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Summary

In the treatment of chronic hepatitis B (CHB), the ultimate goal is
preventing hepatitis B virus (HBV)-associated liver disease,
including hepatocellular carcinoma (HCC). Recently published
studies show that in CHB patients treated with the currently rec-
ommended first-line nucleos(t)ide analogs (NAs) entecavir or
tenofovir, annual HCC incidences range from 0.01% to 1.4% in
non-cirrhotic patients, and from 0.9% to 5.4% in those with cirrho-
sis. In Asian studies including matched untreated controls, cur-
rent NA therapy consistently resulted in a significantly lower
HCC incidence in patients with cirrhosis, amounting to an overall
HCC risk reduction of ~30%; in non-cirrhotic patients, HCC risk
reduction was overall ~80%, but this was only observed in some
studies. For patients of Caucasian origin, no appropriate com-
parative studies are available to date to evaluate the impact of
NA treatment on HCC. Achievement of a virologic response under
current NA therapy was associated with a lower HCC risk in
Asian, but not Caucasian studies. Studies comparing entecavir
or tenofovir with older NAs generally found no difference in
HCC risk reduction between agents, except for one study which
used no rescue therapy in patients developing lamivudine resis-
tance. Overall, these data indicate that with the current, potent
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NAs, HCC risk can be reduced but not eliminated, probably due
to risk factors that are not amenable to change by antiviral ther-
apy, or events that may have taken place before treatment ini-
tiation. Validated pre- and on-therapy HCC risk calculators that
inform the best practice for HCC surveillance and facilitate
patient counseling would be of great practical value.

© 2015 European Association for the Study of the Liver. Published
by Elsevier B.V. Open access under CC BY-NC-ND license.

Introduction

Despite the dramatic improvement in the management of chron-
ic hepatitis B (CHB), hepatocellular carcinoma (HCC) remains a
major cause of morbidity and mortality, accounting for around
350,000 deaths worldwide every year [1,2]. Natural history stud-
ies in untreated patients have reported annual HCC incidences of
0.3-0.6% in non-cirrhotic patients, and 2.2-3.7% in compensated
cirrhotic patients, with the highest rates observed in Asia [2].

The mechanism of hepatitis B virus (HBV)-related hepatocar-
cinogenesis is thought to involve several factors [3-5]. HBV DNA
sequences integrate into the host genome, which may down-
regulate tumor suppressor genes. Recent studies have shown that
integrated HBV is more frequent in HCCs than in adjacent liver
tissue, with host integration sites located at cancer-related genes,
including the telomerase reverse transcriptase (TERT) gene, and
viral breakpoints detected near the HBx gene [6,7]. The viral pro-
tein HBx may modulate the activity of several cellular factors
regulating cell proliferation, apoptosis, and DNA damage
response. Fibrosis and mainly cirrhosis, resulting from CHB-asso-
ciated persistent liver inflammation, trigger a complex cascade of
oxidative stress, hypoxia, necrosis, regeneration, and angio-
genesis, which may alter host gene expression.

Epidemiologic studies have confirmed sustained viral replica-
tion and liver injury as key risk factors for HBV-related HCC, with
serum HBV DNA levels directly correlating with the future risk of
HCC [8,9]. Specific variations in the HBV DNA sequence, such as
HBV genotype C and basal core promoter (BCP) mutations have
also been associated with a higher HCC risk [10-12]. In addition
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to these viral factors, older age, male gender, heavy alcohol con-
sumption, exposure to carcinogens such as aflatoxin B, a family
history of HCC, and more recently, elevated levels of quantitative
HBsAg (qHBsAg). Metabolic syndrome associated with obesity
and diabetes mellitus have also been established as risk factors
of HBV-related HCC [2,13-15]. Many of these factors are directly
or indirectly related to viral replication, which becomes a logical
target for HCC prevention.

Until recently, evidence of reduction of HCC incidence with
antiviral treatment had been limited to the older nucleos(t)ide
analogs (NAs) lamivudine and adefovir. The first important data
to demonstrate the efficacy of anti-HBV therapy in HCC risk
reduction are those from the randomized controlled trial by Liaw
et al. which compared lamivudine vs. placebo in NA-naive
patients with cirrhosis or advanced fibrosis and active liver dis-
ease. After an early trial termination 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 significance (haz-
ard ratio [HR] = 0.49; p = 0.047) [16]. Similar results were report-
ed in other studies with older NAs. In a systematic review
assessing mostly lamivudine (sometimes adefovir or the combi-
nation of both) vs. no treatment in NA-naive CHB patients, HCC
incidence rates over a follow-up of 4 years were reduced in treat-
ed patients (2.8%) compared with untreated patients (6.4%;
p=0.003) [17]. 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 [18].

The NAs entecavir and tenofovir, currently recommended as
first-line options for the treatment of CHB [19-21], maintain
long-term viral suppression in over 95% of patients, improve liver
histology, and often reverse histologic cirrhosis [22-24]. Howev-
er, their effect on HCC risk remains unclarified. This review sum-
marizes recent studies assessing HCC development with these
current NAs, mainly entecavir due to data availability, and
explores whether mathematical models to estimate the HCC risk
may be applicable to the management of CHB patients at risk of
HCC.

Key Points

. Hepatocellular carcinoma (HCC) may still develop in
chronic hepatitis B (CHB) patients treated with oral
antiviral agents

. In CHB patients treated with the currently recommended
first-line antivirals entecavir or tenofovir, the observed
HCC risk ranges from 0.01 to 1.4% in patients without
cirrhosis, and from 0.9 to 5.4% in those with cirrhosis

. In Asian studies including matched untreated controls,
treatment, and particularly treatment-induced virologic
remission, with entecavir or tenofovir has been shown
to reduce the risk of CHB-related HCC

. To date, there are no appropriate comparative studies
evaluating the impact of these agents on HCC in CHB
patients of Caucasian origin

. Accurate predictors or calculators of HCC risk under
anti-HBV treatment may facilitate patient counseling
and would be of great practical value
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Impact of entecavir and tenofovir on HBV-related HCC

Recently, several studies have been published that assessed out-
comes of HCC in patients treated with the NAs entecavir or teno-
fovir. In the following, we will review those reports that were
published in English up to July 2014 (Supplementary Table 1).
For published papers, PubMed was searched using the terms
‘HCC', ‘hepatocellular carcinoma’, ‘hepatitis B’, ‘HBV’, ‘antiviral
therapy’, ‘entecavir’, or ‘tenofovir’; in addition, a manual search
for AASLD and EASL 2012-2014 conference abstracts was per-
formed using the same search terms. Studies were included in
this review if they involved a minimum of 100 patients, used
entecavir or tenofovir, and either had a control arm or, if sin-
gle-arm, reported separate HCC rates for cirrhotic and non-cir-
rhotic patients. Potential reports selected in the literature
search were evaluated by a second reviewer to determine
whether they fulfilled the inclusion criteria. Most of the studies
included in this review involved entecavir, which has been avail-
able for CHB treatment longer than tenofovir. Of these studies,
none was a randomized trial, but most were observational stud-
ies reporting HCC outcomes in entecavir-treated patients using as
control either untreated patients, or patients treated with one of
the older NAs lamivudine or adefovir.

HCC incidence under entecavir or tenofovir vs. no treatment

Five studies, all from East Asia, compared HCC incidence rates in
patients receiving current NAs (mostly entecavir) with those in
historical untreated control groups (Table 1) [25-29]. However,
such studies are limited by potential differences in baseline char-
acteristics that may affect the HCC risk in the two arms. Three of
these studies have utilized propensity score (PS) matching of the
cohorts to reduce these confounding effects [26,28,29].

Of the three studies using PS-matched controls, only the study
by Hosaka et al. from Japan included a cohort treated exclusively
with entecavir [26], while the other two studies assessed patients
treated with several NAs including entecavir [28,29]. In the study
by Hosaka et al. 25-29% of patients had pre-existing cirrhosis at
baseline [26]. The cumulative 5-year HCC incidence in the overall
patient population was significantly lower with entecavir (3.7%)
than with no treatment (13.7%; p <0.001), with a >60% reduction
in HCC risk (adjusted HR = 0.37; p = 0.03) [26]. When the analysis
was stratified by the presence of cirrhosis, entecavir reduced the
HCC risk more than 4-fold in cirrhotic patients (cumulative 5-
year HCC incidence: 7.0% vs. 38.9%; p <0.001), whereas the differ-
ence was much more modest and non-significant in non-cirrhotic
patients (cumulative 5-year HCC incidence 2.5% vs. 3.6%; p = 0.44)
[26]. Kumada et al. (Japan) used a treated cohort including
patients receiving entecavir (61%) or lamivudine with or without
adefovir (39%), and a PS-matched cohort of untreated patients.
The overall 5-year HCC incidence was significantly lower with
NA therapy than without (2.7% vs. 11.3%; p <0.01), with a risk
reduction of >70% (HR = 0.28; p <0.01) [28]. A nationwide study
from Taiwan (Wu et al.) assessed PS-matched cohorts of NA-
treated patients (27% entecavir, 60% lamivudine, 1% telbivudine,
12% combination therapy) and patients receiving no NA therapy
but hepatoprotective agents (e.g. silymarin, liver hydrolysate, or
choline bitartrate). The 7-year HCC incidence was significantly
lower in the NA-treated cohort (7.3%) than in the untreated
cohort (22.7%) (adjusted HR=0.37; p<0.001). The beneficial
effect of NA treatment was apparent in both patients with and
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Table 1. HCC outcomes in treated vs. untreated patients.

