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Abstract

Background and Aims: The therapeutic effect of teno-
fovir alafenamide fumarate (TAF), tenofovir disoproxil fu-
marate (TDF) and entecavir (ETV) on chronic hepatitis B 
(CHB) patients remains inconsistent. The aim of this study 
was to explore the differences in virological responses to 
TAF, TDF and ETV in patients with CHB. Methods: Litera-
ture searches were conducted of the PubMed, EMBASE, and 
the Cochrane Library databases to identify randomized con-
trolled trials and observational studies published up to July 
21, 2020. Statistical comparisons of virological response 
between TDF, ETV, and TAF were carried out with pooled 
odds ratio (OR) values. Results: The virological response 
in TDF-treated CHB patients was notably superior to that 
of the ETV-treated CHB patients after 12-weeks [OR=1.12, 
95% confidence interval (CI): 0.89–1.41], 24-weeks 
(OR=1.33, 95% CI: 1.11–1.61), 48-weeks (OR=1.62, 95% 
CI: 1.16–2.25), 72-weeks (OR=1.43, 95% CI: 0.78–2.62), 
and 96-weeks (OR=1.56, 95% CI: 0.87–2.81) treatment. 
No significant difference was observed for the virological re-
sponses in CHB patients after 48-weeks treatment with TAF 
or TDF. The virological response in TDF+ETV-treated CHB 
patients was superior to that of TDF-treated CHB patients 
after 24-weeks, 48-weeks (OR=1.54, 95% CI: 1.17–2.02), 
96-weeks, and 144-weeks. Conclusions: The virological 
response in TDF-treated CHB patients was superior to that 
in ETV-treated CHB patients, but there was no significant 
difference between TAF and TDF. In addition, the therapeu-

tic effect of TDF+ETV was superior to TDF alone.
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Introduction

Hepatitis B virus (HBV) infection is a serious global health 
problem and patients are considered to be at high risk of de-
veloping hepatic cirrhosis and hepatocellular carcinoma (re-
ferred to herein as HCC).1 A report from the World Health Or-
ganization indicated that 292 million individuals are positive 
for the hepatitis B surface antigen across the globe, and the 
distribution of chronic hepatitis B (CHB) patients is region-
dependent.2,3 HBV infection has become one of the principal 
causes of liver-related mortality globally, and approximately 
700,000 HBV-related deaths occurred in 2013 alone.3

Tenofovir alafenamide fumarate (TAF), tenofovir diso-
proxil fumarate (TDF) and entecavir (ETV) are recommend-
ed as the first-line oral drugs for patients with CHB.4,5 Fur-
thermore, these drugs exert good effect on the suppression 
of HBV replication, provide histologic improvement, and re-
duce the incidence of HCC after the long-term nucleos(t)ide 
analogue therapy.6,7 TAF is a bioavailable prodrug of teno-
fovir (TFV), which is regarded as an effective therapeutic 
drug for both HBV and human immunodeficiency virus (i.e. 
HIV-1) infection.8,9 A previous study found that TAF pos-
sesses greater plasma stability, safety and toleration than 
TDF.10 According to the clinical trials, TAF was more likely 
to be safe compared to TDF, most notably for patients with 
bone and renal dysfunction.11,12 Ridruejo et al.13 reported 
that ETV had long-term effectiveness and safety for HBV 
patients, while some other studies have demonstrated that 
the rate of HBV DNA suppression achieved was less than 
that with TDF or TAF within 3 years.

In consideration of the inconsistency of the therapeu-
tic effects of TAF, TDF, and ETV for patients with CHB, and 
whether the combination of TAF and ETV possesses a better 
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effect than single-agent TAF treatment in CHB patients, this 
study was designed to explore the difference of virological 
response with TAF, TDF, and ETV, and the combination of 
TAF and ETV in the patients with CHB.

Methods

Study selection

A literature search was performed in the PubMed, Cochrane 
Library, and Embase databases according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(commonly known as PRISMA) process. Studies published 
up to July 21, 2020 and in the English language were consid-
ered. Various combinations of the following keywords were 
applied in the search strategy: tenofovir alafenamide, TAF, 
emlidy, ETV, entecavir, ECV, Enti, En, Viread, tenofovir diso-
prox, TDF.

