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Abstract

Cancer prevention is a challenging project both in
the basic and clinical medicine. In particular, pre-
vention of liver cancer is the most urgent task in
countries where the incidence of hepatitis virus-
related liver cancer is rising. As reviewed in this
article, liver cancer is going to be the first cancer
that will be actually prevented by primary and
secondary interventions. Even the improvement of
absolute survival of the patients can be expected
by successful prevention, as already demonstrated
in a few clinical trials. Thus, prevention of liver
cancer is promising to provide not only cost-
effectiveness by morbidity reduction but also cost-
benefit by mortality improvement.
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Introduction

Liver cancer (hepatocellular carcinoma) is a major
health care problem in eastern as well as western
countries where hepatitis virus infection is endemic
(Benhamiche et al., 1998; El-Serag and Mason, 1999;
Makimoto and Higuchi, 1999; Edwards and Macdo-
nald, 2000). Patients with viral liver cirrhosis have a
high risk for liver cancer with an annual rate of
carcinogenesis at approximately 7% (Nishiguchi et al.,
1995; Oka et al, 1995; Imai et al., 1998; Kasahara
et al., 1998; lkeda et al., 1999; Yoshida et al., 1999).
In particular, remnant cirrhotic liver after surgical re-
section or ablation of the initial liver cancer is ex-
posed to a further higher risk of recurrent or second
primary liver cancer (Muto et al, 1996; Tarao et al.,

1997; Ikeda et al., 2000; Kubo et al., 2001). The rate
of this secondary carcinogenesis is estimated as
20-25% per year. However, the presence of such
high-risk groups, in turn, makes the liver cancer a
candidate target for cancer prevention project.

Clinical characteristics of liver carcinogenesis

Liver carcinogenesis is characterized by multistep car-
cinogenesis and by multicentric carcinogenesis. In a
similar manner to other carcinomas, the liver cancer
takes the course of multistep carcinogenesis (Figure 1),
although responsible genomic changes for each step
have not been elucidated yet. The whole course from
initiation to the development of clinically detectable
cancer is estimated to take 5-20 years. The car-
cinogenesis also steps up in parallel with the pro-
gression of chronic hepatitis that is represented by
both the hepatic inflammation and fibrosis. This char-
acteristic explains why the risk to develop liver cancer
rises with the increasing grade of hepatitis (Imai et
al., 1998; Kasahara ef al, 1998; lkeda et al., 1999;
Yoshida et al, 1999). In addition, patients with liver
cirrhosis around the age of 60 can be supposed to
have premalignant or latent malignant (i.e., undetect-
able by imaging and other diagnostics) clones in the
liver, when taking together the fact that the mean age
of diagnosis of liver cancer is 65 years (Japanese
Society for the Study of the Liver Cancer 2002).

Another characteristic of multicentric carcinogenesis
is also expressed by the term “field cancerization”
(Slaughter et al.,, 1953). In this context, the whole liver
is exposed as a field to continuous carcinogenic
insults such as hepatitis virus infection and alcohol
toxicity, and develops multiple as well as independent
transformed cell clones. Thus, the line of carcino-
genesis as depicted in Figure 1, is supposed to go
in multiple in the liver of such a patient. Hence, even
if the first cancer is diagnosed and removed well in
an early stage, the next clone essentially arises to
form the second primary cancer.

In contrast to second primary tumors which arise
from distinct clone from the initial cancer, recurrence
is defined as the tumor which clone is same to the
initial tumor. Thus, recurrence means actually the in-
trahepatic metastasis that could not be detected at
the time of treatment for the initial tumor. Patients
with liver cancer are also accompanied by frequent
recurrences. While each one third of secondary liver
cancer is defined as exact second primary tumor and
recurrence, respectively, the remaining one third ari-
ses from undistinguishable clone (Chen et al., 2000).



320 Exp. Mol. Med. Vol. 34(5), 319-325, 2002

INITIATION

Genomic
change

PROMOTION

Selective
clonal

CONVERSION ~ PROGRESSION

Genomic Genomic

expansion

change change
==t
©=©s EEP=ED AC?

