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ABSTRACT

Whether tenofovir disoproxil fumarate (TDF) is superior to entecavir in reducing hepatocellular carcinoma
(HCC) risk among treatment-naive chronic hepatitis B (CHB) patients remains controversial. We aimed to clarify
this controversy. Several databases, including PubMed and Embase, were retrieved through November 2020.
Cohort studies comparing the effectiveness of TDF and entecavir in reducing HCC incidence among treatment-
naive CHB patients were included if they reported multivariable-adjusted or propensity-score-matched risk
estimates. A random-effects model was used to pool hazard ratios (HRs). Thirteen cohort studies, involving
4097 HCC cases and 80202 CHB patients, were included. Multivariable-adjusted meta-analysis revealed no
significant difference in HCC incidence between TDF and entecavir groups (HR 0.86, 95% confidence interval
0.72-1.04), which was consistent with propensity-score-matched meta-analysis (HR 0.83, 95% confidence
interval 0.66-1.03). Subgroup analysis showed that the observed similarity of TDF to entecavir for HCC
prevention persisted in studies with follow-up length of 24 years but not in those with follow-up length of <4
years (Pinteraction<0.01). In conclusion, TDF is similar to entecavir in reducing HCC incidence among treatment-
naive CHB patients. Heterogeneous results of included studies may result from their disparity in follow-up
length. Our findings should be treated with caution and need to be further confirmed.

INTRODUCTION million individuals carrying hepatitis B virus (HBV)

[1]. Continuous replication of HBV is a major driver of
Chronic hepatitis B (CHB) infection remains a serious progression from CHB to cirrhosis and hepatocellular
public health problem worldwide, with around 290 carcinoma (HCC) [2, 3], therefore, long-term antiviral
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therapy for persistently suppressing HBV replication
has been widely used to prevent disease progression in
CHB patients.

Tenofovir disoproxil fumarate (TDF) and entecavir, two
nucelos(t)ide analogues with high genetic barrier to
HBV resistance, are first-line antiviral agents for CHB
according to current international practice guidelines
[4-6]. Both agents have been shown to be effective in
reducing HCC incidence among CHB patients [7-9].
However, whether they differ in the degree of
improving such an outcome remains unclear [10-19]. A
few meta-analyses on this topic had been published
[20-30], but they presented inconclusive results.
Specifically, most of them found that TDF was
associated with a reduced risk of HCC compared with
entecavir [20-28], while two contemporary meta-
analyses failed to observe the putative superiority of
TDF over entecavir in reducing the risk of HCC [29,
30]. More importantly, published meta-analyses could
be severely affected by confounding bias, as they
combined unadjusted risk estimates with adjusted risk
estimates; also, they did not perform subgroup analyses
to identify the potential effect modifiers for the
comparative effectiveness of TDF vs entecavir in the
prevention of HCC (e.g., cirrhosis). In addition, several
subsequent observational studies consistently found that
there was no significant difference in HCC incidence
between TDF and entecavir groups [31-33]; hence, it is
essential to perform an updated meta-analysis to
determine whether the results of previous meta-analyses
persisted after including newly published studies.

Therefore, we performed this study to investigate the
comparative effectiveness of TDF vs entecavir in
reducing HCC incidence among treatment-naive
patients with CHB.

RESULTS
Literature search

The literature retrieval initially identified 2702 citations.
A total of 2119 citations remained after removing
duplicates. After scrutinizing titles and abstracts, a total
of 32 citations were thought to be potentially relevant.
Nineteen citations were excluded after carefully reading
the full text (Supplementary Table 1 shows the primary
reason for exclusion). Thus, a total of 13 studies
involving 14 cohorts were included (Figure 1).

Study characteristics and quality assessment
Main characteristics of included studies are shown in

Supplementary Table 2. These studies were published
between 2018 and 2020. Eight studies were conducted

in Korea [10, 11, 13, 15-17, 31, 33], one in the USA
[19], two in China [14, 32], one in the Europe [18], and
one in the USA, China, Japan, and Korea [12]. The
sample size of included studies ranged from 404 [33] to
29350 [14], with a total of 80202 patients. The follow-
up duration varied from 3.0 years [15] to 7.1 years [18].
HBV DNA levels were somewhat lower in the TDF
group than in the entecavir group in nine out of 13
included studies [10-15, 19, 31, 33]. The quality of
included studies was generally good, with an average
score of 6.9 stars (Supplementary Table 3).

