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INTRODUCTION

Chronic hepatitis B (CHB) is known to be the most common 

chronic viral infection, affecting approximately 350 million people 

worldwide.1 Since the persistent replication with necroinflamma-

tion by the hepatitis B virus (HBV) significantly raises the risk of 

developing compensated cirrhosis and hepatocellular carcinoma 

(HCC),2 antiviral therapy to suppress HBV replication, which can 

prevent the progression of liver disease by stabilizing necroinflam-

mation and inducing fibrosis regression, has been the mainstay in 

the management of patients with CHB.3 Several recent studies 

have proven that oral antiviral agents, particularly entecavir (ETV), 

reduce the risk of long-term complications such as liver cirrhosis 

and HCC, ultimately improving survival compared to controls.4
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Although tenofovir alafenamide and besifovir dipivoxil maleate 

have been recently available,3,5 ETV and tenofovir disoproxil fuma-

rate (TDF), which are potent nucleos(t)ide analogues (NUCs) with 

a high genetic barrier to resistance, have been the first-line antivi-

ral agents in several international guidelines over the last several 

decades.3,6,7 These two antiviral agents have similar short to inter-

mediate-term clinical efficacy (including virologic, biochemical, 

serologic, and histologic responses) and similar efficacy for pre-

venting liver disease progression.8,9 However, several recent stud-

ies have proposed the superiority of TDF over ETV in reducing the 

risk of HCC development,10 whereas other following studies have 

shown no statistical difference.11,12

In this review, we summarized recent studies which compared 

the treatment efficacy of ETV and TDF in terms of HCC development.

ENTECAVIR AND TENOFOVIR EQUALLY PRE-
VENTS HCC

Hospital-based cohort studies

Asian studies
Since Choi et al.10 first reported that TDF showed superior ef-

fects compared to ETV for the prevention of HCC, more than 10 

comparative studies between ETV and TDF with adjusted hazard 

ratio (aHR) for HCC incidence have been published, as summa-

rized in Tables 1, 2 and Figure 1.

A multicenter retrospective cohort study from Korea analyzed 

2,897 patients, and the annual HCC incidence was statistically 

similar between the ETV and TDF groups in multivariate analysis 

(aHR, 0.98; 95% confidence intervals [CIs], 0.75–1.28; P=0.852), 

propensity score-matched (PSM) analysis (aHR, 1.02; 95% CIs, 

0.77–1.35; P =0.884), and inverse probability of treatment 

weighting (IPTW) analysis (aHR, 1.00; 95% CIs, 0.77–1.30; 

P=0.988) (Table 1).11

Another multicenter retrospective cohort study from Korea ana-

lyzed 3,022 patients, and found statistically similar incidence rates 

of HCC between ETV and TDF after PSM in the whole cohort (aHR, 

1.08; 95% CIs, 0.52–2.24; P=0.842) and in subgroups of patients 

with chronic hepatitis and liver cirrhosis. In addition, statistically 

similar incidence rates of all-cause mortality or liver transplanta-

tion (LT) between ETV and TDF were observed after PSM in the 

whole cohort (aHR, 0.98; 95% CIs, 0.36–2.62; P=0.961) and in 

patients with chronic hepatitis and liver cirrhosis (Fig. 1).12

A multicenter retrospective cohort study from Taiwan analyzed 

7,248 patients. The HCC incidence rates of ETV and TDF groups 

were statistical similar in the whole cohort (aHR, 0.82; 95% CIs, 

0.66–1.02; P=0.078) and in the PSM cohort (aHR, 0.83; 95% CIs, 

0.65–1.06; P=0.129).13

A single-center retrospective cohort study from Korea analyzed 

1,340 patients, and showed that HCC risk was statistically similar 

between ETV and TDF groups, either by PSM (aHR, 2.06; 95% 

CIs, 0.98–4.33; P=0.058) or IPTW (aHR, 1.30; 95% CIs, 0.81–

2.10; P=0.276).14

A single-center retrospective cohort study from Korea analyzed 

1,794 patients. Multivariate analysis showed that the risk of HCC 

and death or LT was statistically similar between ETV and TDF 

groups (aHR, 0.83; 95% CIs, 0.52–1.31; P=0.413 and aHR, 0.64; 

