Affymetrix GeneChip Custom 10K array. After excluding nine cases with
call rate of <0.95, all cluster plots were checked by visual inspection by
trained staff, and SNPs with ambiguous calls were excluded. Ninety-four
randomly selected case samples in the first stage were re-genotyped in the
second stage, and SNPs with concordance rates of <98% between two
assays (Illumina and Affymetrix) were excluded from the further analysis.
We used genome-wide screening data of other diseases (uterine cervical
cancer, esophageal cancer, hematological cancer, pulmonary tuberculosis,
ovarian cancer, uterine body cancer and keroid) as controls for the second
stage. All the samples were genotyped using the Illumina HumanHap550v3
Genotyping BeadChip, and the same quality-control filters as the first
screening were applied. As a result, we analyzed 9,875 SNPs in 607 cases
and 1,267 controls in the second stage and found 11 SNPs (P < 5.06 x
1076) to be significantly associated with chronic hepatitis. B after Bonfer-
roni correction. These first and second stages are defined as the discovery
phase of the research, and the following replication studies are defined as
the replication phase. In the replication analyses, we used TagMan geno-
typing system (Applied Biosystems) or the multiplex PCR-based Invader
assay (Third Wave Technologies).

HLA-DPAI and HLA-DPBI genotyping. We analyzed HLA-DP genotypes
using 607 cases (in the second stage of GWAS) and 934 controls (in the first
stage of GWAS). Exon' 2- of the HLA-DPAI"and:HLA-DPBI -genes : were
amiplified and directly sequenced: according to: the protocol of International
Histocompatibility Workshop. Group?%- HLA-DPAl-.and DPBI alleles were
determined based on the alignment database of dbMHC.,

Statistical analysis. In the first stage of the GWAS, Fisher’s exact test was
applied to a two-by-two contingency table in-three genetic models: an allele
frequency model; a'dominant-effect model and a recessive-effect model. At the
second stage of GWAS and replication analyses; statistical significance of the
association with each SNP was assessed using a 1-degree-of-freedom Cochrane-
Arrnitage trend test. Significance levels after Bonferroni correction for multiple
testing were P = 5.06 X 10-6°(0.05/9,875) in the second stage and P'= 0.025
(0.05/2) 'in “replication ‘analyses. Age- ‘and: sex-adjusted ‘odds ratios  were
obtained by logistic regression analysis. Odds ratios and. confidence intervals
were calculated using the major allele as a reference. The meta-analysis was
conducted using the Mantel-Haenszel method. Heterogerieity among studies
was examined by using the Breslow-Day test. To assess the association of each
HLA allele; we used Fisher’s exact tests on two-by-two contingency tables with
or without each HLA allele, To analyze the association of haplotypes, we used
R package haplo.stats. P values for each haplotype were given by the results of a
score test, and: odds ratios and 95% confidence intervals were calculated from
coefficients of GLM model. Odds ratios of each haplotype were calculated
relative to the second major haplotype in Table 2; because the most common
haplotype was the disease-associated haplotype. All of these statistical values
were calculated by function haplo.cc. We used Haploview software to analyze
linkage disequilibrium values. between HLA-DR13 ‘and SNPs.

Software. For general statistical analysis, we used R statistical enviroriment
version 2.6.1 or PLINK1.03 (ref. 23). To draw the LD map, we used Haploview
software??, Estimation ‘of haplotype: frequencies and analysis' of haplotype
association were performed by R package haplo.stats?®. Sequeérice variants in
exon2 of HLA-DPAI and HLA-DPBI were analyzed by Polyphred.

URLs. - The: Japan . Society. of .. Hepatology, . http://www.jsh.or.jp/medical/
gudelines/index.html; Hiroshima Liver Study Group, http://home hiroshima-u.
ac.jp/naikal/hepatology/english/study.html; - PLINK1.03, - http://pngu.mgh.
harvard.edu/~purcell/plink/;: R package haplo.stats, . http://mayoresearch.
mayo.edu/mayo/research/schaid_lab/software.cfm;. Polyphred, http://droog.gs.
washington.edu/polyphred/.

Note: Supplemientary information is available on the Nature Genetics website.
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Abstract :

Purpose A randomized, double-blind, multicenter study
(ETV-047) was conducted to evaluate the dose-response
relationship of entecavir and compare its antiviral activity
and safety with lamivudine in Japanese patients with
chronic hepatitis B (CHB).

Methods - One  hundred thirty-seven ' nucleoside-naive
adult patients with CHB were randomized to once-daily

M. Shindo (B<)

Division of Liver Disease, Department of Internal Medicine,
Akashi Municipal Hospital, 1-33 Takasyo-machi, Akashi-shi,
Hyogo, Japan

e-mail: mshindo@skyblue.ocn.ne.jp

K. Chayama

Department of Medicine and Molecular Science, Graduate
School of Biomedical Sciences, Hiroshima University,
Hiroshima, Japan

S. Mochida
Department of Gastroenterology and Hepatology, Saitama
Medical University, Saitama, Japan

i) Toyota
Department of Hepatology, Sapporo Koset General Hospital,
Hokkaido, Japan

E. Tomita
Department of Gastroenterology,; Gifu Municipal Hospital, Gifu,
Japan

H. Kumada
Department of Hepatology, Toranomon Hospital, Tokyo, Japan

0. Yokosuka
Department of Medicine and Clinical Oncology, Graduate
School of Medicine, Chiba University, Chiba, Japan

oral doses of entecavir 0.01, 0.1, or 0.5 mg or lamivudine
100 mg for 24 weeks. The primary efficacy end point used
to evaluate the dose-response relationship was mean
change from baseline in serum hepatitis B virus (HBV)
DNA level at week 22, as determined by polymerase chain
reaction assay.

Results Entecavir demonstrated a clear dose-response
relationship, with mean change from baseline in serum
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HBV DNA level of —3:11, =4.77; and -=5:16 logo copies/
ml with entecavir 0.01, 0.1, and 0.5 mg, respectively. Ent-
ecavir 0.5 mg was superior to lamivudine 100 mg for the
mean change in HBV DNA level (—5.16 vs.
—4.29 log;o copies/ml; P = 0.007). The overall incidence
of adverse events was comparable between treatment
groups. Two patients discontinued treatment because of
adverse events (one with liver cirrhosis [entecavir:0.5 mg]
and one with grade 4 serum alanine aminotransferase (ALT)
elevation, nausea, and malaise [lamivudine 100 mg]).
Serum ALT flares were observed in four patients; flares
were associated with 2 log;o reductions or more in HBV
DNA level and resolved without dose interruption.
Conclusion Entecavir 0.01-0.5 mg is well tolerated and
produces a dose-dependent reduction in viral load in
nucleoside-naive Japanese patients with CHB. Compared
with lamivudine 100 mg, entecavir 0.1 mg demonstrated
noninferiority and entecavir 0.5 mg was superior in this
population.

Keywords - Chronic hepatitis B - Entecavir - Lamivudine -
HBV DNA . ALT flare

Introduction

It is reported that more than 2 billion individuals world-
wide have been infected with hepatitis B virus (HBV) and
approximately 350 million people are long-term HBV
carriers [1]. Chronic hepatitis B (CHB) is induced by
chronic replication of HBV in the liver and has a poor

prognosis, with 20-40% of infected individuals developing -

liver cirthosis, noncompensated liver disorder, or hepato-
cellular carcinoma [2]. Treatment of CHB is aimed at
sustained inhibition of HBV replication and remission of
liver disease [3], uitimately preventing progression to liver
cirrhosis or hepatocellular carcinoma [4].

Prior to the advent of the nucleoside analog lamivudine,
interferon-o formed: the mainstay of treatment, but this
immunoregulatory cytokine requires parenteral adminis-
tration and is poorly. tolerated [5]. Lamivudine is well
tolerated on oral administration and has been proven to be
highly effective in the treatment of CHB, but the emer-
gence of resistance mutations (including the YMDD motif)

in the reverse-transcriptase domain of HBV polymerase:

frequently results in overt viral rebound and disease pro-
gression [6-9]. The novel nucleoside analog adefovir is
effective against wild-type HBV and lamivudine-resistant
strains and is well tolerated on long-term administration,
but its clinical use is restricted by the need for renal
monitoring in patients with impaired renal function [10].
Entecavir, a - cyclopentylguanine-derived ' nucleoside
analog and selective inhibitor of HBV replication, was

@ Springer

approved by the U.S. Food and Drug Administration in
2005 for the treatment of CHB. Entecavir displays potent
antiviral activity in the woodchuck and duck models of
HBYV infection {11, 12] and is reported to be 100- to 2,200-
fold more potent than lamivudine and adefovir in inhibiting
HBV replication in vitro [13, 14]: Phase II clinical trials of
entecavir conducted in non-Japanese patients with CHB
have demonstrated entecavir to be-well tolerated and more
effective than lamivudine [15; 16]).

A global dose-finding study (ETV-005) conducted in
lamivudine-naive patients with CHB compared three doses
of entecavir (0.01, 0.1, and 0.5 mg once daily) with lami-
vudine ‘100 mg once daily over a 22-week treatment per-
iod. Entecavir showed a clear dose~response relationship
and was well tolerated at all three dose levels; in addition,
0.1 and 0.5 mg of entecavir showed superior antiviral
activity. compared with 100 mg of lamivudine [15].

