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16.1 Introduction

Hepatocellular carcinoma (HCC) is ranked as the fifth most
common malignant neoplasm in the world [1], and the third
most common cause of cancer death worldwide [2]. HCC’s
global incidence is approximately 600,000 new cases
annually, almost 85 % of these in developing countries. In
fact, it is the third most commonly diagnosed cancer among
males in developing countries and the second leading cause
of death among that population. The vast majority of deaths
from HCC occur in East Asia, and 50 % are estimated to
occur in China alone. Current data indicate that hepatitis B
virus (HBV) and hepatitis C virus (HCV) are the most sig-
nificant hepatocarcinogens for the majority of HCCs in the
world [3, 4]. Although less common in developed countries,

it is still a major cause of morbidity and mortality. Globally,
about 80 % of HCC is considered to be causally associated
with chronic infection with HBV [5, 6].

16.2 Hepatitis B Virus

16.2.1 Background

HBV is a double-stranded DNA virus belonging to the
Hepadnaviridae (hepatotropic DNA virus) family, and is
classified as hepadnavirus type 1. The intact virus consists of
an outer coat component of hepatitis B surface antigen
(HBsAg) and an inner core component of hepatitis B core
antigen (HBcAg) [7–9]. Hepatitis B e antigen (HBeAg), that
is also a product of the C gene, circulates in the blood during
periods of high replication [10, 11].

The hepatitis B viral genome is approximately 3200 base
pairs in length, is partially double-stranded, and uses a
retroviral mode of replication [12, 13]. The viral genome
contains genes that code for HBsAg, HBcAg, and DNA
polymerase [9, 14]. An additional X gene codes for hepatitis
B x antigen (HBx), a protein that is capable of transacti-
vating the transcription of both viral and host genes [15, 16].

HBV predominantly infects hepatocytes, but reservoirs of
the virus were found in extra hepatic sites including lymph
nodes, bone marrow and circulating lymphocytes, explain-
ing recurrence after liver transplantation [17, 18]. Infection
of hepatocytes is by specific binding of the envelope viral
protein (specifically the preS1 domain) to a bile salt trans-
porter sodium taurocholate co-transporting polypeptide
(NTCP) [19].

Eight genotypes of HBV have been identified (A–H),
classified by the subtype-specific antigens on the HBsAg,
and their distribution varies geographically. Genotype A is
more prevalent in Europe, North America, and Africa, while
genotypes B and C are dominant in China and East Asia,
where vertical transmission is more common [20, 21].
Genotype D is found most commonly in Europe and

I. Houri (&) � O. Shibolet
Liver Unit, Department of Gastroenterology, Tel-Aviv Medical
Center and Tel-Aviv University, Tel-Aviv, Israel
e-mail: inbalhourio@gmail.com

O. Shibolet
e-mail: orensh@tlvmc.gov.il

© Springer International Publishing Switzerland 2016
B.I. Carr (ed.), Hepatocellular Carcinoma, Current Clinical Oncology,
DOI 10.1007/978-3-319-34214-6_16

243



Mediterranean countries, genotype E predominates in West
Africa, and Genotype F in Central and South America. The
specific HBV genotype is associated with clinical charac-
teristics such as disease progression and response to inter-
feron therapy. Genotype B, for instance, appears to be
associated with a less rapidly progressive liver disease and a
lower likelihood or delayed appearance of HCC [22–25], as
opposed to genotype C [26], while patients with genotype A
are more likely to respond to interferon therapy [27, 28].

HBV is carried in blood as well as other body fluids. The
main routes of transmission are sexual intercourse, perinatal
transmission, and parenteral exposure. Perinatal transmission
occurs from chronically infected mothers or during acute
infection at the third trimester or early postpartum, and is
more common in developing countries. The precise mode of
perinatal transmission is unknown but most probably occurs
at the time of delivery. Risk for infection correlates with
viral activity, as 85 % of HBsAg-positive mothers who are
HBeAg-positive will transmit the virus to their offspring,
whereas mothers who are positive for anti-HBe do so much
less frequently (31 %) [29]. Additionally, maternal HBsAg
titers correlate with the risk for transmission [30].

The natural history of hepatitis B infection differs by the
age of acquisition of the infection. Nearly 90 % of exposed
newborns will become chronic carriers, compared to 50 %
during infancy and 20 % during early childhood [11, 31–
33]. Among healthy adults exposed to HBV infection, 90–
99 % have a full recovery, 0.1–1 % develop acute fulminant
hepatitis and 1–10 % become chronic carriers (Fig. 16.1). In
chronic carriers, the rate of spontaneous HBsAg clearance is
approximately 0.5 % per year [34–36].

