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m Are patterns and prevalence changing?

Hashem B. El-Serag

Michael E. DeBakey VA Medical Center, Baylor College of Medicine, Houston, TX, USA

e Hepatocellular carcinoma (HCC) is the most common
primary liver malignancy, and in the absence of early
detection through tumour surveillance, it is usually fatal
with almost equal incidence and mortality rates in most
parts of the world

e Most cases of HCC arise in those with established
cirrhosis (annual rate of HCC in cirrhosis is 1-7 %)

e Most cases of HCC are reported from hepatitis B virus
(HBV) endemic areas in Southeast Asia and sub-Saharan
Africa; many risk factors for HCC have been identified
among those with chronic hepatitis C virus (HCV) or
HBV

e There is a partly unexplained 2-4-fold increase in HCC
risk in men, compared with women

e Viral hepatitis (HBV and HCV) is responsible for most
cases of HCC worldwide

e The HCV epidemic in many regions, including the
United States, has resulted in a recent dramatic increase
in HCC incidence

e New risk factors for HCC include insulin resistance
syndrome, manifesting as diabetes-related liver disease
or obesity-related liver disease; given the high
prevalence of these risk factors, even small increases in
HCC risk may result in a considerable number of future
HCC cases

e Apart from alcohol (which increases HCC risk) and
coffee (which decreases HCC risk), the role of dietary

\factors is unclear

Liver cancer is the fifth most common cancer in men
(522,000 cases, 7.9% of the total) and the seventh in women

(225,000 cases, 6.5% of the total). Most of the burden is in
developing countries, where almost 85% of the cases occur.
Owing to its high fatality (overall ratio of mortality to inci-
dence of 0.93), liver cancer is the third most common cause
of death from cancer worldwide [1]. Hepatocellular car-
cinoma (HCC) accounts for 85-90% of all primary liver
cancer (PLC) [2]. The aetiology of HCC, with more than
80% arising in patients infected by hepatitis B virus (HBV)
or hepatitis C virus (HCV) [3], explains several features of
the distinct geographic variations and temporal trends of
liver cancer.

Figure 1.1 shows the considerable regional heterogeneity
in the incidence of PLC worldwide. The highest age-
standardised rates (ASRs) (more than 20 per 100,000 under-
lying population) are reported from countries in Southeast
Asia (North and South Korea, China, Vietnam). These
regions are endemic for HBV infection, with most PLC in
these regions constituted by HCC. Exceptions to this gener-
alisation include Thailand, where cholangiocarcinoma due
to high exposure to liver flukes is the predominant form
of PLC. Another exception is Japan, where HCV is the pre-
dominant risk factor for HCC in this high incidence area.

Owing to its very large population and high ASRs, China
alone sees more than 55% of all PLC worldwide, with rates
of 38-40 per 100,000 in males and 14-15 per 100,000 in
females. Other high-incidence areas outside Southeast Asia
include sub-Saharan African countries such as Cameroon
and Mozambique. In general, countries in southern Europe
have medium-high incidence rates (ASR in males: 10—
15 per 100,000), with Italy on the high end with an ASR
of 159 in men and 5.1 in women. Intermediate inci-
dence areas (ASR: 5-10 per 100,000) include the United
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Age-standardised incidence rates
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South Korea 41
North Korea 41
Thailand 2.2
Cameroon 3.1
China 2.7
Japan 3.0
Vietnam 41
Italy 3.1
Indonesia 4.3
France 4.8
Mexico 1.0
South Africa 2.7
USA 2.8
Russia 2.2
Poland 1.4
Brazil 14
Sweden 1.9
United Kingdom | 1.9
Turkey 1.7
Iran 0.7

FIG 1.1 Age-standardised incidence rates of primary liver cancer per 100,000 population at risk. (GLOBOCAN 2002. The
age-standardised rate is calculated using the 1960 world standard population.)