Study Treatment N Follow-up, yr, HCC incidence, %* HCC with vs. without NA treatment
median (range)
3-yr 5-yr 7-yr All pts Cirrhosis No cirrhosis
Hosaka [26] ETV Total: 316 3.3(2.3-4.3) 1.2 3.7 n.r. 5-year incidence 5-year incidence 5-year incidence
(Japan) No cirrhosis: 237 0 25 3.7% vs. 13.7% 7.0% vs. 38.9% 2.5% vs. 3.6%
NA-naive Cirrhosis: 79 4.3 7 p <0.001 p <0.001 p =044
Historical, PS-  Npo tx Total: 316 7.6 (3.4-13.7) 7.2 137  nr.
matched control No cirrhosis: 231 1.6 3.6 HR =0.37
Cirrhosis: 85 209 389 p=0.03
Wong [25] ETV Total: 1446 3.07 3.9 6.6 n.r 5-year incidence 5-year incidence 5-year incidence
(Hong Kong) No cirrhosis: 984 1.4 3.3 6.6% vs. 6.5% 13.8% vs. 26.4%  3.3% vs. 3.0%
NA-naive and Cirrhosis: 482 9.1 13.8 p =0.036
experienced No tx Total: 424 9.5t 3.7 6.5 n.r
Historical control No cirrhosis: 355 17 3.0 HR = 0.55
Cirrhosis: 69 145 264 p =0.049
Su [27] ETV Cirrhosis: 666 2.7t 24 n.r. n.r. n.r. 2.7-year incidence  n.r.
(Taiwan) (all comp) 2.4% vs. 5.2%
NA-naive No tx Cirrhosis: 621 9.1t 52 n.r n.r p=0.009
Historical control (all comp) HR =0.41
Kumada [28] NAs (61%  Total: 117 12.3 (3.1-19.4) n.r. 2.7 3.3 10-yearincidence n.r. n.r.
(Japan) ETV, 15% | No cirrhosis: 69 3.3% vs. 40.0%
NA-naive LVD, 24% | Cirrhosis: 48 p =0.0094
Historical, PS- LVD+ADV)
matched control  No tx Total: 117 11.6 (3.1-18.3) n.r. 113 260 |HR=028
No cirrhosis: 73 p =0.002
Cirrhosis: 44
Wu [29] NAs Total: 21,595 3.34 (1.40-5.50) n.r. n.r 7.3 7-year HR =0.72 HR =0.27
(Taiwan) (27% ETV, | No cirrhosis: 18,748 incidence
(Previous 60% LVD, | Cirrhosis: 2847 7.3% vs. 22.7%
treatment 1% LdT,
exposure not 12% comb); HR =0.37
specified) hepato- p <0.001
protective
agents
Historical, PS- Hepato- Total: 21,595 6.51 (3.54-7.00) n.r. n.r. 22.7
matched control  protective No cirrhosis: 18,579
agents Cirrhosis: 3016

Areas shaded in light-grey indicate consistent data. *Data shown are for total study population, and if reported, for subgroups of patients with no cirrhosis and cirrhosis.
"Mean. ADV, adefovir; comb, combination therapy; comp, compensated cirrhosis; ETV, entecavir; HCC, hepatocellular carcinoma; HR, hazard ratio; LdT, telbivudine; LVD,
lamivudine; NAs, nucleos(t)ide analogs; n.r., not reported; PS, propensity score; TDF, tenofovir; tx, treatment.

without cirrhosis (non-cirrhosis: HR = 0.27; cirrhosis: HR = 0.72)
[29].

The two studies comparing entecavir-treated patients and
untreated historical controls without detailed matching reported
significant reduction in the HCC rates in cirrhotic patients. An
observational study from Hong Kong by Wong et al. assessed the
impact of entecavir vs. no treatment in a mixed population of
NA-naive and NA-experienced (30%) patients. Pre-existing cirrho-
sis was detected in 33% of entecavir-treated and in 16% of untreat-
ed patients. Although there was no significant difference in HCC
incidence between entecavir-treated and untreated patients in
the overall comparison, when the analysis was stratified by cir-
rhosis, entecavir significantly reduced the HCC incidence in cir-
rhotic (5-year incidence 13.8% vs. 26.4%; HR = 0.55; p = 0.049),
but not in non-cirrhotic patients (5-year incidence 3% in both
groups) [25]. An observational multi-center study in compensated
cirrhotics from Taiwan compared patients receiving first-line
entecavir with an untreated historical control group. The HCC
incidence in the first 2.7 years was 2.4% in the entecavir group
and 5.2% in the untreated group (p = 0.009), corresponding to an
HCC risk reduction by ~60% (HR = 0.41; 95% CI 0.20-0.84) [27].

Another approach to assess the impact of NA therapy vs.
no treatment on HCC development is to compare the HCC
incidence observed in treated patients with that predicted by
a risk calculator. This method was used by Kim et al. [30],
who compared the HCC incidence reported in the global teno-
fovir Phase III studies in NA-naive patients with the HCC inci-
dence estimated by the Risk Estimation for Hepatocellular
Carcinoma in Chronic Hepatitis B (REACH-B) risk calculator
based on individual patients’ characteristics [31]. Among 641
patients included in these studies, there were 13 cases of
HCC over 6years of tenofovir therapy. The 10th HCC case
occurred at 3.3 years, at which time the REACH-B model pre-
dicted 11.2 cases. Beyond that time point, there was a pro-
gressive divergence between the predicted and observed
number of HCC cases (standardized incidence ratio=0.55
[95% confidence interval 0.32-0.94] after a median follow-up
of 5.5years) [30]. One limitation of this study is that the
REACH-B model was developed in Asian non-cirrhotic patients
[31], whereas the tenofovir trials included mostly white
patients (59% Whites, 30% Asians) and 28% cirrhotic patients
[24,32].
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HCC incidence in relation to on-therapy virologic remission

An alternative way of assessing the impact of antiviral therapy on
HCC risk is to correlate the degree of viral suppression with sub-
sequent development of HCC. This approach has been used by
seven studies; four from East Asia and three from Europe (Table 2)
[25,33-38]. Of these, six used exclusively entecavir, whereas one
study also involved other NAs; in the latter study, all patients
were NA-naive, whereas in the other six, patients could be NA-
naive or NA-experienced.

The study in NA-naive patients came from Korea, and included
treatments with various NAs (73% entecavir, 5% lamivudine, 3.5%
clevudine, 18.7% with sequential or combination therapy), which
achieved a virologic response (VR) in 82.5% of patients. In addi-
tion, a control group of inactive HBV carriers (HBeAg-negative)
was included. Among treated patients, HCC incidence was sig-
nificantly higher among those who did not achieve a VR than in
those who did (p=0.028), with a significant treatment effect
observed in the subgroup of cirrhotic patients (p =0.004), but
not in non-cirrhotics. However, treated patients with a VR still
had a significantly higher HCC risk compared with inactive carri-
ers (overall annual HCC incidences 2.3% vs. 0.3%; p <0.001) [35].

Similar findings were observed in the Asian studies including
both NA-naive and NA-experienced patients. In a Taiwanese
cohort study of entecavir-treated patients (Yang et al; 33.6%
NA-experienced; 40% cirrhotic), the cumulative incidences of
HCC were lower with achievement of a VR in both non-cirrhotic
(HR=0.08; p=0.001) and cirrhotic patients (HR = 0.21; p = 0.001)
[33]. In another study from Korea by Kim et al. including ente-
cavir-treated cirrhotic CHB patients, VR was associated with a
significantly lower probability of developing HCC (HR =0.06;
p <0.001) [34]. The Hong Kong study by Wong et al. described
earlier reported that in the entecavir group, virologic remission
had no impact on the HCC rate in the overall patient population
(8.7% vs. 10.7%, p = 0.33), but was associated with a significantly
reduced probability of HCC in the subgroup of cirrhotic patients
(p=0.02) [25].

