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ABSTRACT 

To evaluate the effect of interferon (IFN) therapy on the development of hepatocellular car

cinoma (HCC) and the risk factors for HCC after treatment, we retrospectively studied 193 

patients with chronic hepatitis C who were treated with IFN. Among these patients, the develop

ment of HCC was observed in 1 (1.3%) of 74 sustained responders (SR), in 3 (4.5%) of 66 tran

sient responders (TR), and in 10 (18.9%) of 53 non-responders (NR). The cumulative incidence 

of HCC in SR, TR and NR was predicted to be 1.3%, 3.0%, and 17.0%, respectively, at the fifth 

year by Kaplan-Meiyer methods, and the annual incidence of HCC was 0.2% in SR, 0.9% in TR, 

and 3.4% in NR. The development of HCC was significantly reduced not only in SR including 

patients with incomplete eradication of hepatitis C virus (HCV), but also in TR compared with in 

NR (NR vs. SR; p < 0.001, NR vs. TR; p = 0.020). According to the liver histology, the cumulative 

incidence of HCC in patients with CAH2A and CAH2B was predicted to be 1.5% and 15.6%, 

respectively, at the fifth year, and the patients with CAH2B had a significantly higher hepatocar

cinogenesis than those with CAH2A (p < 0.001). As independent risk factors for HCC, the 

response to IFN (p = 0.009) and liver histology (p = 0.002) were identified by Cox proportional 

hazard regression analysis. These results indicate that IFN therapy seems to prevent the risk for 

HCC in patients with chronic hepatitis C, and that reduction of the histological progression may 

contribute to decreasing the incidence of HCC. 



INTRODUCTION 

Hepatocellular carcinoma (HCC) is one of the 
most common carcinomas in the oriental countries 
(OKUDA, 1992). Most of the cases with HCC are 
associated with chronic liver disease commonly 
related to persistent infection with hepatitis B 
virus (HBV) or hepatitis C virus (HCV) (TAKANO 
et al, 1995). In Japan, chronic HCV infection is the 
most important problem in hepatocarcinogenesis, 
because about 80% of the patients with HCC con
comitantly have associated liver cirrhosis related 
to HCV infection (NISHIOKA et al, 1991; TSUKU
MA et al, 1993; SHIRATORI et al, 1995). Some 
studies on the prognosis of chronic hepatitis C

suggest that chronic hepatitis C progresses slowly 
and often leads to cirrhosis and HCC (SEEFF, 
1995). Therefore, the long-term outcome of the 
patients with chronic HCV infection mainly 
depends on how the development of HCC can be 
reduced. 

A long-term follow-up study showed that it 
might take about 20 to 30 years after HCV infec
tion for liver cirrhosis and HCC to develop (KIYO
SAWA et al, 1990). However, the actual mecha
nism of development of HCC by HCV infection is 
still obscure, and it has been suggested that the 
increase of genetic alteration caused by continu
ous damage and replication of hepatocytes possi
bly lead to the development of HCC. 

Interferon (IFN) is currently the only effective 
agent against HCV infection and has been widely 
used for treatment of chronic hepatitis C patients 
(HOOFNAGLE et al, 1997). Many investigators 
have reported the efficacy of IFN treatment for 
chronic hepatitis C. Normalization of serum ala
nine aminotransferase (ALT) levels and clearance 
of serum HCV RNA were achieved in 15% to 35% 
of the patients treated with IFN respectively 
(DAVIS et al, 1989; DI BISCEGLIE et al, 1989; 
SHINDO et al, 1992; HAGIWARA et al, 1996; SHI
RATORI et al, 1997), and histological improve
ment of inflammation and necrosis of hepatocytes 
were also reported (POYNARD et al, 1996; TERA
MURA et al, 1997). 