Kingdom (where cholangiocarcinoma is the common-
est PLC), the United States, France and Germany. Low-
incidence areas include South and Central America, Europe
excluding the Mediterranean countries and North America
(ASRs in males: less than 6 per 100,000).

There have been encouraging trends in liver cancer inci-
dence in some high-rate areas [4], such as China, Japan
and part of Europe, where HCC has been declining [5,6].
On the other hand, substantial increases in HCC incidence
and mortality rates have been observed in areas previously
considered low incidence in North America, Europe and
Oceania. In these regions, HCV is the most frequent aetio-
logic risk factor, accounting for 30-50% of HCC cases. For
example, incidence of HCC has tripled in the United States
during the past two decades [7] and has become the most
rapidly increasing cause of cancer-related deaths [8].

The median survival of PLC patients is estimated at less
than 1 year [9]. There is considerable regional variation in
mortality that tends to mirror those reported for incidence
rates. In addition, there are also significant differences in

the proportion of total cancer mortality attributable to
PLC in different regions. For example, in Cameroon and
Thailand, about one third of all cancer deaths are due to
PLC, compared with less than 5% in most Western coun-
tries in Europe and North America.

Demographic features of HCC

Age

HCC is rare before age 40 and reaches a peak at around
age 70. In low-risk populations (e.g. US, Canada, UK), the
highest age-specific rates occur among persons 75 years
and older. However, in Qidong, China, where HCC rates
are among the world’s highest, age-specific incidence rates
among males rise until age 45 and then plateau. In all
regions, female rates peak in the age group 5 years older
than the peak age group for males. The variable age-specific
patterns in different geographic regions are likely related
to differences in the dominant hepatitis virus in the
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population, the age at viral infection and the existence of
other risk factors.

Sex

There is a striking male predominance in HCC, with the
highest male to female ratios seen in high and medium HCC
incidence areas. HCC is more equally distributed among
men and women in low-incidence countries in South and
Central America. The prevalence of HBV, HCV, alcohol
consumption and cigarette smoking is higher in men than
in women. Some of the male predominance seen in HCC
can be explained by higher cancer rates in males in general.
A possible role of sex hormones in the development of
HCC has also been suggested [10]. High serum testosterone
levels have been associated with risk of HCC in nested
case-control studies among HBV carriers in Taiwan and
Shanghai [11].

Race/ethnicity

HCC incidence rates also vary substantially among differ-
ent populations living in the same region. For example,
ethnic Chinese populations of Singapore have considerably
higher age-adjusted rates than Indians in the same region
[12]. Another example, the age-adjusted HCC incidence
rates in individuals of Asian/Pacific Islander ethnicity were
almost three times higher than that in whites (ASRs 11.7
and 3.9, respectively), with Hispanics and blacks in between
these two extremes (ASRs 8.0 and 7.0, respectively) [13].
Differences in the prevalence of the main risk factors may
explain some of these differences; for example first gen-
eration immigrants from Southeast Asia have high HBV
infection rates.

Risk factors for HCC

The main HCC rrisk factors are HBV, HCV, alcohol, aflatoxin
and possible obesity and diabetes. Together HBV and HCV
account for 80-90% of all HCC worldwide [3] (Table 1.1).
Mendelian disorders (e.g. Wilson’s disease, alpha-1 anti-
trypsin deficiency and hemochromatosis) account for a very
small proportion of HCC. Cryptogenic or unknown aeti-
ology HCC accounts for 15-30% of cases. Most HCC risk
factors promote formation of cirrhosis, which is present in
about 80-90% of HCC patients [14,15]. The risk of devel-
oping HCC in cirrhosis patients varies considerably with
the underlying condition and severity of cirrhosis [16]. The
highest 5-year cumulative risks are seen in HCV cirrhosis

Are patterns and prevalence changing? B

TABLE 1.1 Estimated cases of primary liver cancer in 2002
attributable to HBV and HCV

HCV HBV
Attributable  Attributable
fraction (%) fraction (%)

Primary liver
cancer cases

Developed 110,800 23.3 19.9
countries
Developing 515,300 58.8 334
countries
Total 626,100 54.4 31.1

Source: Adapted from Parkin DM. The global health burden of
infection-associated cancers in the year 2002. Int J Cancer 2006;
118(12):3030-3044.

