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This review presents the estimates of liver cancer (LC)
incidence and mortality for 1990, its geographical

variations in occurrence and recent data on the distribution

of some of the key risk factors in Europe. (Unless otherwise
specified, the term ‘Europe’ includes the countries defined in
Tables 1 and 2.) The key data sources are population-based
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MINI-REVIEW

FX Bosch, J Ribes. Epidemiology of liver cancer in Europe. Can
J Gastroenterol 2000;14(7):621-630. Liver cancer (LC) ranks
fifth in frequency in the world, with an estimated 437,000 new
cases in 1990. The estimates are different when LC frequency is
analyzed by sex and geographical areas. In developed areas, the es-
timates are 53,879 among men and 26,939 among women. In de-
veloping areas, the estimates are 262,043 in men and 93,961 in
women. Areas of highest rates include Eastern and South Eastern
Asia, Japan, Africa and the Pacific Islands (LC age-adjusted inci-
dence rates [AAIRs] ranging from 17.6 to 34.8). Intermediate
rates (LC AAIRs from 4.7 to 8.9 among men) are found in South-
ern, Eastern and Western Europe, Central America, Western Asia
and Northern Africa. Low rates are found among men in Northern
Europe, America, Canada, South Central Asia, Australia and
New Zealand (LC AAIRs range from 2.7 to 3.2). In Europe, an ex-
cess of LC incidence among men compared with women is ob-
served, and the age peak of the male excess is around 60 to 70 years
of age. Significant variations in LC incidence among different
countries have been described and suggest differences in exposure
to risk factors. Chronic infection with the hepatitis B virus (HBV)
and hepatitis C virus (HCV) in the etiology of LC is well estab-
lished. In Europe, 28% of LC cases have been attributed to chronic
HBV infection and 21% to HCV infection. Other risk factors such
as alcohol consumption, cigarette smoking and oral contracep-
tives may explain the residual variation within countries. Interac-
tions among these risk factors have been postulated. New
laboratory techniques and biological markers such as polymerase
chain reaction detection of HBV DNA and HCV RNA, as well as
specific mutations related to LC, may help to provide quantitative
estimates of the risk related to each these factors.

Key Words: Europe; Hepatitis B virus; Hepatitis C virus; Liver

cancer

Épidémiologie du cancer du foie en Europe
RÉSUMÉ : Le cancer du foie se classe au cinquième rang par ordre de
fréquence dans le monde; on en a dénombré environ 437 000 nouveaux cas
en 1990. Ces estimations sont différentes lorsque l’on analyse la fréquence
du cancer du foie selon le sexe et les régions. Dans les pays industrialisés,
53 879 hommes et 26 939 femmes en seraient atteints; dans les pays en voie
de développement, on note 262 043 cas chez les hommes et 93 961 chez les
femmes. Les régions les plus touchées sont, entre autres, l’Est et le Sud-Est
asiatiques, le Japon, l’Afrique et les Îles du Pacifique (incidence du cancer
du foie ajustée selon l’âge variant de 17,6 à 34,8). Des taux intermédiaires
(ajustés selon l’âge, 4,7 à 8,9 chez les hommes) s’observent dans le Sud,
l’Est et l’Ouest de l’Europe, en Amérique Centrale, dans l’Ouest asiatique
et l’Afrique du Nord. Des taux faibles s’observent chez les hommes du Nord
de l’Europe, de l’Amérique, du Canada, du Sud et du centre de l’Asie, de
l’Australie et de la Nouvelle-Zélande (soit de 2,7 à 3,2). En Europe, on
observe un plus grand nombre de cas de cancers du foie chez les hommes
que chez les femmes et l’âge auquel les hommes sont le plus touchés se situe
autour de 60 à 70 ans. Les importantes variations de l’incidence du cancer
du foie selon les pays ont été décrites et donnent à penser qu’il y aurait des
différences quant à l’exposition aux facteurs de risque. L’infection
chronique au virus de l’hépatite B (HBV) et au virus de l’hépatite C
(HCV) est bien établie dans l’étiologie du cancer du foie. En Europe, 28 %
des cas de cancer du foie ont été attribués à une infection à HBV chronique
et 21 % à une infection à HCV. Parmi les autres facteurs de risque, la
consommation d’alcool, le tabagisme et la contraception orale pourraient
expliquer la variation résiduelle entre les pays. Les interactions entre ces
facteurs de risque ont fait l’objet de postulats. De nouvelles techniques de
laboratoire et de nouveaux marqueurs biologiques comme le dépistage de
l’ADN du HBV et de l’ARN du HCV par réaction en chaîne de la
polymérase de même que certaines mutations spécifiques associées au
cancer du foie pourraient contribuer aux estimations quantitatives du
risque associé à chacun de ces facteurs.
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cancer registries (1,2) and the World Health Organization
(WHO) mortality databank (3). National age-adjusted inci-
dence rates (AAIRs) and age-adjusted mortality rates

