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Abstract
Chronic viral hepatitis B and C infections are the diseases associated with the highest risk for developing hepatocellular
carcinoma. These infections are prevalent worldwide. Many factors modulate the risk of developing hepatocellular
carcinoma in chronic viral hepatitis, such that the assessment of an individual patient’s risk is a complex consideration.
The presence of cirrhosis is the most important risk factor for the development of hepatocellular carcinoma in both
hepatitis B and C. Thus, one of the major mechanisms for hepatocarcinogenesis in these infections is mediated
in some way through chronic liver injury. In addition, there is evidence to support a direct oncogenic effect of both
HBV and HCV, although the evidence is weaker for HCV. Other risk factors for hepatocellular carcinoma in chronic
viral hepatitis include: geographical location; whether in a high or low prevalence area; host factors, particularly
sex and age; and specific viral factors. In chronic hepatitis B without cirrhosis the risk of hepatocellular carcinoma
is 0.5%-0.8% per annum, increasing to 1.4-2.5% in cirrhotic patients. In chronic hepatitis C with cirrhosis the risk
is 1.4-2.5% per annum, while in Australia, patients with hepatitis C rarely develop hepatocellular carcinoma in the
absence of cirrhosis.
Hepatocellular carcinoma (HCC) is a complication of
chronic viral hepatitis and is associated with significant
morbidity and mortality. Hepatitis B, C and D (HBV, HCV
and HDV) are the viral hepatitides associated with chronic
infection and HCC. The worldwide burden of chronic
viral hepatitis is significant – approximately 400 million
people (7%) with chronic HBV (CHB)and 170 million (3%)
with chronic HCV (CHC).1,2 In Australia, an estimated
91,500 to 163,500 people (0.5% to 0.9%) have CHB and
210,000 (1.1%) CHC.3,4 These two infections are the most
important diseases associated with the development of
HCC. Worldwide, more than 50% of registered cases of
HCC are associated with CHB and 25% with CHC.5,6 In
developed countries, up to 70% of HCC is attributable
to HCV,7-9 whereas in Asia and Africa, HBV is mainly
responsible.10
While the viral hepatitides are a major cause of HCC
worldwide, determining the risk associated with being
infected with these viruses is not straight forward. Other
recognised risk factors for HCC include the presence of
cirrhosis, viral co-infection, age, sex, alcohol exposure,
obesity and diabetes mellitus. Genetic factors also appear
to play a role, as well as environmental agents. The
interactions between these factors and HCC are complex.
In its simplest form, the viral agents: may be directly
oncogenic; may contribute to HCC risk by causing
chronic liver damage that results in cirrhosis; or may be
associated with other risk factors such as diabetes.

Role of cirrhosis
In general, the presence of cirrhosis in both HBV and HCV
is the most important risk factor for HCC.11 In developed
countries, 85% of HCC in CHB arises in cirrhotic livers,

with the remainder occurring in non-cirrhotic livers.7,12 In
CHC, HCC is uncommon in the absence of cirrhosis, at
least in western countries. Risk factors for progression to
cirrhosis and the development of HCC in viral hepatitis
are well described. In CHB, these include young age
at the time of infection, longer duration of infection,
elevated serum alanine aminotransferase (ALT) levels,
male gender, alcohol excess and viral co-infection with
HCV, HDV and/or HIV.13 Serum HBV DNA concentration
is a key predictor of the development of cirrhosis and
HCC.14-16 The importance of other HBV viral factors
remains incompletely understood. In HCV, in addition to
co-infection with HBV and/or HIV, progression of liver
disease is adversely affected by alcohol, smoking, hepatic
steatosis and insulin resistance.17

