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Abstract

Background: Long-term antiviral treatments are associated with a significantly lower hepatocellular carcinoma
(HCQ) incidence in chronic hepatitis B (CHB) patients by reducing HBY DNA concentrations. However, it is still contro-
versial whether antiviral strategies affect HCC development in antiviral treatment-naive CHB patients. This study aimed
to estimate the incidence of HCC in antiviral treatment-naive CHB patients who were treated with Entecavir (ETV) and
Tenofovir Disoproxil Fumarate (TDF) and compare the efficacy of two treatment regimens in HCC reduction.

Methods: The PubMed, Embase, China National Knowledge Infrastructure, and Wanfang databases were systemati-
cally searched until June 24, 2021. The pooled incidence and 95% confidence interval of HCC were calculated by the
Freeman-Tukey double arcsine transformation method. The efficacies of ETV and TDF treatments in HCC reduction
were compared through a network meta-analysis.

Results: A total of 27 studies were identified as eligible for this systematic review. The incidence densities in the ETV
and TDF treatment groups were 2.78 (95% Cl: 2.21-3.40) and 2.59 (95% Cl: 1.51-3.96) per 100 persons-year among
patients with preexisting cirrhosis and 0.49 (95% Cl: 0.32-0.68) and 0.30 (95% Cl: 0.06-0.70) per 100 persons-year
among patients without preexisting cirrhosis. As the proportion of CHB patients with preexisting cirrhosis increased,
the incidence density of HCC also increased gradually. Compared with other Nucleos(t)ide analogs (NAs) treatments,
ETV and TDF treatments significantly lowered the risk of HCC, with hazard ratios (HRs) of 0.60 (95% Cl: 0.40-0.90) and
0.56 (95% Cl: 0.35-0.89), respectively. However, there was no difference in the incidence density of HCC between ETV
and TDF treatments (HR=10.92, 95% Cl: 0.71-1.20) regardless of preexisting cirrhosis.

Conclusion: ETV and TDF treatments were associated with significantly lower risks of HCC than other NAs treat-
ments. However, no difference was observed between ETV and TDF treatments in the risk of HCC development
regardless of preexisting cirrhosis among treatment-naive CHB patients.
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Background

Hepatitis B virus (HBV) infection remains a major global
health problem, with 296 million people living with
chronic hepatitis B (CHB) infection in 2019,with 1.5
million new infections each year [1]. CHB patients are
at high risk of progression to cirrhosis and hepatocellu-
lar carcinoma (HCC) [2]. The Global Burden of Disease
study estimated that HBV accounts for 33% of liver can-
cer-related deaths globally and 41% in Asia [3]. Nucleos(t)
ide analogs (NAs) with a high barrier to HBV resistance,
entecavir (ETV) or tenofovir disoproxil fumarate (TDF),
are currently recommended as the first-line treatments
for adults with immune-active CHB [4-6]. Long-term
antiviral treatments are associated with a significantly
lower HCC incidence in CHB patients by reducing HBV
DNA concentrations [7]. However, HCC may still develop
after antiviral treatment. Recent studies have suggested
that there may be differences in the effects of ETV and
TDF on the occurrence of HCC among CHB patients
[8—11]. However, it is still controversial whether antiviral
strategies affect HCC development in CHB patients [12].

Currently, meta-analyses on the effectiveness of TDF
versus ETV on the incidence of HCC in CHB patients
are derived from head-to-head comparisons among both
antiviral treatment-naive and antiviral therapy-experi-
enced CHB patients [10, 13—15]. However, the efficacy
of TDF and ETV treatment may be different in antiviral
therapy-experienced CHB patients, since they may expe-
rience viral resistance before switch therapy [16]. Stud-
ies that directly compare the relative effect of ETV and
TDF on the reduction of HCC development in antiviral
treatment-naive CHB patients are currently limited. Net-
work meta-analysis can combine sources of both direct
and indirect evidence [17] and provide estimates of the
efficacy of multiple treatment regimens in antiviral treat-
ment-naive CHB patients [18].