95% CIs, 0.26–1.57; P=0.325, respectively) after adjusting for 

adherence to medication and maintained virologic response. In 

the 589 PSM patients, the risk of HCC and death or LT was also 

statistically similar between the two groups (aHR, 0.77; 95% CIs, 

0.46–1.29; P=0.319 and aHR, 0.64; 95% CIs, 0.30–1.38; P=0.257, 

respectively).15

In a retrospective cohort study by an Asian international con-

sortium which analyzed 5,537 patients, TDF was associated with 

a lower risk of HCC in the unadjusted analysis. However, in the 

multivariate analysis, no difference was found between ETV and 

TDF (aHR, 0.81; 95% CIs, 0.42–1.56; P=0.52) after adjustment 

for age, sex, country, serum albumin, platelet count, alpha feto-

protein, liver cirrhosis, and diabetes mellitus. Furthermore, PSM 

analysis (n=1,040) found no significant association between anti-

viral agents and HCC risk in the multivariable-adjusted analysis 

(aHR, 0.89; 95% CIs, 0.41–1.92; P=0.77).16

In a multicenter retrospective study from Korea which analyzed 

1,560 patients, the incidence of HCC was statistically similar be-

tween ETV and TDF groups after multivariate analysis and in the 

PSM population (aHR, 1.30; 95% CIs, 0.80–2.02; P=0.295).17

Even before Choi et al.10 suggested the superiority of TDF for 

the prevention of HCC, a single-center retrospective study from 

Korea had analyzed 582 patients for a median follow-up of 57 

months and compared the effects of ETV and TDF. In this study, 

HCC developed in 6.5% of the patients, regardless of the type of 

antiviral agents. ETV and TDF-treated patients showed statistical-

ly similar HCC development rates (P=0.471).18

From a slightly different perspective, one Korean multicenter 

retrospective cohort study compared the effects of ETV and TDF 

in 726 patients following curative treatments of HCC, such as he-

patic resection or radiofrequency ablation. The results showed no 

association between the type of antiviral agents and HCC recur-
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rence (aHR, 0.93; 95% CIs, 0.70–1.23; P=0.622) and death (aHR, 

0.67; 95% CIs, 0.36–1.23; P=0.193) after multivariate analysis. 

IPTW analysis showed similar results in terms of recurrence (aHR, 

1.04; P=0.963) and death (aHR, 0.80; P=0.431). In addition, the 

early (<2 years) and late (≥2 years) recurrence risks were statisti-

cally similar in the two groups (both P=0.400), as confirmed by 

IPTW analysis (P=0.502 and P=0.377, respectively).19

Western studies
A multicenter prospective study from Europe that enrolled pa-

tients from the PAGE-B cohort analyzed 1,935 Caucasians with 

CHB, with or without compensated liver cirrhosis, for a median 

follow-up period of 7.1 years. After multivariate analysis, the haz-

ard ratio of HCC was statistically similar between ETV and TDF-

treated patients after adjusting for several HCC risk factors, such 

as age, sex, smoking, diabetes, alanine aminotransferase (ALT) 

level, platelet count, hepatitis B e antigen, prior treatment experi-

ence, and liver cirrhosis (aHR, 1.07; 95% CIs, 0.64–1.81; P=0.791).20

Another multicenter prospective cohort study from France in-

cluded 1,800 patients for a median follow-up period of 4.2 years. 

The HCC incidence (aHR, 1.51; 95% CIs, 0.58–3.92) and all-cause 

mortality (aHR, 0.60; 95% CIs, 0.25–1.46) were statistically simi-

lar between the ETV and TDF-treated groups. In addition, IPTW 

analysis showed similar results in HCC occurrence (aHR, 1.24; 

95% CIs, 0.49–3.13) and all-cause mortality (aHR, 0.63; 95% CIs, 

0.28–1.44).21

Studies using administrative databases

Asian study
A large-scale retrospective cohort study using nationwide 

claims data from the Korean Health Insurance Review and Assess-

ment Service enrolled 76,285 patients.22 This study analyzed 

55,473 treatment-naïve cases where ETV or TDF treatment were 

started between 2013 and 2017 after matching according to age, 

sex, comorbidities, hospital type, and index date year for a medi-

an follow-up period of 41.2 months. The incidence of HCC was 

statistically similar between the ETV and TDF groups (aHR, 0.93; 

95% CIs, 0.86–1.01; P=0.081). Interestingly, in the subgroup 

analysis of patients who had started antiviral therapy during the 

2012–2014 period, which was identical to the enrollment period 

in the landmark study by Choi et al.,10 the incidence of HCC was 

higher in the ETV group compared to the TDF group (aHRs, 0.85; 