Inclusion and exclusion criteria

The inclusive criteria were as follows: 1) research type: 
randomized controlled trial (RCT) and observational study; 
2) research subjects: patients with chronic hepatitis B and 
only those patients diagnosed by HBV DNA test; 3) data 
on virological response, defined as undetectable HBV DNA 
level in serum and the lower limit for undetectable HBV DNA 
having been determined; and 4) receipt of treatment with 
TDF, TAF, or ENT or combination of these drugs. The exclu-
sion criteria were as follows: 1) research type: review; 2) 
data unable to be extracted or utilized; 3) data based upon 
animal experiments; or 4) patients co-infected with HIV or 
other hepato-tropic viruses.

Data extraction and quality assessment

Information including the first author, publication date, coun-
try, sample size, study type, intervention mode, and unde-
tectable HBV DNA level were extracted from each study. The 
virological response rate of the intervention group and control 
group were pooled for the meta-analysis. The article list and 
extracted data were checked by a third researcher, to ensure 
no patient overlap was present among the different included 
studies. Quality of the included studies was assessed inde-
pendently by two authors (Xuefeng Ma and Shousheng Liu). 
Any discrepancies were resolved through consensus decision 
upon discussion with a third author. The cohort studies were 
evaluated according to the Newcastle-Ottawa scale (com-
monly known as the NOS).14 The NOS is comprised of the 
following three sections: selection (up to 4 points); compa-
rability (up to 2 points); and, outcome (up to 3 points). The 
maximum score is 9 points. Study quality was classified as 
poor (score, 0–3), fair (score, 4–6), or good (score, 7–9). 
For RCTs, the updated Cochrane tool (https://www.riskof-
bias.info/) was used to assess the risk of bias. The updated 
Cochrane tool was made up of the following domains: ran-
dom sequence generation; allocation concealment; blinding 
of participants and personnel; blinding of outcome assess-
ment; incomplete outcome data; selective reporting bias; 
and other sources of bias. The high, low, or unclear risks of 
bias of each study were determined in those domains.

Statistical analysis

STATA 14 software (Stata Corporation, College Station, TX, 

USA) was used for data analysis in this study. Dichotomous 
variables were expressed as odds ratio (OR; as an effec-
tive indicator) and the estimated value and 95% confidence 
interval (CI) were included as effect analysis statistics. For 
the Q statistic, heterogeneity was considered present when 
p was <0.1 or I2 was >50%. A fixed-effect model was used 
when literature heterogeneity did not exist; otherwise, a 
random-effect model was used. Publication bias was calcu-
lated visually with funnel plots. Publication bias was consid-
ered significant when p was <0.05 in Begg’s test. Subgroup 
analyses were performed according to undetectable HBV 
DNA level and design of the study.

Results

Literature search results and study characteristics

A total of 8,624 studies were identified as potentially rel-
evant studies from the databases. After removing animal 
studies, reviews, non-topical studies and irrelevant resourc-
es, 1,815 studies were retrieved for further evaluation. After 
excluding studies which did not provide detailed information 
of virologic response and those without full-text, 28 studies 
were included for this meta-analysis (Fig. 1). Among these 
selected studies, 17 focused on the comparison of TDF vs. 
ETV, 5 focused on the comparison of TAF vs. TDF, and 6 fo-
cused on the comparison of TDF+ETV vs. TDF. Among these 
selected studies, 13 were RCTs,15–27 14 were cohort stud-
ies,28–41 and only 1 was a cross-sectional study42 (Table 1). 
Quality assessment suggested that all the cohort studies 
and RCTs possessed high quality (Table 1 and Fig. 2). Other 
characteristics of included studies are presented in Supple-
mentary Table 1.

