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Abstract

Patients with chronic hepatitis B are at significant risk
for hepatocellular carcinoma (HCC). Globally, over half a
million people each year are diagnosed with HCC, with
marked geographical variations. Despite overwhelm-
ing evidence for a causal role of hepatitis B virus (HBV)
infection in the development of HCC and a well-estab-
lished relationship between high baseline hepatitis B vi-
ral load and cumulative risk of HCC, the molecular basis
for this association has not been fully elucidated. In ad-
dition, a beneficial role for antiviral therapy in prevent-
ing the development of HCC has been difficult to estab-
lish. This review examines the biological and molecular
mechanisms of HBV-related hepatocarcinogenesis,
recent results on the effect of modern nucleos(t)ides on
the rate of HCC development in high risk HBV cohorts
and the potential mechanisms by which long-term an-
tiviral therapy with potent inhibitors of HBV replication
might reduce the risk of HCC in patients with chronic
hepatitis B. Although evidence from randomized control-
led trials shows the favourable effects of antiviral agents
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in achieving profound and durable suppression of HBV
DNA levels while improving liver function and histology,
robust evidence of other long-term clinical outcomes,
such as prevention of HCC, are limited.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: There is overwhelming evidence for the causal
role of hepatitis B virus (HBV) infection in the develop-
ment of hepatocellular carcinoma (HCC). However, evi-
dence for the role of antiviral therapy in HCC prevention
is inconclusive, in part due to the slow course of HCC
development, which makes conducting outcome studies
very challenging, while the effectiveness of modern an-
tiviral agents in suppressing HBV means that untreated
control group comparisons are ethically unacceptable.
We review the impact of HBV treatment on the risk of
HCC development, with special focus on emerging data
for modern anti-HBV drugs such as entecavir and teno-
fovir.
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INTRODUCTION

Worldwide, hepatocellular carcinoma (HCC) is diagnosed
in over 500000 people each yearm. Increasing age, male
sex and chronic alcohol consumption are significant risk
factors for the development of HCC. Although there is
substantial geographical variation, the greatest burden
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Figure 1 Adjusted hazard ratio for hepatocellular carcinoma by serum hepatitis B virus DNA levels at study entry and last follow-up. Data were adjusted for gender,
age, cigarette smoking and alcohol consumption using Cox proportional hazards model. HCC: hepatocellular carcinoma; HBV: Hepatitis B virus. Data sourced from Chen et af™".

of the disease is in Fast Asia, Eastern Europe and sub-
Saharan Africa, where hepatitis B virus (HBV) infection
is highly prevalent™.

Globally, HBV infection is associated with approxi-
mately half of all cases of HCC, and almost all cases of
HCC in children'". Chronic HBV infection may progress
to cirrhosis and liver decompensation and, the majority (up
to 80%) of patients with HBV-related HCC have under-
lying cirrhosis. The known risk factors for HBV-related
HCC can be categorized into host factors, virus factors,
and host-virus interactions. Host factors include male
gender, Asian race, age older than 40 years, exposure to
the mycotoxin aflatoxin, habitual smoking or alcohol con-
sumption, and a family history of HCC">*?. Virus fac-
tors can include coinfection with hepatitis C virus (HCV)
or hepatitis delta virus, pre-core (Pre-C) or basal core
promoter mutations, high levels of HBV hepatocellular
replication, and HBV genotype C. Host-virus interactions
include the presence of cirrhosis, prolonged circulating
hepatitis B surface antigen (HBsAg) and hepatitis Be anti-
gen (HBeAg), and high levels of DNA-HBV and HBsAg.

Familial aggregation of risk for HCC has been well
described in case-control studies in Asia”. In one study,
the risk associated with having parents and/or siblings
with HCC was evaluated in a large cohort of male HBV
carriers, in a case-control study of HBV carriers with
newly diagnosed HCC and HBV-positive subjects without
HCC". There was an increased risk for both HCC and
cirrhosis for mothers and siblings but, of interest, not for
fathers of case subjects’. For HCC, the adjusted odds
ratios (ORs) according to kinship were 2.64 for mothers
(95%CI: 1.60-4.34), 3.73 (2.64-5.27) for brothers, and
4.55 (2.22-9.31) for sisters, while the OR for fathers was
only 1.36 (0.86-2.11). Overall, HBV carriers with a fam-
ily history of HCC had an adjusted OR of 2.41 (95%CI:
1.47-3.95) for HCC if one relation was affected, rising to
5.55 (2.02-15.26) when two or more relations had HCC.