Other risk factors for HCC
Men are more likely to develop HCC than women.18
This is most evident in high prevalence regions, where
men are affected 2.1 to 5.7 times more frequently than
women (mean 3.7:1). The ratio is lower (mean of 2.4:1)
in intermediate prevalence areas, and is lower again
in low prevalence regions.19 The differences in gender
distribution may reflect variations in hepatitis carrier states,
exposure to environmental toxins, and the trophic effect
of androgens. Age >50 year increases risk for HCC 4-fold
compared with younger individuals.20 The effect may be
due to age per se, or be a consequence of longer duration
of infection. Alcohol appears to synergistically increase
the risk of developing HCC. The risk in HBsAg positive
populations is doubled in those who drink more than 60g/
day of alcohol compared to non-drinkers.21 Smoking is
associated with a 1.5-2.0 fold increase in the risk of HCC
compared to non-smokers.22,23 Obesity is another risk
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factor for HCC in CHB,24 especially in combination with
alcohol, tobacco and diabetes.25 Environmental factors
also play a role, with the dietary mycotoxin, aflatoxin B1
found on mouldy food, being a major contributor to HCC
risk in regions with a high prevalence of HCC such as subSaharan Africa.26,27 While this is not a significant problem in
Australia, it is relevant for immigrants from these regions.

Risk of HCC in viral hepatitis compared to
other liver diseases
Although there are relatively few studies directly
comparing the incidence of HCC in different liver diseases,
there appears to be significant variation. Fattovich et al
compared the five-year cumulative incidence of HCC in
patients with cirrhosis from different aetiologies.13 In CHC
with cirrhosis in western countries this was 17%, and
up to 30% in Japan, while for CHB these figures were
10% in the west and 15% in highly endemic regions. This
compared with 21% for hereditary haemochromatosis,
8% in alcoholic cirrhotics and 4% in advanced biliary
cirrhosis. There is limited data on HCC risk in cirrhosis
of other causes. It is tempting to ascribe this to the
underlying liver disease, but it may also reflect the disease
specific processes that contribute to the development of
cirrhosis. For example, cirrhosis from haemochromatosis
is more likely to occur in older males, the group at highest
risk of developing HCC, while biliary cirrhosis is more likely
to occur in younger women, a lower risk group. In an old
study of the prevalence of HCC at autopsy in patients with
cirrhosis, the proportion of patients in each disease group
with HCC was closely related to the proportion that were
male.28 Thus, the variation in HCC risk between different
chronic liver diseases does not necessarily reflect direct
oncogenic effects of the underlying disease.

Risk of HCC in chronic hepatitis B infection
HBV is a DNA hepadnavirus. It is transmitted by perinatal,
parenteral and sexual exposure. In highly endemic areas
such as Eastern Asia, China and Africa, approximately
70% of HBV infections are acquired either perinatally or
in early childhood.29 Perinatal exposure leads to chronic
infection in 90-95% of cases, while childhood exposure
leads to CHB in 50% of cases. The lifetime risk of cirrhosis
is 20-30% in perinatal and childhood infections. In low
prevalence areas such as Australia, North America and
Western Europe, infection mostly occurs in adulthood
through sexual contact or injecting drug use. Ninety five
per cent of adults acutely infected will clear HBV and
become immune.30,31 HCC develops in 0.5%-0.8% per
annum in patients with CHB compared with 1.4-2.5% in
those with cirrhosis secondary to CHB.32,33
Epidemiological data strongly supports a causal
relationship between CHB and HCC. The regional variation
in the incidence of HCC worldwide mirrors the prevalence
of CHB in the local population.34,35 In highly endemic
countries such as Taiwan with successful immunisation
programs, there has been a decline in both the prevalence
of CHB and in the incidence of HCC.36 Experimental data
using animal hepadnavirus provides additional support
for this relationship. Newborn woodchucks inoculated
with woodchuck hepatitis virus (a hepadnavirus used as
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a model of human HBV infection) develop chronic viral
hepatitis and HCC within three years.37

Mechanisms of carcinogenesis in chronic
hepatitis B infection
As stated above, in CHB, HCC usually occurs in cirrhotic
patients. However, in 20% of cases in the developed
world and 40% in sub-Saharan Africa and China, HCC
occurs in non-cirrhotic livers.38 The contribution of
hepatocellular injury and fibrosis in non-cirrhotic patients
with CHB and HCC is difficult to quantify, but there is
evidence that HBV is directly oncogenic. HBV DNA
integrates into the host genome leading to alterations
in cellular signalling and growth control. Chromosomal
alterations are significantly increased in HBV-related
tumours compared with tumours associated with other
liver diseases.39,40 Additionally, HBV proteins may enhance
genomic instability. The HBV encoded X antigen (HBxAg)
produced in chronically infected cells facilitates malignant
transformation through several mechanisms. HBxAg has
a direct stimulatory effect on cell growth. It binds and
inactivates the key tumour suppressor p53 protein and
may interfere with DNA repair mechanisms, allowing
genomic damage to accumulate.41,42 The usual site of
viral integration into the host DNA is adjacent to the HBx
gene, facilitating expression of the associated protein.41 It
is likely that the cellular immune response against infected
hepatocytes, combined with long-term toxic effects of
viral gene products, trigger chronic necroinflammation
with subsequent fibrosis and hepatocyte proliferation,
increasing the likelihood of malignant transformation.