Meta-analysis

We first performed a multivariable-adjusted meta-
analysis. A total of 11 studies (12 cohorts) [10-19,
31], involving 3943 HCC cases and 78904 CHB
patients, were included. No significant difference in
the risk of HCC was found between TDF and entecavir
groups (HR 0.86, 95% CI 0.72-1.04, 1°=62.3%,
Pheterogeneity < 0.01) (Figure 2). We then performed a
propensity-score-matched meta-analysis, which
included ten studies (11 cohorts) [10-17, 31, 33] with
18085 matched pairs (Supplementary Table 4). Similar
to the results of multivariable analysis, no significant
difference in HCC incidence was found between TDF
and entecavir groups (HR 0.83, 95% CI 0.66-1.03,
|2:63.0%, Pheterogeneity < 001) (Figure 3) Finally, for
comparison with the results of multivariable-adjusted
and propensity-score-matched meta-analyses, we
performed a meta-analysis of unadjusted risk
estimates. Based on 12 studies (13 cohorts) [10-19,
31, 33], HCC incidence was found to be significantly
lower in the TDF group than in the entecavir group
(HR 0.75, 95% CI 0.60-0.95, 12=80.9%, Pheterogeneity <
0.01) (Supplementary Figure 1).

Subgroup and sensitivity analyses

Subgroup analyses showed that the similarity of TDF to
entecavir for HCC prevention was not modified by
study location, study source, study setting, cirrhosis,
and the exclusion of patients with decompensated
cirrhosis (all Pinteraction > 0.05) (Table 1). However, such
a similarity was modified by follow-up length (Pinteraction
< 0.01). Specifically, no significant difference in risk
reduction of HCC was found between TDF and
entecavir groups in studies with follow-up length of > 4
years (HR 1.01, 95% CI 0.88-1.17), while TDF was
found to be associated with a reduced risk of HCC than
entecavir in studies with follow-up length of < 4 years
(HR 0.68, 95% CI 0.54-0.86).

Ignoring a single study in turn did not materially alter
the similarity of TDF to entecavir in reducing the risk of
HCC (Supplementary Figure 2). Similarly, the initial
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results remained when we applied various eligibility
criteria (Supplementary Table 5).

Publication bias
We did not find evidence of publication bias with Begg’s

test and Egger’s test (all P>0.05) and by inspection of
funnel plot (Supplementary Figures 3, 4).

Identification

DISCUSSION

Clarifying whether TDF is superior to entecavir for
improving the prognosis of CHB patients is of much
importance and interest. In the present study, we
compared HCC incidence of 80202 CHB patients after
initiation of treatment with TDF or entecavir. Our
multivariable and propensity-score-matched analyses

Records identified through database searching

(n=2702)

® PubMed (n=323)

* Embase (n=1285)

® Cochrane Library (n=32)

* Web of Science (n=433)

* Wang Fang database (n=126)

® China National Knowledge Infrastructure
database (n=503)

Screening v

Records after duplicates removed (n=2119)

Y

Records screened (n=2119)

A 4

Records excluded after reviewing title and abstract (n=2084)

Eligibility

Y

Full-text articles assessed for eligibility (n=32)

Full-text articles excluded (n=19)

* Adjusted risk estimates were not available (n=10)

* Conference abstract (n=>5)

® Duplicate report of included study (n=2)

® Including patients with HIV/HCV infection (n=1)

® Only overall hepatocellular carcinoma incidence in the
whole study population was available (n=1)

Included

\ 4

Studies included in meta-analysis (n=13)

Figure 1. The flowchart of identifying relevant studies. HIV, human immunodeficiency virus; HCV, hepatitis C virus; HCC,

hepatocellular carcinoma.
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both showed that TDF was similar to entecavir with
respect to the reduction of HCC incidence. In addition,
our subgroup analysis further showed that the similarity
of TDF to entecavir in reducing HCC incidence was
modified by follow-up length.

The majority of previous meta-analyses found that TDF
was associated with a lower risk of HCC than entecavir
[20-28], which is inconsistent with our study. For
example, a recent meta-analysis by Liu et al., including
seven studies and 35785 CHB patients, found that
patients on TDF treatment were at a lower risk of HCC
than those on entecavir treatment (HR 0.75, 95% CI
0.56-0.96) [20]. The publication of several cohort
studies motivates us to re-evaluate the potential
differences in HCC incidence between TDF and
entecavir groups, given that they consistently showed
no difference in risk reduction of HCC between two
groups [31-33]. Compared with previous meta-
analyses, our meta-analysis has several advantages.
First, our meta-analysis included the latest studies in
this field [31-33], resulting in that our results represent
the most up-to-date evidence on this topic. Thus, our

Source (year)

results can better reflect the effectiveness of TDF over
entecavir in reducing the risk of HCC. Second, our
meta-analysis only considered studies providing risk
estimates from multivariable or propensity score
matching analyses, resulting in that our results are less
susceptible to confounders. For example, we excluded a
follow-up study by Tsai et al. [34], as it failed to
provide the adjusted risk estimate. However, this
follow-up study [34] was included in the previous meta-
analyses. Third, our meta-analysis conducted predefined
subgroup analyses to identify the potential effect
modifiers, and showed that the follow-up length was a
key effect modifier for the effectiveness of TDF vs
entecavir in the prevention of HCC.

