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Clevudine is a pyrimidine analog with potent and sustained antiviral activity against HBV.
In the present study, we evaluated the safety and efficacy of clevudine 30 mg daily for 24
weeks and assessed the durability of antiviral response for 24 weeks after cessation of dosing
in hepatitis B e antigen (HBeAg)-negative chronic hepatitis B (e-CHB). We randomized a
total of 86 patients (3:1) to receive clevudine 30 mg (n � 63) or placebo (n � 23) daily for
24 weeks. We followed patients for an additional 24 weeks after withdrawal of treatment.
The median changes in HBV DNA from baseline were �4.25 and �0.48 log10 copies/mL at
week 24 in the clevudine and placebo groups, respectively (P < 0.0001). Viral suppression
in the clevudine group was sustained after withdrawal of therapy, with 3.11 log10 reduction
at week 48. At week 24 and week 48, 92.1% and 16.4% of patients in the clevudine group
had undetectable serum HBV DNA levels by Amplicor PCR assay (<300 copies/mL). The
proportion of patients who achieved ALT normalization was 74.6% and 33.3% in the
clevudine and placebo groups at week 24, respectively (P � 0.0006). ALT normalization in
the clevudine group was well-maintained during the post-treatment follow-up period. The
incidence of adverse events was similar in the 2 groups. No resistance to clevudine was
detected during treatment. Conclusion: A 24-week clevudine therapy was well-tolerated and
showed potent and sustained antiviral effect without evidence of viral resistance in e-CHB
patients. However, treatment for longer than 24 weeks would be needed to achieve durable
remission. (HEPATOLOGY 2007;46:1041-1048.)

Abbreviations: HBeAg, hepatitis B e antigen; e-CHB, HBeAg-negative chronic hepatitis B; ULN, upper limit of normal; LOD, limit of detection
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Hepatitis B virus (HBV) infection is a major
global health problem. More than 350 million
people in the world are chronically infected and

500,000 to 1.2 million deaths per year are attributed to
HBV-associated complications.1,2

Hepatitis B e antigen (HBeAg)-negative chronic hep-
atitis B (e-CHB) occurs in patients who are negative for
HBeAg and positive for antibodies against HBeAg and in
whom serum HBV DNA and ALT levels remain persis-
tently or intermittently elevated.3-5 The median preva-
lence of e-CHB in hepatitis B surface antigen-positive
carriers was reported to be 33% in the Mediterranean
region, 15% in Asia Pacific, and 14% in the United States
and Northern Europe.5

e-CHB is caused by HBV variants with mutations in
the precore or core promoter regions of the viral genome,
which reduce or prevent synthesis of the HBeAg. It has
been suggested that the variants have an immunologic
advantage over wild-type HBV.3,4 However, e-CHB is a
heterogeneous condition and wild-type HBV may also be
responsible for disease activity in some patients.6 In Ko-
rean patients infected with HBV genotype C, precore
mutation and core promoter mutation was almost invari-
ably associated with e-CHB.7 The clinical profile of e-
CHB differs from that of HBeAg-positive disease in that
patients are typically older,4 serum HBV DNA levels are
lower,8,9 liver disease tends to be more advanced,10-12 and
the likelihood of spontaneous remission is very low.4,11

The endpoint of treatment for HBeAg-negative
chronic hepatitis B is not established. HBeAg loss or se-
roconversion cannot be used to define response and treat-
ment usually focuses on suppression of HBV DNA and
normalization of ALT levels.13 Recently, several studies
have shown that effective suppression of HBV DNA in
e-CHB is associated with histologic improvement in the
liver and long-term clinical benefit.14-16 Therefore, treat-
ment guidelines support the use of conventional or pegy-
lated interferon, lamivudine, adefovir, entecavir, or
telbivudine for e-CHB in patients with viremia and ele-
vated ALT levels.17-20 However, optimal treatment for
patients with e-CHB remains to be defined. Pegylated
interferon alpha in e-CHB demonstrated limited efficacy,
with 19% of sustained viral suppression and an adverse-
event profile similar to that of interferon alpha.21 One
year of treatment of patients with e-CHB with lamivu-
dine produced histologic improvement in 60% of pa-
tients but with high resistance rates of up to 27%.22

