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Abstract Reducing the incidence of hepatocellular carci-

noma (HCC) in patients with chronic hepatitis B (CHB) is

the key ultimate goal set in essentially all treatment

guidelines. There has been solid evidence supporting the

relationship between serum hepatitis B virus (HBV) DNA

level and risk of HCC. Antiviral treatment with oral

nucleos(t)ide analogues (NAs) leads to sustained viral

suppression and hence is often adopted as the secondary

prevention for HCC in CHB patients. The first-generation

NA, lamivudine, reduced the risk of HCC at 3 years

compared to placebo; yet, its high emergence of antiviral

resistance has made it no longer recommended in the

international guidelines. Recent heated debate is about the

two current first-line NAs—entecavir and tenofovir diso-

proxil fumarate (TDF)—Are they just as good to reduce

HCC risk in CHB patients? A handful of cohort studies

show two different kinds of observations—TDF is better

than entecavir in lowering HCC risk, or these two NAs

have led to similarly low risk of HCC. Tenofovir alafe-

namide (TAF), a modified version of TDF higher rate of

ALT normalization, would be another potent nucleotide

analogue is the treatment of choice for secondary preven-

tion for HCC.
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Abbreviations

ALT Alanine aminotransferase

CHB Chronic hepatitis B

CI Confidence intervals

DM Diabetes mellitus

HBeAg Hepatitis B e antigen

HBsAg Hepatitis B surface antigen

HBV Hepatitis B virus

HCC Hepatocellular carcinoma

INR International normalized ratio

IQR Interquartile range

SHR Subdistribution hazard ratio

TDF Tenofovir disoproxil fumarate

TAF Tenofovir alafenamide

Introduction

Hepatocellular carcinoma (HCC) is a major global health

problem because of its high incidence rate and unfa-

vorable clinical course [1]. In 2018, it was the sixth

commonest cancer worldwide, with incidence of more

than 841,000 cases/year, and the fourth leading cause of

cancer-related deaths, with an estimated 781,000 deaths/

year [2]. While HCC has a diverse etiology, chronic

hepatitis B virus (HBV) infection is the key determinants

in the most high-risk HCC areas (China, Eastern Africa)

[2]. Although the risk factors for HCC development are

well-known and great advances have been made through
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HBV vaccinations as primary prevention for HCC, the

overall incidence and mortality rates of HCC are still

rising.

HCC prevention can be categorized into three levels—

primary, secondary and tertiary [3]. Primary prevention of

HBV-related HCC is now feasible through HBV vaccina-

tion since early 1980s. By the end of 2016, 186 countries

had introduced the HBV vaccine into their national

immunization schedules [4], with many countries achiev-

ing greater than 80% coverage for the full recommended

dose. The vaccine has dramatically reduced the prevalence

rates of chronic HBV infection and the incidence of HCC

at younger ages in high-risk countries in East Asia, where

universal vaccination was first introduced [5]. While such

primary prevention for HCC has benefited children and

young adults, patients who were born before the avail-

ability of HBV vaccination and hence chronically infected

with HBV cannot benefit from such primary prevention and

remain at risk of developing HCC [6].

Recent developments in the antiviral treatment of

HBV suggest that a significant proportion of HCC cases

could be avoided [7]. The main treatment goal of

chronic HBV infection is to reduce the risk of progres-

sion to cirrhosis and liver-related complications, includ-

ing HCC [8–10]. The current international treatment

guidelines for patients with chronic hepatitis B (CHB)

recommend entecavir, tenofovir disoproxil fumarate

(TDF) and tenofovir alafenamide (TAF) as the first-line

nucleos(t)ide analogues (NA) treatment. They have high

antiviral effects and a high genetic barrier to drug

resistance [8, 10]. Long-term entecavir and TDF treat-

ment results in reduced incidence rate of HCC [11, 12].

Yet HCC risk is significantly reduced but not eliminated

even in patients who have achieved prolonged complete

viral suppression, as genetic and/or epigenetic aberrations

with malignant potentials may have already accumulated

in the background liver along with long-standing HBV

infection [13].

An ongoing hot discussion in the field is whether one

NA is better than the other in reducing HCC risk [14].

The first large-scale cohort study that compared the

effectiveness of entecavir and TDF on reducing HCC

was a Korean nationwide cohort study by Choi et al.