At the hepatology unit in the First Department 
of Internal Medicine of Osaka Medical College 
Hospital, IFN therapy for chronic hepatitis C was 
started from February 1992, and many patients 
have received this treatment. The ultimate goal of 
IFN therapy is eradication of the serum HCV RNA, 
inhibition of the progression to cirrhosis, and final
ly reduction of the incidence of HCC. Recently, 
some investigators have reported that IFN therapy 

may decrease the risk for HCC in patients with 
chronic hepatitis C (NISHIGUCHI et al, 1995; IMAI 
et al, 1998; KASAHARA et al, 1998; SHINDO et al, 
1999; OKANOUE et al, 1999; YOSHIDA et al, 
1999). These reports suggested that IFN therapy 
could play an important role in improvement of 
the prognosis of patients with chronic HCV infec
tion. 

In the present study, we evaluated retrospec
tively the influence of IFN response on the devel
opment of HCC and the risk factors for HCC after 
IFN treatment in patients with chronic hepatitis C.

PATIENTS and METHODS 

Patients 

From February 1992 to December 1999, a total 
of 234 patients diagnosed as having chronic 
hepatitis C were treated with IFN using our stan
dard schedule (intramuscular or intravenous 
injection every day for the initial 4 weeks and then 
3 times a week during the following 20 weeks) at 
our hepatology unit. Among these patients, 193 
patients received IFN therapy between February 
1992 and December 1996, who could be followed 
up for at least 36 months after the cessation of 
IFN treatment, were enrolled in this study. 

All patients had abnormal ALT levels for at 
least 6 months and were seropositive for the sec
ond- or third-generation assay of anti-HCV (Ortho 
Diagnostics, Tokyo, Japan) and serum HCV RNA 
before IFN therapy. The diagnosis of chronic 
hepatitis was based on the histological findings of 
liver biopsy specimens. Patients who were positive 
for surface antigen of HBV (HBsAg) or who had 
an evidence of other forms of liver disease, such as 
autoimmune hepatitis and alcoholic liver disease, 
were excluded from this study. Patients who were 
diagnosed as having liver cirrhosis histologically 
and clinically using radiological imaging proce
dures, were also excluded. 

The biochemical liver function tests were per
formed before IFN therapy. In most patients, the 
level of serum HCV RNA and HCV RNA genotype 
were determined before starting IFN therapy. 
There was no evidence of HCC in any patients 
upon starting this study. The absence of HCC 
before the start of IFN was assessed by ultra
sonography (US), computed tomography (CT) 
and magnetic resonance imaging (MRI). 

HCV RNA levels and HCV genotype assay 

The serum HCV RNA levels were quantified by 
widely used assays, such as the branched DNA 



probe assay (version 1; Chiron, Dai-ichi Kagaku, 
Tokyo, Japan) (LAU ET AL,1993), competitive 
reverse transcription-polymerase chain reaction 
(RT-PCR) (Chiron) (KATO et al, 1993), or a com
bined RT-PCR assay (Amplicor-HCV monitor 
assay) (SHIRATORI et al, 1997). 

Because the serum HCV RNA of 105 copies/ml 
by the combined RT-PCR assay was demonstrated 
to be equal to approximately 106 equivalents/ml 
assayed by the branched DNA probe assay (SHI
RATORI et al, 1997), a low viral level was defined 
when the serum HCV RNA level was less than 106 

equivalents/ml by the branched DNA probe 
method, less than 106 copies/ml by the competitive 
RT-PCR method, or less than 105 copies/ml by the 
combined RT-PCR method. 

HCV RNA genotype was determined by geno
type-specific primers (OKAMOTO et al, 1992) or 
by serological grouping of the serum antibodies 
(TANAKA et al,1994). In this study, genotypes 1a 
and 1b corresponded to serologic group 1 (Group 
1), and genotypes 2a and 2b corresponded to 
serological group 2 (Group 2). 