NORMAL CELL

INITIATED ~ PRENEOCPLASTIC
CELL ESION

LAT|
MALIGNANT CLINICAL CANCER

/

Possible markers and Hepatitis virus

diagnostic modalities

Anti-viral intervention
-vaccination
-interferon

Possible interventions

l \

Hepatitis virus
Lectin-reactive
a-fetoprotein (AFP-L3)

Hepatitis virus
a-fetoprotein (AFP)
Image diagnoses

-ultrasound
-CT
‘MRI
Clonal deletion/ - Surgery
Clonal inhibition * RF ablation
- acyclic retinoid - Ethanol ablation
- interferon + Others
- Sho-saiko-to
- glycyrrhyzin

Figure 1. Schematic illustration of multistep liver carcinogenesis, possible clinical markers at each step, and candidate interventional modalities.
CT, X-ray computed tomography; MRI, magnetic resonance imaging; RF, radiofrequency.

The very high incidence of secondary liver cancer
as mentioned above is brought about by such char-
acteristic recurrence and multicentric carcinogenesis,
and is actually responsible to the poor prognosis of
the patients with liver cancer. The most recent fol-
low-up study of 21,711 patients reports the 5-year
survival rate as 52.3% (Japanese Society for the
Study of the Liver Cancer 2002). In the present clin-
ical practice, the early detection and treatment of
secondary liver cancer is most important to provide
the patients better outcome. In the future clinical prac-
tice, the prevention of secondary carcinogenesis will
be the most urgent intervention for patients with liver
cancer.

Proposed hypotheses for the mechanism of liver
carcinogenesis

Chronic infection with hepatitis B virus (HBV) or he-
patitis C virus (HCV) is widely recognized as the most
important trigger of liver carcinogenesis both clinically
(Benhamiche et al., 1998; El-Serag and Mason, 1999;
Makimoto and Higuchi, 1999; Edwards and Macdo-
nald, 2000) and experimentally (Kim et al, 1991;
Moriya et al., 1998; Lerat et al., 2002). However, pos-
sible molecular events common after HBV and HCV
infection have not been elucidated yet. An approach
to find such events is analysis of chromosomal abnor-
malities in hepatoma tissues and subsequent identi-
fication of responsible genes on these chromosomes.
Such suspected genes include p53, RB1, and pB-

catenin (Huang and Marrero, 2002). Another appro-
ach is microarray comparison of gene expression pro-
file between cancer tissues and surrounding non-
cancerous liver tissues (Graveel et al., 2001; Okabe
et al., 2001; Tackels-Home et al., 2001). Several nov-
el genes are proposed by these studies as respon-
sible for the progress of multistep liver carcinoge-
nesis.

A recent topic regarding the mechanism of liver
carcinogenesis is impaired nuclear receptor function
(Karpen, 2002). Typical abnormality in nuclear re-
ceptor function has been firstly described in acute
promyelocytic leukemia, and is now a well established
molecular target of differentiation induction therapy for
this disease (Altucci and Gronemeyer, 2001). In liver
carcinogenesis, interests have recently focused on
retinoid X receptor (RXR) in clinical cases (Nishiwaki-
Matsushima et al., 2001; Adachi et al., 2002) and in
HCV-transgenic mouse model of liver carcinogenesis
(Tsutsumi et al., 2002).

These studies on the mechanism of liver carcino-
genesis seem to be encouraging to identify, in a near
future, responsible genomic/molecular targets for nov-
el therapeutic and interventional strategies.

Classification of cancer prevention

Cancer prevention is clinically classified into two cate-
gories of primary prevention and secondary preven-
tion (Table 1) (Hong and Sporn, 1997). Primary pre-
vention is further divided to two subcategories; (1)



Table 1. Classification of clinical cancer prevention

1. Primary prevention
(1) Cancer prevention in general population
(2) Cancer prevention in subjects with risk factors

2. Secondary prevention
(1) Cancer prevention in patients with premalignant lesions
(2) Prevention against recurrence and second primary tumor

prevention in general population and (2) prevention
targeting subjects with risk factors. Secondary cancer
prevention also has two targets; (1) patients with pre-
malignant lesions and (2) recurrent or second primary
tumors in patients who received anti-cancer treatment
for the initial tumor.

In the case of liver cancer, subcategory 1 of the
primary prevention aims the intervention using pub-
lic health measures such as universal vaccination
against hepatitis virus in a general population in, for
example, some townships, cities, or states. The sim-
plest design for the subcategory 2 of the primary
prevention is the removal of hepatitis virus from all
virus carriers including healthy carriers and patients
with chronic hepatitis.

Target patients with premalignant lesions in the se-
condary prevention indicates those with liver cirrhosis
as described earlier. Prevention of recurrent or se-
cond primary tumor in the case of liver cancer aims
the patients who received surgery, ablation, or other
therapies for their initial liver cancers.

