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Abstract

HDGF (Hepatoma-derived growth
factor) is a novel growth factor that belongs
to anew gene family. HDGF was originally
identified as a growth stimulating factor, and
HDGF plays a significant role in the
proliferation of benign and malignant hepatic
cells. The endogenous overexpression of
HDGFsignificantly increases the proliferation

and DNA synthesis in hepatoma cells in
vitro. In addition, HDGF-overexpressing
HepG2 cells form larger tumors in nude mice
in comparison to the control counterparts,
thus indicating that HDGF promotes the
proliferation of hepatoma cells in vitro and
in vivo. Furthermore, HDGF is highly
expressed in the HCC (hepatocellular
carcinoma) tissues, and the expression level
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of HDGF is an independent prognostic
factor for the disease-free and overall
survival in patients of HCC,

On the other hand, HDGF has been
known as an angiogenic factor. HDGF
stimulates the proliferation of human umbilical
vein endothelial cells, and recombinant
HDGF induces vessel formation in vitro.
The overexpression of HDGF in NIH3T3
fibroblasts induced the expression of VEGF
(vascular endothelial growth factor), a potent
angiogenic factor. The transplantation of
HDGF-overexpressing cells suggested that
the growth promoting effects of HDGF in
vivo depends on its angiogenic activity in
addition to its growth stimulating effects on
hepatoma cell. Treatments that inhibit tumor
angiogenesis improve the prognosis of
patients with advanced HCC, thus HDGF
could be a target molecule in the treatment
of HCC.

Intreduction

Hepatocellular carcinoma (HCC) is
the fifth most common cancer in the world,
and it is also one of the most aggressive
tumors with a poor prognosis. The tumor
biology of HCC with rapid growth and
metastasis depends on two remarkable
characteristics. One is the rapid proliferation
of cancer cells, and the other is the
hypervascularity of the tumors with
neovascularization (1). Tumor angiogenesis
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is required for the progression and invasion
of solid tumors (2); thus, clarifying the
molecular mechanisms that regulate
hepatoma cell proliferation and tumor
neovascularization would provide important
knowledge for the management of
hepatocellular carcinoma.

Hepatoma-derived growth factor
(HDGF) is a novel factor that was identified
in the hepatoma-derived cell line Huh-7 (3,
4). HDGF is a growth factor for hepatoma
cells (5). Furthermore, HDGF participates
in liver development and regeneration by
promoting the growth of hepatic cells (6-
10). Although HDGF was onginally identified
as a growth factor, HDGF is also an
angiogenic factor (11), thus suggesting that
HDGF is involved in the progression of HCC
through both hepatoma cell proliferation and
the neovascularization. This article describes
the dual activity of this novel growth factor
and its possible roles in hepatocellular
carcinoma.

HDGF acts as both a growth stimulating
factor and an langiogenic factor

HDGF is a 26 kDa heparin-binding acidic
glycoprotein that was, pusified from the
conditioned media of the human hepatoma-
derived cell line, Huh-7 (3, 4):In addition,
several groups found 4 additional novel
genes, HDGF- Related Proteins (HRPs:
HRP1- HRP4) (12-14). The N-terminal
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region of HDGF contains about 100 amino
acids that are highly conserved among the
HRPs. This N- terminal region is referred to
as the "HATH (homologous to the amino
terminus of HDGF) region”. In addition, lens
epithelium-derived growth factor (LEDGF),
which was first reported to funciion as a
survival factor for lens epithelium, contains
a HATH region in its N-terminal region and
' isregarded as amember of the HDGF family
(15).

Although HDGF was originally
isolated from the conditioned media of
cultured hepatoma-derived cells, several
studies have shown that HDGF plays
important roles in organ development in the
fetus and tissue repair in adults, including the
liver, kidney, lung, and gut (6, 7, 16-18).In
addition, Everett et al. demonstrated that
HDGF is highly expressed in proliferating
fetal vascular smooth muscle cells (SMCs)
and endothelial cells. They also
demonstrated HDGF expression is induced
in vascular SMCs proximal to abdominal
aorta constriction and in neointimal cells after
endothelial injury, suggesting some functional

. roles of HDGF in the development and tissue
repair of the cardiovascular system (11).
Therefore, any examination of the role of
HDGEF should consider the dual actions of
HDGF, as both a growth factor and an
angiogenic factor.

— 218 —

Role of HDGF as a hepatocyte growth
stimulating factor

HDGF and normal hepatocyte
proliferation

HDGF is highly expressed in
immature fetal hepatocytes, especially in the
mid-gestation stage, and its expression
decreases remarkably near birth (6). An in
vitro model which recapitulates hepatocyte

- maturation demonstrated that HDGF

expression in hepatocytes decreases with
cellular differentiation, suggesting that HDGF
is closely related to the proliferative activity

of hepatocytes. Furthermore, the exogenous

administration of recombinant HDGF
enhances the proliferation of fetal

hepatocytes, whereas areduction of HDGF

severely suppresses the proliferation of these

cells. These findings suggest that HDGF is

an important growth factor for the

proliferation of fetal hepatocytes during liver

development (6).

Although mature hepatocytes rarely
replicate in their normal state, their
proliferative capacity is observed in the
regenerating liver; such as after hepatectomy
or drug-induced hepatic injury (19, 20).
Many growth factors have been reported to
participate in the various steps of liver
regeneration (19, 20), so the induction of
HDGF expression was examined in the
proliferative hepatocytes of the regenerating
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liver (8). Both CCI -treated and
hepatecmized livers show an induced
expression of HDGF in hepatocytes, and a
single peak is observed prior to the peak
DNA synthesis in the regenerating liver. This
indicates that the HDGF expression increases
in parenchymal hepatocytes before DNA
synthesis in the regenerating liver. These
findings suggest that HDGF plays a
significant role in the proliferation of both
adult hepatocytes as well as fetal
hepatocytes.

HDGF and hepatoma cell proliferation

HDGEF was initially purified from the
conditioned media of Huh-7 hepatoma cells
and was observed to participate in the
proliferation of both fetal and adult non-
transformed hepatocytes (6, 8-10).
However, the original purpose of this study
was to find a novel growth factor which
participates in the proliferation of hepatoma
cells. Therefore, the role of HDGF in the
proliferation of hepatic cancer cells was
investigated (5,21, 22).

The expression of HDGF was first
examined in various hepatoma cell lines. As
expected, HDGF is expressed in all
hepatoma cell lines tested, including Huh-7,
HepG2, Hep3B, PLC/PLF/5, SK-Hepl,
and Mahlavu. In addition, the endogenous
overexpression of HDGF significantly
increases the proliferation and DNA

synthesis in hepatorna cells (5), whereas
antisense treatment targeting HDGF reduces
the cellular proliferation (21). Furthermore,
HDGF-overexpressing HepG2 hepatoma
cells develop larger tumors in a xenograft
model using nude mice in comparison to
tumors derived from control cells (22). These
in vitro and in vivo experimental studies
strongly suggestthat HDGF contributes to
the progression of HCC by stimulating the
growth of hepatoma cells.

The Fatty Liver Shionogi (FLS)
mouse, which is an inbred mouse strain that
spontaneously develops fatty change of the
liver (23), was used to examine the role of
HDGF in the development and progression
of liver cancer. Ninety percent of FLS mice
develop liver tumors at 72 weeks after birth,
and these tumors are histologically diagnosed
as hepatocellular adenoma and carcinoma.
HDGF is more highly expressed intumor
tissue than in adjacent non-tumor tissue.
Interestingly, the HDGF expression began
to increase in the liver of FLS mice before
the development of visible solid tumors,
suggesting that HDGF functions as a growth
stimulating factor at the early stage of hepato-
carcinogenesis as well as at the progressive
stage of HCC (24).

