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polymerase protein as a consequence of mutationsin the
overlapping surface gene [Torresi, 2002b].

Although it is generally accepted that the probability
of viral resistance or virologic breakthrough increases
with the prolongation of lamivudine therapy, the clinical
significance of such virologic breakthrough has not been
fully elucidated. Previous in vitro and in vivo studies
have shown that YMDD mutants are associated with
less aggressive liver disease than YMDD wild-type [Fu
and Cheng, 1998; Melegari et al., 1998; Ling and
Harrison, 1999; Ono-Nita et al., 1999; Leung, 2000;
Zollner et al., 2000]. Nevertheless, severe hepatitis
exacerbations (SHEs) due to YMDD mutants have been
reported, sometimes associated with hepatic decom-
pensation and mortality [Liaw et al., 1999; Kim et al.,
2001]. In addition, mutations of the ‘a-determinant’ of
viral envelope gene together with YMDD mutantin liver
transplant recipients treated with lamivudine and
hepatitis B immunoglobulin (HBIg) have been described
by Bock et al. [2002]. In contrast, some patients have
persistently normal ALT levels after emergence of
YMDD mutant.

In our study of lamivudine resistance in patients with
chronic HBV infection, we analyzed the clinical and
virological features of patients without virological
breakthrough despite emergence of YMDD mutant,
and DNA sequences of the polymerase gene in patients
with SHE by YMDD mutant. Full-length DNA
sequences were also analyzed in two patients with SHE.

PATIENTS AND METHODS
Patients

We studied 362 Japanese adult patients (60 females
and 302 males, median age 45 years [range 19--76]) who
commenced treatment with lamivudine at the Depart-
ment of Gastroenterology of Toranomon Hospital
between September 1995 and July 2002 and adhered
to treatment for more than 6 months. All patients were
followed from commencement of therapy at our hospital
and were treated continuously until May 2004. Some of
these patients have been reported previously [Chayama
et al., 1998; Suzuki et al., 1999, 2003]. All patients were
negative for hepatitis C serologic markers, but all had
detectable HBsAg for at least 6 months prior to
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commencement of lamivudine therapy. Lamivudine
was administered orally at 100 mg/day. Chronic hepa-
titis or cirrhosis was confirmed by needle biopsy,
peritoneoscopy or clinical criteria before treatment
[Suzuki et al., 2003]. Chronic hepatitis and cirrhosis
were diagnosed in 319 and 43 patients, respectively.

Blood Tests, Serum Viral Mé.rkers, and
Assessment of Response to Therapy

Routine biochemical tests were performed using
standard procedures before and during therapy at least
once every 2 months. Serial blood samples were taken
before and during therapy and stored at —80°C until
used for HBV molecular analysis. HBV DNA was
measured by transcription-mediated amplification and
hybridization protect assay (TMA-HPA) (Chugai Diag-
nostics Science Co., Tokyo, Japan) [Kamisango et al.,
1999]. Viral breakthrough was defined as a sustained
rise [>5 logarithms of genomic equivalents/ml (LGE/
ml)] in HBV DNA levels following a period of undetect-
able levels using this method.

Determination of Nucleotide and Deduced Amino
Acid Sequence of Part of the DNA Polymerase
Gene (Including YMDD Motif)

Mutation of the HBV DNA polymerase gene (rtM2041/
V) was determined using polymerase chain reaction
(PCR) and restriction fragment length polymorphism
(RFLP) as described previously [Chayama et al., 1998].
Lamivudine resistance was determined annually before
the development of mutations in all patients and if
mutation appeared, the time of appearance of resistance
was confirmed by monthly measurements.

Determination of Nucleotide Seguences
of HBV DNA

DNA was extracted from 100 pl of serum. PCR
reactions for detection of the polymerase region (nt
163—-864, aal2-aa245 in rt region) of HBV DNA were
performed. The first and second PCR reactions for
detection of the rt region were performed using prime-
rs BGF1-BGR2 and PLF5BamH-BR112 (nucleotide
sequences of primers are shown in TableI), respectively,
under conditions of initial denaturation for 4 min, 35

TABLE I. Primers Used in the Present Study

Primer Nucleotide sequence Nucleotide Direction
BGF1 5-CTGTGGAAGGCTGGCATTCT-3 27572776 Sense
BGR2 5-GGCAGGATAGCCGCATTGTG-3 10791050 Antisense
BGF5 5 TGCGGGTCACCATATTCTTG-3 28112830 Sense
BGR6 5-AGAAGTCCACCACGAGTCTA-3 268249 Antisense
PLF5BamH 5. TGTGGATCCTGCACCGAACATGGAGAA-3' 136-162 Sense
BR112 5. TTCCGTCGACATATCCCATGAAGTITAAGGGA-3 887865 Antisense
BIl1F 5-GGCCAAGTCTGTACAACATC-3 759778 Sense
B14R 5-GATCCAGTTGGCAGCACACC-3’ 14041385 Antisense
BXF5 5-CTTATCGGGACTGACAACTC-3' 13211340 Sense
BXR6 5-AGTTGCATGGTGCTGGTGAA-3 18211802 Antisense
BCS1 5-ACACCGCCTCTGCTCTGTAT-3' 1995-2014 Sense
BCS2 5.CTCCCGCTCCTACCTGATTT-3' 3031-3012 Antisense

