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Epidemiology of Viral Hepatitis and Hepatocellular Carcinoma
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Most cases of hepatocellular carcinoma (HCC) are asso-
ciated with cirrhosis related to chronic hepatitis B virus
(HBV) or hepatitis C virus (HCV) infection. Changes in
the time trends of HCC and most variations in its age-,
sex-, and race-specific rates among different regions are
likely to be related to differences in hepatitis viruses that
are most prevalent in a population, the timing of their
spread, and the ages of the individuals the viruses infect.
Environmental, host genetic, and viral factors can affect
the risk of HCC in individuals with HBV or HCV infec-
tion. This review summarizes the risk factors for HCC
among HBV- or HCV-infected individuals, based on
findings from epidemiologic studies and meta-analyses,
as well as determinants of patient outcome and the HCC
disease burden, globally and in the United States.
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ccording to the International Agency for Research on

Cancer, liver cancer is the fifth most common cancer in
men worldwide (523,000 cases/y, 7.9% of all cancers) and the
seventh most common cancer in women (226,000 cases/y,
6.5% of all cancers). Liver cancer has a high mortality rate;
the geographic distribution of mortality is similar to that of
incidence. Most of the burden of liver cancer is in developing
countries, where almost 85% of the cases occur. Hepatocel-
lular carcinoma (HCC) is the most common form of liver
cancer; most cases of HCC (approximately 80%) are associ-
ated with chronic hepatitis B virus (HBV) or hepatitis C virus
(HCV) infections. Variations in the age-, sex-, and race-spe-
cific rates of HCC in different geographic regions are likely
to be related to differences in the prevalence of hepatitis
viruses in the populations, as well as the timing of the spread
of the viral infection and the age of individuals at the time of
the infection.

Global Epidemiology of HCC

Most cases of HCC (>80%) occur in sub-Saharan
Africa and in Eastern Asia, with typical incidence rates of
more than 20 per 100,000 individuals. Southern Euro-

pean countries (such as Spain, Italy, and Greece) tend to
have mid-incidence levels (10.0-20.0 per 100,000 individ-
uals), whereas North America, South America, Northern
Europe, and Oceania have a low incidence of HCC (<5.0
per 100,000 individuals) (Figure 1). Recent decreases in
the incidence of HCC were reported among Chinese pop-
ulations in Hong Kong, Shanghai, and Singapore; the
incidence in Japan also is decreasing. However, cases of
HCC are increasing in low-incidence areas such as the
United States and Canada.

HCC rarely is seen during the first 4 decades of life,
except in populations in which HBV infection is hyperen-
demic. The mean ages of diagnosis with HCC were 55-59
years in China and 63-65 years in Europe and North
America. In low-risk populations, the highest incidence of
HCC is among individuals aged 75 or older. However, in
Qidong, China, where HCC burden is among the world’s
highest, the age-specific incidence rates among men in-
creases until age 45 years and then plateaus; among
women, the incidence rate increases until age 60 years and
then plateaus. HCC is predominant among men, with the
highest male:female ratios in areas of high incidence (Fig-
ure 1).

The Role of HBV and HCV in HCC

HBV and HCV promote cirrhosis, which is found
in 80%-90% of patients with HCC. The 5-year cumulative
risk of developing HCC for patients with cirrhosis ranges
between 5% and 30%, depending on etiology (it is highest
in individuals with HCV infection), region or ethnicity (it

Abbreviations used in this paper: AFB,, Aflatoxin B,; ALT, alanine
aminotransferase; GST, glutathione S-transferase; HBeAg, hepatitis B e
antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus;
HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HIV, human
immunodeficiency virus; IL, interleukin; REVEAL-HBV, Risk Evaluation of
Viral Load Elevation and Associated Liver Disease/Cancer-Hepatitis B
Virus; TNF, tumor necrosis factor.
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Male:female
25 55 ratio
South Korea 4.1
North Korea 41
17.2 Thailand 2.2
14.2 China 2.7
Japan 3.0
Vietnam 41
Italy 3.1
[0 Women )
B Men Indonesia 4.3
France 4.8
Mexico 1.0
South Africa 2.7
USA 2.8
Russia 2.2
Poland 1.4
Brazil 1.4
. . . Sweden 1.9
Figure 1. Age-standardized in- )
cidence rates of liver cancer per Argentina 1.8
100,000 person-years, shown United Kingdom 1.9
for different regions of the world Turkey 1.7
and for men and women
Iran 0.7

(GLOBOCAN 2002).

is highest in Asians), and stage of cirrhosis (it is highest in
individuals with decompensated disease).!
Approximately 5% of the world population (350-400
million people) is chronically infected with HBV; 75% of
infected people are Asian,? with a lower prevalence (0.3%-
1.5%) in Western countries. There is high ecologic corre-
lation between areas of HBV prevalence and HCC inci-
dence and mortality worldwide (Figure 2). Chronic HBV
infection accounts for approximately 50% of the total
cases and virtually all childhood HCC; it is the dominant
risk factor in most areas of Asia and sub-Saharan Africa
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Figure 2. Prevalence of HBsAg carrier and chronic HCV status in dif-
ferent geographic regions.”! Melanesia (includes the Amphlett Islands,
Bismarck Archipelago, d'Entrecasteaux Islands, Fiji, Louisiade Archipel-
ago, Maluku Islands, New Caledonia, New Guinea, Norfolk Island, Raja
Ampat Islands, RotumaSchouten Islands, Santa Cruz Islands, and Sol-
omon Islands) and Micronesia (Banaba, Gilbert Islands, Mariana Islands,
Marshall Islands, Caroline Islands, Nauru, and Wake Island).

that have a high incidence of HCC, with the exception of
Japan, where the major risk factor for HCC is chronic
HCV infection. HB surface antigen (HBsAg) seropreva-
lence among persons with HCC varies widely: it is 3% in
Sweden, 10% in the United States, 10%-15% in Japan, 19%
in Italy, 55% in Greece, and 70% in South Korea.