The natural evolvement of chronic infection can be
divided into four phases—immune tolerant phase, charac-
terized by HBeAg (+), high levels of HBV DNA, normal
serum aminotransferases and minimal or no inflammation on

liver biopsy; immune active/clearance phase, which mani-
fests with elevated serum aminotransferases and active
inflammation on liver biopsy; low-replicative phase (inactive
carrier), with seroconversion from HBeAg (−) to anti-HBe
(+), low serum HBV DNA and normal aminotransferase
levels, and finally the HBeAg (−) hepatitis phase (HBV
reactivation) which presents high serum HBV DNA and
active inflammation [33, 37]. Seroconversion from HBeAg
to anti-HBe rates differ by patient age and are approximately
10 % per year for adults but <5 % for patients with peri-
natally acquired infection [33, 34].

Although chronic HBV carriers have been infected for
extended periods of time, most do not have symptoms.
Many patients are found to have chronic hepatitis B inci-
dentally during routine screening. Among 139 incidentally
identified HBsAg (+) Korean Americans, 11 % were found
to have cirrhosis and 42 % to have active hepatitis on
complete evaluation including liver imaging studies and
liver functions [38].

15–30 % of chronic hepatitis B patients will develop
serious sequelae including HCC during their lifetimes. For-
tunately, the lengthy interval between the infection and the
development of HCC provides an advantage for clinicians to
intervene and delay the progression of the disease.

16.2.2 HBV Epidemiology

Hepatitis B is a common infection worldwide, with
approximately one third of the world population having
serological evidence of past/present infection. At least 350–
400 million are chronic HBV carriers worldwide [4] and
globally, there are around 4.5 million new infections per
year [39].
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The prevalence of hepatitis B differs by geographical
region, and countries are divided into high (>8 % preva-
lence), intermediate (2–7 %) and low (<2 %) endemicity for
the virus (Fig. 16.2). Areas considered highly endemic
include central and southeast Asia and sub-Saharan Africa.
Regions of intermediate prevalence include parts of South-
ern and Eastern Europe, the Middle East, Japan, the Indian
subcontinent, much of the former Soviet Union, and
Northern Africa. Regions of low prevalence include North
America, Western Europe, certain parts of South America,
and Australia [40, 41].

The skewed distribution of HBV infection is most likely
due to the different modes of transmission. In the hyper-
endemic regions, perinatal transmission and horizontal
spread among children are the major sources of infection.
On the other hand, in the low endemic regions, horizontal
transmission through sexual activity among young
adults and parenteral exposure are the major modes of
transmission [31].

16.2.3 Treatments for HBV

Management of chronic hepatitis B is aimed at HBsAg loss
and decrease of active virus replication. Treatment for HBV
has come a long way in the past decades, changing the
prognosis of chronic hepatitis B carriers. Currently, there are
seven FDA-approved antiviral therapies, six of them used
routinely (interferon treatment was replaced by pegylated
interferon) (see Table 16.1).

Interferon-a was the first approved treatment for chronic
hepatitis B. In IFN responders, a hepatitis-like flare, pre-
sumably due to immune activation, accompanies HBeAg
seroconversion. Nowadays, pegylated-IFN is used in clinical
practice. This drug is given by injection weekly, and is more
effective as well as more convenient for patients compared to
regular IFN. Despite its proven efficacy it is relatively poorly
tolerated because of its side effect profile and mode of
administration. HBeAg seroconversion after 1 year is
achieved in *30 % of patients.

Fig. 16.2 Prevalence of chronic hepatitis B virus infection among adults
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Nucleoside analogues (NUC) are oral medications that
suppress viral replication by inhibiting reverse-transcriptase
activity. They are well tolerated and effective in viral sup-
pression. HBeAg seroconversion after 1 year is achieved in
*20 %, 30 % after 2 years, and 50 % after 5 years. One of
the major problems of NUCs is development of resistance,
which can be combatted by adding on or switching to a
different NUC.

16.3 HBV and HCC

Half of the world’s population lives in the regions of high
incidence for HCC, which also coincide with endemic
regions for HBV infection. Worldwide, HBV accounts for
54 % of HCC cases, and in Asia and Africa it accounts for
70 % of cases [42].

A large number of epidemiologic studies [43–47] docu-
mented the causal association of HCC with HBV. In 1981,
the landmark study by Beasley et al. [48] lucidly demon-
strated the relationship between HBV and HCC.

During the past decades, the incidence ofHCChas decreased
in some areas in East Asia such as in Taiwan, Korea and
Thailand, as well as other highly endemic areas such as Alaska
[49–53]. It is believed that effective HBV vaccination programs
have contributed to the reduction (see below). However, the
opposite phenomenon was reported in some countries in Eur-
ope, North America and Oceania [6, 54]. This increasing inci-
dence of HCC is attributed toHCV and non-alcoholic fatty liver
disease (NAFLD)-associated cirrhosis and also the immigration
of HBV carriers from endemic regions.

Increasing incidence of HCC in the United States is
clearly illustrated by the HCC incidence in California, the
state that has the largest Asian American population. As
shown in Table 16.2, liver cancer is one of the five most
common cancers for Asian American males. This high
incidence of HCC among Asian Americans is attributed to
the high prevalence rate of HBV infection among them [55].