Nucleotide sequence position numbers are those of AB033550.
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cycles of amplification at 94°C for 1 min, 55°C for 2 min,
72°C for 3 min, and 72°C for 7 min. PCR-amplified DNA
was purified after agarose gel electrophoresis and
cloned into pBluescript plasmid vector (Stratagene,
La Jolla, CA). Dideoxynucleotide termination sequen-
cing was performed with the ABI PRISM™ Dye
Terminator Cycle Sequencing Ready Reaction kit
(Applied Biosystems, Tokyo, Japan). Sequences of 3 to
10 independent clones for each sample were determined
and analyzed.

Nucleotide sequences of the core promoter and
precore regions were determined as described pre-
viously [Suzuki et al., 2002].

Full-length PCR was performed with previously
described primers [Giinther et al., 1995]. Amplified full-
length HBV genomes were diluted 1:100 and 1 ul thereof
was reamplified by primers (Table I) under the same
conditions as above. The primers for the second PCR
reaction were BGF5-BGR6, PLF5BamH-BR112, B11F-
B14R, BXF5-BXR6, and BCS1-BCS2. The amplified PCR
products were used for direct sequencing. Because all
HBYV genomes that were analyzed in detail by sequencing
were found to be of genotype C, all sequence alignments
were performed in comparison with genotype C wild-
type sequences (accession no. AB014378, AB014394,
AB033550, AB033551, AB033556, AB042283).

Statistical Analysis

Differences between groups were examined for sta-
tistical significance using the ¥ and Mann—Whitney
test (U-test) where appropriate. The above calculations
were performed using StatView software (Version 4.5J;
Abacus Concepts, CA). A two-tailed P-value less than
0.05 was considered statistically significant.

Nomenclature

The amino acid positions for the HBV polymerase
gene are consistent with the newly established scheme
designed to standardize the nomenclature of lamivu-
dine-resistant mutations, rtL180M and rtM204V/1
(originally designated as pL528M or pL526M, and
pM552V/T or pM550V/I) [Stuyver et al., 2001].

RESULTS

Clinical and Virological Features of Patients
Without Virclogical Breakthrough Despite
Emergence of YMDD Mutant

Patients received lamivudine orally for a median
duration of 34.3 months [range 6—100 months]. YMDD
mutant was detected in 136 (38%) of 362 patients during
treatment with lamivudine. Eight (6%), 7 (5%), 116
(85%), 1 (0.7%), and 4 (3%) patients with emergence
of YMDD mutant were infected with HBV genotypes
A, B, C, F, and unknown, respectively. Among 136
patients with emergence of YMDD mutant, 114 patients
were followed for more than 1 year after emergence.
In 27 (24%) of these patients, HBV DNA levels were
persistently below 5.0 LGE/ml .(by the TMA-PHA
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TABLE II. Comparison of Patients With and Without Elevated HBV DNA Levels After Emergence of YMDD Motif Mutations During Lamivudine Therapy

=87)

Elevated group (n

=27)

Non-elevated group (n

=31)

(n
47 (32--70)

HBeAg negative

=56)
42 (23-69)

HBeAg positive
n

=17)
47 (28-67)

HBeAg negative
(n

=10)
41 (32-66)

HBeAg positive
(n

Category

NS

NS

22/9

27/4
0.6 (0.3-1.9)

42/14

48/8
0.75 (0.2-186.5)

15/2

13/4
0.6 (0.3-17.1)

7/3
/3
0.9 (0.4-6.5)
159.5 (26-795)

Pretreatment histology: chronic hepatitis/cirrhosis

Pretreatment bilirubin®, mg/dL
Pretreatment ALT?, IU/L

Sex: male/female

Age®, year

NS
NS
NS
0.012
<0.0001

74 (11-1708)
6.2 (3-9)
31

8.1 (3-9)
56
18 (32%)

110 (14-1722)

101 (16-2142)
6.5 (3.5-9)
17

8.1(6.7-9)
10
10 (100%)
0/1/9/0
24 (7-36)

Pretreatment HBV DNA®, LGE/ml
Pretreatment HBeAg: positive/negative

&~
=

No. of patients with HBeAg loss during therapy

Genotype: A/B/C/others

3/0/52/1 3/6/20/2

0/0/17/0

ed.