Treatment of e-CHB with adefovir for 1 year resulted in
histologic improvement in 64% and normalization of the
ALT level in 72% of patients, with no evidence of resis-
tance.23 However, resistance to adefovir developed in
28% of HBeAg-negative patients after 5 years of treat-

ment.24 Entecavir has been shown to be superior to
lamivudine in virologic, biochemical, and histologic im-
provement.25 Resistance to entecavir has been shown to
develop in 0.7% (1/143) of nucleoside-naive patients and
15% to 19% of lamivudine-refractory patients after 3
years of treatment.26 As currently approved antiviral
agents for chronic HBV infection do not provide a cure or
durable remission in the majority of patients, there re-
mains a need for a regimen that is safe and effective, with
potent and sustained viral suppression while the develop-
ment of resistant mutants is minimized.

Clevudine [1-(2-deoxy-2-fluoro-�-L-arabinofurano-
syl) thymine, L-FMAU] is a nucleoside analog of the un-
natural �-L configuration that has potent activity against
HBV and some activity against Epstein-Barr virus in
vitro.27-29 The lack of cytotoxicity reflects the inability of
human cellular DNA polymerases �, �, �, and � to utilize
the 5�-triphosphate of clevudine as a substrate.30,31 More-
over, clevudine was found to have no effect on mitochon-
drial structure, DNA content, or function.30,31 A
uniquely advantageous characteristic of clevudine is pro-
longed suppression of viral replication even after with-
drawal of treatment. In woodchucks infected with
woodchuck hepatitis virus, clevudine 10 mg/kg for 4
weeks led to prompt and profound viral suppression with
up to 8 log10 reduction of plasma woodchuck hepatitis
virus DNA, which was sustained for more than 12 weeks
after cessation of dosing.32 The sustained viral suppres-
sion has been demonstrated to be associated with signifi-
cant reduction of covalently closed circular DNA in
hepatocytes.33,34

In previous clinical trials, clevudine was safe and
showed potent and durable antiviral activity without evi-
dence of viral resistance in HBeAg-positive chronic hep-
atitis B.35-37 We conducted the present study to evaluate
the safety and efficacy of 30 mg clevudine once a day for
24 weeks and to assess the durability of antiviral response
for 24 weeks after cessation of therapy in e-CHB.

Patients and Methods

Study Design. We conducted this double-blind, ran-
domized, placebo-controlled, phase III study at 31 centers
in South Korea. We randomized patients (based on a
predetermined computer-generated list) to receive clevu-
dine 30 mg or placebo once a day for 24 weeks. After
completion of therapy, we followed patients for an addi-
tional 24 weeks.

We obtained written informed consent, as approved by
the Ethics Committees and the Korean Food and Drug
Administration, from all subjects. We conducted the
study under the ICH/Good Clinical Practice (GCP)
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guidelines and in accordance with the principles of the
Declaration of Helsinki.

We evaluated patients at baseline and monitored them
on days 8, 15, and 29 and every 4 weeks thereafter during
the dosing period. After 24 weeks of therapy, we followed
patients at weeks 28, 34, 40, and 48. Monitoring of pa-
tients consisted of open-ended interviews for tolerability,
physical examination, electrocardiography, and labora-
tory assessment, including serum HBV DNA levels.

Study Population. Eligible patients were adults of 18
to 60 years in age with HBeAg-negative chronic hepatitis
B, as defined by the presence in serum of hepatitis B
surface antigen for more than 6 months, negative for
HBeAg and positive for antibodies against HBeAg, and
HBV DNA levels �1 � 105 copies/mL. Eligible patients
also had serum ALT levels between 1.2 and 15 times the
upper limit of normal (ULN). Exclusion criteria included
coinfection with hepatitis C, hepatitis D, or HIV; evi-
dence of cirrhosis or hepatocellular carcinoma; previous
exposure to any nucleoside analog that is active against
HBV; and use of interferon alpha within 6 months before
enrollment. We also excluded breastfeeding or pregnant
women or women of childbearing age unwilling to use
barrier contraceptive methods.