Liver histology 

All patients underwent liver biopsy within 6 
months before IFN therapy. The diagnosis of liver 
biopsy was based on the European classification 
(DE GROOTE et al, 1968) as follows: chronic per
sistent hepatitis (CPH), moderate chronic aggres
sive hepatitis (CAH 2A), severe chronic aggressive 
hepatitis (CAH 2B), and liver cirrhosis (LC). Each 
biopsy specimen was also evaluated using the his
tologic activity index (HAI) described by Knodell 
et al. (KNODELL et al, 1981) and was scored for 
the stage of liver fibrosis and grade of inflammato
ry activity according to the classification of 
Desmet et al. (DESMET et al, 1994). 

IFN treatment schedules and response to 

IFN therapy 

In principle, the standard schedule of IFN ther
apy in our hepatology unit was daily injection of 
IFN alpha or beta for the initial 4 weeks and then 
3 times a week during the following 20 weeks. 
However, the administered dose or duration of 
IFN was changed when severe side effects such as 
marked leukopenia, thrombocytopenia, psychosis, 
ophthalmic symptoms or thyroid dysfunction were 
noticed during IFN therapy. In all patients, the 
total administered dose of IFN and the total dura
tion of IFN treatment for each patient were at 
least more than 150 million units (MU) and for 
more than 4 weeks, respectively. Of the 193 

patients, 48 patients were treated with natural 
IFN alfa (Sumiferon; Sumitomo Pharmaceutical 
Co., Osaka, Japan) at a dose of 6 MU intramuscu
larly, 40 patients received recombinant IFN alfa -
2a (Canferon; Takeda Chemical Industries Co., 
Osaka, Japan) at a dose of 9 MU intramuscularly, 
87 patients received recombinant IFN alfa-2b 
(Intron A; Schering-Plough Co., Osaka, Japan) at a 
dose of 10 MU intramuscularly, and 18 patients 
received natural IFN beta (Feron; Toray 
Industries, Tokyo, Japan) at a dose of  6 MU by 
intravenous injection. 

According to the response to IFN therapy, the 
patients were divided into the following three 
groups based on the change in the serum ALT 
level. Sustained responders (SR) were defined as 
patients whose serum ALT level became normal 
during therapy and who sustained the normal 
level for more than 6 months thereafter. Transient 
responders (TR) were defined as patients whose 
ALT levels became normal during therapy but 
increased again within 6 months after completion 
of the treatment. Non-responders (NR) were 
defined as patients whose ALT level did not nor
malized during therapy. 

Follow-up after IFN therapy 

The patients were enrolled after cessation of 
IFN treatment and the end of observation was 
December 1999 or the first day when HCC was 
detected. All patients were followed carefully to 
check HCC for more than 3 years after IFN treat
ment by biochemical examinations and serum 
tumor markers including alpha fetoprotein (AFP) 
and protein induced by vitamin K antagonist II 
(PIVKA-II) every 1 or 2 months and by US approx
imately every 3 to 6 months. If HCC was detected 
or suspected, CT, MRI, and hepatic arteriography 
were performed. The diagnosis of HCC was made 
on the basis of radiological findings of typical char
acteristics of HCC and/or typical histological find
ings by fine-needle aspiration biopsy. 

Statistical analysis 

The continuous variables were compared using 
the one-way analysis of variance (ANOVA), and 
the proportions were compared using x2 method. 
The probability of development of HCC was calcu
lated from a period between the end of IFN thera
py and the development of HCC, using the Kaplan
Meier method and was compared using the log 
rank test. The independent factors for the devel
opment of HCC were estimated using by Cox pro
portional hazard analysis. As potential risk factors, 



the age, gender, serum HCV RNA level, HCV sero
logical genotype, total administrated dosage of 
IFN, response to IFN therapy, and histological 
finding of liver biopsy were used for analysis. A P 
value of less than 0.05 was considered to be statis
tically significant. 

RESULTS 

Patients characteristics and response to IFN 

therapy 

Among 193 patients, a sustained response was 
found in 74 patients (38%), a transient response 
in 66 patients (34%), and no response in 53 
patients (28%). On the basis of the response to 
IFN therapy, the baseline characteristics of 
patients enrolled in this study are shown in Table 

1. 
There were no significant differences in the age 

(p = 0.167), gender (p = 0.586), HCV RNA level (p 
= 0.340), total dosage of administered IFN (p = 
0.156), and median observation period (p = 
0.079), but there were significant differences in 

HCV serological genotype (p = 0.0043) and liver 
histology (p < 0.001) among SR,TR and NR. 