(AAMRs) of LC have been obtained by combining available
data by countries (4-6). (Unless otherwise specified, AAIRs
and AAMRs are annual average per 100,000, and the stan-
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TABLE 1
Crude, age-adjusted incidence rates (AAIRS) per 100,000
population and sex ratio of liver cancer in Europe. (Estimates
for the year 1990)

Crude incidence

rates AAIRS
Sex

ratio*

(AAIRS)Countries Men Women Men Women

Developed world 9.73 4.57 7.64 2.65 2.88

Developing world 12.43 4.62 17.84 6.17 2.89

Eastern Europe 5.73 4.69 5.23 2.82 1.85

Belarus 4.53 3.12 4.15 1.96 2.12

Bulgaria 7.32 5.28 4.91 3.02 1.63

Czech Republic 8.57 4.94 6.71 2.82 2.38

Hungary 8.88 6.65 6.33 3.54 1.79

Moldova 4.31 3.30 4.49 2.60 1.73

Poland 6.18 5.44 5.62 3.58 1.57

Romania 4.89 3.64 4.02 2.48 1.62

Russian

Federation

5.17 4.56 5.18 2.75 1.88

Slovakia 8.01 4.58 7.30 3.16 2.31

Ukraine 5.98 4.85 5.05 2.68 1.88

Northern Europe 4.00 2.60 2.66 1.38 1.93

Denmark 6.08 4.28 3.85 2.19 1.76

Estonia 4.82 3.39 4.16 1.93 2.16

Finland 6.45 5.84 4.89 3.00 1.63

Iceland 3.64 1.48 3.18 1.09 2.92

Ireland 3.29 1.92 2.72 1.33 2.04

Latvia 4.79 3.12 4.11 1.83 2.25

Lithuania 4.59 2.93 4.05 1.89 2.14

Norway 2.91 2.15 1.84 1.15 1.60

Sweden 6.52 4.23 3.61 1.94 1.86

United Kingdom 3.35 2.01 2.19 1.08 2.03

Southern Europe 12.57 6.15 8.89 3.41 2.61

Albania 3.70 2.42 5.21 2.83 1.84

Bosnia

Herzegovina

5.11 3.83 5.90 3.43 1.72

Croatia 5.99 4.51 4.80 2.64 1.82

Greece 19.36 8.76 12.09 4.65 2.60

Italy 16.60 7.41 10.81 3.74 2.89

Macedonia 11.55 5.11 12.09 4.65 2.60

Malta 2.15 1.85 1.72 1.21 1.42

Portugal 5.27 2.43 3.95 1.48 2.67

Slovenia 3.52 1.60 2.95 1.00 2.95

Spain 10.57 5.32 7.39 2.89 2.56

Yugoslavia 9.35 7.34 7.75 4.89 1.58

Western Europe 6.93 3.05 4.89 1.55 3.15

Austria 11.22 5.59 8.04 2.69 2.99

Belgium 2.59 1.79 1.71 0.89 1.92

France 11.13 3.16 7.95 1.72 4.62

Germany 4.80 3.27 3.36 1.55 2.17

Luxembourg 5.26 2.04 3.81 0.87 4.38

The Netherlands 2.05 1.10 1.59 0.67 2.37

Switzerland 9.02 2.82 6.12 1.49 4.11

*Men’s AAIRs to women’s AAIRS. Data calculated using Globocan Sta-
tistical Software (France)

TABLE 2
Crude, age-adjusted mortality rates (AAMRs) per 100,000
population of liver cancer, and fatality rate in Europe.
(Estimates for the year 1990)