We calculated the sample size to detect a minimum of
50% of difference in the proportion of patients with se-
rum HBV DNA below 4700 copies/mL at the end of
treatment (24 weeks) between clevudine and placebo. We
anticipated that placebo response would be 20% and that
for clevudine 70%. We estimated the sample size using
the Z-test with an alpha level of 0.05 and 95% power for
comparing the placebo group with the clevudine group.
The ratio of patient numbers in each group (placebo,
clevudine 30 mg) was 1:3. According to this calculation,
we calculated 45 patients of the clevudine group and 15
patients of the placebo group (a total of 60 patients), and
we enrolled a total of 86 patients to allow for subject
dropout.

Efficacy Endpoints. The primary efficacy end point
was reduction in serum HBV DNA, defined as median
log10 decrease from baseline at the end of treatment and
during the follow-up period after withdrawal of treat-
ment. We measured serum HBV DNA levels at a central
laboratory using the Digene Hybrid Capture II assay (Di-
gene Corp., Gaithersburg, MD) with a lower limit of
detection (LOD) of 4700 copies/mL. When HBV DNA
was undetectable by the Digene Hybrid Capture II assay,
we used the COBAS Amplicor PCR assay (Roche Molec-
ular Systems, Branchburg, NJ) with a lower LOD of 300
copies/mL to measure lower levels of HBV DNA.

Secondary end points included the proportion of pa-
tients with undetectable HBV DNA, as measured by the

COBAS Amplicor PCR assay, and normalization of se-
rum ALT.

Safety Analysis. The safety analysis included data
from all 86 eligible patients who received at least 1 dose of
study medication after randomization. Safety evaluations
included analysis of adverse events, serious adverse events,
and deaths. We defined exacerbation of hepatitis B as
ALT and/or AST elevations: (1) �20� ULN or (2)
�10� ULN and a 10-fold change from the lowest on-
study value. We considered exacerbation of hepatitis B as
a serious adverse event.

Genotypic Analysis. We performed genotypic analy-
sis of the HBV DNA polymerase domain (amino acids
119 to 247) by dideoxy sequencing at baseline and at the
end of the 24-week dosing period. For detection of lami-
vudine-related YMDD (Tyrosine-Methionine-Asparate-
Aspartate) mutations at rt180 and rt204, we performed
an RFLP (Restriction Fragment Length Polymorphism)
assay at baseline and at the end of the 24-week dosing
period, according to methods described.31 We defined
HBV DNA breakthrough as an increase in the level of
HBV DNA of at least 1 log10 copies/mL from the lowest
point while on treatment.

Statistical Analysis. We analyzed results on the basis
of intention-to treat. We included all 86 eligible patients
who received at least 1 dose of the study medication after
randomization in the safety analysis. We included pa-
tients discontinuing the study after receiving the first
study drug dose in the efficacy analysis until the time of
their discontinuation.

We assessed the overall treatment comparison using
the Wilcoxon test for continuous data, and the chi-
squared test or a 2-sided Fisher’s exact test for categorical
data. We performed statistical significance with an alpha
level of 0.05.

Results

Study Population. We enrolled a total of 86 eligible
patients at 31 sites between July 29, 2003 and January 15,
2004; they received at least 1 dose of clevudine 30 mg
(n � 63) or placebo (n � 23) in a blinded fashion. The
2 treatment groups were well-balanced at baseline (Ta-
ble 1).

Out of the 86 patients, 82 (61 in the clevudine group
and 21 in the placebo group) completed the 48-week
study. Four patients withdrew from the study: 2 patients
in the placebo group during treatment period and 2 pa-
tients in the clevudine group during the follow-up period
(Fig. 1).

Virologic and Serologic Endpoints. Table 2 summa-
rizes the serum HBV DNA response in the 2 groups.
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Clevudine treatment for 24 weeks produced prompt and
profound viral suppression. Median serum HBV DNA
reduction from baseline at week 24 was 4.25 and 0.48
log10 copies/mL in the clevudine and placebo groups, re-
spectively (P � 0.0001). Viral suppression in the clevu-
dine group was sustained even after withdrawal of
treatment with 3.11 log10 reduction at week 48, com-
pared with 0.66 log10 reduction at week 48 in the placebo
group (P � 0.0001) (Fig. 2).

