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Emtricitabine (FTC) is approved for the treatment of human immunodeficiency virus. FTC and clevudine
(CLV) have activity against hepatitis B virus (HBV). This report summarizes the results of a double-blind,
multicenter study of patients with chronic hepatitis B who had completed a phase 3 study of FTC and were
randomized 1:1 to 200 mg FTC once daily (QD) plus 10 mg CLV QD or 200 mg FTC QD plus placebo for 24
weeks with 24 weeks of follow-up. One hundred sixty-three patients were treated (82 with FTC plus CLV
[FTCⴙCLV] and 81 with FTC); 72% were men, 53% were Asian, 47% were Caucasian, and 52% were hepatitis
B e antigen positive, and the median baseline HBV DNA level was 6 log10 copies/ml. After 24 weeks of
treatment, 74% (FTCⴙCLV) versus 65% (FTC alone) had serum HBV DNA levels of <4,700 copies/ml (P ⴝ
0.114) (Digene HBV Hybrid Capture II assay). Twenty-four weeks posttreatment, the mean change in serum
HBV DNA levels from baseline was ⴚ1.25 log10 copies/ml (FTCⴙCLV), 40% had undetectable viremia (versus
23% for FTC alone), and 63% had normal alanine aminotransferase levels (versus 42% for FTC alone) (P <
0.025 for all endpoints). The safety profile was similar between arms during treatment, with less posttreatment
exacerbation of hepatitis B in the combination arm. In summary, after 24 weeks of treatment, no significant
difference between arms was observed, but there was a significantly greater virologic and biochemical response
24 weeks posttreatment in the FTCⴙCLV arm.
ultimate cure have encouraged the clinical development of
novel drugs for the treatment of CHB and the exploration of
combination strategies.
Emtricitabine (FTC) {5-fluoro-1-(2R,5S)-[2-(hydroxymethyl)1,3-oxathiolan-5-yl]cytosine)} is a nucleoside analog approved
for the treatment of human immunodeficiency virus infection
at a dose of 200 mg once daily (QD). In studies of patients with
CHB, 200 mg FTC QD produced viral suppression and histologic improvement in a phase 3 study, which was similar to
results for lamivudine and adefovir at 1 year (8, 9, 11, 19, 22).
FTC selects for the same resistance mutations as lamivudine in
the YMDD motif of the HBV polymerase (10).
Clevudine (CLV) [1-(2-deoxy-2-fluoro-␤-L-arabinofuranosyl)thymine (L-FMAU)] is a nucleoside analogue of the unnatural
␤-L configuration, which has demonstrated potent in vitro activity
against HBV (4). An additive to synergistic activity against
HBV was observed in HepG2 2.2.15 cells when CLV was
combined with FTC (14, 15). Additional in vitro data suggested
that CLV more potently inhibited hepadnavirus polymerase
associated with the DNA template (plus-strand DNA synthesis) rather than the RNA template (negative-strand synthesis),
(27), theoretically representing a mechanism of action complementary to other antivirals such as FTC, which could translate
into enhanced clinical activity when they are given in combination.
Potent and sustained suppression of woodchuck hepatitis
virus (WHV) in infected woodchucks has been reported in
studies of CLV treatment alone or in combination with FTC
(12, 29). A notable preclinical attribute of CLV was prolonged

Chronic infection with hepatitis B virus (HBV) remains the
most common cause of cirrhosis and hepatocellular carcinoma
worldwide and affects an estimated 400 million persons (20).
Currently approved therapies for chronic hepatitis B (CHB)
include pegylated and standard interferon, lamivudine, adefovir dipivoxil, and entecavir. Interferon produces a response in
terms of persistent normalization of alanine aminotransferase
(ALT) levels, clearance of hepatitis B e antigen (HBeAg), and
sustained loss of HBV DNA in approximately a quarter of
HBeAg-positive patients (6) and produces a loss of hepatitis B
s antigen in 5 to 10% of patients within 1 year (5). In HBeAgnegative chronic hepatitis B, peginterferon alfa-2a demonstrated prolonged and continued viral suppression (HBV DNA
level of ⬍400 copies/ml) in 19% of patients 24 weeks after the
end of treatment (23). However, alfa interferon produces treatment-limiting side effects and significant tolerability issues.