Crude mortality

rates AAMR Fatality rate*

Countries Men Women Men Women Men Women

Developed world 9.49 5.05 7.38 2.83 0.96 1.07

Developing world 12.02 4.49 17.28 6.02 0.97 0.98

Eastern Europe 6.23 4.90 5.68 2.93 1.09 1.04

Belarus 4.15 2.62 3.79 1.59 0.91 0.81

Bulgaria 7.66 5.00 5.21 2.91 1.06 0.96

Czech Republic 9.86 6.53 7.70 3.70 1.15 1.31

Hungary 11.76 7.41 8.34 3.94 1.32 1.11

Moldova 4.00 3.12 4.17 2.45 0.93 0.94

Poland 6.66 6.22 6.08 4.05 1.08 1.13

Romania 4.23 3.28 3.48 2.23 0.87 0.90

Russian

Federation

5.87 4.80 5.90 2.87 1.14 1.04

Slovakia 7.44 4.88 6.76 3.36 0.93 1.06

Ukraine 6.18 4.73 5.22 2.61 1.03 0.97

Northern Europe 3.94 2.81 2.59 1.44 0.97 1.04

Denmark 3.48 2.41 2.17 1.27 0.56 0.56

Estonia 5.09 3.46 4.44 1.92 1.07 0.99

Finland 4.31 4.00 3.24 2.02 0.66 0.67

Iceland 3.53 1.65 3.18 1.18 1.00 1.08

Ireland 3.69 2.71 2.93 1.73 1.08 1.30

Latvia 3.50 2.29 3.00 1.29 0.73 0.70

Lithuania 4.09 2.63 3.60 1.64 0.89 0.87

Norway 2.37 1.97 1.50 0.95 0.82 0.83

Sweden 8.17 6.43 4.38 2.84 1.21 1.46

United Kingdom 3.42 2.30 2.21 1.19 1.01 1.10

Southern Europe 15.12 9.18 10.55 4.90 1.19 1.44

Albania 3.22 2.21 4.61 2.60 0.88 0.92

Bosnia

Herzegovina

3.81 2.90 4.48 2.60 0.76 0.76

Croatia 3.02 2.43 2.44 1.38 0.51 0.52

Greece 24.14 14.33 14.77 7.27 1.22 1.56

Italy 20.87 11.59 13.37 5.60 1.24 1.50

Macedonia 13.98 8.02 14.77 7.27 1.22 1.56

Malta 2.97 2.62 2.39 1.63 1.39 1.35

Portugal 5.56 3.68 4.10 2.15 1.04 1.45

Slovenia 6.03 4.46 5.07 2.59 1.72 2.59

Spain 12.60 8.60 8.64 4.52 1.17 1.56

Yugoslavia 9.56 7.25 7.91 4.83 1.02 0.99

Western Europe 8.70 3.96 6.06 1.91 1.24 1.23

Austria 9.68 4.87 6.88 2.23 0.86 0.83

Belgium 3.43 2.52 2.20 1.17 1.29 1.31

France 14.56 4.24 10.20 2.18 1.28 1.27

Germany 6.35 4.36 4.41 1.97 1.31 1.27

Luxembourg 4.74 3.05 3.36 1.58 0.88 1.82

The Netherlands 2.43 1.64 1.83 0.94 1.15 1.40

Switzerland 8.04 3.10 5.42 1.61 0.86 1.08

*Mortality/incidence (AAMRs/AAIRs). Data calculated using Globocan
Statistical Software (France)
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dard population used for the adjustement is the world stan-
dard population as defined in reference 1.) In this review, the
term LC largely corresponds (80% to 85%) to hepatocellular
carcinoma.

ESTIMATED NUMBER OF LC CASES
It has been estimated that, in 1990, approximately 437,000
new cases of LC became apparent worldwide, accounting for
5.4% of all human cancer cases. The number estimated is dif-
ferent when analyzed by sex and level of development of geo-
graphical areas. In developed areas, the number estimated is
53,879 among men and 26,939 among women. In developing
areas, the estimates are 262,043 and 93,961, respectively (4).

Europe, largely a developed continent, accounted for
41,085 new cases of LC – 1.8% of all cancer cases in 1990.
The number of new LC cases is 25,000, or 2.1% of all cancer
cases, among men, and 16,000, or 1.4% of all cancers, among
women. In the same year, 48,586 patients died as a conse-
quence of the disease (4).

LC is the fifth most common cancer in the world; it also
ranks fifth among men and eighth among women. In Europe,
LC ranks 13th among men and 14th among women. This
ranking holds true when grouping colon with rectum, mouth
with pharynx and all hematological neoplasms (4).

GEOGRAPHIC VARIATION IN LC INCIDENCE
In developing countries, the annual AAIR of LC is estimated
to be 17.8 among men and 6.2 among women – 2.3-fold
higher than in developed countries (LC AAIRS 7.6 and 2.6,
respectively). Figure 1 shows AAIRs of LC among men by
geographical areas worldwide. Areas of highest rates include
Eastern and South Eastern Asia, Africa (except Northern
Africa) and the Pacific Islands (LC AAIRs ranging from 17.6
to 34.8). Japan, a developed country in Eastern Asia, has the
highest LC AAIRs among developed countries worldwide
(AAIR 27.6 in men). Intermediate rates (LC AAIR from 4.7
to 8.9 among men) are found in Southern, Eastern and West-
ern Europe; Central America; Western Asia; and Northern
Africa. Low rates are found among men in the United States,
Canada, South Central Asia, Australia, New Zealand and
Northern Europe (LC AAIRs range from 2.7 to 3.2).

Table 1 shows the crude incidence rates and AAIRs for
LC in Europe by sex and country. Southern Europe has the
three countries with the highest LC AAIRs in Europe –
Greece, Italy and Macedonia (AAIRs 12.1, 10.8 and 12.1,
respectively, among men). The region with the second high-
est AAIRs is Eastern Europe (AAIRs ranging from 4.0 to 7.3
among men), and the region with the third highest AAIRs is
Western Europe (AAIRs ranging from 1.6 to 8.0 among
men). In Western Europe, Austria, France and Switzerland
have AAIRs close to those of Southern Europe (among men,
8.0, 7.9 and 6.1, respectively) (4).

MORTALITY FROM LC
Mortality statistics on LC have recognized limitations be-
cause a varying proportion of cases are reported as unspecified
LC if primary or secondary, and because the coding recom-

mendations concerning metastatic disease to the liver have
changed from the eighth to the ninth revisions of the Interna-

tional Classification of Disease (ICD) coding manual (ICD 8
and ICD 9) (7,8). The probability of misclassifying primary
LC with liver metastasis is paradoxically high in developed
countries, where LC is rarer than liver metastases among pa-
tients presenting with a liver mass.