The expression of HDGF was further
examined in human HCC tissue samples, to
assess the relationship between the HDGF
expression and clinicopathological features.
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Patients with chronic liver disease show a
higher HDGF expression in HCC tissue than
in the adjacent tissue (24). Moreover, the
expression level of HDGF is strongly
associated with the prognosis of HCC after
surgery and higher expression of HDGF led
10 poorer prognosis (25). Two other groups
also reported that HCC patients with a higher
HDGF expression showed an earlier
recurrence and an unfavorable overall
“survival rate thanthose with lower expression
levels of HDGF (26, 27). HDGF expression
is an independent prognostic factor for the
disease-free and overall survival in patients
after curative resection of HCC. These
findings suggest that HDGF plays a
significant role in the progression of human
HCC.

Transgenic mice that overexpressed
HDGF in hepatocytes under the
transcriptional control of the mouse albumin
promoter/enhancer were generated to
examine the effects on hepatocyte
differentiation in vivo (28). The HDGF
transgenic mice had no apparent
morphological abnormalities in the liver.
However, their gene expression patterns
suggested that the maturational process of
hepatocytes during the post-natal stage was
partially inhibited. These observations
suggest the HDGF expression to be
important for sustaining the characteristics
of immature cells, and it may also be involved
in the increased proliferative activity of HCC
cells.

Role of HDGF as an angiogenic factor

HDGF and angiogenesis

Although HDGF was originally
identified as a growth stimulating factor,
HDGF has also been shown to be involved
in angiogenesis and vasculogenesis.
Transplanted HDGF-overexpressing
NIH3T3 cells develop large tumors in nude
mice, and these tumors are macroscopically
reddish and histologically abundant in
vasculature (29). Everett et al. (11)
demonstrated that that HDGF is highly
expressed in the fetal cardiovascular system,
and is induced in the regeneration of vascular
vessels. HDGF stimulates the proliferation
and migration of human pulmonary
microvascular endothelial cells in vitro. In
addition, recombinant HDGF promotes

-blood vessel formation in an experimental

system using a chick chorioallantoic
membrane, HDGF stimulates the
proliferation of human umbilical vein
endothelial cells and recombinant HDGF
induces vessel formation in vitro (29).
Interestingly, the overexpression of HDGF
in NIH3T3 cells induces the expression of
VEGEF (vascularendothelial growth factor),
4 potent ‘angiogenic factor. HDGF ‘also
stimulates the promoter activity of the VEGF
gene, suggesting that HDGF promotes the
transcription of the VEGF gene. Indeed,
VEGF is highly induced in the tumors
derived from HDGF-overexpressing
NIH3T3 cells, and growth of the HDGF-
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overexpressing tumors is partially
suppressed by the administration of an anti-
VEGF antibody (29). Therefore, apparently
two factors seem to be associated with the
~ angiogenic activity of HDGF, one isits direct
effect on the'proliferation of endothelial cells,
while the other is the induction of VEGFE.

HDGF-overexpressing HepG2
hepatoma cells develop larger tumors in
‘comparison to control cells (22). However,
the growth rate of tumors produced by the
the transplantation of HDGF-overexpressing

HepG2 cells in nude mice seems to be higher

than that expected based on the proliferative
activity of HDGF-overexpressing cells in
vitro. In addition, HDGF-overexpressing
NIH3T3 cells show only a slight
transformation capacity in soft agar, whereas
these cells develop large tumors in nude
mice, thus indicating that HDGF-
overexpressing cells had a more prominent
growth stimulating activity in vivo than in
vitro (29). DNA-chip analyses
demonstrated an overexpression of HDGF
to upregulate several genes involved in
neovascularization, including PDGF-A and
Tie-1(22). Therefore, the higher growth
promoting effects of HDGF in vivo may
depend on its angiogenic activity in addition
toits growth stimulating effects on hepatoma
cells, because HDGF-overexpressing
tumors are rich in vasculature and plural
angiogenic factors can be induced by HDGF.

Other possible role of HDGF in HCC

HDGF and hepatic cancer siem/
progenitor cells

Recent studies suggest that cancer-
initiating/stem cells are closely associated
with the development, progression and
recurrence of malignant diseases. Lee et al
(30) reported that patients with HCC that
had a gene expression pattern similar to oval
cells (hepato-cholangio progenitor cells)
showed a poor prognosis, suggesting that
this subtype of HCC can be derived from
hepatic progenitor/stem cells. HDGF is
expressed in rat oval cells as well as in fetal
immature hepatocytes. In addition, HDGF
can stimulate the proliferation of a rat oval
cell line Oc15-5, which was established from
the liver of Long-Evans-Cinnamon rats (31),
thus suggesting that HDGF has a growth
stimulating effect on hepato-cholangio
progenitor cells (in preparation). Three
groups have shown an increased expression
.of HDGF to be.associated with a poar
prognosis for HCC patients (25- 27 ).
Although such a poor prognosis could mainly
depend on the growth stimulating effects’ and
angiogenic activity of HDGF, HDGF may
promote the proliferation of hepatic
progenitor/stem-derived cells, thus leading
to an unfavorable prognosis. The functional
role of HDGF in hepatic stem/progenitor
cellsis interesting and should therefore be
clarified in future studies.
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Conclusion

HDGF is a novel growth factor
belonging to a new gene family. HDGF is
both a growth stimulating factor and an
angiogenic factor. The functional role of
HDGEF in the stromal cells including the
induction of neovascularization is important
as well as its growth stimulating effects on
hepatic cancer cells. A novel treatment that
inhibits tumor angiogenesis (represented by
the sorafenib) improves the prognosis of
patients with advanced HCC, and HDGF is
therefore considered to be a potential target
molecule for the treatment of HCC,

Acknowledgements

This study was supported in part by
grants from the Hyogo Prefecture Health
Promotion Association and from the Ministry
of Education, Culture, Sports, Science and
Technology of Japan.

References

1. Ferndndez M, Semela D, Bruix J, Colle
I, Pinzani M, Bosch J. J Hepatol 2009
;50:604-620.

2. Carmeliet P, Jain RK. Nature
2000;407:249-257.

3.  Nakamura H, Kambe H, Egawa T,
KimuraY, Ite H, Hayashi E, Yamamoto
H, Sato J, Kishimoto S. Clin Chim Acta.
1989;183:273-284.

4, Nakamura H, Izumoto Y, Kambe H,
Kuroda T, Mori T, Kawamura K,

10.

1.

12.

13.

— 222 —

Yamamoto H, Kishimoto T. J Biol
Chem. 1994;269:25143-25149.

Kishima Y, Yamamoto H, Izumoto Y,
Yoshida K, Enomoto H, Yamamoto M,
Kuroda T, Ito H, Yoshizaki K, Nakarmura
H.IBiol Chem.2002;277:10315-10322.

Enomoto H, Yoshida K, Kishima Y,
Kinoshita T, Yamamoto M, Everett AD,
Miyajima A, Nakamura H. Hepatology.
2002;36:1519-1527.

Enomoto H, Yoshida K, Kishima Y,
Okuda 'Y, Nakamura H. J Gastroenterol.
2002; 37 Suppl 14:158-161.

Enomoto H, Nakamura H, Liu W,
Yoshida K, Okuda Y, Imanishi H, Saito
M, Shimomura S, Hada T, Nishiguchi
S. Hepatol Res. 2009; 39: 988-997.

Enomoto H., Nakamura H., Nishiguchi
S. Current Research in Hepatology,
2009; 3:27-35.