NS

0.0001

13 (5-56) 15 (6-59)

30 (10-63)

a

(Genotype: C/other than C)

Period from commencement to emergence of YMDD motif mutation

S

14 (5-59)

24 (7-63)

10/6/1 25/12/19 15/9/7

4/5/1

Mutant type: I/V/mix

0.02

61/26

25/2

P-values were calculated between non-elevated and elevated groups.
NS, not significant; I, YIDD; V, YVDD; Mix, YIDD +YVDD,

(Mutant type: I or V/mix)
#Data are median (range).
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method) for more than 1 year (non-elevated group),
while serum ALT levels were maintained within normal
levels. HBV DNA levels in the remaining 87 patients
(76%) were elevated over 5.0 LGE/ml (elevated group).
Table II shows the clinical and virological differences
between the two groups. The number of HBeAg-
negative patients at commencement of therapy in the
non-elevated group was greater than in the elevated
group. Moreover, all patients of the non-elevated group
showed HBeAg loss before emergence of the YMDD
mutant. The period from commencement of therapy to
emergence of YMDD mutant in the non-elevated group
(both HBeAg-positive and -negative) was significantly
longer than in the elevated group. The number of mixed
type (I+V) at emergence of YMDD mutant in the non-
elevated group (both HBeAg-positive and -negative) was
less than in the elevated group. No other characteristics
related to the non-elevation of HBV DNA levels were

seen.

Clinical Features and Sequences of HBV DNA in
Patients With Severe Hepatitis Exacerbations
Due to YMDD Mutant

SHE was defined as a >8-fold increase in ALT level
(>400 IU/L) and a >2-fold increase in bilirubin level
(>2.2 mg/dL), the upper. limit of normal in chronic
hepatitis patients, after excluding other causes of ALT
elevation, including other viral hepatitis (A, C, D, E),
drug-induced hepatitis, and alcoholic hepatitis. Six
patients fulfilled these criteria (Table III). All patients
had HBV genotype C, and two were HBeAg-negative. At
SHE, ALT levels of five patients were >1,000 IU/L and
HBV DNA levels of all patients were >8 LGE/ml.
Tigure 2 shows a schema of the clinical course of six
patients with SHE. Only one patient (Patient 1) had
SHE after the first elevation of HBV DNA level (Fig. 1a).
The remaining five patients (Patients 2--6) had SHE,
which occurred at the second or third elevation of ALT
after the first mild elevation and then followed the
elevation of HBV DNA levels (Fig. 1b). .

We then analyzed the sequences of the rt region (aal2-
aa245) of HBV polymerase in four of the six patients
with SHE. The sequencing of 3 to 10 independent clones
was determined in each sample at three time points: (1)
at commencement of lamivudine therapy, (2) at first
emergence of YMDD mutant, and (3) at SHE. Figure 1
shows substitutions of amino acids of the rt region in
these four patients. One substitution (rtL80I: three of
six clones) in the palm subdomain appeared at emer-
gence of YMDD mutant in one patient (Patient 1). This
substitution (four of five clones) was sustained at SHE.
In the fingers and palm sub-domains, several substitu-
tions were identified at commencement of therapy in the
remaining three patients. Different substitutions then
appeared at emergence of YMDD mutant and SHE. In
Patients 4 and 6, there were more substitutions at the
time point of exacerbation than at emergence of YMDD
mutant. For example, in Patient 4, the amino acid of

rt191 was valine (V) in all five clones at SHE, but was -

oJ. Med. Virol. DOI 10.1002/jmv
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TABLE III. Clinical Features of Patients With Severe Hepatitis With Exacerbation During Lamivudine Therapy

Severe hepatitis exacerbation

Baseline

HBV DNA
(LGE/ml)

Bilirubin
(mg/dL)

ALT
(IU/L)

HBV DNA
(LGE/ml)  HBeAg

Bilirubin
(mg/dL)

Age Histology ALT
Genotype (staging) HBeAg IU/L)

(years)

Sex

Patient

DL+

P4+t

gNHNNCﬁ

OOVODO

70
37
55
54
37
41

RESRSA

™ O3 M W0 WO

F, female; M, male; NA, not available; +, positive; -, negative.
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Fig. 1. Schema of transitions of virological, serum alanine aminotransferase (ALT), and serum bilirubin
during lamivudine therapy in exacerbation of severe hepatitis. Two types were defined: (4) at first ALT
elevation after first elevation of HBV DNA level and (B) at second or third elevation of ALT after first mild

elevation of ALT and then followed by elevation of HBV DNA levels.

