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Old hepatitis B virus never dies: It just hides itself within

the host genome
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The World Health Organization (WHQ) estimated that in 2015,
257 million people were living with chronic hepatitis B (CHB).
Chronic infection with hepatitis B virus (HBV) is a major global
health problem that resulted in an estimated 887,000 deaths in
2015, mostly due to hepatocellular carcinoma (HCC) and the com-
plications of liver cirrhosis. The increased use of potent antivirals
has gradually reduced HBV-related mortality in Korea. However,
the decreased mortality has been paradoxically accompanied by
the increased burden of HBV-related HCC, because of the in-
creased life expectancy and number of patients with the risk of
developing HCC.

A three-tiered approach has been used to prevent or reduce the
risk and mortality of HBV-related HCC: primary, secondary, and
tertiary preventions. First, primary prevention entails protection
from being infected by HBV, including being infected by vertical
transmission. This can be mostly accomplished by active and pas-
sive immunization via recombinant HBV vaccine and hepatitis B
immunoglobulin, respectively. In 1992, the WHO recommended

including universal HBV vaccination in all national vaccination
programs. Every infant should receive the first dose of HBV vac-
cine as soon as possible after birth (preferably within 24 hours).
Recent data have shown that the addition of tenofovir treatment
to active and passive immunization might minimize the risk of
mother-to-child transmission from an HBV surface antigen
(HBsAg)-positive mother with a high HBV viral load at the third
trimester.” All international practice guidelines have emphasized
the importance of primary prevention via vaccine and immuno-
globulin with/without oral antiviral agents.”® Primary prevention
should be the most cost-effective and ideal approach to the pre-
vention of HBV-related HCC, especially in HBV-endemic regions.
Secondary prevention entails reducing the risk of HCC occurrence
in patients who already have chronic HBV infection and is based
on the use of potent oral nucleos(t)ide analogues (NAs) such as
entecavir and tenofovir. There are two pathways involved in the
development of HCC in patients with CHB: 1) the direct oncogenic
effect of HBV (direct hepatocarcinogenesis) and 2) an indirect ef-
fect through inflammation, regeneration, fibrosis, and cirrhosis
(indirect hepatocarcinogenesis). An effective lifelong antiviral
treatment might reduce useless and harmful hepatic inflammation
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and thereby suppress the indirect pathway. Several cohort studies
conducted in Asian countries have consistently reported that
timely antiviral treatment reduced the risk of HCC by 45-63%.""
Although tenofovir-resistant mutations have been observed in
several heavily treated patients,"" the incidence of tenofovir-resis-
tant mutations has been negligible in patients who were not pre-
viously exposed to other antivirals. Thus, antiviral resistant muta-
tion might not be problematic during lifelong antiviral treatment,
but medical cost might. Tertiary prevention aims to reduce the risk
of HCC recurrence and to prolong both the recurrence-free surviv-
al and overall survival of patients. Adjuvant therapy consisting of
repeated transfer of autologous cytokine-induced killer cells” as
well as oral antiviral treatment has been found to play a role in
the tertiary prevention of HCC and increased patient survival.

In this issue of Clinical and Molecular Hepatology, Jang et al.”
reported that the integration of HBV DNA into host genome was
observed in the majority of seven patients who developed HCC
after HBsAg seroclearance and were included in the present
study. The affected genes were mostly associated with carcino-
genesis. Viral integration breakpoints were detected in both ma-
lignant and adjacent nonmalignant tissues. Interestingly, the HBV
insertional sites were more enriched within the genic region of the
tumor sample rather than in intergenic area, whereas intergenic
HBV integration was more frequent in the non-tumor tissues. This
study confirmed again the possible HCC development even in pa-
tients who achieved HBsAg seroclearance. However, the finding
that five of the seven (71.4%) patients had underlying cirrhosis
confounds the identification of which pathway among the indirect
and direct pathways in these patients was the major route leading
to hepatocarcinogenesis. Cirrhosis could be a more important
cause of HCC than integrated HBV in those five cirrhotic patients.