The precise mechanism of this familial aggregation
is unclear, but may in part be a result of a higher HBsAg
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carrier rate among mothers and siblings of HBV carriers
compared with fathers, as a result of vertical transmis-
sion. Furthermore, although less well investigated, a fam-
ily history of HCC also appears to increase HCC risk in
Western populations'”

There is a well-established relationship between cu-
mulative risk of HBV-related HCC and baseline viral load
(baseline serum HBV DNA). Elevated HBV DNA level
is strongly predictive of HCC, independent of HBeAg
status, serum alanine aminotransferase (ALT) level and
cirrhosis, with a cumulative incidence rate of HCC at the
end of the 13" year of follow up in a large prospective
cohort study of 3653 subjects ranging from 1.30% for
subjects with serum HBV DNA level of less than 300
copies/mL at study entry to 14.89% for an HBV DNA
level of 10° copies/mlL. or greater at study entry' . A sig-
nificant biological gradient of HCC risk in patients with
higher baseline levels was also observed, independent of
viral load achieved after treatment!", Subjects with simi-
lar HBV DNA levels at last follow-up but with higher
viral loads at study entry had significantly higher risk of
HCC than those with lower HBV DNA levels at study
entry (Figure 1).

These findings suggest the importance of close clini-
cal monitoring for those with elevated serum HBV DNA,
and that effective antiviral treatment may be valuable to
lower the risk of HCC in patients with chronic HBV.

This article will review the current knowledge of the
mechanisms of HBV-related hepatocarcinogenesis, ex-
amine the role of antiviral agents in reducing the risk of
HCC, and discuss potential mechanisms for HCC risk
reduction during long-term antiviral therapy.

LONG-TERM VIRAL SUPPRESSION AND
LIVER-RELATED OUTCOMES IN CHRONIC
HEPATITIS B

Long-term suppression of HBV is associated with sub-
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stantial histological improvement and reversal of fibrosis
or cirrhosis'*"7. Strong correlations between viral load and
histological grading, and between serum viral suppression
and histological improvement have been observed™ | with
indications that a greatet than 1 logio copies/mL change in
median serum HBV DNA level will convert into a 2-point
change in median histological grade. However, the direct
contribution of antiviral treatment to the prevention of
HBV-related HCC is less clear-cut. Interestingly, in HBeAg-
negative patients, genotype B or C, low HBV-DNA and
ALT levels and circulating HBsAg levels > 1000 TU/mL
can predict hepatitis flares and progressionm.

The clinical benefit of first generation nucleoside ana-
logues used in the treatment of HBV, such as lamivudine,
is limited by the development of resistance and virologi-
cal relapse after treatment cessation" """, Entecavir and
tenofovir dipivoxil are second generation nucleos(t)ide
analogue reverse transcriptase inhibitors with potent activ-
ity against HBV and high genetic bartier to resistance” Y,
Indeed, the cumulative annual incidence of resistance by
year 6 of treatment may reach 76% (lamivudine) 29%
(adefovir) and 25% (telbivudine), compared with 0%-1.2%
for tenofovir dipivoxil and entecavir, respectivelyps].

A systematic review and meta-analysis found that en-
tecavir, which is an acyclic guanosine nucleoside analogue,
and tenofovir dipivoxil, an acyclic adenine nucleotide,
are the most effective antiviral agents for the treatment
of chronic hepatitis B, In evaluations of lamivudine,
pegylated interferon, adefovir, entecavir, telbivudine, and
tenofovir, as monotherapies and combination therapies in
treatment-naive individuals, entecavir and tenofovir dip-
wvoxil consistently ranked in the top five treatments for
surrogate outcomes, whereas entecavir was ranked first
with regard to improving liver histology, and tenofovir
dipivoxil was ranked first for inducing undetectable HBV
DNA and normalizing ALT levels™.