95% CIs, 0.79–0.91; P<0.001).
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Western study
A retrospective cohort study using the Corporate Data Ware-

house from the Veterans Information Systems and Technology Ar-

chitecture in the United States analyzed 3,287 patients with a 

mean follow-up period of 5.4 years. In the unadjusted analysis, a 

lower tendency of HCC occurrence was observed in the ETV group 

compared to the TDF group. However, PSM analysis showed simi-

lar risk of HCC between ETV and TDF-treated patients (aHR, 1.00; 

95% CIs, 0.76–1.32). Also, statistically similar risk of death or LT 

(aHR, 1.16; 95% CIs, 0.98–1.39) was observed between the two 

treatment groups.23

TENOFOVIR IS BETTER THAN ENTECAVIR FOR 
THE PREVENTION OF HCC

Hospital-based cohort studies

Asian studies
A large-scale single-center study by Choi et al.10 was the first to 

report that TDF treatment had a significantly lower risk of HCC 

compared to ETV treatment (Table 2). This study demonstrated 

that patients treated with TDF, compared with ETV, showed 34% 

and 32% reductions in their risk for HCC by multivariable and 

PSM analyses, respectively.10 In addition, patients treated with 

TDF showed significantly higher virological responses (85.2% 

[TDF] vs. 78.7% [ETV], P<0.001) and ALT normalization rates, ac-

cording to the American Association for the Study of Liver Diseas-

es 2015 criteria (44.3% [TDF] vs. 38.7% [ETV], P=0.002) after  

1 year of treatment.10

Another single-center Korean study of 404 treatment-naïve pa-

tients with CHB showed that TDF treatment was associated with 

a lower HCC risk by multivariable analysis (aHR, 0.31; 95% CIs, 

0.12–0.79; P=0.014) and PSM analysis (aHR, 0.27; 95% CIs, 

0.08–0.98; P=0.046).24 Interestingly, when the authors adjusted 

for sustained virological suppression in their PSM analysis, statis-

tical significance was not reached, despite a persistent trend of 

lower risk with TDF treatment (aHR, 0.36; 95% CIs, 0.12–1.14; 

P=0.08). Theoretically, however, it is not possible to measure sus-

tained virological suppression at baseline. Therefore, adding this 

variable into PSM might not be statistically justifiable.

Choi et al.25 also studied 1,695 patients with HBV-related HCC 

of Barcelona Clinic Liver Cancer stage of 0 or A to see whether 

TDF treatment has a lower risk of HCC recurrence after curative-

Figure 1. Forest plot of the incidence rates of hepatocellular carcinoma in studies that compared preventive effects of TDF and ETV after the match-
ing of baseline variables. CI, confidence interval; TDF, tenofovir disoproxil fumarate; ETV, entecavir.

Hazard ratio and 95% CI
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intent liver resection compared to ETV treatment. Notably, TDF 

treatment was associated with significantly lower rates of HCC re-

currence (aHR, 0.82; 95% CIs, 0.68–0.98; P=0.03) and death or 

transplantation (aHR, 0.62; 95% CIs, 0.44–0.88; P=0.01) by mul-

tivariable analysis. These findings were consistently reproduced in 

567 PSM pairs (HR, 0.77; 95% CIs, 0.62–0.95; P=0.02 for HCC 

recurrence and HR, 0.63; 95% CIs, 0.42–0.96; P=0.03 for death 

or transplantation). Interestingly, the magnitude of risk difference 

for late recurrence (≥2 years after liver resection; HR, 0.68) was 

more prominent than that for early recurrence (<2 years after liver 

resection; HR, 0.79).25

A Chinese study of 233 patients with CHB-related compensated 

cirrhosis showed that TDF treatment led to significantly longer 

disease-free survival compared to ETV treatment after liver resec-

tion (33 months for TDF and 24 months for ETV, P<0.001).26 An-

other study from China also reported that TDF treatment was as-

sociated with a significantly lower rate of HCC recurrence (aHR, 

0.67; 95% CIs, 0.48–0.93; P=0.04) after liver resection compared 

to non-TDF treatment, such as ETV.27

A multicenter retrospective study from Taiwan, which included 

1,560 cirrhotic patients with CHB, reported that TDF treatment 

was significantly associated with a lower risk of HCC compared to 

ETV treatment, as shown by multivariable analysis (aHR, 0.67; 