Crude estimates and AAMRs for LC (Table 2) present a
similar pattern to that observed in incidence rates (4,6). The
fatality ratio (mortality to incidence ratio) is around 1, indi-
cating that the majority of patients do not survive one year.

LC MORTALITY AMONG MIGRANTS FROM
HIGH RISK COUNTRIES

In some European countries, high rates of LC mortality
(AAMRs) are seen for both sexes among migrants from high
risk areas of the world compared with those of the host popu-
lation. In France, during the period from 1979 to 1985,
higher LC AAMRs were found among sub-Saharan and
Eastern African migrants than among the French population
(9,10). In England and Wales, during the period 1970 to
1985, LC AAMRs among migrants from the Indian subcon-
tinent (11), East and West Africa, and the Caribbean (12)
were found to be higher than those among the English and
Welsh populations. Similar observations have been reported
in Canada, where a higher risk for mortality from LC has
been found among Italian migrants compared with that of
the Canadian population (13).

In some European countries, the introduction of hepatitis
B virus (HBV) vaccination to newborns from HBV carrier
mothers and the universal use of HBV vaccines in the early
1990s may have accelerated the reduction of LC mortality in
successive generations of migrants from high risk countries.

TRENDS IN LC INCIDENCE
International variation in the coding and registration prac-
tices for primary and secondary LC makes the interpretation
of long term time trends difficult. During the period 1982 to
1992, population-based cancer registries in Europe (1,2) sug-
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Figure 1) Summary estimates of the estimated age-adjusted incidence
rates (AAIRs) of liver cancer in men
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gested, for both sexes, increasing trends in LC incidence in
the Czech Republic, Finland, Germany, Italy (14), Latvia,
The Netherlands and the United Kingdom (15). In France
(16), Iceland, Ireland, Poland, Spain and Switzerland, in-
creasing trends have been observed only among men. A de-
crease in the LC AAIRs has been observed in Belarus,
Denmark, Estonia, Norway and Sweden (17).

In Japan, since the early 1970s, a 15% to 20% increase in
the incidence of LC has been observed for both sexes and
across age groups (18). This increased incidence has been at-
tributed to hepatitis C virus (HCV)-induced LC. The trend
has been associated with a massive exposure to HCV in the
years following World War II in relation to vaccination cam-
paigns against tuberculosis and intravenous drug abuse (19).
A recent study conducted in France predicts, according to
HCV infection trends, the natural history of liver disease
and the French mortality data, that the number of HCV-
related LC deaths will increase approximately 150% in the
next 30 years in the absence of an effective treatment (20).
HCV infection is a public health concern in Europe, where
1.2 million individuals are estimated to be carriers of an ac-

tive HCV infection (20). These data indicate that, if Europe
follows the same trends predicted in France, an increase in
HCV-related LC may be expected in Europe in the next dec-
ades.

AGE AND SEX DISTRIBUTION
IN LC INCIDENCE

Worldwide, in both high and low risk populations, LC
AAIRs increase progressively with age. In high risk areas, in
Africa and China, cases of HBV-related LC may occur as
early as 15 years of age and reach a peak at 40 years of age. In
low risk areas in the world, the rise occurs much later, usually
after 40 years of age (22). In Japan, where HCV-related LC
cases predominate, the incidence among men sharply in-
creases after the age interval 45 to 50 years, and a peak occurs
around 65 years of age. In Europe (Figure 2) the LC age distri-
bution shows the same pattern as that of Japan but with
threefold lower LC AAIRs (4) and with an average age at on-
set of the HBV-related LC of around 59 years of age and
around 66 in HCV-related LC cases (14).

In Europe, an excess of LC incidence among men com-
pared with that among women is generally observed (ratio of
AAIRs in men to women 1.4 to 4.6; Table 1), and the peak
age of the male excess is around 60 to 70 years of age (22).
The estimated correlation between LC AAIRs in men and
women in 38 European countries is extremely high (correla-
tion coefficient [CC]=0.83, P<0.001) (4), suggesting that vi-
ral risk factors for LC affect both sexes in a similar manner
(23). The male excess of LC may be explained by the sex-
specific exposure rates of additional risk factors such as alco-
hol consumption, cigarette smoking and hormonal factors.
A minor contribution to the variance of the sex-specific in-
cidence rates may be attributable to poorly described host
factors, as suggested by data from high risk countries (24).