The long-term efficacy of entecavir was demonstrat-
ed in an open-label extension study following two phase
3 clinical studies, in which entecavir for a total duration
of at least 3 years significantly improved liver histology,
biochemical markers and fibrosis, accompanied by potent
viral suppression in nucleoside-naive, HBeAg-positive
and HBeAg-negative patients with advanced fibrosis or
cirrhosis”. Similarly, in an open-label extension study
after two 48-wk phase 3 studies in patients with advanced
fibrosis or cirrhosis, long-term suppression of HBV
DNA during treatment with tenofovir dipivoxil for at
least 5 years led to regression of fibrosis and cirthosis™.
In these studies, long-term maintenance of viral suppres-
sion with entecavir and tenofovir dipivoxil was feasible
because of favourable safety profiles and the absence of

virological rebound or genotypic resistance!*",

BIOLOGICAL AND MOLECULAR
MECHANISMS OF
HEPATOCARCINOGENESIS

While there is overwhelming epidemiological evidence
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for a causal role of chronic HBV infection in the de-
velopment of hepatocellular carcinoma, the molecular
mechanisms of HBV tumourigenesis remain incomplete-
ly understood, although it can be seen as a multi-factorial
process involving both direct and indirect components,
some of which may act synergistically. A summary of
potential mechanisms for the development of HCC in
patients with chronic HBV infection is shown in Figure
2. It has been proposed that insertional activation of cel-
lular cancer-related genes by HBV DNA integration, in-
duction of genetic instability by viral integration or by the
regulatory protein HBx, and host DNA mutations due
to high hepatocyte turnover, cytokine and growth factor
release in the setting of chronic liver inflammation, hepa-
tocyte injury, proliferating fibroblasts, and fibrosis/cit-
rhosis, may be mechanisms associated with HBV-induced
Carcinogenesism}z‘.

Among factors implicated in chronic HBV infec-
tion and hepatocarcinogenesis, HBx has an important
role in activating HBV transcription and replication,
and in the development of HCC, because it is involved
in the activation of numerous signalling pathways and
cellular promotors, activating the expression of genes
involved in cell cycle control, oncogenesis, proliferation,
inflammation and apoptosism’m. HBx also modulates
the transcriptional activity of CREB (cAMP responsive
element-binding protein), which plays an essential role in
liver metabolism and proliferation, and is associated with
hepatocarcinogenesism.

A key mechanism for hepatocarcinogenesis is the
integration of HBV DNA into the host genome and
the formation of covalently closed circular DNA
(cccDNA). This episomal form of viral DNA, which
acts as a template for the transcription of viral genes and
1s responsible for the persistence of viral replication, is
derived #ia a succession of biological steps following the
transportation of relaxed HBV DNA into the nuclei of
hepatocytes. Both cccDNA and HBV DNA sequences
integrated into the host genome have transcriptional ac-
tivity, resulting in synthesis of HBsAgm].

Clearance of intrahepatic cccDNA and/or HBsAg
is difficult to achieve but clinically meaningful endpoints
for antiviral therapy in chronic hepatitis B, and may be
assocliated with a decreased risk of developing HCCP,
However, the exact role of antiviral treatment in prevent-
ing HBV-related HCC has been difficult to establish.
Because of the slow biological evolution of HBYV, longi-
tudinal studies may necessitate continuation of antiviral
treatment over decades, longer than most researchers or
pharmaceutical companies can wait™””. Furthermore, as
modern antiviral agents are effective in suppressing viral

[25,26,36-38] .
, untreated control group comparisons

replication
are considered unethical and cannot be performed.
Recently, a large Taiwanese study showed that in HB-
sAg-positive patients, predictors of HCC included age,
HBeAg status, HBV genotype, and ALT and HBV DNA
levels, but not HBsAg levels; however, in a subgroup of
HBeAg-negative patients with viral HBV-DNA < 2000

IU/mL, the risk of HCC significantly correlated with
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Figure 2 Mechanisms of chronic hepatitis B virus infection-
related hepato-carcinogenesis®™ 2, cccDNA: Covalently closed
circular DNA. HBV: Hepatitis B virus.
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ANTIVIRAL TREATMENT AND RISK OF
HCC IN PATIENTS WITH CHRONIC HBV
INFECTION