They showed that TDF treatment was associated with a

lower risk of HCC than entecavir treatment, and con-

cordant result was shown in a hospital cohort [15]. Since

then, there has been many other studies showing variable

conclusions, with some of those studies coming from the

same country but different observations [16]. In this

review article, we will discuss the different approach as

secondary prevention of HCC by antiviral treatment,

with special focus on the efficacy of HCC risk reduction

with different antiviral treatments.

Viral load and HCC risk

High serum HBV DNA level is a well-known risk factor

for HCC development among untreated CHB patients. In

the REVEAL-HBV study, investigators prospectively fol-

lowed 3653 hepatitis B surface antigen (HBsAg) carriers

aged between 30 and 65 years in Taiwan for an average of

11.4 years [17]. Compared with participants who had

serum HBV DNA of\ 60 IU/mL, there was an indepen-

dent dose-dependent relationship between elevated serum

HBV DNA levels of C 2000 IU/mL and HCC develop-

ment adjusted for hepatitis B e antigen (HBeAg) status,

alanine aminotransferase (ALT) level and presence of cir-

rhosis; the adjusted hazard ratio (HR) ranged from 2.3

(95% confidence interval [CI] 1.1–4.9) in patients with

serum HBV DNA of C 2000 to\ 20,000 IU/mL, to 6.1

(95% CI 2.9–12.7) in patients who had serum HBV

DNA C 200,000 IU/mL. Also, an elevated serum HBV

DNA level is associated with an elevated risk of progres-

sion to cirrhosis in a dose-dependent manner, while cir-

rhosis itself is a strong risk factor for HCC [18]. The strong

relationship between serum HBV DNA level and HCC

development is also reflected by its consistent presence in

different untreated derived HCC risk scoring systems

including REACH-B score [19], CU-HCC score [20] and

GAG-HCC score [21]. Notably, 85% of the patients in the

REVEAL-HBV study had negative HBeAg; the impact of

high serum HBV DNA is more prominent among HBeAg-

negative patients in the study, with an adjusted hazard ratio

of 10.6 (95% CI 4.9–22.8) in patients who had serum HBV

DNA C 200,000 IU/mL as compared to those who had

HBV DNA\ 60 IU/mL. In fact, HBeAg-positive CHB

patients who have very high serum HBV DNA (usually

above 107 IU/mL) and normal ALT are generally not at

high risk of HCC development [22]. These patients are

generally considered to have HBeAg-positive chronic HBV

infection or previously known as immune-tolerant phase of

CHB [8, 10]. In contrast, HBeAg-positive patients who

have advanced age and moderately high HBV DNA of

C 20,000 IU/mL are at elevated risk of HCC [23].

Serum HBV DNA level is less discriminative on HCC

development after the initiation of antiviral therapy in CHB

patients. This is reflected by the good performance of

treated derived HCC risk scores in the absence of HBV

DNA including the PAGE-B-related scores [24–26] and

CAMD score [27, 28]. The current first-line NA treatment

has modified the natural history of CHB by a potent effect

on HBV DNA suppression and a reduced risk of disease

progression in both non-cirrhotic and cirrhotic patients

[11, 12, 29]. The majority of treated patients can achieve

complete viral suppression, i.e., undetectable serum HBV

DNA, on treatment [30, 31]. This is associated with a

reduced risk of HCC [6, 31]. In contrast, CHB patients with
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persistent low-level viremia on treatment are associated

with a higher risk of fibrosis progression and HCC devel-

opment [32, 33]. On the other hand, HBsAg seroclearance

is associated with a further HCC risk reduction on top of

patients who achieved complete viral suppression on

treatment [31, 34]. However, unlike complete viral sup-

pression, HBsAg seroclearance remains uncommon in

patients receiving the current first-line NA treatment.

Evolving HBV treatment guidelines

There are three key, most widely adopted international

guidelines issued by the authoritative international liver

societies—namely the American Association for the Study

of Liver Diseases (AASLD), Asian the Pacific Association

for the Study of the Liver (APASL) and the European

Association for the Study of the Liver (EASL)—outlining

the framework and algorithms in management of CHB

patients. With evolving evidence over the past decade, the

guidelines have changed accordingly, yet by large they

share similar recommendations over the years.