In this study, we aimed to estimate the incidence of
HCC in antiviral treatment-naive CHB patients who were
treated with ETV and TDF and compare the efficacy of
two treatment regimens in HCC reduction through a sys-
tematic review and network meta-analysis.

Methods

Search strategy

We conducted a systematic literature search in the
PubMed, Embase, China National Knowledge Infra-
structure, and Wanfang databases until June 24, 2021.
The search terms included the following: (‘chronic
hepatitis B* OR ‘hepatitis B virus infection, chronic’ OR

‘CHB’ OR ‘hepatitis B, chronic’ OR ‘Hepatitis B AND
Chronic’) AND ((‘entecavir’ OR ‘Baraclude’ OR ‘ETV’)
OR (‘Tenofovir disoproxil’ OR “Tenofovir’ OR “Viread’
OR ‘TDF’)) AND (‘Hepatocellular carcinoma’ OR ‘hep-
atocarcinoma’ OR ‘hepatic cellular cancer’” OR ‘HCC’).
And the full search strategies for English databases
were shown in the supplement. The reference lists from
relevant articles were also screened. This study was reg-
istered in PROSPERO (No. CRD42019132954).

Selection criteria

According PICOS framework, studies were included if
they met the following criteria: 1) Patients: those on anti-
viral treatment-naive chronic hepatitis B patients (HBsAg
and/or HBV DNA positive and related symptoms and
signs for at least 6 months, not treated with antiviral ther-
apy previously); 2) Interventions and Comparisons: ETV
monotherapy or TDF monotherapy; 3) Outcomes: HCC
diagnosis met one of the following criteria: a) two typical
imaging findings, such as those on ultrasound, enhanced
computed tomography, and magnetic resonance imaging
and lesion >2cm; b) one typical imaging finding, lesion
>2cm, AFP>400ng/ml; c) liver biopsy was positive; and
4) Study design: randomized controlled trial or cohort
study. Studies including CHB patients who had a history
of aflatoxin exposure or coinfection with other viruses
(HAV, HCV, HDV, HEV, HIV) or preexisting HCC were
excluded.

Data extraction and quality assessment
Two researchers independently assessed the eligibility
of articles and extracted the required information using
a standardized form. The differences were examined
and settled through discussion with other authors. The
information extracted from studies included the author
names, publication year, study location, study design,
sample size, characteristics of patients (HBeAg status,
preexisting cirrhosis status), median duration of treat-
ment, antiviral therapy and corresponding outcomes
(number of patients with HCC, hazard ratio (HR)).
Quality was evaluated by Cochrane Collaboration’s
tool for randomized controlled trials [19] and Newcas-
tle-Ottawa Scale for cohort studies [20]. For randomized
controlled trials, the following parameters were included
when evaluating study quality: generation of the random
sequence number, allocation concealment, blinding, data
integrity, and selective reporting. For cohort studies, the
following parameters were included when evaluating study
quality: selection of the study population, comparability
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between groups, and measurement of the outcomes. The
Newcastle-Ottawa Scale ranged from 0 to 9.

Statistical analysis

R (version 3.6.1) was used for the statistical analysis. The
pooled incidence and 95% confidence interval of HCC
were calculated by the Freeman-Tukey double arcsine
transformation method. The efficacy of the two treat-
ment regimens in HCC reduction was compared through
network meta-analysis. For the studies that included both
entire cohorts and propensity score-matched cohorts, we
prioritized the latter to reduce potential bias. For stud-
ies that reported only the HR, Review Manager 5.3 was
employed to restore the number of outcomes. For stud-
ies with a value of 0, we adjusted the value to 0.01. Both
the cumulative incidence and incidence density of HCC
were calculated and compared. For the incidence density
calculation, if the total persons-year follow-up was not
reported, we estimated the total persons-year by mul-
tiplying the number of subjects by the mean or median
treatment duration. Heterogeneity between studies was
quantified with the I statistic (value greater than 50%
was considered substantial heterogeneity). Subgroup
analyses were conducted according to treatment duration
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and the preexisting cirrhosis status to explore the source
of heterogeneity among studies. And the sensitivity anal-
ysis was conducted based on head-to-head comparison
studies that reported the adjusted HRs by propensity
score-matching analysis or multivariate Cox proportional
hazard analysis.