Enomoto H, Nakamura H, Nishiguchi
S. Current  Research in
Gastroenterology & Hepatology. 2010;
4:79-88.

Everett AD, Lobe DR, Matsumura ME,
Nakamura H, McNamara CA. J Clin
Invest 2000;105: 567-575.

Izumoto Y, Kuroda T, Harada H,
Kishimoto T, Nakamura H. Biochem
Biophys Res Commun. 1997;238:26-32.

Ikegame’K, Yamamoto M, Kishima Y,
Enomoto H, Yoshida K, Suemura M,
Kishimoto T, Nakamura H. Biochem
Biophys Res Commun. 2000; 266:81-
87.



26

Hirayuki Enomoto et al.

14. Dietz F, Franken 8, Yoshida K,
Nakamura H, Kappler J, Gieselmann V.
BiochemJ. 2002;366(Pt 2):491-500.

15.GeH, SiY, RoederRG. EMBO J. 1998
;17: 6723-6729.

16. Oliver JA, Al-Awgati Q. J Clin Inves
1998; 102:1208-19.

17. Everett AD, Narron JV, Stoops T,
Nakamura H, Tucker A. Am J Physiol

Lung Cell Mol Physiol. 2004; 286:L1194- -

1201.

18. LepourceletM, TouL, CaiL, Sawada
J, Lazar AJ, Glickman JN, Williamson
JA, Everett AD, Redston M, Fox EA,
Nakatani Y, Shivdasani RA.
Development. 2005; 132: 415-427.

19. Michalopoulos GK, Khan Z.
Gastroenterology. 2005; 128:503-506.

20. Fausto N, Campbell IS, Riehle KJ.
Hepatology. 2006; 43(2 Suppl 1):845-
53.

. Kishima Y, Yoshida K, Enomoto H,
Yamamoto M, Kuroda T, Okuda Y,
Uyama H, Nakamura H.
Hepatogastroenterology. 2002; 49: 1639-
1644.

22. LiuW, Nakamura H, Deng H, Enomoto
~ H.,Yamamoto T, Iwata ¥, Koh N, Saito
M, Imanishi H, Shimomura S,
Nishiguchi S, Trends in Cancer
Research. 2009; 5: 29-36.

23. Soga M, Kishimoto Y, Kawamura Y,
Inagaki S, Makino S, Saibara T. Cancer
Lett. 2003; 196: 43-48.

2

b

24. Yoshida K, Nakamura H, Okuda Y,
Enomoto H, Kishima Y, Uyama H, Ito
H, Hirasawa T, Inagaki S, Kawase 1. J
Gastroenterol Hepatol. 2003; 18, 1293-
1301.

- 25. Yoshida K, Tomita Y, Okuda Y, Yamamoto

S, Enomoto H, Uyama H, Ito H,
Hoshida Y, Aozasa K, Nagano H,
Sakon M, Kawase I, Monden M,
Nakamura H. Ann Surg Oncol. 2006;
13: 159-167.

26. HuTH,Huang CC,LiuLF,Lin PR, Liu
SY, Chang HW, Changchien CS, Lee
CM, Chuang JH, Tai MH. Cancer. 2003;
08: 1444-1456.

27. ZhouY, Zhou N, Fang W, Huo J. Diagn
Pathol. 2010; 5: 58-

28. Enomoto H, Nakamura H, Komatsu-
Kanatani N, Liu Y, Yoshida K, Okuda
Y, Yamamoto T, Liu W, Nishiguchi S.
World ] Hepatol. 2009; 1: 98-102.

29. Okuda, Nakamura H., Yoshida K.,
Enomoto H., Uyama H., Hirotani T,,
Funamoto M., Ito H., Everett A.D.,
Hada T., Kawase I. Cancer Sci. 2004
94:1034-1041.

30. Lee JS, Heo J, Libbrecht L, Chu IS,
Kaposi-Novak P, Calvisi DF, Mikaelyan
A, Roberts LR, Demetris AJ, Sun Z,
Nevens F, Roskams T, Thorgeirsson SS.
Nat Med. 2006; 12: 410-416.

31. Yasui O, MiuraN, Terada K, Kawarada
Y, KoyamaK, Sugiyama T. Hepatology.
1997,25:329-334.

— 223 —



JSH E

Hepatology Research 2012; 42: 22-32

Review Article

doi: 10.1111/j.1872-034X.2011.00889.x

Anticarcinogenic impact of interferon therapy on the
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chronic viral infection
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Hepatocellular carcinoma (HCC) is mainly caused by a persis-
tent infection due to the hepatitis B or hepatitis C virus. The
number of HCC cases is increasing in Asian and African coun-
tries, as well as in European and American countries. Inter-
feron (IFN) therapy, used for type B chronic liver diseases,
inhibits hepatic carcinogenesis in patients with compensated
cirrhosis. However, there is insufficient evidence that IFN
therapy inhibits hepatic carcinogenesis in patients with
chronic hepatitis B. There are few cases of HCC due to chronic
hepatitis B, and long-term follow-up periods verifying the
inhibitory effect of IFN on hepatic carcinogenesis have not
been obtained. To improve the prognosis of type B chronic
liver diseases, it is important that hepatitis treatment follows
guidelines in which a patient’s age and the extent of hepatic
fibrosis are taken into account. As for chronic hepatitis C,

since a sustained virological response (SVR) in IFN therapy
inhibits hepatic carcinogenesis and improves prognosis,
treatment that aims for an SVR while taking into consideration
host-sided and virus-sided factors is recommended for
patients with type C chronic liver diseases. In areas with low
incidence of HCC (e.g. USA), a large number of cases and a
long-term follow-up period are needed before it can be
accepted that IFN therapy inhibits hepatic carcinogenesis.
After locally curative treatment of HCC, IFN therapy sup-
presses recurrence and improves survival rates.

Key words: chronic hepatitis, hepatitis B virus, hepatitis C
virus, hepatocellular carcinoma, interferon, prevention

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) ranks

fifth in the number of patients worldwide who
are diagnosed with cancer; its death toll ranks third.!
Approximately 600 000 to 700 000 patients worldwide
die of HCC each year; the number of HCC cases is
increasing in Asian and African countries, as well as in
European and American countries.”®> HCC is mainly
derived from a persistent infection due to the hepatitis B
virus (HBV) or hepatitis C virus (HCV); thus, treating
viral hepatitis inhibits hepatic carcinogenesis. In clinical
and epidemiological studies of patients with chronic
hepatitis B, active replication of HBV is linked to pro-
gression to cirrhosis and HCC.* Cessation of HBV repli-
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cation reduces complications and improves prognosis.
If, as a result of interferon (IFN) therapy, seroclearance
of hepatitis B e antigen (HBeAg) can be achieved and the
patient is negative for HBV DNA, then this might reduce
the chances of HCC developing.® IEN therapy for
chronic hepatitis C helps to reduce the risk of HCC
developing in patients in whom a sustained virological
response (SVR) has been achieved and that therapy also
helps to reduce the risk of HCC developing in patients
in whom viral clearance has proven difficult.*” This
paper reviews clinical research studies that have focused
on the inhibitory effect of IFN therapy on hepatic
carcinogenesis.