Comparison of the virological response in TDF-treat-
ed vs. ETV-treated CHB patients

A total of 17 studies investigated the difference of virologi-
cal response in patients with CHB after treatment with TDF 
and ETV19,22,26–34,36–39,41,42 (Table 1). Among these studies, 

Fig. 1.  Flow chart of the literature search process. 
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four were conducted in South Korea, four in Turkey, two 
in China, one in Japan, one in India, one in Brazil, one in 
Thailand, and one in the USA. Furthermore, 13 were ob-
servational studies, which included 12 cohort studies and 
1 cross-sectional study, and 4 were RCTs. A total of 3,792 
patients were involved in the 17 total studies.

Nine studies reported the virological response of patients 
with CHB after 12 weeks of treatment with TDF and ETV. 
The pooled effects of TDF and ETV on virological response 
were analyzed by using the fixed-effects model (p=0.547, 
I2=0.0%). The results showed that the virological response 
of TDF was superior to that of ETV (OR=1.12, 95% CI: 
0.89–1.41), but the difference was not statistically signifi-
cant (p>0.05) (Fig. 3A). Thirteen studies reported the vi-
rological response of patients with CHB after 24 weeks of 
treatment with TDF and ETV. The outcome was demonstrat-
ed by a fixed fixed-effects model (p=0.053, I2=42.3%), 

and the pooled OR was 1.33 (95% CI: 1.11–1.61, p<0.05) 
(Fig. 3B). Three studies reported the virological response 
of patients with CHB after 36 weeks of treatment with TDF 
and ETV. The outcome was demonstrated by the random-
effects model (p=0.128, I2=51.4%), and the pooled OR 
was 0.93 (95% CI: 0.46–1.87, p>0.05) (Fig. 3C). Twelve 
studies reported the virological response of patients with 
CHB after 48 weeks of treatment with TDF and ETV. The 
outcome was demonstrated by the random-effects model 
(p=0.007, I2=51.8%), and the pooled OR was 1.62 (95% 
CI: 1.16–2.25, p<0.05) (Fig. 3D). Six studies reported the 
virological response of patients with CHB after 72 weeks 
of treatment with TDF and ETV. The outcome was demon-
strated by the random-effects model (p=0.001, I2=75.1%), 
and the pooled OR was 1.43 (95% CI: 0.78–2.62, p>0.05) 
(Fig. 3E). Six studies reported the virological response of 
patients with CHB after 96 weeks of treatment with TDF and 

Fig. 2.  Risk-of-bias summary for the included randomized controlled trials (RCTs). (A) Overall risk of bias of the included RCTs. (B) Performance of bias in 
each study. RCT, randomized controlled trial.
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ETV. The outcome was demonstrated by the random-effects 
model (p<0.001, I2=88.0%), and the pooled OR was 1.56 
(95% CI: 0.87–2.81, p>0.05) (Fig. 3F). The virological re-
sponse of patients with CHB after 120 weeks of treatment 

with TDF and ETV was reported in one study and after 144 
weeks treatment was reported in two studies; the results 
suggested that there was no strong difference in the viro-
logical response after treatment with TDF or ETV.

Fig. 3.  Pooled odds ratios (ORs) of virological response in tenofovir disoproxil fumarate (TDF)-treated vs. entecavir (ETV)-treated chronic hepatitis B 
(CHB) patients. After (A) 12 weeks, (B) 24 weeks, (C) 36 weeks, (D) 48 weeks, (E) 72 weeks and (F) 96 weeks of treatment. CHB, chronic hepatitis B; ETV, entecavir; 
OR, odds ratio; TDF, tenofovir disoproxil fumarate.
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Comparison of the virological response in TAF-treat-
ed vs. TDF-treated CHB patients

Five of the studies investigated the difference of virologi-
cal response in patients with CHB after treatment with TAF 
and TDF15–18,20 (Table 1). Among those studies, three were 
conducted in Spain, one was conducted in the UK and 1 
was conducted in China. All were RCTs, and a total of 5,192 
patients were included in these studies.

