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resections are often suboptimal treatments because of
cumulative local or de novo recurrence rates of 60% to
100% at 5 years.5 Additionally, the use of such treatments
is often limited by the presence of significant hepatic dys-
function caused by underlying cirrhosis. 

Orthotopic liver transplant (OLT) offers the best
chance for long-term survival after early HCC is detected
because it also removes the entire preneoplastic cirrhotic
liver. OLT concurrently eliminates the complications as-
sociated with portal hypertension. However, because in-
creasing numbers of patients are requiring OLT, prolonged
waiting times can often lead to dropout from the trans-
plant list because of tumor progression.6 United Network
for Organ Sharing (UNOS) instituted the Model of End-
Stage Liver Disease (MELD) in February 2002 to decrease
wait-list mortality.7 This new allocation system imple-
mented an upgrade for patients with HCC within Milan
criteria (a single lesion < 5 cm or 3 lesions < 3 cm, with-
out gross vascular invasion) to expedite access to trans-
plantation for patients with early HCC before tumor
progression occurred. 

Despite this upgrade, the shortage of organs remains
problematic and is expected to worsen as the incidence
of HCC escalates. Alarmingly, the number of patients
with HCC listed for OLT is predicted to surpass the num-
ber of organs available for procurement by 2010.8 Measures
to reduce the incidence of HCC are therefore essential.
Elimination of HCV potentially offers a means to pre-
vent HCC. The decline of HBV-induced HCC with the
advent of potent antiretroviral therapy underscores the
significance of HCC prophylaxis.9

Pathogenic Background: Role of Inflammation 
and HCC 
The exact molecular mechanism through which inflam-
mation causes alterations in genetic expression culmi-
nating in the development of HCC remains elusive. In
HBV, approximately 30% of tumors occur in the absence
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Abstract
Chronic inflammation induced by viral infections and their role in
carcinogenesis is well recognized. Two hepatotropic viruses, hepa-
titis B and hepatitis C (HCV), have been linked worldwide to the de-
velopment of hepatocellular carcinoma (HCC). Although orthotopic
liver transplant offers the best chance for cure and long-term sur-
vival, the demand for organs far outweighs the supply. The inci-
dence of HCC in the United States has increased over the past 3
decades. HCV-induced cirrhosis is believed to play a significant role
in the rising rate of HCC. Therefore, primary measures to prevent
HCC in HCV-infected patients are urgently needed. Numerous stud-
ies of the HCV HCC patient have considered primary treatment with
interferon-based therapy. However, secondary prevention currently
seems to carry more promise. This article evaluates and assesses var-
ious treatments for primary and secondary chemoprevention in the
setting of HCV. (JNCCN 2006;4:751–757)

The interactions between viral infections (and the re-
sulting chronic inflammation) are known to influence
the promotion of neoplasia.1 Two hepatotropic viruses,
hepatitis B (HBV) and hepatitis C (HCV), have been
associated with the development of hepatocellular car-
cinoma (HCC).2,3 Over the past 3 decades, the incidence
of HCC has increased in the United States, mainly at-
tributable to the rise in hepatitis C viral–induced cir-
rhosis, which has an estimated 2% to 7% annual incidence
of HCC.4 Therapeutic options for HCC are complex be-
cause of the presence of an underlying preneoplastic con-
dition, cirrhosis. Ablative liver-directed therapies or
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of cirrhosis.10–12 Gene expression patterns in HCC have
shown promise as a predictive tool of prognosis and
may offer insight into therapeutic measures for HCC.13

Despite oncogenic properties of some of the viral pro-
teins, the presence of advanced scarring (usually cir-
rhosis) in HCV is an accepted prerequisite for the
development of HCC.14,15 Clinical evidence showing
that patients with persistently elevated transaminases
have an increased risk for HCC compared with those
with normal or fluctuating enzyme levels supports the
role of inflammation and carcinogenesis in HCV.16

This is likely because of ongoing inflammation that
ultimately causes cirrhosis. Effective antiviral therapy
diminishes inflammation by down-regulating the cell
cycle and promoting apoptosis, and is therefore pos-
tulated to reduce progression of fibrosis.17 Such a chain
of events would be expected to reduce HCC rates.
Furthermore, sustained virologic response (SVR) to
antiviral therapy may also delay or eliminate the need
for OLT through hepatic decompensation. 

Other superimposed factors can contribute to per-
sistent inflammation in patients with chronic HCV,
such as confection with HBV, alcohol use, and non-
alcoholic steatohepatitis (NASH).18 Modifying these
factors is a potential alternative approach to lower-
ing the rate of HCC in patients with HCV.  