RISK FACTORS FOR LC
Viral factors: Chronic HBV and HCV infections are well es-
tablished etiological factors for LC (25-27). Risk estimates
for seropositivity of hepatitis B surface antigen (HBsAg) and
LC range from three to 30 in case-control studies and from

624 Can J Gastroenterol Vol 14 No 7 July/August 2000
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Figure 2) Age-specific incidence rates (AAIRs) of liver cancer in men in
selected European countries during the period 1988 to 1992. *Pooled
(four registries, 1988 to 1992). U.K. United Kingdom

TABLE 3
Risk factors of liver cancer and estimates of the attributable fractions

Low risk countries in Europe

and the United States Japan

High risk countries

in Africa and Asia

Risk factors Estimate (%) Range (%) Estimate (%) Range (%) Estimate (%) Range (%)

Hepatitis B virus <15 4-50% 20 18-44 60% 40-90

Hepatitis C virus* 60 12-64% 50 48-80 <10% NE

Aflatoxin Limited exposure Limited exposure Important exposure†

Alcohol <15‡ <15-45 <20 11-30% NE

Tobacco <12‡ 40 38-51 22%§ NE

Oral contraceptives 10-50¶ NE 8%** NE

Other <8 5%

Attributable fractions do not necessarily add to 100% because of multiple exposures and possible interactions between risk factors. *Not including
double infections with hepatitis B virus and hepatitis C virus. Very few studies using second-generation assays are available;

†
Attributable risk not

quantified;
‡
Estimates for the United States;

§
Estimates for hepatitis B surface antigen-negative black men older than 50 years of age (one study);

¶
Res-

tricted to liver cancer in women; **Restricted to liver cancer in black women (one study). NE Not evaluated. Data from references
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5.3 to 148 in cohort studies (28). A meta-analysis comprising
studies published before 1998 estimated the relative risk as 17
for anti-HCV carriers who are HBsAg-negative (29). Table 3
shows estimates of the attributable fractions for the main risk
factors associated with LC. In Europe, 28% of LC cases have
been attributed to chronic HBV infection. The fraction of
LC cases attributable to HCV infection is 21% (30).

WHO compiles data on country-specific estimates of the
HBsAg and anti-HCV prevalences worldwide (31,32). In
Europe, the level of HBsAg endemicity generally increases
from North to South and from West to East. Unexpectedly, a
high prevalence of HBsAg (5% to 12%) has been found in
many parts of Central and Eastern Europe and the New Inde-
pendent States of the former Soviet Union (Figure 3).
Among blood donors in Europe, the prevalence of anti-HCV
ranges from a low 0.23% in Scandinavia to a high 1.15% in
ltaly (20) (Figure 4). The Mediterranean area has an inter-
mediate prevalence of hepatitis delta virus (HDV), although
this infection is endemic in Southern Italy and Greece (33).
HBsAg and anti-HCV prevalences in LC cases are shown in
Table 4 by European countries (34-50). Marked variations
among European countries have been found in LC cases re-
lated to hepatitis virus infection. In Southern countries, the
prevalence of HCV infection in LC cases ranges from 40% to
76% in Italy and Spain, to 12% to 14% in Greece. In con-
trast, HBV infection in LC cases is more prevalent in Greece
(61% to 71%) than in other Mediterranean countries, with
HBsAg prevalences ranging from 7% to 26%. In the North-
ern countries, HCV infection in LC cases is important
(24.7% to 45%). Correlations between LC AAIRS, and the
HBsAg and anti-HCV prevalences have been explored in
the 15 countries of the European Community (EC) and Nor-
way, Iceland and Switzerland, among men. A significant CC
has been found for HBsAg (CC=0.74, P<0.001) and for anti-
HCV (CC=0.63, P<0.001) (Figure 5).

Epidemiological studies based on the standard assays
(radioimmunoassay and second or third generation ELISA)
may have underestimated chronic infections with HBV and

HCV. To evaluate the limitations of these methods in
assessing exposure to HBV and HCV, a validation study was
conducted in six European countries with serum samples and
liver tissue from 503 LC cases (39). HBsAg and anti-HCV
were detected in 19% and 40.1% of LC cases, respectively.
The presence of HBV DNA and HCV RNA was tested by
polymerase chain reaction (PCR). Serum HBV DNA was
detected in 82% of the HBsAg-positive LC cases, in 33% of
HBsAg-negative LC cases and in 48.9% cases who were both
anti-HBsAg and antihepatitis B core antigen-positive. In
25% of LC cases without any HBV marker, HBV DNA was
detected in serum. Similar results were obtained for HCV in-
fection. HCV RNA in serum was detected in 89% and 7% of

Can J Gastroenterol Vol 14 No 7 July/August 2000 625
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Figure 3) Estimates of hepatitis B surface antigen seroprevalence in the
European population by country

Figure 4) Estimates of the antihepatitis C virus seroprevalence in the
European population by country

TABLE 4
Seroprevalence of hepatitis B surface antigen (HbsAg) and
antihepatitis C virus (HCV) in patients with liver cancer