Although Asian Americans constitute only 4.5 % of the total
USA population, they constitute nearly half of the total HBV
chronic carriers in the U.S.A [55–57].

Asian immigrants in the U.S.A show high HBV carrier
rates reminiscent of their homelands, and accordingly have
high risk for sequelae of chronic hepatitis B infection, such
as cirrhosis and HCC. In fact, the HBV carrier rate among
first generation immigrants is similar to that of people living
in their native lands [38, 58, 59].

Currently, the estimated prevalence rate of chronic HBV
carriers ranges between 5–13 % among Asian Americans. In
contrast, HBV carrier rate for the general U.S. population is
less than 0.3 % [60].

Tong and Hwang conducted a prospective study of 207
HBsAg (+) Asian American patients with chronic hepatitis
[55]. During an average follow-up period of 3.3 years, eight
patients developed HCC; the calculated incidence of HCC in
these Asian American patients with chronic hepatitis B was
3865/100,000. This is much higher than those reported in
Taiwan by Beasley (495/100,000) [3] and those by Liaw
et al. [61] (826/100,000 for all ages and 2768/100,000 for
patients older than 35 years of age). Nonetheless, it is
important to point out that Beasley followed asymptomatic
carriers, and Tong et al. and Liaw et al. followed patients
with active hepatitis. Most HCC occur in patients that are
between 40 and 60 years of age [5] although there are some
exceptions including childhood HCC described in Taiwan
[62] and in native Americans in Alaska [53].

16.3.1 Pathogenesis of HCC in HBV

HCC is strongly associated with chronic liver disease, and is
uncommon in the absence of inflammation and fibrosis [63].
Hepatic carcinogenesis is a long term, multistage disease
process encompassing multiple genetic alterations, including
activation of cellular oncogenes and inactivation of tumor
suppressor genes [64, 65].

16.3.1.1 Risk Factors for the development
of HCC in Chronic HBV carriers

HBV infection carries an increased risk of developing HCC.
Several risk factors confer higher risk in HBV carriers
(Table 16.3).

Although HBV-associated HCC does not always progress
through cirrhosis [66], patients with cirrhosis are at the highest
risk for developing HCC. Earlier studies in Japan found that
prevalence of overt cirrhosis among patients with
HBV-related HCC was 50–60 % [67, 68], but a later study by
Yang et al. [69] found that most patients with HBV-related
HCC have evidence of cirrhosis (73.4 %when using stringent
clinical criteria and 93.8 % using the most inclusive criteria).
Interestingly, all Caucasian patients had cirrhosis, compared

Table 16.1 Antiviral agents currently in use for HBV therapy in the
U.S.

Drug FDA approval

Interferon (IFN)

(regular) IFN-a 1992

Pegylated interferon 2005

Nucleoside analogues (NUCs)

Lamivudine 1998

Adefovir 2002

Entecavir 2005

Telbivudine 2006

Tenofovir 2008
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to a smaller proportion of Asian patients. A systematic review
by Fattovich et al. [70] estimated the rates of HCC in
East-Asian countries among inactive carriers (HBsAg (+),
anti-HBe (+), normal ALT) to be 0.5 per 100 person years, 0.6
per person years in patients with chronic hepatitis but without
cirrhosis, and 3.7 per 100 person years in patients with
compensated cirrhosis. Importantly, rates were lower in
developed countries—0.02 per 100 person years in inactive
carriers, 0.3 per person years in patients with chronic hepatitis
but without cirrhosis, and 2.2 per 100 person years in patients
with compensated cirrhosis.

Earlier age at infection with HBV is associated with
higher risk for HCC [71], in correlation with evidence sug-
gesting that it takes 20–40 years to develop HCC from the
time of infection [48]. Patients from areas of high HBV
endemicity are at higher risk for HCC, presumably because
they were likely infected early in life and thus had a longer
duration of chronic infection or cirrhosis [63, 70].

Family history of HBV infection has also been found to
be a unique risk factor for early onset of HCC [72]. Males
have a higher incidence rate for HCC among HBV carriers
with a 4:1 male to female ratio [2, 73]. The biologic basis for
the gender difference in the risk for HCC is not well
understood; however, male hormones [74], differences in
body iron storage [75], and additional risks, such as alcohol
consumption [76, 77] and smoking [77, 78], have been
considered to be contributory factors. Older age is also
considered a risk factor, since HCC occurs most commonly
later in life [5].

Iron has long been considered a factor contributing to hep-
atic damage and inflammation via generation of reactive oxy-
gen species (ROS).A sustained serum ferritin level greater than
300 ng/ml was shown to confer a higher risk for HCC. In a
longitudinal follow-up study of 249 Korean patients with
chronic hepatitis B and cirrhosis, Hann et al. [75] observed that
chronic hepatitis B infected males with sustained serum ferritin
>300 ng/ml had a 50 % chance of developing HCC compared
with 20 % risk for HCC for those with lower serum ferritin
levels. Further studies by the same group clearly demonstrated
the tumor enhancing effects of iron [79–82].