Role of Interferon as a Chemopreventative Tool
Much literature has reported the use of interferon
(IFN) and its plausible anticarcinogenic role in chronic
HCV. However, the heterogeneity of studies has lim-
ited firm conclusions. No standard IFN dose, type,
and duration of treatment have been established. Since
the use of IFN monotherapy in the early 1990s, sig-
nificant clinical advances have occurred in HCV ther-
apy, including combination therapy with ribavirin,
development of pegylated interferon, and recognition
of the therapeutic advantage of weight-based rib-
avirin.19–21 This evolution in therapy has translated
into increased SVR rates from approximately 10%
with IFN monotherapy to 54% to 56% with combi-
nation therapy.22,23 Most studies examining the effect
of HCV therapy on the development of HCC are lim-
ited to IFN monotherapy with historically low SVR
rates. Therefore, any significant anticarcinogenic ef-
fects of IFN seen in these trials suggest that SVR may
not be an absolute prerequisite for overall protection
in terms of HCC prevention. IFN stimulates a myriad
of genes with potential effects on apoptosis and cell
proliferation.24

Primary Prevention of HCC in Cirrhosis

Review of Clinical Studies
A limited number of randomized controlled trials have
studied the effectiveness of IFN in preventing HCC
in patients with underlying cirrhosis. Nishiguchi 
et al.25 were the first to report a significant decrease in
HCC among 90 patients with HCV cirrhosis ran-
domized to IFN monotherapy for 12 to 24 weeks com-
pared with 45 patients undergoing no therapy. These
strikingly positive results are confounded by the very
high incidence of HCC in the control group. A sin-
gle publication included patients treated with com-
bination therapy of IFN plus ribavirin.26 No published
randomized controlled trials have compared the 
effects of pegylated IFN plus ribavirin with placebo in
the primary prevention of HCC in treatment-naïve 
patients. Such a large-scale randomized controlled
trial is unlikely, given the increased efficacy with 
combination therapy for HCV. Table 1 lists random-
ized controlled trials that examined IFN and its impact
on HCC development in patients with established
cirrhosis. 

Multiple retrospective studies of the effect of IFN
on HCC development have also been published.15,29,30

However, inconsistency among methods and lack of
randomization makes comparison of reported findings
problematic. Three published meta-analyses, includ-
ing both prospective and retrospective trials,31– 33 stress
the limitations of the included studies, such as the
lack of standardized HCV therapy and marked vari-
ability in the reported HCC rates among the control
groups. Inclusion of retrospective trials introduces the
potential for significant differences between the treated
and control groups. 

Camma et al.31 addressed this inconsistency by
performing subanalyses based on trial design. These
subanalyses considered randomized controlled trial
versus nonrandomized controlled trial, presence or
absence of imbalance between treated and control
groups, ethnicity of patients (European vs. Asian),
rate of HCC in the untreated group (≥ 20% or < 20%),
length of follow-up (≥ 60 vs. < 60 months), and pub-
lication type (full manuscript vs. abstract). The re-
sults were only consistent among pooled data from
European randomized controlled trials published as
full papers with a follow-up of 60 months or more and
an HCC rate of 20% or less in the control group.31

After adjusting for significant cofounders, cirrhotic
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patients treated with IFN had an odds ratio of 0.28 
(P < .0001) for developing HCC. Further analysis using
pooled data from consistent results showed that the
number of patients needed to treat with IFN to deter
the development of HCC was 10, dropping to 5 when
only those with SVR were included. Additionally, the
authors explored the capability of IFN in preventing
HCC in 3798 patients without cirrhosis. IFN treat-
ment showed a small but significant difference (risk 
difference of 3.6%) in the rate of HCC in those who
underwent treatment compared with the controls;
however, data were not available to determine how
many of these patients had subsequently progressed
to cirrhosis. In all 3 meta-analyses, IFN therapy was
found to have a positive effect on preventing HCC,
although the degree of this effect was small, leading
some experts to conclude that definitive evidence sup-
porting the routine use of IFN as a preventive meas-
ure for HCC development was lacking.

Shiratori et al.34 recently published a large-scale,
multicenter, prospective trial examining the effect of
IFN monotherapy on the incidence of HCC. The co-
hort consisted of patients with cirrhosis enrolled in 2
separate trials.35,36 Of the 345 patients who met inclu-
sion criteria (positive polymerase chain reaction assay
for HCV, Child’s A cirrhosis, platelets > 50,000 , white
blood cell count > 3 � 109), 271 underwent IFN ther-
apy and 71 deferred therapy. The treated patients were
significantly younger (57 vs. 61) and had higher base-
line alanine aminotransferase (ALT) levels (97 vs. 75)
compared with the untreated patients. The mean du-
ration of treatment was 39 weeks (26–88 weeks), with
89% of the patients receiving more than 80% of drug

for 80% of the treatment period. HCC was diagnosed
in 31% of the treated patients and 47.3% of the un-
treated patients during a median follow-up of 6.8 years
(0.04–10.4 years). A significant difference between
the 2 groups remained after adjustment for age.
Notably, in the original study design, follow-up was 5
years; however, because the number of patients in the
treated group who developed HCC was higher than
anticipated, follow-up was increased to 7 years. HCC
rates were significantly higher in the group that ex-
perienced no response (35.3%) compared with those
with SVR (17.2%; P < .001). No significant differ-
ence in HCC incidence was seen between the patients
who experienced no response and those who were un-
treated. In contrast to prior reports, Shiratori et al.34

did not find that achieving a biochemical response
with normalization of ALT levels in nonresponders
had a protective effect. In a multivariate analysis, age,
IFN treatment, and albumin levels emerged as inde-
pendent predictors of HCC. 