(30% in Japan and 17% in the West), hemochromatosis
(21%), HBV cirrhosis (15% in Asia and 10% in the West),
alcoholic cirrhosis (8%) and biliary cirrhosis (4%) [17].

HBV

Approximately 350 million people around the world are
estimated to be chronically infected by HBV [18]. World-
wide, chronic HBV infection accounts for approximately
50% of HCC cases [19] with considerable regional varia-
tion (70% in South Korea, 10-15% in Japan [20], 3% in
Sweden, 9% in the United States and 55% in Greece [21]).
The lifetime risk of HCC for a person with a chronic HBV
infection is between 10% and 25% [22], which is 15-20-fold
higher than non-infected controls [23,24]. HBV is a noto-
rious cause for HCC in the absence of cirrhosis; however,
the great majority (70-90%) of HBV-related HCC develops
in livers already afflicted by cirrhosis [2].

The increased HCC risk associated with HBV infec-
tion particularly applies to areas where HBV infection is
endemic. In these areas, HBV is usually transmitted from
mother to newborn (vertical transmission), and up to 90%
of infected persons follow a chronic course. This pattern is
different in areas with low HCC incidence rates, where HBV
is acquired in adulthood through sexual and parenteral
routes (horizontal transmission) with more than 90% of
acute infections resolving spontaneously. The annual HCC
incidence in chronic HBV carriers in Asia ranges between
0.4% and 0.6%, but is considerably lower in Caucasian HBV
carriers [25].

Several additional factors increase HCC riskamong HBV
carriers, including male sex, older age, longer duration of
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infection, family history of HCC, exposure to aflatoxin,
alcohol or tobacco or co-infection with HCV or delta hep-
atitis. HCC risk is also increased in patients with high lev-
els of HBV hepatocellular replication, as indicated by high
HBV DNA levels, presence of HBeAg [26] or HBV genotype
C[27]. HBV DNA can also be detected in hepatitis B surface
antigen (HBsAg)-negative individuals, but it has an unclear
association with HCC risk There is moderately strong evi-
dence that effective antiviral therapy that controls HBV
infection in HBsAg-positive patients in viremic patients
substantially reduces, but does not eliminate, HCC risk.
One high-quality Taiwanese randomised controlled trial
in patients with chronic HBV who had cirrhosis reported
a significant reduction of HCC in patients treated with
lamivudine for several years compared with placebo (3.9%
vs. 7.4%; hazard ratio 0.49; p = 0.047) [28].

The risk of HCC is substantially lower in persons who
are immune to HBV. For example, in the seminal study by
Beasley et al. [29], the incidence of HCC was significantly
lower in immune persons compared with carriers (5 vs.
495 per 100,000 per year) [29]. By using sensitive ampli-
fication assays, many studies have shown that HBV DNA
persists as ‘occult HBV infection’ for decades among per-
sons with serological recovery (HBsAg negative) from acute
infection [30]. Although some studies have linked develop-
ment of HCC in individuals with chronic HCV infection
to occult HBV, others have not found an association. Fre-
quently cited reports from Taiwan have described a reduc-
tion of HCC incidence rates in children 1-2 decades after the
introduction of a universal vaccination programme against
HBV [31].

