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Appendix A

The Inuyama Hepatitis Study Group consists of the
following 30 institutions and members: Dr. Sumio Watanabe
(Akita University School of Medicine, Akita, Yamagata), Dr.
Sumio Kawada (Yamagata University School of Medicine,
Yamagata), Dr. Osamu Yokosuka (Chiba University, Grad-
uate School of Medicine, Chiba), Dr. Kunihiko Hino (Delta
Clinic, Tokorozawa), Dr. Hiromasa Ishii (Keio University,
School of Medicine, Tokyo), Dr. Hiromitu Kumada (Tora-
nomon Hospital, Tokyo), Dr. Gotaro Toda (Jikei University
School of Medicine, Tokyo), Dr. Yasuyuki Arakawa (Nihon
University School of Medicine, Tokyo), Dr. Nobuyuki
Enomoto (Yamanashi University, School of Medicine,
Kofu), Dr. Kendo Kiyosawa (Shinshu University School
of Medicine, Matsumoto), Dr. Takafumi Ichida (Niigata
University, Graduate School of Medical and Dental Science,
Niigata), Dr. Tomoteru Kamimura (Niigata Saiseikai Hos-
pital Dai-2, Niigata), Dr. Masashi Mizogami (Nagoya City
University Graduate School of Medical Science, Nagoya),
Dr. Shinichi Kakumu (Aichi Medical University, Nagoya),
Dr. Hisataka Moriwaki (Gifu University School of Medicine,
Gifu), Dr. Shuichi Kaneko (Kanazawa Tniversity, Grad-
uate School of Medical Science, Kanazawa), Dr. Takeshi
Okanoue (Kyoto Prefectural University, Graduate School of
Medical Science, Kyoto), Dr. Norio Hayashi (Osaka Univer-
sity Graduate School of Medicine, Osaka), Dr. Masatoshi
Kudo (Kinki University School of Medicine, Sayama),
Dr. Yasushi Shiratori (Okayama University, Graduate
School of Medicine and Dentist[r]y, Okayama), Dr. Gotaro
Yamada (Kawasaki Hospital, Kawasaki Medical School,
Okayama), Dr. Kazuaki Chayama (Hiroshima University,
Graduate School of Biomedical Science, Hiroshima), Dr.
Kiwamu Okita (Yamaguchi University, School of Medicine,
Ube), Dr. Shigeki Kuriyama (Kagawa Medical University,
Takamatsu), Dr. Morikazu Onji (Ehime University School
of Medicine, Juushin-cho), Dr. Saburo Ohnishi (Kochi
University School of Medicine, Nangoku), Dr. Michio Sata
(Kurume University School of Medicine, Kurume), Dr.
Shigetoshi Fujiyama, and Dr. Hiroshi Sasaki (Kumamoto
University, Faculty of Medical and Pharmaceutical Science,
Kumamoto), Dr. Hirohito Tsubouchi (Miyazaki University
School of Medicine, Miyazaki), and Dr. Hiromi Ishibashi and
Dr. Hiroshi Yatsuhashi (Nagasaki Medical Center, Omura).
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Long-Term Outcome after Hepatitis B Surface Antigen
Seroclearance in Patients with Chronic Hepatitis B

Yasuji Arase, MD,® Kenji Ikeda, MD,* Fumitaka Suzuki, MD,* Yoshiyuki Suzuki, MD," Satoshi Saitoh, MD,”
Masahiro Kobayashi, MD,* Norie Akuta, MD,? Takashi Someya, MD,* Tetsuya Hosaka, MD,® Hitomi Sezaki, MD,*
Mariko Kobayashi,” Hiromitsu Kumada, MD?

“Department of Gastroenterology and "Hepatic Research Unit, Toranomon Hospital, Tokyo, Japan.

PURPQSE:  The aim of this study was to elucidate the long-term outcome after hepatitis B surface antigen
(HBsAg) seroclearance in a large number of Japanese patients.

METHODS: We studied the biochemical, virologic, histologic, and prolonged prognoses of 231 Japanese
patients with HBsAg seroclearance (median follow-up, 6.5 years). Serum alanine aminotransferase, serum
hepatitis B virus (HBV) markers, liver histology, and clinical aspects were monitored. HBV-DNA levels
were measured with the qualitative polymerase chain reaction assay. The mean age of patients with HBsAg
seroclearance was 52 years.

RESULTS:  After HBsAg seroclearance, 203 patients (87.9%) had normal alanine aminotransferase levels
1 year after HBsAg seroclearance. HBV-DNA showed positive results in 4 patients (1.7%) 1 year after
HBsAg seroclearance. Thirteen patients were examined for histologic changes of the liver after HBsAg
seroclearance. All patients showed marked improvement of necroinflammation of the liver, but only 2 of
the 13 patients showed no liver fibrosis. Liver cirrhosis and hepatocellular carcinoma did not develop in
any of the 164 patients without evidence of liver cirthosis at the time of HBsAg seroclearance. Hepato-
cellular carcinoma developed in 2 of the 67 patients with liver cirrhosis at the time of HBsAg seroclear-
ance. During the observation period, 15 patients died. However, the cause of death of these 15 patients was
not related to liver disease, such as hepatocellular carcinoma, decompensated liver cirrhosis, and rupture
of esophageal varices.

CONCLUSION:  Our results suggest that HBsAg seroclearance confers favorable long-term outcomes in
patients without hepatocellular carcinoma or decompensated liver citrhosis at the time of HBsAg
seroclearance © 2006 Elsevier Inc. All rights reserved.

Chronic hepatitis B virus (HBV) is a serious liver disease of hepatocellular carcinoma was 9.6 among men who
with significant mortality. In patients with chronic HBV were positive for HBsAg alone and 60.2 among men who
infection, persistent viral replication is associated with were positive for hepatitis B surface antigen (HBsAg)
ongoing necroinflammation in the liver and progressive and hepatitis B e antigen (HBeAg), compared with men
liver damage.' Yang et al* reported that the relative risk who were negative for both. Epidemiologic studies have

shown that positivity for HBsAg is one of the most
important risk factors for hepatocellular carcinoma.

The present work was supported in part by grants-in-aid from Okinaka

Memorial Institute for Medical Research and Japanese Ministry of Health, However, in patients with HBeAg seroclearance and
Labor, and Welfare. ) marked reduction of serum HBV-DNA, the prognosis of
Requests for reprints should be addressed to Yasuji Arase, MD, De- the disease is generally improved.>” Therefore, marked

artment of Gastroenterology, Toranomon Hospital, 2-2-2 Toranomon, . . .
imam‘ku Tokyo 105_847gy Japan. P reduction of HBV replication can possibly prevent hep-

E-mail address: es9y-ars@asahi-net.or.jp atocellular carcinoma development. Moreover, HBsAg

0002-9343/$ -see front matter ©® 2006 Elsevier Inc. All rights reserved.
doi:10.1016/j.amjmed.2005.02.033
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seroclearance has been associated with a good prognosis,
including liver histology and liver function improvement
and even prolonged survival, ®'°

However, spontaneous remissions occur in a small
proportion of patients during the natural history of
chronic HBV infections. Sero-
clearance of HBsAg in patients
with chronic HBV infection is
unusual (0.4%-2% per year in
white patients''"'* and 0.1%-0.8%
per year in Chinese patients®).
Thus, until now, few studies
have dealt with prognosis in Jap-
anese patients with seroclear-

ance of HBsAg. seroclearance.