According to the liver histology, most patients 
with CAH2A corresponded to the patients with 
less advanced liver fibrosis (F0 or F1) and mild 
activity, and most patients with CAH2B corre
sponded to those with stage F2 or F3 fibrosis and 
severe activity. NR was more frequently found in 
patients with CAH2B ( almost equal to the histo
logically progressive stage). 

Incidence of hepatocellular carcinoma 

The mean observation period was 66 months 
after IFN therapy. During the observation period, 
HCC was found in 14 patients (12 males and 2 
females) after IFN therapy (Table 2).
Development of HCC was observed in 1 of 74 SR 
(1.3%), in 3 of 66 TR (4.5%), and in 10 of 53 NR 
(18.9%). HCC was detected in one patient within 
12 months after the end of IFN treatment. There 
was no development of HCC in any patients who 
remained viremic after sustained biochemical 
response to IFN therapy. HCC developed in one 

Table 1 Clinical Characteristics in Chronic Hepatitis C Patients According to ALT 
Response to IFN Therapy 



Table 2 Characteristics of Chronic Hepatitis C Patients with Development of 

Hepatocellular Carcinoma after IFN Therapy 

Fig. 1 Cumulative incidence of HCC in chronic hepatitis C patients according to response to IFN thera
py. A log-rank test of the three curves of SR (solid line), TR (dotted line) and NR (dashed line) 
showed a significant difference among three groups (*p < 0.001 vs. NR, **p = 0.020 vs. NR). 



SR and his serum HCV RNA was undetectable at 
the time of HCC diagnosis. A small-sized HCC was 
detected in this patient during observation at 
about 4 years after IFN therapy, and he was cured 
by surgical treatment. 

The incidence of HCC was analyzed in patients 
with HCV serological group 1 (all patients were 
tested) or CAH2B (79%). Because most patients 
with CAH2B corresponded to those with advanced 
liver fibrosis (F2 or F3) and those with CAH2A 
corresponded to patients with F0, F1 or F2 stage, 
HCC mainly developed in patients with advanced 
fibrosis. 

Cumulative incidence of hepatocellular car

cinoma 

The cumulative incidence of HCC in patients 
treated with IFN as analyzed by Kaplan-Meiyer 
method is shown in Fig.1 according to the 
response to IFN therapy. The cumulative inci
dence of HCC in NR was significantly higher than 
that in SR (NR vs. SR; p<0.001), and in TR (NR 
vs. TR; p = 0.020). The third-year incidence of 

HCC in SR, TR, and NR were predicted to be 0%, 
1.6%, and 9.4%; and the fifth-year incidence to be 
1.3%, 3.0%, and 17.0%, respectively. 

Because the patients treated with IFN had dif
ferent clinical characteristics especially in the his
tological activity or fibrosis, the cumulative inci
dence of HCC was estimated with respect to the 
histological findings of liver biopsy (Fig. 2). The 
patients with advanced stage (CAH2B) had a sig
nificantly higher incidence of HCC than those with 
less advanced stage (CAH2A) (p<0.001). The 
cumulative incidence of HCC in patients with 
CAH2A and CAH2B was predicted to be 0% and 
9.4% at the third year, and 1.5% and 15.6% at the 
fifth year, respectively. 

Annual incidence of hepatocellular carcino

ma 

The annual incidence of HCC in chronic hepati
tis C after IFN therapy was 0.2% in SR, 0.9% in 
TR, and 3.4% in NR by the person-years method 
according to IFN response. The annual incidence 
was especially lower in SR, but it increased to 

Fig. 2 Cumulative incidence of HCC in chronic hepatitis C patients treated with IFN according to liver 
histology. A log-rank test of the two curves of patients with CAH 2A (solid line) and CAH2B 
(dotted line) showed a significant difference between two groups (p< 0.001). 