The global prevalence of HCV is estimated to be 2%
(approximately 180 million people worldwide) and varies
considerably among different regions (Figure 2). Phyloge-
netic studies of HCV diversity described the chronology of
the spread of HCV epidemics in Japan, Europe, and the
United States; these findings account for the geographic
differences in the timing of the burden of HCV-related
HCC.3 Based on these studies, HCV began to infect large
numbers of young adults in Japan in the 1920s, in south-
ern Europe in the 1940s, and in North America in the
1960s and 1970s.# The HCV epidemic in the United States
originated from contaminated needles and/or injection
drug use. The virus spread into national blood supplies
and circulated until the late 1980s; the rate of new infec-
tions was greatly reduced thereafter. Although the sero-
prevalence of HCV is similar among the general popula-
tions of Japan, southern Europe, and North America,
markers of HCV infection are highest among individuals
with HCC in Japan (80%-90%), followed by Italy (44%-
66%), and then the United States (30%-50%).> The inci-
dence of HCC is almost 3-fold higher in Japan than Italy
and almost 6-fold higher than in the United States. The
burden of HCC in the United States therefore eventually
might equal that of Japan.

The age distribution of HCC in different regions is
determined partly by type of virus and timing of infection.
In areas that have a high incidence of HCC in Asia, HBV
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infection largely is acquired by mother-child transmis-
sion, whereas transmission among siblings of young ages
is more common in Africa. Therefore, individuals in these
regions develop HCC at earlier ages than in low-incidence
areas, where the main risk factors for HCV infection are
encountered later in life. Differences in age-related prev-
alence of HCC might affect applicability and outcomes of
therapies such as liver transplantation. The high male:
female ratio of HCC might result, in part, from the higher
prevalence of HBV and HCV infection among men than
women.

It is estimated that more than 90% of countries rou-
tinely vaccinate newborns against HBV, and approxi-
mately 70% are now delivering 3 immunization doses. In
1984, Taiwan became the first country to vaccinate new-
borns against HBV, and give HB immunoglobulin to
infants of high-risk (HBsAg-positive) and HB e antigen
(HBeAg)-positive mothers. Since then, the number of
HBV carriers in the juvenile population has been greatly
reduced, and the incidence of HCC among children aged
6-14 years was reduced by 65%-75%.6 However, the HBV-
related incidence of HCC is projected to increase for
several decades because of the high prevalence of chronic
HBV infection and prolonged latency to HCC develop-
ment.

Risk of HCC From HBYV Infection

Prospective cohort studies showed a 5- to 100-fold
increase in the risk of developing HCC among persons
chronically infected with HBV. Meta-analyses of case-con-
trol and cross-sectional studies indicated that the lifetime
relative risk for HCC was 15-20 among HBsAg-positive
individuals, compared with HBsAg-negative individuals. A
systematic review of longitudinal (cohort) studies pub-
lished through June 2007, by Fattovich et al,” estimated
the incidence rates of HCC in subjects with chronic HBV
infection in East Asian countries to be 0.2 per 100 person-
years in inactive carriers (HBsAg-positive but with normal
levels of alanine aminotransferase [ALT]), 0.6 person-years
for those with chronic HBV infection without cirrhosis,
and 3.7 person-years for those with compensated cirrho-
sis. There have been few adequate studies in Europe or
North America to determine the incidence of HCC in
HBsAg-positive individuals—most studies included only
small numbers of HBsAg-positive patients. Nevertheless,
the summary HCC incidence rate was 0.02 per 100 per-
son-years in inactive carriers, 0.3 in subjects with chronic
HBV without cirrhosis, and 2.2 in subjects with compen-
sated cirrhosis.

Most HBV-infected individuals who develop HCC have
cirrhosis secondary to chronic necroinflammation. HBV
can cause HCC in the absence of cirrhosis, although most
cases of HBV-related HCC (70%-90%) occur in patients
with cirrhosis.® Factors that have been reported to in-
crease HCC risk among HBV carriers are demographic
(male sex, older age, Asian or African ancestry, family
history of HCC), viral (higher levels of HBV replication;
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HBV genotype; longer duration of infection; co-infection
with HCV, human immunodeficiency virus [HIV], or hep-
atitis D virus), clinical (cirrhosis), and environmental (ex-
posure to aflatoxin, heavy intake of alcohol or tobacco).

HBV Transmission and Replication

In many high-risk areas, particularly those in Asia,
HBV is transmitted from mother to newborn (vertical
transmission); as many as 90% of infected babies develop
chronic infections. This pattern is different in areas that
have a low incidence of HCC; HBV infection usually is
acquired in adulthood, through sexual and parenteral
routes (horizontal transmission). More than 90% of these
cases of acute HBV infection resolve spontaneously. The
higher frequency and longer period of chronic HBV infec-
tions contribute to a greater risk for HCC in areas where
HBYV infection is common.