Phase I studies of single-dose (0.05-2.5. mg) and mul-
tiple-dose (0.1-1.0 mg daily) entecavir conducted in Japan
have confirmed the drug’s safety in healthy men. As in
Caucasian populations, entecavir displayed linear plasma
pharmacokinetics over a wide range of doses, including
putative therapeutic doses (0.5 and 1.0 mg), in Japanese
subjects; there was no evidence of significant ethnic dif-
ferences in its pharmacokinetics and pharmacodynamics.
Similar findings to those obtained in the global phase II
clinical trials of entecavir might therefore be expected from
corresponding studies conducted in Japanese patients.

To evaluate the dose~response relationship, the antiviral
activity and safety of entecavir in Japanese CHB patients, we
conducted a 24-week phase I study comparing entecavir
(0.01, 0.1, and 0.5 mg daily) to lamivudine (100 mg daily).

Materials and methods
Study design

This randomized, double-blind, double-dummy study was
conducted at 38 institutions in Japan from August 2003 to
March 2005. Eligible patients comprised 20- to 75-year-old
men and women with CHB ‘who fulfilled the following
criteria: (i) HBsAg-positive for 24 weeks or more or IgM
HBcAb-negative with biopsy-confirmed CHB; (ii) HBeAg-
positive or HBeAg-negative for 12 weeks or more; (iii)
serum HBV: DNA level 40 MEqg/m! or more (143 pg/ml)
by Quantiplex™ branched DNA hybridization method
(bDNA  assay) (=7.6 logjg. genome equivalent by  the
transcription-mediated  amplification  method  or
>10"® copies/m! by Roche Amplicor™ polymerase chain
reaction method [PCR assay]) measured 2 weeks or more
before screening and serum HBV DNA level 40 MEqg/ml
or more (by bDNA assay) at screening; (iv) serum alanine
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aminotransferase (ALT) level 1.25-10 times the upper
limit of normal (ULN); and (v) well-compensated liver
disease with prothrombin time prolongation 3 s or less or
international normalized ratio 1.5 or less, serum albumin
level 3.0 g/dl or more, and total bilirubin 2.5 mg/dl or less
(42,75 pmol/l), After a 6-week screening period, eligible
patients were stratified according to HBeAg status and
study site and randomized (1:1:1:1) to oral treatment with
entecavir (0.01, 0.1, or 0.5 mg plus matching placebo
capsule) or-lamivudine (100 mg plus matching placebo
tablet) once daily for 24 weeks. All doses were adminis-
tered at fixed times of the day, avoiding the 2 h before and
after meals.: Pregnant. women. were excluded from . the
study, as were patients with liver cirrhosis; patients with a
history .or .evidence. of variceal bleeding, patients. with
hepatic. encephalopathy or ascites requiring  diuretics, or
patients with paracentesis. Patients with other liver disease
(e.g., autoimmune hepatitis) were excluded from the study.
In. addition; patients were excluded if they had a: serum
creatinine level more than 1.5 x ULN, hemoglobin level
less than 10.0 g/dl, platelet count less than 70,000/mm’>,
granulocyte count less than <1,500/mm’ or plasma a-
fetoprotein level more than 100 ng/ml; a history of allergy
induced by nucleoside analog or exposure to. nucleoside
analogs, a recent history (previous 24 weeks) of treatment
with: immunosuppressives. or. intérferon-o/f, or current
treatment of CHB.

Treatment efficacy was assessed. after 22 weeks, and all
eligible patients who completed 24 weeks of  blinded
therapy were given the option of enrolling in a separate
entecavir trial, Patients who discontinued therapy prema-
turely were followed up for 24 weeks postdosing. Patients
began anti-HBV therapy as recommended by their physi-
cian during the postdosing follow-up period.

Informed consent was obtained from all patients in
writing prior to their inclusion in the study. The study was
conducted in accordance with the principles of the Decla-
ration of Helsinki and Good Clinical Practice guidelines
and notifications were issued by the Ministry of Health and
Labor.

Efficacy and safety assessment

The primary efficacy end point for the evaluation of the
dose-response  relationship of entecavir was the change
from baseline in mean serum HBV DNA level at week 22,
as determined by PCR assay. Secondary efficacy end points
for the assessment of the noninferiority of entecavir at each
dose to lamivudine included: the change from baseline in
mean serum HBV DNA level at week 22, as determined by
PCR assay, the percentage of patients with a reduction in
serum. HBV DNA level 2 logq copies/ml or more or a
serum HBV DNA level below' the limit of detection

(400 copies/ml by PCR assay; 2.5 pg/ml or 0.7 MEqg/ml by
bDNA assay) at week 22, the percentage of patients with
HBeAg loss, the percentage of patients with HBeAg
seroconversion (HBeAg loss and appearance of HBe-anti-
body), the percentage of patients achieving ALT normali-
zation (World Health Organization grade 0: <1.25 x
ULN), and the percentage of patients achieving a protocol-
defined response (HBV DNA level <0.7 MEg/ml by
bDNA assay, HBeAg negativity and serum ALT level
<1.25 x ULN for HBeAg-positive patients; HBV DNA
level <0.7 MEqg/ml by bDNA assay and serum ALT level
<1.25 ULN for HBeAg-negative patients) at week 22. The
incidence of genotypic drug resistance was also assessed in
patients who had a 1 log;g copies/ml or more increase in
HBV.DNA by PCR from nadir while on study drug.

Based on the results of the: global dose-response study
of entecavir conducted in nucleoside-naive patients (ETV-
005 study): [15]; noninferiority: of entecavir 0.1 or 0.5 mg
compared with lamivudine (100 mg) was confirmed if the
upper 95% confidence interval. (CI). for the difference in
mean HBV. DNA levels at week 22 was 0.8 log;o copies/
ml or less.

Assay methods

Serum HBV DNA level was determined by Roche ‘Am-
plicorTM PCR 'assay (Roche Diagnostics K.K., Tokyo,
Japan) and Quantiplex™ (Chiron) bDNA assay. Clinical
laboratory tests, serum HBV DNA assays, and HBV
serology were performed at the central clinical laboratory
designated by the trial sponsor. Genotypic analysis of HBV
isolates = was. performed using  samples- collected from
patients on the first day of treatment. Genotypic analysis of
HBV DNA polymerase was performed at SRL Inc. (Tokyo,
Japan).

Statistical analysis

Numerical -data’ were expressed by descriptive statistics,
Serum HBV DNA level; a continuous variable, was ana-
lyzed after logarithmic transformation.  For  treatment
group; comparisons of continuous variables, analysis of
variance models, incorporating baseline HBV. DNA level
and HBeAg status as covariates were employed. For in-
tertreatment comparisons of binary data, Cochran~Mantel-
Haenszel tests were employed using baseline HBeAg status
as a stratification factor. For analysis of dose-response
relationships, Student’s ¢ test was applied to: linear
regression plots of serum HBV DNA level against log
dose. A two-sided P < 0.05 was taken to indicate statistical
significance. For analysis of dose-response relationships
using’ efficacy data, a two-sided P < 0.05/3 was taken to
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indicate ~statistical significance following Bonferroni
adjustment.

Results
Study ‘population and desnographic characteristics

A total of 137 patients, including 20-to 73-year-old men
and women, met the study eligibility criteria and “were
randomized to the following treatment groups: entecavir
0.01 mg (# = 35), entecavir 0.1 mg (n = 34), entecavir
0.5 mg (n'=34), and lamivudine 100 mg (n = 34). Three
patients (two in the entecavir 0.5 mg group and one in the
lamivudine 100 mg group) discontinued the study prema-
turely; the reasons for discontinuation were noncompliance
(one patient in the entecavir 0.5 mg group) and adverse
events “(liver cirrhosis in one patient [entecavir 0.5 mg
group] and grade 4 serum ALT elevation with nausea and
malaise “in one patient [lamivudine 100 mg group]).
Accordingly, a total of 134 patients (entecavir 0.01 mg
group, 35 patients; entecavir 0.1 mg group, 34 patients;
entecavir- 0.5 mg group, 32 patients; and lamivudine
100 mg group, 33 patients) completed 24 weeks of treat-
ment and were included in the efficacy assessment.

The four treatment groups were matched with respect to
gender; age, body weight, and proportion of HBeAg-posi-
tive patients (Table 1). Serum HBV DNA levels by PCR

-assay  (mean -k SD). at - baseline : were 7.94 & 0.87,
8.09 = 1,05, 8.39 + 0.73, and 7.94 £ 0.83 log;q copies/

ml for the entecavir 0.01, 0.1, and 0.5 mg and lamivudine
100 mg groups, respectively. With regard to HBV geno-
type, 124 patients were genmotype C, 6 patients were
genotype A, 5 patients were genotype B, and 2 patients
were genotype F. All patients were nucleos(t)ide-naive and
none had been pretreated with interferon therapy.