Multiple studies have shown that increased viral activity
[83] and a persistently high level of viral DNA is a strong
predictor for HCC development [84–86]. Chen et al. con-
ducted a large-scale longitudinal study of 3653 HBV carri-
ers. During the 12-year follow-up period, 164 persons
developed HCC. Their extensive analysis led to the con-
clusion that the most important risk factor for the develop-
ment of HCC is an increased serum level of HBV DNA
>10,000 copies/ml regardless of the HBeAg status, alanine
aminotransferase (ALT) levels or the presence of cirrhosis.
The incidence of HCC correlated with serum HBV DNA

Table 16.2 Five most common cancers in males by race/ethnicity, California, 2007–2011

Rank

1 2 3 4 5

Asians

Laotians Liver Lung Colorectal Prostate Stomach

Vietnamese Lung Liver Prostate Colorectal Lymphoma

Chinese Prostate Lung Colorectal Liver Lymphoma

Korean Prostate Colorectal Lung Stomach Liver

Filipino Prostate Lung Colorectal Lymphoma Liver

Non-Asians

White Prostate Lung Colorectal Melanoma Bladder

Hispanic Prostate Colorectal Lung Lymphoma Kidney

Black Prostate Lung Colorectal Kidney Bladder

American-Indian/Alaska native Prostate Lung Colorectal Liver Kidney

California Cancer Facts and Figures 2014, American Cancer Society [222]
Bold represents liver cancer

Table 16.3 Risk factors of HCC among HBV carriers

Host-related

Cirrhosis

Age >40 years

High-endemicity areas

Male sex

Serum ferritin >300 ng/ml

Alcoholism

Family history of HBV infection

Viral-related

Genotype

" Serum HBV DNA
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level at entry in a dose-response relationship ranging
from 108/100,000 person years for an HBV DNA level of
<300 copies/ml to 1152/100,000 person years for an
HBV DNA level of � 1,000,000 copies/ml.

16.3.1.2 Molecular Biology of HCC associated
with HBV

Recent advances in molecular techniques have markedly
improved our understanding of HBV-associated hepatic
carcinogenesis. The effects of HBV on HCC development
can be divided to direct oncogenic mechanisms and indirect
effects, via chronic liver inflammation and cirrhosis [87, 88].

Many of the pathogenic mechanisms of the virus are
mediated by hepatitis B x protein (HBx), which is a small
154 amino acid protein with transcriptional regulatory
activity [89]. The important role of HBx in HBV infectivity
was realized when woodchucks injected with HBx-deficient
viruses did not develop infection [90, 91]. Furthermore, HBx
expression is abundant in the livers of patients with chronic
liver disease [92, 93], and expression levels correlate with
progression of liver inflammation and cirrhosis [94]. There is
accumulating evidence that HBx is important in supporting
virus replication and in the pathogenesis of chronic inflam-
mation and HCC [95]. HBx augments viral replication and
thus, by maintaining high viral DNA levels it contributes to
hepatic carcinogenesis [96].

Hepatitis B and Fibrosis
A salient aspect of chronic liver disease is the develop-

ment of fibrosis. There is increasing evidence that HBx
expressing hepatocytes contribute to pro-fibrotic signaling.
For example, HBx has been shown to up-regulate the
expression of transforming growth factor beta 1 (TGF-b1) in
HBx transgenic mice [97] and in liver cell cultures stably
transfected with HBx [98]. In the normal liver, TGF-b1
signals through a group of proteins known as Smads, which
inhibit hepatocellular growth and maintain homeostasis [99].
TGF-b1 has long been implicated in promoting fibrosis via
activation of hepatic stellate cells, transforming them into
myofibroblasts [100]. Additionally, in the presence of HBx,
Smad protein transcriptional activity was enhanced, espe-
cially in activation of genes involved in extracellular matrix
(ECM) production [101]. Besides altering Smad signaling
directly, HBx activates other signaling molecules, such as
NF-jb, PI3K, AP-1, and ras/raf/MAPK, among others [102,
103] that override negative growth regulation. Importantly,
up-regulated expression of TFG-b1 stimulates expression of
platelet derived growth factor (PDGF), constitutively acti-
vating b-catenin, which may act as an oncoprotein [104].