THE ANTITUMOR ACTION OF IFN

NTERFERON IS A cytokine with varied forms of bio-
activity including antiviral action as well as action to
inhibit cell growth, angiogenetic activity, action to
regulate the immune response, and action to inhibit
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telomerase activity. IFNs are generally grouped into type
[ IENs, which include IFN-0, -B, and -, and type II IEN,
which consists solely of IFN—y.5° IEN-o¢ and -B are
widely used clinically to treat viral diseases such as
chronic hepatitis B and C and neoplastic diseases such
as renal cell carcinoma and glioblastoma. Evidence of
[FN’s direct antitumor action has been reported, i.e.
IFN-o. and -B have been found to inhibit growth of a
hepatoma cell line in a concentration-dependent man-
ner.!’ In addition, IFN has been found to exhibit anti-
tumor action by inducing apoptosis of tumor cells via
p53 and by stopping the progression of the cell cycle.'?
Similarly, an in vivo study noted that an IFN dose similar
to that used clinically suppressed the growth of hepatic
carcinoma cells.”® Moreover, alpha fetoprotein (AFP)
levels decreased after administration of IFN to patients
with chronic hepatitis C and consistently elevated AFP
levels; the mechanism for this phenomenon may be
antitumor action. In addition, IFN is also assumed to
have indirect antitumor action by immunopotentiation
via natural killer cells.'” Nevertheless, the current reality
is that the mechanism of IFN’s antitumor action has yet
to be fully elucidated.

HBV-RELATED HCC

HERE ARE AN estimated 300 million or more HBV
carriers in the world; many of them are concentrated
in Asian and African areas.! About 15% of HCC cases in
Japan are HBV-related.'® The annual incidence of HCC
in patients with type B chronic hepatitis is 0.1% to 1.0%
and in patients with type B cirrhosis, 2.2% to 4.3%; the
incidence of HCC is higher in Asia than elsewhere in the
world.'” A study of the natural history of HCC has
reported that factors for a high risk of developing the
condition are cirrhosis, being an elderly male, having
genotype C or F1, having a double substitution (A1762T
and G1764A) in the core promoter region, and high
HBV DNA levels.* Since it is difficult to completely
eliminate HBV, the primary goals of treatment are to
eliminate or reduce HBV DNA in the blood and to
normalize the levels of serum aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT)."®
We searched the medical published reports and found
that the inhibitory effect of IFN therapy on hepatic car-
cinogenesis in patients with type B chronic hepatitis and
cirthosis was first reported in 1996; we also found four
randomized controlled trials (RCT) - three from Europe
and one from Asia (Table 1).°-2* The paper from Asia
indicated that IFN therapy inhibits hepatic carcinogen-
esis, but the papers from Europe did not have this
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Table 1 Baseline characteristics of randomized control trials assessing effect of interferon (IFN) on hepatocellular carcinoma (HCC) development in hepatitis B virus

(HBV)-infected patients
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finding. In a study involving 308 patients with HBe
antigen (HBeAg)-positive chronic hepatitis and cirrho-
sis, Krogsgaard et al.’” administered a 2.5 to 10 million
unit (MU)/m? dose of IFN-0:2a three times weekly for 12
* to 24 weeks to 210 patients (i.e. the treatment group).
During a mean follow-up period of 4.7 years, HCC
occurred in two patients in the treatment group and
in one patient in the control group. In a study involving
64 patients with HBeAg-positive chronic hepatitis,
Mazzella et al.?® administered a 5 MU/m? dose of IEN-o.
three times weekly for 24 weeks to 33 patients (i.e. the
treatment group). During a mean follow-up period of
7.1 years, HCC occurred in three patients whose chronic
hepatitis had progressed to cirrthosis (one patient in the
treatment group and two patients in the control group).
In a study involving 42 patients with HBeAg-negative
chronic hepatitis, Lampertico et al.?® administered a
6 MU dose of IFN-0:2b three times weekly for 96 weeks
to 21 patients (i.e. the treatment group). During the
mean follow-up period of 3.8 years, HCC occurred in
one patient in the treatment group. In a study involving
101 patients with HBeAg-positive chronic hepatitis, Lin
et al > administered a 4~6 MU dose of IFN-o. three times
weekly for 12 weeks to 67 patients (i.e. the treatment
group). During a mean follow-up period of 7 years,
HCC occurred in one patient in the treatment group and
in four patients in the control group (P = 0.043). They
believed that IFN therapy had an inhibitory effect on
hepatic carcinogenesis.

On the other hand, reports from a study involving
patients with HBeAg-positive cirrhosis® and several
studies involving patients with HBeAg-positive chronic
hepatitis and HBeAg-negative chronic hepatitis'®202+25
deny that IFN therapy inhibits hepatic carcinogenesis.
Based on their meta-analysis of seven non-randomized
controlled trial (NRCT) studies involving patients with
cirrhosis,?***%-3° Camma et al.>' believe that IEN therapy
inhibits hepatic carcinogenesis (risk difference [RD],
~6.4%; confidence interval [CI], 2.8 to —10; P < 0.001).
However, their analyses of subgroups with small varia-
tions showed no significant differences and they found
that IFN therapy did not inhibit hepatic carcinogenesis.
Sung etal* in a meta-analysis of 12 papers (which
included an RCT study)®>!92023-26.28-303334 concluded that,
compared with patients in the control group, patients in
the IEN therapy group had a 34% reduced risk of devel-
oping HCC. This effect was especially beneficial for
patients with cirthosis. However, in a recent meta-
analysis based on two RCT studies,*** Zhang et al.*
concluded that IFN therapy does not necessarily reduce
the development of HCC.

© 2011 The Japan Society of Hepatology
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At the current point in time, previous reports offer
conflicting results with regard to whether or not IFN
therapy suppresses hepatocarcinogenesis when used
to treat hepatitis B virus-related chronic liver disease.
Reasons for this conflict are presumably related to
discrepancies in IFN's suppression of carcinogenesis
brought about by differences in the clinical characteris-
tics of the patients studied. In other words, numerous
factors, such as: (i) patient age; (ii) sex; (iii) liver func-
tion tests; (iv) differences in the mode of infection (ver-
tical or horizontal infection); (v) stage of liver fibrosis
and grade of necroinflammatory activity; (vi) positivity
or negativity for HBeAg; (vii) HBV genotype; (viii) levels
of HBV DNA; (ix) treatment protocol; (x) therapeutic
efficacy; and (xi) follow-up period, may affect study
results. In a NRCT involving 313 patients with cirrhosis
due to hepatitis B, lkeda et al.** administered 6 MU
IEN-¢; three times a week for 40 weeks to 94 patients in
a treatment group (including 61 patients who were posi-
tive for HBeAg). A follow-up lasting an average of
7 years revealed 10 patients in the treatment group and
51 of 219 patients in an untreated group developed
HCC; this finding indicated that use of IFN decreased
the rate of carcinogenesis. In addition, Lin etal®
reported a case-control study matching for age, sex,
HBeAg, ALT, and levels of HBV DNA. Their results
revealed that five patients in a group receiving IFN
therapy and 16 in an untreated group developed HCC
(P=0.025) in a mean follow-up of 6.8years. A
follow-up of 15 years indicated that the cumulative rate
of hepatocarcinogenesis was significantly lower for
patients who had cirrhosis and were receiving IFN
therapy in comparison to the control group, but differ-
ences between the control group and patients who did
not have cirrhosis and were receiving IFN therapy were
not noted. Multivariate analysis indicated that indepen-
dent risk factors for the progression of HCC were age,
not having undergone IFN therapy, pre-existing cirrho-
sis, carrying HBeAg, and having the HBV genotype C (in
comparison to genotype B). Based on previous studies,
IEN therapy for patients with compensated cirrhosis
B should be able to suppress hepatocarcinogen-
esis 322326313236 However, the inhibitory effect of IFN
therapy on hepatic carcinogenesis for patients with type
B chronic hepatitis has not yet gained a sufficient con-
sensus. One reason is that there are few cases of hepatic
carcinogenesis that develop from type B chronic hepati-
tis; thus, researchers cannot obtain either a sufficient
number of cases or long-term follow-up periods to
verify that IFN therapy inhibits hepatic carcinogenesis.
An HBV carrier who has a high level of HBV DNA
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rapidly progresses to cirrhosis, which is associated with
a high rate of HCC.*” In patients with HBeAg serocon-
version and reduced levels of HBV DNA due to IFN
therapy, the progression of cirrhosis slows and develop-
ment of HCC is inhibited.> When serum transaminase
returns to normal and HBV DNA falls below detection
limits due to IFN therapy given to HBeAg-negative Euro-
pean patients, an improved prognosis is noted but IFN
therapy has not been found to suppress hepatocarcino-
genesis.*® Miyake et al. reported that IFN therapy has
been found to suppress hepatocarcinogenesis in Asians;
they also reported that IFN has an effect in populations
with a 10% or greater incidence of HCC that have not
undergone IFN therapy and study populations with
70% or more subjects that are positive for HBeAg.*