More impressive were the findings of an overall
age-adjusted survival advantage in the treated group
compared with the untreated group (hazard ratio =
0.54; P = .02). Only age and IFN treatment were in-
dependent predictors of survival. Those experiencing
SVR had the greatest survival advantage (hazard 
ratio = .05 compared with untreated group; P = .03),
which became more apparent after 6 years of follow-
up. Once patients developed HCC, both groups were
treated identically and no difference in survival was
seen. Mortality caused by liver failure was higher in the
untreated group. Although these findings support an
improved survival associated with IFN as shown in
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Table 1  Full Articles of Prospective Randomized Controlled Trials
Study Treatment SVR HCC P value

Nishiguchi et al.,25 1995 Lymphoblastoid IFN monotherapy 16% vs. 0% 27% vs. 73% < .001
3–6 mo (n = 90) vs. no therapy 
(n = 45) for 3–6 mo

Valla et al.,27 1999 IFN monotherapy 48 wk (n = 45) Not mentioned 12% vs. 15% NS
vs. no therapy (n = 39)

Bernardinello et al.,28 1999 Beta IFN 12 mo (n = 38) 5% vs. 4% 5% vs. 4% NS
vs. no treatment (n = 23)

Azzaroli et al.,26 2004 Alpha IFN Not treated (n = 30) 0% 9 (30%) –

Treated with IFN + RBV (n = 30) 43% 0 (0%) < .0003

Previously treated with IFN alone; 20% 2 (5%) < .0004
old “control group” (n = 41)

Abbreviations: NS, not significant; RBV, ribavirin.
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other large cohorts,37 the nonrandomized nature of
the study places a caveat on the importance of this
finding. 

Alpha-Fetoprotein Levels and HCC
Alpha-fetoprotein (AFP) has been used as a diagnos-
tic tool for HCC, although its use as a screening test
is limited by its lack of sensitivity and specificity and
it should not be used alone to screen for HCC unless
imaging modalities are unavailable.38 In patients with
chronic viral hepatitis, the AFP level is often elevated
despite the absence of HCC and fluctuates according
to the degree of inflammation. Patients with persist-
ently elevated AFP levels have been found to be at
higher risk for HCC.39,40 IFN therapy has been shown
to decrease AFP and ALT levels in patients without
HCC, independent of virologic response.41,42 This sug-
gests that inflammation itself, rather than the pres-
ence of tumor, can elevate AFP levels. The question
of whether a decrease in AFP levels associated with
IFN therapy predicts a lower risk for developing HCC
requires further investigation.

Maintenance Therapy
Reports of decreased incidence of HCC with IFN ther-
apy in patients experiencing a biochemical response
but no SVR raised the possibility of using long-term
IFN therapy to decrease inflammation and potentially
lower HCC rates. 

A retrospective analysis suggested that long-term
IFN therapy was associated with a lower incidence of
cancer.43 Only prospective studies can provide a de-
finitive answer. Three prospective trials (HALT-C,
EPIC, and COPILOT) in the United States are cur-
rently investigating the usefulness of maintenance
therapy in patients with advanced fibrosis who expe-
rience no response to treatment. One abstract reported
results of a study after a follow-up of 2 years that un-
fortunately showed no impact of IFN on HCC devel-
opment. However, this study has shown a significant
decrease in the development of esophageal varices,
suggesting a decrease in portal hypertension with
chronic IFN use.44 Perhaps with longer follow-up, ben-
eficial effects on HCC will become apparent. Further
results are awaited; until these results are available,
maintenance therapy cannot be recommended for all
patients. Those who tolerate therapy well without sig-
nificant complications and also have advanced fibro-
sis would be potential candidates for maintenance
therapy.

Secondary Prevention of HCC
Although data supporting IFN for primary prophy-
laxis for HCC are less clear, the clinically based evi-
dence supporting the role of IFN treatment for
secondary prevention is more convincing. Six ran-
domized clinical trials have shown a lower recurrence
rate of HCC among patients who have undergone re-
section or ablative therapy (transcatheter arterial
chemoembolization, percutaneous ethanol injection,
radiofrequency ablation, and combinations of these
therapies) followed by treatment with varying IFN
regimens.45–50 The greatest impact of IFN seems to be
on the development of distant or later recurrence 
(> 2 years after treatment) with little to no effect on
local, early recurrence (< 2 years after treatment) or
first tumor recurrence. These findings imply that early
or first recurrences are most likely undetected intra-
hepatic metastasis present at the initiation of IFN
treatment. Those with SVR have shown the greatest
benefit in HCC prevention. The length of IFN ther-
apy used in the 6 randomized clinical trials varied
widely (from 4 months to 2 years). 

An unpublished meta-analysis of the first 5 trials
showed a significant reduction effect in HCC recur-
rence in the patients treated with IFN.51 However, the
effect on overall survival was more ambiguous. Notably,
all of these trials have been conducted in Asian pop-
ulations. The effect of IFN on HCC has not been con-
firmed in populations with factors known to have a
negative impact on SVR, such as race (African
Americans) and obesity. Inclusion of such patient pop-
ulations is needed to determine if the protective effects
of IFN can be reproduced.