Four studies reported the virological response of patients 
with CHB after 48 weeks of treatment with TAF and TDF. The 
pooled effects of TAF and TDF on the virological response 
were analyzed by using the fixed-effects model (p=0.783, 
I2=0.0%). The results showed that the virological response 
of TAF was equivalent to that of TDF (OR=0.97, 95% CI: 
0.83–1.14, p>0.05) (Fig. 4). The virological response of pa-
tients with CHB after 96 weeks of treatment with TAF and 
TDF was reported in two studies, the results suggested that 
there was no obvious differences in the virological response 
after treatment with TAF and TDF.

Comparison of the virological response in TDF+ETV-
treated vs. TDF-treated CHB patients

Six studies investigated the difference of virological re-
sponse in patients with CHB after treatment with TDF+ETV 
and TDF21,23–25,35,40 (Table 1). Among these, four were con-
ducted in South Korea, one was conducted in China and one 
was conducted in the USA. Furthermore, two studies were 
cohort studies and one was an RCT; a total of 926 patients 
were included in these studies.

The virological response of patients with CHB after 24 

weeks of treatment with TDF+ETV or TDF alone was report-
ed in two studies. The results suggested that the therapeutic 
effect of TDF+ETV was significantly superior to that of TDF 
alone. Six studies reported the virological response of pa-
tients with CHB after 48 weeks of treatment with TDF+ETV 
or TDF alone. The outcome was demonstrated by the ran-
dom-effects model (p=0.529, I2=0.0%), and the pooled OR 
was 1.54 (95% CI: 1.17–2.02, p<0.05) (Fig. 5). The viro-
logical response of patients with CHB after 96 weeks and 
144 weeks of treatment with TDF+ETV or TDF alone was 
reported in two studies and one study, respectively. The re-
sults suggested that the therapeutic effect of TDF+ETV was 
significantly superior to that of TDF alone.

Discussion

In this study, we systematically compared the therapeutic 
effect of TDF, TAF, ETV, and TDF+ETV on CHB patients. Our 
results suggest that in the TDF-treated CHB patients, the 
virological response was markedly superior to that of ETV-
treated CHB patients after 12-, 24-, 48-, 72-, and 96-weeks 
treatment, which supports that TDF can be superior to ETV 
for the treatment of CHB patients. When compared to the 
therapeutic effect of TAF and TDF, no obvious difference was 
observed, which suggests that TAF is comparable to TDF for 
the treatment of CHB patients. In addition, we found that 
the virological response in TDF+ETV-treated CHB patients 
was superior to that of TDF-treated CHB patients after 24-, 
48-, 96-, and 144-weeks treatment, which suggests that 
TDF combined with ETV exerts a better therapeutic effect 
for CHB patients than TDF alone.

TDF and ETV are two types of nucleos(t)ide analogues 
that can efficiently inhibit the replication of HBV via the 

Fig. 4.  Pooled OR of virological response in tenofovir alafenamide fumarate (TAF)-treated vs. TDF-treated CHB patients after 48 weeks of treatment. 
CHB, chronic hepatitis B; OR, odds ratio; TAF, Tenofovir alafenamide fumarate; TDF, tenofovir disoproxil fumarate.



Journal of Clinical and Translational Hepatology 2021 vol. 9  |  335–344342

Ma X. et al: Which is the most effective drug for CHB?

blockade of DNA polymerase and reverse transcriptase, re-
spectively.43 Nowadays, TDF and ETV are widely used for 
patients with CHB, due to their potent antiviral activities. 
The therapeutic effect of TDF and ETV in CHB patients has 
been investigated in some studies, but the conclusions have 
not been consistent. Yim et al.27 conducted a RCT to inves-
tigate the virological response in CHB patients upon treat-
ment with TDF or ETV. They found that when patients were 
switched to TDF from ETV, the HBV DNA level was signifi-
cantly lower than that detected in the ETV treatment group.

In this meta-analysis, we summarized all the relative 
studies to compare the value of TDF and ETV on the treat-
ment of CHB. We found that TDF was superior to ETV for 
the treatment of CHB patients. However, there were some 
inconsistencies observed regarding safety. Cai et al.19 re-
ported that both TDF and ETV were generally well tolerated, 
and the common adverse events were similar with no obvi-
ous fluctuation of the estimated glomerular filtration rate 
(commonly known as eGFR) found during the observational 
period between the TDF group and ETV group. Meanwhile, 
Centeno et al.34 reported that after 48 weeks of treatment, 
19.4% of patients in the TDF group showed eGFR <60 mL/
min/1.73m2 vs. 15.6% in the ETV group, which demonstrat-
ed the better effect achieved with TDF than ETV.