Virologic response

Mean changes (from baseline) in serum HBV DNA level at
week 22 were =311, —4.77, and —5.16 log, copies/ml
with entecavir 0.01, 0.1, and 0.5 mg, respectively (Fig'l;
Table 2). Estimated differences in serum HBV DNA levels
between the 0.1 and 0.5 'mg entecavir groups and the low-
dose’ entecavir group (0.01 mg) were determined after
adjustment for baseline level and HBeAg status. Estimated
intertreatment group differences (adjusted 95% CI) were
—1.61 (=220 to ~1.02) log; copies/ml between the ent-
ecavir’ 0.0 ‘and '0.1'mg groups and =1.95 (—~2.53 to
—1.37) logyo copies/ml between the entecavir 0.5 and
0.01 mg groups; both of these differences were statistically
significant (P < 0.0001). In contrast, the difference in
serum HBV DNA levels between the high-dose (0.5 mg)
and medium-dose (0.1 mg) entecavir groups was not sta-
tistically significant (estimated difference [adjusted 95%
CI] 20.23 [-0.69 to 0.23] log;o copies/ml). Taken toge-
ther, these results demonstrate the superiority of high- and
medium-dose entecavir (0.1 and ‘0.5 mg) compared with
low-dose entecavir (0.01 mg) in  térms. of - viral load
reduction (Table 3). Linear regression analyses indicated a

Table 1 Baseline demographics and clinical characteristics of treated subjects

ETV.0.01 mg ETV 0.1 mg ETV 0.5 mg LVD 100 mg
(n=35) (n=34) (n=34) (n=34)
Male, n (%) 25 (71.4) 23 (67.6) 23.(67.6) 28 (82.4)
Female, 1 (%) 10 (28.6) 11(324) 11 (32.4) 6 (17.6)
Age (years), mean % SD 420 +12.5 40.1 £ 98 39.8 £ 104 423 +£12.6
Weight (kg), mean + SD 66.2 +12.5 64.6 + 11.9 653+ 11.1 644 + 9.0
Ethnicity Japanese, n (%) 35 (100) 34 (100) 34 (100) 34 (100)
HBYV DNA (log copies/ml by PCR), 7.94 £ 0.87 8.09 + 1.05 8.39 + 0.73 7.94 + 0.83
mean + SD
HBeAg positive, n (%) 30 (85.7) 30 (88.2) 30 (88.2) 31 (91.2)
ALT (IU/1), mean £ SD 150.1 £ 111.8 162.0 £127.1 1424 + 822 185.0 + 130.8
AST (1U/1), mean + SD 83.2 +40.0 1143 + 1094 81.0 £ 43.0 121.6 =854
Total bilirubin (mg/dl), mean + SD 0.65 +0.25 0.56 + 0.15 0.66 + 0.25 0.71 £ 0.28
HBYV: genotype (%)
C 320914) 30 (88.2) 32 (94.1) 30 (88.2)
A 1(2.86) 2 (5.88) 1.2.94) 2 (5.88)
B 1(2.86) 1.(2.94) 1(294) 2 (5.88)
E 1.(2.86) 1(2.94) 0 0

ETV entecavir; LVD lamivudine
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Fig. 1 Mean change from baseline in serum HBV DNA level by PCR
assay through 22 weeks in patients treated with entecavir (ETV) 0.01,
0.1, and 0.5 mg and lamivudine 100 mg. Mean change in serum HBV
DNA level was plotted as a function of time after the initiation of the
protocol therapy (weeks). Data expressed as mean + SE

significant dose-response relationship between log;, ente-
cavir dose and reduction in log;, serum HBV DNA level
(P < 0.0001).

Mean change (from baseline) in serum HBV DNA level
at week ‘22 ‘for the lamivudine 100 mg group was
—4.29 log;o copies/ml (Fig. 1; Table 2). Estimated mean
differences (95% CI) in serum HBV DNA level (after
adjustment for baseline level and HBeAg status) were
—0.39 (—~0.83 to 0.05) logjg copies/ml between the ente-
cavir 0.1 mg and lamivudine 100 mg groups and —0.62
(—1.06 to —0.18) log,o copies/ml between the entecavir
0.5 mg and lamivudine 100 mg groups, indicating the
noninferiority of the entecavir 0.1 and 0.5 mg groups to the
lamivadine 100 mg group and the superiority of the ente-
cavir 0.5 mg group. to the lamivudine 100 mg  group
(P =0.007) (Table 2). In contrast, the entecavir 0.01 mg
group was significantly inferior to the lamivudine 100 mg
group (estimated - mean difference = 1.20 [0.69-1.71];
P < 0.0001) (Table 2).

The secondary efficacy end point of a reduction in serum
HBV DNA level 2 logy copies/ml or more or HBV DNA
level less than 400 copies/ml by PCR assay was achieved

by 88.6% of patients in the entecavir 0.01 mg group and by
100% of patients in the entecavir 0.1 and 0.5 mg groups at
week 22. Ninety-seven percent of patients in the lamivu-
dine 100 mg group achieved this end point at week 22,
HBYV DNA level less than 0.7 MEg/ml by bDNA assay was
achieved by 65.7%, 94.1%, and 100% of patients in the
0.01, 0.1, and 0.5 mg entecavir groups, respectively, and
by 93.9% of patients in the lamivudine 100 mg treatment

group,
Serologic response

Among HBeAg-positive patients, there was no-significant
difference between seroconversion rates at week 22 for the
entecavir 0.01, 0.1, and 0.5 mg treatment groups. (10.0%,
13.3%, and. 3.6%, respectively) versus the lamivudine
100 mg treatment group (3.3%; Table 2). All patients who
lost HBeAg also experienced HBeAg seroconversion.

Biochemical response

At baseline, elevated serum ALT levels (>1.25 x ULN)
were present in more than 90% of patients-in all four
treatment grounps. At week 22, normal serum ALT levels
(World Health Organization grade 0, <1.25: x. ULN). were
recorded in similar proportions of patients in the entecavir
0.01, 0.1, and 0.5 mg treatment groups (75.0%, 85.3%, and
80.0% of patients, respectively) and the lamivudine treat-
ment group. (78.1% of patients), with no significant inter-
group difference (Table 2),

Response

Response (HBV DNA level <0.7 MEqg/ml by bDNA: assay,
HBeAg loss, and serum - ALT level <1.25 x. ULN for
HBeAg-positive patients and HBV DNA level <0.7 MEqg/
ml by bDNA assay and serum ALT <125 x ULN for
HBeAg-negative patients) was achieved by 14.3%, 20.6%,
and 15.6% of patients in the entecavir 0.01, 0.1, and 0.5 mg

Table 2 Differences in HBV DNA levels between entecavir dose groups by PCR at week 22 in evaluable subjects

0.1 mg ETV-0.01 mg ETV

0.5 mg ETV-0.01 mg ETV

0.5 mg ETV-0.1 mg ETV

(n =34, n=135) (n = 32, n = 35) (n=132,n=34
Estimated: difference® =1.61 -1.95 -0.23
(logio copies/ml)
Standard error 0.24 0.24 0.19
95% Confidence interval® —2.20, =102 ~2.53, =137 =0.69,.0.23
P-value <0.0001 <0.0001 0.227

* Estimated differences are regression-adjusted for baseline serum HBV DNA and HBeAg status
® 95% Confidence interval is adjusted by modified Bonferroni procedures

ETV entecavir
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Table 3 Virology and biochemical responses at week 22 and comparison of entecavir treatment groups with lamivudine in evaluable subjects

Response ETV 0.01 mg ETV 0.1 mg ETV 0.5 mg LVD 100 mg
_ (n = 35) n =34 (n = 32) (n=133)
HBV DNA by PCR assay
Reduction from baseline at week 22 (logyg copies/ml), -3.11 £ 0.18 —4.17 3 0.17 -5.1640.13 —4.29 + (.18
mean £ S.E.
HRV DNA estimated difference® (vs. LVD) (logj copies/ml) 1.20 -0.39 -0.62 -
Standard error 0.26 0.22 0.22 -
95% Confidence interval 0.69, 1.71 -0.83, 0.05 —1.06, -0.18 -
P-value <0.0001° 0.081 0.007° -
HBYV DNA by Roche Amplicor™ PCR assay
Change in logjo HBV DNA reduction >2 or HBV DNA 31 (88.6) 34 (100) 32 (100) 32 (97.0)
<400 copies/ml: at week 22; n (%)
P-value (vs: LVD) 0.206 NR? NR? -
HBV DNA by Quantiplex assay
HBV DNA <0.7 MEg/ml (2.5 pg/ml) at week 22, n (%) 23 (65.7) 32 (94.1) 32 (100) 31 (93.9)
P-value (vs. LVD) 0.002 1.000 NR® -
Normalization of ALT levels®
At week 22, n/n with abnormal baseline (%) 24/32 (75.0) 29/34 (85.3) 24/30 (80.0) 25/32 (78.1)
P-yalue (vs. LVD) 0.842 0.439 0.880 -
Loss of HBeAg and seroconversion at week 48°
HBeAg loss, n/n HBeAg positive at baseline (%) 3/30 (10.0) 4/30.(13.3) 1/28 (3.6) 1/30 (3.3)
HBeAg seroconversion 3/30 (10.0) 4/30.(13.3) 1/28 (3.6) 1/30 (3.3)
P-value (vs..LVD) 0.605 0.350 1.000 =~
Response® at week 22, n (%) 5(14.3) 7.(20.6) 5.(15.6) 3(9.1)
P-value (vs. LVD) 0.735 0.190 0.480 -

* Bstimated differences are regression-adjusted for baseline HBV DNA and HBeAg status

Y Two-sided test indicates inferiority of the éntecavir 0.01 mg dose
¢ Two-sided test indicates superiority of the entecavir dose

4 Not reported because expected counts <5

® WHO grade 0, ALT <1.25 x upper limit of normal

f Seroconversion was defined as disappearance of HBe-antigen and appearance of HBe-antibody

& Response. was defined as HBV DNA levels <0.7 MEq/ml, HBeAg negativity and ALT <1.25 % ULN for HBeAg-positive patients and HBV
DNA levels <0.7 MEg/ml and ALT <1.25 x. ULN for HBeAg-negative patients

ETV éntecavir
LVD lamivudine

treatment groups, respectively, and by 9.1% of patients in
the lamivudine treatment group at week 22, and there were
no significant differences in the rates of response between
the four treatment groups (Table 2).