A recent case-control trial by Hung et al.52 showed
improved survival among 16 patients with Child’s A
cirrhosis treated with alfa-IFN plus ribavirin for 24 to
48 weeks, compared with untreated controls who were
eligible for therapy but declined. Because these pa-
tients had HCV, the SVR rate was higher than would
be expected in the presence of cirrhosis, perhaps re-
flecting that 6 of 10 of those experiencing SVR were
non-genotype 1. The analysis also excluded 4 patients
with Child’s class B cirrhosis who were unable to tol-
erate therapy, whose inclusion in an intent-to-treat
analysis may have weakened the reported improved
survival among the treated group. Nonetheless, these
encouraging results merit further analysis in patients
treated with pegylated IFN plus ribavirin in whom a
higher SVR is anticipated. 
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Treatment of HCV in Established HCC
Because of potential side effects, treatment for HCV
has historically been withheld until HCC has been
definitively treated. The ineffectiveness of IFN in de-
creasing the first or early HCC recurrence after re-
section/ablative therapy suggests that IFN itself would
not have a significant anticarcinogenic effect on an es-
tablished HCC; however, HCV treatment should be
considered in those listed for OLT. It is well estab-
lished that HCV has a 100% recurrence rate if the pa-
tient is viremic at surgery, causing approximately 20%
to 30% of patients to develop cirrhosis within 5 years
after transplant.53 However, for patients who are virus-
free at OLT, approximately 80% of patients will re-
main negative for HCV replication.54 Treating HCV
earlier and achieving undetectable virus before OLT
may substantially impact the development of de novo
HCC in those who otherwise may develop cirrhosis
secondary to recurrent HCV. Further study is needed
to validate these data.

The effect of HCV treatment before or after trans-
plantation on HCC recurrence post-transplant is cur-
rently unknown. Large randomized clinical trials, such
as Low Adult Dose Regimen (LADR), a substudy of the
Adult-to-Adult Living Donor Liver Transplant Cohort
Study (pretransplant), and the PHOENIX study 
(posttransplant), are including patients with HCC and
may shed some light on this very important question.55

HCC After Viral Eradication with 
IFN Therapy
Although patients with HCV cirrhosis who experi-
ence SVR have an attenuated risk for developing
HCC, an appreciable risk for HCC has been reported
with long-term follow-up. Ikeda et al.56 retrospectively
analyzed 1056 patients who experienced sustained re-
sponse to IFN monotherapy. After a median follow-
up of 4.7 years, 29 patients developed HCC. The
cumulative incidence of HCC was 0.5%, 3.3%, 4.9%,
and 11% at 3, 5, 7, and 10 years post–IFN therapy, re-
spectively. Multivariate analyses showed that older
age, higher AST level, and lower platelet counts be-
fore IFN therapy were significantly associated with
the development of HCC. The median time from com-
pletion of IFN therapy to detection of HCC was 4.6
years (1.4–9 years), illustrating the importance of con-
tinued surveillance for HCC despite successful viral
eradication. Additional reports of HCC developing

more than 5 years after patients experienced SVR
showed similar findings, with the highest risk for HCC
among older patients with evidence of more advanced
fibrosis before initiation of IFN therapy.57 Although the
risk for HCC is lower in those with SVR, these find-
ings illustrate that continued screening is warranted,
especially in the subset of patients with concomitant
risk factors for HCC such as alcohol use, nonalcoholic
steatohepatitis, and HBV. Lack of screening for HCC
in those with SVR most likely accounts for more ad-
vanced HCC (larger tumors and less differentiated) at
diagnosis compared with those without SVR.57,58

Nonetheless, a more favorable prognosis has been re-
ported in patients who experienced sustained response
after radical therapy compared with those who did not
experience response.58,59 This further supports long-
term screening in those with advanced fibrosis after
SVR. 

Non–Viral-Based Chemoprevention
Development of advanced fibrosis secondary to HCV,
a known precursor for HCC, occurs over decades and
consequently offers substantial time for intervention.
Chemopreventative measures have been successful in
areas that are endemic with aflatoxin.60 Two agents,
oltipraz and chlorophyllin, that have been shown to
alter aflatoxin metabolism and biomarkers are avail-
able for monitoring. Multiple obstacles exist to iden-
tifying a chemopreventative agent in HCV and
conducting a randomized controlled trial. Such a study
poses logistical problems because of the relatively low
incidence of cancer development and the confound-
ing role of morbidity and mortality associated with
the underlying liver disease itself. Innovative use of
COX-2 inhibitors has shown some promise as a po-
tential agent for chemoprevention, but side effects as-
sociated with long-term use in patients with underlying
cirrhosis are a concern.61

Conclusions
Increasing numbers of patients with HCV cirrhosis
will lead to more patients at risk for HCC. Un-
fortunately, the OLT will not be able to meet these 
increased demands. Measures to prevent HCC in 
patients with HCV are therefore essential. Data on
IFN have shown small but positive results in primary
prevention; results of prospective trials are eagerly
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awaited. Secondary prevention (i.e., treatment after
resection or transplant) is more promising. Researchers
hope that the use of more effective approaches, such
as combination therapy with pegylated IFN and rib-
avirin, and anticipated newer medications show a
more substantial effect on viral eradication, and hence
HCC prevention. Ideally, molecular approaches will
enable patients at the highest risk for HCC develop-
ment to be identified and therapy to be initiated, in-
cluding chemopreventative measures that can be
tailored individually.

Acknowledgments
I would like to thank Dr. Andres T. Blei, Professor of
Medicine Feinberg School of Medicine at Northwest-
ern University, for his thoughtful insight and review
of the manuscript, and Patrice Al-Saden, RN, CCRC. 

References
1. Coussens LM, Werb Z. Inflammation and cancer. Nature

2002;420:860–867.

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

3. Bosch FX, Ribes J, Diaz M, et al. Primary liver cancer: worldwide 
incidence and trends. Gastroenterology 2004;127:S5–S16.