In Caucasian CHB patients, the benefit of virologic remission
was controversial. A large European study (VIRGIL) evaluated
entecavir-treated patients (23% NA-experienced; 22% cirrhotic;
42% Caucasian, 29% Asian, 29% other/unknown) [37]. After a fol-
low-up of 1.7 years, patients achieving a VR to entecavir had a
71% lower probability of a clinical event (HCC, hepatic decompen-
sation, or death) than those who did not (HR = 0.29; p =0.05),
with a significantly reduced risk among cirrhotic patients
(HR=0.22; p=0.04), but not in those without cirrhosis [36].
However, after prolonged follow-up to year 3, an association
between virologic suppression and HCC (HR=0.87; p=0.87) or
clinical event (HR = 0.70; p = 0.46) in the overall study population
was no longer observed [37]. Finally, in a study from Greece
including NA-naive or NA-experienced patients treated with
entecavir, virologic remission was achieved in 97% of cases and
was reported not to affect the HCC incidence, but the number
of patients without remission was rather small [38].

HCC incidence under entecavir or tenofovir vs. older NAs

Seven studies addressed whether entecavir or tenofovir are more
effective in reducing HCC risk than older NAs (Table 3). Four of
these studies were from East Asia [26,39-41], two from Turkey
[42,43], and one from Greece [38]. The study by Hosaka et al. in
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NA-naive patients also included a comparison between ente-
cavir-treated patients and historical controls receiving lamivudine
without any rescue therapy upon resistance (182 PS-matched
patients in each group); in non-cirrhotic patients, HCC rates were
comparable between entecavir and lamivudine; however, in
cirrhotic patients, the HCC incidence was significantly lower with
entecavir than with lamivudine (p=0.04) [26]. The study by
Kobashi et al. from Japan included NA-naive patients treated with
entecavir or lamivudine (47% with rescue therapy; baseline cir-
rhosis 22% and 27%, respectively). After a treatment duration of
4 years, there was no significant difference in the overall HCC
incidence between entecavir and lamivudine. However, lamivu-
dine resistance, which developed in 60/127 (47%) lamivudine-
treated patients, was associated with a significantly increased
risk of HCC (20.3% vs. 3.2% at year 5; p =0.04; [39]). A Korean
analysis of PS-matched pairs of NA-naive patients treated with
entecavir or lamivudine (39% with rescue therapy) found that
in the overall study population, and in patients with cirrhosis,
the risk of death or transplantation was 50-60% lower with ente-
cavir than with lamivudine (p <0.001) after 3 years of follow-up;
however, HCC risk over the same time period was comparable
between the two treatments. In patients without cirrhosis, there
was no difference between treatments for both outcomes [40].
Another Korean study in patients treated with either entecavir
or lamivudine (proportion of patients with rescue therapy not
reported) also found no significant difference in HCC incidence
between entecavir (6.5%) and lamivudine (7.3%) after 2.5 years
of therapy (p =0.131), despite higher rates of undetectable HBV
DNA and lower resistance with entecavir [41].

An ongoing nationwide study in Greece (HEPNET) assessed
HCC incidence in a mixed (24% NA-experienced; 25% cirrhotic)
cohort of HBeAg-negative patients treated with entecavir, com-
pared with that in an historical cohort of lamivudine-treated
patients (49% with rescue therapy). In the overall population,
HCC incidence was lower with entecavir than with lamivudine
(2.8% vs. 5.6% at year 5; p = 0.024), but the difference could not
reach statistical significance when the treatment effect was
evaluated separately in non-cirrhotic patients (0.5% vs. 3.2% at
year 5; p=0.091) and cirrhotic patients (9.3% vs. 11.5% at year
5; p=0.277). In a multiple regression analysis, HCC risk was
not associated with antiviral agent type [38]. A Turkish study
(Koklii et al.) assessed the impact of entecavir, tenofovir, and
lamivudine (32% with rescue therapy) in NA-naive and -experi-
enced (14%) patients with cirrhosis. Over 3 years of follow-up,
the HCC incidence was comparable between the three agents
[42]. In another Turkish study comparing NAs with a high (ente-
cavir or tenofovir) or low (lamivudine or adefovir; proportion of
patients with rescue therapy not reported) genetic barrier, HCC
development was significantly associated with low genetic barri-
er drug regimens (p =0.02) and resistance-associated virologic
breakthrough (p = 0.04) [43].

Summary of annual HCC rates under entecavir or tenofovir

The annual HCC rates under entecavir or tenofovir reported in
these studies, and in single-arm studies assessing HCC outcomes
during treatment with these NAs [44-46], are shown separately
for non-cirrhotic and cirrhotic patients in Fig. 1A and B. In non-
cirrhotic patients treated with entecavir or tenofovir, annual
HCC incidences ranged from 0.0% to 1.4% in Asian patients, and
from 0.1% to 1.0% in predominantly Caucasian populations. In cir-
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Table 2. HCC outcomes in treated patients with vs. without virologic response.

Study Treatment N Follow-up, VR* HCC incidence, % HCC with vs. without NA treatment
yr, median
(range)

3-yr  5yr  T-yr All pts Cirrhosis No cirrhosis
Wong [25] ETV Total: 1446 3.0¢ +VR: 77% 8.7 n.r. n.r. 3-year incidence 3-year incidence n.r.
(Hong Kong) No cirrhosis: 984 8.7% vs. 10.7% p=0.02
Tx-naive + Cirrhosis: 482 —VR: n.r. 10.7 nur. n.r. p=0.33
-experienced
Yang [33] ETV Total: 323 3.0(1.0-6.0) + VR: 83-98% n.r. n.r. n.r. n.r. HR =0.08 HR =0.21
(Taiwan) No cirrhosis: 202 —VR: n.r. nr.  nr n.r. p=0.001 p =0.001
Tx-naive + Comp cirrhosis: 106
-experienced Decomp cirr: 15
Kim [34] ETV Cirrhosis: 324 3.0+ +VR: n.r. n.r. n.r. n.r. n.r. RR = 0.056 n.r.
(Korea) Comp cirrhosis: 220 —VR:nr. nr.  nr. nr. p <0.001
Tx-naive + Decomp cirr: 104
-experienced
Cho [35] NAs (73% Total: 1378 3.3+ + VR: 82% 5.9 1.4 nr. 5-year incidence 5-year incidence 5-year incidence
(Korea) ETV, 5% LVD, | No cirrhosis: 933 4.7 7.2 11.4% vs. 18.8% 17.4% vs.38.7% 7.2% vs. 11.1%
Tx-naive 22% other) Cirrhosis: 445 8.1 17.4 p=0.028 p =0.004 p=0.212

- VR: 18% 8.6 18.8 nur.

6.4 111

14.3 38.7
Zoutendijk [36] ETV Total: 372 1.7 (0.9-2.7) +VR: 93% n.r. n.r. n.r. HR =0.29 HR =0.22 HR =0.24
(Europe) No cirrhosis: 274 p=0.05 p=0.04 p=0.27
Tx-naive + Comp cirrhosis: 98 -VR:nur. n.r.. . nr n.r.
-experienced
Arends [37] ETV Total: 744 3.2(1.64.1) +VR:99% n.r. n.r. n.r. HR =0.87 n.r. n.r.
(Europe) No cirrhosis: 580 —VR: n.r. nr.  nr nr. p=0.87
Tx-naive + Cirrhosis: 164
-experienced
Papatheodoridis ETV Total: 321 3.3(214.3) +VR: 97% n.r. n.r. n.r. 5-year incidence n.r. n.r.
[38] No cirrhosis: 212 —VR:nr. nr.  nr. nr. n.s.
(Greece) Comp cirrhosis: 55
Tx-naive + Decomp cirr: 14

-experienced

Unclassified: 40

Areas shaded in light-grey indicate consistent data. *Data shown are for total study population. "Data shown are for total study population, and if reported, for subgroups of patients with no cirrhosis and cirrhosis.
"Mean. ADV, adefovir; cirr, cirrhosis; comb, combination therapy; comp, compensated cirrhosis; decomp: decompensated cirrhosis; ETV, entecavir; HCC, hepatocellular carcinoma; HR, hazard ratio; LdT, telbivudine;