Taking APASL guidelines as examples, HBeAg-posi-

tive patients with HBV DNA[ 20,000 IU/mL and ALT

C 2 times upper limit of normal (ULN) or evidence of

moderate necroinflammation or fibrosis, judged by histo-

logical activity score or fibrosis stage, should receive

antiviral treatment. For those with HBeAg-negative CHB,

the threshold of HBV DNA is set at a lower cutoff at

2000 IU/mL. Until the latest two versions of APASL

guidelines published in year 2012 and 2016, the use of

noninvasive test of fibrosis with transient elastography has

been advocated [9, 35]. Liver stiffness measurement

(LSM)[ 8.0 kPa would represent significant fibrosis,

while LSM[ 11.0 kPa would indicate cirrhosis in patients

with normal ALT level. Patients with cirrhosis and

detectable serum HBV DNA are indicated for antiviral

treatment as well [9, 35].

There have been two main classes of antiviral treatment:

interferon alpha and NA. Interferon alpha in the form of

pegylated interferon alpha (PegIFN alpha) provides both

direct antiviral and immunomodulatory actions, and hence

has an advantage of finite treatment duration with no risk of

resistance [36]. The drawbacks of PegIFN alpha include its

multiple side effects and the need of subcutaneous injec-

tion. Furthermore, its use is not recommended in patients

with decompensated cirrhosis and severe exacerbation of

CHB as it may precipitate hepatic decompensation result-

ing in fatal complications. On the contrary, oral NAs are

generally safe despite the need for long-term treatment in

far majority of the patients.

Six NAs classified into nucleoside analogues (lamivu-

dine, telbivudine, entecavir) and nucleotide analogues

(adefovir, tenofovir [TDF and TAF]) are approved for

treatment of CHB. Over the past decade, all three inter-

national guidelines have recommended the use of entecavir

and two formulations of tenofovir (TDF and TAF) as

treatment of choice regardless of the severity of liver dis-

ease, given their high resistance barrier with pre-

dictable high long-term antiviral efficacy leading to

undetectable HBV DNA, as well as favorable safety pro-

file, in the majority of compliant patients. NAs with low

resistance barrier, such as lamivudine, telbivudine and

adefovir, are not preferred nowadays given the high

emergence of antiviral resistance, leading to suboptimal

virological response.

Both entecavir and TDF have been indiscriminately

suggested by guidelines for HBV treatment, unless under

special circumstances, such as prior history of resistance to

lamivudine or other nucleoside analogues, or during

pregnancy, that would favor TDF over entecavir given the

possible cross-resistance profile and pregnancy category C

regarding entecavir, respectively. Up till the recent few

years with latest guidelines, TAF hits the headline due to

its superior plasma stability than TDF leading to more

effective active metabolite delivery to hepatocytes, allow-

ing a lower dose to be used with similar antiviral activity,

less systemic exposure and thus decreased renal and bone

toxicity [10]. The EASL 2017 guideline suggested ente-

cavir and TAF over TDF in patients aged[ 60 years and

with established or at risk of bone or renal disease [8].

TAF, however, has not yet been recommended in preg-

nancy due to the lack of human data [37]. Thus, in current

practice, entecavir and tenofovir (TDF and TAF) remain

the preferred mainstay of NA treatment in chronic HBV

infection.

HCC risk reduction by various NA

NA with low genetic barrier to resistance

The first important data to demonstrate the efficacy of

NA treatment in HCC risk reduction were those from the

Asian randomized controlled trial, which compared

lamivudine vs. placebo in NA-naı̈ve patients with cir-

rhosis or advanced fibrosis and active liver disease [38].

After an early trial termination (up to 5 years in the

initial protocol) with a mean treatment duration of

approximately 3 years, lamivudine reduced the HCC risk

compared with placebo by 51% (HCC incidence 3.9%

vs. 7.4%), offering a benefit of marginal statistical sig-

nificance (hazard ratio 0.49; p = 0.047) [38]. This land-

mark study receives some criticism for such early

termination, as the marginal benefit if HCC risk reduc-

tion would have been negated by the development of

drug-resistant mutants if the drug had been continued

[39].
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Similar results were reported in other studies with older

NAs with low genetic barrier to resistance. In a systematic

review assessing mostly lamivudine (with some studies

using adefovir dipivoxil or the combination of both NAs)

vs. no treatment in NA-naı̈ve CHB patients, HCC inci-

dence rates over a follow-up of 4 years were reduced in

treated patients (2.8%) compared with untreated patients

(2.8% vs. 6.4%; p = 0.003) [40]. A more recent meta-

analysis also reported HCC rates of 3.4% in lamivudine-

treated vs. 9.6% in untreated CHB patients over a follow-

up of 4 years [41]. Telbivudine is generally underrepre-

sented in such long-term cohort studies as the proposed

roadmap approach for telbivudine, i.e., switching to an NA

with high genetic barrier to resistance in case of suboptimal

virological response [42], has limited the treatment dura-

tion of telbivudine in most studies [43].