95% CIs, 0.48–0.93; P=0.02), PSM analysis (aHR, 0.66; 95% CIs, 

0.46–0.95; P=0.02), and IPTW analysis (aHR, 0.73; 95% CIs, 

0.54–0.98; P=0.04).28 Of note, the significantly lower risk of HCC 

in the TDF group was consistently observed in the subgroup anal-

yses of treatment-naïve patients (aHR, 0.58; 95% CIs, 0.40–0.84; 

P=0.004) and patients with compensated cirrhosis at baseline 

(aHR, 0.69; 95% CIs, 0.48–1.00; P=0.049).28 However, compara-

ble risk of HCC was observed between the two treatment groups 

after excluding 398 patients (25.5%) who were enrolled after 

2011, to prevent artificially minimizing the follow-up duration be-

tween the two treatments (P=0.881 for PSM and P=0.879 for 

IPTW analysis).28

Studies using administrative databases

Asian studies
A nationwide cohort study from Korea was the first to report 

the lower risk of HCC with TDF treatment than with ETV treat-

ment.10 In this study, the risk of HCC was compared among 24,156 

treatment-naïve patients with CHB, and the results showed that 

TDF treatment was significantly associated with a lower risk of 

HCC compared to ETV treatment (aHR, 0.68; 95% CIs, 0.59–0.77; 

P<0.001).10 This lower risk of HCC in the TDF treatment group was 

reproduced in the PSM analysis of 10,923 pairs (aHR, 0.68; 95% 

CIs, 0.60–0.78; P<0.001).

Another study from Hong Kong, which used a large administra-

tive database, subsequently showed a lower risk of HCC in the 

TDF group compared to the ETV group.29 In 29,350 treatment-na-

ïve patients with CHB and a median follow-up period of 3.6 years, 

TDF treatment was consistently associated with a lower risk of 

HCC compared to ETV (weighted subdistribution; HR, 0.36; 95% 

CIs, 0.16–0.80; P=0.013). These results were supported by vari-

ous sophisticated statistical adjustments including multivariable, 

PSM, IPTW, and competitive risk analyses to minimize selection 

bias in the retrospective study. Additionally, in this study, patients 

who were treated with TDF (77.6%) showed a significantly higher 

virological response at 1 year compared to those who were treat-

ed with ETV (69.7%), although ALT normalization rate at 1 year 

was higher in the ETV group compared to the TDF group.

Western study
A study published as a collection of meeting abstracts analyzed 

the U.S. administrative data comparing TDF and ETV treatments 

in terms of the risk of HCC in treatment-naïve patients with CHB.30 

In this study, the absolute rate of HCC was lower in those treated 

with TDF (0.32 person year [PY]) than in those treated with ETV 

(0.61 PY). In addition, multivariable analysis and weighting by 

propensity score showed that treatment with TDF was associated 

with a significantly decreased risk of HCC occurrence (aHR, 0.56; 

95% CIs, 0.37–0.86).30

DISCUSSION

In the current study, we have comprehensively reviewed recent 

comparative studies regarding the effects of ETV and TDF on the 

prevention of HCC. We have classified the studies according to re-

gions in which the studies were conducted as well as the data 

sources, in order to observe the potential difference in the results 

depending on regions or whether the data was collected from 

hospital cohorts or administrative databases.

The studies that showed no difference in preventive effects be-

tween ETV and TDF have suggested the following evidence for 

their equal effects. First, the common features of the studies that 

suggested TDF superiority mostly used big data from administra-

tive databases. These database studies have an advantage of in-

cluding a large number of patients. However, they may also have 
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some disadvantages, such as potential unbalanced distribution of 

HCC risk factors, different periods of ETV and TDF onset, and ad-

ditional confounders that cannot be corrected for by any sophisti-

cated statistical method.31 For example, in the study by Yip et 

al.,29 one-third of the HBV DNA values and 21% of the prothrom-

bin time values, which may be important factors for the analysis 

of HCC development in CHB patients, were missing, and there-

fore, had to be imputed before the analysis was performed. In ad-

dition, out of the 29,350 patients analyzed, there was a big dif-

ference in the number of patients included in each group; 28,041 

patients were included in the ETV group, while only 1,309 pa-

tients were in the TDF group. Correspondingly, only eight cases of 

HCC were observed in the TDF group, which may have been too 

small a number of events to effectively compare the HCC inci-

dence between the two groups. In addition, the HR was 0.39 in 

this study, which indicates that TDF lowers HCC incidence by 61% 

compared to ETV. However, in the study by Nguyen et al.32 that 

compared the incidence of HCC between TDF and no treatment, 

the HR was similar at 0.34. As ETV has demonstrated its protec-

tive effect against HCC in numerous studies, it is highly unlikely 

for ETV treatment to have similar effects as no treatment.