Hepatitis B viral factors which modify risk of
HCC
Serum HBV DNA levels across a biological gradient appear
strongly predictive of the risk of disease progression and
the development of HCC, independently of HBeAg status,
serum ALT and liver cirrhosis.14,16 In a community based
survey, Taiwanese patients developed HCC at a 10 times
greater rate if HBV DNA was persistently >20,000 IU/mL
than in those with HBBV DNA <2,000 IU/mL. However,
even with a serum HBV DNA titre of 2000 IU/mL, an
increased risk for HCC existed.15
The importance of HBV e antigen (HBeAg) sero-status,
pre-core or core promoter mutants and HBV genotype
in relation to HCC risk remains incompletely understood.
Several case control studies suggest that HBeAg positivity
may be a predictive marker for HCC. HBeAg prevalence
is higher among patients with HCC than among matched
HBsAg carriers. A large cohort study found that the
relative risk of HCC was increased by six-fold among
patients who were HBeAg and HBsAg positive, compared
with those positive for HBsAg alone.23
HBV genotype appears to play a role in Asian studies of
genotype B and C HBV.43,44 Genotype C has been shown
to have a more aggressive disease course than genotype
B in HBeAg positive patients and is an independent
risk factor for HCC, with an adjusted relative risk of 2.8.
The relative risk associated with cirrhosis was 10.2.45
In Western Europe and North America, genotype D is
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associated with more severe liver disease and higher
incidence of HCC, than genotype A.46
The prevalence of the T1762/A1764 mutation in the basal
core promoter region increases with the progression of
liver disease and this mutation is significantly associated
with the development of HCC, in both genotypes B and
C.47 The T1762/A1764 mutation can be detected in
plasma up to eight years prior to HCC diagnosis and may
be a strong predictive biomarker of HCC.47,48

Risk of HCC in chronic hepatitis C
HCV is a positive single-stranded RNA flavivirus. Its
mode of transmission is predominately parenteral. In
Australia, at least 80% of patients became infected
through injecting drug use.49,50 Most people infected with
HCV (up to 80%), are unable to spontaneously eliminate
the virus and progress to CHC.51-53 CHC is the causative
agent associated with the majority of HCC in developed
countries, where up to 70% of patients with HCC have
anti-HCV antibodies in serum.7-9 The risk of HCC in CHC
is 1.2-1.7% per annum in patients with underlying chronic
hepatitis and 1.4-2.5% per annum in those with cirrhosis.

former heavy drinkers, but is not significantly increased
in current heavy drinkers.54 This suggests that alcohol is
an important risk factor for progression to cirrhosis, but
once cirrhotic, alcohol does not confer any additional risk
for HCC than that attributable to cirrhosis alone. Cigarette
smoking may have a role in the development of HCC from
liver cirrhosis.
Steatosis and insulin resistance are frequently observed
in CHC. Steatosis is associated with an increased rate of
progression of hepatic fibrosis.64,65 In a local study, hepatic
steatosis was not associated with increased risk of HCC.66
Among blacks, Hispanic and non-Hispanic whites in Los
Angeles with CHC and/or CHB, diabetes was shown
to be an independent risk factor for HCC.67 Synergistic
effects on HCC risk of HBV/HCV co-infection, hazardous
alcohol consumption and diabetes were demonstrated in
this study population.68
The role of HCV genotype is undefined. Some reports
indicate increased association of HCC with genotype
1b,32,69 while others have not found this association.63
Treatment with interferon reduces the incidence of HCC in
some studies, but not in others.33,56,63,70