LVD, lamivudine; NAs, nucleos(t)ide analogs; NR, not reported; PS, propensity score; RR, risk reduction; TDF, tenofovir; tx, treatment; VR, virologic response.
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Table 3. HCC outcomes with current NAs vs. older NAs.
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Study Treatment N Follow-up, yr; HCC incidence, %* HCC with current vs. older NAs
median (range) 3.yr 5-yr  7-yr All pts Cirrhosis  No
cirrhosis
Hosaka [26] ETV Total: 316 3.3(2.3-4.3) 1.2 3.7 n.r. | 5-year 5-year 5-year
(Japan) (rescue No cirrhosis: 237 0 2.5 incidence incidence incidence
Tx-naive therapy: none) | Cirrhosis: 79 4.3 7.0 7.0% vs. 7.0% vs. 2.5%vs.
Historical, PS- | yp Total: 182 6.8 (5.0-9.9) nur. nr. nr. 222% 22.2%  4.9%
matched control (rescue No cirrhosis: 97 3.2 4.9 p =0.043 p=0.043 p=0.126
therapy: none) | Cirrhosis: 85 12.2 222
Kobashi [39] ETV Total: 129 2.9 (0.4-7.5) 7.0 11.8 n.r. | 5-year n.r n.r
(Japan) (rescue No cirrhosis: 101 incidence
Tx-naive therapy: <1%) | Cirrhosis: 28 11.8% vs.
LVD Total: 127 6.0 (0.5-10.0) 6.4 1.7 nr. |[11.7%
(rescue No cirrhosis: 93 p =0.680
therapy: 47%) | Cirrhosis: 34
Lim [40] ETV Total: 1792 3.1(2.2-4.3) n.r n.r. n.r. | Annual Annual Annual
(Korea) (rescue No cirrhosis: 878 incidence incidence incidence
PS-matched therapy: 1.8%) | Cirrhosis: 860 2.4% vs. 41% vs. 0.7% vs.
Tx-naive + LVD Total: 1792 8.7 (6.5-11.5) n.r nr. nr. 25% 4.35% 0.8%
-experienced (rescue No cirrhosis: 878 HR =1.01 HR=1.0 HR=1.26
therapy: 39.3%) | Cirrhosis: 860 p=0.95 p=0.999 p=0.46
Lee [41] ETV Total: 293 2.5 6.5% (yr2.5) n.r. nr. |2.5-year n.r. n.r.
(Korea) (rescue incidence
Previous tx not  therapy: n.r.) 6.5% vs.
specified LVD Total: 165 24 73%(yr24) nr. nr. (3%
(rescue p=0.131
therapy: n.r.)
Papatheodoridis ETV Total: 321 3.3(2.2-4.3) 1.2 2.8 n.r. 5-year 5-year 5-year
[38] (rescue No cirrhosis: 212 0.5 0.5 incidence incidence incidence
(Greece) therapy: <1%) | Comp cirrhosis: 55 33 9.3 2.8% vs. 9.3% vs. 0.5% vs.
Tx-naive + Decomp cirr: 14 ’ ' 5.6% 11.5% 3.2%
-experienced Unclassified: 40 - - p=0.024 p=0.277 p=0.091
Historical LVD Total: 818 47(26-64) 3.8 56 nr.
control (rescue No cirrhosis: 517 1.7 3.2 HR=1.9
therapy: 49%)  Comp cirrhosis: 160 85 15 p=0214
Decomp cirr: 56 : :
Unclassified: 85 - -
Goturk [43] ETV or TDF Total: 661 4 (1-7.8) n.r. n.r. n.r. | Low barrier n.r. n.r
(Turkey) (rescue No cirrhosis: 436 to resistance
Previous tx therapy: NA) | Cirrhosis: 225 agent
exposure not | p or ADV n.r nr. nr. P=002*
specified (rescue Resistance/
therapy: NA) virologic
breakthrough
p = 0.04*
Kokl [42] ETV Total: 77 2.07 4/77** (yr2) n.r.  nr. nr. n.r. n.r.
(Turkey) (rescue No cirrhosis: 0
Tx-naive + therapy: 2.6%) | Comp cirrhosis: 41
-experienced Decomp cirr: 36
TDF Total: 72 1.8t 2[72*(yr18) n.r. n.r.
(rescue No cirrhosis: 0
therapy: 2.7%)  Comp cirrhosis: 46
Decomp cirr: 26
LVD Total: 74 3.0t 6/74**(yr3) n.r.  nur.
(rescue No cirrhosis: 0

therapy: 32%)

Comp cirrhosis: 34
Decomp cirr: 40

Areas shaded in light-grey indicate consistent data. *Data shown are for total study population, and if reported, for subgroups of patients with no cirrhosis and cirrhosis.
"Mean. *Multivariate regression analysis. **n/N.
ADV, adefovir; comb, combination therapy; comp, compensated cirrhosis; decomp: decompensated cirrhosis; ETV, entecavir; HCC, hepatocellular carcinoma; HR, hazard
ratio; LdT, telbivudine; LVD, lamivudine; NA, not assessed; NAs, nucleos(t)ide analogs; PS, propensity score; RR, risk reduction; TDF, tenofovir; tX, treatment.
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Fig. 1. Annual HCC incidence rates with entecavir or tenofovir in CHB without cirrhosis (A) and with cirrhosis (B). Annual HCC incidences were calculated from studies
with different follow-up duration by assuming constant incidence rates over time. In panel B, the following studies reported rates for compensated cirrhotic patients only
(decompensated excluded): Wong [25,53]; Yang, naive/experienced cohort [33]; Lampertico, ETV cohort [44]; Papatheodoridis, ETV/TDF cohort [54]. The following studies
reported pooled rates for patients with compensated and decompensated cirrhosis, with the ratio of decompensated and compensated given in brackets: Yang, NA-naive
cohort (15/106) [33]; Kim (104/220) [34]; Papatheodoridis, ETV cohort (14/55) [38]; K6kli, ETV cohort (36/41), TDF cohort (26/46) [42]. In the following studies the number
of any decompensated patients that may have been included in the cirrhotic cohort is not reported: Hosaka [26]; Chen [46]; Lim [40]; Cho [35]; Su [27]; Wu [29].
*“Proportions of Caucasian patients included in the study populations were: Lampertico, ETV cohort: >98% [Lampertico personal communication]; Lampertico, TDF cohort:
100% [Lampertico personal communication]; Arends: 42.5% [37]; Papatheodoridis ETV cohort >98% [Papatheodoridis personal communication], ETV/TDF cohort: 99.2% [54];
Koklii: not reported. (CHB, chronic hepatitis B; ETV, entecavir; HCC, hepatocellular carcinoma; n.r., not reported; TDF, tenofovir; tx, treatment).

rhotic patients treated with entecavir or tenofovir, HCC rates
were around 4 to 5 times higher than in those without cirrhosis,
ranging from 0.9% to 5.4% in Asians and from 1.5% to 5.2% in Cau-
casians. HCC rates in NA-naive patients were comparable to those
in mixed populations of NA-naive and -experienced patients. This
observation is in line with a Taiwanese study (Chen et al.) which
assessed the HCC outcomes under entecavir in cirrhotic patients

based on previous treatment exposure; HCC incidence was com-
parable between NA-naive and NA-experienced patients (15.8%
vs. 11.1%; p=0.98) [46].

Using those studies that assessed outcomes with and without
NA treatment [25-27,29], all of which were Asian and with
entecavir, we also compared the mean annual HCC incidences
weighted according to the sample size of each study. In patients

962 Journal of Hepatology 2015 vol. 62 | 956-967



with cirrhosis, the weighted mean annual HCC incidence was
3.2% with entecavir compared with 4.5% without treatment
(p=0.004); in patients without cirrhosis, the weighted mean
annual HCC incidences with and without treatment were 0.68%
and 2.90% (p <0.0001), respectively. When considering only stud-
ies with a PS-matched control [26,29], the weighted mean annual
HCC incidences were 3.83% with entecavir compared with 5.0%
without treatment (p=0.028) in patients with cirrhosis, and
0.68% vs. 2.94% (p <0.0001) in those without cirrhosis.

Risk calculators for HBV-related HCC

Several scoring systems, most of which were derived from data
on untreated Asian patients, have been developed to predict the
risk of HBV-related HCC based on some of the known HCC risk
factors (Table 4, [31,47-49]). The REACH-B score was based on
data from the Taiwanese Risk Evaluation of Viral Load Elevation

Table 4. Comparisons of published risk scoring systems for HCC.

JOURNAL OF HEPATOLOGY

and Associated Liver Disease (REVEAL) cohort, and was subse-
quently validated in other independent Asian patient groups
[31]. A revised version of REACH-B exists that also integrates
serum qHBsAg levels [50]. Two other Asian scoring systems,
Chinese University — Hepatocellular Carcinoma score (CU-HCC)
(including 15% treated patients) and Guide with Age, Gender,
HBV DNA, Core promoter mutations and Cirrhosis (GAG-HCC),
have been developed using data from two independent Hong
Kong cohorts [47,48]. The latter two models highlight that cir-
rhosis is an important risk factor for HCC in Asians; although
without a biopsy, detection of cirrhosis in routine practice is
neither sensitive nor standardized [51]. Non-invasive measure-
ments of liver fibrosis such as transient elastography may
enhance the accuracy of these models; however, further studies
are needed [52].