4. El-Serag HB, Mason AC. Rising incidence of hepatocellular carci-
noma in the United States. N Engl J Med 1999;340:745–750.

5. Lin S, Chu C. Secondary prevention of hepatitis c virus-related he-
patocellular carcinoma [editorial]. J Gastroenterol Hepatol
2005;20:1475–1477.

6. Yao FY, Bass NM, Nikolai B, et al. A follow-up analysis of the pat-
tern and predictors of dropout from the waiting list for liver trans-
plantation in patients with hepatocellular carcinoma: implications
for the current organ allocation policy. Liver Transpl 2003;9:
684–692.

7. United Network for Organ Sharing (UNOS) Web site. Available at:
http://www.UNOS.org. Accessed April 26, 2006.

8. Davis GL. Chronic hepatitis C and liver transplantation. Rev
Gastroenterol Disord 2004;4:7–17.

9. Chen CJ, Yang HI, Su J, et al. Risk of hepatocellular carcinoma
across a biological gradient of serum hepatitis B virus DNA level. 
REVEAL-HBV Study Group. JAMA 2006;295:65–73.

10. Fattovich G. Progression of hepatitis B and C to hepatocellular car-
cinoma in western countries. Hepatogastroenterology 1998;45:
1206–1213.

11. De Mitri MS, Poussin K, Baccarini P, et al. HCV-associated liver
cancer without cirrhosis. Lancet 1995;345:413–415.

12. Bralet MP, Regimbeau JM, Pineau P, et al. Hepatocellular carcinoma
occurring in nonfibrotic liver: epidemiologic and histopathologic
analysis of 80 French cases. Hepatology 2000;32:200–204.

13. Lee JS, Chu IS, Heo J, et al. Classification and prediction of sur-
vival in hepatocellular carcinoma by gene expression profiling.
Hepatology 2004;40:667–676.

14. Niederau C, Lange S, Heintges T, et al. Prognosis of chronic hepa-
titis C: results of a large, prospective cohort study. Hepatology
1998;28:1687–1695.

15. Yoshida H, Shiratori Y, Moriyama M, et al. Interferon therapy reduces
the risk for hepatocellular carcinoma: national surveillance program
of cirrhotic and noncirrhotic patients with chronic hepatitis C in
Japan. IHIT Study Group. Inhibition of Hepatocarcinogenesis by
Interferon Therapy. Ann Intern Med 1999;131:174–181.

16. Benvegnu L, Alberti A. Risk factors and prevention of hepatocel-
lular carcinoma in HCV infection. Digest Dis Sci 1996;41;49S–55S.

17. Yano H, Iemura A, Haramaki M, et al. Interferon alfa receptor
expression and growth inhibition by interferon alfa in human liver
cancer cell lines. Hepatology 1999;29:1708–1717.

18. Fattovich G, Stroffolini T, Zagni I, et al. Hepatocellular carcinoma
in cirrhosis: incidence and risk factors. Gastroenterology
2004;127(suppl 1):35–50.

19. McHutchison JG, Manns M, Patel K, et al. Adherence to combi-
nation therapy enhances sustained response in genotype-1-infected
patients with chronic hepatitis C. Gastroenterology 2002;123:
1061–1069.

20. Manns MP, McHutchison JG, Gordon SC, et al. Peginterferon alfa-
2b plus ribavirin compared with interferon alfa-2b plus ribavirin for
initial treatment of chronic hepatitis C: a randomised trial. Lancet
2001;358:958–965.

21. Hadziyannis SJ, Sette Jr H, Morgan TR, et al. PEGASYS International
Study Group. Peginterferon-alpha2a and ribavirin combination ther-
apy in chronic hepatitis C: a randomized study of treatment duration
and ribavirin dose. Ann Intern Med 2004;140:346–355.

22. Manns MP, McHutchison JG, Gordon SC, et al. Peginterferon alfa-
2b plus ribavirin compared with interferon alpa-2b plus ribavirin for
the initial treatment of chronic hepatitis C: a randomized trial.
Lancet 2003;358:958–965.

23. Fried MW, Shiffman ML, Reddy R, et al. Peginterferon alfa-2a plus
ribavirin for chronic hepatitis C infection. N Engl J Med 2002;347:
975–982.

24. Gale M Jr, Foy EM. Evasion of intracellular host defence by hepati-
tis C virus. Nature 2005;436:939–945. Erratum in Nature 2005;
437:290.

25. Nishiguchi S, Kuroki T, Nakatani S, et al. Randomised trial of effects
of interferon-alpha on incidence of hepatocellular carcinoma in
chronic active hepatitis C with cirrhosis. Lancet 1995;346:1051–1055.

26. Azzaroli F, Accogli E, Nigro G, et al. Interferon plus ribavirin 
and interferon alone in preventing hepatocellular carcinoma: a
prospective study on patients with HCV related cirrhosis. World J
Gastroenterol 2004;10:3099–3102.

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

28. Bernardinello E, Cavalletto L, Chemello L, et al. Long-term clini-
cal outcome after beta-interferon therapy in patients with chronic
hepatitis C. TVVH Study Group. Hepatogastroenterology 1999;46:
3216–3222.

