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Abstract
Purpose: Tenofovir (TDF) and entecavir (ETV) are both equally recommended as first-line 
treatments for patients with chronic hepatitis B (CHB). They have comparable efficacy in viro-
logic response, but their effect on the development of hepatocellular carcinoma (HCC) in CHB 
is controversial. Therefore, we aimed to compare TDF and ETV evaluating the risk of HCC de-
velopment in CHB patients. Methods: A systematic literature search was conducted up to No-
vember 2019 in MEDLINE/PubMed, SCOPUS, and Web of Science databases without language 
and time restrictions. DerSimonian and Laird random-effects models were used to estimate 
combined hazard ratios (HRs) and 95% CIs. Results: Seven studies containing 35,785 partici-
pants were included in this systematic review and meta-analysis. The pooled HR (95% CI) of 
HCC in the patients who used TDF versus patients who used ETV was 0.75 (0.56–0.96). There 
was no significant heterogeneity detected among the included studies results (I2 = 47.5%). 
There was no significant publication bias detected among the included studies (Begg’s p = 
0.88 and Egger’s regression test p = 0.96). Conclusions: Evidence to date suggests that TDF 
treatment is associated with significantly fewer cases of HCC when compared to ETV.
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Introduction

Hepatitis B virus (HBV) infection continues to be a major public health issue worldwide 
with > 257 million (or 3.5% of the world’s population) chronically infected with the virus [1]. 
Cirrhosis, liver failure, or hepatocellular carcinoma (HCC) develops in approximately 15–40% 
of infected patients [2]. Others will have lifelong quiescent disease activity not requiring anti-
viral therapy [3]. However, mortality due to hepatitis is increasing with HBV-related compli-
cations accounting for almost 1 million related deaths in 2016 [4]. The recommended indica-
tions for treatment are based on 3 parameters: serum HBV DNA concentration, serum ALT 
concentration, and severity of liver disease [3].

Recommended agents include entecavir (ETV) and tenofovir (TDF), which have higher 
barriers to resistance than older antivirals such as lamivudine. ETV and TDF are recom-
mended as first-line treatment for chronic hepatitis B (CHB) by practice guidelines [5–7], and 
both drugs achieve virologic response rates of around 95%, with very low rates of resistance 
development alongside good safety profiles [8]. Notwithstanding this clinical equipoise, some 
important differences in indications exist. ETV should not be used for patients with previous 
resistance to HBV antivirals where TDF disoproxil fumarate and TDF alafenamide are 
preferred [3]. TDF disoproxil fumarate is preferred in pregnant women [3]. Conversely, TDF 
disoproxil fumarate may be less suitable for patients at risk of bone disease or renal 
impairment. To date, however, there has been no head-to-head randomized control trial 
comparing the effect of ETV and TDF on long-term clinical outcomes [9].

In the absence of controlled comparisons of these 2 agents, real-world evidence is 
emerging, albeit inconsistently, of differential rates of development of HCC between ETV- and 
TDF-based regimens. The very recent publication of several studies in this area [9–12] and 
the retraction and replacement of a large study [11], with an updated analysis, merit the 
conduct of an up-to-date review of this research question.

We conduct a systematic review and meta-analysis of empirical studies comparing the 
effectiveness of ETV monotherapy versus TDF monotherapy in reducing the complication of 
HCC in patients with CHB infection.

Materials and Methods

Search Strategy
PubMed/MEDLINE, Scopus, and Web of Science databases were searched up to November 2019 without 

any language limitations imposed. The literature search contained Mesh and non-Mesh terms (summary 
provided in online suppl. Table 1; see www.karger.com/doi/10.1159/000507253 for all online suppl. ma- 
terial ). The MOOSE guidelines were followed in the conduct of this meta-analysis [13].

Inclusion Criteria
Studies that met the following PICOS criteria were included in the meta-analysis: P: CHB patients, I: TDF, 

C: ETV, Outcome: risk of HCC, and S: observational and randomized controlled trial (RCT) studies. Studies 
were included in this meta-analysis if they met the following criteria. Review papers, nonhuman studies, 
editorials, in vitro research, correspondence and case reports, letters without sufficient data, or studies with 
overlapping data with already included studies were excluded from the meta-analysis. Where multiple 
reports occurred, the longest follow-up report was included in the meta-analysis.

Data Extraction and Quality Assessment
Two authors independently screened and extracted data from the included studies. Screening was 

carried out in two steps. First, based on title and abstracts only, and then second, based on a full-text review 
of potentially eligible studies. Data extraction was performed according to extraction forms. Discrepancies 
between researchers in screening and data extracting were discussed and resolved with a senior author. The 
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meta-analysis used data from included studies incorporated into fully adjusted models. The Newcastle-
Ottawa Quality Assessment Scale (NOS) was used to assess the quality of the included studies [14].