Country Year n HBsAg Anti-HCV

Italy 1992 212 7 71.2

1991 167 31.7 58.1

1991 132 14 65

1997 172 23.8 40.1

1998 1083 11.5 76.3

1998 67 22.4 64.2

Spain 1991 88 25 72

1998 137 9.5 75.2

France 1998 48 22.9 27.1

1991 55 6 58.2

Greece 1995 65 61.5 12.3

1998 56 71.4 14.3

1995 51 60.8 13.7

Switzerland 1992 40 1.5 35.0

Germany 1998 22 13.6 45.5

1994 81 25.9 24.7

United Kingdom 1998 131 9.9 6.1

1997 80 n.d. 30

Data from references 14,33-49
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anti-HCV-positive and -negative LC cases, respectively. In
liver tissue, in 47% of HBsAg-negative LC cases and in 26%
of anti-HCV-negative LC cases, HBV DNA and HCV RNA
were detected, respectively. These results indicate that, in
Europe, between 33% and 47% of the HBsAg-negative LC
cases may be related to HBV, and between 7% and 26% of
the anti-HCV-negative LC cases may be related to HCV.
Hepatitis G virus (HGV) was also tested by PCR, and HGV
RNA was detected in serum in 7% of 57 LC cases. Close to
15% of the LC cases were negative for any of the three he-
patic viruses tested (39).

A case-control study conducted in Italy reported that the
risk for LC in relation to HGV after adjusting for HBV and
HCV infections was 7.3 (CI 95% 1.7 to 30.6) and that the
estimated population attributable risk for HGV was 4%. In
the same study, the estimated population-attributable risks
for HBV (HBsAg-positive) and HCV (HCV RNA-positive)
were 22% and 36%, respectively. The authors concluded
that there were insufficient data to establish the role of HGV
infection in the LC (38). Worldwide, few studies have sug-
gested a specific hepatotropic effect of HGV, and it seems
that coinfection with chronic HBV or HCV infections does
not worsen the clinical course of liver disease (51-53). These
studies suggest a major impact of HBV and HCV infection
but not of HGV in liver carcinogenesis.
Alcohol: Chronic alcohol abuse and alcoholic cirrhosis have
long been recognized as a cause of LC. However, it is not cer-
tain whether alcohol is a true carcinogen or whether its asso-
ciation with LC is related to repeated episodes of alcohol-
induced hepatocellular injury and regeneration or iron accu-
mulation, or whether alcohol abuse is associated with the
presence of infection with HBV and/or HCV (54). Some

studies have found a dose-response relationship between to-
tal alcohol consumption and the risk of cirrhosis and LC (55-
58). Several epidemiological studies among alcoholics have
described a high seroprevalence of HBV (16% to 70%) and
HCV markers (10% to 20%) compared with a background
population prevalence of close to 5% and less than 1%, re-
spectively. These prevalences are even higher in LC patients
who are also alcoholics (27% to 81% of HBV markers and
50% to 77% of HCV markers), suggesting an interaction be-
tween alcohol and viral infections in the etiology of LC (54).
In the EC, the consumption of alcoholic beverages has stead-
ily declined since 1980, following an increase in the 1970s.
Figure 6 shows the annual alcohol consumption (litres of
pure alcohol per head) in the year 1993 in the EC and Nor-
way, Iceland and Switzerland (59).

The attributable fraction reported in Table 3 for alcohol
may be an underestimate in some countries where alcohol
consumption is high. For example, a recent report from
Northern Italy has estimated that the attributable fraction
for alcohol in LC cases was 45%, representing the first risk
factor for LC (38).
Tobacco: As shown in Table 3, the attributable fraction esti-
mated for tobacco use in developed countries is around 12%.
An association between tobacco smoking and HBsAg-
negative LC has been reported (60). However, several studies
could not find any significant association, and the available
data do not support an interaction of tobacco with alcohol
consumption in liver carcinogenesis. In populations with a
high prevalence of long term cigarette smokers, the secular
trend of LC incidence or mortality has not paralleled smok-
ing trends or trends in lung cancer mortality. There is insuffi-
cient evidence to regard this association as causal (61).
Oral contraceptives: Several case-control studies conducted
in developed countries, where a substantial number of
women have used oral contraceptives for extended periods of
time, have found risks between 1.6 to 5.5 among those who
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Figure 5) Correlation between the age-adjusted incidence rates
(AAIRs) of liver cancer and the estimated seroprevalence of hepatitis B
surface antigen and antihepatitis C virus (HCV) infections among men.
*P<0.01. AUT Austria; BEL Belgium; CC Correlation Coefficient;
DEN Denmark; DEU Germany; HBV Hepatitis B virus; FIN Fin-
land; FRA France; GRE Greece; ICE Iceland; IRE Ireland; ITA Italy;
LUX Luxembourg; NET The Netherlands; NOR Norway; POR Por-
tugal; SPA Spain; SWI Switzerland; UNK United Kingdom

Figure 6) Annual alcohol consumption (litres of pure alcohol per head)
in the year 1993 for some European countries. *1992 data. EU Euro-
pean Union