The risk of HCC is increased in patients with higher
levels of HBV replication, determined by tests for HBeAg
and levels of HBV DNA. One large study evaluated the
effect of HBV replication on the risk of HCC among
11,893 Taiwanese men who were followed up for a mean
of 8.5 years. The incidence rate of HCC was 1169 per
100,000 person-years among men who were HBsAg-posi-
tive and HBeAg-positive, 324 per 100,000 person-years for
those who were only HBsAg-positive, and 39 per 100,000
person-years for those who were HBsAg-negative. Simi-
larly, the relative risks of HCC among men who were
HBsAg-positive and HBeAg-positive were increased 60-
fold, and 10-fold among those who were only HBsAg-
positive.® A community-based Taiwanese prospective study,
the Risk Evaluation of Viral Load Elevation and Associated
Liver Disease/Cancer-Hepatitis B Virus (REVEAL-HBV), re-
ported that in a cohort of 3653 HBsAg-positive partici-
pants, the incidence of cirrhosis and HCC increased in
proportion to the serum level of HBV DNA, from less
than 300 (undetectable) to 1,000,000 or more copies/mL
(Figure 3). These associations remained significant after
adjustment for age, sex, smoking, alcohol consumption,
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Figure 3. An association between baseline serum level of HBV DNA
and future incidence of HCC. The cumulative incidence of HCC also was
calculated for a subcohort of 2925 Taiwanese participants in the
REVEAL-HBV study who were HBeAg-negative, had normal levels of

ALT, and did not have cirrhosis when the study began. Modified from
Chen CJ, et al. JAMA. 2006;295:65-73.72
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and HBeAg serostatus.!® The increased incidence in HCC
in relation to HBV-DNA level also was observed in a study
that showed that inactive carriers of HBV (seronegative
for HBeAg, serum levels of HBV DNA <10,000 copies/
mL, and normal liver enzyme levels) had an almost 5-fold
greater risk for HCC than controls (HBsAg-negative).!!
It is not clear if the findings from REVEAL-HBV pertain
to Western populations, who acquire HBV as adults
and have different risk factors for disease (obesity,
diabetes, and alcohol use).

Levels of viral replication also are affected by antiviral
treatment. There is moderately strong evidence that effec-
tive antiviral therapy, which suppresses HBV infection in
HBsAg-positive patients, substantially reduces but does
not completely eliminate risk for HCC. In a large Asian
study, patients with chronic HBV and cirrhosis or ad-
vanced fibrosis were given 100 mg/d of lamivudine or
placebo for up to 5 years. A smaller percentage of patients
given lamivudine developed HCC (3.9%), compared with
those given placebo (7.4%), which mostly achieved a re-
duced level of HBV DNA.'? Lower-quality evidence from
nonrandomized trials and observational studies has indi-
cated that therapy with interferon or lamivudine reduces
the risk for HCC.!?

HBV Genotypes

Several HBV genotypes (A-H) have been identified,
based on differences of 8% or more in their whole-genome
sequence. HBV genotypes have distinct geographic and
ethnic distributions: genotypes A and D predominate in
Africa, Europe, and India; genotypes B and C predominate
in Asia; genotype E predominates in West Africa; and
genotype F predominates in Central and South America.
In the United States, HBV genotypes A and D are more
common in black and white persons, whereas HBV geno-
types B and C are more common among persons of Asian
ancestry.

HBV genotypes seem to affect clinical outcomes. In
studies performed in Asia, there was a greater association
between genotype C infection and severe liver disease,
cirrhosis, and HCC than genotype B; in Western Europe
and North America, individuals with genotype D had a
greater incidence of severe liver disease or HCC than those
with genotype A. However, some data associate genotype
B HBV with the development of HCC in young carriers
without cirrhosis. A study from Taiwan showed that ge-
notype B was significantly more common in patients with
HCC younger than age 50 than in age-matched carriers
with inactive infections (80% vs 52%).!* Most of these
participants did not have cirrhosis. A 15-year Taiwanese
study of 460 carriers of HBV reported that genotype B was
the most frequent genotype among 26 children with HBV-
related HCC (found in 74%).'S Mutations in the region of
the HBV genome that encode the basal core promoter,
such as T1762 and A1764,'¢ have been associated with
increased incidence of HCC, whereas those in the precore
region (G1896A) have been associated with decreased in-
cidence of HCC.!”
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Aflatoxin B,

Aflatoxin B; (AFB,) is a mycotoxin produced by
fungi of the Aspergillus species (A flavus and A parasiticus)
that grows readily on foods such as corn and peanuts stored
in warm, damp conditions. In animals, AFB, is a powerful
hepatocarcinogen, leading the International Agency for Re-
search on Cancer to classify it as a carcinogen.

Once ingested, AFB; is metabolized to an active interme-
diate, AFB,-ex0-8,9-epoxide, which can bind to and damage
DNA. AFB; causes a mutation at serine 249 in the tumor-
suppressor p53'8 that was detected in 30%-60% of HCC
tumor samples collected from individuals in aflatoxin-en-
demic areas, most of whom had HBV infections.!*?° Assays
have been developed to measure aflatoxin metabolites in
urine and AFB;-albumin adducts in serum, and to detect
specific aflatoxin-associated DNA mutations in tissues.