A few previous studies have o Patients with liver cirrhosis at the time
of HBsAg seroclearance should be closely
monitored for predictable complications
such as hepatocellular carcinoma.

had conflicting results, with
some suggesting that adverse
complications are not rare in pa-
tients with HBsAg clear-
ance,
that spontancous HBsAg sero-
clearance is excellent.'® These
discrepancies might depend on
concurrent hepatitis infection,
age, and other factors. The
present study excluded patients

e HBsAg seroclearance confers favorable
long-term outcomes in patients without
hepatocellular carcinoma or decompen-
sated liver cirrhosis at the time of HBsAg

15 and others suggesting e Some patients had a trace of hepatitis
B virus DNA at the fifth and/or tenth
year after seroclearance of HBsAg and by
were followed on with the administra-
tion of steroids and/or immunosup-
pressive agents.

been given steroid withdrawal monotherapy; and 12 pa-
tients had been treated with both steroids and interferon.
The remaining 3 patients had been given 100 mg of
lamivudine daily for more than 1 year. The total median
dose of interferon monotherapy was 336 MU (range 168-
1890 MU). The patients treated
with steroids were generally
given prednisolone for 4 weeks,
given in a single dose of 40 mg/
day for 1 week, 30 mg/day for 1
week, 20 mg/day for 1 week, and
then 10 mg/day for 1 week until
it was abruptly withdrawn (total
dose 700 mg). A total of 231
patients were followed up for
more than 1 year after HBsAg
seroclearance.

Methods

The time of entry into the study
was defined as the time of serum
HBsAg clearance as measured
radioimmunoassay. After
HBsAg seroclearance, patients
were followed up every 3 or 6
months or more frequently when
their levels of alanine amino-

with concurrent hepatitis virus

infection. Moreover, the main

focus of this article is the survival time of patients with
HBsAg seroclearance. Thus, we performed this study to
elucidate the long-term outcome after HBsAg seroclear-
ance in a large number of Japanese patients.

MATERIALS AND METHODS

Patients
From 1972 to 2002, a total of 5055 chronic HBsAg
carriers, who were known to be seropositive for HBsAg
for at least 6 months, were studied at Toranomon Hos-
pital in Tokyo, Japan. After a mean follow-up period of
4 years (range 0.5-30 years), 231 patients were noted to
have delayed HBsAg seroclearance, which is defined as
persistent absence of HBsAg antigenemia by radioimmu-
noassay for at least 1 year and until the last examination.
We excluded from the study all patients with: concurrent
hepatitis C virus and hepatitis D virus; a history of
alcohol abuse or autoimmune liver disease; clinical evi-
dence of hepatocellular carcinoma at entry into the study
on the basis of ultrasonography, alpha-fetoprotein levels
(<200 ng/mL), and/or histology; or history or clinical
evidence of complications of decompensated cirrhosis at
enrollment (ie, ascites, encephalopathy, or icterus).

A total of 156 of 231 patients had spontaneous sero-
clearance of HBsAg; 46 patients had been given inter-
feron monotherapy for 1 to 90 months; 14 patients had

transferase and o-fetoprotein

were elevated. Follow-up studies
included clinical, biochemical, and virologic aspects, and
hepatocellular carcinoma screening with ultrasonography
and alpha-fetoprotein. Biochemical tests were measured
using routine automated techniques and performed in the
clinical pathology laboratories of Toranomon Hospital.
HBsAg, anti-HBs, and antibody to hepatitis D virus were
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Figure 1 Cumulative appearance rate of the antibody to hepatitis B surface antigen (HBsAg) after seroclearance of HBsAg. IFN =

interferon.

all assayed with commercially available radioimmunoas-
say kits. Antibody against HCV was detected with a
third-generation enzyme-linked immunoassay (Ortho Di-
agnostic Japan, Tokyo, Japan). HBV genotype was de-
termined with a previously reported method.”

Serum HBV-DNA level was measured with a com-
mercially available quantitative polymerase chain reac-
tion assay (Amplicor HBV, monitor, Roche Diagnostics,
GmbH, Mannheim, Germany)'® 1 year after seroclear-
ance of serum HBsAg. The sensitivity of HBV-DNA
according to the manufacturer is approximately 400 cop-
ies/mL in quantitative polymerase chain reaction. Serum
samples were conserved at —80° until use.

Status of liver cirrhosis was determined on the basis of
liver biopsy and/or ultrasonographic findings. Ulirasonog-
raphy was performed with a high-resolution, real-time scan-
ner (model SSD-2000; Aloka Co., Ltd, Tokyo, Japan: Logic

700 MR; GE-Yokokawa Medical Systems, Tokyo, Japan).
The diagnosis of liver cirthosis was defined as having a
score of more than 8 in an ultrasonographic scoring system
based on liver surface, liver parenchyma, hepatic vessel, and
spleen size, as reported by Lin et al.'®

The diagnostic accuracy of ultrasonography for liver
cirrhosis was at least 80%. This study was approved by
the institutional review board of our hospital. The phy-
sicians in charge explained the purpose and method of
this clinical trial to each patient, who gave their informed
consent for participation.

Liver Histology and Ultrasonographic Findings
Liver biopsy specimens were obtained percutaneously or
by peritoneoscopy using a modified Vim Silverman nee-
dle with an internal diameter of 2 mm (Tohoku Univer-
sity style, Kakinuma Factory, Tokyo, Japan), fixed in

e in
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10% formalin, and stained with hematoxylin-eosin, Mas-
son’s trichrome, silver impregnation, and periodic acid-
Schiff after diastase digestion. The size of specimens for
examination was more than 6 portal areas. Histopatho-
logic interpretations of these 3- to 4-um-thick sections
were made independently by experienced liver patholo-
gists (YA and HK) who had no clinical information or
knowledge of chronologic order of the biopsies in each
pair. The biopsy specimens were scored according to the
system of Knodell et al.””

Patient Follow-Up

Clinical evaluation and biochemical and hematologic
tests were performed at 2- to 6-month intervals. Thirty
patients were lost to follow-up. Because the appearance
of hepatocellular carcinoma was not identified in these 30
patients, they were considered as censored data in statis-
tical analysis.>! Hepatocellular carcinoma was diagnosed
by histology or the typical hypervascular characteristics
observed on angiography, in addition to certain features
of computed tomography and ultrasonography.

Statistical Analysis

Statistical analysis was performed with Fisher’s exact
test, Kaplan-Meier estimate, log-rank test, and a Cox
proportional hazard model where appropriate. P values
less than .05 were considered statistically significant. The
SPSS software package (SPSS Inc., Chicago, Ill) was
used to perform statistical analysis,

RESULTS

Changes of Liver Biochemistry After HBsAg
Seroclearance

Table 1 shows the characteristics of the 231 patients who
had seroclearance of HBsAg. These patients were clas-
sified into a liver cirrhosis group or a non-liver cirrhosis
group by ultrasonographic findings. A total of 67 patients
showed a finding of liver cirrhosis. Histologic evidence
of liver cirrhosis before HBsAg seroclearance was seen
in 47 patients.