It is well established that cirrhosis is a strong risk
factor of HCC [35]. Interestingly, a multicenter cohort
study found that the annual incidence of HCC differed
significantly within and beyond the first 5 years of
TDF or entecavir treatment in patients with cirrhosis
but not in those without [9], indicating a possible
interaction between TDF or entecavir treatment and
cirrhosis.

HCC / le si
cases/sample size HR (95% CI)  Weight (%)
Tenofovir Entecavir

Su et al. (2020) — 85/1094 167/2193 1.00(0.76,1.32)  11.17
Shin et al. (2020) —o'—— 31/900 74/894 0.83(0.52,1.32)  7.34
Papatheodoridis et al. (2020) _§_°_ 93/1163 50/772 0.98(0.67,1.43)  8.89
Oh et al. (2020) i——a— 45/807 34/753 1.26 (0.85,1.87)  8.53
Ha et al. (2020) -E——o-— 24/419 82/921 1.30 (0.81,2.09)  7.10
Lee etal. (2019) —5-4— 50/1439 84/1583 0.97(0.68,1.39)  9.26
Kim et al. (2019) —E—o— 102/1413 138/1484 0.98(0.75,1.28)  11.47
Hsu et al. (2019) :E 13/700 285/4837 0.81(0.42,1.56)  4.76
Choi et al. (nationwide cohort) (2019) - E 394/12692  590/11464 0.68 (0.60,0.78)  14.37

:

T

Choi et al. (validation hospital cohort) (2019) —————

Yip et al. (2019) *

Kim et al. (2018) +

Overall (I-squared = 62.3%, p = 0.002) <>

NOTE: Weights are from random effects analysis

39/1141 115/1560 0.66 (0.46, 0.95) 9.12

8/1309  1386/28041 0.33 (0.16, 0.68) 4.20
14/604 40/721 0.60 (0.28, 1.29) 3.78

898/23681 3045/55223 0.86 (0.72, 1.04) 100.00

I
161 1

6.2

Figure 2. Multivariable-adjusted meta-analysis comparing the effectiveness of TDF vs entecavir in reducing HCC risk. Note
that this meta-analysis is based on multivariable-adjusted risk estimates. The squares represent risk estimate of each included study, with
the area reflecting the weight assigned to the study. The horizontal line across each square represents 95% Cl. The diamond represents the
pooled risk estimate, with width representing 95% CI. TDF, tenofovir disoproxil fumarate; HCC, hepatocellular carcinoma; HR, hazard ratio;

Cl, confidence interval.
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Indeed, it has been found that long-term TDF therapy can
result in the regression of cirrhosis in CHB patients [36].
Thus, there is a strong interest in determining whether the
observed similarity of TDF to entecavir in HCC
prevention could be modified by cirrhosis. To clarify this
important issue, we first conducted a subgroup analysis
stratified by the presence of cirrhosis. However, we did
not observe the expected interaction between TDF or
entecavir therapy and cirrhosis (Pinteraction=0.09). To verify
this observation, we then conducted a subgroup analysis
after stratifying for the exclusion of decompensated
cirrhosis. Interestingly, the similarity of TDF to entecavir
in HCC prevention persisted in two subgroups
(Pinteraction=0.65). Collectively, these results indicate that
the similarity of TDF to entecavir in risk reduction of
HCC could not be modified by cirrhosis. However, it
should be reminded that our subgroup analysis only
included a small number of studies, which raises a
possibility that the absence of significant interaction may
result from the insufficient power. Hence, more studies
with a large sample size are needed to clarify this issue.

Given the widespread use of TDF and entecavir

findings have important implications for clinical
practice. Current practice guidelines consistently
recommend TDF and entecavir as first-line therapies
for CHB, without any preference [4-6]. Obviously, the
similarity of TDF to entecavir for HCC prevention we
observed supports this recommendation. However,
TDF has been associated with higher risks of renal
impairment [37, 38] and hip fracture [39] compared
with entecavir. Hence, when choosing an optimal
treatment strategy for a given CHB patient, physicians
should consider not only the effectiveness but also the
potential comorbidities.

In this study, we observed moderate heterogeneity when
evaluating the comparative effectiveness of TDF vs
entecavir in reducing HCC incidence. Our subgroup
analysis suggests that the difference in follow-up length
between included studies could explain the observed
heterogeneity. Specifically, the observed similarity of
TDF to entecavir for HCC prevention persisted in
studies with follow-up length of > 4 years but not in
those with follow-up length of < 4 years. It is well
established that short-term studies are more subject to

worldwide and the poor prognosis of HCC, our reverse causation than long-term studies, which
HCC cases/sample size
Source (year) s HR (95% CI) Weight (%)
Tenofovir Entecavir