3.4% in NR. 

Factors contributing to dev e lo pment of 
hepat ocellular carcinoma 

To identify the risk factors affecting the inci
dence of HCC, the age (older than 60 years), gen
der (male), serum HCV RNA level (low viral 
level), HCV serological group (Group 1), total IFN 
dosage (less than 300 MU), response to IFN thera
py (SR), liver histology (CAH2A) were analyzed 
using Cox proportional hazards regression 
method. The response to IFN (p  = 0.009) and liver 
histology (p = 0.002) were identified as indepen
dent risk factors associated with the incidence of 
HCC (Table 3). The risk of HCC in patients with
out viral eradication and/or normalization of serum 
ALT level was 15.79 times higher (95% CI, p = 
0.001) than in SR. The patients with histologically 
advanced stage (CAH2B) had a significantly high
er risk ratio (risk ratio, 7.80; 95% CI, p = 0.001) 
than those with less advanced stage (CAH2A). 
The age, gender, HCV RNA levels, HCV serotype, 
and total IFN dosage did not influence the devel
opment of HCC in the present study. 

DISCUSSION 

In this study, we demonstrated that the devel
opment of hepatocellular carcinoma was signifi
cantly lower in patients with HCV eradication 
and/or ALT normalization by IFN therapy than in 
NR. This result suggests that IFN treatment, at 
least in SR, may reduce the risk for the develop
ment of HCC in chronic hepatitis C patients. 

Regarding the mechanism of carcinogenesis, it 
has been suggested that mutational activation of 
an oncogene coupled with loss of several genes 
that normally suppress carcinogenesis (VOGEL
STEIN et al, 1988) are needed for the develop
ment of cancer. However, the actual mechanisms 
of hepatocarcinogenesis are still unknown in 
patients with HCV infection, HCC is considered to 
result from a series of genetic alterations leading 
to continuous inflammation, hepatocyte necrosis, 
cell damage and regeneration. 

The development of HCC was significantly 
reduced not only in SR including patients with the 
complete eradication of HCV, but also in TR in the 

Table 3 Risk Factors for the Development of Hepatocellular Carcinoma in Patients with 

Chronic Hepatitis C after IFN Therapy 



present study. However, the cumulative incidence 
of HCC in TR was gradually increased after years 
in comparison with that in SR. These results sug
gested that the effects of IFN which included acti
vation of the cytotoxic T cells (CHEN et al, 1986) 
and natural killer cells (SWAMINATHAN et al, 
1992), inhibition of cell growth and division 
(HARADA et al, 1993; HANNIGAN et al,  1990), 
and reduction of necro-inflammation in the liver, 
may stop the steps of hepatocarcinogenesis and 
prevent or delay the appearance of HCC. Some 
reports indicated that activated necro-inflamma
tion of hepatocytes was a high risk for HCC devel
opment in patients with HCV-associated cirrhosis, 
suggesting the importance of the hepatocellular 
proliferation and inflammatory necrosis in hepato
carcinogenesis (TARAO et al, 1994). Concerning 
the possibility of preventing or delaying the devel
opment of HCC by reducing the hepatic necro
inflammation and maintaining the serum ALT at 
low level, it is thought to be clinically important to 
try IFN therapy for patients with chronic hepatitis 
C, even if HCV is not eradicated. 