Resistance analysis

During the treatment period, serum HBV DNA level
increased by 1 logio copies/ml or more: from its nadir in
one patient in the entecavir 0.01 mg group and one patient
in the lamivudine 100 mg group. Nucleotide sequence
analysis of the DNA polymerase coding region, using viral
samples collected from these two patients at day 1 and at
week 22, revealed no lamivudine-resistance substitutions

@ Springer

(rt180 and rt204 amino acid residues) [17, 18] or entecavir-
resistance substitutions (rt184, rt202, and rt250 amino acid
residues) [19].

Safety

During the study, adverse events were experienced by
similar proportions of patients in the entecavir 0.01, 0.1,
and 0.5 mg groups and the lamivudine 100 mg treatment
group (97.1%, 97.1%, 91.2%, and 100.0%, respectively).
Most adverse events were of mild or moderate intensity
(grade 1/2) and transient. The most frequently reported
adverse events (affecting > 10% of patients in any one
treatment group) included nasopharyngitis, headache, and
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Table 4 Summary of adverse events and laboratory abnormalities during the 24-week blinded treatment phase
ETV 0.01 mg ETV 0.1 mg ETV 0.5 mg LVD 100 mg
(n = 35) (n=34) (n=34) (n=1349
Any adverse events 34 (97) 33097 31 91) 34 (100)
Most frequent clinical adverse events,” n (%)
Nasopharyngitis 9.(25.7) 10 (294) 11 (32.4) 10 (29.4)
Headache 6(17.1) 7 (20.6) 259 7 (20.6)
Diarrhea 129 129 4 (11.8) 4(11.8)
Grade 3/4 clinical adverse events, n (%) 0 Q ) 129 1(2.9)
Grade 3/4 laboratory adverse events, n (%) 2457 4 (11,8) 2.(5.9) 4 (118
Any serious adverse events, n (%) 0 1.2.9 2(5.9) 129
Discontinuations due to adverse events,® n.(%) 0 0 1(29) 1(2.9)
ALT flares,® n. (%) 0 129 129 2.9
Death; n (%) 1} 0 0 0

? Occurring in at least 10%.of patients

® One patient treated with ETV 0.5 mg discontinued the study drug due to hepatic cirthosis. One patient treated with lamivudine discontinued

due to increased ALT

© ALT flare defined ALT >2 x baseline and 10 x ULN
ETV entecavir

LVD: lamivudine

diarthea (Table 4), Grade 3/4 clinical adverse events
occurred in one patient in the entecavir 0.5 mg group
(colon carcinoma) and one patient in the lamivudine group
(anal ulcer); neither of these events was considered to be
related to the study drug. Serious adverse events were
limited to the above-mentioned case of colon carcinoma,
serum ALT elevation. (entecavir. 0.1 mg group [n = 1],
entecavir 0.5 mg ‘group [n = 1]), and serum aspartate
aminotransferase (ASTYALT  elevation  (lamivudine
100 mg group [n = 1]), but these were not considered to
be causally related to the study drug and did not necessitate
treatment discontinuation. Transient ALT flares (serum
ALT >2 X baseline level and >10 x ULN) occurred in
four patients (entecavir 0.1 mg group [n = 1], entecavir
0.5 mg group [n = 1], and lamivudine 100 mg group
[m= 2] and were associated with HBV DNA level
decreases of 2 log;, copies/ml or more. None of the ALT
flares were associated with hepatic decompensation and
serum ALT and AST levels recovered to less than
1.25 x bascline level on continuation of  the  study
treatment.

Discussion

The global ETV-005 study reported that entecavir was
superior to lamivudine at reducing viral load in nucleoside-
naive patients with CHB infection [15]. We conducted the
present study, using an identical design to the ETV-005
study, to determine whether the findings from this earlier

study are applicable to Japanese patients. In keeping with
the previous findings, our results indicate that entecavir
produces a dose-related :reduction in: setum HBV DNA
level (0.01 < 0.1 < 0.5 mg) in nucleoside-naive Japanese
patients with CHB; the log dose-response curves for the
reduction in serum HBV DNA level with entecavir in the
two studies were similar, with estimated regression curve
slopes of —1.24 (Japanese study) and —1.32 (global study).
In addition, both studies demonstrated the noninferiority of
the entecavir 0.1 mg group compared with the lamivudine
100 mg group and the superiority of the entecavir:0.5 mg
group compared with the lamivudine 100 mg group. The
demonstration of a dose-response relationship for entecavir
and the superiority of the entecavir 0.5 mg dose over
lamivudine confirm that the antiviral activity of entecavir
in Japanese patients is similar to that observed in study
ETV-005. In a previous study, Ono et al. [14] demonstrated
that the in vitro potency of entecavir was up to 2,200 times
greater than that of lamivudine. The results presented here
substantiate these earlier in vitro data and confirm the
greater potency. of entecavir over lamivudine in patients
with CHB.

Serum ALT normalization rates with entecavir 0.5 mg
and lamivudine 100 mg (~80%) were higher in the pres-
ent study than those reported in the ETV-005 study. (ent-
ecavir 0.5 mg, 69.0%; lamivudine 100 mg, 59.1%) [15]. In
keeping with previous findings [20, 21], the incidence of
entecavir-associated serum ALT flares in Japanese patients
was low. The serum ALT flares occurred against a back-
ground of 2 logig copies/ml or more reductions in serum
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HBV DNA level, and serum ALT levels subsequently
normalized without discontinuation of entecavir. There-
fore, the serum ALT flare noted here may indicate recovery
of the host’s immune response arising from the reduction in
HBYV viral titer [22, 23], ALT flares have been reported
after the discontinuation of entecavir therapy {15, 16], thus
necessitating long-term follow-up to identify possible
posttreatment viral rebound,

In conclusion, the results of this dose-ranging study
demonstrate a clear dose-response relationship for ente-
cavir in terms of mean HBV DNA level reduction at week
22. Entecavir 0.5 mg was significantly more effective than
lamivudine 100 mg in reducing HBV DNA levels in
nucleoside-naive Japanese adult patients with CHB. At this
dose level, entecavir treatment resulted in serum HBV
DNA levels of less than 400 copies/ml in 100% of patients
and normalization of serum ALT levels in 80% of patients
after 22 weeks. Moreover, entecavir 0.5 mg once daily was
well tolerated and showed a comparable safety profile to
lamivudine.

References

1.-Maddrey WC. Hepatitis:B: ‘an important public health issue. J
Med Virol 2000;61:362--366. doi: 10.1002/1096-9071(200007)61:
3<362::AID-IMV 14>3.0.CO;2-1

2. Kao JH, Chen DS. The natural history of hepatitis B virus
infection. In Lai CL, Locamini S, editors. Hepatitis B Virus,
London: International Medical Press; 2002, 161-172

3..Lok AS, McMahon BJ. American Association for the Study of
Liver Diseases (AASLD) practice guidelines. Chronic Hepatitis
B. Hepatology 2007;45:507-539. doi:10.1002/hep.21513

4. Rivkin A. A review of entecavir in the treatment of chronic
hepatitis B infection. Curr Med Res Opin 2005;21:1845-1856.
doi: 10.1185/030079905X65268

5. Wong DKH, Cheung AM, O'Rourke K, Naylor CD, Detsky AS,
Heathcote J. Effect of alpha-interferon treatment in patients with
hepatitis B ¢ antigen-positive chronic hepatitis B. A meta-anal-
ysis. Ann Intern Med 1993;119:312-323

6. Allen MI, Deslautiers M, Andrews CW, Tipples GA, Walters
KA, Tymell DL, et al. Identification and characterization of
mutations in hepatitis B virus resistant to Jamivudine. Lamivu-
dine Clinical Investigation Group. Hepatology 1998;27:1670-
1677. doi:10.1002/hep.510270628

7..Chang TT, Lai CL, Chien RN, Guan R, Lim SG, Lee CM, et al.
Four years of lamivudine treatment in: Chinese patients: with
chronic hepatitis B. I Gastroenterol Hepatol 2004;19(11):1276-
1282, doi:10.1111/5.1440-1746.2004.03428.x

8.:Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZ, Yuen H; et al.
Lamivudine for patients with chronic hepatitis B and advanced liver
diseass, N Engl J Med 2004;351(15):1521-1531, doi:10.1056/
NEFMoa033364

9. Omata M. Treatment of chronic hepatitis B infection. N Engl J
Med 1998;339:114. doi:10.1056/NEJM199807093390209

10. Liaw YF, Leung N, Kao JH, Piratvisuth T, Gane E, Han KH,
et al, Asian-Pacific consensus statement on the management of

@ Springer

1L

12

13,

14.

15.

16.

17.

18.

19.