The following two important questions could be derived from
this study. First, is there a feasible method for preventing the inte-
gration of HBV DNA into host genome of patients already infected
with HBV? And second, what is the optimal surveillance strategy
for patients after HBsAg seroclearance?

The currently available anti-HBV treatments, including oral HBV
DNA polymerase inhibitors and pegylated interferon-alfa, gener-
ally fail to achieve the elimination of integrated HBV DNA, which
is considered to be a complete sterilizing cure of HBV infection.
Thus, the presence of integrated HBV DNA is thought to indicate
that a complete sterilizing cure may be unrealistic. Therefore, a
discussion is warranted on the possibility of developing an ap-
proved therapy that could prevent the integration of HBV DNA
into genomic DNA before it occurs. The timing of initiating antivi-
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ral treatment might be a modifiable factor. Studies by Mason et
al." showed that HBV DNA integration into the host genome and
clonal expansion of hepatocytes begin during the immune-toler-
ant phase. A recent study evaluating the effect of RNA interfer-
ence by ARC-520 on HBsAg in chimpanzees chronically infected
with HBV showed that the integration of HBV DNA into the host
genome occurs during the HBV envelope antigen (HBeAg)-positive
phase.”” Based on these lines of evidence, evaluating whether
early antiviral treatment at a specific timepoint before HBV DNA
integration during the HBeAg-positive stage could reduce or pre-
vent HBV DNA integration and subsequent clonal expansion of
hepatocytes would be interesting. Since NAs inhibit HBY DNA
polymerase, which also synthesizes double-stranded linear DNA,
which integrates within the host genome, it may be possible that
early treatment with an NA can reduce the risk of the integration
of HBV DNA into the host genome.® However, since few data
supporting this hypothesis on early treatment are available, fur-
ther study is warranted. Altogether, it dosen't seem that we cur-
rently possess a reliable weapon for preventing or eliminating
HBV integration.

Next, the surveillance strategy in patients experiencing past
HBV infections should be an important issue. It must be clear that
based on the current guidelines, patients who have already devel-
oped cirrhosis at the time of HBsAg seroclearance should undergo
regular surveillance by imaging studies (ultrasonography, comput-
ed tomography, or magnetic resonance imaging) and serum al-
pha-fetoprotein levels at 6-month intervals. All international
guidelines recommend reqgular surveillance for patients with cir-
rhosis due to any cause.>® In contrast, patients without obvious
cirrhosis or advanced fibrosis who are identified by regular follow-
ups to have achieved HBsAg seroclearance may lie in the gray
zone. However, they clearly have a higher risk of HCC develop-
ment than normal individuals not exposed to HBV, but a lower
risk than patients with HBsAg-positivity and suppressed serum
HBV DNA.”'® Additionally, should a patient without a previous
history of HBsAg positivity who is incidentally found at a health
check-up to be positive for anti-HBV core IgG antibody and nega-
tive for both HBsAg and HBV DNA, which indicate resolved HBV
infection need reqgular surveillance? No sufficient data to answer
the question are currently available and precise stratification to
select optimal target of regular surveillance needs to be defined
considering cost-effectiveness. Baseline factors such as the pres-
ence of cirrhosis, duration of HBV infection, mode of HBsAg sero-
clearance (natural vs. antiviral-induced), coexisting metabolic risk
factors (e.g., obesity, hypertension, dyslipidemia, and diabetes),
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and genotype of HBY might be associated with the risk of HCC
development in patients with resolved HBV infection.”"®? The es-
tablishment of an HCC prediction model for patients with resolved
HBV infection combining those risk factors might be warranted to
guide personalized HCC surveillance program.

In summary, HBsAg seroclearance does not guarantee that HCC
will not develop. The persistence of HBV integrated into the host
genome despite the disappearance of serum HBsAg, along with
the fibrotic burden due to previous injury to the hepatocytes,
might be responsible for a residual risk of HCC. Since we do not
have effective options for preventing integration of HBV DNA af-
ter infection, the prevention of HBV infections by universal vacci-
nation cannot be emphasized too strongly. HCC surveillance of in-
dividuals achieving HBsAg seroclearance should be individualized,
and further studies to establish a model of risk prediction are
warranted.
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