl-2019-319867
https://doi.org/10.1136/gutjnl-2019-319867
https://doi.org/10.1007/s12072-016-9745-2
https://doi.org/10.1007/s12072-016-9745-2

Journal of Cancer Research and Clinical Oncology (2025) 151:77

Page 150f 15 77

Tan DJH, Ng CH, Tay PWL et al (2022) Risk of hepatocellular carci-
noma with tenofovir vs entecavir treatment for chronic hepatitis
B virus: a reconstructed individual patient data meta-analysis.
JAMA Netw Open 5(6):¢2219407. https://doi.org/10.1001/jaman
etworkopen.2022.19407

Terrault NA, Lok ASF, McMahon BJ et al (2018) Update on preven-
tion, diagnosis, and treatment of chronic hepatitis B: AASLD
2018 hepatitis B guidance. Hepatology 67(4):1560-1599. https://
doi.org/10.1002/hep.29800

Tsai M-C, Chen C-H, Hu T-H, Lu S-N, Lee C-M, Wang J-H, Hung
C-H (2017) Long-term outcomes of hepatitis B virus-related cir-
rhosis treated with nucleos(t)ide analogs. J Formos Med Assoc
116(7):512-521. https://doi.org/10.1016/j.jfma.2016.08.006

Tseng CH, Hsu YC, Chen TH et al (2020) Hepatocellular carcinoma
incidence with tenofovir versus entecavir in chronic hepatitis B: a
systematic review and meta-analysis. Lancet Gastroenterol Hepa-
tol 5(12):1039-1052. https://doi.org/10.1016/s2468-1253(20)
30249-1

Tiirk S, Korfmacher AK, Gerger H, van der Oord S, Christiansen H
(2023) Interventions for ADHD in childhood and adolescence: A
systematic umbrella review and meta-meta-analysis. Clin Psychol
Rev 102:102271. https://doi.org/10.1016/j.cpr.2023.102271

Wong GL, Chan HL, Mak CW et al (2013) Entecavir treatment reduces
hepatic events and deaths in chronic hepatitis B patients with liver
cirrhosis. Hepatology 58(5):1537-1547. https://doi.org/10.1002/
hep.26301

Wu IT, Hu TH, Hung CH et al (2017) Comparison of the efficacy and
safety of entecavir and tenofovir in nucleos(t)ide analogue-naive
chronic hepatitis B patients with high viraemia: a retrospective
cohort study. Clin Microbiol Infect 23(7):464—469. https://doi.
org/10.1016/j.cmi.2017.02.001

Yang HI, Yeh SH, Chen PJ et al (2008) Associations between hepati-
tis B virus genotype and mutants and the risk of hepatocellular

carcinoma. J Natl Cancer Inst 100(16):1134—1143. https://doi.org/
10.1093/jnci/djn243

Yip TC, Wong VW, Chan HL, Tse YK, Lui GC, Wong GL (2020)
Tenofovir is associated with lower risk of hepatocellular carci-
noma than entecavir in patients with chronic HBV infection in
China. Gastroenterology 158(1):215-225.e6. https://doi.org/10.
1053/j.gastro.2019.09.025

Yu JH, Jin Y-J, Lee J-W, Lee D-H (2018) Remaining hepatocellular
carcinoma risk in chronic hepatitis B patients receiving entecavir/
tenofovir in South Korea. Hepatol Res 48(11):862-871. https://
doi.org/10.1111/hepr.13194

Yu JH, Suh YJ, Jin YJ et al (2019) Prediction model for hepatocellu-
lar carcinoma risk in treatment-naive chronic hepatitis B patients
receiving entecavir/tenofovir. Eur J Gastroenterol Hepatol
31(7):865-872. https://doi.org/10.1097/MEG.0000000000001357

Yuan J, Peng Y, Hao FB, Wang YQ, Wang CR, Zhong GC (2021) No
difference in hepatocellular carcinoma risk in chronic hepatitis
B patients treated with tenofovir vs entecavir: evidence from an
updated meta-analysis. Aging (Albany NY) 13(5):7147-7165.
https://doi.org/10.18632/aging.202573

Yuan BH, Li RH, Huo RR, Li MJ, Papatheodoridis G, Zhong JH
(2022) Lower risk of hepatocellular carcinoma with tenofovir than
entecavir treatment in subsets of chronic hepatitis B patients: an
updated meta-analysis. J Gastroenterol Hepatol 37(5):782-794.
https://doi.org/10.1111/jgh.15783

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1001/jamanetworkopen.2022.19407
https://doi.org/10.1001/jamanetworkopen.2022.19407
https://doi.org/10.1002/hep.29800
https://doi.org/10.1002/hep.29800
https://doi.org/10.1016/j.jfma.2016.08.006
https://doi.org/10.1016/s2468-1253(20)30249-1
https://doi.org/10.1016/s2468-1253(20)30249-1
https://doi.org/10.1016/j.cpr.2023.102271
https://doi.org/10.1002/hep.26301
https://doi.org/10.1002/hep.26301
https://doi.org/10.1016/j.cmi.2017.02.001
https://doi.org/10.1016/j.cmi.2017.02.001
https://doi.org/10.1093/jnci/djn243
https://doi.org/10.1093/jnci/djn243
https://doi.org/10.1053/j.gastro.2019.09.025
https://doi.org/10.1053/j.gastro.2019.09.025
https://doi.org/10.1111/hepr.13194
https://doi.org/10.1111/hepr.13194
https://doi.org/10.1097/MEG.0000000000001357
https://doi.org/10.18632/aging.202573
https://doi.org/10.1111/jgh.15783

	Comparison of tenofovir versus entecavir for preventing hepatocellular carcinoma in chronic hepatitis B patients: an umbrella review and meta-analysis
	Abstract
	Introduction
	Methods
	Search strategy
	Inclusion and exclusion criteria
	Data extraction
	Assessment of methodological quality
	Assessment and stratification of evidence quality
	Primary study overlap
	Data analysis

	Results
	Study selection
	Description of included meta-analyses
	Methodological quality of included meta-analyses
	Quality of evidence in meta-analyses
	Primary study overlap
	Preventive effects on HCC
	HCC risk in the overall cohort
	HCC risk in specific patients’ group
	Death or transplantation incidence

	Publication bias

	Discussion
	References