Compared with the standard IFN, pegylated-IFN
(PEG-IFN) has been reported as more effective in the
elimination of HBeAg, reducing HBV DNA, and normal-
izing the serum ALT level > However, there is no report
on whether PEG-IFN (in comparison with the standard
IFN and nucleos(t)ide analogs such as lamivudine)
more greatly reduces the risk of developing HCC. Future
research is needed.

In addition, IFN for type B cirrhosis is not price-listed
in Japan, and the IFN administration period for type B
chronic hepatitis is 6 months. Price-listing of IFN for
type B cirrhosis, the extension of the administration
period, and the approval of using PEG-IFN are pending.

HCV-RELATED HCC

HE HCV WOULD not be naturally eliminated when

an infection is passed to humans. About 70% of
persistently infected people become carriers and necro-
inflammatory reactions continue; as a result, hepatic
fibrosis progresses to cirrhosis.*® However, hepatic fibro-
sis progression rates in persistently HCV-infected people
differ significantly among individuals and are influ-
enced by the person’s age when infected, the amount of
alcohol intake, gender, and the extent of liver function
abnormality. It has been demonstrated that, in people
who have insulin resistance and fatty livers, the hepatic
fibrosis progression rate is rapid and the sustained
virological response (SVR) ratio in IFN therapy is
reduced.”"** HCC incidence rates increase in relation to
the progression of hepatic fibrosis.** The annual inci-
dence of HCC from type C compensated cirrthosis is
reportedly 7.1% in Japan and 3.7% in both Europe and
America; and the annual incidence of HCC from chronic
hepatitis is 1.8% in Japan and 0% in both Europe and
America.”” When such natural courses are taken into
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account, the treatment goals for type C chronic hepatitis
are to prevent the progression to cirrhosis and to inhibit
hepatic carcinogenesis.

In 1995, we examined (using an RCT) the inhibitory
effect of IFN therapy on hepatic carcinogenesis for type
C cirrhosis.**** Ninety patients with type C cirrhosis
were divided into two groups: the IFN treatment group
and the untreated group. We examined the long-term
clinical effects of IEN therapy. In the IFN treatment
group, an SVR occuired in seven patients and a biologi-
cal response (BR) occurred in six patients. In the
untreated group, the spontaneous disappearance of the
HCV and sustained normalization of ALT level did not
occur. During the mean follow-up period of 8.2 years,
the cumulative incidence rate of HCC was significantly
lower in the IFN treatment group than in the untreated
group (27% vs. 73%, respectively) (P = 0.001). The rela-
tive risk (RR) was 0.256. A multicenter Japanese study —
the Inhibition of Hepatocarcinogenesis by Interferon
Therapy (IHIT) study - showed that, compared with the
untreated group, the risk of hepatic carcinogenesis was
inhibited by 0.51-fold in the IFN treatment group; the
RR of hepatic carcinogenesis was 0.197 in patients who
achieved SVR with IFN therapy.** To our knowledge,
seven RCT papers have been published since 1995 that
investigated the inhibitory effect of IFN therapy on
hepatic carcinogenesis (Table 2).%4-*2 In a study involv-
ing 99 patients with compensated cirrhosis, Valla et al.¥’
administered a 3 MU dose of IEN-02b three times
weekly for 48 weeks to 52 patients (i.e. the treatment
group). A mean follow-up period of 3.3 years showed
that HCC occurred in five patients in the treatment
group and in nine patients in the control group;
however, there was no statistically significant difference
between the groups. On the other hand, the results of a
meta-analysis by Camma et al.® confirmed that IFN
therapy inhibits hepatic carcinogenesis in patients with
type C cirrhosis. Their investigation of 3109 patients in
three RCT studies**”* and 11 NRCT studies?®3046:54-61
showed that the risk of developing HCC in the IFN
treatment group was reduced by 12.8% (95% CI, —8.3%
to —17.2%), compared with the risk in the untreated
group. They reported that, especially in patients who
obtained a SVR, there was a marked inhibition of
hepatic carcinogenesis (as indicated by an RD of
—19.1%). Even in people who did not have a SVR, the
RD was significantly reduced (at -11.8%). Miyake
et al.** reported that hepatic carcinogenesis was inhib-
ited in the IFN-treated group, compared with the
untreated group (RR, 0.45; 95% CI, 0.31-0.65), based
on their meta-analysis of three RCT studies*’-** and six
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Table 2 Baseline characteristics of randomized control trials assessing effect of interferon (IFN) on hepatocellular carcinoma (HCC) development in hepatitis C virus

(HCV)-infected patients

Study [reference] Year  Sample Male (%) Mean Pre-existing IFN regimen Mean SVR (%) Incidence
size (n) age (years) cirrhosis (%) follow-up of HCC (%)
(years)
Nishiguchi S et al.* 1995 T45 T62 T55 T100 oz 6 MU 3 times a week for 24 weeks  T4.4 T16 T4
C45 C51 C57 C100 C5.5 Co C38
Valla DC et al.¥ 1999 T45 T73 57 T100 a-2b: 3 MU 3 times a week for 3.3 NA Ti1
48 weeks
C49 C65 C56 C100 C18
Bernardinello E et al.*® 1999 T38 T50 T56 T100 B: 6 MU 3 times a week for 24 weeks 5 T3 TS
followed by 3 MIU for another
24 weeks
C23 Co61 C58 C100 co C4
Francesco A et al.>° 2004 T30 T57 155 T100 o-2b: 6 MU daily for 1 month 5 T43 To
followed by 3 MIU daily for
11 months plus ribavirin 1 g daily
for 12 months
C30 C60 C57 C100 Cco C30
Soga K et al.® 2005 T103 T49 T52 TO o, 0-2a or 0-2b: 3-10 MU daily for 7.8 T32 TS5
2-4 weeks and 3 times a week for
total of 14-28 weeks or f; 3-6 MU
daily for 6-8 weeks
C30 C43 C54 Co co C23
Fartoux L et al.®! 2007 T51 T45 T60.5 T100 o-2a: 3 MU 3 times a week for 2 years 2 TO T12
C51 C45 C60.5 C100 Cco C12
Lok AS et al.>? 2009 T495 T71 T50 T40 PEG-IFN o-2a: 90 pug weekly for T4.6 TO T4.6
3.5 years
C510 T79 C53 C41 C4.9 Co T4.9

C, control group (no treatment); MU, million units; NA, not available; PEG-IFN, pegylated interferon; SVR, sustained virological response; T, IEN treated group.
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NRCT studies®***38%-% published between 1989 and
2009.