isoleucine (I) in all eight clones at commencement of
therapy and I in six of eight clones at emergence of
YMDD mutant. A similar phenomenon was noted in
rt214. On the other hand, new amino acid changes
appeared in rtS137Q (four of five clones), rtL180M (all
five clones), rtP237H (four of five clones) and rtN238T
(all five clones) at SHE. In Patient 6, new changes in
amino acids appeared in rtL80I (five of six clones),
rtM2041 (all six clones), and rtN238S (four of six clones)
at emergence of YMDD mutant. Moreover, rtH55R (all
three clones) reappeared and new changes in amino
acids appeared in rtM2041/V (mixed type: I was in two
clones, Vwasinoneclone), rtL217R (two of three clones),
rtL1.2201 (two of three clones), and rtL.235V (two of three
clones), although the substitutions in rtL80I and
rtN238S disappeared at SHE. Some substitutions also
changed the amino acids in the surface genes. However,
except for the rtM204I/V mutation, common substitu-
tions were not identified at exacerbation in these four
patients. We further investigated the sequences of the

same region in two patients without elevated HBY DNA
level after emergence of YMDD mutant (Fig. 3).
HBV DNA levels remained below the detection level
(«<8.7 LGE/ml) over 2.5 years. We investigated the
changes at three time points using the same methods;
(1) and (2) were the same time points as described above
and (3) was at >2.5 years (3 and 2.5 years) after
emergence of YMDD mutant. There were no substitu-
tions in the rt region at commencement of therapy in
either patient. However, three and one substitutions,
respectively, appeared at emergence of YMDD mutant
and were sustained at a time point >2.5 years there-
after. We also investigated the sequences of the same
region in three randomly selected patients with elevated
HBV DNA level but no SHE after emergence of YMDD
mutant (Fig. 4). The analyses were conducted at three
time points using the same methods, with (1) and
(2) being the same time points as above and (3) being at
the development of hepatitis (time point = about 1 year)
after emergence of YMDD mutant. Two and three

J. Med. Virol. DOI 10.1002/imv
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Fig. 2. Substitutions of amino acid sequences in the reverse transcriptase (rt) domain of the HBV
polymerase gene are shown in patients with severe hepatitis exacerbation (SHE). The numbers of patients
are the same as those in Table III. Underlined r£ genes show changes introduced in the overlapping surface
gene. Measurements were conducted at three time points: (1) at commencement of lamivudine therapy, (2)
at first emergence of YMDD motif mutation, and (3) at SHE.

substitutions appeared at emergence of YMDD mutant
and hepatitis in the fingers and palm sub-domains,
respectively. Although the number of patients analyzed
was small, patients with SHE had more substitutions at
exacerbation than those without SHE. However, there
were no specific substitutions related to SHE.

Analysis of serum samples obtained at baseline
identified a precore stop codon mutation (A1896) in
three of six patients (Table IV). A1896 occurred as a
mixed population with wild-type virus (G1896) in these
three patients. At the time of emergence of YMDD
mutant and SHE, A1896 was observed in two patients
without HBeAg. On the other hand, A1896 was observed
in two of four patients with HBeAg at SHE. Five of
six patients had core promoter mutations in samples
collected at baseline. However, these mutations were
persistently detected at times of emergence of YMDD
mutant and SHE. In the remaining patient, wild-type
(A1762, G1764) was persistently detected at all time
points. . '

Full-length sequencing was performed on serial
serum samples collected from two patients with SHE
and one with non-elevated HBV DNA levels before and
during therapy. In Patient 2, two and four unique
substitutions were identified in surface and X proteins,
respectively, at commencement of therapy (Fig. 5). At

J. Med. Virol. DOI 10.1002/jmv

the time of emergence of YMDD mutant, unique
substitutions in the core (cR151C) and X (xH94Y)
proteins were also detected and sustained at the times
of first hepatitis and SHE. Although two substitutionsin
the surface protein (sI195M, sS210R) were detected at
the time of emergence of YMDD mutant, they were
related to those in the rt region. In Patient 5, one and
four unique substitutions were identified in the core and
X genes, respectively, at commencement of therapy
(Fig. 6). Three of the four substitutions in X proteins
were the same as those in Patient 2. At the time of
emergence of YMDD mutant, one unique substitution in
the X (x11278) protein had also emerged. However, this
substitution disappeared at the time of SHE. In the
core protein, new substitutions (cI59V, ¢S181P) were
detected at the time of emergence of YMDD mutant.
However, substitutions (¢S86G, ¢cR151C) in core protein
at SHE were different from those at the time of
emergence of YMDD mutant. The cR151C substitution
was identical to that at SHE in Patient 2. In the surface
protein, two substitutions (sN146T, sW196S) were
detected at the time of SHE. Interestingly, sN146T
substitution in the surface protein was identified in “a-
determinant.” On the other hand, in Patient NM, whose
HBV DNA level was maintained below 3.7 LGE/ml
during therapy, there were no substitutions in the rt
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Fig. 3. Substitutions of amino acid sequences in the reverse transcriptase (rt) domain of the HBV
polymerase gene in patients with non-elevated HBV DNA levels after emergence of the YMDD mutant.
Measurements were conducted at three time points: (1) and (2) were at the same time points, and (3) at
>2.5 years (3 and 2.5 years) after emergence of the YMDD mutant.

