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at the start of treatment and reverse transcribed with
random primer and MMLV reverse transcriptase (Takara
Syuzo, Tokyo, Japan). Nucleic acids were amplified by
PCR using the following primers.

Nucleotide sequences of the core region. Nucleic
acids of the Core region were amplified by division
into two parts of the N- and C-terminal regions. The
first-round PCR in the N-terminal region was performed
with 2aCl1Fo (sense, 5-TGCTAGCCGAGTAGCGTT-
GG-3) and 2aC1Ro (antisense, 5-TTCACTTCGGCAG-
CGGAGAC-3'), and the second-round PCR with 2aC1Fi
(sense, 5'-CTTGTGGTACTGCCTGATAG-3') and 2aC1Ri
(antisense, 5-CAGTGGAGCGCCGATCCTTA-3"). The
first-round PCR in the C-terminal region was performed
with 2aC2Fo (sense, 5'-CCAGATCGTTGGCGGAGTAT-
3) and 2aC2Ro (antisense, 5'-TCCAGCACCGAGATG-
TATTC-3"), and the second-round PCR with 2aC2Fi
(sense, 5-TATACTTGTTGCCGCGCAGG-3') and 2aC2Ri
(antisense, 5-AGTCGTTGGTCACCATGTAG-3").

Nucleotide sequences of the NS5A. The first-
round PCR was performed with &' outer primer (sense,
5-CCAGAAG)TT(CT)TT(ICTTC(CTYTGGGTGGATG-
G-3) and 3’ outer primer (antisense, 5'-GGTT(CG)(AG)-
TAGAXCTC(CT)GGCCTCTTCCA-3'), and the second-
round PCR with 5 inner primer (sense, 5'-TGTAAAAC-
GACGGCCAGTCAGCTCCCTTGCGATCCTGA-3 with
the sequence of the M13 forward primer underlined) and
3’ inner primer (antisense, 5-CAGGAAACAGCTAT-
GACC(AT)GG(GA)TTGTAAG)TC(AT)GG(AC)CG(GT)
GCCCA-3' with the sequence of the M13 reverse primer
underlined). All samples were initially denatured at
95°C for 15 min. Forty cycles of amplification were set as
follows: Denaturation for 1 min at 94°C, annealing of
primers for 1 min at 55°C, and extension for 1 min at
72°C with an additional 7 min for extension. Then, 1 pl of
the first PCR product was transferred to the second PCR
reaction. Other conditions for the second PCR were the
same as the first PCR, except that the second PCR
primers were used instead of the first PCR primers.
PCR-amplified complementary DNA (cDNA) was pur-
ified after agarose gel electrophoresis and used for direct
sequencing using each of the second-round PCR primer
or M13 primer as the sequencing primer with the Big
Dye Deoxy Terminator Cycle Sequencing kit (Perkin-
Elmer, Tokyo, Japan). To avoid false-positive results,
the procedures recommended by Kwok and Higuchi
[1989] to prevent contamination were strictly applied to
these PCR assays. No false-positive results were
observed in this study.
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Statistical Analysis

Non-parametric tests were used to examine the
background characteristics of patients and amino acids
changes, including the chi-squared test or Fisher’s
exact probability test, and Mann—-Whitney U-test. The
cumulative HCV-RNA negative rates by qualitative
analysis with PCR were calculated using the Kaplan—
Meier technique, and differences between the curves
were tested using the log-rank test. Univariate and
multivariate logistic regression analyses were used to
determine those factors associated with hepatocyte
steatosis. All P-values of less than 0.05 by the two-tailed
test were considered significant. The odds ratios and
95% CI were also calculated. Variables that achieved
statistical significance (P <0.05) or marginal signifi-
cance (P<0.10) on univariate analysis were entered
into multiple logistic regression analysis to identify
significant independent factors. Potential factors asso-
ciated with hepatocyte steatosis included the following
16 variables: sex, age, history of blood transfusion,
family history of liver disease, body mass index, body
surface area, alanine aminotransferase (ALT), albumin,
cholinesterase, hemoglobin, platelet count, serum iron,
unsaturated iron binding capacity, ferritin, level of
viremia, and pathological staging. Statistical compar-
isons were performed using the SPSS software (SPSS
Ine., Chicago, IL).

RESULTS

Factors Associated With Hepatocyte Steatosis
in Multivariate Analysis

Data of patients classified with low-grade steatosis
(none [n =44] to mild [n =291}) and high-grade (mode-
rate (n=29] to severe [n=0]) were examined to
determine the factors associated with steatosis. Uni-
variate analysis identified three parameters that
significantly influenced hepatocyte steatosis. These in-
cluded age (P=0.001), serum ferritin level (P =0.002),
and body mass index (P = 0.0186). Of these, multivariate
analysis identified serum ferritin level (P=0.004) and
body mass index (P=0.049) as two parameters that
independently influenced hepatocyte steatosis (Table IT).

Treatment Efficacy According to Severity of
Steatosis and IFN Regimen

As a whole, 249 of 364 (68.4%) patients achieved
sustained virological response, while the remaining 115

TABLE II. Factors Associated With Hepatocyte Steatosis in 364 Patients Infected With HCV
Genotype 2a, Identified by Multivariate Analysis

Factor (Category) Odds ratio (95% CI) P
Serum ferritin (pg/L) 1: <200 1

2: >200 3.48 (1.50-8.07) 0.004
Body mass index (kg/m?) 1: <25.0 1

2: >25.0 2.37 (1.00-5.57) 0.049

Variables that achieved statistical significance (P < 0.05) on multivariate logistic regression are shown.
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TABLE III. Sustained Virological Response Rates Estimated by Interferon Treatment
Regimens in 364 Patients Infected With HCV Genotype 2a

Grade of steatosis 8 weeks continuous

Continuous® + intermittent®

24 weeks >24 weeks

25.0% (1/4)
61.8% (34/55)

Moderate to severe
None to mild

44.0% (11/25)

72.1% (191/265) 80.0% (12/15)

22- or 8-week continuous.
"Three times a week.

patients (31.6%) failed to respond to therapy. Among
335 patients with the low-grade hepatocyte steatosis
(grade none to mild), 237 (70.7%) achieved sustained
virological response, while of 29 patients with high-
grade steatosis (grade moderate to severe), only 12
(41.4%) showed sustained virological response. The
rate of sustained virological response in patients with
low-grade steatosis was significantly higher than in
those with high-grade steatosis (P=0.0017). The clin-
icopathological characteristics (16 variables, evaluated
as potential risk factors of steatosis) of non-sustained
virological response patients (115 patients) at the start
of treatment of low-grade (98 patients) and high-grade
(17 patients) steatosis groups were not significantly
different.

With regard to the efficacy of monotherapy accord-
ing to IFN regimen in 335 patients with low-grade
steatosis, sustained virological response rate was 61.8%
in patients who received daily IFN therapy for only
8 weeks. In patients on continuous followed by inter-
mittent therapy, 72.1% achieved sustained virological
response after 24 weeks of treatment, and 80.0% showed
sustained virological response after >24 weeks of treat-
ment (Table III).

Early Viral Kinetics and
Severity of Hepatocyte Steatosis

Table IV shows the features of patients who were
evaluated for early viral kinetics. The cumulative HCV-
RNA negative rates of the low- and high-grade hepato-
cyte steatosis were 10.0% and 11.1% at day 1; 10.0% and
13.0% at day 2; 20.0% and 40.7% at week 1; 30.0% and
75.9% at week 2; 60.0% and 94.4% at week 4; and 80.0%
and 98.2% at week 8, respectively. Statistical analysis
showed that the cumulative HCV-RNA negative rate
was significantly higher in the low-grade group than the
high-grade steatosis group (P =0.0055; Log-rank test,
Fig. 1).