1
1

Ha et al. (2020) + : NA/168 NA/168 0.36 (0.12, 1.11) 3.19
1

Shin et al. (2020) - 23/589 40/589 0.77 (0.46, 1.29) 9.18
1

Oh et al. (2020) ; ~ 37/516 29/516 1.30 (0.82, 2.07) 10.16
1
1

Ha et al. (2020) ! +#—> NA/298 NA/298 2.06 (0.98, 4.33) 5.97
1

Lee etal. (2019) —)—— 47/1370 64/1370 1.03 (0.70, 1.51) 11.79
1

Kim et al. (2019) — NA/1278 NA/1278 1.02 (0.77, 1.35) 14.14
1

Hsu et al. (2019) #*: 11/520 19/520 0.77 (0.37, 1.60) 6.09
1

Choi et al. (nationwide cohort) (2019) - 350/10923 567/10923 0.68 (0.60, 0.78) 17.20
1

Choi et al. (validation hospital cohort) (2019) — 31/869 61/869 0.68 (0.46, 1.00) 11.81
1

Yip et al. (2019) <+ : NA/1200 NA/1200 0.39 (0.18, 0.84) 5.69
1

Kim et al. (2018) - - 7/354 24/354 0.53 (0.22, 1.26) 4.79

Overall (I-squared = 63.0%, p = 0.003) @ NA/18085 NA/18085 0.83 (0.66, 1.03) 100.00
1
1

NOTE: Weights are from random effects analysis :

T ' T
17 1 8.56

Figure 3. Propensity-score-matched meta-analysis comparing the effectiveness of TDF vs entecavir in reducing HCC risk.
Note that this analysis is based on risk estimates from propensity-score-matched analyses. The squares represent risk estimate of each
included study, with the area reflecting the weight assigned to the study. The horizontal line across each square represents 95% Cl. The
diamond represents the pooled risk estimate, with width representing 95% Cl. TDF, tenofovir disoproxil fumarate; HCC, hepatocellular

carcinoma; HR, hazard ratio; Cl, confidence interval.
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Table 1. Subgroup analyses on the comparative effectiveness of tenofovir versus entecavir for reducing

hepatocellular carcinoma risk".

Subgroup N HR (95% CI) 12 (%) Pt p*
Study location

Korea 8 0.88 (0.72-1.07) 64.4 0.01 0.64

Non-Korea 4 0.76 (0.50-1.16) 63.1 0.04 '
Study source

Population-based 4 0.82 (0.64-1.05) 56.7 0.07 0.79

Hospital-based 8 0.86 (0.68-1.10) 59.0 0.02 '
Study setting

Multicenter 7 0.85 (0.66-1.08) 72.3 <0.01 0.95

Single-center 5 0.86 (0.67-1.11) 35.2 0.19 '
Cirrhosis

Yes 9 0.81 (0.67-0.97) 31.9 0.16 0.09

No 5 1.15 (0.87-1.53) 0.0 0.64 '
Exclusion of patients with decompensated cirrhosis

Yes 4 0.94 (0.78-1.14) 0.0 0.70 0.65

No 8 0.83 (0.65-1.05) 70.2 <0.01 '
Mean or median follow-up length, year

>4 7 1.01 (0.88-1.17) 0.0 0.74 <001

<4 5 0.68 (0.54-0.86) 48.2 0.10 '

HR, hazard ratio; Cl, confidence interval.

1 All subgroup analyses were based on multivariable-adjusted risk estimates.

P for heterogeneity.
P for interaction between subgroups with meta-regression.

indirectly reminds us that the superiority of TDF over
entecavir in reducing the risk of HCC observed in
previous meta-analyses may result from this bias. In
addition, our sensitivity analysis showed that the
observed heterogeneity reduced significantly after
excluding studies with sample size of > 10000 [14, 15],
suggesting that the difference in sample size between
included studies may also explain the observed
heterogeneity. Generally, compared with small studies,
large studies can document more outcome events of
interest, and are performed with more methodological
rigor [40].

Our study has several limitations. First, although we
extracted risk estimates from multivariable and
propensity-score-matched analyses, but we cannot
exclude the possibility that our combined results were
biased by residual confounding. Second, although not
suggested by Begg’s test, Egger’s test. and funnel
plot, our combined results might be still influenced
by publication bias, as these tests have limited power
when there are limited studies. Third, our findings
mainly derived from Korean population, and thus
might not be generalized to other populations.
Finally, we observed moderate heterogeneity for the
combined results on the similarity of TDF to
entecavir in risk reduction of HCC. Nonetheless, we
had identified the sources of heterogeneity through
subgroup and sensitivity analyses. Moreover,

methodological and clinical heterogeneity exist for
all meta-analyses, especially meta-analysis of
observational studies.

In conclusion, TDF is similar to entecavir in reducing
HCC incidence among treatment-naive patients with
CHB. These findings support the current guidelines that
both TDF and entecavir should be considered as first-
line agents for CHB treatment. Heterogeneous results of
included studies may result from their disparity in
follow-up length. Given the inherent limitations of
observational data and a small number of included
studies, our findings should be treated with caution and
need to be validated by future studies.

MATERIALS AND METHODS

The results of the present study were reported following
the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) statement [41].