Result

Study selection and characteristics

A total of 3113 articles were initially identified. After
excluding 651 duplicates, 2310 articles were excluded
after reading the title and abstract. The full texts of the
remaining 152 articles were reviewed, of which 27 were
considered eligible for this systematic review. The study
selection process is shown in Fig. 1.

The characteristics of the studies are shown in Table 1.
All 27 studies were cohort studies and included a total
of 52,373 chronic hepatitis B patients. Most studies (25,
93%) were from Asia, including South Korea, China, and
Japan. The median treatment duration was 4.17years
(range: 0.92 to 7.29) for ETV, 3.18years (range: 2.80
to 6.06) for TDF and 5.00years (range: 0.92 to 6.80) for
other NAs. Among all the subjects, males accounted for
62%. There were 16,490 (31%) HBeAg-positive patients,

Records excluded
(n=2310)

* 56 lacked HCC development data of using studied drugs;
* 8 lacked HCC diagnostic criteria or the diagnostic criteria

¢ 12 were irrelevant to HCC;
* 31 had subjects who received antiviral therapy previously or

* 3 used drugs unrelated to this study for combined treatment;
* 4 had coinfection with other viruses;
* 11 were replicated with data from other studies.

Full-text articles excluded
(n=125)

were inconsistent with the requirements of this study;

did not clarity the previous treatment of subjects;
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Fig. 1 Flow chart of the literature retrieval process
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and 16,596 (32%) had preexisting cirrhosis. In total, 29,
13 and 7 studies separately analyzed HCC incidence
among treatment-naive CHB patients receiving ETV,
TDEF, and other NA (including lamivudine, telbivudine
and adefovir) regimens. A total of 20 studies that pro-
vided comparisons of two or more treatments were used
for the network meta-analysis.

HCCincidence in treatment-naive CHB patients receiving
different treatments

As shown in Fig. 2, the pooled estimates of the cumula-
tive incidence of HCC among the ETV and TDF treat-
ment groups increased with longer treatment durations
and a higher proportion of CHB patients with preexisting
cirrhosis. The median treatment duration and preexist-
ing cirrhosis rate were the main sources of heterogene-
ity in the pooled estimation of HCC incidence (R*=68.11
and 64.29% in the ETV and TDF group estimations). To
reduce bias in the estimation of HCC incidence, we cal-
culated the pooled cumulative incidence and incidence
density among patients with and without preexisting cir-
rhosis separately.

For patients with preexisting cirrhosis, the pooled esti-
mates of cumulative incidence of HCC among the ETV
treatment groups increased from 5.01% (95% CI: 1.32-
10.49%) within 3years of treatment to 14.21% (95% CI:
10.87-17.91%) after 5years of treatment. For the patients
treated with TDF, the cumulative incidence was 7.76%
(95% CI: 5.46-10.42) at 3 to 4 years of treatment and 12.48%
(95% CI: 5.86-21.11) at 4 to 5Syears of treatment (Table 2).

Similar trends were also observed in patients without
preexisting cirrhosis; however, the cumulative incidence
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of HCC was significantly lower than that in patients with
preexisting cirrhosis. The cumulative incidence of HCC
increased from 0.66% (95% CI: 0.19-1.38) within 3years
of ETV treatment to 3.04% (95% CI: 2.05-4.21) after
5years of ETV treatment. For patients receiving TDF
treatment, the cumulative incidence was 0.09% (95% CI:
0.02-0.20) within 3years of treatment and 2.26% (95% CI:
1.17-3.68) at 4 to 5years of treatment (Table 2).