At the end of treatment for 24 weeks, the majority of
patients (92.1%) in the clevudine group but none of 21
patients in the placebo group had undetectable serum
HBV DNA levels by the Amplicor PCR assay (less than
300 copies/mL) (P � 0.0001). The proportion of patients
with viral loads below the LOD after withdrawal of ther-
apy was significantly higher in the clevudine group than in
the placebo group: 80.3% versus 19.1% by Digene Hy-
brid Capture II and 47.5% versus 4.8% by Amplicor PCR
at week 34; 67.2% versus 23.8% by Digene Hybrid Cap-
ture II and 16.4% versus 0% by Amplicor PCR at week
48, in the clevudine and placebo groups, respectively.

Biochemical Endpoints. The proportion of patients
who achieved normalization of ALT levels was 74.6% in

the clevudine group and 33.3% in the placebo group at
week 24 (P � 0.0006). In accordance with prolonged
viral suppression, ALT normalization in the clevudine
group was well-maintained during the post-treatment fol-
low-up period. The ALT normalization rates in the cle-
vudine group increased further after withdrawal of
therapy up to 86.7% at week 34 and then decreased to
70.5% at week 48; these proportions were significantly
higher than in the placebo group (Fig. 3).

Genotypic Analysis. Comparative analysis of the
genomic sequence of HBV isolated from the serum of
patients at baseline and at the end of the 24-week dosing
period revealed no emerging substitutions in conserved
sites of the polymerase. We did not detect Lamivudine-
related YMDD mutations at rt180 and rt204 by the
RFLP assay at baseline and at the end of the 24-week
dosing period in either group.

Effect of Pretreatment ALT Levels on Viral Re-
sponse. To evaluate the efficacy according to baseline
ALT levels, we stratified the patients into 3 subgroups of
ALT �2� ULN, ALT �2� to �5� ULN, and ALT
�5� ULN. There was no significant difference in the
proportion of patients with HBV DNA below 4700 cop-
ies/mL among the clevudine subgroups at week 24, week
34, and week 48, respectively (Table 3 ).

Safety and Tolerability. The median exposure to the
study drug was 166 days in the 2 groups, which was close
to the intended exposure of 168 days. No discontinuation
of treatment occurred due to adverse events in either
group.

The cumulative safety data during the treatment pe-
riod and the post-treatment follow-up period are summa-
rized in Table 4. During the treatment period, the
incidence of adverse events and serious adverse events was
similar in the 2 groups. The most frequent adverse event
in the clevudine group was upper respiratory symptoms
(14.3%) followed by abdominal pain, asthenia, and head-
ache. In the placebo group, the most frequent adverseFig. 1. Flow chart of the present study.

Table 1. Patient Characteristics at Baseline

Clevudine (n � 63) Placebo (n � 23) Total (n � 86) P value

Gender 0.7556*
Male (n, %) 52 (82.5) 18 (78.3) 70 (81.4)
Female (n, %) 11 (17.5) 5 (21.7) 16 (18.6)

Median Age (years) 44 41 42.5 0.5878†

Median Serum HBV DNA (log10 copies/mL) 6.92 6.37 6.73 0.1704†

Median ALT (U/L) 113.0 94.0 110 0.7512†

Mean ALT (U/L) 161.4 149.6 158.3 0.6991‡

ALT 0.7958§

�2� ULN at baseline, n (%) 20 (31.8) 9 (39.1) 29 (33.7)
2� to �5� ULN at baseline, n (%) 26 (41.3) 8 (34.8) 34 (39.5)
�5� ULN at baseline, n (%) 17 (27.0) 6 (26.1) 23 (26.7)

*Two-sided Fisher’s exact test. †Wilcoxon rank-sum test. ‡t test, §Chi-squared test.
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events included upper respiratory symptoms (17.4%), in-
creased ALT (8.7%), asthenia, and abdominal pain. We
observed ALT elevations to a level �5 times the ULN
significantly less frequently in the clevudine group (4.8%)
than in the placebo group (21.7%). We observed exacer-
bation of hepatitis B during treatment in 1 patient in the
clevudine group (1.6%) and in 2 patients in the placebo
group (8.7%). These exacerbations were self-limited,
without signs of hepatic decompensation, in spite of con-
tinued treatment. During the post-treatment follow-up
period, the incidence of adverse events and serious adverse
events were similar in the 2 groups. There was no serious
adverse event that was considered by the investigators to
be definitely related to the study drug.