The alanine aminotransferase test showed that 203 of
231 patients (87.9%) had normal alanine aminotransferase
levels 1 year after seroclearance of HBsAg. Twenty-eight
patients had elevated alanine aminotransferase levels (18
with fatty infiltration of liver, 3 with alcohol abuse, and 8
with unknown origin).

Changes of HBV Marker after HBsAg
Seroclearance

The curmulative appearance of anti-HBs is shown in Fig-
ure 1. A Cox proportional hazards model was used to
analyze the factors contributing to the appearance of
anti-HBs (Table 2). The patienis treated with interferon
showed the high cumulative appearance of anti-HBs by
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Figure 2 Hepatocellular carcinoma (HCC) appearance rate after seroclearance of HBsAg. LC = liver cirrhosis.
log-rank test. Anti-HBs became detectable in 50.2% of Next, we examined serum HBV-DNA level with the
patients with spontaneous seroclearance of HBsAg and in qualitative polymerase chain reaction assay (Amplicor HBV
78.5% of patients treated with interferon at the fifth year monitor). HBV-DNA showed positive results in 1.7% (3/
after HBsAg seroclearance. 231) 1 year after seroclearance of HBsAg.
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Figure 3  Survival based on difference of age after HBsAg serocleacance.

Histologic Changes of Liver after HBsAg
Seroclearance

Thirteen patients with normal alanine aminotransferase
levels after HBsAg seroclearance were examined for his-
tologic changes of the liver before and after HBsAg
seroclearance (Table 3). The median age of HBsAg se-
roclearance for the 13 patients with assessable liver bi-
opsy was 45 years (range 24-61 years). The median
interval between liver biopsies before and after HBsAg
seroclearance was 101.6 months (range 16.0-207.7
months). Moreover, the median interval between HBsAg
seroclearance and liver biopsies after HBsAg seroclear-
ance was 18.9 months (range 2.3-69.8 months). The his-
tologic changes of liver biopsies before and after HBsAg
seroclearance are listed in Table 3. All patients showed
marked improvement of necroinflammation of the liver,
but only 2 of the 13 patients showed no liver fibrosis.

Cirrhosis-related Complications and
Hepatocellular Carcinoma Appearance Rates
Liver cirrhosis and hepatocellular carcinoma did not de-
velop in any of the 164 patients without evidence of liver
cirrhosis at the time of HBsAg seroclearance. Cumulative
hepatocellular carcinoma appearance rates are shown in
Figure 2 by the Kaplan-Meier method. Two patients with
liver cirrhosis at the time of HBsAg seroclearance had an
occurrence of hepatocellular carcinoma at 5 and 5.8 years
after seroclearance of HBsAg. Cumulative hepatocellular
carcinoma appearance rates were 2.5% in the 5th year
and 5.5% in the 10th year in the liver cirrhosis group.
Pathologic confirmation using fine-needle biopsy or sur-
gically resected specimens showed hepatocellular carci-
noma. On the other hand, none of the patients without
liver cirthosis had hepatocellular carcinoma. Table 4
shows recent studies on the outcomes after HBsAg sero-
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clearance. These studies indicated that patients with hep-
atitis C virus have a high tendency for hepatocellular
carcinoma.

Survival

Survivals are shown in Figure 3. During the observation
period, 15 patients died of various causes; 8 died of
malignant tumors (3 with gastric carcinomas, 2 with
malignant lymphomas, 1 with tongue carcinoma, 1 with
prostatic carcinoma, and 1 with ovarian carcinoma); 2
died of pneumonia; 3 died of heart failure; and 2 died of
cerebral infarction. No patients died of liver failure or
hepatocellular carcinoma. Hepatic decompensation did
not develop in any patients after seroclearance of HBsAg.
A Cox proportional hazards model was used to analyze
the factors contributing to their survival: factors exam-
ined included age, gender, histologic findings, HBV ge-
notype, and interferon administration. By Cox regression
analysis, the relative risk of death incidence in patients
aged less than 60 years was 3.58 compared with that of
patients aged 60 years or more. Survival time was longer
in patients aged less than 60 years (P =.017) (Table 5).

DISCUSSION

The results of this siudy indicate that patients with HBsAg
clearance have a good prognosis. None of the patients with
liver cirrhosis who had lost seram HBsAg progressed to de-
compensated liver cirthosis. Moreover, no patients without
liver cirrhosis with HBsAg clearance progressed to liver cir-
thosis and/or hepatocellular carcinoma. Our findings agree
with the published data by Chen et al's (Table 4). However, 2
of 67 patients with liver cirrhosis at the time of HBsAg clear-
ance had hepatocellular carcinoma during follow-up, as Huo et
al'> showed. Fortunately, these 2 patients could be treated with
radical resection.

Chen et al'® reported that the prognosis after sponta-
neous HBsAg seroclearance is excellent, except in pa-
tients with liver cirrhosis or concurrent hepatitis virus
infection. On the other hand, Huo et al'® reported that
adverse events were not rare in patients with chronic
HBYV infection even after HBsAg clearance. The discrep-
ancy among these studies may be attributable to differ-
ences in the backgrounds of the patients who were fol-
lowed up. These discrepancies might depend on
concurrent hepatitis, severity of liver disease, ages, and
other factors. For example, chronic hepatitis C virus
infection is considered to be one of the major causes of
hepatocellular carcinoma in many couniries, and we sug-
gest a role for hepatitis C virus in the origin of hepato-
cellular carcinoma in the patients with HBsAg clearance.
Patients with hepatitis C virus-RNA after HBsAg sero-
clearance tend to have occurrences of hepatocellular car-
cinoma frequently when compared with patients without
hepatitis C virus-RNA. Moreover, most asymptomatic
carriers with seroclearance of HBsAg have a tendency
not to consult a doctor. On the other hand, generally,

symptomatic carriers after seroclearance of HBsAg tend
to consult a doctor and are followed up. Thus, hepato-
cellular carcinoma development rates might be high in
clinical institutions with a high rate of symptomatic
carriers.

In the present study, we assessed the prolonged prog-
nosis in a large number of Japanese patients with HBsAg
seroclearance. This article excludes the patients with
concurrent hepatitis virus infection. Moreover, most
asymptomatic carriers with HBsAg seroclearance and
normalization of alanine aminotransferase could be fol-
lowed up and were included for analysis. This was be-
cause most patients in our hospital were civil servants
and were frequently examined with liver function tests.

Most patients had a good prognosis after HBsAg clear-
ance, and thus good survival. Moreover, there was no
significant difference in survival between the liver cir-
rhosis and non-liver cirrhosis groups. There was no sig-
nificant difference in survival between those with HBV
genotype B and those with HBV genotype C. Thus, most
patients with HBsAg seroclearance also showed clinical
improvement and prolonged survival. In fact, all 15 pa-
tients died of causes unrelated to liver cirrhosis and/or
hepatocellular carcinoma. The Cox proportional hazard
model indicated that only age was associated with
survival.