Because of the high rates of drug-resistant mutations as

well as common treatment emergent adverse events [44],

these three NAs with low genetic barrier to resistance are

no longer being recommended as the first-line antiviral

treatment by the latest international treatment guidelines

[8, 10].

NA with high genetic barrier to resistance (e.g., entecavir,

TDF, TAF)

Entecavir, TDF and TAF are the three first-line NA treat-

ments with high genetic barrier to resistance that are rec-

ommended by the international treatment guidelines

[8, 10]. Entecavir is a nucleoside analogue, while TDF and

TAF are both prodrug of tenofovir, which is a nucleotide

analogue. Both entecavir and tenofovir (TDF and TAF)

have minimal risk of drug resistance in NA-naı̈ve patients;

tenofovir also has a very low rate of drug resistance in NA-

experienced patients [8, 10]. Compared to lamivudine,

entecavir has a significantly better virological, biochemical

and histological responses in patients without previous

exposure to nucleoside analogues [45, 46]. TDF also shows

a superior antiviral efficacy with a similar safety profile as

compared to adefovir dipivoxil [47]. Under long-term

entecavir or tenofovir therapy, patients continue to have

histological improvement and regression of liver fibrosis

and even cirrhosis [48, 49]. Long-term therapy also pre-

vents disease progression and HCC development

[29, 50–52]. In terms of safety profile, long-term use of

entecavir is generally safe [53]. While long-term use of

TDF has been associated with bone and renal toxicity in

some patients, TAF was designed to have a greater plasma

stability that allows a more efficient delivery of tenofovir to

the liver cells. This also allows a lower orally administered

dose of TAF than TDF and reduces the systemic exposure

of tenofovir in the body. Thus, TAF preserves the antiviral

efficacy of TDF with improved renal and bone safety [54].

Interestingly, under a comparable rate of virological

response, TAF shows a higher proportion of ALT nor-

malization than TDF [54]. The same phenomenon is also

observed in patients switching from TDF to TAF [55]. The

society is anticipating long-term follow-up data on TAF

use to see whether this phenomenon has any clinical

implications on histological response and reduction in

liver-related outcomes including HCC.

Reducing the risk of progression to cirrhosis and liver-

related complications including HCC is the main goal in

managing CHB patients. While the risk of HCC is signif-

icantly reduced under current NA treatment, the risk is,

however, not eliminated. Currently, entecavir and TDF are

equally recommended as the first-line treatment for treat-

ment-naı̈ve CHB patients. However, this recommendation

has recently been challenged starting from the first study by

Choi et al., which showed a better HCC chemoprevention

effect of TDF over entecavir in a Korean nationwide his-

torical population cohort of 24,156 patients and a valida-

tion hospital cohort of 2701 patients [15]. Propensity score-

matched analysis demonstrated that TDF was associated

with a lower risk on HCC development than entecavir

therapy with a HR of 0.68. Surprisingly, soon after this

study was published, another multicenter study from South

Korea was published with a different conclusion, although

a significant overlap of their cohort with that of the

nationwide cohort study by Choi et al. is expected [16].

Kim et al. reported their results of a cohort of 2897 CHB

patients from four academic, tertiary hospitals. They

showed by propensity score-matched analysis that there

was no statistically significant difference between TDF and

entecavir treatment on HCC risk, with an HR of 1.02.

Thereafter, multiple observational studies and meta-anal-

yses concerning the same clinical question on TDF vs.

entecavir on HCC development in CHB patients have been

published and continue to show that either TDF was

associated with a lower risk of HCC than entecavir treat-

ment, or TDF and entecavir treatment did not have a sig-

nificant difference on the risk of HCC development

(Table 1) [56, 57]. One of the largest studies was conducted

by the authors and colleagues based on a territory-wide

retrospective cohort of 1309 and 28,041 patients treated by

TDF and entecavir monotherapy in Hong Kong, respec-

tively [58]. We showed that TDF was associated with a

lower risk of HCC than entecavir treatment, over a median

follow-up time of 3.6 years, based on propensity score

weighting and matching analyses. Negative control out-

comes were also applied to assess the issues of unmeasured

confounding, which did not find any significant residual

bias.