The incidence densities in the ETV and TDF treatment
groups were 2.78 (95% CI: 2.21-3.40) and 2.59 (95% CI:
1.51-3.96) per 100 persons-year among patients with pre-
existing cirrhosis and 0.49 (95% CI: 0.32-0.68) and 0.30
(95% CI: 0.06-0.70) per 100 persons-year among patients
without preexisting cirrhosis, respectively (Table 2).
Treatment duration and the baseline cirrhosis rate
were positively associated with HCC incidence in CHB
patients treated with ETV or TDF (Fig. 2). As the propor-
tion of CHB patients with preexisting cirrhosis increased,
the incidence density of HCC also increased gradually
(Fig. 3). In addition, the incidence of HCC among the
ETV and TDF treatment groups was lower than that in
the other NA treatment group (Table 2).

Comparison of HCC risk in CHB patients receiving different
treatments

Twenty studies [12, 21-28, 32, 34-36, 38, 39, 41, 43—46]
provided enough data for to compare HCC risk through
network meta-analysis (Fig. 4). To reduce bias due to dif-
ferent treatment durations, the incidence density was
used to compare the HCC risk in CHB patients receiving
different treatments. Detailed results are shown in Fig. 4.
Compared with other NA treatments, ETV and TDF

A

15.0%-

10.0%-

5.0%-

cumulative incidence

0.0%- L)
0 i 2 3 4 5 6 7 8
medium treatment duration (years)
' ETV

Treatment:

The bubble size represents the sample size for each study

15.0%-

10.0%-

5.0%-

cumulative incidence

25%

0.0%-
0%

50% 75% 100%

cirrhosis, presence

TDF Other NAs

Fig. 2 Bubble charts of the cumulative incidence by different (A) median treatment duration and (B) the proportion of CHB patients with
preexisting cirrhosis subgroups. Trend lines fitted linearly represent the predicted HCC incidence according to different treatments. ETV, Entecavir;
TDF, Tenofovir disoproxil fumarate; Other NAs, Nucleos(t)ide Analogues other than ETV and TDF (including Lamivudine, Telbivudine and Adefovir).
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Table 2 Pooled HCC incidence in CHB patients receiving different treatments via the meta-analysis
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Treatment

Cumulative incidence (%, 95 Cl)

<3years

3-4years

4-5years

>5years

Incidence density (per
100 persons-year, 95%
(@)

Total patients
ETV
TDF
Other NAs

4.08 (0.88-9.03)
3.16(1.12-6.14)
10.34 (6.60-14.78)

Patient with preexisting cirrhosis

ETV
TDF
Other NAs

5.01(1.32-10.49)
NA
10.34 (6.60-14.78)

Patient without preexisting cirrhosis

5.81(3.52-861)
3.65(221-542)
11.11 (4.35-20.23)

10.16 (6.91-13.93)
7.76 (5.46-1042)
NA

6.55 (4.84-8.49)
7.12(5.97-8.37)
13.04 (1.81-30.45)

11.71(10.72-12.73)
1248 (5.86-21.11)
21.28 (18.61-24.08)

8.24(7.34-9.18)
NE?
12.61(11.22-14.07)

14.21 (10.87-17.91)
NA
2449 (13.33-37.62)

3.04 (2.05-4.21)

143 (1.14-1.75)
1.07 (0.74-1.46)
2.84 (1.86-4.00)

2.78(2.21-3.40)
2.59(1.51-3.96)
4.81 (3.36-6.49)

0.49 (0.32-0.68)

ETV 0.66 (0.19-1.38) 1.79 (1.05-2.69) 2.78 (1.49-4.44)
TDF 0.09 (0.02-0.20) NA 2.26(1.17-3.68) NA
Other NAs NA NA NA

0.30 (0.06-0.70)

4.54(3.31-5.94) 0.78 (0.56-1.02)

Cl confidence interval, NA not available, NE not estimated

2 Only one study contributed to these data, and none of the patient developed HCC during the follow-up

" If heterogeneity was greater than 50%, the results of the random effects model are reported in the table; otherwise, the results of the fixed effects model are

reported

10.0%-
2 75%-
‘®
=
D
=
8 5.0%-
=
5
R
>}
-E 2.50/0'