An important question is whether HCC risk predictors are also
applicable in patients receiving antiviral therapy, as this general-
ly results in HBV DNA suppression and sometimes also regression

CU-HCC GAG-HCC REACH-B PAGE-B
(Wong et al.) [47] (Yuen et al.) [48] (Yang et al.) [31] (Papatheodoridis et al.) [49]
Number of patients 1005 820 3584 1619
Place of development Hong Kong Hong Kong Taiwan Europe
Ethnicity Asian Asian Asian Caucasian
Age (years) 48.0 40.6 45.7 53
HBeAg-negative (%) Not reported 56.6 84.8 84
Cirrhosis (%) 38.1 15.1 0 30
Follow-up (years) 9.94 5.62 12.0 3.3
Antiviral therapy (%) 15.1 0 0 100
HCC (n, %) 105, 10.4 40, 4.9 131, 3.7 56, 3.5
Scoring system Variable Points Variable Points Variable Points Variable Points
Age Age Age Age
>50 years 3 Peryear 1(1%) Per 5 years 1 <30 -4
over 30 30-39 -2
40-49 0
50-59 2
60-69 4
270 6
Albumin 20 Male 16 (14*) Male 2 Male 5
<3.5 g/l
Bilirubin BCP 19 ALT, U/L Platelets, mm?
>1.1 mg/dl 1.5 mutation 15-44 1 >200x10°® 0
245 2 100-<200x10° 6
<100x10?® 11
Cirrhosis 15 Cirrhosis 30 (33*) HBeAg-positive 2
HBV DNA HBV DNA HBV DNA
4-6 log 1 Per log 3 (3%) <4 log 0
>6 log 4 4-<5 log 3
5—<6 log 5
26 log 41

Risk scores

Low (<5), intermediate
(5-20), and high (>20)

Low (<101) and
high (2101)

A 17-point risk scale A 27-point risk scale (—4 to 22);
low (<6), intermediate (6—10), and

high (>10)

*Simplified GAG-HCC score excluding core promoter mutations. "The risk score attributed to HBV DNA >10° copies/ml was less than that for HBV DNA of 10°-<106 copies/
ml because most patients with HBV DNA >10° copies/mL were also HBeAg-positive, thus sharing the associated higher score for this category. ALT, alanine amino-
transferase; BCP, basal core promoter; CU-HCC, Chinese University - Hepatocellular Carcinoma score; GAG-HCC, Guide with Age, Gender, HBV DNA, Core promoter
mutations and Cirrhosis; HCC, hepatocellular carcinoma; REACH-B, Risk Estimation for Hepatocellular Carcinoma in Chronic Hepatitis B. HBV DNA presented as log;o

copies/ml.
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of cirrhosis [19-21]. The accuracy of REACH-B, CU-HCC, and GAG-
HCC has been confirmed in entecavir-treated patients in one
cohort from Hong Kong, and seems to increase from year 2 of
therapy onwards compared with baseline [53]. However, these
models were reported to offer poor accuracy for the prediction
of HCC in European Caucasian patients receiving antiviral therapy
[37,54]. In mostly Caucasian European patients under entecavir
or tenofovir therapy, a new score named PAGE-B has recently
been developed; in this score, which included age, gender, and
platelet counts probably reflecting the severity of liver disease,
the addition of cirrhosis did not substantially improve the dis-
crimination [49].

The variables included in all these models can be conceptually
divided into three categories: (i) variables that are readily modifi-
able by antiviral therapy, namely HBV DNA and alanine amino-
transferase (ALT); (ii) variables that can potentially be altered
with long-term antiviral therapy, namely albumin, bilirubin, pla-
telets, HBeAg status, and, ultimately, cirrhosis; and (iii) variables
that are not affected, namely age and gender. Examination of the
weights associated with these variables may be instructive in
estimating the impact on HCC risk that could potentially be
attributed to antiviral therapy by the different risk scores. The
CU-HCC model, in which four out of the five variables are modifi-
able by NAs, may suggest that most of the HCC risk may be
eliminated with effective long-term antiviral therapy. In the
GAG-HCC model, the relative impact on HCC risk of reversible
components is much smaller. With the REACH-B score, out of
the possible maximum score of 17, up to nine are potentially
reversible. In PAGE-B, only one (platelets) of the three variables
may be altered with antiviral therapy. Serum HBV DNA is includ-
ed in three of the four models, and is also an important compo-
nent of guideline recommendations to determine treatment
candidacy [19-21]. In general, recent studies investigating pre-
dictors of HCC under NA therapy usually identified older age
(=50-60 years), cirrhosis or advanced liver disease, male gender,
family history of HCC, and previous lamivudine therapy as risk
factors for HCC during NA therapy [37,38,55,56]. Importantly,
baseline HBV DNA level was not associated with HCC risk
[35,56], which is in contrast to studies assessing HCC risk in
untreated patients [8,9], and highlights the importance of differ-
ent HCC risk models for different patient populations.

Discussion

The data summarized in this review show that treatment with
the current NAs entecavir and tenofovir can reduce the risk of
HCC, which is consistent with prior data from the lamivudine
era. The treatment effect was significant in patients with cirrho-
sis, whereas a significant HCC risk reduction in non-cirrhotic
patients was noticeable only in some reports. Using only studies
reporting comparative data with vs. without NA treatment, all of
which were from Asia, treatment with a current NA resulted in a
significant reduction of HCC risk by ~30% in cirrhotic patients,
and by ~80% in non-cirrhotic patients. Although the data are lim-
ited, no substantial difference seemed evident between treat-
ment-naive and -experienced patients.

The putative mechanisms of how antiviral therapy reduces
HCC risk may include downregulation of hepatic inflammation
and related nuclear signaling pathways that lead to neoplastic
transformation at the cellular level, as well as reversal of fibrosis

and reduction of regenerative stimuli at the tissue level. Antiviral
therapy may also reduce expression of HBx protein to levels
insufficient to promote HCC development, or act at a genomic
level by preventing HBV DNA integration into host chromosomes
or affecting its malignant potential [3-5].

The fact that antiviral therapy reduces HCC risk in cirrhotic
patients is remarkable considering that cirrhosis is regarded as
a pre-malignant condition [57]. Both entecavir and tenofovir have
been shown to achieve reversal of cirrhosis over treatment peri-
ods of around 5 years [23,24]. However, the effect of antiviral
therapy on HCC incidence in some of the studies appears to
become evident before a significant amount of fibrosis regression
is expected, which may suggest that some elements in the car-
cinogenesis process may be driven independently of histologic
liver damage [58], as also evidenced by cases of HCC develop-
ment in the absence of prior cirrhosis [59].

Regarding the HCC risk in patients without cirrhosis, findings
were inconsistent between studies, with a significant treatment-
induced risk reduction reported in some [29,33], but not in other
reports [25,26,35]. The lack of treatment effect in non-cirrhotic
patients may be due to insufficient statistical power relating to
the lower HCC incidence in these patients, and a relatively short
follow-up. On the other hand, one of the studies which observed
a reduced HCC incidence in non-cirrhotic patients [29] reported a
relatively high HCC incidence in the untreated control group
(approximately 3% annually), similar to that reported in cirrhotic
patients of other studies; in addition, there were some differ-
ences in baseline characteristics between treated and untreated
non-cirrhotic patients, indicating that these results may have to
be interpreted with caution. Thus, for non-cirrhotic patients,
more studies with longer follow-ups are needed to provide con-
clusive evidence regarding the effect of treatment on HCC.

For patients of Caucasian origin, no comparative study assess-
ing HCC outcomes with and without NA therapy is currently
available. One recent US study comparing PS-matched cohorts
of treated and untreated cohorts demonstrated an overall risk
reduction with anti-HBV therapy of 60%, but the type of NAs used
was not specified [60]. A number of single-arm studies assessed
HCC outcomes in Caucasian patients treated with entecavir- or
tenofovir. Comparing HCC data from these studies (annual rates
in non-cirrhotic patients: 0.1-1.0%; cirrhotic patients: 1.5-5.2%)
with those previously published in natural history studies (annu-
al rates in non-cirrhotic patients: 0.3%; cirrhotic patients: 2.2%
[2]), it appears that in Caucasian patients, NA treatment has little
or no impact on HCC reduction in both patients with and without
cirrhosis. However, such comparisons need to be interpreted cau-
tiously due to possible differences in patient characteristics
between different cohorts (particularly due to inclusion of older
patients in the most recent cohorts). More studies with appropri-
ate controls are needed to establish the impact of NA therapy on
HCC in patients of Caucasian origin.

When comparing treated patients of different ethnicities, it
appeared that annual HCC incidences were comparable between
Asian and mixed-ethnicity populations. This is in contrast with
previous reports in untreated patients showing 2-3-fold higher
HCC rates in Asians [2,61]. However, such comparisons are again
difficult because of different patient characteristics, including dif-
ferences in the criteria for treatment indication and
reimbursement.

Regarding the association of virologic suppression and HCC
development, conflicting results have been reported. In Asian
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studies, achievement of a VR was associated with a lower HCC
risk, in particular among patients with cirrhosis; however this
could not consistently be confirmed in European studies, which
is in agreement with a previous report in Caucasian patients
treated with lamivudine [62]. The inconsistency might be
explained by differences in the patient population such as HBV
genotype distribution. In addition, a difficulty with this type of
analysis is the generally small number of patients without viro-
logic suppression and HCC cases during potent antiviral therapy
with entecavir or tenofovir. However, it might also be that just
the achievement of a VR is not sufficient for reducing HCC risk.
For example, it has been reported that the duration of VR to
NAs was significantly associated with HCC risk (>24 months:
HR =0.10) [55], whereas other studies found that HCC risk reduc-
tion was associated with treatment-induced HBsAg seroclearance
[63], or reduction in HBV DNA and qHBsAg levels (HBsA-
g <100 IU/ml) [64].