TAF is a newly developed prodrug of TFV, which can fa-
cilitate better entry of TFV into hepatocytes than TDF. Agar-
wal et al.15 reported that after treatment with TAF, patients 
possessed higher intracellular concentrations of TFV and 
lower plasma concentrations of TFV compared to those who 
were on treatment with TDF. Our meta-analysis indicated 
that there was no significant difference in the virological 
responses of patients treated with TAF vs. TDF. Regarding 

safety, Chan et al.7,20 found that the unique pharmacokinetic 
profile of TAF had caused the declined rates of TFV-related 
major adverse events, kidney dysfunction, and bone min-
eralization, when compared with TDF. Furthermore, many 
studies have displayed that the levels of low-density lipo-
protein, fasting total cholesterol, and high-density lipopro-
tein were all reduced in patients with HIV co-infection;44,45 
although, the precise mechanism for these changes remains 
unclear. Besides the TAF vs. TDF comparison results, we 
also found the TDF+ETV combination can bring about an ef-
fective virological response compared to TDF alone in CHB 
patients. Whereas, Wang et al.40 found slightly increased 
serum creatinine level and decreased serum phosphorus 
level in TDF+ETV-treated CHB patients, but with both of 
which being within the normal range.

The therapeutic effect of TDF or ETV in CHB patients may 
be influenced by the genotype of HBV. Lok et al.25 demon-
strated that loss of hepatitis B surface antigen and hepati-
tis B e antigen seroconversion signifies that patients with 
HBV genotype C infection enjoyed better performance of 
TDF+ETV combination than ETV alone; however, the perfor-
mance of TDF+ETV combination was poorer than ETV alone 
for HBV genotypes A, B and D. In addition, the main indi-
cation and characteristics of patients treated by TDF+ETV 
combination was drug resistance. Except for patients in the 
study by Lok et al.,26 most of the patients in the studies 
using TDF+ETV combination have been reported to have 
resistance to ETV, lamivudine or adefovir dipivoxil.25

There are several inherent limitations to this study, which 
must be considered. First, only two studies were included to 
compare the therapeutic effect of TDF+ENT vs. TDF alone; 
therefore, more RCTs are needed to supported our conclu-

Fig. 5.  Pooled OR of virological response in TDF+ETV-treated vs. TDF-treated CHB patients after 48 weeks of treatment. CHB, chronic hepatitis B; ETV, 
entecavir; OR, odds ratio; TDF, tenofovir disoproxil fumarate.
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sions. Second, almost all of the included studies were RCTs 
or interventional cohort studies, and a potential source of 
bias might have been introduced. Third, age, sex, hepati-
tis B e antigen status, cirrhosis stage, and HBV DNA level 
before therapy, duration of previous therapy, and baseline 
HBV DNA level may be factors associated with virologic re-
sponse but which were not taken into account in our meta-
analysis.

Conclusions

In summary, the therapeutic effect of TDF, ETV, TAF, and 
TDF+ETV in patients with CHB was investigated in this 
study. The virological response in TDF-treated CHB patients 
was superior to that achieved in the ETV-treated CHB pa-
tients, but no significant difference of virological response 
was found between TAF-treated and TDF-treated CHB pa-
tients. In addition, the therapeutic effect of TDF+ETV was 
superior to that of TDF. These conclusions were made from 
the available studies published to recent time, and more 
clinical RCTs or observational studies should be conduct-
ed to verify them. Also, the drug safety of TAF, TDF, and 
TDF+ETV should be investigated more systematically.

NA, not available or not applicable. CHB, chronic hepati-
tis B; ETV, entecavir; TAF, Tenofovir alafenamide fumarate; 
TDF, tenofovir disoproxil fumarate.
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