Virological Features of Cases Resistant to [IFN
According to Severity of Steatosis

Figure 2A,B show the amino acid sequences of HCV
core region/NS5A of 9 IFN-resistant patients. In eight
patients, the level of viremia was more than 100 kIU/ml,
while in the remaining patient (Case 5, who was free of
liver steatosis), the level of viremia was 76 kIU/ml
Heterogeneity of two cases or more was found at the
following amino acid positions: amino acid 4 (Cases 6

TABLE IV. Clinical and Virological Features of 64 Patients Who Were Evaluated for Early
Viral Kinetics, According to the Grade of Hepatocyte Steatosis

Grade of hepatocyte steatosis

Moderate
None to mild to severe Differences
N 54 10 NS
Age (years)® 17-67 (50) 41-66 (52) NS
Sex (M/F) 31/23 3/7 NS
Body mass index (kg/m?) 16.8—32.6 (22.2) 19.2-31.1 (25.3) P=0.049
Level of viremia level (Meq/ml)b <0.5-22.0 (2.2) <0.5-18.0 (5.8) NS
Histological staging (F1/F2/F3)° 45/6/3 7/1/2 NS
ALT level (IUM* 15618 (64) 31-175 (64) NS
Serum albumin (g/d)? 3.1-4.5 (3.9) 3.3—4.0 (3.6) P=0.024
Cholinesterase (ApH)? 0.5-1.8(1.1) 0.8-1.4 (1.1) NS
Hemoglobin (g/d)? 9.6-18.3 (14.0) 12.9-15.8 (14.0) NS
Platelet count (x 1,000 p/L)? 89-304 (176) 113-229 (163) NS
Serum iron (ug/dl) 31-264 (146) 64-283 (196) NS
Unsaturated iron-binding 61—-484 (198) 24-331 (112) NS
capacity (pg/dD)
Serum ferritin (ug/l) <10-1,417 (102) <10-698 (243) NS
IFN dose per day (MU/day) 6-1.5 (6) 6-7.5 (6) NS

ALT, alanine aminotransferase; IFN, interferon; MU, million units; NS, not significant.

®Expressed as range (median).

*Viral levels measured by branched DNA assay version 2.0.

“Stage of chronic hepatitis by Desmet et al. [1994].
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Fig. 1. In early viral kinetic study during IFN monotherapy, the cumulative HCV-RNA negative rate of
the low-grade (none to mild) hepatocyte steatosis was significantly higher than that of the high-grade

(moderate to severe) steatosis.

and 7; I/N), amino acid 10 (Cases 5 and 9; Q/K), amino
acid 78 (Cases 2 and 4; R/K), amino acid 2240 (Cases 1,
2, and 4; V/A, T/A, and V/A, respectively), and amino acid
2243 (Cases 5, 6, and 7; E/R, M/R, and V/R, respectively).
These results indicate that the amino acids sequences of
four patients resistant to IFN monotherapy with the
highest grade of liver steatosis (moderate grade) did
not show specific amino acid substitutions, compared
with the sequences of five patients also resistant to IFN
monotherapy but had no hepatocyte steatosis (none
grade).

DISCUSSION

In this study, the factors associated with hepatocyte
steatosis were analyzed in HCV genotype 2a. Known
factors associated with hepatocyte steatosis include
chronic alcohol consumption, high body mass index
(obesity), elevated serum concentrations of cholesterol
or triglycerides, diabetes mellitus, hepatotoxic drugs,
and HCV genotype 3 infection [Wanless and Lentz,
1990; Mihm et al., 1997; Sheth et al., 1997; Czaja et al.,
1998; Westin et al., 2002; Castera et al., 2004; Rubbia-
Brandt et al., 2004; Sharma et al., 2004]. Recent studies
have focused on the mechanism of HCV-related liver
damage associated with hepatocyte steatosis. Patton
et al. [2004] discussed the possibility of non-inflammatory-
mediated mechanism for fibrosis secondary to steatosis.
They indicated that one possible mechanism might
include lipid peroxidation by HCV, which could result in
activation of hepatic stellate cells and subsequent
collagen deposition, based on in vitro evidence [Paradis
et al., 1997; Okuda et al., 2002; Patton et al., 2004].
Farinati et al. [1995] reported that HCV-related liver
damage might be characterized by increased iron
storage, which elicits a free-radical-mediated peroxi-

dation, with consequent steatosis and activation of
glutathione turnover. In a subsequent study, they also
showed that the serum levels 8-hydroxydeoxyguanosine
(8-OHAG), a reliable marker of oxidative stress in HCV
patients, correlated with serum ferritin levels and the
grade of hepatocyte steatosis [Farinati et al., 1999]. In
the study of patients infected with HCV genotype 2a,
multivariate analysis also identified high serum ferritin
level as an independent factor associated with high-
grade hepatocyte steatosis. Thus, the results of the
present study confirm these early reports that hepato-
cyte steatosis associated with HCV-related liver
damage, including HCV genotype 2 might be character-
ized by increased iron storage, which elicits a free-
radical-mediated peroxidation. Interestingly, steatosis
in this study of genotype 2a was not associated with
fibrosis. Rubbia-Brandt et al. [2004] reported that liver
fibrosis might be associated with steatosis only in
genotype 3. Considered together, the results suggest
that hepatocyte steatosis might influence progression of
liver fibrosis in a viral genotype-specific manner.
Hepatocyte steatosis has been considered recently as
an important pretreatment predictor of response to IFN
therapy. It is reported to be an important predictive
factor of sustained virological response in combination
therapy of IFN-ribavirin in patients infected with HCV
genotype 1 or 3 [Bjgro et al., 2002; Poynard et al., 2003;
Patton et al., 2004; Zeuzem et al., 2004]. However, there
is no information on whether hepatocyte steatosis in
patients infected with genotype 2 affects the virological
response to [FN therapy, a part from a previous report
[Akuta et al., 2002]. Akuta et al. [2002] reported
previously that hepatocyte steatosis was a negative
predictor of sustained virological response to IFN mono-
therapy in patients infected with genotype 2a, based on
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Fig. 2. Sequences of amino acids 1-191 in HCV core region (A) and
amino acids 2163-2254 in HCV NS5A (B) at the start of IFN
monotherapy of nine IFN-resistant patients infected with HCV
genotype 2a with the highest grade of hepatocyte steatosis (moder-
ate =Mod; Cases 1—-4) or without steatosis (none; Cases 5--9). Dashes
indicate amino acids identical to the consensus sequence of genotype

multivariate analysis. A recent report [Patton et al.,
2004] indicated that patients with genotype 1 who
showed an early virologic response (defined as >2 logjq
decline in HCV-RNA at week 12) were more likely to
have low-grade steatosis than those who did not show
an early response. The results of the present study of
early viral kinetics and its relationship to the grade of
steatosis in patients infected with genotype 2a were
similar to the above study, and is the first report to
indicate that the grade of steatosis influences early viral
kinetics of HCV-RNA in patients infected with genotype
2a and treated with IFN. Further prospective studies
should be performed based on a large number of patients
who are matched for factors associated with hepato-
cyte steatosis (such as alcohol consumption, glucose/
lipid metabolism) and pretreatment efficacy predictors
(including IFN regimen, viral load, and serum albumin
level [Akuta et al., 2002]).

Previous studies that patients infected with genotype
3 who could achieve sustained virological responses by
IFN treatment often demonstrated a marked decrease
in steatosis as confirmed by repeated posttreatment
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2a, and substituted amino acids are shown by standard single-letter
codes. Eight IFN-resistant patients had high viremia (HCV more than
100 kIU/ml) while the viral level in the other IFN-resistant case
(Case 5), free of steatosis, was 76 kIU/ml. Amp (kIU/ml) = quantitative
analysis of HCV-RNA with PCR of Amplicor version 2.0.

biopsies, and it was concluded that steatosis of genotype
3 might be considered as a consequence of viral infection
[Kumar et al., 2002; Poynard et al., 2003; Castera et al.,
2004; Patton et al., 2004]. However, it is not known
whether steatosis of genotype 2a is also a consequence
of viral infection or other non-viral factors (e.g., meta-
bolic factors). Hence, it is important to investigate the
relationship between treatment efficacy and improve-
ment of steatosis grade, based on repeated biopsies in
future studies.

IFN-resistance mechanisms specific for hepatocyte
steatosis are so far unknown. Steatosis may be asso-
ciated with reduced liver metabolism probably due to
reduced activity of hepatic cytochrome induced by high
liver fat content [Leclereq et al., 1998]. Previous studies
showed that liver fibrosis correlates with steatosis and
obesity [Hourigan et al., 1999; Clouston et al., 2001;
Hwang et al., 2001]. Thus, lipid deposits within hepato-
cytes might cause functional disturbances by increasing
the architectural distortion of the hepatic lobule caused
by fibrosis and decrease in the contact area between
drugs and hepatocytes [Taliani et al., 1995; Giannini
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et al., 1999]. Another study reported a close correlation
between the level of intrahepatic HCV-RNA and severity
of steatosis [Rubbia-Brandt et al., 2000]. In the present
study, no significant clinicopathological parameter
(including serum HCV-RNA levels, fibrosis, and body
mass index) was identified in non-sustained virological
response patients with low-grade and high-grade stea-
tosis. Thus, the results failed to establish a link between
IFN-resistance and hepatocyte steatosis.