The fact that achievement of virologic suppression per se is not
necessarily associated with a reduced HCC risk may also explain
why most studies comparing entecavir or tenofovir with older
NAs did not observe a difference in HCC risk reduction between
agents. In most of these studies, 30-50% of the lamivudine-treat-
ed patients were switched to entecavir or tenofovir. The only
report which did observe a significantly greater HCC risk reduc-
tion with entecavir than with lamivudine is the study by Hosaka
et al. [26], where no rescue therapy was used (as it was not avail-
able for this historical control cohort). Several studies found that
HCC development was significantly associated with resistance
development, resistance-associated virologic breakthrough, low
genetic barrier drug regimen, and prior lamivudine exposure
[37,39,43]. These findings are consistent with earlier results from
Liaw et al. showing increased disease progression in patients with
lamivudine resistance [16], and suggest that incomplete viral
suppression that results in resistance and breakthrough-related
hepatic flares can be a risk factor for HCC.

Implications for clinical practice and future research

An important message that emerges from this review is that
although HCC risk can be reduced with the current NAs entecavir
and tenofovir, it cannot be eliminated (at least within several
years of therapy) due to risk factors that are not amenable to
change by antiviral therapy (such as family history of HCC, dura-
tion of the infection, or HBV genotype), or carcinogenic events
that may have taken place before treatment initiation (such as
prior treatment exposure and history, or integration of HBV
DNA into the host genome). Thus, HCC surveillance remains an
important component in the management of treated patients,
even if they maintain complete viral suppression. This is the con-
text in which valid HCC risk calculators may be useful. The tools
available today partially fulfill such goals to the extent that vari-
ables that are not modifiable by antiviral therapy can be identi-
fied. In Asian patients, the REVEAL, CU-HCC, and GAG-HCC risk
calculators have been shown to be valid in one cohort of Asian
patients treated with entecavir [53]. A revised version of
REACH-B, incorporating liver stiffness values (by transient elas-
tography) instead of serum HBV DNA, has been shown to accu-
rately predict liver-related events among patients that achieve
a complete VR under NA treatment [65]. For Caucasian patients
receiving antiviral therapy, particularly entecavir or tenofovir,
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the PAGE-B score appears to be the most suitable HCC risk predic-
tor [49]. Additional validated pre- and on-therapy calculators
derived from other patient populations would be of great practi-
cal value to inform best practice for HCC surveillance and to facil-
itate patient counseling. HCC risk scores may also be used to
complement treatment indications as recommended by current
CHB practice guidelines. For example, some patients whose
HBV DNA levels indicate an increased HCC risk based on HCC
scores may not be recommended for antiviral therapy by the
guidelines. In addition, qHBsAg levels, which have been shown
to correlate with HCC risk in some patients [13], may be integrat-
ed into HCC risk prediction and patient management [66].

Another important point is that all of the observational data
discussed in this review, as well as the data from the Liaw et al.
trial [16], were derived from a subset of CHB patients, namely
those who have evidence of active liver disease, and are at risk
of progression and future complications based on CHB treatment
guidelines. Therefore, the data in this review should not be con-
strued to indicate that HCC risk may be reduced in all patients
with HBV infection. For example, there has been no study to date
assessing the effect of antivirals on HCC risk in patients in the
immune-tolerant phase, or in HBeAg-negative patients with nor-
mal ALT but elevated HBV DNA levels.

In summary, accumulating evidence indicates that antiviral
therapy with the current NAs entecavir or tenofovir prescribed
to control hepatic inflammation and prevent or reverse liver
fibrosis can also reduce the risk of HCC, especially in Asian
patients. Further studies are needed to describe the impact of
treatment in non-cirrhotic patients, and in patients of Cau-
casian ethnicity. Additional studies may also be justified to
investigate whether there are subgroups of patients who cur-
rently do not meet the treatment criteria, and yet may benefit
from HCC risk reduction by being treated with potent antiviral
agents. Other future research opportunities may include
mechanistic studies to understand cellular processes in which
antiviral therapy may interfere with carcinogenesis. They may
inform the search for biomarkers and clinical predictors of
response, ultimately leading to individualized management of
HBV patients to optimize clinical benefits of antiviral therapy
in reducing the risk of HCC as well as preventing and reversing
chronic liver disease.

Conflict of interest

The authors disclose the following: George V. Papatheodoridis:
Served as an advisor and lecturer for Bristol-Myers Squibb,
Gilead, GlaxoSmithKline, Merck Sharp & Dohme, Novartis, and
Roche as well as a member of the Data Safety Management Board
for clinical trials of Gilead, and has received research grants from
Bristol-Myers Squibb, Gilead, and Roche. Henry Lik-Yuen Chan:
Served as a consultant and speaker for Bristol-Myers Squibb,
Gilead, Merck Sharp & Dohme, Novartis, and Roche, has received
honoraria for lectures from AbbVie, GlaxoSmithKline, and Echo-
sens, and has received an unrestricted grant for research in hep-
atitis B from Roche. Bettina Hansen: No conflict of interest. Harry
Janssen: Received consulting/research support from Roche, Mer-
ck, Gilead, Bristol-Myers Squibb, Novartis, Santaris, Medtronic,
Anadys, Innogenetics, and Kirin. Pietro Lampertico: Served on
advisory boards and speaker bureaus for Bristol-Myers Squibb,
Roche, Gilead, and GlaxoSmithKline.

Journal of Hepatology 2015 vol. 62 | 956-967 965

Review



Review

Review

Authors’ contributions

All authors were involved in the selection and interpretation of
the included data, drafting of the manuscript, and critical revision
of the manuscript for intellectual content. This review in its
entirety is the work of the authors alone; they selected the data
to be included, drafted and reviewed the manuscript, and decided
on the overall conclusion of the manuscript.

Acknowledgments

The authors would like to thank W. Ray Kim, MD, for helpful dis-
cussions and suggestions during the development of this review.
Bibliographical and editorial assistance was provided by Isabelle
Kaufmann of Articulate Science. This assistance was supported by
a grant from Bristol-Myers Squibb. The sponsor had no role in the
development of the content of the manuscript. Bristol-Myers
Squibb reviewed the final article for scientific accuracy only.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.jhep.2015.01.
002.

References

[1] Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. Global
and regional mortality from 235 causes of death for 20 age groups in 1990
and 2010: a systematic analysis for the Global Burden of Disease Study 2010.
Lancet 2012;380:2095-2128.

[2] Fattovich G, Bortolotti F, Donato F. Natural history of chronic hepatitis B:
special emphasis on disease progression and prognostic factors. ] Hepatol
2008;48:335-352.

[3] But DY, Lai CL, Yuen MF. Natural history of hepatitis-related hepatocellular
carcinoma. World ] Gastroenterol 2008;14:1652-1656.

[4] Arzumanyan A, Reis HM, Feitelson MA. Pathogenic mechanisms in HBV- and
HCV-associated hepatocellular carcinoma. Nat Rev Cancer 2013;13:
123-135.

[5] Kew MC. Hepatitis B virus x protein in the pathogenesis of hepatitis B virus-
induced hepatocellular carcinoma. ] Gastroenterol Hepatol 2011;26:
144-152.

[6] Sung WK, Zheng H, Li S, Chen R, Liu X, Li Y, et al. Genome-wide survey of
recurrent HBV integration in hepatocellular carcinoma. Nat Genet
2012;44:765-769.

[7] Toh ST, Jin Y, Liu L, Wang ], Babrzadeh F, Gharizadeh B, et al. Deep
sequencing of the hepatitis B virus in hepatocellular carcinoma patients
reveals enriched integration events, structural alterations and sequence
variations. Carcinogenesis 2013;34:787-798.

[8] Chen CJ, Yang HI, Su ], Jen CL, You SL, Lu SN, et al. Risk of hepatocellular
carcinoma across a biological gradient of serum hepatitis B virus DNA level.
JAMA 2006;295:65-73.

[9] Chen G, Lin W, Shen F, lloeje UH, London WT, Evans AA. Past HBV viral load
as predictor of mortality and morbidity from HCC and chronic liver disease
in a prospective study. Am J Gastroenterol 2006;101:1797-1803.

[10] Liu S, Zhang H, Gu C, Yin ], He Y, Xie J, et al. Associations between hepatitis B
virus mutations and the risk of hepatocellular carcinoma: a meta-analysis. ]
Natl Cancer Inst 2009;101:1066-1082.

[11] Chan HL, Hui AY, Wong ML, Tse AM, Hung LC, Wong VW, et al. Genotype C
hepatitis B virus infection is associated with an increased risk of hepato-
cellular carcinoma. Gut 2004;53:1494-1498.

[12] Wong GL, Chan HL, Yiu KK, Lai JW, Chan VK, Cheung KK, et al. Meta-analysis:
the association of hepatitis B virus genotypes and hepatocellular carcinoma.
Aliment Pharmacol Ther 2013;37:517-526.

