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Hepatocellular carcinoma (HCC) is one of the most common
causes of cancer-related death behind only lung and colon
cancers (1) and the principal cause of death among cirrhotic
patients (2). The incidence of HCC is increasing in the United
States and Europe (3). Hepatitis B virus (HBV) infection affects
400 million people worldwide and is the main risk factor for
HCC in Eastern Asia and Africa (4,5). Aflatoxin B exposure fur-
ther enhances the risk of tumor development in HBV-infected
patients. In Western countries and in Japan, hepatitis C virus
(HCV) infection, which affects approximately 170 million
people worldwide, is the most prevalent risk factor for HCC
(4,5). Cirrhosis is the main risk factor for HCC development
and is the underlying cause of HCC in 80% of cases (4). The
annual incidence of HCC is 0.4%-0.6% in HBV-infected
noncirrhotic patients, 2% in HBV-infected cirrhotic patients,
and 3%-8% in HCV-infected cirrhotic patients (4,5). Overall,
one-third of cirrhotic patients will develop HCC during their
lifetime.

Several improvements in the prevention and treatment of
HCC have occurred during the last two decades. The efficacy of
primary prevention through HBV vaccination was first demon-
strated in Taiwan (6). The universal vaccination of infants against
HBYV led to a substantial decrease of the incidence in HCC.
Unfortunately, this has not been the case for HCV infection, with
attempts to design an effective HCV vaccine having failed so far
(7). Other attempts to prevent HCC development have focused
on using chemopreventive agents (eg, oltipraz) to prevent the
oncogenic effects of aflatoxin, which promotes a point mutation in
the TP53 gene at codon 249. At this point, however, studies trans-
lating this strategy into effective reduction of cancer-related
deaths are still needed (8). Secondary prevention may be achiev-
able in patients with chronic HCV infection through antiviral
treatments (4,9). Patients who have a sustained virological
response have a decreased incidence of liver cancer. Once cirrho-
sis is established, however, the preventive effect of antiviral thera-
pies for HCV is still uncertain because positive results from
several studies (4,10,11) need to be confirmed in prospective con-
trolled investigations (12).

In the West, early detection of HCC has improved as a result
of the wide implementation of surveillance programs. This strat-
egy has led to an increase in the applicability of potentially curative
treatments (ie, surgery, local ablation) and, ultimately, a beneficial
outcome for the patient (4). In fact, approximately one-third of
patients benefit from current therapies (4,5). In addition, improve-
ments in the outcomes of patients with HCC at later stages can be
accomplished through chemoembolization (13) in intermediate-
stage tumors and sorafenib, a multifunctional kinase inhibitor that
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blocks proliferation and neoangiogenesis, in advanced-stage tumors
14).

From a cost-benefit perspective, chemopreventive strategies
should target populations that are at high risk of developing
HCC. Several studies have identified HBV-related factors as key
predictors of HCC development in patients with chronic HBV
infection [reviewed in (15)]. For example, HBV e antigen
(HBeAg) seropositivity (16), high viral load (17), and genotype C
HBV (18) are independent predictors of HCC development. In
addition, hepatitis B viral load correlates with the risk of progres-
sion to cirrhosis (19). Although these factors are interrelated—for
instance, patients with genotype C HBV are more likely to
remain HBeAg-positive than patients with genotype B HBV—
each is independently associated with an increased risk of HCC
development. Other genetic characteristics have recently emerged.
Precore and basal core promoter (BCP) mutants are the most
common naturally occurring HBV mutants. The BCP A1762'T/
G1764A double mutant has been reported to be associated with
an increased risk of HCC development in small cohorts of
patients (20,21).

In this issue of the Journal, Yang et al. (22) examined the risk
of HCC associated with HBV genotypes and common variants
in the precore and BCP regions in 2762 treatment-naive HBV
surface antigen (HBsAg)-seropositive patients. During 33847
person-years of follow-up, 153 HCC cases occurred. The analysis
of this cohort confirmed the association of risk for cancer with age
older than 60 years, male sex, presence of cirrhosis, HBV DNA
level of more than 10* copies per milliliter, and genotype C.
Subgroup analysis of patients with more than 10* copies of HBV
DNA per milliliter revealed that the precore G1896A mutant and
the BCP A1762T/G1764A double mutant were independently
associated with development of HCC (adjusted hazard ratios
[95% confidence interval]: 0.34 [0.21 to 0.57] and 1.73 [1.13 to
2.67], respectively).

Affiliations of authors: Mount Sinai Liver Cancer Program, Department
of Surgery, Division of Liver Diseases, Department of Medicine, Mount
Sinai School of Medicine, New York, NY (JML); BCLC Group, Liver Unit,
IDIBAPS, CIBERehd, Hospital Clinic, Barcelona, Spain (JML); Division of
Gastroenterology, University of Michigan Medical Center, Ann Arbor, Ml (AL).