It is also not clear whether the virological character-
istics of HCV play any pathogenic role in the derange-
ment of lipid metabolism, and hence contribute to
hepatocyte steatosis. Experiments conducted in vitro
and in transgenic mice suggested that HCV core protein
and NS5A region might be involved in the pathogenesis
of lipid accumulation [Barba et al., 1997; Moriya et al.,
1997; Shi et al., 2002]. On the other hand, Rubbia-
Brandt et al. [2000] reported that steatosis might be a
morphological expression of viral cytopathic effect in
patientsinfected with HCV genotype 3, but that analysis
of the HCV core protein failed to identify a sequence
specially associated with the development of steatosis
[Rubbia-Brandt et al., 2000]. No study has investigated
the effects of HCV core protein and NS5A region on IFN
efficacy in patients with hepatocyte steatosis. In this
context, the relationship between amino acid substitu-
tions in HCV core protein/NS5A region and the grade
of hepatocyte steatosis was analyzed in the present
study in IFN-resistant patients. However, the analysis
showed no specific amino acid substitutions in these
regions that could establish a role for hepatocyte
steatosis in IFN-resistance. It should be noted, however,
that the present study was based on a small group of
patients and sequence analysis of the defined regions
should be investigated in large-scale studies to confirm
the present findings.

B IFN is rarely used and is not licensed outside Japan.
It was reported previously that the type of IFN (a vs. ) is
not a predictor of sustained virological response to IFN
monotherapy in 394 patients infected with genotype 2a,
based on multivariate analysis [Akuta et al., 2002], and
accordingly when the present study was designed, it was
thought that the type of IFN should not affect the
outcome of patients infected with genotype 2a. Inciden-
tally, based on data from Toranomon Hospital, the
frequency of B IFN-related adverse events seems to be
lower than those by a IFN, especially in elderly patients
(unpublished data). Therefore, the use of § IFN rather
than o IFN is recommended at least for elderly patients.

In conclusion, the present study of patients infect-
ed with HCV genotype 2a suggested that hepatocyte
steatosis is possibly associated with excessive iron
storage, and that it might be an important predictor
of the efficacy of IFN monotherapy. Further studies
should be performed to investigate whether hepatocyte
steatosis associated with HCV genotype 2a might be
also a predictor of other treatments, including IFN-
ribavirin combination therapy and pegylated IFN.
In this study, amino acid substitutions associated with
IFN-resistance specific for hepatocyte steatosis could
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not be identified, and large-scale studies should be
conducted to confirm the present findings. Further
analysis of IFN-resistance mechanisms should be con-
ducted in future studies taking into consideration
pharmacokinetic, viral, and host-related factors.
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Abstract

Objective: Comparison of virological and biochemical
relapse in patients with chronic hepatitis B, based on
continuation or discontinuation of lamivudine monother-
apy. Methods: In Japanese genotype C-dominant hepati-
tis B patients, 25 patients who stopped treatment at nor-
mal levels of alanine transferase (ALT) were retrospec-
tively compared with 75 patients who continued treat-
ment. Both groups were matched for age, sex, and
observation period after start of treatment. We investi-
gated the relapse rates, and evaluated predictive factors
for relapse and efficacy of retreatment of the discontin-
uous group. Results: Virological and biochemical relapse
occurred significantly earlier in the discontinuous than
continuous group, and the peak levels and ratios of peak
to pretreatment levels of serum bilirubin and ALT after

relapse were not significantly different between the two
groups. Multivariate analysis identified three indepen-
dent factors at discontinuation of treatment associated
with early biochemical relapse: HBeAg positivity, pres-
ence of liver cirrhosis, detection of basic core promoter
mutant. Normalization of ALT levels with retreatment
occurred in 62.5% of patients, but 2 HBeAg-positive
patients retreated after the emergence of YMDD motif
mutant developed severe relapse with hyperbilirubi-
nemia. Conclusion: Our results in Japanese patients with
genotype C-dominant hepatitis B suggest that discontin-
uation of lamivudine monotherapy, and retreatment af-
ter the emergence of YMDD mutant should be given
attention.

Copyright © 2005 S. Karger AG, Basel

introduction

Lamivudine, an oral cytosine nucleoside analog clini-
cally used for the treatment of chronic hepatitis B virus
(HBV) infection, potently inhibits HBV replication by
interfering with HBV reverse transcriptase activity [1-4],
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and results in a marked decrease of HBV DNA and serum
transaminase levels, seroconversion of HBe antigen
(HBeAg) to anti-HBe, and histopathological improve-
ment [4-9].

The optimal duration of lamivudine administration
for HBV-infected patients is still controversial for two
main problems; drug resistance and sustainability of the
response to treatment. In particular, there is a need to
evaluate short-term treatment with respect to post-treat-
ment safety and the sustainability of responses, and long-
term treatment with regard to biochemical relapse (break-
through hepatitis) associated with the emergence of
YMDD motif mutant [10-17]. The American Associa-
tion for the Study of Liver Diseases practice guidelines
suggested that lamivudine could be discontinued in pa-
tients who had completed one year of treatment and had
persistent HBeAg seroconversion on more than one occa-
sion determined 2-3 months apart [18]. However, this is
not completely evaluated in Japanese genotype C-domi-
nant hepatitis B patients.

The present study was designed to deal with the follow-
ing three issues: (1) To compare the virological and bio-
chemical relapse rates according to the continuation or
termination of lamivudine monotherapy, and to compare
the risk of biochemical relapse after the termination of the
treatment and breakthrough hepatitis during long-term
treatment; (2) to determine the independent predictive
factors at discontinuation of treatment that contributed to
early biochemical relapse in discontinuous patients, and
(3) to evaluate the efficacy of retreatment with lamivu-
dine monotherapy.

Patients and Methods

Patients

Lamivudine therapy was provided to 394 consecutive patients
with chronic hepatitis B who tested positive for HBs antigen at Tora-
nomon Hospital between September 1995 and December 2002.
Among these, 269 patients started lamivudine monotherapy at
abnormal alanine transferase (ALT) levels (normal for ALT, 6—
50 IU/1) and were able to achieve ALT normalization during treat-
ment, and were enrolled in this retrospective study. The latter group
consisted of 25 patients who stopped the lamivudine monotherapy
during ALT normalization (discontinuous group) and 244 patients
who did not stop the lamivudine monotherapy (continuous group),
and the discontinuation or not of lamivudine during ALT normaliza-
tion was selected at their own request. To compare the cumulative
virological and biochemical relapse rates between the discontinuous
group and continuous group, all 25 patients of the discontinuous
group entered this study along with 75 patients of the continuous
group. The latter group was selected from among the 244 because
they matched patients of the discontinuous group with respect to sex,

Biochemical Relapse after Lamivudine

age, and observation period after the start of lamivudine monothera-
py. They had been confirmed to have hepatitis by liver biopsies, were
free of decompensated liver cirrhosis and hepatoceliular carcinoma.
Coinfection and superinfection with hepatitis A, C, and delta viruses,
and human immunodeficiency virus were ruled out serologically or
genomically using commercially available kits or conventional poly-
merase chain reaction (PCR)-based assays. None of the patients had
a history of other liver diseases, such as autoimmune hepatitis, alco-
holic liver disease, and metabolic disease.

Patients were given a dose of 100 mg of lamivudine once a day.
The median period of treatment in the discontinuous group (0.72
years, range; 0.10-5.6 years) was significantly shorter than that of the
continuous group (1.8 years, range; 0.71-7.6 years, p < 0.0001). The
median observation period after the commencement of lamivudine
therapy was not significantly different based on the matching of the
two groups, and the periods were 2.1 years (range; 0.68-7.9 years) in
the discontinuous group and 1.8 years in the continuous group
(range; 0.71-7.6 years). In the discontinuous group, the median
observation period after discontinuation of lamivudine therapy was
1.4 years (range; 0.15-6.7 years). With regard to the observation peri-
od, patients of the discontinuous group who received another course
of lamivudine treatment for biochemical relapse and those of the
continuous group who received additional interferon treatment for
biochemical relapse, were treated as censored data at the time of
lamivudine retreatment and additional interferon treatment in the
statistical analysis of cumulative relapse rates. The clinical character-
istics of enrolled patients are summarized in table 1, and those of
discontinuation are shown in table 2.