21,
- anciara J; et al. Entecavir is superior to continued lamivudine for

22,

23,

chronic hepatitis B: a 2008 update. Hepatol Int 2008;2:263-283,
doi; 10.1007/s12072-008-9080-3

Genovesi EV, Lamb L, Medina I, Taylor D, Seifer M, Innaimo S,
et al. Efficacy of the carbocyclic 2'-deoxyguanosine nucleoside
BMS-200475 in the woodchuck model of hepatitis B virus
infection. Antimicrob Agents Chemother 1998;42:3209-3217
Marion PL, Salazar FH, Winters MA, Colonno RJ, Potent effi-
cacy of entecavir (BMS-200475) in a duck model of hepatitis B
virus replication. Antimicrob Agents Chemother 2002;46:82—88.
doi: 10.1128/AAC.46.1.82-88.2002

Colonno RJ, Rose R, Baldick CJ, Levine S, Pokomowski K, Yu
CF, et al. Entecavir resistance is rare' in nucleoside naive patients
with hepatitis B. Hepatology 2006;44:1656-1665. doi:10.1002/
hep.21422

Ono SK, Kato N, Shiratori Y, Kato J, Goto T, Schinazi RF, et al.
The polymerase L528M mutation cooperates’ with nucleotide
binding-site mutations, increasing hepatitis B virus replication and
drug resistance. J Clin Invest 2001;107:449-455. doi:10.1172/
JCI11100

Lai CL, Rosmawati M, LaoJ; Van Vlierberghe H, Anderson FH,
Thomas N, et al.. Entecavir is superior to lamivudine in. reducing
hepatitis B virus DNA in patients with chronic hepatitis. B infec-
tion, Gastroenterology 2002;123:1831-1838. doi:10.1053/gast.
2002.37058

Chang TT, Gish RG, Hadziyannis SJ, Cianciara J, Rizzetto' M,
Schiff ER, et al, A dose-ranging study of the efficacy and toler-
ability of entecavir in lamivudine-refractory chronic hepatitis B
patients. Gastroenterology 2005;129:1198-1209. doi:10.1053/
jogastro.2005.06.055 .

Ling R, Mutimer D, Ahmed M, Boxall EH, Elias E, Dusheiko
GM, et al. Selection of mutations in the hepatitis B. virus poly-
merase during therapy of transplant recipients with lamivudine:
Hepatology 1996;24:711-713: doi:10.1002/hep.510240339
Tipples GA, Ma MM, Fischer KP, Bain VG, Kneteman NM,
Tyrrell DLY. Mutation in HBV RNA-dependent DNA polymerase
confers resistance to lamivudine 'in vivo.  Hepatology
1996:24:714-717

Tenney DJ, Levine SM, Rose RE; Walsh AW, Weinheimer SP,
Discotto L, et al. Clinical emergence of entecavir-resistant hep-
atitis B virus requires additional substitutions in virus already
resistant to lamivudine. ~Antimicrob : Agents ~ Chemother
2004;48:3498-3507. doi:10.1128/AAC.48.9.3498-3507.2004

. ‘Chang TT, Gish R, de Man R, Gadano A, Sollano J, Chao YC,

et al. A comparison of entecavir and lamivudine for HBeAg-
positive chronic hepatitis B. N Engl J Med 2006;354:1074-1076.
doi:10.1056/NEYMoa051285

Sherman M, Yurdaydin C, Sollano J, Silva M, Liaw Y-F, Ci-

the treatment of lamivudine-refractory. HBeAg-positive chronic
hepatitis B. Gastroenterology 2006;130:2039-2049

Boni C, Berfoletti A, Penna A, Cavalli A, Pilli M, Urbani §, et al.
Lamivudine treatment can restore T cell responsiveness in chronic
hepatitis B. ] Clin Invest 1998;102:968-975. doi:10:1172/JC13731
Nair S, Perrillo RP. Serum alanine aminotransferase flares during
interferon treatment of chronic hepatitis B: is sustained clearance
of HBV' DNA dependent on levels of pretreatment viremia?
Hepatology 2001;34:1021-1026. doi: 10.1053/jhep.2001.28459

—532—



Original Paper

Intervirology

Intervirology 2009;52:301-309
DOI: 10.1159/000235909

Received: May 5, 2009
Accepted after revision: july 8, 2009
Published oniine: September 2, 2009

Association of Amino Acid Substitution Pattern
in Core Protein of Hepatitis C Virus Genotype
2a High Viral Load and Virological Response to
Interferon-Ribavirin Combination Therapy

Norio Akuta? Fumitaka Suzuki® Miharu Hirakawa? Yusuke Kawamura?
Hiromi Yatsuji?  Hitomi Sezaki® Yoshiyuki Suzuki® Tetsuya Hosaka?
Masahiro Kobayashi? Mariko Kobayashi® Satoshi Saitoh? Yasuiji Arase?

Kenji lkeda®  Hiromitsu Kumada?

aDepartment of Hepatology and PLiver Research Laboratory, Toranomon Hospital, Tokyo, Japan

Key Words
Hepatitis C virus - Genotype 2a - Core region - Interferon -
Ribavirin - Rapid response

Abstract

Background: Substitution of amino acids (aa).70 and 91 in
the core region of HCV genotype 1bis a useful pretreatment
predictor of poor response to interferon + ribavirin combi-
nation therapy, but the impacts of aa substitutions in the
coreregion of HCV genotype 2a are still not clear. Methods:
154 consecutive Japanese adults with ahigh viral load (=100
klU/ml) of genotype 2a who could complete combination
therapy for 24 weeks were evaluated. To examine the differ-
ences in virological characteristics between non-sustained
virological response (non-SVR) and rapid responder (SVR pa+
tients who could achieve a HCV-RNA-negative status within
8 weeks), 86 patients could be analyzed by pretreatment
substitution patterns of the core region. Results: SVR was
achieved in 127 of 154 patients (83%), and rapid response in
113 of 127 (90%)..In -all 154 patients, multivariate analysis
identified younger:age, lower level of viremia; and higher
level of albumin as significant determinants of SVR. As sig-

nificant determinants of rapid response in 86 patients, mul-
tivariate analysis identified substitution of aa 4 (non-aspara-
gine) in addition to the significant determinants of SVR.
Conclusions: Our results suggest that the aa substitution
pattern of the core region in patients with a high titer of ge-
notype 2a may partly affect the virological response to com-
bination therapy. Copyright ©.2009 5. Karger AG, Basel

Introduction

The response to interferon (IEN)-related therapy var-
ies according to hepatitis C virus (HCV) genotype [1, 2].
In Japan, about 70% of patients with chronic hepatitis C
are infected with HCV genotype 1b, and about 25% with
genotype 2a [3]. Sustained virological response (SVR) to
48-week IFN + ribavirin combination therapy is about
50% in genotype 1b infection, and SVR to 24-week com-
bination therapy is more than 80% in genotype 2 infec-
tion [4-9].

IEN + ribavirin combination therapy carries potential
serious side effects and is costly, especially when used
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long enough to achieve a high SVR. For these reasons,
especially in genotype 2 infection, it is necessary to iden-
tify those patients who could achieve SVR with a shorter
treatment course (<16 weeks) to free them of unneces-
sary side effects and reduce costs, preferably as early as
possible [6-8]. Furthermore, we also sometimes encoun-
ter treatment-resistant patients infected with genotype 2a
[3, 10]. The underlying mechanism(s) of the different vi-
rological responses to treatment in patients infected with
genotype 2a is still unclear. Hence, the pretreatment pre-
dictors of the efficacy of IEN + ribavirin combination
therapy were investigated in the present study.

Amino acid (aa) substitutions at position 70 and/or 91
in the HCV core region of infected patients with geno-
type 1b and a high viral load (=100 kIU/ml) are predic-
tors of poor virological response to 48- and 72-week pe-
gylated IFN (PEG-IFN) + ribavirin combination thera-
pies [11-15], and also affect clinical outcomes, including
insulin resistance and hepatocarcinogenesis [16-18].
However, it is unknown whether the aa substitutions of
the core region in patients infected with genotype 2a who
have high viral load might also be as useful as the pre-
treatment virological predictive factors apart from the
genotype and viral load.

The present study included 154 Japanese adults with
genotype 2a and a high viralload, who received combina-
tion therapy for 24 weeks. The aim of the study was to
investigate the treatment efficacy and pretreatment pre-
dictive factors including virological features.

Materials and-Methods

Study Population

A total of 190 HCV genotype 2a-infected Japanese adult pa-
tients were consecutively recruited into the study protocol of the
combination therapy with IFN (PEG-IFNa-2b or IFNe-2b) + ri-
bavirin for 24 weeks between March 2002 and February 2008 at
Toranomon Hospital, Tokyo, Japan. Among these, 154 patients,
who could complete a total of 24 weeks of combination therapy,
were enrolled in this retrospective study and fulfilled the follow-
ing criteria: (1) They were negative for hepatitis B surface antigen
(radioimmunoassay, Dainabot, Tokyo, Japan), positive for anti-
HCV (third-generation enzyme immunoassay, Chiron Corp.,
Emerville, Calif,, USA), and positive for HCV-RNA qualitative
analysis with PCR (Amplicor, Roche Diagnostic Systems, Calif.,
USA). (2) They were naive to ribavirin therapy. (3) They were in-
fected with HCV genotype 2a alone. (4) Each had a high viral load
(=100 kIU/ml) by quantitative analysis of HCV-RNA with PCR
(Amplicor GT HCV Monitor v2.0 using the 10-fold dilution
method, Roche Molecular Systems, Inc., Pleasanton, Calif., USA)
within the preceding 2 months of enrolment. (5) They had no he-
patocellular carcinoma. (6) Their body weight was >40kg. (7) All
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werefree of coinfection with human immunodeficiency virus, (8)
None had been treated with antiviral or immunosuppressive
agents within the preceding 3 months of enrolment. (9) None was
an alcoholic; lifetime cumulative alcohol intake was <500 kg
(mild to moderate alcohol intake). (10) None had other forms of
hepatitis, such as hemochromatosis, Wilson’s disease, primary
biliary cirrhosis, alcoholic liver disease, and autoimmune liver
disease. (11) None of the females were pregnant or lactating moth-

ers. (12) All patients had completed a 24-week follow-up program

after cessation of treatment; and SVR could be evaluated. (13)
Each signed a consent form of the study protocol that had been
approved by the Human Ethics Review Committee.