Correspondence to: Josep M. Llovet, MD, Director, HCC Research Program,
Associate Professor of Medicine, Division of Liver Diseases, Mount Sinai
School of Medicine, Madison Ave 1425. 11F-70. Box 1123, New York,
NY10029 (e-mail: josep.llovet@mssm.edu).

See “Funding” following “References.”

DOI: 10.1093/jnci/djn261

© The Author 2008. Published by Oxford University Press. All rights reserved.
For Permissions, please e-mail: journals.permissions @oxfordjournals.org.

JNCI | Editorials 1121



The associations previously reported (20,21) between HBV
mutations and HCC development suggest that genomic altera-
tions of the virus play a role in hepatocarcinogenesis. The mecha-
nism of action remains unclear. The BCP A1762T/G1764A
double mutant has been associated with decreased T-cell responses
(23) and with changes in the hepatitis B X (HBx) gene sequence.
In fact, the BCP coding region overlaps the sequence that codes
for the HBx protein. Hypothetically, mutations in BCP coding
regions could alter the oncogenic potential of the HBx protein and
thereby induce inactivation of p53-mediated apoptosis or impair-
ment of DNA repair (24). Other changes in the BCP region have
also been associated with a high risk of cancer development (25).
An unexpected result of the study by Yang et al. (22) was the obser-
vation of an association between the precore G1896A mutation
and a decreased risk of HCC development. The authors hypothe-
sized that stopping HBeAg production might protect against
HCC. By contrast, most of the previous studies reported that the
precore G1896A mutation is associated with more active inflam-
mation of the liver, which is associated with a higher risk of
HCC.

Several mechanisms have been proposed to explain the higher
incidence of HCC in patients infected with genotype C HBV vs
genotype B HBV (26). It is possible that variations in viral sequence
may contribute to this difference: several studies have found that
subgenotype C2 is associated with a higher incidence of HCC than
other subgenotypes of HBV genotype C (27,28).

One of the main challenges is to determine whether secondary
prevention can be accomplished with new antiviral therapies for
HBYV infection. Interferon, lamivudine, adefovir dipivoxil, enteca-
vir, and telbivudine are antiviral agents that have been approved
for the treatment of chronic HBV infection (29,30). Interferon has
no overall effect on preventing HCC, but there might be a benefi-
cial effect in responders. The nucleoside analog lamivudine
showed a marginally statistically significant effect in decreasing the
risk of HCC development in one randomized study among
patients with high HBV DNA levels and advanced fibrosis or cir-
rhosis (31). Other nucleoside analogs, such as entecavir (32) and
telbivudine (33), have demonstrated better HBV DNA suppres-
sion than lamivudine. Large randomized controlled trials with
specific end points of HCC prevention are needed to confirm the
efficacy of these agents in preventing HCC development (34).
These studies should stratify the patients by the main risk factors
for tumor development, such as age, sex, cofactors (cigarette smok-
ing, alcohol use), HBV DNA load, HBeAg status, and HBV geno-
type and by relevant mutations.

References

1. Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics 2002. CA
Cancer 7 Clin. 2005;55(2):74-108.

2. Sangiovanni A, Del Ninno E, Fasani P, et al. Increased survival of cirrhotic
patients with a hepatocellular carcinoma detected during surveillance.
Guastroenterology. 2004;126:1005-1014.

3. El Serag HB, Mason AC. Rising incidence of hepatocellular carcinoma in
the United States. N Engl 7 Med. 1999;340:745-750.

4. Llovet JM, Burroughs A, Bruix J. Hepatocellular carcinoma. Lancet.
2003;362:1907-1917.

5. Bruix J, Sherman M. Management of hepatocellular carcinoma. Hepatology.
2005;42:1208-1203.

1122 Editorials | JNCI

6.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Chang MH, Chen CJ, Lai MS, et al. Universal hepatitis B vaccination in
Taiwan and the incidence of hepatocellular carcinoma in children. N Engl
F Med. 1997;336:1855-1859.

. Forns X, Bukh J, Purcell RH. The challenge of developing a vaccine

against hepatitis C virus. 7 Hepatol. 2002;37:684-695.

. Ozturk M. Genetic aspects of hepatocellular carcinoma. Semin Liver

Disease. 1999;19:235-242.

. Poynard T, Yuen MF, Ratziu V, Lai CL. Viral hepatitis C. Lancet. 2003;

20(362):2095-2100.

. Bruno S, Stroffolini T, Colombo M, et al. Sustained virological

response to interferon-alpha is associated with improved outcome in
HCV-related cirrhosis: a retrospective study. Hepatology. 2007;45:
579-587.

Veldt BJ, Heathcote EJ, Wedemeyer H, et al. Sustained virologic response
and clinical outcomes in patients with chronic hepatitis C and advanced
fibrosis. Ann Intern Med. 2007;147:677-684.

Valla DC, Chevallier M, Marcellin P, et al. Treatment of hepatitis C
virus-related cirrhosis: a randomized, controlled trial of interferon alfa-2b
versus no treatment. Hepatology. 1999;29:1870-1875.