Search strategy

We conducted an electronic search of PubMed, Embase,
Cochrane Library, Web of Science, Wang Fang
database, and China National Knowledge Infrastructure
database from their inception to November 24, 2020 to
identify potentially eligible studies, without any
restriction. Supplementary Table 6 shows search
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strategies used in PubMed and Embase databases in
detail. Furthermore, we manually checked the reference
lists of pertinent articles to identify additional studies.
We did not attempt to contact the original authors to
obtain extra information.

Study selection

All cohort studies comparing the effectiveness of TDF
(300 mg/day) and entecavir (0.5 mg/day) in reducing
the risk of HCC in treatment-naive patients with CHB
were included if they reported the multivariable-
adjusted or propensity-score-matched risk estimates
and 95% confidence intervals (Cls). We excluded
studies whose study population included treatment-
experienced patients or those coinfected with human
immunodeficiency virus or hepatitis C virus. We did
not consider conference abstract, as its results may
change between submitting a meeting abstract and
finalizing a manuscript. Based on the prespecified
eligibility criteria, two investigators first read titles
and abstracts carefully to exclude obviously irrelevant
studies, and then scrutinized the full-text to further
exclude ineligible studies. Notably, to obtain reliable
results, we repeated the process of literature screening
several times. Any discrepancies were handled by
discussion.

Data extraction

One investigator extracted the required data with an
electronic spreadsheet, and then another investigator
checked the data for accuracy. Any discrepancies were
settled by discussion. The following data were extracted:
first author’s last name, study location, study source,
study design, study setting, publication year, sample size,
follow-up length, mean age, proportions of males,
numbers of cirrhotic patients and HBeAg-positive
patients in TDF and entecavir groups, HBV DNA levels,
the dose of TDF and entecavir used, the information on
the exclusion of patients with decompensated cirrhosis,
risk estimates and 95% Cls from multivariable and
propensity-score-matched analyses as well as univariable
analyses, adjustment variables, and variables used for
propensity score matching.

Quality assessment

Two investigators independently assessed the quality
of included studies with the Newcastle-Ottawa quality
assessment scale [42]. This scale consists of eight
items, which are fallen into three domains (i.e.,
selection, comparability, and outcome). An individual
study could be scored a maximum of nine stars after
assessing its three domains. In this meta-analysis,
high-quality studies were defined as those earning

seven or more stars. Any discrepancies were resolved
by discussion.

Statistical analysis

A random-effects model was used to pool risk estimate
from each individual study. Hazard ratio (HR) was used
to evaluate the difference in HCC incidence between
TDF and entecavir groups. Sub-distribution hazard ratio
was directly regarded as equivalent to HR [12, 14]. The
Hedges Q statistic (a P < 0.10 suggesting statistical
significance) and the 12 statistic (an 12 of < 50%, 50.0%-
75.0%, and > 75.0% representing low, moderate, and
substantial heterogeneity, respectively) were used to
qualitatively and quantitatively reflect the between-
study heterogeneity, respectively.

As confounding bias is always a major concern in
observational studies, we used the following strategies
to control and reflect the potential effects of
confounders on outcomes of interest: we first pooled
risk estimates from multivariable analyses to obtain our
primary data that quantified the effectiveness of TDF vs
entecavir in HCC prevention; we then pooled risk
estimates from propensity-score-matched analyses to
minimize the confounding effect caused by the
differences in baseline characteristics; finally, we
pooled unadjusted risk estimates for comparison with
the results of multivariable and propensity-score-
matched analyses.

To identify the potential effect modifiers, we conducted a
series of predefined subgroup analyses after stratifying
for study location (Korea vs no-Korea), study source
(population-based vs hospital-based), study setting
(multicenter vs single-center), cirrhosis (yes vs no),
exclusion of patients with decompensated cirrhosis (yes
vs no), and follow-up length (> 4 vs < 4 years). A
Pineraction for the difference between subgroups was
calculated via meta-regression. To determine the
robustness of pooled results, we conducted the following
sensitivity analyses: omitting a single study in turn and
using various eligibility criteria. We used Begg’s test
[43], Egger’s test [44], and a funnel plot to evaluate
publication bias. We conducted all data analyses through
STATA software (version12.0, StataCorp, College
Station, TX). The results were considered statistically
significant when a two-tailed P value was less than 0.05.
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SUPPLEMENTARY MATERIALS

Supplementary Figures

Source (year) HCC cases/sample size HR (95% Cl) Weight (%)