Immune Response to HBV Infection and Necro-
inflammation

HBV is a non-cytopathic virus [105]. Damage to infected
hepatocytes is in large part immune-mediated, mostly via
CD8+ cytotoxic T cells [106]. HBV clearance is regulated

by the adaptive immune system, with CD4+ and CD8+ T
cells mediating immune clearance and B cells supplying
protective immunity by generation of neutralizing antibodies
[107, 108]. In those patients with chronic infection, immune
response is inadequate for viral clearance but still causes
liver injury [109]. The factors governing immune clearance
versus immune tolerance are not fully understood. One
suspected mechanism in chronic infection is faulty modu-
lation of regulatory T cells, which causes down regulation of
T cell cytotoxicity [110–112]. Additionally, HBV disrupts
toll-like receptor (TLR) signaling, disrupting the response of
the innate immune system [113]. Another suggested mech-
anism of immune-resistance is by up-regulation of URG7
(up-regulated gene, clone 7) via HBx trans-activation, which
was shown to confer resistance to Fas and tumor necrosis
factor alpha (TNFa) mediated apoptosis [114, 115]. Further
analysis showed that URG7 blocked apoptotic signals at the
level of caspase 8, which is shared by Fas and TNFa sig-
naling pathways.

In the presence of persistent infection and a chronic but
ineffective immune response, the liver’s unique regeneration
ability causes repeated compensatory proliferation, eventu-
ally leading to cirrhosis and HCC [116].

Direct Oncogenic Effects of HBV and HBV Genome
Integration

As mentioned above, patients with chronic hepatitis B are
at risk for HCC even in the absence of cirrhosis [66], thus
presenting the direct tumorogenic effects of the virus [117].

HBx was shown to localize to mitochondria [118], where
it triggers oxidative stress [119] and production of ROS.
Generation of ROS causes endoplasmic reticulum stress,
which in turn compromises protein-folding ability leading to
apoptosis and liver damage.

There is evidence that HBx modulates the integrity of
ECM by stimulating expression of selected matrix metallo-
proteinases and tissue inhibitors of metalloproteinases that
are capable of breaking down ECM, thereby promoting
metastasis during tumor progression [120–124].

Another direct oncogenic mechanism of HBV affects
regulation of cell growth. During chronic infection, frag-
ments of HBV DNA integrate into the human genome at
multiple sites [125, 126]. HBV DNA integration can also
occur in occult infection [127]. Most of these integrated
fragments span the HBx gene of HBV [128, 129].

HCC was shown to harbor mutations that may affect
multiple cellular processes. These include inactivating tumor
suppressor pathway components, activating oncogenes,
and/or blocking DNA repair.

For example, p53 is a tumor suppressor gene that is acti-
vated during cellular stress to allow cell cycle arrest and ini-
tiation of DNA repair mechanisms [130]. It was shown that
HBx binds to and functionally inactivates p53 [131–133], thus
blocking p53 dependent transcription coupled repair [132] and
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inhibiting nucleotide excision repair [134]. Disruption of
cellular repair mechanisms leads to the accumulation of
mutations, with those commonly found in HCC including
inactivating point mutations of p53 [135, 136] and activating
point mutations in b-catenin [137] which then acts as an
oncogene in HCC. HBx is also implicated in constitutively
activating other genes that appear to contribute to multi-step
hepatocarcinogenesis, such as those encoding cyclin D1 [138,
139], URG4 [140] and URG11 [141]. Additionally, HBx
down-regulates transcription of p21WAF1/SDI1/CIP1 [142], a
senescence factor that also inhibits cell cycle progression.
Finally, HBx has been shown to overcome RAS oncogene
induced senescence [143]. An emerging mechanism in HBV
pathogenesis, including carcinogenesis, is by microRNAs
(miRNA) [144]. HBV-related HCC cells have decreased
expression of miRNAs that are known to regulate genes
related to cell death, and increased expression of miRNAs that
down-regulate inflammation [145].

HBx also has epigenetic effects on gene expression in
liver cells. HBx activates expression of DNA methyltrans-
ferase 1 (DNMT1), in addition to other DNMTs, resulting in
altered DNA methylation patterns in the chronically infected
liver and in HCC [146, 147]. In this context, HBx activation
of DNMT1 has been shown to promote hypermethylation of
the promoter encoding E-cadherin, effectively suppressing
E-cadherin expression [148, 149]. Since E-cadherin is an
important cell adhesion molecule, loss of E-cadherin resulted
in enhanced cell migration in vitro and enhanced metastasis
in vivo, thereby promoting tumor progression.

In a study by Boyault et al. [64] HCC’s were classified to
6 groups (G1-6) according to transcriptome analysis.
HBV-related HCC’s were molecularly distinct from other
HCC’s, and were classified in groups G1-2. Clinically, G1
tumors were characterized by low HBV DNA levels, high
serum a-fetoprotein (AFP), younger age and African origin.
Frequent AXIN1 mutations were also seen. These tumors
had genes expressed during development. G2 tumors were
related to HBV infection with high HBV DNA levels, and
frequent local and vascular invasion. Additionally there were
frequent mutations in p53. Both G1 and G2 tumors had AKT
pathway activation, in G1 via over expression of insulin
growth factor 2 (IGF2) and in G2 via PIK3CA mutations.