32,54,55,56

Mechanisms of carcinogenesis in chronic
hepatitis C infection
HCV does not integrate into the host genome as reverse
transcription of viral RNA to DNA does not occur.57 In
CHC, HCC almost always arises in the setting of cirrhosis.
The likely mechanism of hepatocarcinogenesis is chronic
necroinflammation, cellular regeneration and fibrosis which
predispose to genomic damage.51,58 HCC in patients with
CHC who are not cirrhotic has been reported.59,60 However,
there is limited evidence supporting a direct carcinogenic
role for HCV. Animal models provide support for a direct
oncogenic effect of HCV. Transgenic mice expressing
the complete HCV core gene at similar levels to that
found in human infection develop hepatic steatosis after
three months, adenomas after 12 months and eventually
HCCs within the adenomas. This was in the absence of
significant inflammation or fibrosis. HCC did not develop
in mice expressing HCV envelope proteins, suggesting
that the oncogenic potential is specific for the HCV core
protein.61 In vitro studies have also shown that HCV core
peptide can bind to and influence proteins involved in
the regulation of apoptosis and hepatocyte proliferation,
including p53, tumour necrosis factor receptor 1, the Fas
system, nuclear factor-kappa and the cell cycle regulator,
p21WAF1. These interactions may contribute to the
development of HCC.

Factors which modify risk of HCC in chronic
hepatitis C infection
The risk for patients with CHC developing HCC varies
by country of report, length of follow-up and presence
of cirrhosis. As occurs in other liver diseases, males are
at increased risk of HCC.56,62 Other risk factors in CHC
are longer duration of infection and age greater than 60
years.32,63 Among patients with HCV cirrhosis the risk of
HCC is significantly increased in current smokers and

Risk of hepatocellular carcinoma in viral
co-infection
HBV and HCV co-infection is prevalent, occurring in
more than 10% of CHB patients worldwide.71 Patients
with co-infection have more severe liver disease and are
more likely to develop cirrhosis with decompensation.
In addition, they have a higher risk of developing HCC
than individuals with HCV or HBV alone.7,72,73 After five
years of co-infection with CHB and CHC, the cumulative
risk of developing HCC is 23%, compared with 10% for
CHB and 21% for CHC.74 By 10 years the risk of HCC in
co-infection is as high as 45%, compared with 16% and
28% for CHB and CHC respectively.74 The risk of HCC
in HBV/HCV co-infection has been analysed in a metaanalysis.75,76 This found a more than additive effect of
co-infection with HBV and HCV on the risk of developing
HCC. The odds ratio for HCC compared to the noninfected population for HBsAg positive, anti-HCV/HCV
RNA negative subjects was 20.4. In HBsAg negative,
anti-HCV/HCV RNA positive subjects it was 23.6 and in
subjects positive for both markers it was 135.
HDV super-infection in CHB is associated with more
severe liver disease and accelerated progression to
cirrhosis. The effect of HDV infection on HCC risk was
evaluated in the EUROHEP retrospective cohort study
of 200 HBsAg positive compensated cirrhotic patients,
followed for a mean of 6.6 years. HDV co-infection was
present in 20% of the population and was associated with
a 3-fold increased risk of HCC.20,77
In the context of prolonged survival of HIV patients on highly
active antiretroviral therapy, HCV/HIV co-infection results
in the accelerated development of cirrhosis, liver failure
and HCC.76,78,79 Likewise, HBV/HIV co-infection leads to
increased liver fibrosis, cirrhosis, HCC and liver-related
mortality.80,81 Schistosomiasis is a major health problem
in Africa, particularly in Egypt, and is relevant to migrants
from these areas. Schistosomiasis in genotype 4 HCV
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appears to worsen portal hypertension with accelerated
progression to fibrosis and HCC.82,83
In summary, in CHB and CHC, host and environmental
factors modulate the risk of developing HCC. For both
viruses, the presence of cirrhosis is a major contributor
to HCC risk. This may be mediated through necrosis
and inflammation related to viral infection, resulting in
genotoxicity and enhanced hepatocyte proliferation. There
is evidence supporting a direct carcinogenic effect for
both viruses, although the evidence in support of this
appears stronger for HBV. Viral factors may impact upon
HCC risk. The role of viral genotype requires further study,
as do other viral factors. Longer duration of infection, age
of acquisition, serum ALT, viral co-infection, male gender,
alcohol excess, cigarette smoking and hepatic steatosis
all appear to increase the risk of HCC in patients with
chronic hepatitis B or C.
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