region or surface protein at commencement of lamivu-
dine therapy (Fig. 7). In the core and X proteins, there
were two and one substitutions, respectively, at com-
mencement of therapy. At emergence of YMDD mutant,

only mutations related to YMDD mutant emerged in the
rt and surface proteins. At 2.5 years after YMDD
mutant, only one new substitution had emerged in the
surface protein.
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Fig. 4. Substitutions of amino acid sequences in the reverse transcriptase (rt) domain of the HBV
polymerase gene in patients with elevated HBV DNA level but no severe exacerbation after emergence of
the YMDD mutant. Measurements were conducted at three time points; (1) and (2) were at the same time
points, and (3) at the development of hepatitis after emergence of the YMDD mutant.
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TABLE 1V. Serial Precore and Core Promoter Sequences
Precore (nt 1,896) Core promoter (nt 1,762/1,764)
Patient HBgAg Baseline Mutant SHE Baseline Mutant v SHE
1 - G A A T/A T/A T/A
2 - G/A A G/A T/A. T/A T/A
3 + G G G A/G AIG AG
4 + G/A G/A A T/A T/A T/A
5 + G/A G/A G/A T/A T/A T/A
6 + G G G T/A T/A T/A

Patient numbers are the same as those in Table il

Baseline, time of commencement of therapy; Mutant, time of emergence of YMDD motif mutation; SHE, time of exacerbatmn of severe hepatitis.

Adefovil dipivoxil W
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= B E
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(1) pre treatment (2) YMDD mutant (3) first hepatitis  (4) exacerbation
Polymerase(rt)
rtT118A, rtD134N, rtT118A, rtD134N, rtT118A, rtD134N, rtT118A, rtl180M,
rtH337N rtL180M, rtM204V, | | rtL180M, rtM204V, | | rtM204V,rtS219A,
rtS219A, rtH337N, || rtS219A, rtH337N, | | rtL229F, rtH337N,
Surface
- VI77A, 1195M, V1T77A, T195M, V1774, 1195M,
V1774, 1208T 1208T, S210R 1208T, S210R T208T, S210R
Core ‘
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HS6R, 1116V HS6R, H94Y, L116V || H86R, HO4Y, L116V | | H86R, H94Y, L116V

Pig. 5. Correlation between viral load, serum ALT, and accumula-
tion of HBV substitutions during the clinical course in Patient 2, with
severe hepatitis exacerbation. Four serial serum samples (arrows)
were collected at various time points before and during lamivudine
therapy. In addition to biochemical and viral load testing, full HBV
genomic sequencing was performed. The progressive appearances of

DISCUSSION

In patients undergoing treatment with lamivudine for
chronic hepatitis B, a high frequency -of long-term
lamivudine-resistant virus has been reported,  and
attempts to identify markers that can predict response

* to treatment have been ongoing. Although previous -

- JJ. Med. Virol. DOI 10.1002/jmv

non-consensus genotype C mutations in the polymerase (reverse
transcriptase), surface, core, and X proteins are indicated. The letter
rt preceding the amino acid substitution denotes reverse transcriptase.
rtI.180M denotes the substitution of leucine with methionine at amino
acid position 180 in the rt region of the HBV polymerase.

clinical trials have identified several factors associated
with emergence of YMDD mutant [Suzuki et al., 2003],
little information is available concerning the clinical
features of patients without an increase in HBV DNA
after emergence of the mutant. In the present study,
24% of patients showed no rise in HBV DNA after
-emergence of YMDD mutant. We found several common
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Fig. 6. Correlation between viral load, serum ALT, and accumulation of HBV substitutions during the
clinical course in Patient 5, with severe hepatitis exacerbation.

characteristics among this non-elevated group. In
particular, negativity for HBeAg at commencement of
therapy or before emergence of YMDD mutant was an
important factor among this group. These patients
benefited from continuous therapy even with emergence
of YMDD mutant. On the other hand, a European study
showed relatively poor efficacy with long-term lamivu-
dine treatment in HBeAg-negative patients [Hadziyan-
nis et al., 2000]. This difference from our study may
suggest that our patients were predominately Genotype
C, in contrast to the European study, which mainly
involved those of Genotype A or D. Another possibility
may be the presence of fewer substitutions in the rt
region at commencement of therapy, either alone or with
emergence of YMDD mutant, as discussed below. A
recent report showed that sustained lamivudine respon-
ders with HLA-A2 elicited more potent cytotoxic T-
lymphocyte (CTL) immunity against YMDD and its
mutant (YIDD and YVDD) [Lin et al., 2005]. Although
we do not have HLA type data for the patients-in our
study, anti-mutant CTLs such as those described above
may contribute in suppressing the elevation of mutant
virus loads. Further immunological and other investi-
gations into this phenomenon are necessary.