The inhibitory effect of IFN is furthermore demon-
strated in non-responders (NRs) to IFN therapy (RR,
0.48; 95% CI, 0.26-0.66). Zhang etal.*® recently
performed a meta-analysis on the effect of non-
maintenance IFN therapy on hepatic carcinogenesis.
They used only four RCT papers (in three papers, the
subjects were patients with type C cirrhosis).***"*° The
results indicated that IFN therapy inhibited hepatic car-
cinogenesis in the IFN treatment group, compared with
the untreated group (RR, 0.39; 95% CI, 0.26-0.59). The
results of IFN therapy, when focusing only on patients
with cirrhosis, also showed the same inhibitory effect
(RR, 0.44; 95% CI, 0.28-0.68). In one study, patients
who were initially NR to IEN therapy were divided into
two groups: a maintenance IFN treatment group and an
untreated group.®* An analysis of the results showed
that IEN therapy has no inhibitory effect on hepatic
carcinogenesis.

In the Hepatitis C Antiviral Long-Term Treatment
Against Cirrhosis (HALT-C) Trial,** 1005 patients had
cirrhosis and had chronic hepatitis that progressed to
fibrosis (i.e. bridging fibrosis). Of these, patients who
were unresponsive to a combination therapy with PEG-
IFN and ribavirin (RBV) were divided into two groups -
the maintenance treatment group (PEG-IFN a-2a, 90 ug)
and the untreated group. The incidence of HCC in each
group was investigated. During a mean follow-up period
of 4.6 years, there was no difference between the two
groups in the incidence of HCC. In a continuation of
the HALT-C report,” the mean follow-up period was
extended to 6.1years. The results showed that IFN
therapy inhibited hepatic carcinogenesis in patients with
cirrhosis in the maintenance IFN treatment group, com-
pared with its inhibitory effect in the untreated group
(HR, 0.45; 95% CI, 0.24-0.83). On the negative side,
maintenance IFN therapy insufficiently inhibited hepatic
carcinogenesis in patients with chronic hepatitis that had
progressed to fibrosis. However, the incidence of HCC
was reduced in these patients if their liver had a histo-
logical improvement with IEN therapy.

One report shows that maintenance IFN therapy
reduces the incidence of HCC in elderly patients with
chronic hepatitis, compared with patients in the
untreated group.®® Kumada et al. state that the adminis-
tration of IFN therapy is important in normalizing
serum ALT level or reducing the AFP level, even if HCV
does not disappear.® For non-SVR patients receiving IFN
therapy, a patient's age is an important risk factor for
hepatic carcinogenesis, and the annual incidence of
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HCC in patients with chronic hepatitis and hepatic
fibrosis is significantly higher in aged people than in
young people.’” It can be accordingly conjectured that
the reason for a higher complication rate of HCC among

HCV carriers in Japan than among HCV carriers in the

USA is that Japanese carriers have a higher mean age and

a higher extent of hepatic fibrosis.®® These factors may be

responsible for the difference in the inhibitory effect of

IEN therapy on hepatic carcinogenesis noted between

patients in Japan and patients in the USA.

Based on past studies investigating the inhibitory
effect of IFN therapy on hepatic carcinogenesis in
patients with type C chronic liver diseases, a consensus
has been reached concerning the following three points:
¢ Point 1: Patients achieving SVR with IEN therapy have

a reduced HCC incidence rate and an improved HCC

prognosis.*6%70

e Point 2: Because of the use of combination therapy
(e.g. PEG-IFN and RBV) in recent years, the treat-
ment outcome has improved and the SVR ratio is
about 50% to 80%.”' However, for patients with
chronic hepatitis that has progressed to fibrosis and
for patients with compensated cirrhosis, IFN therapy
alone reduces the SVR ratio and reduces the inci-
dence of complications associated with the liver
(including hepatic carcinogenesis).*

e Point 3: IFN therapy reduces the incidence rate of
HCC when a BR is achieved or when there is a his-
tological improvement.®¢72
Further examinations are needed to determine

whether maintenance IFN therapy inhibits hepatic car-

cinogenesis and whether there is any difference between

IEN therapy NR patients and IFN-untreated patients in

the rate of hepatic carcinogenesis. Studies are needed

that take into account the amount of IFN administered,
the administration period, and the use of RBV and novel
concurrent drugs. In addition, we expect that combina-
tion therapy with PEG-IFN and RBV for patients with
compensated cirrhosis will be promptly price-listed in
Japan.

RECURRENCE INHIBITION AFTER LOCALLY
CURATIVE TREATMENT FOR HCC

VEN IF LOCALLY curative treatment for HCC is per-

formed, HCC relapses occur at an annual rate of
15% to 20%. This high rate is not caused by any other
malignant neoplasms, and it results in a high mortal-
ity.” To improve the prognosis of patients with HCC,
measures are needed that advance HCC treatment and
inhibit recurrence.

© 2011 The Japan Society of Hepatology
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Basic investigations reveal that IFN has anti-viral activ-
ity and it inhibits the growth of HCC.”*”® In a retro-
spective examination, Someya etal. reported that
singlevariate and multivariate analyses showed that IFN
therapy inhibits recurrence in patients with HCC-
complicated type B cirrhosis after locally curative treat-
ment.” Lo et al.”” performed an RCT, using as subjects
40 patients who had undergone a radical hepatic resec-
tion because of HBV-related HCC. On examining the
IFN treatment group (in which patients were adminis-
tered 10 MU/m? of IFN-02b three times weekly for
12 weeks) and the untreated group, they found that the
one-year and 5-year survival rates were 97% and 79%,
respectively, in the IFN treatment group and 85% and
61%, respectively, in the untreated group. Therefore, the
IEN treatment group had a better prognosis (P = 0.137).
A multivariate analysis demonstrated that IEN therapy
may reduce the risk of death (HR, 0.42; 95% CI, 0.17-
1.05; P =0.063). In the examination of subgroups, there
was no difference between the IFN treatment group
and the untreated group in the 5-year survival rate in
patients at stage I/II; however, in patients at stage I1I/IV
A, IEN therapy inhibited the early recurrence of HCC
and improved the 5-year survival rate from 24% to 68%
(P=0.038). Sun et al.” in their RCT also reported that
IFN therapy was useful after an operation for HCC and
that the median overall survival time and median
disease-free time were significantly longer in treated
patients, compared with the untreated patients.

We found six RCT studies that examined the inhibi-
tory effect of IFN therapy on recurrence after locally
curative treatment for HCV-related HCC.”-** Ikeda
et al.” and Kubo et al.*° showed that IFN therapy signifi-
cantly inhibits the recurrence of HCC. Shiratori et al.®!
reported no difference between the IFN-treated group
and the control group with the first relapse of HCC, but
noted that IFN therapy inhibits a second or later recur-
rence of HCC. Only Mazzaferro et al.** reported that IFN
therapy shows no significant difference between the IFN
treatment group and the control group; however, at the
first relapse of HCC, IFN therapy inhibits recurrence in
patients having a single tumor that is free from vascular
invasion and has a diameter of less than 3 cm. An
examination of NRCT, which were performed in Japan,
also showed that IFN therapy significantly inhibits the
relapse of HCC (especially in patients who receive IFN
treatment aimed at eliminating HCV), achieves an
SVR,*-% and improves survival rates.’® Maintenance
IEN therapy after the locally curative treatment of
HCC reportedly inhibits recurrence.®*° Kudo et al.¥®
reported that IFN therapy inhibits the first relapse (as

© 2011 The Japan Society of Hepatology
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well as a second or third relapse) and improves the
prognosis. We also demonstrated that long-term main-
tenance IFN therapy, given after the combination
therapy with PEG-IFN and RBV, effectively inhibits HCC
recurrence and improves prognosis.” Singal et al.”?
performed a meta-analysis of five RCT papers’8!-8393
and five NRCT papers.? %% They reported that IFN
therapy inhibits HCC recurrence (odds ratio [OR], 0.31;
95% CI, 0.26; P < 0.0001) and significantly extends the
overall survival time. Furthermore, Zhang et al.”’ con-
ducted a meta-analysis of six RCT papers (Two papers
focused on HBV-related HCC and four papers focused
on HCV-related HCC).”7880-8% Their meta-analysis
showed that IFN therapy inhibits early recurrence (OR,
0.62; 95% CI, 0.42-0.93; P=0.02) and improves the
one-year survival rate (OR=3.14; 95% CI =1.79-5.52;
P (00.0001). Shen et al.?® similarly performed a meta-
analysis of 13 papers on HBV-related and HCV-related
HCC (nine papers involved RCT’7-%3, and four papers
involved NRCT*#°*%%)_ From this, they concluded that
IEN therapy improved the one-year, 2-year, and 3-year
recurrence-free survival rates in the IFN treatment group,
compared with the control group.