Methods

Our study compared virological and biochemical relapse in con-
tinuous and discontinuous lamivudine monotherapy groups, and
determined the independent predictive factors at discontinuation
that contributed to early biochemical relapse in the discontinuous
group. Furthermore, we also evaluated the efficacy of retreatment
with lamivudine monotherapy. Patients in whom ALT levels became
abnormal (>50 IU/l) after a period of ALT normalization were
defined as biochemical relapsers. Patients in whom levels of HBV
DNA re-clevated after the minimum levels, ignoring undetectable
HBV DNA levels, were defined as virological relapsers. Especially,
virological relapse during lamivudine treatment associated with the
emergence of YMDD motif mutant were defined as DNA break-
through, and biochemical relapse associated with DNA breakthrough
were defined as breakthrough hepatitis. Clinical and laboratory
assessments were performed at least once every month before, dur-
ing, and after treatment. Adverse effects were monitored clinically by
a detailed interview and medical examination at least once every
month. Patient compliance with treatment was evaluated by a ques-
tionnaire.

Blood samples were obtained at least once every month before,
during, and after treatment, and were analyzed for various laboratory
data including ALT levels, HBV DNA levels, and the presence of
YMDD motif mutant. The serum samples were stored in aliquots at
-80°C until use. HBs antigen and HBeAg/eAb were determined by
radioimmunoassay (Abbott Diagnostics, Chicago, Ill., USA). HBV
DNA was measured by transcription-mediated amplification and
hybridization protect assay (TMA-HPA) (Chugai Diagnostica, To-
kyo, Japan). The lower and upper limits of detection of TMA-HPA
are 5 x 103and 5 x 108 viral genomic equivalents (GE)/ml, respec-
tively. HBV genotype was determined using a previously reported
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Table 1. Clinical characteristics of enrolled patients

Discontinuous group Continuous group p value

(n =25) n=75)
Age, years? 33(19-75) 34 (20-75) matched
Sex, male/female 19/6 57718 matched
Period of observation® 2.1(0.68-7.9) 1.8 (0.71-7.6) matched
HBV DNA, LGE/m}? 7.6 (<3.7t0>8.7) 7.5(<3.7t0>8.7) NS
HBeAg, number of positive 20 (80.0%) 45 (60.0%) NS
HBV genotype, number of C 22 (88.0%) 61(81.3%) NS
Liver cirrhosis® 2 (8.0%) 3 (4.0%) NS
Family history of liver diseased 18 (72.0%) 59 (78.7%) NS
T-Bil, mg/di2 0.7 (0.3-20.7) 0.7 (0.3-10.5) NS
ALT, [U/12 97 (51-3,168) 150 (53-2,274) NS
Albumin, g/d12 3.9(2.8-4.3) 3.8(2.5-4.8) NS
Cholinesterase, ApH? 1.0 (0.6-1.5) 1.1(0.5-1.7) NS
Duration of lamivudine therapy, years? 0.72 (0.10-5.6) 1.8 (0.71-7.6) <0.0001

Data expressed as median (range).
Period of follow-up after the start of lamivudine therapy.
Scoring according to the system of Desmet et al. {22].

a o o &

Family history of positivity for hepatitis B surface antigen including third-degree relatives.

LGE = Logarithm of genome equivalent per millilitre; T-Bil = total bilirubin; ALT = alanine transferase (normal

range < 50 IU/); NS = not significant.

Table 2. Characteristics of patients at discontinuation of lamivudine
monotherapy

Number 25

Sex, male/female 19/6

Age, years? 34 (19-75)
Number of cirrhosis 2 (8.0%)
HBYV genotype, number with genotype C 22 (88.0%)
Family history of liver disease® 18 (72.0%)
HBeAg, number of positive 9 (36.0%)
HBV DNA, patients with <3.7 LEG/ml 18 (72.0%)
T-Bil, mg/dl2 0.7 (0.3-1.3)
ALT, IU/12 23 (10-50)
BCP nt 1762/1764 (W/M/mi/N) 5/8/2/10
PC nt 1896 (W/M/mi/N) 10/3/2/10

Presence of YMDD motif mutant
Duration of lamivudine therapy, years?

3(12.0%)¢
0.72 (0.10-5.6)

a  Data expressed as median (range), or number of patients.

b Family history of positivity for hepatitis B surface antigen includ-

ing third-degree relatives.

¢ One patient was PCR-negative with serum sample at stop of

treatment, but had been already detected before stop.
Abbreviations, as in table 1, BCP = Basic core promoter; PC =

precore; nt = nucleotide. W = wild type (BCP; Al762G1764 PC; G1896);

M = mutant type; mi = mixed type of wild and mutant virus; N =

PCR-negative.
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method [19, 20]. Antibody against HCV was detected with a third-
generation enzyme-linked immunoassay (Ortho Diagnostic Japan,
Tokyo). YMDD motif mutant was detected using the sensitive PCR-
restriction fragment length polymorphism [21].

Liver biopsy specimens were obtained percutaneously or at lapa-
roscopy using a modified Vim Silverman needle of 2 mm internal
diameter (Tohoku University style, Kakinuma Factory, Tokyo).
Each specimen was scored according to the system of Desmet et al.
[221.

This study was conducted in accordance with the guidelines of
the Declaration of Helsinki and its subsequent amendments, and
informed consent was obtained from each patient. The study was
approved by the Human Ethics Committee of Toranomon Hospital.

Nucleotide Sequencing of HBV Basic Core Promoter

(nt 1762/1764) and Precore (nt 1896)

Nucleotide sequences of HBV were compared with the prototype
sequences of the HBV genotype C [19]. HBV DNA was extracted
with a Smitest EX & R kit (Genome Science, Tokyo). Nucleic acids
were amplified by nested PCR using the following primers. Nucleo-
tide sequences of basic core promotor (BCP) nt 1762/1764 and pre-
core (PC) nt 1896: The first-round PCR was performed with BCP-F7
[sense, 5~ TGC ACT TCG CTT CAC CTC TG-3' (nt 1580-1599)]
and BCP-R8 [antisense, 5-TAA GCG GGA GGA GTG CGA AT-¥
(nt 2295-2276)] primers, and the second-round PCR with BCP-F5
[sense, 5-GCA TGG AAA CCA CCG TGA AC-3' (nt 1606-1625)]
and BCP-R6 [antisense, 5-ATA CAG AGC AGA GGC GGT AT-3
(nt 2014-1995)] primers. All samples were initially denatured at
95°C for 4 min. Thirty-five cycles of amplification were set as fol-
lows: denaturation for 1 min at 94 °C, annealing of primers for 2 min
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at 55°C, and extension for 3 min at 72°C with an additional 7 min
for extension. Then 1 ul of the first-round PCR product was trans-
ferred to the second-round PCR reaction. Other conditions for the
second-round PCR were the same as the first-round PCR, except that
the second-round PCR primers were used instead of the first-round
PCR primers. The amplified PCR products were purified by the QIA
quick PCR purification kit (Qiagen, Tokyo) after agarose gel electro-
phoresis and then used for direct sequencing. Dideoxynucleotide ter-
mination sequencing was performed with the ABI PRISM Dye Ter-
minator Cycle Sequencing Ready Reaction kit (Applied Biosystems,
Perkin-Elmer, Chiba, Japan). To avoid false-positive results, the pro-
cedures recommended by Kwok and Higuchi [23] to prevent con-
tamination were strictly applied to these PCR assays. No false-posi-
tive results were observed in this study.

Statistical Analysis

The 2 test, Fisher’s exact probability test, and Mann-Whitney’s
U test were used to compare the background characteristics between
groups. The cumulative virological and biochemical relapse rates
were calculated using the Kaplan-Meier technique, differences be-
tween the curves were tested using the log-rank test. Statistical analy-
ses of virological and biochemical relapse periods according to the
mode of monotherapy (continuous and discontinuous groups) were
calculated using the period from the start of lamivudine monothera-
py, and those concerned with the characteristics of the discontinuous
group were calculated using the period after discontinuation of the
treatment. Stepwise Cox regression analysis was used to determine
independent predictive factors at discontinuation of lamivudine
monotherapy that contributed to early biochemical relapse after dis-
continuation of the treatment. We also calculated the odds ratios and
95% confidence intervals. Potential predictive factors associated
with early biochemical relapse included the following ten variables at
discontinuation of treatment: sex, age, histological stage, HBV geno-
type, levels of HBV DNA, HBeAg, pattern of BCP and PC, presence
of YMDD motif mutant, and duration of lamivudine therapy. Each
variable was transformed into categorical data consisting of two sim-
ple ordinal numbers for univariate and multivariate analyses. Vari-
ables that achieved statistical significance (p < 0.05) or marginal sig-
nificance (p < 0.10) on univariate analysis were tested by multivar-
iate Cox proportional hazard model to identify significant indepen-
dent factors. Statistical comparisons were performed using the SPSS
software (SPSS, Chicago, Ill., USA). All p values <0.05 by the two-
tailed test were considered significant.