Next, it is important to decide how long the patients
with seroclearance of HBsAg should be followed up. Our
present findings showed the following: (1) The patients
with liver cirrhosis at the time of HBsAg seroclearance
have a possibility of hepatocellular carcinoma appear-
ance. (2) No patient without liver cirrhosis at seroclear-
ance had hepatocellular carcinoma. Thus, considering
cost-effectiveness, it seems reasonable to increase the
interval of follow-up after HBsAg seroclearance for pa-
tients without liver cirrhosis with chronic HBV infection
alone. However, patients with liver cirrhosis should be
carefully followed up.

In regard to histologic changes after marked reduction
of HBV, most patients showed improvement in liver
histology.'*?*** However, liver fibrosis resolves signif-
icantly less frequently and less quickly than necroinflam-
mation. This may be because slight liver fibrosis can be
reduced for a long period, but advanced liver fibrosis
cannot be reduced sufficiently.

In regard to the appearance of anti-hepatitis Bs during
follow-up, patients treated with interferon and/or CS
showed the high cumulative appearance of anti-hepatitis
Bs by log-rank test. This result is consistent with other
studies that suggest immunomodulation of interferon>2®
and CS.?”?® The authors concluded that interferon and
CS might stimulate the production of anti-HBs in vivo.

CONCLUSION

The prognosis after HBsAg clearance was excellent ex-
cept in patients with liver cirrhosis. However, patients
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with liver cirrhosis should be closely monitored for pre-
dictable complications.
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Abstract

Background: The anticarcinogenic capacity of interferon
(IFN) was assessed in a cohort of Japanese patients with
chronic hepatitis C en masse. Patients and Methods: The
rate of hepatocarcinogenesis was analyzed in 2,166 pa-
tients with chronic hepatitis C, of whom 1,654 had re-
ceived IFN therapy while 512 had not. Results: Crude
rates of hepatocarcinogenesis in treated and untreated
patients were 2.6 and 4.6% at the end of the bth year, 5.8
and 12.7% at the 10th year and 13.9 and 23.9% at the 15th
year (after completion of IFN therapy for those treated)
{p <0.001). IFN decreased the hazard ratio of carcinogen-
esis to 0.42 (p < 0.001) in multivariate analysis with ad-
justments for significant covariates including fibrotic
stage, y-glutamyl transpeptidase level, gender, platelet
count and age. Among the 1,654 patients treated with
iFN, 606 (36.6%) achieved persistent loss of hepatitis C
virus (HCV) RNA and an additional 266 (16.1%) gained
normal levels of alanine aminotransferase without loss
of HCV RNA for 6 months or longer after the completion
of IFN therpay. Cumulative rates of hepatocarcinogene-
sis in sustained virological responders and biochemical
responders were 1.4 and 2.0% at the end of the 5th year,

1.9 and 3.6% atthe 10th year and 1.9 and 7.5% at the 15th
year, respectively. The hazard ratio of sustained virolog-
ical response was 0.10 (p < 0.001), and that of biochem-
ical response was 0.12 (p < 0.001). Normalization of ami-
notransferase levels after IFN therapy without loss of
serum HCV RNA decreased hepatocarcinogenesis. Con-
clusion: IFN significantly decreased the rate of hepato-
carcinogenesis in patients with chronic hepatitis C as a
whole in Japan, even in those who fail to clear HCV RNA
from serum.

Copyright © 2006 S. Karger AG, Basel

introduction

In most developed countries, hepatitis B virus (HBV)
and hepatitis C virus (HCV) infections account for the
great majority of hepatocellular carcinoma (HCC), with
incidence rates dependent on the regional prevalence of
these hepatitis viruses. HCV-associated HCC typically
develops through a sequence of events that progress from
chronic inflammation through fibrosis and cirrhosis ac-
companying dysplasia and ultimately to HCC. In our pre-
vious cohort study on Japanese patients with HCV-re-
lated cirrhosis [1], cumulative rates of developing HCC
at 5, 10 and 15 years were 21.5, 53.2 and 75.2%, respec-
tively. According to our observations of untreated pa-
tients with chronic hepatitis C [2], rates of hepatocarcino-
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genesis at 5, 10 and 15 years were estimated to be 4.8,
13.6 and 26.0%, respectively. The life expectancy of pa-
tients with HCV-related cirrhosis is largely influenced by
the development of HCC in the clinical course. As the ef-
ficacy of radically curative therapies for HCC remains
limited at best, and since a severe organ shortage does not
provide with sufficient chances for liver transplantation,
the prevention of HCC in patients with chronic liver dis-
ease is of great importance at the present.

Interferon (IFN) is effective in eliminating HCV and
reducing serum levels of alanine aminotransferase (ALT)
in some patients with chronic hepatitis C [3-6]. Reduced
incidence of HCC in HCV-associated cirrhosis by IFN
has been reported by many investigators including our-
selves [7-14]; only a few studies have failed to find its
benefit [15, 16]. However, many published studies had
shortcomings in the study design, in terms of pooling pa-
tients who received IFN in diverse regimens, relatively
short periods of follow-up despite a long incubation pe-
riod of HCC, large numbers of dropouts and retrospective
studies with historical controls. Moreover, almost all
studies evaluated the activity of IFN to prevent HCC by
comparing responders and nonresponders to the treat-
ment. Due to difficulties in studying patients with chron-
ic hepatitis C, a number of nonrandomized studies exam-
ined the effect of IFN on the incidence of hepatocarcino-
genesis [17-20]. With invariable limitations in study
design and interpretation of the results, these studies have
disclosed useful information as regards the treatment of
patients with chronic HCV infection.

In order to evaluate whether IFN can reduce the rate
of carcinogenesis in patients with chronic hepatitis C, we
compared 1,654 patients with IFN therapy with 512 pa-
tients without treatment in a single clinical center, who
were adjusted for background features by the multivari-
ate analysis. Therefore, the principal aims of our study
were to show the role of IFN in preventing HCC in chron-
ic hepatitis type C en masse and to establish the extent to
which IFN decreases the rate of carcinogenesis as a sequel
to chronic hepatitis C in a society.

Patients and Methods

Study Population

A total of 2,166 patients with chronic hepatitis were examined,
whose initial sera tested negative for hepatitis B surface antigen by
radioimmunoassay (Ausria, Dainabot, Tokyo, Japan) and positive
for anti-HCV by the second-generation enzyme-linked immuno-
sorbent assay (Dainabot); anti-HCV was tested in sera that had
been stored frozen at -80°C. They included 1,421 men and 745
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women aged 14-78 with a median of 50 years. They were all diag-
nosed with chronic hepatitis by liver biopsy with or without peri-
toneoscopy between 1970 and 2000 at the Department of Gastro-
enterology in Toranomon Hospital, Tokyo, Japan. Patients who
had possibly developed HCC already at the time of diagnosis of
hepatitis were strictly excluded from the study. In order to exclu-
sively investigate hepatocarcinogenesis in HCV-related cirrhosis,
patients coinfected with HBV were excluded.