Table 1'summarizes the profiles and data of the 154 patientsat
the commencement of combination therapy with IFN +ribavirin.
The study included 92 men and 62 women, aged 20-70 years (me-
dian 53); In all patients, the total duration of treatment was 24
weeks. In 43 of the 154 (27.9%) patients, the dose of ribavirin was
reduced during treatment due to a fall in Hb concentration.

With regard to the treatment protocol, 104 (67.5%) patients
received PEG-IFNa-2b + ribavirin for 24 weeks, and the remain-
ing 50 (32.5%) patients received IFNa-2b + ribavirin for 24 weeks.
They received PEG-TFNa-2b at a median dose of 1.5 p.g/kg (range
1.0-1.8) subcutaneously each week, or IFNa-2b at a median dose
of 6 million units (range 3~6) intramuscularly each day (7 times
per week for the initial 2 weeks, followed by 3 times per week for
22 weeks). They also received oral ribavirin at a median dose of
11.2 mg/kg (range 5.4-14.1) daily.

The treatment efficacy was evaluated by HCV-RNA positivity
based on qualitative PCR analysis at the end of treatment (non-
virological response; NVR), and by HCV-RNA negativity based
on qualitative PCR analysis at 24 weeks after the completion of
therapy (SVR). Furthermore, rapid responders were defined as
SVR patients who could achieve a negative status within 8 weeks
after the start of treatment, based on qualitative PCR analysis.

Laboratory Tests

Blood samples were obtained at least once every month before,
during, and after treatment, and were analyzed for alanine ami-
notransferase (ALT) and HCV-RNA levels. The'serum samples
were frozen at -80° within 4 h of collection and thawed at the time
of measurement. HCV genotype was determined by PCR using a
mixed primer set derived from the nucleotide sequences of the
NS5 region [19]. HCV-RNA levels were measured by quantitative
PCR (Amplicor GT HCV Monitor v2.0 using the 10-fold dilution
method, Roche Molecular Systems, Inc.) atleast once every month
before, during, and after therapy. The dynamic range of the assay
was 5-5,000 kIU/ml. Samples collected during and after therapy
that showed undetectable levels of HCV-RNA (<5 kIU/ml) were
checked by qualitative PCR (Amplicor HCV v2.0, Roche Molecu-
lar Systems, Inc.), which has a higher sensitivity than quantitative
analysis, and the results were expressed as positive or negative.
The lower limit of the assay was 50 TU/mL

Histopathological Examination of Liver Biopsies

Liver biopsy specimens were obtained percutaneously or at
peritoneoscopy using a modified Vim Silverman needle with an
internal diamieter of 2 mim (Tohoku University style, Kakinuma
Factory, Tokyo, Japan), fixed in 10% formalin, and stained with
hematoxylin and eosin, Masson’s trichrome, silver impregnation,
and periodic acid-Schiff after diastase digestion. All specimens
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Table 1. Profile and laboratory data of 154 patients infected with HCV genotype 2a

Demographic data
Number of patients
Sex, M/F
Age, years®
History of blood transfusion
Family history of liver disease
Body mass index*

Laboratory data*

Serum aspartate aminotransferase, 1U/1

Serum alanine aminotransferase, IU/1
Serum albumin; g/dl

v-Glutamyl transpeptidase, IU/L
Leukocytes, /mm?

Hemoglobin, g/dl

Platelet count, X 104/mm?

Indocyanine green retention rate at 15 min, %

Serum iron, pg/dl
Serum ferritin, pg/l
Level of viremia, kIU/ml
a-Fetoprotein, pg/l
Total cholesterol, mg/dl

High-density lipoprotein cholesterol, mg/dl
Low-density lipoprotein cholesterol, mg/dl

Triglycerides, mg/dl

Uric acid, mg/di

Fasting plasma glucose, mg/dl
Histological findings

Stage of fibrosis (F1/F2/F3/ND)

Grade of activity (A1/A2/ND)

Hepatocyte steatosis (<5% (absent)/25% (present)/ND)

Treatment
PEG-IFNa-2b/IFNa-2b
Ribavirin dose, mg/kg*
Total duration of treatment, weeks
Past history of IFN monotherapy

154
92/62
53 (20-70)
43 (27.9%)
26 (16.9%)
22.7 (17.9-31.8)

43 (7-404)
54 (8-651)
3.9 (3.2-4.7)
38 (9-406)
4,800 (2,200-9,000)
14.4(9.9-17.8)
17.9 (6.1-32.9)
13 (4-35)
136 (22-336)
124 (<10--820)
720 (5->5,000)
4 (2-103)
174 (107-275)
47 (15-109)
105 (48~201)
98.(36-449)
5.6 (2.5-9.4)
93 (75-187)

58/23/16/57
57/40/57
35/52/67:

104/50

11.2 (5.4-14.1)
24
56(36.4%)

Data are number and percentages of patients, except those denoted by asterisk (*), which represent the me-

dian (range) values. ND = Not determined.

for examinations contained =6 portal areas. Histopathological
diagnosis was confirmed by an experienced liver pathologist (H.
K.) who was blinded to the clinical data. Chronic hepatitis was
diagnosed based on histological assessment according to the scor-
ing system of Desmet et al. [20].

Nucleotide Sequencing of the Core Region

We determined the sequences of aa 1-191 in the core region by
the direct sequencing method using pretreatment sera of patients
who could be analyzed due to adequate serum samples obtained
at the start of combination treatment. These sequences were com-
pared with the consensus sequences of genotype 2a, which were
determined by comparing the sequences obtained in this study
and prototype sequence (HCV J6) [21]. HCV-RNA was extracted
from sertm samples at the start of tieatment and reverse tran-

HCV-2a Core and Combination Therapy

scribed with random primer and MMLV reverse transcriptase
(Takara Syuzo, Tokyo, Japan). Nucleic acids were amplified by
nested PCR using the following primers. Nucleotide sequences of
the core region: the first-round PCR was performed with 2ACF5
(sense;, 5'-GCA AGA CTG CTA GCC GAG TA-3") and 2ACR6
(antisense, 5-ATC TGA GCT GCG AGC ATC AC-3') primers,
and the second-round PCR with 2ACE3N (sense; 5-CCT TGT
GGT ACT GCCTGATA-3'yand 2ACRS (antisense; 5'-:CCA GGT
GAT GCT GTC ATT AG-3") primers. All samples were initially
denatured at 95° for 2 min. The 35 cycles of amplification were set
as follows: denaturation for 30 s at 95°, annealing of primers for
30 sat:55% and extension for 1 min at 72° with-an additional 7 min
for extension. Then 1 wl of the first PCR product was transferred
to'the second PCR reaction. Otherconditions for the second PCR
were the same as the first PCR, except that the second PCR prim-
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Table 2. Factors associated with sustained virological response to
combination therapy with IFN + ribavirin for 24 weeks in 154
patients infected with HCV genotype 2a, identified by multivari-
ate analysis

Factor Category Oddsratio =~ :p -
S (95%C) s

Age, years 1: 250 1
2: <50 6.37 (1.76-23.3)  0.005

Serum albumin, g/dl 1:<3.9 1
2:23.9 3.19(1.17-8.73) 0.024

Level of viremia, KIU/ml  1:21,000 1
2:<1,000 2.86(1.11-7.41) 0.030

Only variables that achieved statistical significance (p < 0.05)
on multivariate logistic regression are shown.

ers were used instead of the first PCR primers. The amplified PCR
products were purified by the QIA quick PCR purification kit
(Qiagen, Tokyo, Japan) after agarose gel electrophoresis and then
used for direct sequencing. Dideoxynucleotide termination se-
quencing was performed with the Big Dye Deoxy Terminator Cy-
cle Sequencing kit (PerkinElmer, Tokyo, Japan).

To avoid false-positive results, the procedures recommended
by Kwok and Higuchi [22] to prevent contamination were strictly
applied to these PCR assays. No false-positive results were ob-
served in this study.

Statistical Analysis

Non-parametric tests were used to analyze the aa substitutions
in HCV core between the groups, including the Mann-Whitney
U test; x? test-and Fisher’s exact probability test. Uni- and multi-
variate logistic regression analyses were used to determine the
factors that significantly contributed to SVR and rapid response.
We also calculated the odds ratios and 95% confidence intervals
(CI). All p values <0.05 calculated by the two-tailed test were con-
sidered significant. Variables that achieved statistical significance
(p < 0.05) or marginal significance (p <0.10) on univariate anal-
ysis were entered into multiple logistic regression analysis to iden-
tify significant independent factors. Potential predictive factors
associated with SVR included the following variables: sex, age;
history of blood transfusion, familial history of liver disease, body
mass index, aspartate aminotransferase (AST); ALT, albumin, y-
glutamyl transpeptidase (yGTP), leukocyte count, hemoglobin,
platelets, indocyanine green retention rate at 15 min (ICG R15),
iron, ferritin, level of viremia, a-fetoprotein, total cholesterol,
high-density - lipoprotein ' cholesterol, low-density lipoprotein
cholesterol, triglycerides; uric acid, fasting blood glucose, type of
IFN, ribavirin dose/body weight, and past history of IFN moneo-
therapy. Furthermore, in addition to potential predictive factors
associated with SVR, potential predictive factors associated with
a rapid response also included aa substitution in the core region.
Statistical analyses: were performed using the SPSS software
(SPSS; Inc,; Chicago, 111, USA).
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Table 3. Amino acid substitutions in the core region in non-SVR
and rapid response to combination therapy with IFN + ribavirin
for 24 weeks in 86 patients infected with HCV genotype 2a

- Non-SVR' . Rapidresponse = p*
S . (m=25 ' (n=61) - ‘ v
Presence of substitution site
aad 1(4.0%) 15 (24.6%) 0.032
aa23 2 (8.0%) 0 (0%) 0.082
aa 70 1(4.0%) 0(0%) NS
aa 91 0 (0%) 4 (6.6%) NS
aa 110 11 (44.0%) 34 (55.7%) NS

* Non-SVR vs. rapid response (Fisher’s exact probability test;
statistical significance (p < 0.05), marginal significance (p < 0.10)).
aa = Amino acid; SVR = sustained virological response; NS = not
significant.