Results

Virological and Biochemical Relapse

Virological relapse occurred in 24.0% (18 of 75 pa-
tients) of patients of the continuous group and 84.0% (21
of 25) of the discontinuous group. The cumulative viro-
logical relapse rates of the continuous and discontinuous
group were 12.3 and 54.1% at the end of one year after the
commencement of lamivudine monotherapy; 26.0 and
70.8% at 2 years; and 30.1 and 87.8% at 3 years, respec-
tively. Virological relapse in the discontinuous group
emerged significantly earlier than the continuous group
(p < 0.0001; log-rank test) (fig. 1a).

Biochemical Relapse after Lamivudine

100; @

e==m - Discontinuous group
Continuous group

p < 0.0001 §

60

40

20

Cumulative virological relapse rate (%)

1 2 '3
Period after commencement of treatment (year)

100 b

80 == - Discontinuous group
Continuous group

60

40

20

Cumulative biochemical relapse rate (%)

Fig. 1. Virological and biochemical relapse rates according to the
confinuation or discontinuation of lamivudine monotherapy, in
patients matched for age, sex, and observation period after the start
of treatment. a Cumulative virological relapse rates after the com-
mencement of treatment. b Cumulative biochemical relapse rates
after the commencement of treatment. Virological and biochemical
relapse in the discontinuous group emerged significantly earlier than
in the continuous group.

Biochemical relapse occurred in 22.7% (17 of 75
patients) of patients of the continuous group and 68.0%
(17 of 25 patients) of the discontinuous group. The cumu-
lative biochemical relapse rates of the continuous and dis-
continuous group were 4.27 and 32.2% at the end of one
year after commencement of lamivudine monotherapy;
26.5and 61.9% at 2 years; and 33.9 and 66.7% at 3 years,
respectively. Biochemical relapse in the discontinuous
group emerged significantly earlier than in the continuous
group (p = 0.0011; log-rank test) (fig. 1b).
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Table 3. Comparison of ALT and T-Bil

levels after biochemical relapse and the Discontinuous group  Continuous group  p value

emergence of YMDD motif mutant i -

between patients who continued and those Biochemical .relapse cases (n = 34) 17 17

who discontinued lamivudine monotherapy Peak T-Bil, mg/dI* 0.9(0.5-3.8) 1.1(0.5-4.9) NS
Peak ALT, IU/2 384(191-1,480) 538(67-1,736) NS
T-Bil ratiob 1.5(0.3-3.5) 2.0(0.2-12.3) NS
ALT ratiob 3.9(1.0-18.7) 3.5(0.1-10.8) NS

YMDD motif mutant cases (n = 25) 3 22

Peak T-Bil, mg/dl? 2.1(0.7-3.8) 1.1(0.5-4.9) NS
Peak ALT, 1U/12 441 (50-638) 236 (26-1,736) NS
T-Bil ratio® 1.0(0.3-3.5) 1.8 (0.1-12.3) NS
ALT ratiob 5.9(0.6-11.2) 1.7 (0.1-10.8) NS

a Data expressed as median (range). ® The ratios of peak levels to pretreatment.
For abbreviations, see table 1.

Table 4. Predictors of early biochemical

relapse after lamivudine monotherapy, Factors Category Odds ratio (,95 % p
determined by multivariate analysis confidence interval)
Histology [ no cirrhosis 1
2: cirrhosis 16.1(2.30-113) 0.0052
HBeAg 1: negative 1
2: positive 5.61(1.77-17.8) 0.0035
Basic core promoter 1: undetectable mutant 1
(A1762G1764) 2: detectable mutant 3.93(1.31-11.8) 0.015

Variables that achieved statistical significance (p < 0.05) on multivariate Cox proportio-
nal hazard model are shown.

YMDD mutants were not detected in any of the pre-
treatment serum samples. Emergence of YMDD motif
mutant was noted in 29.3% (22 of 75 patients) of patients
of the continuous group and 12.0% (3 of 25 patients) of
the discontinuous group. In the continuous group, all of
18 virological relapsers showed DNA breakthrough asso-
ciated with the emergence of YMDD motif mutant, and
all of 17 biochemical relapsers showed breakthrough hep-
atitis associated with DNA breakthrough.

ALT and Bilirubin Levels after Biochemical Relapse

or Emergence of YMDD Motif Mutant

The peak levels of serum ALT and bilirubin after bio-
chemical relapse, and the ratios of peak levels to pretreat-
ment were not significantly different between continua-
tion or discontinuation groups (table 3). Likewise, the
peak levels of serum ALT and bilirubin after the emer-
gence of YMDD motif mutant, and the ratios of peak lev-
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els to pretreatment were also not significantly different
between the two groups (table 3).

Factors Associated with Early Biochemical Relapse

after Discontinuation of Lamivudine Monotherapy

The cumulative biochemical relapse rates of the dis-
continuous group were 48.0, 64.8, 69.2, and 69.2% at the
end of 0.5, 1, 2, and 3 years after discontinuation of lami-
vudine monotherapy, respectively. Potential predictive
factors associated with early biochemical relapse after dis-
continuation of treatment were explored in 25 patients of
the discontinuation group. In univariate analyses, the fol-
lowing six factors tended to or significantly influenced the
early biochemical relapse: HBeAg (p = 0.0048), levels of
HBV DNA (p = 0.039), pattern of BCP (p = 0.026), pat-
tern of PC (p = 0.033), age (p =-0.083), and liver cirrhosis
(p = 0.096). In multivariate analysis using these factors,
HBeAg (p = 0.0035), liver cirrhosis (p = 0.0052), and pat-
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Fig. 2. Clinical summary of a 34-year HBeAg-positive male patient
infected with HBV-genotype C complicated with liver cirrhosis. The
patient was treated with lamivudine monotherapy for 2.8 years,
which resulted in HBeAg negativity and a decrease in HBV DNA to
undetectable levels as measured by TMA-HPA for one year or more,
despite the emergence of YMDD motif mutant (YIDD type). After
the discontinuation of lamivudine, however, the patient developed

tern of BCP (p = 0.015) were independent significant pre-
dictors of early biochemical relapse after discontinuation
of the treatment (table 4). The odds ratio of liver cirrhosis
was 16.1 compared with the absence of cirrhosis. The
odds ratio of HBeAg-positive was 5.61 compared with
HBeAg-negative. The odds ratio of detectable BCP mu-
tant virus was 3.93 compared with undetectable BCP
mutant virus.

Retreatment for Biochemical Relapse after

Discontinuation of Lamivudine Monotherapy

Eight of 17 patients, who showed relapse after the ter-
mination of the treatment, received another course of
lamivudine monotherapy at the same dose after a median
stop (no treatment) period of 0.61 years (range, 0.15-1.8
years). The median period of retreatment was 1.1 years
(range, 0.14-2.7 years). Six of these patients were HBeAg-
positive, and the remaining 2 were HBeAg-negative at the
commencement of retreatment. Five of 8 (62.5%) patients
successfully showed normalization of ALT level and dis-
appearance of HBV-DNA after retreatment; of whom 2
were HBeAg-negative (100%) and 3 were HBeAg-positive
(50%). The other 3 patients, who did not show normaliza-
tion of ALT, were HBeAg-positive, and especially 2
patients showed HBeAg reversion. Furthermore, in 2 of

Biochemical Relapse after Lamivudine

severe biochemical relapse, during retreatment of lamivudine mono-
therapy. The case was later controlled when combination therapy of
lamivudine and IFN-o was used. HBY DNA was indicated by
branched DNA signal amplification technology (Chiron Corp., Eme-
ryville, Calif,, USA) to show the viral loads of higher ranges, and the
results were expressed as 106 genomic equivalents per millilitre
(MEqg/ml). Thick line = HBV DNA level, thin line = ALT level.

the latter 3 nonresponders, lamivudine therapy was ter-
minated following the emergence of YMDD motif mu-
tant, and both developed severe biochemical relapse (a
rise in ALT level to = 300 [U/I, accompanied by the eleva-
tion of total bilirubin level to =2.0 mg/dl) during retreat-
ment. In particular, one of them developed severe relapse
despite HBeAg seronegative conversion and was HBV
DNA undetectable for one year (fig. 2). In summary, 5 of
6 patients (83.3%) without YMDD motif mutant at dis-
continuation could achieve ALT normalization again
with retreatment, but 2 of 2 patients with YMDD motif
mutant developed severe biochemical relapse during re-
treatment. Hence, retreatment with lamivudine mono-
therapy was effective, but tended to be not very effective
for HBeAg-positive patients retreated after the emergence
of YMDD motif mutant.