A later study by Amaddeo et al. [150] further character-
ized genomics of HBV-related HCC’s. A high frequency of
p53 mutations was found compared to HCC’s of other eti-
ologies. Interestingly, more than 70 % of tumors harbored
inactivation mutations in HBx gene, in contrast to non-tumor
liver tissues. Among HBV-infected patients with additional
risk factors, molecular characteristics were different, sug-
gesting an alteration in carcinogenic mechanisms.

16.4 Prevention of HCC Related to HBV

As hepatitis B infection accounts for more than 50 % of all
HCC cases worldwide [42], targeting HBV is an effective
way to reduce global HCC burden. The targeted approach to
prevent HBV-related HCC is aimed at 3 populations. Pri-
mary prevention in uninfected individuals, secondary pre-
vention in chronic hepatitis B infected individuals, and
tertiary prevention for HBV carriers who have already
developed HCC [151].

16.4.1 Primary Prevention of HCC

Primary prevention of HCC aims to prevent HBV infection
altogether among uninfected individuals, thereby reducing
the risk for HCC development. This is accomplished by
universal vaccination.

The first active vaccine was introduced in the 1980s
[152], and was initially offered only to high-risk populations
[153]. In 1991 the World Health Organization (WHO) rec-
ommended universal vaccinations in all countries [154,
155]. As of 2013, HBV vaccination is part of the vaccination
schedule in 183 countries.

The impact of the universal vaccination plans on HCC
development was significant [156, 157]. Initially, reduction of
prevalence rates was seen in endemic countries, and later the
effects on long-term morbidity and mortality were also doc-
umented. In Taiwan, where a universal vaccination plan was
implemented in 1984, the prevalence of HBsAg among per-
sons younger than 15 years decreased from 9.8 to 0.7 % after
15 years [158]. In Gambia, a study comparing HBV carrier
status between vaccinated and unvaccinated 9-year-old chil-
dren showed prevalence of 0.6 and 10 %, respectively [159].
Studies in China andKorea had similar findings [49, 160]. The
benefits of universal vaccination programswere proven also in
low or intermediate endemicity regions such as Italy [161].

In accordance with the decrease in chronic HBV carrier
status, there has been a decrease in HCC prevalence fol-
lowing implementation of universal vaccination. Studies in
Taiwan showed a decrease in incidence of HCC among
children born after the implementation of the vaccination
program compared to those born before, from 0.7 per
100,000 children to 0.36 [50, 51]. Similar findings were
shown in studies in Korea, Thailand and Alaska [49, 52, 53],
and in the latter elimination of HCC and acute Hepatitis B
were achieved [162].

For unvaccinated patients who are exposed to hepatitis B,
post-exposure prophylaxis is implemented using HBIG and
the standard active vaccine.
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16.4.2 Secondary Prevention of HCC

Secondary prevention of HCC is aimed to prevent HCC in
the 400 million patients who are chronic HBV carriers. This
is accomplished by effective antiviral treatment to reduce
viral replication, thereby reducing the risk for HCC, and by
surveillance programs to detect tumors at early stages when
curative treatments are optional.

The first important step is to identify all HBV carriers.
Current recommendations for groups who should be
screened are summarized in Table 16.4 [163, 164].

16.4.2.1 Antiviral therapy
As mentioned above, one of the major risk factors for HCC
in HBV carriers is a persistently high viral load. This sug-
gests that treatment aimed to reduce viral load may decrease
the risk for long-term sequelae, including HCC.

Current treatments to reduce viral replication include
pegylated interferon, nucleotide (zide) (NUC) analogues and
combination therapies. Studies that assessed the effect of IFN
treatment on prevention of HCC yielded mixed results. Some
showed significant reduction of HCC risk with IFN treatment
[165–168] while others showed minimal or no effect [169–
172]. One long-term, randomized controlled study reported
treatment with natural lymphoblastoid interferon-alpha
(IFN-anl), recombinant IFN-a2a and placebo [173]. HCC
was detected in 1.5 % of the IFN-anl group, 3.7 % of the
IFN-a2a group and 14.7 % of the control group (p < 0.05).
In another long-term study that followed 411 chronic hep-
atitis B patients, of whom 208 were treated with IFN-a and
203 were controls, 4.3 and 1.0 % of patients in the IFN group
and controls, respectively, developed complications of cir-
rhosis and HCC, but without statistically significant

differences between the groups (p = 0.062) [169]. To over-
come the variability in response seen in multiple small
studies, a number of meta-analyses were performed. One
such meta-analysis in 2001 did not show an effect for IFN in
preventing HCC in several European studies [174]. In con-
trast, a few newer meta-analyses found significant risk
reductions with IFN treatment [175–177]. Although some
controversy remains, the overall conclusion is in favor of IFN
treatment for viral suppression and reduction in HCC risk, in
accordance with current treatment guidelines.