A number of systematic reviews and meta-analyses of
the role of anti-HBV treatment in the prevention of
HCC have been conducted”** without conclusively
demonstrating a beneficial impact on the preventing the
development of HCCY. This is in part because of the
inclusion of studies of older antiviral agents with limited
antiviral potency and low genetic barriers, which are,
therefore, associated with an increased risk of the devel-
opment of HBV antiviral resistance mutations. In a re-
cent electronic health records review of 2671 adults with
chronic HBV infection enrolled in the Chronic Hepatitis
Cohort Study, the adjusted hazard ratio (HR) for HCC
risk in those receiving antiviral treatment was (HR = 0.39;
95%CI: 0.27-0.56; P < 0.001). In a subgroup analysis of
patients with baseline laboratory data for serum fibrosis
markers, antiviral treatment was associated with a lower
risk of HCC after adjusting for cirrhosis markers of
(adjusted HR, 0.24; 95%CI: 0.15-0.39; P < 0.001). In an-
other subgroup analysis of patients with HBV DNA viral
load data, in patients with HBV DNA > 20000 IU/mL,
treated patients had a significantly lower risk of HCC
compared with untreated patients'*’,

In a recent meta-analysis of available randomized
controlled trials, prospective cohort studies and case-
control studies included 3433 treated patients and 4625
controls™. Antiviral treatment was shown to modestly
reduce the incidence of HCC in patients with established
cirrhosis, but there was no reduction in non-cirrhotic
patients. A recent critical review"” found that potent
and persistent suppression of HBV viral load was more
effectively maintained with nucleoside analogues than
with other antivirals, leading to reversal of fibrosis and
cirrhosis, and indications of a reduction in the incidence
of HCC. However, this cannot be taken as high level
evidence, as no direct data relating to entecavir and te-
nofovir dipivoxil were available in this analysis. Of five
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studies of oral antiviral agents included in the review
(2036 patients treated with nucleoside analogues), all ex-
cept one were retrospective, and most of were with lami-
vudine or adefovit, older agentsm. However, all studies
showed some reduction in HCC. The only randomized
trial included in the systematic review was published in
2004, and showed that lamivudine reduced the incidence
of cirrhosis and HCC in patients with chronic hepatitis
B and advanced cirrhosis'"”. Ten studies of interferon-o,
showed inconsistent results, in part because interferon-a
was associated with only moderate suppression of HBV
DNA. However, recent evidence from two phase 3 clini-
cal trials presented at the 2013 Annual Meeting of the
European Association for the Study of the Liver (EASL)
suggests that the observed incidence of HCC is lower
than expected in patients with chronic hepatitis B treated
with tenofovir dipivoxilHSJ. The incidence of HCC was
lower than predicted (as assessed by the REACH-B risk
model), with a measurable effect in non-cirrhotic patients
after 2 years, reaching a 55% reduction at 6 years of treat-
ment (P = 0.05)". Tenofovir dipivoxil had less effect in
patients with cirrhosis.

The evidence base for the effect of entecavir on
HCC risk is somewhat stronger than that for tenofovir
dipivoxil, and will therefore be addressed separately in a
subsequent section.

EVIDENCE FOR HCC RISK REDUCTION
WITH ENTECAVIR

Although the major goals for therapy in chronic hepatitis
B are to delay or prevent progressive liver disease and the
development of cirrhosis and HCCP, as yet no definitive
evidence from randomized controlled trials has shown
that antiviral therapy delays or prevents the development
of HCC. However, there are a number of recent studies
analyzing a potential beneficial impact of entecavir on
the development of HCC.

A case-control study that followed a large cohort of
Japanese patients with HBV for more than 5 years, com-
pared 472 patients treated with entecavir with a historical
cohort without treatment as a control group (7 = 1143) ,
The use of a propensity matching score, applied to match
patients from both groups with the same baseline covari-
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ates of risk for HCC, minimized study biases. A total of
316 patients in each group (control and entecavir) were
matched for comparison. The median follow-up was 3.3
years in the entecavir group and 7.6 years in the historical
control group (P < 0.001). The cumulative rates of HCC
at 5 years were 3.7% in the entecavir group and 13.7% in
controls (P < 0.001), showing that entecavir significantly
reduced the 5-year risk of developing HCC in treatment-
naive patients, compared with control (adjusted HR =
0.37, 95%CI: 0.15-0.91; P = 0.030). After multivariate
analysis, age, alcohol consumption, pre-existing cirrho-
sis, HBeAg positive status and platelet count lower than
150000/ mL were associated with risk of HCC develop-
ment. Only entecavir was significantly associated with
a reduction of HCC incidence (HR = 0.23, P = 0.001).
The mutation resistance to drug was 0.8% (4/472) in the
entecavir group. The reduction was greater in patients
with cirrhosis, and was higher than that observed with a
propensity score matched lamivudine cohort”. To assess
the impact of entecavir treatment further, the authors ap-
plied several established risk models to three studies that
utilized HCC risk scales, based on established risk factors
for HCC".