Among the 2,166 patients with HCV-related hepatitis, 1,654
(76.4%) received IFN therapy, mostly since 1987 when IFN was
available in Japan; new antivirals or anticarcinogenic treatments
of viral cirrhosis, except for IFN, were not introduced in 1987 or
thereafter in Japan. The remaining 512 patients did not receive
IFN or any other antiviral therapies. This is a retrospective cohort
study with historical controls composed of patients before 1987 and
those who refused or could not receive IFN for various reasons since
1987.

Background and Laboratory Findings

Table [ shows demographic profiles and laboratory data for the
1,654 patients treated with IFN and the 512 without receiving IFN
since they were diagnosed with chronic hepatitis. There were more
males, with a median age 3 years lower in treated than in nontreat-
ed patients. There were 299 treated patients (18.1%) with a history
of alcohol intake =500 kg until the diagnosis of chronic hepatitis
(corresponding to daily consumption of 3,000 m! of beer or 300 ml
of whiskey for 20 years) and 113 (22.1%) untreated patients (p <
0.001). Because IFN was introduced to our hospital in 1987, the
observation period was significantly shorter in the treated than in
untreated patients (median 10.4 vs. 12.3 years; p < 0.0001).

Although all patients tested positive for HCV RNA during their
clinical courses, tests for the concentration of HCV RNA in the
initial serum was possible in 1,863 (86.5%) patients. HCV geno-
types were analyzed by the serological typing method with a com-
mercial kit (Kokusai Diagnostic Corporation, Kobe, Japan) in
which the serological group 1 represented genotypes la and 1b, and
group 2 stood for 2a and 2b genotypes. HCV in the serological group
2 was significantly more frequent in patients with IFN treatment
than in those without. Concentration of HCV RNA was determined
in the initial sera from 1,873 (86.5%) patients by the competitive
polymerase chain reaction (PCR) method with the HCV probe as-
say (Chiron Corp., Emeryville, Calif., USA) or by PCR with Am-
plicor HCV Monitor kits (Roche Diagnostics Japan Co., Tokyo,
Japan). High concentration of HCV (= 10° copies/ml by the com-
petitive PCR or = 10° equivalents/ml by the HCV probe assay) was
significantly more frequent in untreated than in treated patients
(p <0.0001). The stage of hepatic fibrosis was not different between
the two groups.

Interferon Treatment and Judgment of the Effect

A total of 1,654 patients underwent IFN therapy in one or more
treatment courses: 1,358 patients (82.1%) received IFN once, 240
patients (14.5%) twice, and the remaining 56 patients (3.4%) three
times or more. Initial treatment was performed with natural or re-
combinant IFN-a (n = 1,238), natural IFN-B (n = 386) or both
{n = 30). Regimens of IFN were variable: 926 (56.0%) patients re-
ceived IFN 6-9 million units (MU) daily for 8 weeks, followed by
2 or 3 times per week for 16 weeks; 329 (20.0%) received IFN 6~
9 MU daily for 2-4 weeks, followed by 3 times per week for 20-22
weeks; 185 (11.2%) underwent a short-course therapy with IFN
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Table 1. Patient profiles and laboratory data at the diagnosis of chronic hepatitis

Interferon therapy

Factors p value
ves(n = 1,654) no{n=>512)
Male 1,110 (67.1%) 311 (60.7%) 0.024
Age, years 50 (16-72) 53 (21-78) <0.001
History of transfusion 607 (36.7%) 229 (44.7%) 0.001
Family member with liver disease 426 (25.8%) 140 (27.3%) 0.47
Alcohol intake =500 kg 299 (18.1%) 113 (22.1%) 0.044
Observation period, year 10.4 (0.1-33.6) 12.3(0.1-33.6) <0.001
Laboratory data
ALT, TU/N 63 (4-1,266) 67 (4-704) 0.098
AST, [U/ 106 (9-1,660) 96 (12-832) 0.0001
v-GTP, IU/ml 62 (6-1,118) 70 (3-850) 0.39
Platelet counts, x 1,000/mm? 169 (27-433) 165 (35-560) 0.091
ICGRys5, % 14 (1-90) 16 (1-95) 0.003
AFP, ng/ml 4 (1-90) 5(1-1,180) 0.42
HCYV serological group
Group 1, genotypes la/lb 1,021 (66.1%) 259 (81.4%) <0.0001
Group 2, genotypes 2a/2b 488 (31.6%) 48 (15.1%)
Undetermined 36 (2.3%) 11 (3.5%)
HCYV RNA concentration
High? 937 (58.4%) 191 (71.3%) <0.0001
Low® 668 (41.6%) 77 (28.7%)
Histological stage of hepatitis
F1, slight fibrosis 1,029 (62.2%) 298 (58.2%) 0.10

F2/F3, moderate/severe fibrosis

625 (37.8%) 214 (41.6%)

AST = Aspartate aminotransferase; AFP = a-fetoprotein; ICG R;s = retention of indocyanine green at

15 min.

2 HCV RNA concentration = 10® copies/ml by the competitive PCR or = 10° equivalents/ml by the HCV

probe assay.

PHCV RNA concentrations less than high concentrations.

daily for 4-8 weeks; 128 (7.7%) were administered with intermit-
tent IFN 3 times per week for 24 weeks; 72 (4.4%) had a prolonged
course of IFN for 8-36 months; 8 (0.5%) received IFN- 6 MU
daily for 6-18 months, and the remaining 6 (0.4%) were given
IFN-a combined with IFN-$ for 4 months. The median dose of
624 MU was administered during the median period of 24 weeks.
IFN for 24 weeks or longer was given to 83.2% of the patients.
IFN therapy was usuaily initiated within a few months after the
diagnosis of chronic hepatitis, and all patients were started on it
within 12 months. The median interval between liver biopsy and
initiation of IFN was 9 days.

Almost all the patients given IFN showed varied degrees of fe-
ver, chills, myalgia, headache and general malaise after the first
injection. Most patients developed leukocytopenia and thrombo-
cytopenia in various degrees. A significant thrombocytopenia
=<40,000/mm?” required a reduction of the IFN dose in 39 patients.
IFN therapy was discontinued due to psychosis in 35 patients and
ophthalmological symptoms in 12 patients. None of the patients
developed decompensated liver disease with ascites, encephalopa-
thy, jaundice or variceal bleeding. Although only 88 (5.3%) patients
could not continue injection with IFN, studies for carcinogenesis
were analyzed on the intention-to-treat basis.

84 Intervirology 2006;49:82-90

The efficacy of IFN was judged by the clearance of HCV RNA
from serum and ALT levels 12 months after the completion of treat-
ment. Sustained virological response (SVR) was defined as persis-
tent disappearance of HCV RNA after therapy, biochemical re-
sponse (BR) as normal ALT levels without elimination of HCV
RNA for at least 6 months after therapy, and no response (NR) as
persistently elevated or transiently normalized ALT levels without
loss of HCV RNA lasting for less than 6 months.