Areas in which AFB; exposure is an environmental
problem also have a high prevalence of chronic HBV
infection. Although AFB; might contribute to hepatocar-
cinogenesis by other mechanisms, its role in the patho-
genesis of HCC is mediated primarily by its effects on
chronic HBV infection. For example, prospective studies
in Shanghai, China, showed that urinary excretion of
aflatoxin metabolites increased the risk of HCC up to
4-fold, and HBV infection increased the risk 7-fold. How-
ever, individuals who excreted AFB; metabolites and were
carriers of HBV had as much as a 60-fold increase in risk
of HCC.?! Importantly, prevention of HBV-related HCC
would reduce the effects of aflatoxin on HCC risk.

Occult HBV Infection

Studies with sensitive amplification assays have
shown that HBV DNA persists in serum or liver, as an occult
HBV infection, among persons who have serologic recovery
from transient HBV infection (who are HBsAg-negative). In
many instances, occult hepatitis B is associated with anti-
bodies to hepatitis B core antigen and/or anti-HBs. A sys-
tematic review identified 16 studies of the association be-
tween occult HBV and HCC risk; 6 of these studies found no
significant association. None of the studies included in this
review was population-based—most had a small number of
cases or controls, 11 were from Asia (only 1 was performed
in the United States), and they had varied and few adjust-
ments for confounders. A pooled adjusted estimate could be
calculated for only 4 longitudinal studies (3 from Japan) that
indicated a modest association between occult HBV infec-
tion and HCC (relative risk, 2.83).22 A recent small case-
control study from Hong Kong showed a high prevalence of
occult HBV in patients with cryptogenic HCC.?> However,
there is no convincing evidence that occult HBV is an inde-
pendent risk factor for HCC or a cofactor with HCV infec-
tion in most regions of the world.

Risk of HCC From HCV Infection

There is much evidence that HCV infection can
cause HCC. Prospective studies have shown a significant
increase in the incidence of HCC among HCV-infected
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cohorts, compared with HCV-negative cohorts.>* The rate
of HCC among HCV-infected persons ranges from 1% to
3% over 30 years. Similarly, HCV infection is associated
with a 15- to 20-fold increase in risk for HCC compared
with HCV-negative subjects in cross-sectional and case-
control studies.

HCV increases the risk for HCC by inducing fibrosis
and, eventually, cirrhosis. Although HCC has been re-
ported among individuals without or with low levels of
fibrosis,?5-27 the risk of HCC increases with fibrosis stage;
most cases of HCV-related HCC occur among patients
with advanced fibrosis or cirrhosis, making it a condition
listed for HCC surveillance in current recommendations.
Once HCV-related cirrhosis is established, HCC develops
at an annual rate of 1%-4%; although rates up to 8% have
been reported in Japan. The incidence of cirrhosis (and
consequently HCC) 25-30 years after HCV infection
ranges from 15% to 35%,2¢ and is highest among recipi-
ents of HCV-contaminated blood products and hemophil-
iac patients, and lowest among women who received a
single dose of contaminated anti-D immunoglobulin.
HCC risk also might vary based on the amount of virus in
the contaminated product or repeated exposure. Other
risk factors for HCC include the sex of the HCV-infected
individual, comorbidities (co-infection with HBV or HIV,
diabetes, obesity, steatosis), viral genotype (HCV 1b), level
of alcohol consumption, and age. Among patients with
HCV-related cirrhosis, low numbers of platelets or in-
creased levels of a-fetoprotein are risk factors for HCC.

Viral Factors

HCV viremia of any level is a strong risk factor for
HCC; conversely, treatment that eliminates the virus de-
creases risk for HCC. Evidence from randomized con-
trolled studies and several nonrandomized studies of
HCV-infected patients with and without cirrhosis indi-
cates a 57% to 75% reduction in risk of HCC in patients
who received interferon-based therapy and achieved a sus-
tained viral response. There are at least 6 HCV genotypes,
which differ in 30%-35% of nucleotides in the complete
genome. There are also several subtypes; HCV subtypes 1a
and 1b are the most common in the United States and
Europe, whereas in Japan, 73% of HCV-infected individu-
als carry subtype 1b. Reports of the association between
HCV genotype and HCC risk are inconsistent. However, a
meta-analysis of 21 studies that calculated age-adjusted
risk estimates reported that patients infected with HCV
genotype 1b had an almost 2-fold greater risk of develop-
ing HCC than patients with other HCV genotypes (pooled
relative risk, 1.78). The pooled risk estimate remained
significant but lower in an analysis limited to 8 studies
conducted in patients with cirrhosis (pooled relative risk,
1.60).2° There is no consistent evidence that other viral
factors, such as HCV load or quasispecies, affect the risk
of progression to cirrhosis or HCC. A study performed in
Taiwan reported a correlation between level of HCV RNA
and the risk of HCC,3° but studies from the United States
and Europe have not made this association.
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HIV

Many studies examined the effect of HIV infection
on the progression of HCV-related liver disease, measured
by fibrosis, cirrhosis, HCC, decompensated liver disease,
and liver-related death. These studies mostly used the
retrospective cohort or cross-sectional study design. De-
spite the limitations of these studies and some inconsis-
tent results, it was evident that persons co-infected with
HIV have faster progression to cirrhosis and decompen-
sated liver disease, especially during immunosuppression.
However, the effect of antiretroviral therapy on liver dis-
ease in patients co-infected with HCV and HIV is not
clear. At least 4 studies included in a systematic review did
not associate antiretroviral therapy with risk for HCC,
although it is difficult to make general conclusions be-
cause of the small number of cases of HCC in these
studies. Antiretroviral therapy might reduce the risk for
HCC, given the association between HIV co-infection and
accelerated liver disease.3!