Entecavir treatment significantly reduced the risk of
HCC development in patients with high risk according to
risk scores in the Yang ez al™ (P = 0.006) and Yuen stud-
ies ez al'" (P = 0.002), but not in low score patients. Like-
wise, in the Wong studyMS], patients with a high risk score
had a significant reduction in risk of developing HCC (P
< 0.01), whereas there was a borderline significance in
those with intermediate risk (P = 0.062) and no reduction
in low risk patients.

Furthermore, entecavir may reduce the risk of HCC
recurrence in patients with chronic hepatitis B. In a lon-
gitudinal study in patients with newly-diagnosed HCC
treated with curative percutaneous radiofrequency abla-
tion (RFA), entecavir administration significantly reduced
the incidence of new HCC lesions, compared with
patients who did not received treatment after RFA™,
The risk of HCC recurrence was significantly lower in
entecavir recipients than in nucleoside-naive patients (OR
= 0.077, P = 0.0106), as well as in those treated with an-
other nucleoside analogue (OR = 0.145, P = 0.012). Even
when cases of marginal recurrence and recurrence within
6 months of initial treatment were excluded, eliminating
the possibility of residual tumour or missed tumour at
initial diagnosis, the risk of HCC recurrence was still sig-
nificantly lower in the entecavir group than in nucleoside-
naive patients (OR = 0.198, P = 0.004).

However, in a recent “real life” multicentre Italian
study, patients with cirrhosis were still at risk of develop-
ing HCC over time, despite profound and durable viral
suppression with entecavir. A total of 418 nucleoside-
naive patients with HBV received entecavir for up to 66
mo in the study[sm. All patients achieved undetectable
HBYV DNA by year 5, regardless of baseline histology or
HBeAg status; 62% achieved HBeAg seroconversion and
the HBsAg loss rate was 33%"". Clinical decompensation
did not occur during follow-up among the 164 patients
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with cirrhosis, indicating that entecavir was effective in
preventing the progression of cirrhosis. Nevertheless, de-
spite long-term viral suppression and successful preven-
tion of decompensation of cirrhosis, the cumulative inci-
dence of HCC in cirrhotic patients was still 14% at year
5 (2.8% per year). This suggests that some cellular clones
of pre-malignant cells may have already developed before
treatment was initiated, and emphasizes the importance
of ongoing surveillance for HCC, particularly in patients
with cirrhosis. Reviewing the evidence for a multistep
model for the process of hepatocarcinogenesis, YN
Park"™ concluded that dysplastic lesions consisting of
microscopic dysplastic foci and macroscopic dysplastic
nodules may be precursor lesions of HCC. Early detec-
tion of precursor lesions may be important in identifying
patients at higher risk of developing HCC and, together
with diagnosing early HCC, may improve long-term
survival for patients with chronic hepatitis B by allowing
early initiation of effective antiviral therapy.

As there is stronger evidence that entecavir reduces
the risk of developing HCC in patients with associated
risk factors such as older age, gender, high HBV viral
load, cirrhosis, fibrosis, liver laboratory markers, and core
promoter mutations, targeting HCC prophylaxis with en-
tecavir to high-risk patients with chronic hepatitis B may
be a rational therapeutic approach. However, this sugges-

tion should be supported by appropriately designed trials.

POTENTIAL MECHANISMS OF HCC RISK
REDUCTION IN PATIENTS ON LONG-
TERM ANTIVIRAL TREATMENT

In addition to the robust relationship between higher
baseline viral load and cumulative risk of HBV-related
HCC, several other mechanisms may contribute to reduc-
ing HCC risk.