Recently, Bock et al. [2002] reported the occurrence
of HBV mutations in liver transplant recipients with

severe recurrent hepatitis, reflecting enhanced in vitro
replication in the presence of lamivudine. Their pat-
ients were treated with HBIg, which is known to be
related to mutations in the “a-determinant.” Combi-
nations of mutations in the “a-determinant” and
YMDD motif (sP120T/rtL180M/rtM204V and sG145R/
rtL180M/rtM204V) in patients with severe hepatitis
were not only resistant to lamivudine treatment, but
also showed enhanced replication in vitro in the
presence of lamivudine. Both mutations (rtT128N
[=sP120T] and rtW153Q [=sG145R] including finger
sub-domain) have uncharged polar amide side chains
that may alter the relationship of the deoxynucleotide
triphosphates (dANTP) binding pocket to the palm sub-
domain of the lamivudine-resistant viral polymerase.
However, these changes in the fingers sub-domain,
which introduce amide side chains, may also result in a
re-positioning of the dNTP binding pocket of the viral
polymerase relative to the palm sub-domain, which may
in turn result in the partial restoration of replication of
lamivudine-resistant HBV mutants [Torresi, 2002b].
We investigated the presence of these mutations in the
rt region in our patients with SHE, but did not detect any
such mutations. The presence of only a few mutations
in the “a-determinant” may be explained by the fact
that our patients with SHE did not receive HBIg or

J. Med. Virol. DOI 10.1002/jmv
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Fig. 7. Correlation between viral load, serum ALT, and accumulation of HBV substitutions during the
clinical course in Patient NM, without elevation of HBV DNA.

vaccination. However, patients with SHE had more
substitutions at exacerbation than patients without
SHE, although no substitutions specifically related to
SHE were seen. Our data allow us to speculate that
several changes in the rt region, rather than just one,
could increase binding to the primer-template of dNTPs
and thereby restore viral replication of lamivudine-
resistant mutants. It may be useful to analyze the three-
dimensional structure of HBV polymerase in these
patients to clarify viral replication. Further, it may also
be necessary to identify mutations in the rt region that
enhance viral replication in vifro in the presence of
lamivudine. As shown in our clinical data in patients
with SHE, the load of lamivudine-resistant virus with
multiple mutations in the rt region was persistently
high (Table III and Fig. 1). However, these flares of
hepatitis were thought to be not only due to elevation of
HBV DNA levels but also due to result from cytotoxic
T-lymphocyte-mediated immune responses against
YMDD mutant virus [Liaw et al., 1999]. Future
immunological and in vitro analyses using replication-
competent HBV clones in patients with SHE are
necessary. ' h _
Recently, studies using a recombinant HBV baculo-
virus system or replication-competent HBV vectors
showed that a precore stop codon mufation (G1896A)

oJ.-Med. Virol. DOI 10.1002/jmv

and/or mutation of the basic core promoter increased the
replication efficacy of YMDD mutant virus but did not
affect in vitro drug sensitivity [Chen et al., 2003; Tacke
et al., 2004]. In our study, precore and core promoter
mutations were found in four and five of six patients
with SHE, respectively. However, both precore and core
promoter regions in one patient (Patient 3) were wild-
type, suggesting that mutations of these areas may not
always be related to emergence of SHE.

One case report described virological factors that
contributed to a fatal outcome in a patient who had
HBeAg-positive chronic hepatitis B of genotype B and
who was on long-term therapy with fameciclovir and
lamivudine, and compared the full-length HBV genomic
sequence comparison between the pre-treatment virus
and drug-resistant mutant [Ayres et al,, 2003]. The
substitutions were different to those in our two patients
with SHE, except for rt180, rt204, and s195, although
there was a difference in genotype. Interestingly,
substitutions in the X protein among the previous and
our two cases were numerous at both pretreatment and
exacerbation, although it is unclear whether this
phenomenon was related to emergence of SHE. On the
other hand, there were fewer substitutions in patients
with non-elevated HBV DNA. Although the number of
patients in whom full-length HBV genomic sequences
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were analyzed was insufficient for any conclusive
determination, it appears that more numerous substitu-
tions in X, rt, surface, and core proteins may be
introduced during persistent elevation of HBV DNA.
However, the development of SHE in chronic hepatitis B
may be related to an imbalance between viral replication
and host immune response [Perrillo, 2001]. In the
future, it may be necessary to measure polymorphisms
in genes that determine the expression and function of
the host immune response among patients with SHE.