Discussion

Previous studies reported that the estimated half-life of
hepatocytes infected with HBV was 10-100 days, suggest-
ing that prolonged administration of lamivudine for a
period longer than one year might be needed to clear HBV
in the liver by turning over most of cccDNA-containing
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hepatocytes [24, 25]. However, a recent report by Ryu et
al. [26] showed that HBV DNA and HBeAg reappeared in
31 and 16% of their patients, respectively at 2 years after
the termination of lamivudine, even when HBV DNA
and HBeAg had been persistently negative for 2 years or
more. Based on these findings, they suggested that long-
term additional administration of lamivudine might en-
hance the durability of lamivudine-induced HBeAg sero-
conversion [26]. Our results of the discontinuous group
also indicated higher cumulative biochemical relapse
rates of 64.8 and 69.2% at 1 and 2 years after discontinua-
tion, similar to the Korean report (relapse rates, 37.5 and
49.2% at 1 and 2 years) [27], although this might be due to
the criteria used for the definition of the discontinuous
group, regardless of HBeAg seroconversion and inclusion
of subjects who were HBeAg-negative at the start of the
treatment.

With regard to long-term treatment, while continued
disease suppression, or even HBeAg seroconversion, still
occurred in some patients, in others, breakthrough hepati-
tis associated with the appearance of YMDD mutant may
occur. Severe breakthrough hepatitis has been reported
despite the continuation of lamivudine [28-32], even
though previous studies showed that YMDD mutants are
less replication-competent compared with the wild-type,
and are associated with lower HBV DNA levels compared
with pretreatment HBV DNA levels [4, 5, 33-37]. We
have recently reported that 3-year lamivudine therapy
induced histopathological improvement regardless of the
appearance of YMDD mutants, associated with DNA
breakthrough and breakthrough hepatitis, and suggested
the benefit of long-term treatment [38].

In our study based on patients matched for age, sex,
and observation period, the cumulative virological and
biochemical relapse rates were compared according to the
continuation or not of lamivudine monotherapy. Our
results showed that the relapse rates in the discontinuous
group emerged significantly earlier than the continuous
group. Furthermore, the peak levels of serum ALT and
bilirubin and the ratios of peak to pretreatment levels
were not significantly different between the continuation
and discontinuation groups, regardless of the emergence
of YMDD motif mutant. To our knowledge, this is the
first report based on matched patients® backgrounds that
compares the virological and biochemical relapse rates
according to continuation or discontinuation of lamivu-
dine monotherapy.

One limitation of our study is the small number of
patients, the use of various treatment periods, and differ-
ences in the discontinuation criteria regardless of HBeAg
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seroconversion in the discontinuous group. Large-scale
prospective studies of each group should be conducted in
the future to confirm these findings.

Previous studies showed that HBeAg-positivity, old
age, high pretreatment viral loads, and the presence of PC
mutant at the start of the treatment might affect the bio-
chemical relapse after treatment [39-41]. Our study based
on multivariate analysis-evaluated various aspects of clin-
icopathological characteristics at the termination of treat-
ment, and identified HBeAg-positivity, liver cirrhosis,
and detectable BCP mutant virus as independent signifi-
cant determinants of early biochemical relapse. Muta-
tions in BCP, increase viral replication and enhance dis-
ease activity [42, 43], and are also associated with HBV
genotype C and a longer duration of infection (including
the higher age, and more advanced liver disease) [44].
These results suggest that the presence of BCP mutant and
liver cirrhosis might indicate the more active state of dis-
ease, and might be the responsible factors of an early
relapse. In our study, the majority of patients of the dis-
continuous group were Japanese patients infected with
HBYV genotype C and were positive for a family history of
HBYV infection (namely, genotype C patients with the lon-
ger duration of infection), and thus the presence of BCP
mutant together with genotype C and a longer duration of
infection might explain the higher viral replication and
biochemical relapse after treatment in endemic areas of
HBYV genotype C infection, such as Japan and Korea,
where most HBV infection is considered to be transmit-
ted vertically {27]. To our knowledge, this is the first
report of early post-treatment biochemical relapse based
on characteristics at discontinuation of lamivudine
monotherapy. Previous reports in the United States indi-
cated that viral suppression was maintained after the ter-
mination of treatment {45]. The discrepancy between the
USA reports and our results are probably due to the dif-
ferences in HBV genotypes, duration of infection, and fol-
low-up period after the termination of treatment. Further
studies of a large group of patients are required to clarify
whether the patients’ characteristics including HBV geno-
type and duration of infection affect the early virological
and biochemical relapse after the termination of lamivu-
dine monotherapy.

Reinstitution of lamivudine monotherapy is usually
effective in controlling exacerbations in patients who
have not experienced breakthrough and may result in sub-
sequent HBeAg seroconversion [39], but the benefits of
retreatment are usually transient in patients with break-
through since YMDD mutant rapidly reappears (often
within weeks) when lamivudine is resumed [46, 47]
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because of possible persistence of YMDD mutant over
long periods after the cessation of therapy [48]. In the
present study, 83.3% of patients without YMDD motif
mutant at discontinuation achieved ALT normalization
again with retreatment, but all (100%) patients with
YMDD motif mutant developed severe biochemical re-
lapse during retreatment. These results suggest that care
should be exercised in the management of patients in
whom lamivudine is first discontinued then used again,
especially those who show the emergence of YMDD motif
mutants.

In conclusion, the present study indicates that the dis-
continuation of lamivudine monotherapy for Japanese
genotype C-dominant hepatitis B should be followed care-

fully for virological and biochemical relapses. Further
prospective studies are necessary to determine the true
risk of post-treatment relapse by discontinuation and
breakthrough hepatitis by continuation of long-term
treatment. However, it should be stated here that it would
be difficult to perform such studies based on ethical
grounds. Interferon therapy and new nucleotide analogs
(for example, adefovir dipivoxil and entecavir) have been
recently shown to be effective in patients with YMDD
mutants induced by long-term lamivudine administration
[49-52]. Thus, new combination therapies of antiviral
drugs or alternative drugs are expected to appear in the
future.
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The long-term efficacy of lamivudine therapy in
patients with hepatitis B virus (HBV) infection is
still not clear. In this study, 20 non-cirrhotic
Japanese patients infected with HBV received
lamivudinetherapy formorethan 1year and were
followed for a median period of 8.5 years (range,
6.7-8.7 years). The rates of HBe antigen (HbeAg)
negative, HBV-DNA undetectable, and alanine
aminotransferase (ALT) normal level at the start
of lamivudine were 55%, 25%, and 20% and 85%,
80%, and were 80%, respectively, at the last visit,
including patients who received additional treat-
ment. The values at the last visit tended to and
were significantly higher than those at the start.
The values improved at the last visit regardless
of the emergence of YMDD motif mutant and
continuation of lamivudine. YMDD mutant and
biochemical relapse with mutant virus (break-
through hepatitis) appeared in 65% and 45%
during follow-up, respectively, but severe break-
through hepatitis occurred in only 5%. Further-
more, 80% of patients who received additional
treatment for breakthrough hepatitis, regardless
of continuation of lamivudine, were ALT normal
level at the last visit, in contrast to 25% untreated.
HBsAg clearance occurred in two patients of the
discontinuous lamivudine group with non-verti-
cal transmission, who were relatively young. One
was infected with HBV genotype C with break-
through hepatitis and the other had no YMDD
mutant and was infected with genotype D, a
rare type in Japan. None developed cirrhosis or
hepatocellular carcinoma (HCC) during follow-
up. Our results suggest that long-term lamivu-
dine therapy improves long-term prognosis,
especially when additional treatment for break-
through hepatitis is used. J. Med. Virol.
75:481-498, 2005. © 2005 Wiley-Liss, Inc.