[13] Tseng TC, Liu CJ, Yang HC, Su TH, Wang CC, Chen CL, et al. High levels of
hepatitis B surface antigen increase risk of hepatocellular carcinoma in
patients with low HBV load. Gastroenterology 2012;142:1140-1149.

[14] Wong GL, Wong VW, Choi PC, Chan AW, Chim AM, Yiu KK, et al. Metabolic
syndrome increases the risk of liver cirrhosis in chronic hepatitis B. Gut
2009;58:111-117.

[15] Chen HP, Shieh JJ, Chang CC, Chen TT, Lin JT, Wu MS, et al. Metformin
decreases hepatocellular carcinoma risk in a dose-dependent manner:
population-based and in vitro studies. Gut 2013;62:606-615.

[16] Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZ, Yuen H, et al. Lamivudine for
patients with chronic hepatitis B and advanced liver disease. N Engl ] Med
2004;351:1521-1531.

[17] Papatheodoridis GV, Lampertico P, Manolakopoulos S, Lok A. Incidence of
hepatocellular carcinoma in chronic hepatitis B patients receiving nucle-
os(t)ide therapy: a systematic review. ] Hepatol 2010;53:348-356.

[18] Singal AK, Salameh H, Kuo YF, Fontana R]. Meta-analysis: the impact of oral
anti-viral agents on the incidence of hepatocellular carcinoma in chronic
hepatitis B. Aliment Pharmacol Ther 2013;38:98-106.

[19] European Association For The Study Of The Liver. EASL clinical practice
guidelines: management of chronic hepatitis B virus infection. ] Hepatol
2012;57:167-185.

[20] Liaw YF, Kao JH, Piratvisuth T, Chan HLY, Chien RN, Liu CJ, et al. Asian-Pacific
consensus statement on the management of chronic hepatitis B: a 2012
update. Hep Intl 2012;6:531-561.

[21] Lok AS, McMahon BJ. Chronic hepatitis B: update 2009. Hepatology
2009;50:661-662.

[22] Chang TT, Lai CL, Kew YS, Lee SS, Coelho HS, Carrilho FJ, et al. Entecavir
treatment for up to 5 years in patients with hepatitis B e antigen-positive
chronic hepatitis B. Hepatology 2010;51:422-430.

[23] Chang TT, Liaw YF, Wu SS, Schiff E, Han KH, Lai CL, et al. Long-term entecavir
therapy results in the reversal of fibrosis/cirrhosis and continued histo-
logical improvement in patients with chronic hepatitis B. Hepatology
2010;52:886-893.

[24] Marcellin P, Gane E, Buti M, Afdhal N, Sievert W, Jacobson IM, et al.
Regression of cirrhosis during treatment with tenofovir disoproxil fumarate
for chronic hepatitis B: a 5-year open-label follow-up study. Lancet
2013;381:468-475.

[25] Wong GL, Chan HL, Mak CH, Lee SK, Ip ZM, Lam AT, et al. Entecavir treatment
reduces hepatic events and deaths in chronic hepatitis B patients with liver
cirrhosis. Hepatology 2013;58:1537-1547.

[26] Hosaka T, Suzuki F, Kobayashi M, Seko Y, Kawamura Y, Sezaki H, et al.
Long-term entecavir treatment reduces hepatocellular carcinoma inci-
dence in patients with hepatitis B virus infection. Hepatology 2013;58:
98-107.

[27] Su T, Kao, Hu, Lin, Peng, Chuang. Reduction of hepatocellular carcinoma in
hepatitis B-related cirrhosis patients with long-term entecavir therapy - an
interim report of C-TEAM study. Hepatology 2013;58:301A, [abstract 189].

[28] Kumada T, Toyoda H, Tada T, Kiriyama S, Tanikawa M, Hisanaga Y, et al.
Effect of nucleos(t)ide analogue therapy on hepatocarcinogenesis in chronic
hepatitis B patients: a propensity score analysis. ] Hepatol 2013;58:
427-433.

[29] Wu CY, Lin JT, Ho HJ, Su CW, Lee TY, Wang SY, et al. Association of
nucleos(t)ide analogue therapy with reduced risk of hepatocellular carcino-
ma in patients with chronic hepatitis B-A nationwide cohort study.
Gastroenterology 2014;147:143-151.

[30] Kim WR, Berg T, Loomba R, Aguilar Schall R, Dinh P, Yee LJ, et al. Long Term
Tenofovir Disoproxil Fumarate (TDF) therapy and the risk of hepatocellular
carcinoma. J Hepatol 2013;58:519, [abstract 43].

[31] Yang HI, Yuen MF, Chan HL, Han KH, Chen PJ, Kim DY, et al. Risk estimation
for hepatocellular carcinoma in chronic hepatitis B (REACH-B): development
and validation of a predictive score. Lancet Oncol 2011;12:568-574.

[32] Marcellin P, Heathcote EJ, Buti M, Gane E, de Man RA, Krastev Z, et al.
Tenofovir disoproxil fumarate versus adefovir dipivoxil for chronic hepatitis
B. N Engl ] Med 2008;359:2442-2455.

[33] Yang SC, Lee CM, Hu TH, Wang JH, Lu SN, Hung CH, et al. Virological response
to entecavir reduces the risk of liver disease progression in nucleos(t)ide
analogue-experienced HBV-infected patients with prior resistant mutants. ]
Antimicrob Chemother 2013;68:2154-2163.

[34] Kim SS, Ahn SJ, Park SY, Song GW, Cheong JY, Cho SW. Virological response
to entecavir is associated with low probability of developing hepatocellular
carcinoma in chronic hepatitis B patients with cirrhosis. ] Hepatol
2013;58:5265, [abstract 652].

[35] Cho JY, Paik YH, Sohn W, Cho HC, Gwak GY, Choi MS, et al. Patients with
chronic hepatitis B treated with oral antiviral therapy retain a higher risk for

966 Journal of Hepatology 2015 vol. 62 | 956-967


http://dx.doi.org/10.1016/j.jhep.2015.01.002
http://dx.doi.org/10.1016/j.jhep.2015.01.002
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0005
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0005
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0005
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0005
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0010
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0010
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0010
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0015
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0015
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0020
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0020
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0020
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0025
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0025
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0025
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0030
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0030
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0030
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0035
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0035
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0035
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0035
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0040
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0040
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0040
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0045
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0045
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0045
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0050
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0050
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0050
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0055
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0055
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0055
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0060
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0060
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0060
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0065
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0065
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0065
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0070
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0070
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0070
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0075
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0075
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0075
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0080
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0080
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0080
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0085
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0085
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0085
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0090
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0090
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0090
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0095
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0095
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0095
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0100
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0100
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0100
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0105
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0105
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0110
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0110
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0110
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0110
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0115
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0115
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0115
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0115
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0120
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0120
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0120
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0120
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0125
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0125
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0125
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0130
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0130
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0130
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0130
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0135
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0135
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0135
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0140
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0140
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0140
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0140
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0145
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0145
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0145
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0145
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0150
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0150
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0150
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0155
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0155
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0155
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0160
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0160
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0160
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0165
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0165
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0165
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0165
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0170
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0170
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0170
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0170
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0175
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0175

HCC compared with patients with inactive stage disease. Gut 2014;63:
1943-1950.

[36] Zoutendijk R, Reijnders ]G, Zoulim F, Brown A, Mutimer DJ, Deterding K, et al.
Virological response to entecavir is associated with a better clinical outcome
in chronic hepatitis B patients with cirrhosis. Gut 2013;62:760-765.

[37] Arends P, Sonneveld MJ, Zoutendijk R, Carey I, Brown A, Fasano M, et al.
Entecavir treatment does not eliminate the risk of hepatocellular carcinoma
in chronic hepatitis B: limited role for risk scores in Caucasians. Gut 2014.
http://dx.doi.org/10.1136/gutinl-2014-307023, [Epub ahead of print].

[38] Papatheodoridis GV, Manolakopoulos S, Touloumi G, Nikolopoulou G,
Raptopoulou-Gigi M, Gogos C, et al. Hepatocellular carcinoma risk in
HBeAg-negative chronic hepatitis B patients with or without cirrhosis
treated with entecavir: HepNet.Greece cohort. ] Viral Hepat 2014. http://
dx.doi.org/10.1111/jvh.12283, [Epub ahead of print].

[39] Kobashi H, Miyake Y, Ikeda F, Yasunaka T, Nishino K, Moriya A, et al. Long-
term outcome and hepatocellular carcinoma development in chronic
hepatitis B or cirrhosis patients after nucleoside analog treatment with
entecavir or lamivudine. Hepatol Res 2011;41:405-416.

[40] Lim YS, Han S, Heo NY, Shim JH, Lee HC, Suh DJ. Mortality, liver
transplantation, and hepatocellular carcinoma among patients with chronic
hepatitis B treated with entecavir vs lamivudine. Gastroenterology
2014;147:152-161.