Discussion
In this randomized placebo-controlled trial, clevudine

30 mg daily for 24 weeks showed highly potent antiviral
activity in patients with e-CHB. Clevudine suppressed
HBV DNA by a median of 4.25 log10 copies/mL and
92.1% of patients treated with 24 weeks of clevudine had
undetectable levels of HBV DNA levels by the PCR assay.
Although direct head-to-head comparisons are not avail-

able, the proportion of patients who had undetectable
levels of HBV DNA levels by PCR assay after 24 weeks of
clevudine treatment (92.1%) appears higher than that
achieved by 48-week treatment with 100 mg of lamivu-
dine once daily (72%)25 or 10 mg of adefovir dipivoxil
once daily (51%).23 Our result is comparable with that of
48 weeks of treatment with 0.5 mg once daily of entecavir
(90%).25 It is remarkable that the short period of 24 weeks
of clevudine treatment demonstrated such a potent anti-
viral activity.

Current antiviral agents against HBV tend to be more
effective in the patients with higher baseline ALT levels
than those with lower baseline ALT levels, presumably
related to the immune response against HBV.38 However,
clevudine in this study produced profound viral suppres-
sion with prolonged antiviral activity in patients with rel-
atively normal ALT levels at baseline as well as in patients
with high ALT levels. These findings suggest that viral
suppression by clevudine is independent of the host’s im-
mune response against HBV.

In previous clinical trials,35,36 clevudine therapy for
as short as 4 weeks or 12 weeks showed antiviral activity
even after withdrawal of therapy in patients with
HBeAg-positive chronic hepatitis B. Sustained antivi-
ral effect after cessation of dosing is a peculiar charac-
teristic of clevudine. Prolonged antiviral therapy has
been shown to induce the development of drug-resis-
tant HBV mutants, and the frequency of the develop-
ment of resistant mutants increases in proportion to
the duration of therapy. In the present study, we aimed
to determine the minimal duration of therapy to
achieve durable remission while avoiding the emer-
gence of resistant mutants. Therefore, we designed the
study to assess the durability of viral suppression after a
relatively short period of clevudine therapy for 24
weeks. A clinical trial for evaluating longer-term (48-Fig. 2. Median log10 HBV DNA change from baseline.

Table 2. Summary of Serum HBV DNA Response

Clevudine (n�63) Placebo (n�23) P value

Median log10 HBV DNA at Baseline 6.92 6.37 0.1704*
Median Change in HBV DNA (log10 copies/mL)

From Baseline to Week 24 �4.25 �0.48 �0.0001*
From Baseline to Week 34 �3.85 �0.43 �0.0001*
From Baseline to Week 48 �3.11 �0.66 �0.0001*

HBV DNA �4700 copies/mL
Week 24 (n/N, %) 59/63 (93.7) 3/21 (14.3) �0.0001†

Week 34 (n/N, %) 49/61 (80.3) 4/21 (19.1) �0.0001†

Week 48 (n/N, %) 41/61 (67.2) 5/21 (23.8) 0.0005†

HBV DNA �300 copies/mL
Week 24 (n/N, %) 58/63 (92.1) 0/21 (0.0) �0.0001†

Week 34 (n/N, %) 29/61 (47.5) 1/21 (4.8) 0.0004†

Week 48 (n/N, %) 10/61 (16.4) 0/21 (0.0) 0.0575‡

*Wilcoxon rank-sum test. †Chi-squared test. ‡Two-sided Fisher’s exact test.
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week) safety and efficacy of clevudine therapy is now
under way.