29. Okanoue T, Itaoh Y, Minami M, et al. Interferon therapy lowers the
rate of progression to hepatocellular carcinoma in chronic hepatitis
C but not significantly in an advanced stage: a retrospective study
in 1148 patients. Viral Hepatitis Therapy Study Group. J Hepatol
1999;30:653–659.

30. Imai Y, Kawata S, Tamura S, et al. Relation of interferon therapy and
hepatocellular carcinoma in patients with chronic hepatitis C. Osaka
Hepatocellular Carcinoma Prevention Study Group. Ann Intern
Med 1998;129:94–99.

756 Original Article

Kulik

© Journal of the National Comprehensive Cancer Network | Volume 4 Number 8 | September 2006

JN048_Jrnl_40805kulik.qxd  8/24/06  12:42 AM  Page 756

http://www.ingentaconnect.com/content/external-references?article=0028-4793(1999)340L.745[aid=192796]
http://www.ingentaconnect.com/content/external-references?article=0815-9319(2005)20L.1475[aid=7476086]
http://www.ingentaconnect.com/content/external-references?article=0815-9319(2005)20L.1475[aid=7476086]
http://www.ingentaconnect.com/content/external-references?article=0270-9139(2000)32L.200[aid=1850558]
http://www.ingentaconnect.com/content/external-references?article=0270-9139(1998)28L.1687[aid=1515569]
http://www.ingentaconnect.com/content/external-references?article=0270-9139(1998)28L.1687[aid=1515569]
http://www.ingentaconnect.com/content/external-references?article=0003-4819(1999)131L.174[aid=971297]
http://www.ingentaconnect.com/content/external-references?article=0270-9139(1999)29L.1708[aid=6255702]
http://www.ingentaconnect.com/content/external-references?article=0016-5085(2002)123L.1061[aid=7476091]
http://www.ingentaconnect.com/content/external-references?article=0016-5085(2002)123L.1061[aid=7476091]
http://www.ingentaconnect.com/content/external-references?article=0140-6736(2001)358L.958[aid=2401321]
http://www.ingentaconnect.com/content/external-references?article=0140-6736(2001)358L.958[aid=2401321]
http://www.ingentaconnect.com/content/external-references?article=0270-9139(2004)40L.667[aid=7476082]
http://www.ingentaconnect.com/content/external-references?article=0003-4819(2004)140L.346[aid=6412474]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(2002)347L.975[aid=5276457]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(2002)347L.975[aid=5276457]
http://www.ingentaconnect.com/content/external-references?article=1527-6465(2003)9L.684[aid=7476085]
http://www.ingentaconnect.com/content/external-references?article=1527-6465(2003)9L.684[aid=7476085]
http://www.ingentaconnect.com/content/external-references?article=1533-001X(2004)4L.7[aid=7476084]
http://www.ingentaconnect.com/content/external-references?article=1533-001X(2004)4L.7[aid=7476084]
http://www.ingentaconnect.com/content/external-references?article=0172-6390(1998)45L.1206[aid=5446835]
http://www.ingentaconnect.com/content/external-references?article=0172-6390(1998)45L.1206[aid=5446835]
http://www.ingentaconnect.com/content/external-references?article=0140-6736(1995)345L.413[aid=263654]
http://www.ingentaconnect.com/content/external-references?article=0028-0836(2005)436L.939[aid=7476089]
http://www.ingentaconnect.com/content/external-references?article=0140-6736(1995)346L.1051[aid=118523]
http://www.ingentaconnect.com/content/external-references?article=1007-9327(2004)10L.3099[aid=7476088]
http://www.ingentaconnect.com/content/external-references?article=1007-9327(2004)10L.3099[aid=7476088]
http://www.ingentaconnect.com/content/external-references?article=0270-9139(1999)29L.1870[aid=2825400]
http://www.ingentaconnect.com/content/external-references?article=0172-6390(1999)46L.3216[aid=7476087]
http://www.ingentaconnect.com/content/external-references?article=0172-6390(1999)46L.3216[aid=7476087]
http://www.ingentaconnect.com/content/external-references?article=0168-8278(1999)30L.653[aid=2688835]
http://www.ingentaconnect.com/content/external-references?article=0168-8278(1999)30L.653[aid=2688835]
http://www.ingentaconnect.com/content/external-references?article=0003-4819(1998)129L.94[aid=1546466]
http://www.ingentaconnect.com/content/external-references?article=0003-4819(1998)129L.94[aid=1546466]
http://www.ingentaconnect.com/content/external-references?article=0028-0836(2002)420L.860[aid=5183874]
http://www.ingentaconnect.com/content/external-references?article=0028-0836(2002)420L.860[aid=5183874]
http://www.ingentaconnect.com/content/external-references?article=0140-6736(2003)362L.1907[aid=5720657]
http://www.ingentaconnect.com/content/external-references?article=0140-6736(2003)362L.1907[aid=5720657]
http://www.UNOS.org


© Journal of the National Comprehensive Cancer Network | Volume 4 Number 8 | September 2006

31. Camma C, Di Bona D, Craxi A. The impact of antiviral treatments
on the course of chronic hepatitis c: an evidence-based approach. Curr
Pharm Des 2004;10:2123–2130.

32. Baffis V, Shrier I, Sherker AH, et al. Use of interferon for preven-
tion of hepatocellular cancer in cirrhotic patients with hepatitis B
or hepatitis C infection. Ann Internal Med 1999;131:696–701.