Primary prevention of liver cancer

The most fundamental strategy of primary prevention
of liver cancer in general population is inhibition of
hepatitis virus infection. Vertical (from mother to new-
born) transmission of HBV can be avoided by injec-
tions of anti-HBV gamma-globulin and vaccination to
the infants born from HBV-positive mothers. For exa-
mple, this intervention actually started in the middle
of 1970s in Japan, and reduced the HBV-positive rate
in a cohort of blood donors from 2.3% in 1970s to
0.9% in late 1990s. However, another 25 years will
be required to achieve the apparent reduction in HBV-
related adult liver cancer, since the average age of
patients with type B hepatoma is 50s. An encouraging
report is that, in countries where HBV-related child-
hood liver cancer is endemic, the effect of universal
HBV vaccination has almost eradicated liver cancers
in children (Chang et al, 1997).

Screening for HCV in donated blood started early
in 1990s in developed countries to prevent HCV trans-
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mission via blood transfusion. Since HCV-related liver
cancer develops approximately 20-25 years after blood-
born HCV infection, the incidence of HCV-positive
liver cancer is anticipated to fall around year 2010-
2015. However, a big problem of HCV transmission
among intravenous drug-abusers remains still open in
several countries.

Subjects with risk factors for liver cancer in the
primary cancer prevention [subcategory 1-(2) in Table
1] include all asymptomatic as well as symptomatic
carriers of hepatitis virus. Thus, prevention of liver
cancer in patients with chronic viral hepatitis also be-
longs to this category. Currently, information regarding
the effect of virus eradication from asymptomatic
carriers on the subsequent risk of liver cancer is not
available. In contrast, several reports indicate that
interferon therapy to remove HCV from type C chronic
hepatitis significantly reduced the risk of liver cancer
(Nishiguchi et al., 1995; Imai et al, 1998; Kasahara
et al, 1998; lkeda et al,, 1999; Yoshida et al., 1999).
However, there are also criticisms against such can-
cer-preventive effect of interferon (Bruix et al., 2001).

Secondary prevention of liver cancer

In the secondary prevention of liver cancer, patients
with premalignant lesions [subcategory 2-(1) in Table
1] respond to those with liver cirrhosis. Interferon
therapy is reported to be effective on HCV-related
liver carcinogenesis in cirrhotics (Nishiguchi et al.,
1995), although its power is lower for liver cirrhosis
than that for chronic hepatitis (Imai ef al,1998;
Kasahara et al., 1998; lkeda ef al., 1999; Yoshida et
al., 1999). Anti-inflammatory action of herbal medicine
is also effective on liver carcinogenesis in non B liver
cirrhosis (Oka et al, 1995).

Successful prevention of recurrent and second
primary liver cancer [2-(2) in Table 1] is reported us-
ing acyclic retinoid (Figure 2, upper panel) (Muto et
al., 1996; 1999), glycyrrhizin (Tarao et al., 1997), and
interferon (lkeda et al, 2000; Kubo et al, 2001). In
this context of secondary cancer prevention, the pre-
sence of transformed cell clone in the liver is already
supposed. Hence, eradication of such clone is theo-
retically essential for the successful secondary cancer
prevention. Thus, the category of this cancer pre-
vention is also termed “clonal deletion”, and seems
nearer to the concept of therapy rather than that of
prevention.

Chemoprevention of liver cancer with retinoid

Clonal deletion has been clinically demonstrated in a
secondary prevention trial of liver cancer with acyclic
retinoid (Moriwaki ef al, 1997). Acyclic retinoid is a
member of vitamin A analog, retinoids. Retinoids regu-
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Figure 2. Effects of acyclic retinoid on the incidence of second
primary tumors (upper panel) and survival (lower panel) (Muto et al,
1999) in patients with hepatocellular carcinoma after curative resection
or ablation of the initial tumor. Acyclic retinoid or placebo was ad-
ministered for the initial 1 year.