Based on past studies investigating the inhibitory
effect of IFN therapy on HCC recurrence after locally
curative treatment, HCC recurrence is reduced through
HCV clearance. Thus, IFN therapy for viral eradication is
recommended for patients with hepatitis C if possible.
Meanwhile, in patients with hepatitis B, IFN therapy
after locally curative treatment may improve their prog-
nosis. Further examinations are needed to determine
whether IFN therapy after locally curative treatment
reduces HCC recurrence in patients with hepatitis B.

FINAL COMMENTS

OR PATIENTS WITH chronic hepatitis B, IFN

therapy reduces the risk of hepatic events (including
the inhibitory effect for developing HCC) particularly
among responders to treatment in Asian, but not in
European patients. The progression to cirrhosis and a
high level of HBV DNA (greater than 10° copies/mL) are
strong risk factors for hepatic carcinogenesis from type B
chronic liver diseases.’” Liaw etal.'® reported that
therapy with lamivudine, a nucleos(t)ide analog, signifi-
cantly reduces the progression to non-compensated
cirrthosis and inhibits the development of HCC.
Matsumoto et al.'”" also had similar results in a multi-
center study of Japanese patients with type B chronic
hepatitis. As for inhibition of hepatic carcinogenesis
from type B chronic liver diseases, measures for hepatitis
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are important, after taking age, amount of HBV DNA,
extent of background liver disorder, HBV genotype, and
others into account, according to guidelines, use of IFN
or nucleos(t)ide analogs needs to be determined.'®*

It is important that IFN-based therapy obtains SVR to
inhibit the development of hepatic carcinogenesis from
type C chronic liver diseases. Thus, IFN therapy is
recommended for patients with chronic hepatitis
C. Tanaka N et al.' reported single nucleotide polymor-
phisms (SNPs) in the IL28B locus. These polymor-
phisms are extremely effective for estimating the effects
of IFN therapy; they provide a novel indicator to help
determine a patient’s therapy, and will be used clini-
cally.'® New anti-viral drugs are being developed for
treating type C chronic hepatitis. Combination therapy
using PEG-IFN, RBV, and a protease inhibitor reportedly
improves the SVR rate.®® In addition, the acydlic retin-
oid, studied and developed in Japan, is expected to show
a strong inhibitory effect on hepatic carcinogenesis.!®

REFERENCES

1 EL-Serag H, Rudolph KL. Hepatocellular carcinoma: epi-
demiology and molecular carcinoogenogenesis. Gastroen-
terology 2007; 132: 2557-76.

2 EL-Serag H. Epidemiology of hepatocellular carcinoma in
USA. Hepatol Res 2007; 37 (Suppl 2): S88-94.

3 Liaw YF. Antiviral therapy of chronic hepatitis B: opportu-
nities and challenges in Asia. ] Hepatol 2009; 51: 403-10.

4 McMahon BJ. The natural history of chronic hepatitis B
virus infection. Hepatology 2009; 49: S45-S55,

5 Lin SM, Yu ML, Lee CM et al. Interferon therapy in HBeAg
positive chronic hepatitis reduces progression to cirrhosis
and hepatocellular carcinoma. ] Hepatol 2007; 46: 45-52.

6 Kumada H, Okanoue T, Onji M et al. Guidelines for the
treatment of chronic hepatitis and cirrhosis due to hepa-
titis C virus infection for the fiscal year 2008 in Japan.
Hepatol Res 2010; 40: 8-13.

7 Lok AS, Everhart JE, Wright EC etal. Maintenance
peginterferon therapy and other factors associated with
hepatocellular carcinoma in patients with advanced
hepatitis C. Gastroenterology 2011; 140: 840-9.

8 Pestka S, Langer JA, Zoon KC et al. Interferons and their
actions. Annu Rev Biochem 1987; 56: 727-7.

9 Stark JJ, Dillman RO, Schulof R et al. Interferon-o. and
chemohormonal therapy for patients with advanced
melanoma: final results of a phase I-1I study of the
Cancer Biotherapy Research Group and the Mid-Atlantic
Oncology Program. Cancer 1998; 82: 1677-81.

10 Xu D, Erickson S, Szeps M etal. Interferon o down-
regulates telomerase reverse transcriptase and telomerase
activity in human malignant and nonmalignant hemato-
poietic cells. Blood 2000; 96: 4313-8.

11

12

13

14

15

16

17

18

19

20

21

22

23

24

— 231 —

Anticarcinogenic impact of interferon therapy 29

Yano H, lemura A, Haramaki M etal. Interferon alfa
receptor expression and growth inhibition by interferon
alfa in human liver cancer cell lines. Hepatology 1999; 29:
1708-17.

Takaoka A, Hayakawa S, Yanai H et al. Integration of
interferon-alpha/beta signalling to p53 responses in
tumour suppression and antiviral defence. Nature 2003;
424: 516-23.

Hisaka T, Yano H, Ogasawara S etal. Interferon-
alphaConl suppresses proliferation of liver cancer cell
lines in vitro and in vivo. ] Hepatol 2004; 41: 782-9.
Murashima S, Tanaka M, Haramaki M et al. A decrease in
AFP level related to administration of interferon in
patients with chronic hepatitis C and a high level of AFP,
Dig Dis Sci 2006; 51: 808-12.

Sato K, Hida S, Takayanagi H et al. Antiviral response by
natural killer cells through TRAIL gene induction by IFN-
alpha/beta. Eur J Immunol 2001; 31: 3138-46.

Tkai I, Kudo M, Axii S et al. Report of the 18th follow-up
survey of primary liver cancer in Japan. Hepatol Res 2010;
40: 1043-59.

Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocel-
lular carcinoma in cirthosis: incidence and risk factors.
Gastroenterology 2004; 127: S35-50.

Kumada H, Okanoue T, Onji M et al. Guidelines for the
treatment of chronic hepatitis and cirrhosis due to hepa-
titis B virus infection for the fiscal year 2008 in Japan.
Hepatol Res 2010; 40: 1-7.

Krogsgaard K. The long-term effect of treatment with
interferon-alpha 2a in chronic hepatitis B. The long-term
follow-up investigator group. The European Study Group
on Viral Hepatitis (EUROHEP). Executive team on anti-
viral treatment. J Viral Hepat 1998; 5: 389-97.

Mazzella G, Saracco G, Festi D et al. Long-term results
with interferon therapy in chronic type B hepatitis: a
prospective randomized trial. Am J Gastroenterol 1999; 94:
2246-50.