Tenofovir Entecavir

Ha et al. (2020) + E 6/224 18/180 0.31(0.12, 0.80) 3.93
Su et al. (2020) E S 85/1094 167/2193 1.18 (0.91, 1.54) 9.37
Shin et al. (2020) —0—5— 31/900 74/894 0.54 (0.35, 0.83) 7.88
Papatheodoridis et al. (2020) E —— 93/1163 50/772 1.23 (0.99, 1.53) 9.73
Oh et al. (2020) E——+— 45/807 34/753 1.26 (0.81, 1.96) 7.70
Ha et al. (2020) E + 24/419 82/921 1.23(0.74, 2.04) 7.1
Lee etal. (2019) —Ev— 50/1439 84/1583 0.91 (0.64, 1.30) 8.56
Kim et al. (2019) E—q— 102/1413 138/1484 0.92 (0.71,1.19) 9.41
Hsu et al. (2019) —t—i 13/700 285/4837 0.45(0.26, 0.78) 6.67
Choi et al. (nationwide cohort) (2019) —ol— 394/12692 590/11464 0.75 (0.61, 0.93) 9.76
Choi et al. (validation hospital cohort) (2019) —OE— 39/1141 115/1560 0.64 (0.45, 0.92) 8.48
Yip et al. (2019) D —— E 8/1309  1386/28041 0.15 (0.07, 0.31) 5.40
Kim et al. (2018) —0:—— 14/604 40/721 0.74 (0.39, 1.40) 5.99
Overall (I-squared = 80.9%, p = 0.000) <> 904/23005  3063/55403 0.75 (0.60, 0.95) 100.00
E
NOTE: Weights are from random effects analysis '
T T
0737 1 13.6

Supplementary Figure 1. Meta-analysis comparing the effectiveness of TDF vs entecavir in reducing HCC risk. Note that this
analysis is based on unadjusted risk estimates. The squares represent risk estimate of each included study, with the area reflecting the weight
assigned to the study. The horizontal line across each square represents 95% Cl. The diamond represents the pooled risk estimate, with width
representing 95% Cl. TDF, tenofovir disoproxil fumarate; HCC, hepatocellular carcinoma; HR, hazard ratio; Cl, confidence interval.
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Study omitted
Su et al.(2020)

Shin et al.(2020)

Papatheodoridis et al.(2020)

Oh et al.(2020)

Ha et al.(2020)

Lee et al.(2019)

Kim et al.(2019)

Hsu et al.(2019)

Choi et al. (nationwide cohort) (2019)

Choi et al. (validation hospital cohort) (2019)
Yip et al.(2019)

Kim et al.(2018)

0.700.72

Study omitted
Ha et al.(2020)

Shin et al.(2020)

Oh et al.(2020)

Ha et al.(2020)

Lee et al.(2019)

Kim et al.(2019)

Hsu et al.(2019)

Choi et al. (nationwide cohort) (2019)

Choi et al. (validation hospital cohort) (2019)
Yip et al.(2019)

Kim et al.(2018)

0.620.66

Supplementary Figure 2. Sensitivity analyses on the effectiveness of TDF vs entecavir in reducing HCC risk: the exclusion of a
single study in turn. (A) sensitivity analysis based on multivariable-adjusted risk estimates. (B) sensitivity analysis based on propensity-
score-matched risk estimates. The study cited on the left is the one left out in each turn. The solid circle represents the summary risk
estimates after exclusion of a single study, and the corresponding dot line represents 95% confidence interval. The middle vertical solid line
represents summary risk estimates of all included studies, and left and right vertical solid line represent lower limit and upper limit,

respectively.
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Supplementary Figure 3. The funnel plot of included studies. Note that this analysis is based on multivariable-adjusted risk estimates.
The funnel plot is a graphical representation of the logarithm of study-specific hazard ratio vs standard error of the logarithm of study-specific
hazard ratio. The dotted lines represent pseudo 95% confidence intervals.
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Supplementary Figure 4. The funnel plot of included studies. Note that this analysis is based on propensity-score-matched risk
estimates. The funnel plot is a graphical representation of the logarithm of study-specific hazard ratio vs standard error of the logarithm of
study-specific hazard ratio. The dotted lines represent pseudo 95% confidence intervals.
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Supplementary Tables

Please browse Full Text version to see the data of Supplementary Tables 2, 4.

Supplementary Table 1. Excluded studies after checking the full text and primary reason for exclusion.