Results

Virological Response Rates to Combination Therapy

The virological response could be evaluated in all 154
patients. SVR was achieved in 127 of 154 (82.5%) patients,
and rapid response in 113 of 127 (90.0%). Only 5 of 154
(3.2%) patients were considered NVR.

Predictive Factors Associated with SVR in

Multivariate Analysis

We then analyzed the data of all 154 patients to deter-
mine those factors that could predict SVR. Univariate
analysis identified 5 parameters associated with SVR that
achieved statistical significance or marginal significance.
These included age (<50 years; p <0.001), serum albumin
(=3.9 g/dl; p = 0.003), level of viremia (<1,000 kIU/ml;
p = 0.049), history of blood transfusion (absent; p =
0.064), and ALT (=30 IU/L; p = 0.088).

Multivariate analysis identified 3 parameters that in-
dependently influenced SVR, including age (<50 years;
p = 0.005), serum albumin (=3.9 g/dl; p = 0.024), and
level of viremia (<1,000 kIU/ml; p = 0.030) (table 2).

Fig: 1. Sequences of aa'1-30 and aa 61-110 in the core region at the
commencement of combination therapy in 86 patients infected
with high HCV viral load genotype 2a. Dashes indicate aa identi-
cal to the consensus sequence of genotype 2a, and substituted aa
are shown by standard single-letter codes. The aa patterns at posi-
tions that are probably associated with sensitivity to therapy are
shown in boldface characters. NSR = Non:SVR; RR = rapid re-
sponse:
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Table 4. Patient profile and laboratory data of non-SVR and rapid response to combination therapy with
IEN + ribavirin for 24 weeks in 86 patients infected with HCV genotype 2a, who could be analyzed by the nu-

cleotide sequences of the core region

" Non-SVR -~ Rapid response p?
Demographic data
Number of patients 25 61
Sex, M/F 12/13 39/22 NS
Age, years® 58 (34-64) 51 (20-66) 0.006
History of blood transfusion 10 (40.0%) 15 (24.6%) NS
Family history of liver disease 4 (16.0%) 10 (16.4%) NS

Body mass index* 23.1 (19.5-30.0) 22.7(17.9-31.1) NS
Laboratory data*
Serum aspartate aminotransferase, 1U/1 31 (19-200) 42 (7-125) NS
Serum alanine aminotransferase, IU/1 44 (14-357) 53 (8-280) NS
Serum albumin, g/dl 3.8 (3.2-4.2) 3.9(3.2-4.5) 0.005
y-Glutamyl transpeptidase, TU/1 38 (14-141) 39 (10-406) NS
Leukocytes, /mm? 4,600 (3,100-8,000) 4,800 (2,400-9,000) NS
Hemoglobin, g/dl 14.2 (12.5-17.8) 14,7 (11.1-17.2) NS
Platelet count, X 10%/mm? 16.3 (8.0-32.9) 18.0 (10.6-30.6) NS
Indocyanine green retention rate at 15 min, % 16 (5-26) 12 (6-35) NS
Serum iron, pg/dl 152 (30-284) 144 (26-304) NS
Serum ferritin; pg/l 133 (16-756) 123 (10-820) NS
Level of viremia, kIU/ml 1,200 (93->5,000) 680 (5-4,600) 0.053
a-Fetoprotein, g/l 5(2-103) 5(2-48) NS
Total cholesterol, mg/dl 172 (117-236) 184 (137-264) NS
High-density lipoprotein cholesterol, mg/dl 49 (27-82) 49 (15-101) NS
Low-density lipoprotein cholesterol, mg/dl 102 (48-150) 109 (73-198) NS
Triglycerides, mg/dl 108 (55-276) 97 (39-418) NS
Uric acid, mg/dl 5.2 (3.2-8.7) 5.7 (2.5-8.7) NS
Fasting blood glucose, mg/dl 92 (80-126) 93 (77-109) NS
Treatment
Ribavirin dose, mg/kg* 11.1 (8.0-12.9) 11.2(7.3-14.0) NS
Past history of IFN monotherapy 9 (36.0%) 19 (31.1%) NS

Data are number and percentages of patients, except those denoted by asterisk (*), which represent the me-

dian (range) values.

*Non-SVR vs. rapid responder (Mann-Whitney U test or x* test; statistical significance (p < 0.05), marginal
significance (p < 0.10)). SVR = Sustained virological response; NS = not significant.

Treatment Efficacy according to Substitution Patterns

in Amino Acids of the HCV Core Region

To examine the differences in virological characteris-
tics between non-SVR and rapid response, 86 patients (25
of 27 non-SVR patients and 61 of 113 rapid responders)
could be analyzed by the nucleotide sequences of HCV
core region due to adequate serum samples obtained at
the start of combination treatment. Figure 1 shows the
sequences of aa 1-30 and aa 61-110 of the core region in
86 patients at the commencement of combination thera-
py. Substitutions at aa 4 (non-asparagine) of HCV core
were significantly more frequent in rapid response (n =
15,24.6%) than non-SVR (n = 1,4.0%) patients (p = 0.032).

306 Intervirology 2009;52:301-309

Inversely, substitutions at aa 23 (non-lysine) were more
frequent in non-SVR (n = 2, 8.0%) than rapid response
(n = 0, 0%) patients (p = 0.082). There were no significant
differencesin the other substitution sites, including aa 70,
aa 91, and aa 110 of the previous report [11], concerning
the treatment efficacy of rapid response and non-SVR
(table 3).

Predictive Factors Associated with Rapid Response in

Multivariate Analysis

We then evaluated the data of all 86 patients who could
be analyzed by the nucleotide sequences of core region
to determine those factors that could predict rapid re-
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Table 5. Factors associated with rapid response to combination
therapy with IFN + ribavirin for 24 weeks in 86 patients infected
with HCV genotype 2a, identified by multivariate analysis

Factor Category Oddsratio  p
| (95% CI)
Age, years 250 1

1:
2: <50 7.46(1.79-31.3) 0.006
Level of viremia 1: 21,000 1
KIU/ml 2:<1,000 4.33(1.36-13.9) 0.013
Substitution of aa 4 1:asparagine 1
2: non-asparagine 9.97 (1.12-89.0) 0.039

Only variables that achieved statistical significance (p < 0.05)
on multivariate logistic regression are shown.

sponse. Univariate analysis identified 5 parameters asso-
ciated with rapid response that achieved statistical sig-
nificance or marginal significance. As potential predic-
tors of rapid response, table 4 indicates age (<50 years;
p = 0.006), serum albumin (=3.9 g/dl; p = 0.005), and
level of viremia (<1,000 kIU/ml; p = 0.053). Furthermore,
table 3 shows aa substitution of the core regionin the pre-
treatment sample (substitution of aa 4 [non-asparagine],
p = 0.032, and aa 23 [lysine], p = 0.082).

Multivariate analysis identified 3 parameters that in-
dependently influenced rapid response, including age
(<50 years; p = 0.006), level of viremia (<1,000 kIU/ml;
p = 0.013), and substitution of aa 4 (non-asparagine; p =
0.039) (table 5).

Discussion

Previous reports indicated that viral factors (e.g., viral
load, aa substitutions in the NS5A region, early viral ki-
netics, and periods from the start of treatment to initial
point of undetectable HCV-RNA) and host factors (e.g.,
body mass index, fibrosis stage, and level of soluble inter-
leukin-2 receptor) might be important predictors of treat-
ment response to 24-week IEN + ribavirin combination
therapy in patients infected with HCV genotype 2a, in
addition to treatment-related factors (e.g., treatment du-
ration and ribavirin dose) [6-9, 23-28]. Using multivari-
ate analysis, the present study identified viral- (viralload
and substitution of aa 4) and host-related factors (age and
serum albumin levels as surrogate markers of liver fibro-
sis [3, 11]) that influenced the virological response to 24-
week combination therapy in patients with genotype 2a

HCV-2a Core and Combination Therapy

infection and a high viralload. IFN + ribavirin combina-
tion therapy carries potential serious side effects and is
costly, especially when used long enough to achieve a
high SVR. For these reasons, especially in genotype 2 in-
fection, it is necessary to identify those patients who
could achieve SVR with a shorter treatment course (<16
weeks) to free them of unnecessary side effects and re-
duce costs, preferably as early as possible [6-8]. Identifi-
cation of these viral and host factors before the start of
combination therapy should help design better therapeu-
tic regimens.