In coneclusion, we clarified the characteristics of
patients who did not show elevations in HBV DNA after
emergence of YMDD mutant. In patients with SHE,
more substitutions were seen in the palm and fingers
sub-domains than in those without SHE; these sub-
stitutions might act to restore viral replication of
lamivudine-resistant mutants. In analysis of the full-
length HBV genomic sequence, a greater number of
substitutions in some proteins may be related to
emergence of severe hepatitis due to lamivudine-
resistant virus. Lamivudine-resistant HBV quasispe-
cles with multiple compensatory changes that can
modulate viral replication should be considered of
clinical relevance in patients undergoing prolonged
therapy. New antiviral agents such as adefovir dipivoxil
[Chin et al., 2001] and entecavir [Colonno et al., 2001]
may be useful in patients with SHE in conjunction with
careful virological monitoring.
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PURPOSE:

METHODS:

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

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, serom
hepatitis B virus (HBV) markers, liver histology, and clinical aspects were monitored. HBV-DNA levels
were measured with the gualitative polymerase chain reaction assay. The mean age of patients with HBsAg
seroclearance was 52 years.

RESULTS:  Afier HBsAg seroclearance, 203 patients (87.9%) had normal alanine aminotransferase levels
1 year after HBsAg seroclearance. HBV-DNA showed positive resulis 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 cirthosis and hepatocellular carcinoma did not develop in
any of the 164 patients without evidence of liver cirrbosis at the time of HBsAg seroclearance. Hepato-
cellular carcinoma developed in 2 of the 67 patients with liver cirthosis 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.
CORCLUSION:

Our results suggest that HBsAg seroclearance confers favorable long-ierm outcomes in

patients without hepatocellular carcinoma or decompensated liver cisthosis at the time of HBsAg
seroclearance © 2006 Elsevier Inc. All rights reserved.

Chronic hepatitis B virus (HBV) is a serious liver disease
with significant mortality. In patients with chronic HBVY
infection, persistent viral replication is associated with
ongoing necroinfiammation in the liver and progressive
liver damage.’® Yang et al* reported that the relative risk
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of hepatocellular carcinoma was 9.6 among men who
were positive for HBsAg alone and 60.2 among men who
were positive for hepatitis B surface antigen (FHBsAg)
and hepatitis B e antigen (HBeAg), compared with men
who were negative for hoth. Epidemiologic studies have
shown that positivity for HBsAg is one of the most
important risk factors for hepatocellular carcinoma.
However, in patients with HBeAg seroclearance and
marked reduction of serum HBV-DNA, the prognosis of
the disease is generally improved.>’ Therefore, marked
reduction of HBV replication can possibly prevent hep-
atocellular carcinoma development. Moreover, HBsAg
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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

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 gernerally

with chronic HBV infection is
nnusual (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.

A few previous studies have - e 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,''> 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
were followed on with the administra-
tion of steroids and/or immunosup-
pressive agents.

that spontaneous 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
seroclearance.

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 untit
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
by radioimmunoassay. Afier
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, theé 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 antoimmune 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 patienis had been given inter-
feron monotherapy for 1 to 90 months; 14 patients had

transferase and eo-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 routing automated technigues 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 radicimmunoas-
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 guantitative polymerase chain reac-
tion assay (Amplicor HBV, monitor, Roche Diagnostics,
GmbH, Mannheim, Germany)'® 1 year after seroclear-
ance of serum FHBsAg. The sensitivity of HBV-DNA
according to the manufacturer is approximately 400 cop-
ies/mL in guantitative polymerase chain reaction. Sernm
samples were conserved at —80° until use. ‘

Status of liver cirthosis 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., Lid, 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 diagunostic 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
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10% formalin, and stained with hematoxzylin-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-
gisis (YA and HK) who had no clinical information or
knowledge of chronologic order of the biopsies in each
pair. The biopsy specimens were scored accordmg to the
system of Knodell et al.””

Patient Follow-Up

Clinical evaluation and biochemical and hematologic
tests were performed at 2- to G-month intervals. Thirty
patients were lost to foliow-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 io 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 2 Cox
proportional hazard model where appropriate. P values
less than .03 were considered statistically significant. The
SPSS sofiware package (SPSS Inc., Chicago, II) was
used to perform statistical analysis,

RESULTS |

Changes of Liver Biochemistry éﬁee’ %—%%gég

Seroclearance
Table 1 shows the characteristics of the 231 patients who
had seroclearance of HBsAg. These patients were clas-
sified into a liver ciithosis group or a non-liver cirthosis
group by ultrasonographic findings. A total of 67 patients
showed a finding of liver cirrhosis. Histologic evidence
of liver cirthosis 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 afier seroclearance of HBsAg. Twenty-eight
patients had elevated alanine aminotransferase levels (18
with faity infiltration of liver, 3 with alcohol abuse, and &
with unknown origin).

Changes of HBY Marker after HBsAg

Seroclearance

The cumulative 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 patients 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 serom 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/
afier HBsAg seroclearance. 231) 1 year afier seroclearance of HBsAg.
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Figure 3 Survival based on difference of age after HBsAg seroclearance.