33. Papatheodorisdis GV, Papadimitropoulos VC, Hadziyannis SJ. Effects
of interferon therapy on the development of hepatocellular carcinoma
in patients with hepatitis C virus-related cirrhosis: a meta-analysis.
Aliment Pharmacol Ther 2001;15:689–698.

34. Shiratori Y, Ito Y, Yokosuka O, et al. Tokyo-Chiba Hepatitis Research
Group. Antiviral therapy for cirrhotic hepatitis C: association with
reduced hepatocellular carcinoma development and improved sur-
vival. Ann Intern Med 2005;142:105–114.

35. Shiratori Y, Yokosuka O, Nakata R, et al. Prospective study of in-
terferon therapy for compensated cirrhotic patients with chronic
hepatitis C by monitoring serum hepatitis C RNA. Hepatology
1999;29:1573–1580.

36. Shiratori Y, Moriyama M, Imazeki F, et al. A prospective study of 
interferon therapy modified by pre-treatment viral load in cirrhotic
patients. Tokyo-Chiba Hepatitis Research Group. Liver 2000;20:
271–280.

37. Yoshida H, Arakawa Y, Sata M, et al. Interferon therapy prolonged
life expectancy among chronic hepatitis C patients. Gastroenterology
2002;123:483–491.

38. Bruix J, Sherman M. Management of hepatocellular carcinoma.
Practice Guidelines Committee, American Association for the Study
of Liver Diseases. Hepatology 2005;42:1208–1236.

39. Ikeda K, Saitoh S, Koida I, et al. A multivariate analysis of risk fac-
tors for hepatocellular carcinogenesis: a prospective observation of 795
patients with viral and alcoholic cirrhosis. Hepatology 1993;18:47–53.

40. Tsukuma H, Hiyama T, Tanaka S, et al. Risk factors for hepatocel-
lular carcinoma among patients with chronic liver disease. N Engl
J Med 1993;328:1797–1801.

41. 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;51:808–812.

42. Di Bisceglie AM, Sterling RK, Chung RT, et al. HALT-C Trial Group.
Serum alpha-fetoprotein levels in patients with advanced hepatitis
C: results from the HALT-C Study. J Hepatol 2005;43:434–441.

43. Saito Y, Saito H, Tada S, et al. Effect of long-term interferon ther-
apy for refractory chronic hepatitis c: preventive effect on hepato-
carcinogenesis. Hepatogastroenterology 2005;52:1491–1496.

44. Afdhal N, Freilich B, Levine R, et al. Colchicine versus peg-inter-
feron long term (COPILOT) trial: interim analysis of clinical out-
comes at year 2. Hepatology 2004;40:238A. Abstract.

45. Ikeda K, Arase Y, Saitoh S, et al. Interferon beta prevents recur-
rence of hepatocellular carcinoma after complete resection or abla-
tion of the primary tumor- a prospective randomized study of hepatitis
C virus-related liver cancer. Hepatology 2000;32:228032. Abstract.

46. Suou T, Mitsuda A, Koda M, et al. Interferon alpha inhibits intra-
hepatic recurrence in hepatocellular carcinoma with chronic hep-
atitis C: a pilot study. Hepatol Res 2001;20:301–311.

47. Kubo S, Nishiguchi S, Hirohashi K, et al. Clinical significance of in-
terferon therapy in treatments for hepatitis C virus-related hepato-
cellular carcinoma [Japanese]. Gan To Kagaku Ryoho 2001;28:
1975–1979.

48. Miyaguchi S, Watanabe T, Takahashi H, et al. Interferon therapy for
hepatocellular carcinoma patients with low HCV-RNA levels.
Hepatogastroenterology 2002;49:724–729.

49. Shiratori Y, Shiina S, Teratani T, et al. Interferon therapy after 
tumor ablation improves prognosis in patients with hepatocellular
carcinoma associated with hepatitis C virus. Ann Intern Med
2003;138:299–306.

50. Lin SM, Lin CJ, Hsu CW, et al. Prospective randomized controlled
study of interferon-alpha in preventing hepatocellular carcinoma
recurrence after medical ablation therapy for primary tumors. Cancer
2004;100:376–382.

51. Bruix J. Hepatocellular Carcinoma. Barcelona, Spain: Mallorca;
2004.

52. Hung CH, Lee CM, Wang JH, et al. Antiviral therapy after non-
surgical tumor ablation in patients with hepatocellular carcinoma 
associated with hepatitis C virus. J Gastroenterol Hepatol 2005;20:
1553–1559.

53. Gane EJ, Portmann BC, Naoumov NV, et al. Long-term outcome of
hepatitis C infection after liver transplantation. N Engl J Med
1996;334:815–820.

54. Everson GT, Trotter J, Forman L, et al. Treatment of advanced hep-
atitis C with a low accelerating dosage regimen of antiviral therapy.
Hepatology 2005;42:255–262.

55. National Institutes of Health. LADR protocol—a substudy of the
Adult-to-Adult Living Donor Liver Transplant Cohort Protocol
(A2ALL). Available at: http://www.nih-a2all.com. Accessed April
26, 2006. 

56. Ikeda M, Fujiyama S, Tanaka M, et al. Risk factors for development
of hepatocellular carcinoma in patients with chronic hepatitis C af-
ter sustained response to interferon. Gastroenterol 2005;40:148–156.