Follow-Up of Patients and Diagnosis of HCC

Patients were followed up monthly after diagnosis of chronic
hepatitis in our outpatient clinic and monitored for hematological,
biochemical and virological parameters. With their admission, dur-
ing and after the treatment with IFN, weekly or biweekly follow-up
was performed in almost all patients who received IFN. Imaging
diagnosis was made once or twice per year in the majority of pa-
tients with ultrasonography or computed tomography. Angiogra-
phy was performed only when HCC was highly suspected on imag-
ing by ultrasonography or computed tomography.

When angiography pictured a characteristic hypervascular nod-
ule specific for HCC in patients, histological confirmation was not
required in the majority of them. Microscopic examinations of liv-

Ikeda et al.
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Fig. 1. Crude rates of hepatocarcinogenesis in patients treated with
IFN and those untreated. The carcinogenesis rate was significantly
lower in treated than in untreated patients (log-rank test, p <
0.0001).

er tissues obtained by a fine-needle biopsy were performed in 14
patients whose angiogram could not portray a typical image of
HCC. There were 89 patients in whom HCC was confirmed histo-
logically on liver specimens obtained at surgery or autopsy. Detec-
tion of serological tumor markers and increase with time were also
taken into account in the diagnosis of HCC.

There were 223 (10.3%) patients lost to follow-up, including 164
(9.9%) treated and 59 (11.5%) untreated. Rates of annual dropouts
in treated and untreated patients were 0.95 and 0.93%, respective-
ly. In 9 patients, the response to IFN was judged by information on
aminotransferase levels determined in other clinics and by persis-
tent HCV RNA, as well as aminotransferase levels at 6 months
after the completion of therapy in an additional 3 patients. There-
fore, the response to IFN could be judged in all patients including
the 12 who were lost to our follow-up early. Since the eventual out-
come with respect to the development of HCC was not confirmed
in these patients, their data were censored in statistical analyses
[21]. Deaths unrelated to liver disease were censored and with-
drawn from the analysis. The date of the last follow-up in this study
was May 1, 2004, and the median observation period of studied
patients was 10.7 years, with a range of 0.1-33.6 years.

Statistical Analysis

Nonparametric Mann-Whitney U test and 2 test were used for
analysis of background characteristics of patients. The rate of HCC
development was calculated by the Kaplan-Meier method [22]; it
was based on the duration between diagnosis of chronic hepatitis
by liver biopsy and detection of HCC. Differences in slopes of car-
cinogenesis curves were evaluated by the log-rank test. To gain a
robust statistical power for the anticarcinogenic activity of IFN,
observation of treated patients was initiated at the commencement
of IFN therapy, in lieu of the diagnosis of chronic hepatitis. Inde-
pendent factors associated with the development of HCC were
studied using the stepwise Cox regression analysis [23]. The follow-

Hepatocarcinogenesis Decreased by IFN

ing 18 variables were analyzed for potential covariates in hepato-
carcinogenesis at the time when hepatitis was diagnosed: age, sex,
total alcohol intake, family history of liver disease, history of blood
transfusion, stage of hepatic fibrosis, aspartic aminotransferase,
ALT, albumin, bilirubin, globulin, y-glutamyl transpeptidase (y-
GTP), platelet count, retention of indocyanine green at 15 min,
serological grouping of HCV, HCV RNA level and IFN treat-
ment.

Although continuous variables without conversion of data were
evaluated in multivariate analyses, several variables were trans-
formed into categorical data consisting of two or three ordinal num-
bers in calculating hazard ratios. All factors found to be marginally
associated with hepatocarcinogenesis with p values <0.15 were test-
ed by the multivariate Cox proportional hazard model. All analyses
of data were performed with the computer program SPSS version
11 {24], and a p value <0.05 was considered significant.

Results

Response to IFN

Response to IFN was judged 12 months after the com-
pletion of therapy by both HCV RNA and serial ALT
readings. Among the 1,654 patients with IFN treatment,
SVR (elimination of HCV RNA) was achieved by 606
(36.6%), BR (ALT normalized for at least 6 months with-
out clearance of HCV RNA from serum) in 266 (16.1%)
and NR (elevated or transiently decreased ALT levels
without loss of serum HCV RNA) in 782 (47.3%).

Crude Rates of Hepatocarcinogenesis

During the median observation period of 10.7 years,
HCC developed in 199 of the 2,166 (9.2%) patients, in-
cluding 96 of the 1,654 (5.8%) patients treated with IFN
and 103 of the 512 (20.1%) patients without IFN (fig. 1).
Among the 199 patients with HCC, 140 (70.4%) imaged
atypical hypervascular stain on angiography and dynam-
ic computed tomography, while 59 failed to exhibit tumor
stains on angiography. HCC in these 59 patients was con-
firmed histologically on liver specimens obtained at sur-
gery or by fine-needle biopsy.

Crude rates of hepatocarcinogenesis in patients treat-
ed with IFN and those untreated were 1.3 and 1.8% at the
end of the 3rd year (after the completion of therapy), 2.6
and 4.6% at the end of the 5th year, 5.8 and 12.7% at the
10th year and 13.9 and 23.9% at the 15th year, respec-
tively (fig. 1). The carcinogenesis rate was significantly
lower in patients treated with IFN than in untreated pa-
tients (log-rank test, p < 0.0001).

Impact of IFN on Hepatocarcinogenesis
During the observation period, HCC developed in 96
of the 1,654 (5.8%) patients treated with IFN, including
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11 patients (1.8%) with SVR, 10 (3.8%) with BR and 75
(9.6%) with NR to IFN. Rates of hepatocarcinogenesis in
patients with SVR, BR and NR were 0.7, 0.8 and 2.0% at
the end of the 3rd year, 1.4, 2.0 and 3.8% at the 5th year,
1.6, 2.9 and 6.5% at the 7th year, 1.9, 3.6 and 9.6% at the
10th year and 1.9, 7.5 and 27.6% at the end of 15th year
(fig. 2). Hepatocarcinogenesis was significantly less fre-
quent in patients with SVR or BR than in patients with
NR and those untreated (log-rank test, p < 0.0001).

Factors Influencing Hepatocarcinogenesis

Univariate analysis identified 9 factors significantly
associated with carcinogenesis. They were fibrotic stage
(p < 0.001), age (p < 0.001), a-fetoprotein (p < 0.001),
aspartic aminotransferase (p = 0.001), retention of indo-
cyanine green at 15 min (p = 0.002), total alcohol intake
(p = 0.002), v-GTP (p = 0.005) and HCV serotype (p =
0.045). IFN therapy (p = 0.064), histological activity of
hepatitis (p = 0.069) and ALT (p = 0.70) were marginally
associated with carcinogenesis.