Statistical Analysis
The STATA 14.0 statistical software was used in the statistical analysis. We used matched results data 

for analysis. The results were combined with a random-effects model (DerSimonian and Laird method) [15]. 
The group that used ETV was considered as the control group. The Cochrane Q test and I2 statistic were calcu-
lated to estimate heterogeneity among the included studies. The effect of each study on the combined results 
was evaluated with a sensitivity analysis. Risk of publication bias was evaluated with a Funnel plot, Begg’s 
rank correlation test, and Egger’s regression asymmetry test.

Results

Literature Search
Figure 1 outlines the flow diagram of studies that were eventually included in the meta-

analysis. The comprehensive systematic search results yielded 1,132 primary papers. From 
these, 321 records were excluded as duplicates. Furthermore, 790 irrelevant records were 
excluded during the title and/or abstracts screening step. In the full-text screening, 14 studies 
did not meet our inclusion criteria and were therefore excluded from the meta-analysis, 
leaving 7 studies containing 35,785 participants were ultimately included in this meta-
analysis [10–12, 16–19]. 

Study Characteristics and Quality Assessment
Characteristics of the included studies are reported in Table 1. All studies were published 

between 2017 and 2019. One study was performed in China [16], 4 in Korea [10–12, 17], 1 in 
Taiwan [18], and 1 was an international, multicentric cohort study [18]. All studies had a 
retrospective cohort design with a mean length of follow-up of 4 years, with a range from 3.2 
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Fig. 1. Flowchart of included studies.
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to 5 years. The included studies contained data on 35,785 patients with CHB, of which 15,978 
and 19,807 patients used TDF and ETV as nucleos(t)ide analogue therapy, respectively. All 
studies contained both genders. The mean age of participants was 50.28 years. The quality 
assessment was performed using NOS, and all studies were found to be of good quality (online 
suppl. Table 2) 

Main Results of the Meta-Analysis
Seven studies provided data on 35,785 patients with CHB for the meta-analysis [10–12, 

16–19]. These studies allowed estimation of hazard ratios (HRs) of HCC development in 
patients prescribed TDF compared to those prescribed ETV as nucleos(t)ide analogue therapy. 
The pooled HR (95% CI) of HCC in patients who used TDF versus patients who used ETV was 
0.75 (0.56–0.96), in favor of TDF (Fig. 2). Significant heterogeneity was not found among the 
included studies results (I2 = 47.5%).

Publication Bias and Sensitivity Analysis
Funnel plots are shown in Figure 3. There was no significant publication bias detected 

among the included studies (Begg’s p = 0.88 and Egger’s regression test p = 0.96). Finally, 

Yip, T. C. F. (2019) 0.39 (0.18, 0.84) 8.49

Study, ID HR (95% CI) Weight, %

Lee, S. W. (2019) 1.07 (0.51, 2.24) 9.04
Kim, S. U. (2019) 1.02 (0.77, 1.35) 26.74
Hsu, Y. C. (2019) 0.89 (0.41, 1.93) 8.46
Choi, J. (2019) 0.68 (0.60, 0.78) 35.54
Kim, B. G. (2018) 0.53 (0.23, 1.22) 7.48
Tsai, M. C. (2017) 0.52 (0.16, 1.66) 4.26
Overall (I2 = 47.5%, p = 0.076) 0.75 (0.58, 0.96) 100.00

NOTE: Weights are from random effects analysis

0.163 1 6.13

0

0.2

0.4

0.6
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Egger test = 0.96
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Fig. 2. Meta-analysis of the incidence of HCC between the TDF group and ETV groups.

Fig. 3. Funnel plot to assess pub-
lication bias.
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online supplementary Figure 1 shows the results of a sensitivity analysis. No significant 
differences beyond the limits of 95% CI of combined results were found.

Discussion

The introduction of highly potent antiviral therapeutic regimens has had a substantial 
effect on the incidence of CHB-driven liver disease, cirrhosis, and HCC. In this context, there 
is little doubt that TDF and ETV are both effective options in the treatment of CHB, as assessed 
by intermediate surrogate end points, such as viral load, serology, and hepatic biochemistry. 
However, whether one is superior to the other in terms of HCC prevention is currently largely 
unknown. In the absence of head-to-head RCTs, several groups have recently conducted 
retrospective cohort analyses of CHB patients receiving these therapies in order to generate 
real-world data on their comparative effectiveness. These studies have generated varying 
results and are not unified in their conclusions. In line with this, the present systematic review 
and meta-analysis set out to identify and synthesize all available retrospective cohort data 
that concerned the efficacy of these 2 high-potency antivirals in the context of patients with 
CHB. Following the identification of 7 similarly designed studies containing 45,274 partici-
pants, our meta-analysis found that TDF use was associated with a lower incidence of HCC 
when compared to ETV (HR 0.75, 95% CI 0.58–0.96).