HBYV infection persists in 25% of HIV-infected adults,
compared with less than 5% of adults without HIV infec-
tion. Furthermore, individuals co-infected with HIV and
HBV have an increased risk for liver-related mortality.
However, there are few data on the effects of co-infection
with HBV and HIV on risk for HCC.

Coffee

Population-based studies have associated high lev-
els of coffee consumption (>2 cups/d) with reduced se-
rum levels of ALT and y-glutamyl transferase and reduced
incidence of chronic liver disease. Consumption of high
levels of caffeine was associated with milder fibrosis in
patients with chronic HCV infection.>? Coffee consump-
tion also was associated inversely with progression of liver
disease among participants in the Hepatitis C Antiviral
Long-Term Treatment against Cirrhosis trial who had
hepatitis C-related bridging fibrosis or cirrhosis and did
not have a sustained virologic response to peginterferon
and ribavirin treatment.?® In the Hepatitis C Antiviral
Long-Term Treatment against Cirrhosis study, consump-
tion of caffeine from sources other than coffee or of
decaffeinated coffee was not associated with reduced lev-
els of liver enzymes or fibrosis.

Several studies have suggested an inverse relation be-
tween coffee drinking and risk of HCC. One meta-analysis
of studies published through 2007 included 10 studies
(2260 cases of HCC; 6 case-control studies from southern
Europe and Japan and 4 cohort studies from Japan).
Given the geographic location of these studies, most pa-
tients with HCC probably were infected with HCV, or
possibly HBV. All the studies observed an inverse relation
between coffee consumption and risk of HCC, and in 6
studies the association was statistically significant. The
summary relative risk for coffee drinkers vs non- coffee
drinkers was 0.54 from case-control studies and 0.64 from
cohort studies. It was estimated that for an increase of 1
cup of coffee per day, the summary risk ratio was 0.77
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from case-control studies and 0.75 from cohort stud-
ies.3*35 The mechanisms by which coffee reduces the risk
of liver disease, including HCC, are unclear, but could
involve a reduced risk for cirrhosis. In addition to caffeine,
coffee compounds such as cafestol and ditrepens are sim-
ilar to enzymes involved in carcinogen detoxification. Cof-
fee drinking also might protect against HCC by reducing
levels of insulin and thereby the risk for type 2 diabetes,?¢
a risk factor for fatty liver disease, cirrhosis, and HCC.

Risk Factors for HCC Common to HBV
and HCV

Sex

Men are at increased risk for HCC partly because
they have a greater incidence of viral hepatitis and alco-
holic cirrhosis. However, their risk still is increased after
adjusting for these confounders. Men have an increased
risk of cirrhosis and HCC from different diseases, such as
HBV and HCV infection. High serum levels of testoster-
one have been associated with HCC risk in nested case-
control studies of HBV carriers in Taiwan and Shanghai.?”
Male carriers of HBV usually have higher viral loads.
Studies of HBV infection in transgenic mice showed that
the androgen pathway can increase the transcription of
HBV genes; androgens bind directly to sites in the viral
genome, and, conversely, the HBV protein HBx can in-
crease the transcription of androgen receptors.3®3° Other
studies have reported that estrogen protects against pro-
gression of HBV infection. There have been fewer studies
of the role of testosterone in HCV-related liver disease.
There have been differing results from small, case-control
studies of HCV-infected patients regarding total serum
levels of testosterone and degree of HCV-related hepatic
fibrosis. A cross-sectional study associated higher total
serum levels of testosterone with risk of advanced hepatic
fibrosis and inflammatory activity in male veterans with
chronic HCV infections in the United States. However, the
association with HCC was not examined.*?

Co-Infection With HCV and HBV

There has been no single study large enough to
adequately address the risk of HCC among patients with
HBV and HCV co-infection. Two meta-analyses of studies
from various countries (1998)*! and China (2005)*? re-
ported the additive effects of HBV and HCV on risk for
HCC. A meta-analysis of 32 case-control studies by Do-
nato et al*! found that infection with HBV and HCV had
an odds ratio of 165 for HCC, compared with an odds
ratio of 17 for HCV infection alone and an odds ratio of
23 for HBV infection alone. In a meta-analysis of Chinese
studies that included 3201 cases and 4005 controls, the
pooled odds ratio for HBsAg positivity was 14.1, for an-
tibodies against HCV (anti-HCV) and HCV RNA the odds
ratio was 4.6, and for HBsAg-positivity and anti-HCV and
HCV RNA the odds ratio was 35.7.42

However, an updated meta-analysis that included 59
studies that assessed HBV and HCV co-infection reported
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a subadditive effect on HCC risk, based on more recent
studies (2000-2009), cohort studies, and studies con-
ducted in areas in which HBV and HCV infection were not
common; it reported an additive effect in older studies,
case-control studies, and studies conducted in areas where
HCV infection was common.*> A subadditive effect of
HBV and HCV co-infection is possible because infection
with one virus can inhibit infection with the other.