Primary reason for

Author Year Study description .
exclusion
This prospective study found that the risk of liver-related events was not different
Pol et al. [1] 2019 between tenofovir and entecavir group. However, the study was published in the form Conference abstract
of conference abstract.
This propensity score analysis compared the effect of tenofovir and entecavir on the
Lee etal. [2] 2019 risk of hepatocellular carcinoma and liver-related events in patients with CHB. It is Duplicate report of
noteworthy that this study is published in the form of conference abstract and is a included study
duplicate report of an included study [3].
This is a multicenter retrospective cohort study of CHB patients; its primary purpose
Leetal. [4] 2019 was to evaluate the long-term safety and efficacy of tenofovir and entecavir. This Adjusted risk estimates
study reported the number of patients diagnosed with liver cancer in tenofovir and were not available
entecavir groups but not adjusted risk estimates.
This study is a retrospective cohort study, and found that treatment with tenofovir was
Kim et al. [5] 2019 associated with a reduced risk of HCC compared with treatment with entecavir. Conference abstract
However, the study was published in the form of conference abstract.
This prospective cohort study suggested that the risk of HCC in patients treated with
Gordon et al. [6] 2019 tenofovir versus entecavir might vary by race group. However, the study was Conference abstract
published in the form of conference abstract.
This longitudinal observational analysis compared the risk of developing HCC in
Leeetal. [7] 2018 treatment-naive CHB patients and provided the relevant hazard ratio. Of note, this Duplicate report of
study is published in the form of conference abstract and is a duplicate report of an included study
included study [8].
This retrospective study reported the annual incidence of HCC in tenofovir and
Kim et al. [9] 2018 entecavir groups (0.85% versus 1.27%), with 3 cases in tenofovir group (3/112, 2.7%)  Adjusted risk estimates
and 13 in entecavir group (13/191, 6.8%). However, it failed to provide the relevant were not available
adjusted risk estimates.
This study is a retrospective cohort study, and found that there was no difference in
risk reduction of HCC between tenofovir and entecavir. However, the study was
Ha et al. [10] 2018 . . . . . Conference abstract
published in the form of conference abstract. Also, this study is a duplicate report of
an included study [11].
This follow-up study documented a total of 56 HCC cases in a cohort of 546 CHB . . .
. . L . . . Adjusted risk estimates
Tsai etal. [12] 2017 patients with cirrhosis on nucleos(t)ide analog therapy. The authors did not report the were not available
relevant adjusted risk estimates of developing HCC.
This study aimed to assess the effectiveness and safety of tenofovir or entecavir in
Riveiro-Barciela et al. 2017 CHB patients. The authors provided the number of HCC cases in tenofovir and Adjusted risk estimates
[13] entecavir groups (11 in tenofovir group and 3 in entecavir group) but not the were not available
corresponding adjusted risk estimates.
This is a multicenter cohort study involving 1951 CHB patients. The primary aim of e
. . . . . . . Overall HCC incidence
Papatheodoridis et al. the study was to determine the HCC incidence in patients receiving tenofovir or .
2017 . L . . in the whole study
[14] entecavir treatment. The authors only reported the overall HCC incidence in their population.
study population.
This cohort study found that tenofovir treatment conferred a reduced risk of HCC but
Choi et al. [15] 2017 a similar risk death or transplantation compared with entecavir treatment. However, Conference abstract
the study was published in the form of conference abstract.
This study examined the effect of tenofovir versus entecavir on the risk of HCC in . . .
. . . . Including patients with
Kramer et al. [16] 2015 CHB patients. However, the authors did not exclude patients with HIV/HCV . .
. . HIV/HCYV infection.
infection.
Idilman et al. [17] 2015 This study documented a total of 17 HCC cases in a cohort of 355 CHB patients and Adjusted risk estimates
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Goyal et al. [18] 2015
Hsu et al. [19] 2014
Hanumantharaya et al.

2014
[20]
Coffin et al. [21] 2014
Koklu et al. [22] 2013

showed that there was no significant difference in HCC incidence between tenofovir
and entecavir groups. Importantly, the authors did not provide the relevant adjusted
risk estimates of developing HCC.

This study aimed to evaluate the efficacy and outcome of CHB patients receiving
tenofovir and entecavir treatment. The study showed that 6 patients in tenofovir group
and 4 patients in entecavir group developed HCC during follow up. Note that the
authors did not provide the relevant adjusted risk estimates.

This study included a total of 210 CHB patients receiving antiviral treatment
(lamivudine, telbivudine, entecavir, and tenofovir). During a median follow-up of
25.2 months, the authors observed 35 HCC cases (1 in lamivudine group, 2 in
telbivudine group, and 32 in entecavir group). It is noteworthy that the authors did not
provide the relevant adjusted risk estimates.

This study included a total of 132 CHB patients on antiviral treatment (84 receiving
tenofovir and 48 receiving entecavir). The authors only reported the number of HCC
cases in tenofovir and entecavir groups (2 patients in tenofovir group and 2 patients in
entecavir group) but not the relevant adjusted risk estimates.

The study aimed to determine the HCC incidence of HCC in CHB patients receiving
nucleos(t)ide analogues treatment. The study documented a total of 11 HCC cases
over a median follow-up of 3.2 years, with 1 in entecavir group (1/127) and 3 in
tenofovir group (3/132). The authors revealed that the annual incidence of HCC in the
study cohort was 0.9% per year. However, importantly, the authors did not report the
relevant adjusted risk estimates.

This is a retrospective analysis of 227 CHB patients, with 72 patients receiving
tenofovir and 77 patients receiving entecavir. The authors reported the number of
HCC cases in tenofovir- and entecavir-treated patients (2 in tenofovir group and 4 in
entecavir group). The authors did not provide the relevant adjusted risk estimates.

were not available.

Adjusted risk estimates
were not available.