57. Makiyama A, Itoh Y, Kasahara A, et al. Characteristics of patients
with chronic hepatitis C who develop hepatocellular carcinoma af-
ter a sustained response to interferon therapy. Cancer 2004;101:
1616–1622.

58. Toyoda H, Kumada T, Hayashi K, et al. Characteristics and prognosis
of hepatocellular carcinoma detected in sustained responders to in-
terferon therapy for chronic hepatitis C. Yon-Ken HCV-HCC Follow-
up Study Group. Cancer Detect Prev 2003;27:498–502.

59. Ikeda K, Kobayashi M, Saitoh S, et al. Recurrence rate and prognosis
of patients with hepatocellular carcinoma that developed after elim-
ination of hepatitis C virus RNA by interferon therapy. A closed
cohort study including matched control patients. Oncology
2003;65:204–210.

60. Kensler TW, Egner PA, Wang JB, et al. Chemoprevention of hepa-
tocellular carcinoma in aflatoxin endemic areas. Gastroenterol
2004;127(suppl 1):S310–S318.

61. Koga H. Hepatocellular carcinoma: is there a potential for chemo-
prevention using cyclooxygenase-2 inhibitors? Cancer 2003;98:
661–667.

Original Article 757

Hepatitis C Therapy for Hepatocellular Carcinoma

JN048_Jrnl_40805kulik.qxd  8/24/06  12:42 AM  Page 757

http://www.ingentaconnect.com/content/external-references?article=1386-6346(2001)20L.301[aid=7476102]
http://www.ingentaconnect.com/content/external-references?article=0385-0684(2001)28L.1975[aid=7476101]
http://www.ingentaconnect.com/content/external-references?article=0385-0684(2001)28L.1975[aid=7476101]
http://www.ingentaconnect.com/content/external-references?article=0172-6390(2002)49L.724[aid=7476100]
http://www.ingentaconnect.com/content/external-references?article=0003-4819(2003)138L.299[aid=5720523]
http://www.ingentaconnect.com/content/external-references?article=0003-4819(2003)138L.299[aid=5720523]
http://www.ingentaconnect.com/content/external-references?article=0269-2813(2001)15L.689[aid=7476112]
http://www.ingentaconnect.com/content/external-references?article=0003-4819(2005)142L.105[aid=7476111]
http://www.ingentaconnect.com/content/external-references?article=0270-9139(1999)29L.1573[aid=2401309]
http://www.ingentaconnect.com/content/external-references?article=0270-9139(1999)29L.1573[aid=2401309]
http://www.ingentaconnect.com/content/external-references?article=0106-9543(2000)20L.271[aid=7476110]
http://www.ingentaconnect.com/content/external-references?article=0106-9543(2000)20L.271[aid=7476110]
http://www.ingentaconnect.com/content/external-references?article=0016-5085(2002)123L.483[aid=7476109]
http://www.ingentaconnect.com/content/external-references?article=0016-5085(2002)123L.483[aid=7476109]
http://www.ingentaconnect.com/content/external-references?article=0270-9139(2005)42L.1208[aid=7476108]
http://www.ingentaconnect.com/content/external-references?article=0270-9139(1993)18L.47[aid=2444743]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(1993)328L.1797[aid=261724]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(1993)328L.1797[aid=261724]
http://www.ingentaconnect.com/content/external-references?article=0008-543X(2004)100L.376[aid=7476099]
http://www.ingentaconnect.com/content/external-references?article=0008-543X(2004)100L.376[aid=7476099]
http://www.ingentaconnect.com/content/external-references?article=0815-9319(2005)20L.1553[aid=7476098]
http://www.ingentaconnect.com/content/external-references?article=0815-9319(2005)20L.1553[aid=7476098]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(1996)334L.815[aid=278458]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(1996)334L.815[aid=278458]
http://www.ingentaconnect.com/content/external-references?article=0270-9139(2005)42L.255[aid=7476097]
http://www.ingentaconnect.com/content/external-references?article=0008-543X(2004)101L.1616[aid=7476096]
http://www.ingentaconnect.com/content/external-references?article=0008-543X(2004)101L.1616[aid=7476096]
http://www.ingentaconnect.com/content/external-references?article=0361-090X(2003)27L.498[aid=7476095]
http://www.ingentaconnect.com/content/external-references?article=0030-2414(2003)65L.204[aid=7476094]
http://www.ingentaconnect.com/content/external-references?article=0030-2414(2003)65L.204[aid=7476094]
http://www.ingentaconnect.com/content/external-references?article=0008-543X(2003)98L.661[aid=7476093]
http://www.ingentaconnect.com/content/external-references?article=0008-543X(2003)98L.661[aid=7476093]
http://www.ingentaconnect.com/content/external-references?article=0163-2116(2006)51L.808[aid=7476107]
http://www.ingentaconnect.com/content/external-references?article=0168-8278(2005)43L.434[aid=7476106]
http://www.ingentaconnect.com/content/external-references?article=0172-6390(2005)52L.1491[aid=7476105]
http://www.ingentaconnect.com/content/external-references?article=1381-6128(2004)10L.2123[aid=7476113]
http://www.ingentaconnect.com/content/external-references?article=1381-6128(2004)10L.2123[aid=7476113]
http://www.ingentaconnect.com/content/external-references?article=0003-4819(1999)131L.696[aid=2450778]
http://www.nih-a2all.com