In order to prove the role of IFN on carcinogenesis in
patients with chronic hepatitis type C en masse, multi-
variate analysis was performed by non-time-dependent
proportional hazard analysis. Fibrotic stage, y-GTP, gen-
der, IFN therapy, platelet count and age independently
influenced the development of HCC in the cohort (ta-
ble 2). Advanced liver fibrosis in F2/F3 stages imposed a
higher risk for carcinogenesis with a hazard ratio of 8.68,
95% confidence interval (CI) 5.08-14.81, compared with
the F1 stage. Similarly, higher y-GTP levels (hazard ratio
2.64), male sex (2.38), low platelet count (2.22) and older
age (1.90) posed higher carcinogenesis risks. After adjust-
ing background clinical biases between treated and un-
treated patients for the 5 significant covariates identified
in the multivariate analysis, IFN therapy significantly de-
creased the hepatocarcinogenesis rate in the entire pa-
tients with chronic hepatitis C with a hazard ratio of 0.42
(95% CI 0.29-0.61) in comparison with untreated pa-
tients.

Based on the multivariate analysis, curves of carcino-
genesis rates were theoretically illustrated in treated and
untreated patients with the average histological stage, av-
erage -G TP value, average ratio of male to female, aver-
age platelet count and average age (fig. 3).

Hazard of Hepatocarcinogenesis Stratified by the

Response to IFN

Since the carcinogenesis rate in patients with SVR or
BR was significantly lower than that of patients with NR
or untreated patients by the product limit method, a mui-
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Fig. 2. Rates of hepatocarcinogenesis in patients with SVR, BR and
NR to IFN. The rate in patients with NR (persistently elevated ALT
or transiently normalized ALT for less than 6 months) was signifi-
cantly higher than that in patients with SVR or BR.

Table 2. Factors associated with hepatocarcinogenesis in patients
with chronic hepatitis C*

Factors HR 95% CI p value
Fibrosis stage

F1 1

F2-F3 8.68 (5.08-14.81) <0.001
v-GTP, IU/ml

<50 1

=50 2.64 (1.58-4.42) <0.001
Gender

Women 1

Men 2.38 (1.56-3.70) <0.001
IFN therapy

No 1

Yes 0.42 (0.29-0.61) <0.001
Platelet count, x 103%/mm?

=100 i

<100 222 (1.47-3.44) <0.001
Age, years

<50 1

=50 1.90 (1.27-2.85) 0.002

HR = Hazard ratio.
a Bvaluated by the Cox proportional hazard analysis.
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Fig. 3. Theoretical curves of hepatocarcinogenesis in patients treat-
ed with IFN and those untreated who have the average histological
stage, average y-GTP value, average ratio of male to female, aver-
age platelet count and average age. They are based on the analysis
of 1,654 patients treated with IFN and 512 untreated patients.

Table 3. Factors associated with hepatocarcinogenesis in patients
with chronic hepatitis C who had distinct responses to IFN thera-
py*

Factors HR 95% CI p value
Fibrosis stage

Fi1 1

F2-F3 9.90 (4.19-23.40) <0.001
Gender

Women 1

Men 3.44 (1.89-6.25) <0.001
v-GTP, IU/mli

<50 1

=50 2.68 (1.30-5.54) 0.008
Age, years

<50 1

=50 2.56 (1.50-4.38) 0.001
AFP, ng/ml

<20 1

=20 2.32 (1.34-4.02) 0.003
Platelet count, x 10%/mm?

=100 1

<100 2.09 (1.14-3.75) 0.013
Response to IFN

Without IFN 1 <0.001

NR 0.57 (0.13-2.56) 0.46

BR 0.12 (0.04-0.35) <0.001

SVR 0.10 (0.03-0.30) <0.001

HR = Hazard ratio; AFP = a-fetoprotein.
 Evaluated by the Cox proportional hazard analysis.
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tivariate analysis was performed taking into account the
response to IFN. Hazard ratios of patients with SVR and
BR to IFN therapy were 0.10 (95% CI 0.03-0.30, p <
0.001) and 0.12 (95% CI 0.04-0.35, p < 0.001), respec-
tively, in comparison with that of untreated patients,
when the other 5 factors served as significant covariates
(table 3). The hazard ratio of NR at 0.57 (95% CI 0.13-
2.56) was less than 1, but fell short of making a significant
difference against untreated patients.

Mortality and Causes of Death

During the observation period, 116 of the 2,166 (5.4%)
patients died, including 52 of the 1,654 (3.1%) subjects
treated with IFN and 64 of the 512 (12.5%) subjects with-
out IFN. Estimated survival rates in the treated and un-
treated patients were 99.3 and 98.3% at 5 years, 97.8 and
96.0% at 10 years and 93.8 and 86.9% at 15 years, respec-
tively. The survival rate of treated patients was signifi-
cantly higher than that of untreated patients (log-rank
test, p < 0.0001).

Discussion

Based on our epidemiological data obtained by long-
term observations of patients with chronic hepatitis [2]
and patients with cirrhosis [1], the life expectancy of pa-
tients with HCV-related chronic liver disease heavily de-
pends on the development of HCC. The possibility of
eventually developing HCC in patients with HCV infec-
tion and cirrhosis is staggeringly high at 75% [1]. Theo-
retically, the treatment of chronic HCV infection with
IFN can prevent the development of HCC. From the eth-
ical point of view, a prospective randomized trial with
control untreated patients is not to be allowed at present
when IFN has become the standard radical therapy for
chronic hepatitis C; everyone can receive IFN, as ex-
penses are being covered for by the medical insurance in
Japan. Another difficulty involves the informed consent
in prospective randomized studies. It requires at least 5
years in order that IFN can decrease the incidence of car-
cinogenesis in chronic hepatitis C, with a statistical dif-
ference in the carcinogenesis rate between treated and
‘untreated’ patients. Since any randomized studies are
considered extremely difficult in the future, we attempted
to carry out this retrospective study by the multivariate
analysis with statistical adjustments for possible covari-
ates.

In the product limit analysis, IFN significantly de-
creased the crude rate of hepatocarcinogenesis in the
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entire cohort of 2,166 patients with chronic hepatitis C.
Since there were some background differences between
treated and untreated patients, we tried to correct for
biases including stage of fibrosis, y-GTP value, sex,
platelet count and age, which significantly affect the car-
cinogenesis rate. Demographic, histological and bio-
chemical factors having been adjusted, IFN is proven to
bring about a significant decrease in the hazard of car-
cinogenesis in patients with chronic hepatitis C en masse
(hazard ratio 0.42, p<0.001 by the non-time-dependent
model). Taking into consideration that a significant
number of patients without IFN had received anti-in-
flammatory medicines, which might have contributed to
suppression of hepatocarcinogenesis, the actual anticar-
cinogenic activity of IFN may be higher than the ob-
served. Having published results of a similar study on a
cohort of 1,643 patients with a median observation pe-
riod of 5.4 years in 1999 [18], we could not establish the
anticarcinogenic activity of IFN because of a low risk of
carcinogenesis in untreated patients (1.2% per year).
Nevertheless, we expected a significant statistical differ-
ence if we could extend the median observation period
to longer than 7 or 10 years in our studied patients. This
has been realized in the present study, in which 2,166
patients with and without IFN therapy were observed
for a median of more than 10 years. As far as we are
aware, it represents the first study that has demonstrat-
ed preventive effects of IFN on the carcinogenesis rate
in a large cohort of patients in a single center, in correla-
tion with distinct responses to it, such as SVR, BR and
NR.