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 435 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. Cumnlative
hepatocellular carcinoma appearance rates are shown in
Figure 2 by the Kaplan-Meier method. Two patients with
liver cirthosis at the time of HBsAg seroclearance had an
occurrence of bepatocellular 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 cirthosis 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 mmors (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 patientis 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 study indicate that patients with HBsAg
clearance have a good prognosis. None of the patients with
liver cirrhosis who had lost serum HBsAg progressed to de-
compensated liver cirthosis. Moreover, no patients without
tiver cirrhosis with HBsAg clearance progressed to liver cir-
thosis and/or hepatocellular carcinoma. Our findings agree
with the published data by Chen et al'® (Table 4), However, 2
of 67 patients with liver cirthosis at the time of HBsAg clear-
ance had hepatocellular carcinoma diring 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 atiribntable 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 virns
infection is considered to be one of the major causes of
hepatocellular carcinoma in many countries, 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 asticle 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, ail 15 pa-
tients died of causes unrelated to liver cirthosis 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. Cur
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 cirthosis 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 ireated 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>®
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 cirthosis. However, patients
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with liver cirrhosis should be closely monitored for pre-
dictable complications.
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Predictive Factors of Virological Non-Response to
Interferon-Ribavirin Combination Therapy for
Patients Infected With Hepatitis C Virus of

elb and High Viral Load

Norio Akuta,'® Fumitaka Suzuki,! Hitomi Sezaki,' Yoshiyuki Suzuki,’ Tetsugza Hosaka,*
Takashi Someya,' Masahiro Koba, ashi,! Satoshi Saitoh, Sachiyo Watahiki,” Junko Sato,?
Mariko Kobayashi,2 Yasuji Arase, Kenji Ikeda,! and Hiromitsu Kumada®

!Department of Gastroenterology, Toranomon Hospital, Tokyo, Japan

°Liver Research Laboratory, Toranomon Hospital, Tokyo, Japan

Patients with high viral load (>1.0 x 10° 1U/ml)
of hepatitis C virus (HCV) genotype 1b do not
achieve high sustained virological response rates
to interferon (IFN)/ribavirin combination therapy.
Previous studies suggested that pretreatment
amino acid (aa) substitution patterns in the HCV
core region could affect virological non-response
especially in patients who could not achieve HCV-
RNA negativity during treatment. The present
study evaluated 167 consecutive Japanese adults
with high HCV genotype 1b viral load who received
combination therapy for >24 weeks. A case-control
study matched for age, sex, genotype, and viral
load was conducted to investigate the predictive
factors for virological non-response, especially
absolute virological non-response (patients who
could not achieve >2 log decline of HCV RNA
from baseline during the initial 24 weeks of
therapy). Virological non-response was identified
in 26.3% of patients, and 45.5% of these were
absolute virological non-responders. Multivari-
ate analysis identified ribavirin dose <11.0 mg/
kg, moderate-to-severe hepatocyte steatosis, and
substitutions of aa 70 and/or 91 in the core region
as significant independent factors associated
with virological non-response. The majority of
absolute virological non-responders had such
substitutionsinthe coreregion (95.0%), as well as
substitution of glutamine at aa 70 and/or methio-
nine at aa 91 (90.0%). In the present work, such
substitutions significantly affected the viral
kinetics in virological non-responders. The
results suggest that viral, host, and treatment-
related factors determine the response to IFN/
ribavirin combination therapy in patients with
high HCV genotype1b viral load, and that amino
acid substitution patterns in the core region is

© 2005 WILEY-LISS, INC.

potentially useful pretreatment predictor of vir-
ological non-response. J. Med. Virol. 78:83-
90, 2006. © 2005 Wiley-Liss, Inc.

KEY WORDS: HCV; core region; hepatocyte
steatosis; interferon; ribavirin;
virological non-response; case-
control study

INTRODUCTION

The aims of IFN therapy for chronic hepatitis C
virus (HCV) infection include reduction of the risk of
development of HCC and liver-related death by viral
clearance, and then by normalization of alanine amino-
transferase (ALT) even if viral clearance cannot be
achieved [Ikeda et al., 1999; Akuta et al., 2005a]. The
most effective initial therapy for viral clearance is the
combination of interferon (IFN) and ribavirin adminis-
tered for 48 weeks [Manns et al., 2001; Fried et al., 2002].
However, patients with high load of genotype 1b virus
(>1.0 x 10° TU/ml), dominant in Japan, do not achieve
high sustained virological response rates (less than
50%), even when the most effective combination treat-
ment (pegylated IFN plus ribavirin) is administered
for 48 weeks [Manns et al., 2001; Fried et al., 2002].
Furthermore, in genotype 1b, virological non-respon-
ders are seen frequently who do not achieve HCV-RNA
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