In the present investigation, the cumulative 
incidence of HCC in NR was significantly higher 
than that in SR or TR, and the third-year and the 
fifth-year incidence of HCC were predicted to be 
9.4% and 17 .0%, respectively. The annual inci
dence of HCC after IFN therapy was 3 .4% . 
Because the number of patients without any treat
ment was too small to be considered as proper 
controls, there were not control patients in the 
present study. In addition, the present study was 
not a randomized controlled study but a retro
spective one, so it was unknown whether IFN can 
reduce the risk for HCC especially in NR. Some 
previous studies have reported that the develop
ment rate of HCC is approximately 1 to 3% during 
the natural course of chronic hepatitis C

(TAKANO et al, 1995; IKEDA et al, 1993), and the 
third-year and the fifth-year incidence of HCC in 
the untreated patients were 5 to 8% and 13 to 
15%, respectively (YOSHIDA et al, 1999; IMAI et 
al, 1998). Therefore, the incidence of HCC in NR 
was assumed to be almost equal to that of non
treated patients with chronic hepatitis C. These 
results suggested that other treatments would be 
needed for chronic hepatitis C patients with no 
response to IFN therapy to prevent the develop
ment of HCC. 

Generally, the incidence of HCC in SR is rare. 
In our study, the development of HCC was found 
after IFN treatment in one SR case with complete 
eradication of HCV by IFN therapy. In most 

reported cases who developed HCC, cancer was 
found within 4 to 5 years after IFN therapy and 
their histological findings were indicated an 
advanced fibrotic stage. Thus, even if IFN is effec
tive for normalization of ALT level and eradication 
of HCV, the patients with histologically advanced 
stage should undergo carefull follow-up for at least 
5 years after IFN therapy to prevent development 
of HCC. 

Several studies showed that older age, male, 
HCV serological genotype 1, non-response to IFN 
therapy, and histologically advanced stage were 
high risk factors for HCC (IKEDA et al, 1993; 
TSUKUMA et al, 1993; BRUNO et al, 1997, IMAI et 
al, 1998; KASAHARA et al, 1998; SHINDO et al, 
1999; YOSHIDA et al, 1999; OKANOUE  et al, 
1999). The present study showed that response to 
IFN and liver histology were independent factors 
for develpoment of HCC. 

According to the response to IFN therapy, NR 
was identified as one of the independent factors 
for the development of HCC. In the patients treat
ed with IFN, the response to IFN would closely 
correlated with several clinical characteristics 
before IFN therapy. Many studies have indicated 
that chronic hepatitis C patients with several fac
tors such as insufficient dose or period of IFN 
administration, HCV serological subtype 1, high 
serum HCV RNA levels or histologically advanced 
stage were difficult to treat effectively (POYNARD 
et al, 1996; HOOFNAGLE et al, 1997; CAMMA et 
al, 1997; SHIRATORI et al, 1997). The patients 
with these factors are predicted to be NR before 
IFN treatment, and therefore they need more 
effective anti-viral therapy or other treatments for 
suppressing the persistent inflammation and 
necrosis of hepatocytes to prevent development of 
cirrhosis or HCC. 

Our analysis showed that the liver histology 
also was identified as an independent risk factor 
for HCC. In the present investigation,  most 
patients with HCC detected after IFN had histo
logically diagnosed CAH2B before IFN therapy. 
Recently, several reports have indicated that the 
degree of liver fibrosis is the most important risk 
factor for development of HCC (IMAI et al, 1998; 
OKANOUE et al, 1999; SHINDO et al, 1999; 
YOSHIDA et al, 1999). In HCV-related cirrhosis in 
Japan, the annual incidence of HCC is 5 - 7% 
(OKA et al, 1990; IKEDA et al, 1993; KATO et al, 
1994). Thus, patients with histologically advanced 
stage should be regarded as a high risk group for 
development of HCC. Especially, in chronic 
hepatitis C patients with histologically advanced 



stage and severe activity as well as with non
response to IFN therapy, careful management and 
regular check of the serum tumor markers and 
imaging studies including US and CT should be 
done to detect HCC as early as possible. 

In conclusion, the risk for incidence of HCC 
was significantly reduced in patients who showed 
sustained normalization of the serum ALT with or 
without eradication of the serum HCV RNA by IFN 
therapy. Our results suggest that IFN therapy 
seems to reduce the risk for HCC in patients with 
chronic hepatitis C, and reduction of the hepato
cytes inflammation and histological progression 
may contribute to decreasing the incidence of 
HCC. 
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