The present study had a placebo control arm rather
than a treated comparison arm such as lamivudine. At the
initiation time of the present clinical trial, lamivudine was
the only oral drug that was approved for the treatment of
chronic hepatitis B in Korea. However, it was known that
untimely withdrawal of lamivudine might deteriorate he-
patic function,39 and as the study included a follow-up
period off-treatment, lamivudine was considered to be
inappropriate as a comparison drug. Thus, we selected
placebo as a control and all patients enrolled in the present
trial who did not achieve virologic and biochemical re-
sponse at the end of the study were re-enrolled into a
1-year open-label clevudine treatment.

As shown in animal models32-34 and in clinical trials for
patients with HBeAg-positive chronic hepatitis B,35-37 the
current study also demonstrated prolonged antiviral ac-

tivity after withdrawal of treatment in e-CHB. At 24
weeks after discontinuation of clevudine treatment, the
median HBV DNA was still 3.11 log10 below the baseline
level and 67.2% of patients maintained serum HBV
DNA levels below 4,700 copies/mL. Although the exact
mechanism of this prolonged antiviral effect is still un-
known, one plausible explanation may be a reduction of
intrahepatic covalently closed circular DNA through
elimination of HBV-infected hepatocytes, as observed in
woodchucks.33

Although the potency and durability acquired by cle-
vudine therapy for 24 weeks were encouraging, 24 weeks
of therapy was not sufficient for durable remission. Since
only 16.4% of treated patients were still HBV DNA neg-
ative (with a cutoff value of �300 copies/mL) after 24
weeks off-therapy, it is likely that most patients would
have detectable HBV DNA, if the follow-up was ex-
tended. Therefore, treatment for longer than 24 weeks
would be needed to achieve the durable remission.

In accordance with the potent and sustained viral sup-
pression, clevudine treatment led to a high frequency of
serum ALT normalization at the end of the 24-week treat-
ment and during the post-treatment follow-up. The pro-
portion of patients with normal ALT tended to increase
over time up to 10 weeks after treatment (week 34) in the
clevudine group. The increase in the proportion of pa-
tients with normal ALT levels after cessation of therapy
seems to reflect sustained viral suppression.

Clevudine was well tolerated, with no specific pattern
of adverse events emerging during the study. The overall
adverse event profile of the 30-mg dose of clevudine was
similar to that of placebo.

The potent suppression of viral replication associated
with treatment with clevudine is expected to minimize the

Fig. 3. Changes in the serum ALT normalization rate.

Table 3. Proportion of Patients with HBV DNA Below 4700
copies/mL by Baseline ALT Categories

Clevudine 30
mg (n � 63)

Placebo
(n � 23) P value*

Week 24 (n/N, %)
ALT � 2� ULN 19/20 (95.0) 1/8 (12.5) �0.0001
ALT �2� to �5� ULN 24/26 (92.3) 1/8 (12.5) �0.0001
ALT �5� ULN 16/17 (94.1) 1/5 (20.0) 0.0033

Week 34 (n/N, %)
ALT � 2� ULN 16/20 (80.0) 1/8 (12.5) 0.0019
ALT �2� to �5� ULN 19/24 (79.2) 2/8 (25.0) 0.0099
ALT �5� ULN 14/17 (82.4) 1/5 (20.0) 0.0207

Week 48 (n/N, %)
ALT � 2� ULN 13/20 (65.0) 1/8 (12.5) 0.0329
ALT �2� to �5� ULN 15/24 (62.5) 2/8 (25.0) 0.1058
ALT �5� ULN 13/17 (76.5) 2/5 (40.0) 0.2743

*Two-sided Fisher’s exact test.
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risk of development of resistant mutants. In this study,
there was no evidence of emergence of drug resistance in
clevudine-treated patients during the treatment period.
However, the resistance profile of clevudine remains to be
determined by longer-term resistance surveillance studies.

In summary, clevudine therapy for 24 weeks in e-CHB
patients was safe, well-tolerated, and effective in produc-
ing highly potent and durable antiviral effect without
emergence of drug resistance. Presumably, its potent and
durable antiviral activity irrespective of baseline ALT lev-
els may be a potentially important advantage in the treat-
ment of HBeAg-negative patients, most of whom will
require long-term therapy. We propose that clevudine be
considered as a primary therapy for nucleoside analog-
naive patients with e-CHB.
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