Amino acid substitutions at position 70 and/or 91 in
the core region of patients with genotype 1b infectionand
a high viral load are predictors of poor virological re-
sponse to 48- and 72-week PEG-IFN + ribavirin combi-
nation therapy [11-15] and also affect clinical outcomes,
including insulin resistance and hepatocarcinogenesis
[16-18]. This study, based on 24-week combination ther-
apy in patients with genotype 2a infection and a high vi-
ral load, identified substitution of aa 4 in the core region
as the significant determinant of treatment efficacy, but
did not identify substitutions of aa 70, aa 91, and aa 110.
These discrepant findings might be due to the difference
of genotype and treatment duration. Other mechanisms
could be also explained by the small number of NVR pa-
tients with genotype 2a (only 3%), compared with about
25% of patients infected with genotype 1b [11]. Previous
studies reported that the core region might be associated
with resistance to IFN monotherapy involving the Jak-
STAT signaling cascade [29-32]. The present result could
also be interpreted to mean that aa substitutions in the
core region are associated with those proteins involved in
resistance to IFN monotherapy, such as SOCS proteins,
which are known to inhibit IFN-a-induced activation of
the Jak-STAT pathway and expression of the antiviral
proteins 2',5'-OAS and MxA [33]. Furthermore, this re-
sult also indicates that aa substitutions in the core region
might serve as surrogate markers for other proteins as-
sociated with resistance to the antiviral actions of IFN.
One limitation of this study based on the small number
of patients was that only the nucleotide sequences of rap-
id response within SVR patients were analyzed, although
all of SVR patients should have been investigated (e.g.,
possible type II error). Further large-scale studies that ex-
amine the structural and functional impacts of aa substi-
tutions during combination therapy should be conducted
to confirm the above findings.

In conclusion, our results suggest that the aa substitu-
tion pattern in the core region in patients with a high vi-
ral load of HCV genotype 2a may partly affect the viro-
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logical response to combination therapy. The limitations
of this study were that it did not investigate other viral
factors, such as the number of substitutions in aa 2193-
2228 (the region corresponding to the IFN sensitivity-de-

termining region [ISDR] of genotype 1b [34-36]) or aa
2163-2228 of NS5A in genotype 2a [10, 26, 37], the geo-

graphic diversities of the genotype 2a core region (distri-
bution of consensus sequence), and other races apart
from Asians in Japan. Further prospective studies,
matched for aa substitutions of the core region and large

ot
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Abstract

Objective - The aim of this study was to elucidate the efficacy of interferon (IFN)-beta monotherapy for eld-
erly patients of =70 years with type C hepatitis (HCV) of genotype 2.

Methods The present study was a retrospective cohort study. Inclusion criteria were type C hepatitis pa-
tients with HCV .genotype 2a or 2b, =70 years, and IFN-beta monotherapy of within 24weeks. Thirty-one
consecutive patients who' satisfied the above criteria were enrolled in the present study. Independent: factors
that might have influenced the sustained virological response (SVR) were studied using logistic regression
| analysis,

' Results - Background of clinical profiles was as follows: median (range) age =71 (70-76) years, male/female
| =13/18, and median (range) HCV-RNA=260 (<5-3,800) KIU/mL. Out of 31, 16 patients (51.6%) had SVR
by the intention-to-treat analysis. The SVR was significantly associated with the serum HCV RNA level. Lo-
gistic analysis showed that SVR occurred when HCV RNA level was <100 KIU/mL (p=0.020). Based on the
difference of the serum HCV RNA level, the SVR rate was 81.8% (9/11) in patients with a serum HCV
RNA level of <100 KIU/mL. and 35.0% (7/20) in patients with a serum HCV RNA level of =100 KIU/mL.
Conclusion IFN-beta monotherapy of <24 week is a possible therapy selection for elderly patients of =70
years with type C hepatitis of genotype 2.

Key words: elderly patients, hepatitis C virus, genotype 2a or 2b, interferon monotherapy, sustained virologi-
cal response
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span has been long in Japan. Thus, in the near future, a

Intreduction

Current interferon (IFN) therapy for patients with chronic
hepatitis C viral (HCV) infection has been directed at viral
clearance. Recent studies have reported: improvement . of
therapeutic efficacy when IFN: is combined with ribavirin
(1-6). However, IFN is expensive and has a number of seri-
ous side effects. The adverse events have a tendency to oc-
cur in elderly patients (7, 8). Therefore, in the case of eld-
erly patients, the physician in charge often avoids IFN ther-
apy because of IFN side effects. However, recently, the life-

large number of patients with HCV will be >60 years of
age. Also, HCV-related hepatocellular carcinoma (HCC) pa-
tients have been shown to become old with a peak around
age 70 (9-11). When such aged patients with chronic abnor-
mal ALT levels consult a doctor, the decision of whether or
not to use therapy for chronic hepatitis is problematic.
Moreover; when the use of treatment for chronic hepatitis C
is decided for such aged patients, whether or not IFN ther-
apy should be second problem.

A few studies have targeted IFN therapy and prolonged
prognosis in elderly patients’ with chronic hepatitis C. Our
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investigation showed that the clearance of hepatitis C virus
reduces the onset of HCC in elderly patients with HCV
(12). Imai et al reported that IFN therapy reduces liver-
related mortality in aged patients with chronic hepatitis C,
especially in those exhibiting a biochemical response as well
as a sustained virological response (13). Thus, in Japan, eld-
erly patients with HCV are often treated with IFN.

In IFN therapy for chronic hepatitis C, several predictive
factors of sustained virological response (SVR) to IFN have
been identified, and these include short duration of disease,
young age, absence of liver cirrhosis, genotype 2, low HCV-
RNA levels, HCV and mutant type of nonstructual5A region
(14-18). Thus, HCV patients with genotype 2 or low HCV-
RNA levels might have the possibility of eradication “of
HCV RNA with a small dose or a short period of IFN.
Now, there is also controversy about the indication-and ad-
ministration method of the IFN therapy in elderly patients
with HCV.

Thus, in this study, we evaluated the efficacy of interferon
(IFN)-beta monotherapy for type C patients of =70 years
with genotype 2.

Abbreviation: ALT: alanine aminotransferase, AST: aspartate
aminotransferase, ‘CH: ‘chronic hepatitis; HCV: 'hepatitis 'C
virus, TFN: interferon, E.C: liver cirthosis, MU: million unit,
SVR: sustained virological response

Materials and Methods

Patients

A total of 31 consecutive cirthotic type C patients treated
with IFN-beta for HCV RNA clearance at Toranomon Hos-
pital in Tokyo, Japan between 2000 and 2007 were enrolled
in this study. This study was a retrospective cohort study.
Enrollment criteria were: 270 years; positive serum HCV
RNA; genotype 2a or 2b; IFN-beta monotherapy; treatment
period ‘of <24 weeks. We excluded from the study all of
the following patients: 1) those with concurrent hepatitis B
virus (HBV); '2) with a history of IFN therapy; 3) leuko-
cytes <3,000/mny’, platelets <70,000/mm’ and bilirubin >1.5
mg/ml. before IFN therapy; 4) decompensated liver cirrthosis
witht ascites or encephalopathy.

IFN therapy

For the first IFN treatment regimen, the IFN treatment
consisted of 3 to 6 million units (MU) of IEN-beta (Toray
Tndustries ‘'or Datichi Pharmaceutical Co., Tokyo, Japan). For
the IFN treatment regimen; one group of 20 patients was
given to receive IFN-beta intravenously every day for the
first 2-8 weeks ‘and then two or three times a week for the
following 16-22 weeks (long-term group). Another group of
11 patients were treated with IFN by intravenous injection

~daily for 6-8 weeks (short-term group). The physician in

charge primarily  determined the method ‘of IEN treatment
and dose of IFN. We regarded sustained virological response
(SVR) to therapy as clearance of HCV RNA by amplicor

method (19) for more than 6 months after cessation of ther-
apy. Our study was approved by the institutional ethics re-
view “board of our hospital. The physician in charge ex-
plained to each patient the purpose and method of the treat-
ment as well as the potential adverse reactions, and in-
formed consent for treatment was then obtained.

Blood testing

Blood samples were obtained just before IFN therapy and
stored at -80°C.  Using these blood samples, HCV-RNA
levels before IFN therapy were analyzed by quantitative
PCR assay (Amplicor GT-HCV Monitor Version 2.0, Roche
Molecular Systems, Branchburg, NJ, USA) (20).

On the other hand, serum HCV-RNA at 6 months after
the termination of TFN therapy was analyzed by the qualita-
tive ' PCR- assay (19). The lower detection limit of the quali-
tative assay is 100 copies/mL. HCV genotype was examined
by the PCR assay, using a mixture of primers for the six
subtypes known to-exist.in Japan, as reported previously
@1).

Liver staging

Ideally, the severity of chronic liver disease should be de-
termined histologically from the results of liver biopsy. Only
12 (38.7%) of 31 patients underwent peritoneoscopy or liver
biopsy before the age of 70; the rémaining-19 patients did
not undergo  histological ‘assessment on. the first visit owing
to their advanced:- age. In these patients, liver staging was
determined by calculation using the equation to: discriminate
chronic hepatitis (CH) and liver citrhosis. (L.C) as described
by Ikeda et al (22).

Statistical analysis

Nonparametric procedures were employed for the analysis
of background features of the patients with SVR and with-
out: SVR; including the Mann-Whitney U test. Independent
factors that might have influenced SVR were studied using
multiple logistic regression analysis, and the following: vari-
ables were evaluated - as: prognostic factors: sex; age, body
mass: index, HCV RNA level, HCV genotype 2a or 2b, liver
staging, biochemical factors (AST, ALT), platelet count, to-
tal IFN dose, and IFN regimen. The SPSS software package
(SPSS Inc., Chicago, IL) was used to perform statistical
analysis. A p value of <0.05 was considered .to indicate a
significant difference.

Abbreviation: AST: aspartate aminotransferase

Resulfs

Patients’ characteristics

Table 1 shows the characteristics of the 31 patients who
had received IFN-betz monotherapy.: Clinical’ profiles were
as follows: median (range) age =71 (70-76) years, male/fe-
male ‘=13/18, median (range) HCV-RNA=260 (<5-3,800)
KiU/ml.; and CH/LC =19/12.. All. LC patients were. catego-
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