0.0%- ¥

0% 25%
Treatment: ‘ ETV

50% 75%
cirrhosis, presence

TDF Other NAs

Fig. 3 Bubble charts of incidence density according to preexisting cirrhosis proportion. Trend lines fitted linearly represent the predicted HCC
incidence density according to different treatments. ETV, Entecavir; TDF, Tenofovir disoproxil fumarate; Other NAs, Nucleos(t)ide Analogues other
than ETV and TDF (including Lamivudine, Telbivudine and Adefovir). The bubble size represents the sample size for each study

treatments significantly lowered the HCC risk, with haz-
ard ratios (HRs) of 0.60 (95% CI: 0.40-0.90) and 0.56 (95%
CI: 0.35-0.89). However, there was no difference in the
incidence density of HCC between ETV and TDF treat-
ments (HR=0.92, 95% CI: 0.71-1.20) regardless of preex-
isting cirrhosis. Similar results were observed in patients

with and without preexisting cirrhosis (HR=1.07, 95%
CI: 0.66-1.74; HR=0.89, 95% CI: 0.50-1.59).

Sensitivity analysis
We conducted sensitivity analysis based on six head-
to-head comparison studies that reported the adjusted
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4 Comparison: other vs ETV
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1
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Fig. 4 Network plot and forest plots from the network meta-analysis of HCC risk in CHB patients receiving different treatments. A Results of the
total analysis. B Results of the subgroup analysis of patients with cirrhosis. C Results of the subgroup analysis of patients without cirrhosis. Control,
no treatment or expectant treatment; ETV, Entecavir treatment; TDF, Tenofovir disoproxil fumarate treatment; Other NAs, Nucleos(t)ide Analogue
treatments other than ETV and TDF (including Lamivudine, Telbivudine and Adefovir)

HRs by propensity score-matching analysis or multi-
variate Cox proportional hazard analysis (Fig. 5). Mod-
erate heterogeneity was observed (I =66%), so the
result from the random effects model was appropriated.
The pooled adjusted HR was 0.84 (95% CI: 0.65-1.08,
p=0.18).

Discussion

Through this systematic review and network meta-anal-
ysis, we provided some important findings. First, ETV
and TDF treatments were associated with a significantly
lower risk of HCC than other NA treatments. Second, no
difference was observed between ETV and TDF in the
risk of HCC development among treatment-naive CHB
patients. Third, the proportion of CHB patients with
preexisting cirrhosis was significantly associated with
the incidence of HCC development, and this proportion
should be balanced in future studies when comparison
HCC risk according to ETV and TDF treatment.

A previous study demonstrated that other NA treat-
ments can reduce HCC risk by 51% compared with no
treatment [8, 9]. The current study showed that ETV and
TDF treatments further reduced the incidence of HCC
by more than 40%, from 2.84% per year in other NA-
treated CHB patients to 1.10~1.71% per year in ETV- or
TDF-treated patients. The annual incidence of HCC in
CHB patients who received ETV or TDF was reported
to range from 0.01% ~ 1.4 and 0.9% ~ 5.4 in noncirrhotic
and cirrhotic patients, respectively [7]. In this study, the
annual incidence densities in the ETV and TDF treat-
ment groups were 0.49 and 0.30 per 100 persons-year
among patients without preexisting cirrhosis and 2.78
and 2.59 per 100 persons-year among patients with pre-
existing cirrhosis, respectively. The downregulation of
hepatic inflammation, reversal of fibrosis and reduc-
tion in regenerative stimuli at the tissue level, as well as
reduction of HBx protein expression to levels insufficient
to promote HCC development, may be the mechanisms
by which NAs reduce HCC risk [47-49]. Achieving a
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Fig. 5 Pooled hazard ratio for HCC incidence between TDF and ETV treatments in CHB patients