Lampertico P, Ninno ED, Manzin A et al. A randomized,
controlled trial of a 24-month course of interferon alfa 2b
in patients with chronic hepatitis B who had hepatitis B
virus DNA without hepatitis B e antigen in serum. Hepa-
tology 1997; 26: 1621-25.

Lin SM, Sheen IS, Chien RN, Chu CM, Liaw YF. Long-term
beneficial effect of interferon therapy in patients with
chronic hepatitis B virus infection. Hepatology 1999; 29:
971-75.

Fattovich G, Giustina G, Realdi G, Corrocher R, Schalm
SW. The European Concerted Action on Viral Hepatitis
(EUROHEP). Long-term outcome of hepatitis B e antigen-
positive patients with compensated cirrhosis treated with
interferon alfa. Hepatology 1997; 26: 1338-42.
Papatheodoridis GV, Manesis E, Hadziyannis SJ. The
long-term outcome of interferon-alpha treated and
untreated patients with HBeAg-negative chronic hepatitis
B. ] Hepatol 2001; 34: 306-13.

© 2011 The Japan Society of Hepatology



30

25

26

27

28

29

30

31

32

33

34

35

36

37

38

S. Shimomura and S. Nishiguchi

Yuen MF, Hui CK, Cheng CC, Wu CH, Lai YP, Lai CL.
Long-term follow-up of interferon alfa treatment in
Chinese patients with chronic hepatitis B infection: the
effect on hepatitis B e antigen seroconversion and the
development of cirrhosis-related complications. Hepatol-
ogy 2001; 34: 139-45.

Ikeda K, Saitoh S, Suzuki Y et al. Interferon decreases
hepatocellular carcinogenesis in patients with cirrhosis
caused by the hepatitis B virus: a pilot study. Cancer 1998;
82: 827-35.

Oon CJ. Long-term survival following treatment of hepa-
tocellular carcinoma in Singapore. Cancer Chemother
Pharmacol 1992; 31: S137-42.

International Interferon-alpha Hepatocellular Carcinoma
Study Group. Effect of interferon-alpha on progression
of cirrhosis to hepatocellular carcinoma: a retrospective
cohort study. Lancet 1998; 351: 1535-9.

Di Marco V, Lo Tacono O, Camma C et al. The long-term
course of chronic hepatitis B. Hepatology 1999; 30: 257-64.
Benvegnii L, Chemello I, Noventa F, Fattovich G,
Pontlsso P, Alberti A. Retrospective analysis of the effect
of interferon therapy on the clinical outcome of patients
with viral cirrhosis. Cancer 1998; 83: 901-9.

Camma C, Giunta M, Andreone P, Craxi A. Interferon and
prevention of hepatocellular carcinoma in viral cirrhosis:
an evidence-based approach. ] Hepatol 2001; 34: 593-602.
SungJJY, Tsoi KKF, Wong VWS, Chan HLY. Meta-analysis:
treatment of hepatitis B infection reduces risk of hepato-
cellular carcinoma. Aliment Pharmacol Ther 2008; 28:
1067-77.

Tangkijvanich P, Thong-ngam D, Mahachai V, Kladchar-
eon N, Suwangool P, Kullavanijaya P. Long-term effect of
interferon therapy on incidence of cirrhosis and hepato-
cellular carcinoma in Thai patients with chronic hepatitis
B. Southeast Asian ] Trop Med Public Health 2001; 32:
452-8.

Truong BX, Seo Y, Kato M et al. Long-term follow-up of
Japanese patients with chronic hepatitis B treated with
interferon-alpha. Int J] Mol Med 2005; 16: 279-84.
Zhang CH, Xu GL, Jia WD, Li ]S, Ma JL, Ge YS. Effects of
interferon treatment on development and progression
of hepatocellular carcinoma in patients with chronic
virus infection: a meta-analysis of randomized controlled
trials. Int ] Cancer 2011; 129: 1254-64.

Buster EH, Hansen BE, Buti M etal. Peginterferon
alpha-2b is safe and effective in HBeAg-positive chronic
hepatitis B patients with advanced fibrosis. Hepatology
2007; 46: 388-94.

Yokosuka O, Kurosaki M, Imazeki F et al. Management of
hepatitis B: consensus of the Japan Society of Hepatology
2009. Hepatol Res 2011; 41: 1-21.

Lampertico P, Del Ninno E, Vigand M et al. Long-term
suppression of hepatitis B e antigen-negative chronic
hepatitis B by 24-month interferon therapy. Hepatology
2003; 37: 756-63.

© 2011 The Japan Society of Hepatology

39

40

41

42

43

44

45

46

47

48

49

50

51

— 232 —

Hepatology Research 2012; 42: 22-32

Miyake Y, Kobashi H, Yamamoto K. Meta-analysis: the
effect of interferon on development of hepatocellular car-
cinoma in patients with chronic hepatitis B virus infec-
tion. ] Gastroenterol 2009; 44: 470-5.

Mizui M, Tanaka J, Katayama K et al. Liver disease in
hepatitis C virus carriers identified at blood donation and
their outcomes with or without interferon treatment:
study on 1019 carriers followed for 5-10 years. Hepatol
Res 2007; 37: 994-1001.

Ohata K, Hamasaki K, Toriyama K et al. Hepatic steatosis
is risk factor for hepatocellular carcinoma in patients with
chronic hepatitis C virus infection. Cancer 2003; 97:
2036-43.

Kurosaki M, Hosokawa T, Matsunaga K et al. Hepatic ste-
atosis in chronic hepatitis C is a significant risk factor for
developing hepatocellular carcinoma independent of age,
sex, obesity, fibrosis stage and response to interferon
therapy. Hepatol Res 2010; 40: 870-7.

Okanoue T, Itoh Y, Minami M et al. Interferon therapy
lowers the rate of progression to hepatocellular carci-
noma in chronic hepatitis C but not significant in an
advanced stage: a retrospective study in 1148 patients. J
Hepatol 1999; 30: 653-9.

Nishiguchi S, Kuroki T, Nakatani S et al. Randomised trial
of effects of interferon-o (on incidence of hepatocellular
carcinoma in chronic active hepatitis C with cirrhosis.
Lancet 1995; 346: 1051-5.

Nishiguchi S, Shiomi S, Nakatani S etal. Prevention
of hepatocellular carcinoma in patients with chronic
active hepatitis C and cirrhosis. Lancet 2001; 357:
196-7.

Yoshida H, Shiratori Y, Moriyama M et al. Interferon
therapy reduces the risk for hepatocellular carcinoma:
national surveillance program of cirthosis and noncir-
rthotic patients with chronic hepatitis C in Japan. Ann
Intern Med 1999; 131: 174-81.

Valla DC, Chevallier M, Marcellin P et al. Treatment of
hepatitis C virus-related cirrhosis: a randomized, con-
trolled trial of interferon alfa-2b versus no treatment.
Hepatology 1999; 29: 1870-5.

Bernardinello E, Cavalletto L, Chemello L et al. A long-
term clinical outcome after B-interferon therapy in
cirrhotic patients with chronic hepatitis C. Hepatogastroen-
terology 1999; 46: 3216-22.

Soga K, Shibasaki K, Aoyagi Y. Effect of interferon on
incidence of hepatocellular carcinoma in patients with
chronic hepatitis C. Hepatogastroenterology 2005; 52:
1154-8.

Francesco A, Esterita A, Giovanni N et al. Interferon plus
ribavirin and interferon alone in preventing hepatocellu-
lar carcinoma: a prospective study on patients with HCV
related cirthosis. World | Gastroenterol 2004; 10: 3099-
102.

Fartoux L, Degos F, Trepo C et al. Effect of prolonged
interferon therapy on the outcome of hepatitis C