KEY WORDS: YMDD motif mutant; HBV geno-
type; breakthrough hepatitis;
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HBsAg clearance; hepatocellu-
lar carcinoma

INTRODUCTION

Lamivudine, an oral cytosine nucleoside analog clini-
cally used for the treatment of chronic hepatitis B
virus (HBV) infection, potently inhibits HBV replication
by interfering with HBV reverse transcriptase activity
[Doong et al., 1991; Dienstag et al., 1995; Nevens et al.,
1997; Lai et al., 1998], and results in marked decrease of
HBV-DNA and alanine aminotransferase (ALT) levels,
seroconversion of HBe antigen (HBeAg) to anti-HBe
(HBeAb), and histopathological improvement [Lai et al.,
1998; Dienstag et al., 1999; Suzuki et al., 1999; Liaw
et al., 2000; Schalm et al., 2000; Leung et al., 2001;
Akuta et al., 2003a]. However, lamivudine-resistant
HBYV strains (YMDD motif mutant) have been reported
in long-term lamivudine therapy, and the emergence of
such mutant virus results in re-elevation of HBV-DNA
(DNA breakthrough) and ALT (breakthrough hepatitis)
[Tipples et al., 1996; Bartholomew et al., 1997; Lai et al.,
1998; Dienstag et al., 1999; Liaw et al., 2000; Schalm
et al., 2000; Leung et al., 2001; Yuen et al., 2001; Akuta
et al., 2003a,b].

The optimal duration of lamivudine therapy for HBV-
infected patients is still controversial for two main
reasons; drug resistance and sustainability of the
response to treatment. In particular, there is a need to
evaluate short-term treatment with respect to post-
treatment safety and the sustainability of the response
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to such treatment, and long-term treatment with regard
to breakthrough hepatitis [Balzarini et al., 1996, Ling
et al., 1996; Naoumov et al., 1996; Tipples et al., 1996;
Bartholomew et al., 1997; Honkoop et al., 1997; Schalm,
1997; Allen et al., 1998]. Furthermore, the long-term
prognosis of lamivudine-treated patients also remains
unknown. Recently, Lok et al. [2003] reported the long-
term safety and efficacy of continuous lamivudine treat-
ment based on a median follow-up period of 4 years.
However, the efficacy of long-term lamivudine treat-
ment based on a longer follow-up period of more than
5 years is still not clear, especially when associated
with or without continuation of lamivudine and with or
without the emergence of YMDD mutant.

The present study included 20 consecutive non-
cirrhotic Japanese patients with chronic hepatitis B,
in whom more than 8 years had elapsed since the induc-
tion of lamivudine monotherapy. The aims of the present
study were the following: (1) To evaluate the long-term
efficacy and safety of more than 1-year lamivudine treat-
ment in Japanese patients with genotype C-dominant
hepatitis B; (2) to evaluate HBeAg status, HBV-DNA
levels, and ALT levels according to continuation or dis-
continuation of lamivudine, and according to the emer-
gence or not of YMDD motif mutant; and (3) to evaluate
the efficacy of any additional treatment for break-
through hepatitis.

MATERIALS AND METHODS
Patients

We studied 20 consecutive Japanese adult patients
with chronic hepatitis B who agreed to enter a long-term
lamivudine trial between September 1995 and July 1996
at the Department of Gastroenterology of Toranomon
Hospital [Chayama et al., 1998]. The entry criteria in-
cluded a positive test for HBV-DNA by dot hybridization
and elevated ALT levels (greater than twice the upper
limit of normal value [50 TU/L]) within 3 months before
the start of therapy. Aliver needle biopsy was performed
in all patients just before the start of the trial, which
confirmed the presence of chronic hepatitis. Individuals,
who had hepatocellular carcinoma (HCC), apparent
cirrhosis, or signs of hepatic decompensation, were
excluded from the study. Also excluded were patients
positive for serum markers of hepatitis C virus and
human immunodeficiency virus. None of the participat-
ing patients received immunosuppressive or antiviral
therapy at least 6 months before lamivudine therapy,
and none had been previously treated with any nucleo-
side analogs. Each patient was treated with a single oral
dose of 100 mg of lamivudine every day.

The patient characteristics at the start of lamivudine
monotherapy are summarized in Table I. The follow-up
period represented the time from the start of lamivudine
monotherapy until the last visit. The median period of
follow-up was 8.5 years (range, 6.7-8.7 years). During
follow-up, 6 patients discontinued lamivudine treat-
ment at their own request, and the other 14 patients
continued until the last visit. The median period of

Akuta et al.

TABLE 1. Patient Characteristics at the Start of
Lamivudine Monotherapy

Number 20
Sex (male/female) 16/4
Age (year)? 44 (25—-65)
HBeAg (no. of positive) 9 (45.0%)
HBV-DNA (gEq/m})? 3.2x 107 (7.0 x 10° — 8.2 x 109
HBYV genotype 3/15/1/1
(no. of B/C/D/F)
Histology (no. of F1/2)° 12/8
Family history of liver 13 (65.0%)
disease®
T-Bill (mg/dl)® 0.8(0.2-1.7)
AST U2 59 (24-247)
ALT qU/? 100 (11-371)
Albumin (g/d])* 4.1(3.4-4.7)
Cholinesterase (ApH)?* 1.0 (0.8-1.3)

T-Bill, total bilirubin; AST, aspartate transferase; ALT, alanine
transferase.

“Data are expressed as median (range).

Scoring according to the system of Desmet et al. [1994].

“Family history of positivity for hepatitis B surface antigen including
third-degree relatives.

lamivudine treatment was 1.4 years (range, 1.0-
5.6 years) for the discontinuation group, and 8.5 years
(range, 6.7—8.7 years) for the continuous patients. As
a whole, the median period of lamivudine treatment
was 8.4 years (range, 1.0-8.7 years). In some patients,
lamivudine therapy was supplemented with other addi-
tional treatments.

Methods

Asindicators of lower activity of hepatitis, the rates of
HBeAgnegative, HBV-DNA undetectable (undetectable
DNA levels by branched DNA signal amplification
technology), and normal ALT level, were evaluated at
two points; the start of lamivudine and last visit. The
rates at the last visit were evaluated by including
those patients who received additional treatment. Fur-
thermore, the cumulative appearance rates of YMDD
mutant by polymerase chain reaction (PCR)-based
methods and breakthrough hepatitis (ALT becoming
abnormal after a period of ALT normalization, accom-
panied by the emergence of YMDD mutant and re-
elevation of HBV-DNA levels) were also evaluated.
Clinical assessment and laboratory tests were perform-
ed at least once every month before, during, and after
treatment. Adverse effects were monitored clinically by
careful interviews and medical examination at least
once every month. Patient compliance with treatment
was evaluated with a questionnaire. All patients under-
went abdominal ultrasonography every 6 months at
least to exclude the development of cirrhosis and HCC.

Blood samples were obtained at least once every
month before, during, and after treatment, and were
analyzed for laboratory data including ALT levels, HBV-
DNA levels, HBsAg, HBeAg/eAb, and YMDD motif
mutant at various time periods. The serum samples
were stored in aliquots at —80°C until use. HBsAg and
HBeAg/eAb were determined by radioimmunoassay
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(Abbott Diagnostics, Chicago, 1L). HBV-DNA was mea-
sured by the branched DNA signal amplification tech-
nology (Chiron Corp., Emeryville, CA), and the results
were expressed as genomic equivalents per milliliter
(gEq/ml). The lower limit of the assay is 7.0 x 10° gEq/ml.
HBV genotype and subgroups of genotype B were deter-
mined using the previously reported method [Okamoto
et al., 1988; Usuda et al., 1999; Sugauchi et al., 2002].
Antibody against HCV was detected with chemilumi-
nescent enzyme immunoassay (Lumipulse™ II Ortho
HCV, Ortho Diagnostic Japan, Tokyo). The YMDD motif
mutant was detected using sensitive PCR-restriction
fragment length polymorphism (PCR-RFLP) [Chayama
et al., 1998].

Liver biopsy specimens were obtained percutaneously
or at laparoscopy using a modified Vim Silverman
needle of 2-mm internal diameter (Tohoku University
style, Kakinuma Factory, Tokyo). Each specimen was
scored according to the system of Desmet et al. {1994].