In view of the conflicting results, investigators tried to

compare the two studies by Choi et al. and Kim

et al.[15, 16]. One of the reasons that lead to the different
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conclusion can be the differences on patient selection and

exclusion criteria [14]. For instance, patients with decom-

pensated liver cirrhosis were not included in Kim’s study.

This can lower the statistical power of the study as these

group of patients have the highest risk of HCC develop-

ment, while they can still benefit from entecavir and TDF

treatment and may thus be included into the study [59]. On

the other hand, investigators raised concern about the

unexpected patterns of cumulative incidence curve in

Choi’s study, which may reflect the difference in treatment

duration and suggest some unmeasured differences

between the two treatment groups that confounded the

treatment effect as in other observational studies [14].

Possible unmeasured differences can be drug adherence,

surveillance programs and unreported prior exposure to

older NA. This is also partly reflected by the higher rate of

changing therapy in patients treated with entecavir than

TDF in Choi’s study [60]. In addition, it is also important

to take into account the difference in the follow-up time in

the two treatment groups. As entecavir was available to the

market earlier than TDF, the length of follow-up of ente-

cavir-treated patients was usually longer than that of TDF-

treated patients in most of the previous observational

studies (Table 1). This can impact the result in both ways

as entecavir-treated patients would have longer time to

develop HCC and get detected. In contrast, entecavir-

treated patients might benefit from a longer treatment

duration as their subsequent risk of HCC can decrease after

several years of treatment [50]. Yet, this phenomenon only

impacts studies with long enough follow-up.

There have been a handful of observational cohort

studies comparing the efficacy of TDF versus entecavir in

HCC prevention since the publications of the studies we

just discussed. Two studies focused on Asian patients

[61, 62] two large-scale studies involved European patients

[63, 64]: one recruited American subjects [65] and one of

the mixed ethnicities [66]. These studies concluded either

both NAs are just as good, or TDF is better than entecavir

in HCC prevention. Amidst all the controversies, two

recent meta-analyses by Choi et al. and Dave et al. draw

the similar conclusions that TDF may be associated with

lower risk of HCC when compared to entecavir [56, 57].

A randomized controlled trial with long follow-up

would be a better approach than observational studies or

meta-analysis of observational studies to provide evidence,

yet it is not likely to be conducted as a large sample size is

expected to capture enough patients who develop HCC and

provide adequate statistical power to test the hypothesis.

The society is thus anticipating findings from high-quality

observational cohorts with complete patient data on

severity of fibrosis, virological and biochemical response,

concomitant medical conditions, drug adherence and

adherence to surveillance program. Based on the current

evidence, it is still insufficient to consider any change to

the current recommendation of TDF or entecavir

monotherapy for treatment-naı̈ve CHB patients. In the

future, the focus on comparison on drug effectiveness and

chemoprevention may also switch from TDF to TAF when

more long-term data are available.

Conclusion and future perspectives

Provided that the available studies, which are still evolving,

are not concordant on this topic, the possible virological,

biochemical and immunological plausibility of TDF is the

choice of secondary prevention for HCC may need further

elucidation. Virologically, TDF achieves more potential

virological suppression [15, 58], and possibly better

reduction in HBsAg levels, compared to entecavir. Bio-

chemically, more TDF patients achieved ALT normaliza-

tion, an established protective factor of HCC [67], at 1 year

in the Korean nationwide cohort [15]. Immunologically,

nucleotide analogues (including TDF and adefovir dip-

ivoxil) induce higher serum interferon lambda-3 (IFN-k3)
levels than nucleoside analogues (including lamivudine

and entecavir) [68]. IFN-k has potent antitumor activity in

murine models of hepatoma [69], which may explain partly

the difference in the lower HCC risk in TDF-treated

patients reported. All these biological plausibility should be

further substantiated in other human cohorts before a

widespread paradigm shift in selecting TDF over other

NAs for treatment-naı̈ve patients.

As the residual risk of HCC during long-term NA

treatment remains the key complication affecting patient

outcome, additional observational cohorts in homogenous

patients with data on liver disease severity, virological

response and adherence to surveillance would be pivotal to

draw a definitive conclusion and impact on treatment

guidelines [60]. Furthermore, long-term data of TAF, a

modified version of TDF with better safety profile and

higher rate of ALT normalization [55, 70], would further

consolidate if this potent nucleotide analogue is the treat-

ment of choice for secondary prevention for HCC.
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