6

G:\GASTRO\2000\14#7\bosch\bosch.vp
Fri Aug 11 12:09:30 2000

Color profile: Disabled
Composite  Default screen

0

5

25

75

95

100

0

5

25

75

95

100

0

5

25

75

95

100

0

5

25

75

95

100



have ever used oral contraceptives; a relationship with dura-
tion of use was observed in some (62). In populations with
widespread use of oral contraceptives and where HBV is rare,
between 10% and 50% of the LC cases among women is at-
tributable to long term use of oral contraceptives (Table 3).
However, the evidence to support these estimates is limited,
first, because other key risk factors such as HCV have been
properly evaluated in few studies, and second, because LC in
women is rare and most studies are based on few cases. Fi-
nally, analysis of the mortality trends for LC in women in the
United Kingdom, United States, Japan and Sweden provide
no support for a measurable effect of oral contraceptives on
mortality due to LC (17,63). Further studies are needed to
clarify and quantify the role of oral contraceptives in liver
carcinogenesis. These should include a substantial number of
cases and evaluate the concurrent effect of other risk factors
using state-of-the-art technology (ie, using PCR methods to
assess exposure to HBV and HCV).
Aflatoxin: In most countries in Africa and Asia, exposure to
aflatoxin from contamined food is common. Several ecologi-
cal studies have shown a correlation between LC incidence
and aflatoxin consumption at the population level (64), but
the finding is not entirely consistent (65). A recognized limi-
tation of these studies is the uncertainty concerning the life-
time quantification of individual exposure to aflatoxin. Case-
control studies using either dietary questionnaires or bio-
markers of recent exposure to aflatoxin (ie, urinary alfla-
toxin-DNA adducts or serological alflatoxin-albumin
adducts) have also provided inconsistent results (66). In ar-
eas of the world where HBV infection is prevalent, an inter-
action between these two risk factors has been postulated. In
these areas, a high prevalence of the postulated aflatoxin-
specific mutations (guanine to thymine mutation at codon
249 of the p53 gene) in the genome of LC cells has been ob-
served. In geographical areas where aflatoxin exposure is very
low, such as Europe, this mutation is rarely found in biopsies
of LC (less than 10%) (67).
Metabolic liver diseases: Hereditary hemochromatosis
(HH) and the subsequent iron deposits in tissues are risk fac-
tors for LC, liver cirrhosis (68,69), and perhaps lung cancer
and colorectal cancer (70,71). The relative risk of LC in HH
patients may be as high as 200. Other than cancer, iron de-
posits are related to heart failure, diabetes, impotence and ar-
thritis. HH is underdiagnosed in the population, and
estimates on the prevalence of HH in blood donors are as
high as 0.8% to 1% among men and 0.3% to 0.5% among
women (72,73). The genetic determinants of HH are being
traced, and in 1996 a gene was cloned and named ‘HFE’
(74,75). Two identified mutations in HFE have been de-
scribed, and heterozygosity or homozygosity for the mutated
types is found in 82% to 100% of the patients with estab-
lished HH. Genetic testing recommendations are limited to
screening families with established cases of HH or to estab-
lishing a diagnosis in patients with iron overload. The spec-
trum of diseases related to HH and its contribution to the
burden of LC are largely unknown.

Diabetes has been associated with an increased risk of sev-

eral cancers in organs such as the liver, the pancreas, the en-
dometrium and the kidney. The biological mechanism in-
volved in the association of diabetes and LC remains to be
clarified. Two population-based cohort studies conducted in
Sweden (76) and Denmark (77) found a fourfold higher risk
for LC among diabetic patients compared with that of the
general population. The excess risk remained elevated after
exclusion of diabetic patients with related risk factors for LC
such as alcoholism, cirrhosis and hepatitis. A case-control
study conducted in Italy found a risk for LC in diabetic pa-
tients (odds ratio 2.1, 95% CI 1.4 to 3.2) after adjustement
for alcohol and tobacco consumption, body mass index, his-
tory of hepatitis and liver cirrhosis, and LC in relatives. The
authors concluded that diabetes may explain 8% of LC cases
in Italy (78).

POPULATIONS AT HIGHEST
RISK FOR LC

Hemophiliacs: Hemophiliacs treated with blood products
have been, for some time, at high risk of exposure to hepatitis
viruses and human immunodeficiency virus (HIV) -1. The
risk of infection has been largely reduced because of routine
screening for HBV, HCV and HIV-1 in blood banks, and fol-
lowing the introduction of treatment of blood concentrates
and derived products with virus-inactivating procedures
(79,80). In the United Kingdom, a mortality cohort study
was carried out in 4865 individuals with hemophilia A or B,
treated between 1969 and 1985 with blood clotting factors
before the introduction of the virus-inactivation procedures.
As a consequence, it was assumed that most of these indi-
viduals would have been exposed to HCV infection (al-
though the cohort was not tested for HCV). In this cohort,
mortality to LC was between 5.5 and 19.7 times higher than
expected in relation to the general population. Likewise, the
risk was between 5.6 and 19.8 times higher for liver disease.
When a concurrent HIV-1 infection was present, mortality
for LC and liver disease was 15.1 and 94.4 times higher than
that in the general population (81).
Intravenous drug users: Intravenous drug users (IDUs) are
populations exposed to multiple viral infections including
HBV, HDV, HCV, human T lymphotropic virus type 1 and
HIV. The mortality among IDUs is high in young patients
(younger than 45 years), and the majority of deaths are drug-
related (drug overdoses, acquired immune deficiency syn-
drome and accidents). Liver disease is frequent among most
IDUs, but an excess of LC has not been reported (82-84).