The majority of studies on NUC treatment have shown
beneficial effects in prevention of HCC [178]. Prospective and
retrospective studies of large numbers of chronic HBV
patients with advanced liver disease have demonstrated that
treatment with lamivudine (LAM) both delays disease pro-
gression and reduces HCC incidence. In a randomized con-
trolled trial (RCT) by Liaw et al., 651 chronic hepatitis B
patients with advanced fibrosis and cirrhosis were randomized
to receive antiviral agents, LAM or placebo (2:1). Within
3 years, treatment with LAM not only delayed disease pro-
gression but also reduced the incidence of HCC [179].

Case-control studies demonstrated similar beneficial
effects. Matsumoto et al. [180] in a retrospective study of
2795 individuals with chronic hepatitis B assessed the
effectiveness of LAM in preventing HCC. 657 patients
received LAM and the remaining 2138 served as controls.
The mean follow-up period was 2.7 years for the LAM
group and 5.3 years for the controls. Annual incidence of
HCC in the LAM group was 0.4 %/patient/year compared to
2.5 %/patient/year in controls (p < 0.001). Yuen et al. [181]
compared a group of HBeAg (+) individuals without cir-
rhosis treated with LAM to controls, with significantly lower
rates of HCC and cirrhosis among the LAM-treated partic-
ipants. In another study by Eun et al. [182] 872 chronic
hepatitis B patients treated with LAM were compared to
699 historical controls that were not treated. The annual
incidence of HCC was 0.95, 2.18, 5.26, and 4.10 % in
patients with sustained viral suppression, viral break-
through, suboptimal response, and the control group,
respectively. A retrospective study from Greece compared
201 LAM-treated patients, of whom 79 of 109 without
virological remission received adefovir as rescue therapy,
with 209 patients treated with IFN-a and 195 untreated
patients [183]. The liver-related survival in LAM-treated
patients was significantly better compared with untreated
patients or non-sustained responders to IFN-a, and similar
compared with IFN-a sustained responders. Beneficial
effect of LAM treatment was found in additional studies in
Italy [184] and a recent study from Japan [185].

Newer NUCs show even more promising results. A large
case-control study from Japan compared the incidence of
HCC in entecavir (ETV)-treated patients, LAM-treated
patients (with no rescue therapy) and non-treated historical

Table 16.4 Populations recommended for HBV screening

High and intermediate endemicity regions

All people

Low endemicity

Immigrants or adopted children from intermediate or high-endemicity
regions

Household and sexual contacts of HBsAg-positive persons

Persons who have ever injected drugs

Persons with multiple sexual partners or history of sexually
transmitted disease

Men who have sex with men

Inmates of correctional facilities

Individuals with chronically elevated ALT or AST

Individuals infected with HCV or HIV

Patients undergoing renal dialysis

All pregnant women

Persons needing immunosuppressive therapy
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controls. The cumulative HCC incidence rates in cirrhotic
patients at 5 years were 7, 22.2 and 38.9 %, respectively
[186]. Additional studies comparing ETV-treated patients to
untreated controls showed similar results [187, 188].

In a meta-analysis by Sung et al. [175] five studies
comparing NUCs to placebo were analyzed. The use of
NUCs (mostly with LAM, with some patients receiving
adefovir rescue) reduced HCC development from 11.7 % in
controls to 2.5 % in the treatment groups. In subgroup
analysis the protective effect applied to patients with cir-
rhosis (3.9 % in treated patients and 22.4 % in controls),
patients without cirrhosis (1.8 % in treated patients and 8 %
in controls), and patients with drug resistance (3.3 % in
treated patients and 6.4 % in controls).

It is important to stress that although antiviral treatment
reduces the incidence of HCC, the risk is not completely
eliminated even in the face of adequate viral suppression and
undetectable viral DNA [189–191].

16.4.2.2 Surveillance for HCC
Patients with HCC usually present at late stages when
curative treatment is not optional. Therefore, surveillance of
patients at increased risk for HCC is recommended. Current
guidelines recommend screening for HCC in all cirrhotic
patients of all etiologies. In addition, non-cirrhotic chronic
HBV patients with active hepatitis or family history of HCC
should be under surveillance [42].

Surveillance recommendations are based on an RCT by
Zhang et al. [192] that compared biannual screening with
ultrasonography and AFP to a control group that received no
screening. The screened group completed 58.2 % of the
screening tests offered. 9 % of patients in the screening group
were diagnosed with HCC compared to 7 % in the control
group. 46.5 % in the screened group underwent resection
versus 7.5 % in the un-screened population. 1-, 3-, and 5-year
survival rates were 65.9, 52.6, 46.4 % versus 31.2, 7.2, 0 %,
respectively. The benefits of periodic surveillance have been
shown in additional studies [193–196].