late cellular differentiation and morphogenesis through
binding with nuclear steroid receptor superfamily pro-
teins (Hong and Sporn, 1997; Altucci and Groneme-
yer, 2001). This trail was performed using a multi-
center, randomized controlled study design. Eighty-
nine patients received curative resection or ablation
of their primary hepatomas, and were followed-up for
another 2 months to confirm that they were actually
free of residual or recurrent hepatoma. They were
then randomly assigned to either active group or
placebo group. For the next 48 weeks, patients in the
active group received oral acyclic retinoid with a dose
of 600 mg/day, while the placebo group took placebo
capsules. Follow-up examination was done by ultra-
sound every 3 months and X-ray computed tomo-
graphy every 6 months. Needle biopsy was carried
out to diagnose histologically a possible lesion sus-
pected of secondary hepatoma by US and CT im-
agings. Administration of the retinoid significantly re-
duced the incidence of secondary tumors after a
median follow-up period of 38 months (P=0.039)
(Muto et al., 1996), and improved both the incidence
(P=0.002) and the survival (P=0.04) after a median
follow-up of 62 months (Figure 2) (Muto et al., 1999).
Relative risk of the development of secondary hepa-

Table 2. Definition of cancer chemotherapy and cancer chemopre-
vention (Sporn and Newton, 1979)

Cancer chemotherapy: To kill cancer cells by blocking
key metabolic pathways

Cancer chemoprevention: To arrest or reverse
premalignant cells using physiological mechanism

toma was 0.31 (95% confidence interval, 0.12-0.78)
(Muto et al.,, 1996) in the retinoid group as compared
to the placebo group, and that of death was 0.33
(0.11-0.79) (Muto et al, 1999).

In this study, serum a-fetoprotein L3 isoform (AFP-
L3) has disappeared after 48 weeks administration of
the retinoid in 4 of 5 patients who were positive for
AFP-L3 at entry. In contrast, AFP-L3 rose after 48
weeks in all 4 patients of the placebo group with
positive AFP-L3 at entry. Serum AFP-L3 is regarded
to indicate the presence of transformed premalignant
and latent malignant clones in the liver with chronic
disease (Sato et al, 1993) and also in the remnant
liver after surgical resection of hepatocellular carcino-
ma (Yamashita et al., 1996). Thus, the observations
as described above suggest that the retinoid had
deleted clones producing AFP-L3 (clonal deletion)
(Moriwaki et al., 1997). Furthermore, serum AFP-L3
newly appeared in 8 patients in the placebo group
who were negative at entry, whereas no patient
turned to be AFP-L3 positive in the retinoid group.
This observation indicates that the retinoid also inhi-
bited the evolution of AFP-L3-producing clones (clonal
inhibition) (Moriwaki ef al., 1997).

In contrast to cancer prevention by interferon and
glycirrhyzin with anti-viral or anti-inflammatory action,
retinoid works directly on the carcinogenesis process
through nuclear receptors. Such action of chemical
compound is defined as cancer chemoprevention, and
clearly differentiated from cancer chemotherapy (Table
2) (Sporn and Newton, 1979). In the action mecha-
nism of acyclic retinoid, the reversal of premalignant
clone is achieved by differentiation induction (Yamada
et al, 1994), and arrest of the clone is done by
apoptosis induction (Nakamura et al, 1995). A very
recent study suggested that differentiation and apop-
tosis may be sequential, and that they might be linked
by regulation of telomerase expression and activity
(Figure 3) (Yasuda et al, 2002).

Conclusion

Cancer prevention is a challenging project both in the
basic and clinical medicine. In particular, prevention
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Figure 3. Action mechanism of acyclic retinoid to delete transformed
clones. Human hepatoma-derived cell lines were treated in vifro with
acyclic retinoid for the initial two days (modified from Yasuda 2002).
a; down-regulation of alfa-fetoprotein mRNA expression and secretion,
b; recovery of albumin mRNA expression and secretion, c; inhibition
of telomerase reverse transcriptase (TERT) mRNA expression and
telomerase activity, d; induction of caspase 8, 9, and 3 activities
accompanied with mitochondrial membrane permeability transition and
cytochrome c release, e; appearance of apoptotic cells, f; decrease
in the number of viable cells (clonal deletion)

of liver cancer is the most urgent task in countries
of eastern Asia, Europe, and also United States,
where the incidence of hepatitis virus-related liver
cancer is rising (Benhamiche ef al., 1998; El-Serag
and Mason, 1999; Makimoto and Higuchi, 1999). As
reviewed in this article, liver cancer is going to be
the first cancer that will be actually prevented by
clinical interventions. Improvement of absolute survival
of the patients can be expected by successful pre-
vention of liver cancer with acyclic retinoid (Figure 2,
lower panel) (Muto et al, 1999) and with interferon
(Shiratori et al., 2000; Nishiguchi et al., 2001). Thus,
prevention of liver cancer will provide not only cost-
effectiveness by morbidity reduction but also cost-
benefit by mortality improvement for both the patients
and the society.
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