Several studies have been conducted among IDUs to as-
sess the role of HCV and HIV coinfections in liver damage.
Higher serum levels of gamma-glutamyltranspeptidase and
aspartate aminotransferase, and an increased proportion of
liver cirrhosis have been described in subjects coinfected
with HCV and HIV, compared with anti-HCV-positive
IDUs without HIV (85,86). Several authors found an in-
crease of HCV RNA levels in serum when patients pre-
sented with HIV coinfection, and it has been suggested that
reduction in the level of CD4+ cells may affect HCV replica-
tion (87,88). Further investigation is needed to clarify
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whether alcohol, tobacco, analgesics or other agents have
enhanced hepatotoxicity in IDUs.
Immunosuppressed patients: Some associations between
immunosuppresion and viral-related cancers have been de-
scribed in a study involving more than 16,000 renal trans-
plant recipients. A 30-fold increased risk over the expected
rate for cancers of the hepatobiliary tract was observed. The
risk among transplant recipients was also increased for non-
Hodgkin lymphoma, cervical cancer, lung cancer, bladder
cancer, malignant melanoma and thyroid cancer (89).

Patients with hypogammaglobulinemia who acquired
HCV infection from contaminated immunoglobulin show a
high rate (30%) of progression to cirrhosis (90,91) related to
an impaired B cell function (92). Progression rate seems to
correlate to the immunosuppression degree. In relation to
HBV infection, studies among renal transplant recipients
have described mutations in the HBV core gene, mostly in
patients with severe disease. The phenotype of these HBV
variants in this population may indicate that they play a role
in the pathogenesis of liver damage (93,94).
Other populations at high risk for LC: Some occupational
exposures have been related to liver carcinogenesis. Two
studies conducted in Europe among workers from Armenia
(95) and Moscow (96) exposed to chloroprene (derived from
vinyl chloride) found an increase in the LC mortality (stan-
dardized mortality ratios: 3.39, 95% CI 1.09 to 10.5; and 2.4,
95% CI 1.1 to 4.3, respectively). The problem in these stud-
ies is that the term ‘LC’ may largely correspond to other pri-
mary liver tumours than hepatocelluar carcinoma, such as
angiosarcoma, which is associated with chemical carcino-
gens such as arsenic and vinyl chloride (97). Another study
conducted in Sweden among grain millers found an increased
LC incidence (standard incidence ratio 2.4) compared with
that of the general population. This increase can be ex-
plained by the exposure to aflatoxins and pesticides (98).

In a case-control study conducted in Northern Italy, an
elevated risk has been found among the first-degree relatives
of LC cases (relative risk 2.4, 95% CI 1.3 to 4.4) (99). This

association is consistent with risk estimates from other stud-
ies (100), and it is not modified after adjustment for alcohol,
tobacco consumption, and history of cirrhosis and hepatitis
infection. The authors suggested that approximately 3% of
the newly diagnosed LC cases are related to the familial com-
ponent.
Opportunities for LC prevention: Chronic HBV infection
is responsible for over 80% of the LC cases in South East Asia,
China and sub-Saharan Africa, but only close to 20% of the
LC cases in Europe. Chronic HCV infection is emerging as a
major risk factor for LC in most western countries and Japan.
Prevention of HBV infection is possible by immunization,
and LC might be the first major human cancer preventable
through vaccination. HBV vaccination trials have shown
their efficacy in reducing HBV transmission and the preva-
lence of HBsAg carriers in high incidence areas in Africa
(101), Asia (102) and Alaska (103). In countries at high risk
for LC, HBV vaccination programs have demonstrated their
efficacy, and a significative decline in the incidence of hepa-
tocellular carcinoma has been shown among cohorts of vac-
cinated newborns and children in Taiwan, and in vaccinated
adults in Korea (104,105). These results follow and support
the recommendation of the WHO of introducing HBV vac-
cination worldwide. Figure 7 shows the distribution of vacci-
nation programs in Europe in 2000 (20).

HCV vaccines are not yet available, although several
products are under trial. Prevention of HCV infection
should be based on screening of blood products and on the
implementation of educational programs among potential
and high risk populations. HBV and HCV screening of blood
products can effectively reduce the incidence of post-
transfusional hepatitis (106). However, there is no direct
evidence of the effect of this screening in the reduction of
LC incidence. It has been postulated that syringe exchange
programs in IDU populations could reduce transmission of
HBV, HCV and HIV. However, studies to assess the efficacy
of syringe exchange programs in preventing viral transmis-
sion show inconsistent results (107,108).

CONCLUSIONS
The environmental factors involved in the etiology of LC are
largely established and, in combination, they account for the
majority of cases (more than 90%) worldwide. Prevention of
this common neoplasm is achievable through HBV immuni-
zation and aflatoxin exposure reduction in developing coun-
tries. In developed countries such as Europe, prevention
might focus on the reduction of HBV and HCV infections as
well as alcohol and tobacco consumption.
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