As cirrhosis is in itself a risk factor for HCC develop-

1,5

ment'"?, the reversal of cirrhosis associated with long-

term HBV viral suppression by effective antiviral therapy
may, at least in part, decrease the risk for HCC devel-
opment. Patients treated with entecavir in two phase 3
studies in nucleoside-naive patients with HBeAg-positive
and HBeAg-negative disease, respectively, and who sub-
sequently were treated in a long-term extension study,
underwent liver biopsy after at least 3 years of treatment.
Improvement in liver histology was observed in 96% of
patients, including all patients with advanced fibrosis or
cirrhosis at the phase 3 baseline®”.

Tenofovir dipivoxil also improved liver histology at
week 240 of treatment in an open-label extension study
following two 48-week phase 3 trials in which patients
received tenofovir dipivoxil plus adefovir'!. At the time
of a repeat liver biopsy, 73% of HBeAg-positive pa-
tients and 85% of HBeAg-negative patients had normal
serum levels of ALT, accompanied by profound viral
suppression. A total of 87% of patients had histological
improvement, including reversal of cirrhosis in 74% of

those with cirrhosis at baseline" .
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These findings of biochemical and histological im-
provement with entecavir and tenofovir dipivoxil may
partly explain a reduction of HCC development in high
risk patients.

Inhibition of the intracellular recycling pathway lead-
ing to a decrease in levels of intrahepatic cccDNA has
been observed during long-term viral suppression, and
depletion of cccDNA occurs by hepatocyte turnover as
a result of loss by natural liver cell division and/or cell
death during injury/regeneration cycles”™". Currently,
determination of cccDNA is not feasible by non-invasive
means as a liver biopsy is required, and it has been pro-
posed that serum HBsAg quantification may be used as
a surrogate marker for cccDNA levels™. However, a
recent study showed that, despite profound HBV DNA
reduction, HBsAg and cccDNA decline was small on a
short-term basis (1 year), and the magnitude of HBsAg
reduction did not correlate with cccDNAPY,

Overall, these results suggest that even when HBV
DNA intermediates are suppressed by nucleoside ana-
logues, HBV may still replenish cccDNA by preferentially
transporting the viral genome back to the hepatocyte
nucleus instead of being enveloped and exocytosed to
peripheral blood™.

If clearance of cccDNA might contribute to de-
creased risk of HCC™™ it is likely that long-term
therapy is needed to eliminate intrahepatic cccDNA, and
it is therefore interesting that 48 wk of treatment with
entecavir has very recently been shown to result in sig-
nificantly greater reductions from baseline hepatic HBV
cccDNA levels, as well as total hepatic HBV DNA, than
lamivudine™. In this, the ETV-022 trial, cccDNA reduc-
tion was related to lower baseline serum HBV DNA and
lower baseline necroinflaimmation. In addition, greater
reduction of cccDNA at week 48 was associated with a
higher on-treatment reduction in HBV DNA, Knodell
necroinflammatory score and serum ALT, as well as
higher HBeAg clearance™.

CONCLUSION

Although there is overwhelming evidence of the causal
role of HBV infection in the development of hepato-
carcinogenesis, the evidence for the role of long-term
antiviral therapy in the prevention of HCC in patients
with chronic hepatitis B is modest. The limited evidence
may, in part, be related to the difficulties of conducting
longitudinal outcome studies, as HCC develops slowly,

necessitating very long-term follow-up studies, and the
effectiveness of modern antiviral agents in suppressing
viral replication means that untreated control group com-
parisons are not considered ethically acceptable. How-
ever, there is persuasive evidence that entecavir reduces
the risk of developing HBV-related HCC, particulatly in
high-risk patients. Entecavir also lowers the risk of recur-
rence after radiofrequency ablation of HCC. As HCC
development is rare in low-risk patients, longer follow-up
durations are needed to fully assess the potential effect
of entecavir on preventing the development of HCC in
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patients with HBV infection.

In summary, there is emerging evidence suggest-
ing that treatment with entecavir or tenofovir dipivoxil
(though less extensive than with entecavir) significantly
reduces, but does not completely eliminate, HCC risk in
patients with HBV-associated cirrhosis.
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