virological response was significantly associated with the
effectiveness of different NAs in HCC risk [7]. ETV and
TDF were associated with a lower risk of viral resistance
and higher virological response than other NAs, such as
lamivudine and adefovir [2, 5, 50], which may contribute
to the lower risk of HCC development after long-term
treatment. In line with other studies, the residual risk of
HCC in patients with preexisting cirrhosis was substan-
tially higher than that in patients without preexisting cir-
rhosis [51]. Additionally, among patients with preexisting
cirrhosis, the risk of HCC decreased over time with anti-
viral treatments. Studies have indicated that long-term
antiviral treatments can result in the regression of liver
fibrosis, which may lead to a reduction in HCC risk [52].
There was no significant difference in virological
response between ETV and TDF treatments [44, 50,
53], and viral resistance to ETV and TDF is rare [54,
55]. Therefore, a similar incidence density of HCC was
found among treatment-naive CHB patients receiving
ETV and TDF treatments in our study (1.43 vs 1.07 per
100 persons-year, HR=0.92, 95% CI: 0.71-1.20). The
results from recent meta-analyses on the comparison of
the effectiveness of ETV and TDF for HCC reduction
among both antiviral treatment-naive and antiviral ther-
apy-experienced CHB patients remain controversial [10,
13-15, 50, 56—61]. Our results were consistent with two
meta-analyses [50, 56]. Meta-analyses [10, 57] that used
raw data to compare the cumulative incidence of HCC
among ETV and TDF treatment groups were inappropri-
ate, since the duration of treatment was longer for ETV
than for TDF in the majority of studies. The cumulative
incidence of HCC among the ETV and TDF treatment
groups increased with longer treatment durations. The
remaining two meta-analyses used the log-transformed

HR and 95% CI or incidence density to pool the overall
HR for the comparison of ETV and TDF to reduce bias
attributable to different treatment durations [13, 14].
These two meta-analyses included some studies on treat-
ment-experienced patients (40% for Choi et al., 21% for
Dave et al). Due to the earlier release of ETV than TDF,
more patients experience viral resistance after switching
to ETV than TDEF, which may underestimate the effec-
tiveness of ETV in HCC risk reduction [16]. In addition,
HCC risk was not significantly different between ETV
and TDF treatments in the unadjusted meta-analysis of
14 studies described by Dave et al. [14]. However, in his
study, the risk of HCC among patients treated with ETV
was higher than that among patients treated with TDF
using a fixed-effects model with moderate heterogene-
ity (P=0.04) from the available adjusted data of 7 stud-
ies. The sensitivity analysis indicated that the findings
of Dave et al. were not robust. In our study, the findings
are relatively robust, which are enhanced from following
two aspects. First. compared to previous meta-analysis,
this study is the first network meta-analysis comparing
the risk of HCC between ETV and TDF monotherapy in
antiretroviral treatment-naive CHB patients that com-
bines both direct and indirect sources of evidence. So this
study included the largest target sample size. Second, this
study assessed the bias introduced by inconsistent fol-
low-up times and proportion of CHB patients with pre-
existing cirrhosis within patients treated with ETV and
TDF monotherapy by using incidence density and sub-
group analysis based on baseline cirrhosis status.

This study had some limitations. First, due to limi-
tations of existing studies, only cohort studies were
available, as randomized controlled trials are cur-
rently lacking. The selection bias between studies and
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differences in study design might have affected HCC
risk in CHB patients treated with different antivirals.
Second, due to the lack of sufficient studies, we were
unable to distinguish additional subgroups, such as
those with renal disease, different HBV DNA geno-
types, obesity and smoking, to further compare the
effects of different treatments on the risk of HCC in
CHB patients with different subtypes. Third, medica-
tion adherence has a significant impact on the risk of
HCC, and information on medication adherence was
missing in most studies [62]. In addition, not all stud-
ies provided persons-year in the follow-up data, which
may have led to bias in the estimation of the incidence
density of HCC.

Conclusion

In conclusion, antiviral treatment-naive CHB patients
treated with TDF or ETV had a lower HCC risk than
those treated with other NAs. CHB patients with preex-
isting cirrhosis had a substantially higher residual risk
of HCC. No significant difference was found in the risk
of HCC development between antiviral treatment-naive
CHB patients treated with ETV or TDF. These results
were derived from observational studies, so higher-
quality randomized controlled trials may be needed in
the future to enhance the reliability of the results.
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