Dietary aflatoxin

Aflatoxins are naturally occurring, potent hepatocarcino-
genic mycotoxins produced by some Aspergillus species.
They are moulds that grow on grains, corn, cassava, peanuts
and fermented soy beans particularly under high moisture
conditions in parts of sub-Saharan Africa and eastern Asia.
Animal experiments demonstrated that AFB, is a power-
ful hepatocarcinogen, leading the International Agency for
Research on Cancer to classify it as carcinogenic [32]. Once
ingested, AFB; is metabolised to an active intermediate,
AFB, -exo0-8,9-epoxide, which can bind to DNA and pro-
duce a characteristic mutation in the p53 tumour suppres-
sor gene (p53249°") [33]. This mutation has been observed
in 30-60% of HCC tumours in aflatoxin endemic areas
[34,35]. Individuals infected by HBV and exposed to afla-

toxin have an even higher risk of liver cancer, suggesting a
synergistic effect between HBV and aflatoxin [36]. Though
HBV vaccination in these areas should be the major preven-
tive tactic, persons already chronically infected will not ben-
efit from vaccination. However, HBV carriers could benefit
by eliminating AFB, exposure. Efforts have been launched
to accomplish this goal in China [37] and Africa [35].

HCV

The global HCV prevalence is estimated to be 2% and as
high as 10% in Egypt [38]. It has been estimated that HCV
began to infect large numbers of young adults in Japan
in the 1920s and in southern Europe in the 1940s and in
North America in the 1960s and 1970s as a result of con-
taminated needles and/or injection drug use [39]. The virus
then migrated into national blood supplies and circulated
until a screening test was developed in 1990, after which the
rates of new infection dropped dramatically.

The association between HCV infection and increased
HCC risk is well established and has been shown in case-
control as well as cohort studies. Markers of HCV infection
are found in a variable proportion of HCC cases, for exam-
ple 45-65% in Italy [40,41] and 80-90% in Japan [42].
HCC risk increased 17-20-fold in HCV-infected patients
compared with HCV-negative controls [43].

The rate of HCC development in HCV-infected per-
sons ranges from 1% to 3% after 30 years of chronic infec-
tion [44]. HCV increases HCC risk by promoting fibrosis
and eventually cirrhosis. Once cirrhosis is established, the
annual incidence of HCC is 1-4% [16]. In HCV-infected
patients, factors related to host and environment or lifestyle
appear to be more important than viral factors in determin-
ing progression to cirrhosis. These factors include: older age
overall as well as older age at the time of HCV acquisition,
male sex, heavy alcohol intake (more than 50 g/day), dia-
betes, obesity and co-infection with HIV or HBV [45]. On
the other hand, HCV viral load and HCV genotype have
not been associated with HCC risk.

Alcohol

Heavy alcohol intake, defined as ingestion of more than
50-70 g/day for several years, is a well-established HCC risk
factor. It is unclear whether the risk of HCC is significantly
altered in those with low or moderate alcohol intake. There
is evidence for a synergistic effect of heavy alcohol ingestion
with HCV or HBV, with these factors presumably operating
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together to increase HCC risk by more actively promoting
cirrhosis [43].

Fatty liver disease. Many studies conducted in Western
countries fail to identify a major risk factor (HBV, HCV,
alcohol) for chronic liver disease or HCC in a large propor-
tion of patients (30—40%). Non-alcoholic fatty liver disease
(NAFLD), including its more advanced form non-alcoholic
steatohepatitis (NASH), has been proposed as the aetiologic
factor for many cases of cryptogenic HCC. Insulin resis-
tance has been proposed as the major pathogenic mecha-
nism for this disorder as well as its progression to NASH.
Obesity and diabetes are the major clinical manifestations
of the insulin resistance syndrome.