Alcohol

There is evidence of a synergistic effect between
heavy ingestion of alcohol and HCV infection and, to a
lesser extent, HBV infection; these factors presumably
operate together to promote cirrhosis. A meta-analysis of
20 studies published between 1995 and 2004 that in-
volved more than 15,000 persons with chronic HCV in-
fection reported that the pooled relative risk of cirrhosis
associated with heavy alcohol intake was 2.33, compared
with no or low-quantity alcohol intake.** This synergistic
effect also has been observed in the development of HCC.
Donato et al*s reported that, among alcohol drinkers,
HCC risk increased in a linear fashion with daily intake
greater than 60 g (6 cans of beer, glasses of wine, or shots
of hard liquor). However, concomitant HCV infection
increased this risk for HCC 2-fold (Figure 4).

Few cohort studies have investigated the association
between HBV infection and alcohol drinking or intake of
different amounts of alcohol. A Japanese study of patients
with compensated, HBV-related cirrhosis showed that
heavy alcohol intake increased the risk for HCC 3-fold.*¢
A population-based cohort study performed in Korea
found that among individuals with chronic HBV infec-
tion, the risk for HCC increased significantly among sub-
jects with an alcohol intake of 50 g/d or more, with a
relative risk of 1.2 for 50-99 g/d and of 1.5 for greater
than 100 g/d.#
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Figure 4. Odds ratios for hepatocellular carcinoma, according to alco-
hol intake and the presence of HBV or HCV infection. The plot was
obtained by fitting spline regression models on data obtained in Brescia,
Italy, 1995-2000. Modified from Donato et al.*®
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Tobacco Smoking

The relationship between cigarette smoking and
HCC has been examined in more than 60 studies, in areas
of high and low incidence of HCC; both positive associ-
ations and no associations have been reported in different
studies. Among studies reporting positive associations,
several found that effects were limited to subgroups de-
fined by HBV or HCV status. In a meta-analysis of 16
publications that evaluated the epidemiologic interac-
tions between HBV and HCV infection, cigarette smoking,
and risk of HCC, there was a more than additive interac-
tion between HBV infection and cigarette smoking and a
more than multiplicative interaction between HCV infec-
tion and cigarette smoking.*®

Metabolic Syndrome

Insulin resistance is associated with hepatic steato-
sis, advanced fibrosis, and HCC among patients with HCV
infection. A meta-analysis of studies published through
February 2005 reported that, of 13 case-control studies,
diabetes was associated significantly with HCC in 9 stud-
ies (pooled odds ratio, 2.5), and that of 13 cohort studies,
diabetes was associated significantly with HCC in 7 stud-
ies (pooled risk ratio, 2.5). The significant association
between HCC and diabetes was independent of viral hep-
atitis or alcohol use in the 10 studies that examined these
factors.*® An updated review of studies published through
February 2011 reported on a total of 17 case-control
studies and 32 cohort studies. The pooled risk estimate of
17 case-control studies (odds ratio, 2.40) was slightly
higher than that from 25 cohort studies (relative risk,
2.23).50 Cirrhosis causes glucose intolerance and type 2
diabetes, and also leads to HCC, making it difficult to
interpret the association between HCC and diabetes. This
bias is less likely to be present in longitudinal studies that
exclude patients with liver disease at baseline.

The association between diabetes and HCC might depend
on the type of viral infection. There is a significant (68%)
increase in diabetes among HCV-infected individuals, com-
pared with noninfected individuals, based on retrospective
and prospective studies. Individuals with HCV infection also
have a greater risk of diabetes than HBV-infected individu-
als.>! However, few studies found that HCV and diabetes
synergize to increase the risk of HCC.5%53

The association between diabetes and HCC is less con-
sistent in areas with a high incidence of HBV infection
than in other regions. For example, although a large
Korean cohort study reported a modest association be-
tween diabetes and risk for HCC,>* several Taiwanese
studies did not.%> Compared with HCV infection, there are
less data on insulin or steatosis and risk of advanced liver
disease, including HCC, among individuals with HBV
infection. A prospective case-cohort study from Taiwan
(of 124 HCC cases and 1084 controls, and measured
baseline levels of insulin) reported that insulin resistance
increased the risk of HCC among men with chronic HBV
infection, with a hazard ratio of 2.36 for those in the
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highest tertile of insulin levels and a hazard ratio of 1.57
for those with the lowest levels of insulin, after adjusting
for body mass index.>

Host Genetic Factors

Most individuals with HCV or HBV never develop
cirrhosis or HCC. Family history of liver cancer has been
associated with increased risk for HCC among HBV car-
riers (in cohort and case-control studies) and possibly
among HCV-infected persons (in case-control studies),
irrespective of viral hepatitis.’”*® Host genetic factors
might account for some of the variation in the risk of
developing cirrhosis or HCC. Individual genetic associa-
tion studies frequently are underpowered and often report
small or variable effects. Meta-analysis has been recog-
nized as an important tool to precisely define the effect of
selected polymorphisms on risk of disease.