This study was conducted in accordance with the
guidelines of the Declaration of Helsinki and its sub-
sequent amendments, and informed consent was obtain-
ed from every patient. The study was approved by the
Local Ethics Committee of Toranomon Hospital.

Statistical Analysis

Fisher’s exact probability test was used to compare
the rates of HBeAg negative, HBV-DNA undetectable,
and ALT normal level between the start point of lami-
vudine and the last visit. The cumulative appearance
rates of YMDD mutant and breakthrough hepatitis
during lamivudine treatment were calculated using
the Kaplan—Meier technique, and were evaluated from
the start point of lamivudine until the last visit or dis-
continuation. Statistical comparisons were performed
using the SPSS software (SPSS, Inc., Chicago, IL). All
P-values of less than 0.05 by the two-tailed test were
considered significant.

RESULTS

Efficacy Measures, Lamivudine Resistance,
and Safety For the Whole Group

The clinical course of 20 patients is shown in Figure 1.
For the whole group, the rates of HBeAg negative,
HBV-DNA undetectable, and ALT normal level were
55% (11/20), 25% (5/20; HBV-DNA levels of five patients
were detectable directly before treatment, but undetec-
table at the start by chance), and 20% (4/20) at the start
of lamivudine treatment, respectively. Five patients re-
ceived additional treatment for breakthrough hepatitis
before or until the last visit. The rates of HBeAg nega-
tive, HBV-DNA undetectable, and ALT normal level
were 85% (17/20), 80% (16/20), and 80% (16/20) at the
last visit, respectively. The rates of HBeAg negative
(P=10.082), HBV-DNA undetectable (P=0.0012), and
ALT normal level (P = 0.00036) at the last visit tended to
be or were significantly higher than those at the start of
lamivudine treatment.
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YMDD mutant was not detected in any of the pre-
treatment serum samples. For the whole group, YMDD
motif mutant and breakthrough hepatitis appeared
in 65% (13/20) and 45% (9/20) during lamivudine
monotherapy, respectively. Additional treatment was
provided to 55.6% (5/9) of patients who developed
breakthrough hepatitis, while the other 15 patients
received lamivudine monotherapy until the last visit or
the time of discontinuation. The cumulative appearance
rates of YMDD mutant and breakthrough hepatitis
were 70.2% and 46.4% at the end of 5 years; 70.2%
and 52.3% at the end of 8 years, respectively (Fig. 2).
None developed severe adverse events during long-term
lamivudine treatment, apart from the development of
breakthrough hepatitis.

Clinical Course of 13 Patients With
YMDD Motif Mutant

During lamivudine monotherapy, 69.2% (9/13) pa-
tients with emergence of YMDD mutant developed
breakthrough hepatitis. In these patients, seven con-
tinued lamivudine therapy after the development to
breakthrough hepatitis, and additional therapy was
provided to three of the seven patients (two patients
received interferon [IFN], and one received glycyrrhizin
[Stronger Neo-Minophagen C™]). The remaining two
patients discontinued lamivudine therapy after the
development of breakthrough hepatitis, and instead
received IFN therapy. At the last visit, ALT normal level
and DNA undetectable were detected in 55.5% (5/9) and
66.7% (6/9) of patients who developed breakthrough
hepatitis, respectively. Especially, 80% (4/5) of patients
who received suitable additional treatment for break-
through hepatitis, irrespective of lamivudine therapy,
were ALT normal level at the last visit in contrast to 25%
(only 1/4 patients) of patients untreated for break-
through hepatitis.

In patients with emergence of YMDD mutant, 30.8%
(4/13) did not develop breakthrough hepatitis. At the
last visit, 100% (all 4 patients) and 75.0% (3/4) of
patients, who did not develop breakthrough hepatitis,
were ALT normal level and DNA undetectable, respec-
tively, irrespective of continuous lamivudine therapy.

Clinical Courses of Seven Patients
Without YMDD Motif Mutant

All seven patients free of YMDD mutant were HBeAg
negative, DNA undetectable, and ALT normal level at
the last visit, irrespective of continuous lamivudine
therapy. Three patients who transiently discontinued
the treatment showed ALT relapse after the cessation of
lamivudine therapy, but their ALT levels became stable
spontaneously without any additional treatment.

Efficacy Measures According to
Patients’ Background

The rates of HBeAg negative, HBV-DNA undetect-
able, and ALT normal level at the two points of the start
of lamivudine and the last visit are shown in Figure 8,
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Lamivudine monotherapy
(n=20)

Tig. 1. Clinical course of 20 patients. YMDD motif mutant and
breakthrough hepatitis (ALT becoming abnormal after a period of
ALT normalization, accompanied by emergence of YMDD mutant and
re-elevation of HBV-NA levels) appeared in 65% and 45% during
lamivudine monotherapy, respectively. *“BKH, breakthrough hepatitis.
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beThe methods of lamivudine treatment and the other additional
treatment for BKH were decided at patients’ own requests. For the
whole group, 30% discontinued lamivudine treatment during follow-
up. Additional treatment was provided to 55.6% of patients who
developed breakthrough hepatitis.

Fig. 2. Cumulative appearance rates of YMDD motif mutant and breakthrough hepatitis throughout

follow-up.
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Fig. 3. The rates of HBeAg negative, HBV-DNA undetectable,
and ALT normal level at the start of lamivudine treatment and
last visit. The results at the last visit were evaluated by including
five patients who received additional treatment. *#&/Not significant,
compared with HBeAg negative rates at each last visit. Fisher’s exact

according to the emergence of YMDD mutant and
lamivudine therapy. The rates of HBV-DNA undetect-
able and ALT normal level at the last visit tended to be or
were significantly higher than those at the start, re-
gardless of the emergence of YMDD mutant and conti-
nuous lamivudine therapy. The rate of HBeAg negative
at the last visit was also higher than at the start, even
when there was no significance based on the relatively
small numbers of HBeAg-positive patients at the start of
lamivudine therapy.

In five patients who received additional treatment
for breakthrough hepatitis, the rates of HBeAg nega-
tive, HBV-DNA undetectable, and ALT normal level
were 20 (1/5), 0 (0/5), and 0% (0/5) at the start of
lamivudine; and 60 (3/5), 60 (3/5), and 80% (4/5) at the
last visit, respectively. The rates of ALT normal level at
the last visit were significantly higher than at the start
(P=0.048). The rates of HBeAg negative and HBV-DNA
undetectable at the last visit were also higher than at
the start, though statistically insignificant due to the
small number of patients.

HBsAg Clearance With Lamivudine Therapy

HBsAg clearance by radicimmunoassay was noted
in 10% (2 males of 20 patients) of the whole group
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probability test. °P=0.047, °P=0.021, "P=0.047, *P=0.080, com-
pared with HBV-DNA undetectable rates at each last visit by Fisher’s
exact probability test. °P =0.047, 'P=0.0047, 'P=0.021, 'P=0.015,
compared with ALT normal rates at each last visit by Fisher's exact
probability test.

during follow-up, and they showed undetectable HBV-
DNA levels using a sensitive quantitative PCR assay
(Amplicor HBV Monitor Test, Roche Molecular Sys-
tems, Inc., NdJ). The lower limit of this assay is 2.6 log
copies/ml. The characteristics of these two male patients
who could achieve HBsAg clearance by radioimmuno-
assay are shown in Table I1. Furthermore, HBsAg clear-
ance occurred in 33.3% (2/6) cases of the discontinuation
group and none of the continuous (0/14). The disconti-
nuation group tended to achieve higher rates of HBsAg
clearance than the continuous group (P =0.079).

One patient with HBsAg clearance was infected with
HBYV genotype C (HBV/C), the major type in Japan, and
was a relatively young adult under 40 years of age
who developed HBV by non-vertical transmission (i.e.,
patients whose mothers did not suffer from chronic HBV
infection). He developed breakthrough hepatitis, espe-
cially according to continuous YVDD type [Akuta et al.,
2003c] of YMDD motif mutant, and developed HBsAg
clearance at about 5 years after the cessation of long-
term lamivudine treatment followed by IFN treatment
for breakthrough hepatitis.

The other patient with HBsAg clearance was infect-
ed with HBV/D; a rare type in Japan, and the infection
was considered not to be transmitted vertically. The
YMDD motif mutant did not emerge during long-term
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