There is epidemiologic evidence in support of a potential
association between NAFLD/NASH and a modest increase
in HCC risk. The few available population-based cohort
studies of patients with NAFLD/NASH provide a mod-
est support for this association [46,47]. Cross-sectional
and case-control studies are limited due to the requisite
histopathological features for confirmed NAFLD/NASH
diagnosis being less evident, or even absent, once cirrhosis
is established. Indirect evidence to the NAFLD-HCC asso-
ciation is provided by multiple cross-sectional and case-
control studies showing significantly higher prevalence of
obesity and diabetes among patients with cryptogenic cir-
rhosis compared with controls with other causes of liver
disease [48-51]. It is clear that development of cirrhosis
related to NASH signals a considerable increase in HCC
risk. Most studies that evaluated cryptogenic cirrhosis or
documented NASH-related cirrhosis reported high HCC
incidence. While the progression of NAFLD/NASH to cir-
rhosis and NAFLD/NASH-related HCC may very well be
infrequent, given vast and increasing prevalence, obesity
and diabetes could still contribute a large HCC.

Obesity

It has been estimated that up to 90% of all obese individuals
(BMI >30 kg/m?) and up to 70% of all people with diabetes
have some type of fatty liver disease [52]. The effect of obe-
sity on HCC risk has been examined in several cohort stud-
ies. In alarge prospective cohort study of more than 900,000
individuals from around the United States followed for a
16-year period, liver cancer mortality rates were 4.5 higher
in men with a BMI >35 kg/m?* and 1.7 higher in women
with a BMI >35 kg/m?, compared with normal-weight

Are patterns and prevalence changing?

individuals [53]. Two other population-based cohort stud-
ies from Sweden and Denmark found a 2—-3-fold increased
HCC risk in obese men and women compared with those
with normal BMI [54,55]. Diabetes, particularly type 2, has
been proposed to be a risk factor for both chronic liver dis-
ease and HCC. Several case-control studies have examined
the association between diabetes and HCC. The majority
found a statistically significant association with 50—-100%
increased HCC risk in the presence of diabetes. However,
reverse causality is a concern in all these studies because in
some cases diabetes might itself be a result of cirrhosis. A few
cohort studies, better suited to evaluate temporality, have
been conducted, showing that individuals with type 2 dia-
betes had on average a doubled risk to develop HCC, with
one showing an association between longer duration of dia-
betes and increased HCC risk [41,56]. Additional research
is needed to examine how any excess risk conveyed by dia-
betes is mediated by the duration and treatment of diabetes,
a family history of diabetes, by obesity and by physical
activity.

Tobacco smoking

The relationship between cigarette smoking and HCC has
been examined in more than 50 studies in both low- and
high-rate areas. In almost all countries, both positive asso-
ciation and lack of association findings have been reported.
Taken together, available evidence suggests that any effect
of smoking on HCC is likely to be weak and limited to a
subset of the general population.

Diet

The role of diet, except for alcohol and coffee drinking,
in the aetiology of HCC in human populations is largely
unknown. Coffee drinking has been studied extensively in
relation to HCC. Several epidemiological studies have pre-
viously reported coffee drinking reduces risk of elevated
liver enzymes and of cirrhosis, while animal studies sug-
gest that coffee reduces liver carcinogenesis. Further, coffee
drinking has also been associated with reduced insulin levels
as well as reduced risk of type 2 diabetes, in itself considered
to be a risk factor for HCC [57].

Both case-control and cohort studies conducted in Japan
and Southern Europe specifically evaluated the relationship
between coffee consumption and HCC risk, most report-
ing a significantly reduced risk of HCC with increased con-
sumption [58-60].
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Future trends

HBYV continues to be the major HCC risk factor worldwide,
although its importance will most likely decrease during the
coming decades because of the widespread use of the HBV
vaccine in the newborns in HBV endemic and HCC high-
incidence areas. This effect may become more tangible as
the first individuals to get immunised grow older. HCV has
been the dominant viral cause in HCC in North America,
some Western countries and Japan. Obesity and diabetes are
increasing at a fast pace throughout the world, and if they
are established as HCC risk factors, whether independently
or in the presence of viral hepatitis or alcohol abuse, these
conditions would plausibly account for more HCC cases in
the future.
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