Tumor Necrosis Factor-o Variants

Two meta-analyses investigated the association of
common polymorphisms in tumor necrosis factor-o
(TNFa), including —308 G >A, with risk for HCC. One
meta-analysis analyzed 9 published studies that included
1362 cancer cases and 2426 controls and associated the
TNFa—308 AA and AG variants (vs GG) with a significantly
increased risk of HCC in different genetic models, including
a dominant inheritance model that produced an odds ratio
of 1.59.5° The second meta-analysis summarized 10 case-
control studies involving 1421 HCC cases and reported that
patients with HCC had a significantly lower frequency of the
TNFa polymorphism —308 GG than healthy controls, but
not more than HBV-infected controls.®®

A recent meta-analysis examined the relationship be-
tween polymorphisms in TNFe, interleukin (IL)-1B, and
IL-10 and the risk for HCC in studies published through
September 2010. Twenty studies were identified, involving
2763 patients with HCC and 4152 controls. This meta-
analysis confirmed the significant association (odds ratio,
1.84) between a polymorphism at TNFa-308 and HCC in
Asian subgroups. The polymorphisms TNFa-238 G/A,
IL-1B 31 T/C and —511 C/T, and IL-10 1082 G/A were
not associated with the risk for HCC.%!

Glutathione S-Transferase Variants

Variants of glutathione S-transferase (GST) genes are
among the most extensively studied genetic risk factors
for HCC. GSTs are a broadly expressed family of phase II
isoenzymes that protect against endogenous oxidative
stress. A meta-analysis that evaluated the effect of poly-
morphisms that cause deletions in GSTM1 and GSTTI%? in
14 studies (2514 cases and 4416 controls) indicated that
forms of GSTM1 or GSTTI that do not produce a func-
tional product (null genotypes) slightly increased the risk
for HCC, although findings approached significance only
for GSTT1 (odds ratio, 1.16). An updated meta-analysis of
studies published through November 2009 that analyzed
24 individual case-control studies involving 3349 HCC
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cases and 5609 controls also showed a significant increase
in risk for HCC among individuals with the null geno-
types of GSTM1 (odds ratio, 1.2) and GSTT! (odds ratio,
1.28). A subgroup analysis showed that the increase in risk
for HCC was statistically significant in areas where HBV
infection was common.%

Radiograph repair cross-complementing group 1
variants. A meta-analysis of 11 case-control studies, in-
volving 2208 cases of HCC and 3265 controls, found no
association between the radiograph repair cross-complement-
ing group 1 polymorphism that encodes Arg399GIn and
the risk of HCC.%*

Using Epidemiologic Findings to

Determine HCC Risk in the Clinic

Investigators from Taiwan examined the potential
use of noninvasive clinical and laboratory measures, which
have been shown in epidemiologic studies to be associated
with HCC risk, to construct clinically usable nomograms to
predict HCC risk in patients with chronic HBV infection.®> A
number of risk factors, including sex, age, family history of
HCC, heavy alcohol consumption, serum levels of ALT,
HBeAg serostatus, serum levels of HBV DNA, and HBV
genotype were used to create predictive models based on
data from 2435 subjects in the REVEAL-HBV study; these
were validated in an analysis of 1218 subjects. The models
have shown very good to excellent predictive and discrimi-
nant abilities. However, it is not clear whether these can be
applied to the clinical setting and to non-Taiwanese popu-
lations. There is no such model for predicting HCC among
HCV-infected patients.

HCC and Viral Hepatitis in the United
States

In the United States, the age-adjusted incidence
rates for HCC have tripled since the early 1980s. Incidence
rates are 2- to 3-fold lower among Caucasians than Afri-
can Americans, and 2- to 3-fold lower among African
Americans than Asians, Pacific Islanders, or Native Amer-
icans. Asian men (Chinese, Korean, Filipino, and Japanese)
have the highest age-adjusted incidence rates (as high as
23 per 100,000). However, the largest proportional in-
creases have occurred among whites (Hispanic and non-
Hispanic), whereas the lowest proportional increases have
occurred among Asians. In addition, the age distribution
of HCC patients has shifted to younger ages, with the
greatest proportional increases among individuals 45-60

years old.

Secular Trends of HBV and HCV in HCC in
the United States

Among patients with HCC in the United States,
50%-60% are infected with HCV, 10%-15% are infected
with HBV, less than 5% are infected with both viruses, and
30%-35% are infected with neither virus. HCV infection is
the most frequently reported etiologic factors in Hispan-
ics and African Americans with HCC, whereas HBV infec-
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Figure 5. Secular trends in the prevalence of cirrhosis, decompensated
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HCV-infected veterans. The annual prevalence rates of these conditions
were calculated by dividing the number of HCV patients with either anew
or prior diagnosis by the total number of HCV patients with 1 or more
visits to a Veteran’s Administration Hospital during that particular year.
Modified from Kanwal F, et al. Gastroenterology 2011.73

tion is the most frequently reported factor in Asians with
HCC.

Four studies have examined temporal variations in risk
factors among patients with HCC in the United States;
data used in 2 studies came from large, single centers
where viral risk factors were determined based on sero-
logic markers, and data used in the 2 other studies were
collected from national administrative databases, in
which risk factors were confirmed using International
Classification of Disease codes in billing claims or dis-
charge records. In all these studies, HCV-related HCC had
the largest proportional increase, whereas the proportion
of HCC associated with HBV infection remained stable in
3 studies and increased slightly in 1 study, among persons
aged 65 years and older. The rate of HCC related to
alcoholic liver disease was stable in all 4 studies. Similar
national trends have been observed: increased HCV-re-
lated mortality and decreased or stabilized HBV-related
mortality, based on data from liver transplant waitlist
registration.