Although TDF-treated cohorts were found to develop fewer cases of HCC in the combined 
analysis model, just 2 of the 7 included studies demonstrated the same significant effect inde-
pendently [9, 17], while the remaining studies identified no such difference between the 2 
therapeutic options. An editorial by Flemming et al. [20] suggested that many previous retro-
spective cohort studies did not contain the number of event rates that were required in order 
to detect a superiority between the therapeutic options. Indeed, Yip et al. [9] examined by far 
the largest population of antiviral-treated individuals and also reported the most substantial 
efficacy imbalance of all the identified studies, with HCC incidences of 0.6 and 4.9% for TDF 
and ETV, respectively. However, these results may have been influenced by the unbalanced 
nature of the 2 groups, with ETV-treated patients representing 95% of the total examined 
cohort. As a result, there were just 8 recorded cases of HCC within the TDF-treated cohort, as 
compared to 1,386 in the ETV group. Therefore, it appears likely that the HR reported may 
change as data from more TDF-treated patients and, in turn, HCC cases are included.

In line with the current meta-analysis, the results of the retrospective analysis of admin-
istrative data by Choi et al. [17] suggest that TDF prescription resulted in a third fewer cases 
of HCC when compared to ETV. In general, ETV performed comparably in propensity score-
adjusted models between this study and that reported by Lee et al. [12] (0.05% probability 
of HCC at 4 and 5 years, respectively) [11]; however, TDF began to plateau and diverge from 
ETV at year 2 of intervention in the former study, ultimately plateauing at around 0.03%. The 
source of this significant disparity is not entirely clear at present; however, Lee et al. [12] 
indicate that the criterion to initiate treatment in their cohort may have been more stringent 
than others, which may mean that earlier initiation of TDF is required in order to see the 
benefits against its comparator. Nevertheless, Choi et al. [17] went on to further validate their 
result in a hospital-based cohort that was well characterized both in terms of disease severity 
and viral load status, an exercise that adds considerable robustness to the conclusions drawn.

Previous meta-analyses have evaluated differential HCC incidence with ETV and TDF 
treatment [21–24]. Although their findings were broadly consistent with our findings, a 
strength of our study is the inclusion of the large cohort study that has recently been published 
[9]. This has not featured in other reviews. Our study also has the advantage of not using 
unadjusted crude data to estimate risks. We also used propensity score matching to minimize 
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the risk of selection bias in our analysis. The studies included and the meta-analysis itself 
have several notable strengths and limitations associated with them. In general, the included 
studies all reported a similar design, with roughly comparable duration of follow-up, cohort 
sizes, and cohort compositions. In addition, substantial efforts have been made to control for 
potentially confounding variables in each of the studies, adjusting for age (as ETV may have 
been preferentially selected for older patients due to potential adverse bone effects asso-
ciated with TDF), disease severity/propensity score, and statin or metformin use, along with 
many other potentially important factors. However, due to the nature of these observational 
studies, there may be additional unidentified and unmeasured factors that have impacted 
substantially upon the outcome. Our findings must be interpreted within the context that all 
included studies are based on observational cohort studies, themselves at risk of selection 
bias. Indeed, Yip et al. [9] acknowledge in their discussion that a diagnosis of cirrhosis was 
not readily available for the vast majority of patients, as the confirmatory techniques are not 
commonplace in clinical practice in the assessed region. This is indeed a shortcoming of these 
retrospective studies and an aspect that could be remedied effectively through an RCT. The 
mean reported follow-up times ranged between 3 and 5 years, and, although this appears to 
have been sufficiently long to incur an analyzable number of HCC cases, it will be important 
that subsequent studies aim to understand the longer term effects of both treatments. In 
addition, the studies included in this meta-analysis are composed almost exclusively of Asian 
cohorts, and, although several Asian countries commonly report concerningly high rates of 
CHB, this limits the generalizability of the result and indicates that future work is required in 
regions with similarly high incidence rates, such as Africa. Similarly, it will now be important 
to tease out if each genotype of the HBV responds in a similar fashion. Finally, the majority of 
studies included in the present review examined cohorts that were composed entirely of 
treatment-naïve patients. This is important since it is possible that patients may require a 
therapy switch from one to another due to intolerable side effects or development of viral 
resistance, both of which may have significant impact upon the efficacy of the therapy and, 
therefore, the risk of HCC development.

Conclusion

TDF and ETV have both proven to be effective therapeutic options in the management of 
CHB, as assessed by viral load and hepatic biochemistry parameters. However, there is little 
understanding of whether one of these antivirals is superior to the other in terms of HCC 
prevention. The current systematic review and meta-analysis aimed to identify and synthesize 
all available retrospective cohort data that assessed risk of HCC diagnosis in CHB patients 
receiving either TDF or ETV. We uncovered 7 suitable studies that included data from 45,274 
CHB patients and conducted a meta-analysis that combined the reported HRs. This demon-
strated that TDF treatment was associated with significantly less cases of HCC when compared 
to those treated with ETV (HR 0.76, 95% CI 0.56–0.96), suggesting that the former may be the 
more effective choice in such patient cohorts. However, well-designed and large-scale (due to 
inherently low event rates) RCTs are now warranted to further validate this result by 
attempting to exclude any remaining potential bias or confounding.
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