[41] Lee Y et al. Incidence and risk assessment for the development of
hepatocellular carcinoma during long-term entecavir and lamivudine
therapy in hepatitis B virus-related liver disease. Hepatology
2013;58:1259A, [abstract 2173].

[42] Koklu S, Tuna Y, Gulsen MT, Demir M, Koksal AS, Kockar MC, et al. Long-term
efficacy and safety of lamivudine, entecavir, and tenofovir for treatment of
hepatitis B virus-related cirrhosis. Clin Gastroenterol Hepatol 2013;11:
88-94.

[43] Goturk S et al. Virological suppression does not prevent the development of
hepatocellular carcinoma in cirrhotic patients with genotype D hepatitis B
infection. Hepatology 2013;58:684A, [abstract 990].

[44] Lampertico P, Soffredini R, Vigand M, Minola E, Cologni G, Rizzi M, et al. 5-
year entecavir treatment in nuc-naive, field-practice patients with chronic
hepatitis B showed excellent viral suppression and safety profile but no
prevention of HCC in cirrhotics. ] Hepatol 2013;58:5306-312, [abstract 755].

[45] Lampertico P, Soffredini R, Yurdaydin C, Idilman R, Papatheodoridis GV,
Margariti E, et al. Four years of tenofovir monotherapy for NUC naive field
practice European patients suppresses HBV replication in most patients with
a favorable renal safety profile but does not prevent HCC in patients with or
without cirrhosis. Hepatology 2013;58:653A, [abstract 933].

[46] Chen YC, Jeng WJ, Chien RN, Liaw YF. Hepatocellular carcinoma development
in HBe-negative hepatitis B cirrhotic patients with entecavir treatment. |
Hepatol 2013;58:5215, [abstract 521].

[47] Wong VW, Chan SL, Mo F, Chan TC, Loong HH, Wong GL, et al. Clinical
scoring system to predict hepatocellular carcinoma in chronic hepatitis B
carriers. ] Clin Oncol 2010;28:1660-1665.

[48] Yuen MF, Tanaka Y, Fong DY, Fung J, Wong DK, Yuen JC, et al. Independent
risk factors and predictive score for the development of hepatocellular
carcinoma in chronic hepatitis B. ] Hepatol 2009;50:80-88.

[49] Papatheodoridis G, Dalekos G, Sypsa V, Yurdaydin C, Buti M, Goulis ], et al.
PAGE-B: risk score for hepatocellular carcinoma (HCC) development in
Caucasian chronic hepatitis B (CHB) patients receiving entecavir (ETV) or
tenofovir (TDF). ] Hepatol 2014;60:5435, [abstract P1075].

JOURNAL OF HEPATOLOGY

[50] Lee MH, Yang HI, Liu J, Batrla-Utermann R, Jen CL, lloeje UH, et al. Prediction
models of long-term cirrhosis and HCC risk in chronic hepatitis B patients:
risk scores integrating host and virus profiles. Hepatology 2013;58:546-554.

[51] Chan HL. Identifying hepatitis B carriers at low risk for hepatocellular
carcinoma. Gastroenterology 2012;142:1057-1060.

[52] Jung KS, Kim SU, Ahn SH, Park YN, Kim do Y, Park JY, et al. Risk assessment of
hepatitis B virus-related hepatocellular carcinoma development using liver
stiffness measurement (FibroScan). Hepatology 2011;53:885-894.

[53] Wong GL, Chan HL, Chan HY, Tse PC, Tse YK, Mak CW, et al. Accuracy of risk
scores for patients with chronic hepatitis B receiving entecavir treatment.
Gastroenterology 2013;144:933-944.,

[54] Papatheodoridis GV, Dalekos G, Yurdaydin C, Goulis ], Arends P, Buti M, et al.
Risk and risk factors of hepatocellular carcinoma (HCC) in Caucasian chronic
hepatitis B (CHB) patients with or without cirrhosis treated with entecavir
(ETV) or tenofovir (TDF). Hepatology 2013;58, [abstract 302A].

[55] Kim [, Moon ], Kim S, Kim S, Lee S, Lee S, et al. Duration of virologic response
is a significant factor for disease progression and hepatocellular carcinoma
development in patients with chronic hepatitis B during oral nucleos(t)ide
analogues therapy. Hepatology 2013;58:628A, [abstract 885].

[56] Hsu YC, Wu CY, Lane HY, Chang CY, Tai CM, Tseng CH, et al. Determinants of
hepatocellular carcinoma in cirrhotic patients treated with nucleos(t)ide
analogues for chronic hepatitis B. J Antimicrob Chemother 2014;69:
1920-1927.

[57] Maier KP. Cirrhosis of the liver as a precancerous condition. Praxis
1998;87:1462-1465.

[58] Lai CL, Yuen MF. Prevention of hepatitis B virus-related hepatocellular
carcinoma with antiviral therapy. Hepatology 2013;57:399-408.

[59] Yang ]JD, Kim WR, Coelho R, Mettler TA, Benson JT, Sanderson SO, et al.
Cirrhosis is present in most patients with hepatitis B and hepatocellular
carcinoma. Clin Gastroenterol Hepatol 2011;9:64-70.

[60] Gordon SC, Lamerato LE, Rupp LB, Li ], Holmberg SD, Moorman AC, et al.
Antiviral therapy for chronic hepatitis B virus infection and development of
hepatocellular carcinoma in a US population. Clin Gastroenterol Hepatol
2014;12:885-893.

[61] Wong C, Goh K. Chronic hepatitis B infection and liver cancer. Biomed
Imaging Interv ] 2006;2:e7.

[62] Papatheodoridis GV, Manolakopoulos S, Touloumi G, Vourli G, Raptopoulou-
Gigi M, Vafiadis-Zoumbouli I, et al. Virological suppression does not prevent
the development of hepatocellular carcinoma in HBeAg-negative chronic
hepatitis B patients with cirrhosis receiving oral antiviral(s) starting with
lamivudine monotherapy: results of the nationwide HEPNET. Greece cohort
study. Gut 2011;60:1109-1116.

[63] Kim G, An ], Suh D, Lim Y, Han S. Risk of hepatocellular carcinoma after
HBsAg seroclearance associated with nucleoside analogue therapy in
patients with chronic hepatitis B. Hepatology 2013;58:629A, [abstract 889].

[64] Orito E, Kusakabe A, Hasebe C, Kurosaki M, Izumi N, Osaki Y. Risk factors
associated with development of hepatocellular carcinoma during nucleotide
analogs therapy for patients with chronic hepatitis B virus infection.
Hepatology 2013;58:676A, [abstract 975].

[65] Lee HW, Yoo EJ, Kim BK, Kim SU, Park JY, Kim do Y, et al. Prediction of
development of liver-related events by transient elastography in hepatitis B
patients with complete virological response on antiviral therapy. Am ]
Gastroenterol 2014;109:1241-1249.

[66] Kao JH. Risk stratification of HBV infection in Asia-Pacific region. Clin Mol
Hepatol 2014;20:223-227.

Journal of Hepatology 2015 vol. 62 | 956-967 967



http://refhub.elsevier.com/S0168-8278(15)00004-5/h0175
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0175
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0180
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0180
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0180
http://dx.doi.org/10.1136/gutjnl-2014-307023
http://dx.doi.org/10.1111/jvh.12283
http://dx.doi.org/10.1111/jvh.12283
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0195
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0195
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0195
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0195
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0200
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0200
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0200
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0200
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0205
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0205
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0205
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0205
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0210
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0210
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0210
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0210
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0215
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0215
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0215
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0220
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0220
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0220
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0220
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0225
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0225
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0225
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0225
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0225
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0230
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0230
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0230
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0235
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0235
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0235
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0240
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0240
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0240
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0245
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0245
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0245
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0245
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0250
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0250
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0250
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0255
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0255
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0260
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0260
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0260
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0265
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0265
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0265
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0270
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0270
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0270
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0270
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0275
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0275
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0275
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0275
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0280
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0280
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0280
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0280
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0285
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0285
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0290
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0290
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0295
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0295
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0295
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0300
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0300
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0300
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0300
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0305
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0305
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0310
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0310
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0310
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0310
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0310
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0310
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0315
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0315
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0315
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0320
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0320
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0320
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0320
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0325
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0325
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0325
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0325
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0330
http://refhub.elsevier.com/S0168-8278(15)00004-5/h0330

	Risk of hepatocellular carcinoma in chronic hepatitis B:  Assessment and modification with current antiviral therapy
	Introduction
	Impact of entecavir and tenofovir on HBV-related HCC
	HCC incidence under entecavir or tenofovir vs. no treatment
	HCC incidence in relation to on-therapy virologic remission
	HCC incidence under entecavir or tenofovir vs. older NAs
	Summary of annual HCC rates under entecavir or tenofovir

	Risk calculators for HBV-related HCC
	Discussion
	Implications for clinical practice and future research
	Conflict of interest
	Authors’ contributions
	Acknowledgments
	Supplementary data
	References