Llovet JM, Bruix ]J. Systematic review of randomized trials for unresect-
able hepatocellular carcinoma: chemoembolization improves survival.
Hepatology. 2003;37:429-442.

Llovet JM, Ricci S, Mazzaferro V, et al. Sorafenib in advanced hepatocel-
lular carcinoma. N Engl 7 Med 2008;359:378-390.

Lok A. Prevention of hepatitis B virus-related hepatocellular carcinoma.
Guastroenterology. 2004;127(5 suppl 1):S303-S309.

Yang HI, Lu SN, Liaw YF, et al. Hepatitis B e antigen and the risk of
hepatocellular carcinoma. N Engl 7 Med. 2002;18(347):168-174.

Chen CJ, Yang HI, Su J, et al. Risk of hepatocellular carcinoma across a
biological gradient of serum hepatitis B virus DNA level. 74AMA. 2006;
295:65-73.

Yu MW, Yeh SH, Chen PJ, et al. Hepatitis B virus genotype and DNA
level and hepatocellular carcinoma: a prospective study in men. 7 Natl
Cancer Inst. 2005;97:265-272.

Tloeje UH, Yang HI, Su J, Jen CL, You SL, Chen CJ. Predicting cirrhosis
risk based on the level of circulating hepatitis B viral load. Gastroenterology.
2006;130:678-686.

Baptista M, Kramvis A, Kew MC. High prevalence of 1762(T) 1764(A)
mutations in the basic core promoter of hepatitis B virus isolated from
black Africans with hepatocellular carcinoma compared with asymptom-
atic carriers. Hepatology. 1999;29:946-953.

Kao JH, Chen PJ, Lai MY, Chen DS. Basal core promoter mutations of
hepatitis B virus increase the risk of hepatocellular carcinoma in hepatitis
B carriers. Gastroenterology. 2003;124:327-334.

Yang HI, Yeh SH, Chen PJ, et al. Associations between hepatitis B virus
genotype and mutants and the risk of HCC. 7 Nat! Cancer Inst. 2008;
100(16):1134-1143.

Malmassari SL, Deng Q, Fontaine H, Houitte D, Rimlinger F, Thiers V,
Maillere B. Impact of hepatitis B virus basic core promoter mutations on
T cell response to an immunodominant HBx-derived epitope. Hepatology.
2007;45:1199-1209.

Hussain SP, Schwank J, Staib F, Wang XW, Harris CC. TP53 mutations
and hepatocellular carcinoma: insights into the etiology and pathogenesis
of liver cancer. Oncogene. 2007;26:2166-2176.

Chou YC, Yu MW, Wu CF, et al. Temporal relationship between hepati-
tis B virus enhancer II/basal core promoter sequence variation and risk of
hepatocellular carcinoma. Gut. 2008;57:91-97.

Chu CJ, Hussain M, Lok AS. Hepatitis B virus genotype B is associated
with earlier HBeAg seroconversion compared with hepatitis B virus geno-
type C. Gastroenterology. 2002;122:1756-1762.

Tanaka Y, Mukaide M, Orito E, et al. Specific mutations in enhancer II/
core promoter of hepatitis B virus subgenotypes C1/C2 increase the risk
of hepatocellular carcinoma. 7 Hepatol. 2006;45:646-653.

Chan HL, Tse CH, Mo F, et al. High viral load and hepatitis B virus sub-
genotype ce are associated with increased risk of hepatocellular carcinoma.
7 Clin Oncol. 2008;26:177-182.

Hoofnagle JH, Doo E, Liang T]J, et al. Management of hepatitis B: sum-
mary of a clinical research workshop. Hepatology. 2007;45:1056-1075.

Vol. 100, Issue 16 | August 20, 2008



30. Hoofnagle JH. Hepatitis B—preventable and now treatable. N Engl 7 Med. 34. Llovet JM, Di Bisceglie A, Bruix ], et al. Design and end-points of clinical
2006;354:1074-1076. trials in HCC. 7 Natl Cancer Inst. 2008;100:698-711.

31. Liaw YF, Sung JJ, Chow WC, et al. Lamivudine for patients with chronic
hepatitis B and advanced liver disease. N Engl 7 Med. 2004;351:1521-1531. .

32. Chang TT, Gish RG, de Man R, et al. A comparison of entecavir and Funding
lamivudine for HBeAg-positive chronic hepatitis B. N Engl 7 Med. 2006;  J.M.L is Professor of Research (ICREA) and is currently supported by grants

354:1001-1010. from the U.S. National Institute of Diabetes and Digestive and Kidney Diseases
33. Lai CL, Gane E, Liaw YF, et al. Telbivudine versus lamivudine in patients ~ (1R01DK076986-01), The Samuel Waxman Cancer Research Foundation, and
with chronic hepatitis B. N Engl # Med. 2007;20(357):2576-2588. the Spanish National Health Institute (SAF-2007-61898).

jnci.oxfordjournals.org JNCI | Editorials 1123