In the past few years, the efficacy of AFP testing as a
surveillance tool has been questioned. A population-based
observational study among chronic hepatitis B carriers in
Alaska showed benefit in survival with AFP screening [197],
while a randomized controlled study in China showed earlier
diagnosis of HCC, but without a reduction in overall mor-
tality [198]. Another study in China found that only 6–8 %
of cases not previously identified by ultrasonography were
detected with AFP [199], and a later meta-analysis by Singal
et al. [200] found no additional benefit to ultrasonography at
all with AFP screening. Thus, it was deemed that AFP
testing is suboptimal as a surveillance tool. One of the rea-
sons for limited usefulness is that elevation of AFP levels
may reflect viral hepatitis flares as well as HCC develop-
ment, as was found in a trial among HCV carriers [201].

Another problem is that only 10–20 % of early stage HCCs
present with abnormal AFP levels [42].

Due to these reasons, current European and American
guidelines recommend periodic ultrasonography alone at
6-month intervals [42, 202]. The European Association for
the Study of the Liver (EASL) guidelines recommend con-
sidering AFP testing when cost is an issue or ultrasonogra-
phy is not available. The Asian Pacific Association for the
Study of the Liver (APASL) guidelines continue to recom-
mend both AFP screening and ultrasonography [203, 204].

A major obstacle in HCC screening lies with patient
adherence. A community-based study in California found
that 40 % of patients received poor or no screening, with
worse screening in non-cirrhotic patients, possibly due to
more regular clinic visits among cirrhotics [205]. A system-
atic review identified nine studies with a pooled surveillance
rate of 18.4 %, with better rates among patients followed-up
in gastroenterology clinics compared to primary care clinics
(51.7 versus 16.9 %, respectively) [206]. Explanations
offered for under-surveillance include lack of provider rec-
ommendations and failure to identify at-risk individuals
[207]. These issues should be the first targets when
attempting to improve patient surveillance.

16.4.3 Tertiary Prevention

When patients with chronic HBV develop HCC, they
undergo treatments based on tumor staging. However,
without elimination of the virus, new HCCs may develop de
novo or recur in one or more sites in the liver. Even after
successful curative therapy, the majority of patients (ex-
cluding transplanted patients) eventually die of multi-focal
intrahepatic HCCs and/or of metastasis [208, 209].

Recurrence of HCC is differentiated to two groups—early
recurrence (<2 years after surgery) and late recurrence [210].
Variables associated with early recurrence are microvascular
invasion and non-anatomical resection. Variables associated
with late recurrence are higher grade of hepatic inflammatory
activity, multiple tumors and higher viral load, suggesting de
novo mechanisms [211, 212]. And so, tertiary prevention in
HBV patients aims to reduce late recurrence by decreasing
viral load and inflammation [213].

Several studies examined the effects of IFN treatment on
HCC recurrence, with conflicting results [151].

With the arrival of NUCs, the survival of patients that
underwent resection of HCC, including those with untreated
HBV diagnosed with small HCCs, has significantly improved.
A study by Piao et al. [214] compared 30 patients after HCC
treatment (by different modalities) that received LAM to 40
matched controls that did not receive antiviral treatment. The
LAM-treated patients had improved Child-Pugh scores while
no such improvement was seen in the controls. There was no
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difference in recurrence of HCC, but a significant improvement
was seen in liver function and inmortality due to liver failure in
the LAM-treated group. Similar results were seen in a retro-
spective study by Kuzuya et al. [215]. These studies attributed
the longer survival of LAM-treated HCC patients to improve-
ment of liver functions. Other studies demonstrated improved
tumor-free survival as well [216–220]. Zhou et al. [221] con-
ducted ameta-analysis to assess the impact ofHBVDNA levels
and NUC therapy on HCC recurrence after resection. Twenty
studies were included, and pooled analysis showed that high
viral load was significantly associated with risk of recurrence,
poorer disease-free survival, and poorer overall survival. NUC
therapy significantly decreased the recurrence risk (RR: 0.69,
p < 0.001) and improved both disease-free survival (RR: 0.70)
and overall survival (RR: 0.46).

16.5 Summary

HBV remains a major cause of liver disease, cirrhosis and
HCC, especially in Asia and Africa. Molecular mechanisms
implicated in HBV-related HCC include direct viral hepa-
tocarcinogenesis and indirect effects via chronic fibrosis,
cirrhosis and inflammation.

For HBV-related HCC, primary prevention of HCC is
vaccination for all uninfected individuals. Secondary pre-
vention of HCC focuses on those who are already infected
and is aimed at suppression of viral replication, and
improving surveillance, thus enabling curative treatments.
Future treatments to eradicate the virus in chronic carriers
will potentially further reduce the incidence of HBV-induced
HCC. Tertiary prevention targets patients with HCC and
aims to improve survival and reduce recurrence.

Better understanding of molecular pathways involved in
HBV-induced carcinogenesis suggests that we are now on
the verge of designing new anti-HBV/HCC drugs that will
target these pathways, thus reducing the incidence of this
deadly cancer.
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