Treatment of patients with chronic HCV infection us-
ing IFN-a and ribavirin has led to sustained loss of serum
HCV RNA in 40-50% of recipients with HCV genotype
1 and 75-80% with HCV genotype 2 or 3. However, to
date, the combination therapy with IFN-a and ribavirin
has not been evaluated for its impact on the risk of devel-
oping HCC. Monotherapy with IFN-a achieves sustained
clearance of serum HCV RNA in only 20-30% of pa-
tients; the impact of IFN-a on the development of HCC
has been evaluated only in patients who had received
IFN-a without ribavirin [17-20, 25-27].

Multivariate analysis definitively demonstrated that
IFN lessens the carcinogenesis risk in the patients whose
ALT levels decreased after therapy. Furthermore, the an-
ticarcinogenic capacity of IFN was demonstrated not
only in the patients with persistent aminotransferase nor-
malization, but also in those with transient normalization
of ALT for at least 6 or 12 months. Many authors have
already described that the activity of IFN to suppress the

88 Intervirology 2006;49:82-90

development of HCC in patients with HCV RNA clear-
ance (SVR) is similar to that in patients with ALT nor-
malization in the absence of eliminating HCV RNA (BR)
[18,25-27]. Based on these compelling lines of evidence,
the anticarcinogenic activity of IFN is ascribed to the sup-
pression of inflammatory and regenerative processes in
hepatocytes. Moreno and Muriel [28] reported that IFN
reverts liver fibrosis, and therefore, control of the necro-
inflammatory process can suppress the growth of HCC.
Tarao et al. [29] reported that high aminotransferase lev-
els increase the rate of HCC recurrence in patients with
cirrhosis. Our results stand in favor of the view that the
carcinogenic process in patients with chronic hepatitis C
would be enhanced by fluctuating as well as persistently
elevated levels of aminotransferases. It does seem that
IFN exerts suppressive effects on HCC through reduction
or complete remission of inflammatory activity. Recent-
ly, a few authors reported that even transient disappear-
ance of HCV RNA during IFN therapy contributed to a
low carcinogenesis rate in the clinical course of hepatitis
[17, 27]. The significance of transient HCV in decreasing
hepatocarcinogenesis should be further explored and con-
firmed by multicenter clinical studies with rigorous viro-
logical assessments.

HCC developed in a few patients with SVR 5 years
after the HCV infection had been terminated by IFN,
along with normalized ALT levels. These patients would
have developed minute HCC in their livers already while
receiving IFN which escaped the detection by imaging
modalities or screening for serological tumor markers.
This would indicate the limitation of IFN in preventing
HCC. IFN will not be able to suppress HCC once it has
developed, even when it succeeds in eliminating HCV
and suppressing necroinflammatory processes in the liv-
er.

With many difficulties in vaccine development, the
recent progress in treatment of chronic HCV infection,
from IFN monotherapy to combination therapy with ri-
bavirin, is very auspicious. SVR and BR can be achieved
in up to 56% of patients with combined IFN and ribavirin
[30]. There is evidence that a sustained virological re-
sponse can lead to decrease in fibrosis and even reversal
of cirrhosis [31]. Because HCV-associated HCC occurs
almost exclusively in patients with cirrhosis, successful
treatment for SVR in patients without cirrhosis is likely
to prevent future development of HCC [32]. However,
once cirrhosis has been established, a preventive benefit
of IFN monotherapy is restricted to the patients who can
achieve SVR or BR. In their meta-analysis of 3 random-
ized and 11 nonrandomized controlled trials, Camma et
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In a single hospital in Tokyo, the 87 patients
infected persistently with hepatitis B virus (HBV)
genotype A, the 413 with B, and the 3,389 with C
were compared for virological outcome. Hepatitis
B surface antigen (HBsAg) was cleared from the
serumin 12% (3/26), 2% (2/112), and 3% (23/826) of
patients with genotypes A, B, and C, respectively,
at 5 years of follow-up (P=0.0395). Hepatitis B
e antigen (HBeAg) was cleared from serum more
frequently in patients with genotype B than those
with A or C (78% [32/41] vs. 58% [11/19] or 45%
[251/562], P=0.00001) at 5 years. Of the 45
individuals infected with genotype A and followed
for 3 years or longer, HBeAg was more frequent
(16% [3/19] vs. 73% [19/26], P=10.0002) and levels
of HBV DNA higher {median <2.6 [range: <2.6—
5.6]vs. >7.6[<2.6—->7.6]log copies/ml, P=0.001)
in the 26 patients with biopsy-proven chronic
hepatitis than the 19 asymptomatic carriers.
Among the 26 hepatitis patients infected with
HBV genotype A, decreases in HBV DNA were less
frequent (20% [1/5] vs. 93% [13/14] or 86% [6/7],
P=0.0095) and increases in serum levels of
hyaluronic acid >10 ng/ml commoner (80% [4/5]
vs. 14% [2/14] or 14% [1/7], P=0.017) in the
patients who kept HBeAg than in those who
seroconverted or who remained HBeAg-negative.
In conclusion, patients persistently infected with
HBV genotype A fare better than those with
genotype B or C. However, high levels of HBV
DNA continue in those in whom HBeAg persists
along with fibrosis in the liver. J. Med. Virol.
78:60-67, 2006. © 2005 Wiley-Liss, Inc.

KEY WORDS: chronic hepatitis; cirrhosis;
hepatitis B e antigen; hepatitis
B surface antigen; hepatocel-
lular carcinoma; sexual trans-

mission

© 2005 WILEY-LISS, INC.

INTRODUCTION

There are an estimated 350 million people in the world
who are persistently infected with hepatitis B virus
(HBV), some of whom develop a spectrum of chronic liver
disease ranging from chronic hepatitis through cirrhosis
to hepatocellular carcinoma [Lee, 1997]. New HBV in-
fections have been prevented by mass vaccination of
neonates [Tsen et al., 1991; Chen et al., 1996] and imm-
unopropylaxis of babies born to mothers carrying HBV
[Noto et al., 2003]. However, there are individuals who
have been infected, and they need to be identified for
receiving treatment as required. Clinical outcomes and
the response to antiviral treatment are influenced by
many host factors, such as ethnicity, gender, and the age
at infection, as well as viral factors represented by HBV
genotypes.

HBYV has a partially double-stranded DNA genome of
approximately 3,200 nucleotides (nt) [Tiollais et al.,
1981]. Eight HBV genotypes have been classified by a
sequence divergence in the entire genome exceeding
8% [Okamoto et al., 1988], and they are named by
capital Alphabet letters from A to H [Okamoto et al.,
1988; Norder et al., 1992; Stuyver et al., 2000; Arauz-
Ruiz et al., 2002]. Recently, HBV genotypes have attrac-
ted an increasing attention because they influence the
clinical outcome and treatment response in patients
with chronic liver disease [Tsubota et al., 2001; Kao,
2002; Miyakawa and Mizokami, 2003; Schaefer, 2005;
Yu et al., 2005]. Due to their uneven geographical
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