Future Burden of HBV- and HCV-Related
HcCC

In the United States, the incidence of HBV-related
HCC is likely to remain steady. Although vaccination
against HBV could prevent HCC, it does not prevent
cancer in persons with chronic infections. The most re-
cent (1999-2006) National Health and Nutrition Exami-
nation Survey estimated that only 0.27% of the US pop-
ulation, 6 years or older, had chronic HBV infection.
However, screening studies of Native Americans (particu-
larly Eskimos) and of Asian Americans and foreign-born
persons who immigrated from the Middle East and Africa
revealed a much higher prevalence of chronic HBV infec-
tion (10%-15%).
The incidence of HCV-related cirrhosis and HCC in the
United States has been progressively increasing (Figure 5)
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and will continue to do so for a few more decades. The
National Health and Nutrition Examination Survey also
estimated that 1.3% of the noninstitutionalized, civilian
US population had chronic HCV infection; approximately
66% of those infected were born between 1945 and 1964,
and therefore have been living with the infection for
several decades. This cohort also carries multiple risk
factors for progression, such as alcohol drinking and
obesity. It was estimated that approximately 50% of indi-
viduals with chronic HCV infections in the United States
are undiagnosed. Projections estimate that, without effec-
tive treatment, the annual number of patients with cir-
rhosis or HCC will roughly double by 2020.5”

World Health Organization data indicate a progressive
increase in the total number of people diagnosed with
primary liver cancer, mostly HCC, from 437,408 cases in
1990 to 714,600 in 2002.58 In general, HCC incidence and
mortality (to be distinguished from number of cases) have
been decreasing slowly in areas of high and intermediate
incidence, including China and Japan, and increasing in
low-incidence areas, including the United States and Can-
ada. The percentage of HCC cases associated with HBV
has decreased progressively whereas the percentage asso-
ciated with HCV has increased. However, each region or
country can be its own case study. For example, World
Health Organization mortality data from several Euro-
pean countries indicated that between 1980 and 2004, the
overall mortality from HCC among men increased in
Austria, Germany, and Switzerland, although it decreased
significantly in France and Italy.®

HBV and HCV will remain the main risk factors for
HCC. It has been estimated that there will be a 2.5-fold
increase in HCV-related mortality worldwide between
2000 and 2020, which can be as high as a 3.5-fold increase
in Egypt, the country with the highest prevalence of HCV
infection.” The 2010 Institute of Medicine report on
Hepatitis and Liver Cancer highlighted the lack of aware-
ness about HBV and HCV infections and insufficient
understanding about the extent and seriousness of their
public health impact. HBV- and HCV-related HCC might
be prevented by increasing screening and detection of
infected patients, approaches to reduce viral transmission,
global vaccination of infants and susceptible adults
against HBV, reducing aflatoxin exposure, treating pa-
tients with chronic HBV and HCV infections, reducing
cofactors for progression (alcohol intake and metabolic
syndrome), and identifying high-risk groups for surveil-
lance, early detection, and treatment.
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Note: The first 50 references associated with this
article are available below in print. The remaining references
accompanying this article are available online only with the
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dedicated to the identification and management of alco-
hol and drug abuse written by substance abuse experts is
a thoughtful addition to the textbook, reflecting the im-
portance of substance abuse issues to the outcome of liver
disease among HIV-infected patients.

Bottom Line: HIV and Liver Disease is a welcomed
reference for healthcare practitioners engaged in the
management of patients with HIV or liver disease. It
provides a succinct update on liver conditions fre-
quently seen in persons living with HIV, as well as
excellent supporting chapters on relevant virology, im-
munopathogenesis, and pathology. Given the impor-

CORRECTION 269

tance of these intersecting chronic diseases—HIV and
liver diseases caused by HBV, HCV, and alcohol—the
availability of this textbook is timely. Those healthcare
providers wanting to gain greater expertise in managing
liver diseases in their HIV-infected patients will find
this book to be a valuable resource.

JENNIFER A. FLEMMING

NORAH A. TERRAULT

University of California San Francisco
San Francisco, California

Correction

1264-1273.

El-Serag HB. Epidemiology of viral hepatitis and hepatocellular carcinoma. Gastroenterology 2012;142:

In figure 1 of the above article, the box labelled “Men,” in the figure key, should correctly be shaded in the
color blue. The box labelled “Women,” in the figure key, should correctly be shaded in the color yellow.

The key for figure 1 has been corrected as shown below and in the online version of the article.

Male:female

25 15 5 .5 15 25 35 45 55 ratio
471 South Korea 4.1

471 North Korea 4.1

17.2 Thailand 2.2
14.2 China 27
Japan 3.0

Vietnam 4.1

[0 Women Al 15.9 Italy 3.1
W Men 1.3 Indonesia 4.3
10.5 France 4.8

4.9 Mexico 1.0

South Africa 27

USA 2.8

Russia 2.2

Poland 14

Brazil 1.4

Sweden 1.9

Argentina 1.8

United Kingdom 1.9

Turkey

Iran

1.7
0.7
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