Second, there was no clear evidence that ETV contains carcino-

genic property. Although an increase in lung and vascular tumors 

were observed in the mouse experiment, the doses used in such 

experiments were more than 100-fold higher compared to the ap-

proved dose for humans. Furthermore, a long-term study that in-

cluded more than 12,000 patients showed no difference in HCC 

and non-HCC malignancies between ETV and other NUCs.33

Third, the patient warehousing phenomenon may have resulted 

in TDF superiority in some studies. The patient warehousing phe-

nomenon indicates that deferring treatment as a new effective 

drug is known to be released soon. As ETV was approved a few 

years earlier than TDF in most countries, more patients with se-

vere chronic liver disease, who had been waiting for more potent 

newly available antiviral agent, may have been included in the 

ETV group. In addition, TDF may have been avoided in the elderly 

as well as patients with co-morbidities, due to concerns of renal 

toxicity and osteoporosis.16 In this context, the pooled 5-year cu-

mulative HCC incidence in the most recently published meta-anal-

ysis involving more than 100,000 patients showed that TDF had 

significantly superior preventive effects in the unmatched popula-

tion while no difference was observed in the PSM population, 

which may indicate the patient warehousing phenomenon.34 Simi-

larly, expansion in the indication for treatment in guidelines and 

the consequent changes in the reimbursement criteria for antiviral 

therapy over the years may have resulted in the inclusion of less 

severe patients in the TDF group. For instance, in Korea, the reim-

bursement criteria for cirrhotic patients used to require ALT higher 

than the upper limits of normal prior to 2015, but these have ex-

panded to include patients with normal ALT levels since 2015. As 

ETV had been approved in 2007 and TDF in 2012, more patients 

in the TDF group may have initiated antiviral therapy after like-

wise expansion in reimbursement criteria and indications for 

treatment.

In contrast, the studies showing superior preventive effects of 

TDF compared to ETV have suggested the following evidence for 

their differences. First, TDF might have more potent antiviral effi-

cacy. In the study by Choi et al.,10 TDF treatment showed signifi-

cantly higher rates of virological response and ALT normalization 

at 1 year of antiviral treatment in the entire cohort and PSM. A 

small randomized trial comparing ETV and TDF of antiviral effica-

cy demonstrated a higher hepatitis B surface antigen level reduc-

tion in patients treated with TDF compared to those treated with 

ETV.35 These results might be linked to the superior preventive ef-

fects of TDF in reducing the HCC risk, albeit the difference in anti-

viral efficacy may be small.

Second, a meta-regression analysis showed that the inclusion of 

decompensated cirrhosis was one of the most important determi-

nants showing superiority of the preventive effect of TDF in reduc-

ing the risk of HCC.36 In other words, studies that included de-

compensated cirrhosis tended to show favorable outcomes by TDF 

in the risk of HCC compared to ETV. Previous studies already 

demonstrated that long-term antiviral treatment can lead to im-

provement and regression of cirrhosis in patients with CHB.37 

Therefore, TDF may have better preventive effect in this subset of 

patients.

Third, a possible biological plausibility of superior preventive ef-

fects of TDF compared to ETV was suggested in previous studies, 

in which a higher interferon lambda-3 level was shown in CHB 

patients treated with TDF than in those treated with ETV.38 Also, 

a potent antitumor activity of the interferon lambda-3 pathway 

was shown in animal models of cancer, including HCC.39,40

Lastly, most of the meta-analyses,36,41-44 but not all,34 in this 

comparison exhibited superior chemo-preventive effect by TDF 

treatment compared to ETV treatment. Since meta-analysis col-

lects numerous studies of the same topic, it is able to show a real 

difference that was not either statistically significant or captured 

due to small sample size in individual studies, if the real difference 

still exists.
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CONCLUSIONS

Although a larger number of studies have favored a similar effi-

cacy between ETV and TDF in reducing the risk of HCC develop-

ment, controversy remains on whether TDF reduces the risk of 

HCC to a greater extent compared to ETV. Several recent studies 

from Asia, Europe, and the U.S. did not reproduce the original 

findings of the study by Choi et al.,10 which might suggest that the 

current practice and guidelines for using ETV and TDF in patients 

with CHB should not be changed. However, as all of these studies 

were either neutral or in favor of TDF, further studies are required 

to identify the subset of patient population who will benefit from 

TDF, rather than ETV.
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