Adjusted risk estimates
were not available.

Adjusted risk estimates
were not available.

Adjusted risk estimates
were not available

Adjusted risk estimates
were not available

Note that the reference numbers in Supplementary Table 2 refer to the reference list presented below.
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Supplementary Table 2. Main characteristics of included cohort studies.

Supplementary Table 3. Results of quality assessment of included studies.

Selection Comparability Outcome
. Loss to
. Selection No
Representativeness Exposure . Adequate follow- Total
Study of non- . history Comparable on QOutcome
of exposed ascertainment follow-up up rate  score
exposed of confounders’ ¥  assessmenti
cohort* <4 . 10y)%* (220%)
cohort* diseases*
*

Ha et al. (2020) [33] H * e * # H 6
Hu et al. (2020) [32] H * e * # H 6
Su et al. (2020) [19] H H * e * # # H 8
Shin et al. (2020) [31] H H * e * # # H 8
Papatheodoridis et al.

Aq Aq A d hAq A d hAq kg 7
(2020) [18]
Oh et al. (2020) [17] H * e * e e H 7
Ha et al. (2002) [16] H * e * e H 6
Lee et al. (2019) [10] e s e W b b e 7
Kim et al. (2019) [11] H * e * e H 6
Hsu et al. (2019) [12] e e s e b b e 7
Choi et al.
(nationwide cohort) e e s e W b b b 8
(2019) [15]
Choi et al. (validation
hospital cohort) e s e W e b b 7
(2019) [15]
Yip et al. (2019) [14] # H * e * e e H 8
Kim et al. (2018) [13] * * * H * H 6

Note that the reference numbers refer to the reference list in the main article.

Supplementary Table 4. Main characteristics of included studies after propensity score matching.

Supplementary Table 5. Sensitivity analyses on the comparative effectiveness of tenofovir versus entecavir for
hepatocellular carcinoma risk?.

Eligibility criteria N HR (95% CI) 1% (%)
Excluding studies with sample size of >10000 9 0.95 (0.83-1.08) 54
Excluding studies with sample size of <2000 7 0.88 (0.72-1.07) 66.1
Restricting analysis to studies with the proportion of males between

35% 10 65% 9 0.83(0.67-1.03) 68.3
Excluding studies with quality score of <7 points 9 0.84 (0.63-1.05) 61.8
Excluding studies with follow-up length difference between two groups 8 0.86 (0.68-1.08) 738
of >1 year

Excluding studies with mean or median age of patients of >50 years 6 0.79 (0.60-1.04) 73.2

Abbreviations: HR, hazard ratio; Cl, confidence interval.
T All sensitivity analyses were based on multivariable-adjusted risk estimates.
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Supplementary Table 6. Search Strategies for PubMed and EMBASE databases.

6.1 Search strategies for PubMed database (from its inception to November 24, 2020)

No. Search strategy Items found
(((((cancer*[Title/Abstract]) OR neoplasm*[Title/Abstract]) OR carcinoma*[Title/Abstract]) OR
#1 malignanc*[Title/Abstract])) AND (((liver[Title/Abstract]) OR hepatic[Title/Abstract]) OR 202752
hepatocellular[Title/Abstract])
4 ((((carcinoma, hepatocellular[MeSH Terms]) OR liver neoplasms[MeSH Terms]) OR 179081
hepatocarcinoma[Title/Abstract]) OR "liver cell carcinoma*"[Title/Abstract]) OR hepatoma[Title/Abstract]
#3 #1 OR #2 281483
#4 ((entecavir[Supplementary Concept]) OR Baraclude[Title/Abstract]) OR entecavir[Title/Abstract] 2762
45 ((((tenofovirfMeSH Terms]) OR tenofovir[Title/Abstract]) OR Viread[Title/Abstract]) OR 7795
Vemlidy[Supplementary Concept]) OR Vemlidy[Title/Abstract]
#6 #3 AND #4 AND #5 323
6.2 Search strategies for EMBASE database (from its inception to November 24, 2020)
No. Search strategy Items found
#1 cancer*:ab,ti OR neoplasm*:ab,ti OR carcinoma*:ab,ti OR malignanc*:ab,ti 3390750
#2 liver:ab,ti OR hepatic:ab,ti OR hepatocellular:ab,ti 1333482
#3 #1 AND #2 297271
‘liver cell carcinoma’/exp OR 'liver cancer'/exp OR hepatocarcinoma:ab,ti OR 'liver cell
#4 . el e 280560
carcinoma*":ab,ti OR hepatoma:ab,ti
#5 #3 OR #4 400476
#6 ‘entecavir'/exp OR baraclude:ab,ti OR entecavir:ab,ti 9149
#7 ‘tenofovir'/exp OR tenofovir:ab,ti OR viread:ab,ti OR 'tenofovir alafenamide’/exp OR vemlidy:ab,ti 23334
#8 #5 AND #6 AND #7 1285
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