Lamivudine, adefovir dipivoxil, and entecavir produce potent suppression of viral replication, but the treatment benefit
from lamivudine is temporally limited by the development of
resistance mutations (14% to 32% after 1 year) (13). Adefovir
dipivoxil and entecavir both have activity against lamivudineresistant viruses, but for all oral drugs, rebound viremia occurs
in most patients after therapy is withdrawn. The limitations of
currently available treatment options and the search for the
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suppression of viral replication following the cessation of treatment in woodchucks infected with WHV. In this model, significant reductions in intrahepatic covalently closed circular
WHV DNA were observed in addition to a dose-related delay
in rebound viremia with significant suppression in at least half
of the treated animals for a period of 10 to 12 weeks posttreatment (26). A similar effect was observed in a clinical phase 2
dose escalation study of CLV treatment in 32 patients with
CHB, which demonstrated a median decrease from the baseline of at least 1.2 log10 copies/ml 6 months after the end of 28
days of CLV dosing (25). The concept of augmenting this effect
through a combination strategy was particularly attractive, and
study FTCB-204 was conceived to evaluate treatment with FTC
plus CLV (FTC⫹CLV). A treatment duration of 6 months was
selected as sufficient to demonstrate the benefit of combination
treatment and in view of the limited clinical experience with
CLV at that time. Modeling of the effect of various CLV doses
on serum HBV DNA levels indicated that 10 mg CLV once
daily achieved 77% of the maximal predicted activity, which
was considered satisfactory for a proof-of-concept study of
combination treatment.

MATERIALS AND METHODS
Objectives. The objective of this study was to compare the safety, efficacy, and
tolerability of 24 weeks of treatment with 200 mg FTC QD in combination with
10 mg CLV QD to treatment with 200 mg FTC QD as monotherapy followed by
24 weeks of treatment-free follow-up by evaluating HBV DNA suppression,
serologic response, changes in ALT levels, and the adverse-experience profile
during and after therapy.
Study design. This double-blind trial was conducted at 21 sites in the United
States, Canada, Singapore, Bulgaria, and the Czech Republic in compliance with
the Declaration of Helsinki and was approved by ethics committees and appropriate regulatory authorities. Patients were enrolled between 8 May 2002 and 30
June 2003, and all patients provided written informed consent. An interactive
voice response system (ClinPhone, Inc., Nottingham, England) was used to
centrally randomize (1:1) patients to receive 200 mg FTC plus 10 mg CLV QD
orally or 200 mg FTC QD plus a placebo identical to CLV. Randomization was
stratified by previous exposure to FTC and by geographic region: North America,
Asia, and Europe. A block size of six was employed for balance.
At weeks 1, 2, 4, 6, and 8 and subsequently every 4 weeks, the following
parameters were evaluated: serum HBV DNA, ALT, aspartate aminotransferase
(AST), total bilirubin, alkaline phosphatase, albumin, lactate (monthly during
treatment), and blood chemistries (creatine kinase, lactate dehydrogenase, blood
urea nitrogen, creatinine, glucose, amylase, Na⫹, K⫹, Ca2⫹, Cl⫺, and bicarbonate). A complete blood count with differential was performed monthly through
week 32 and every 8 weeks thereafter, and hepatitis e and s antigens and
antibodies were evaluated every 12 weeks. Covance Laboratories performed
safety laboratory tests.
This study underwent three reviews by a data and safety monitoring board that
included blinded evaluation of adverse events (AEs) and safety laboratory results. There were no recommendations from the data and safety monitoring
board to discontinue or modify the study.
Patients. Patients with CHB who had completed a phase 3 study of FTC versus
placebo for 48 weeks (FTCB-301) were eligible. Exclusion criteria included
previous nucleoside analog treatment outside the context of study FTCB-301,
ongoing antiviral or immunomodulatory therapy, clinical evidence of decompensated liver disease, coinfection with human immunodeficiency virus or hepatitis
C virus, elevated alpha-fetoprotein, creatinine clearance of ⬍60 ml/min, elevation of alanine or aspartate aminotransferase levels ⬎10 times the upper limit of
normal (ULN), pregnancy, and other concurrent significant medical disease.
There was no entry criterion for HBV DNA to assure that patients would not be
excluded from active treatment following the completion of study FTCB-301.
Virology. For primary statistical analysis of the data, serum HBV DNA levels
were measured using the Digene HBV Hybrid Capture II assay (Digene Corporation, Gaithersburg, MD), which is a signal amplification hybridization microplate technology using chemiluminescence for detection and quantitation
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(limit of detection [LOD], 4,700 copies/ml) with a dynamic range extending to 1.7 ⫻
109 copies/ml.
In addition, a cross-sectional analysis of serum HBV DNA levels using a PCR
assay at the end of treatment (week 24) was performed at Gilead Sciences,
Durham, NC. The experimental assay used the ABI Prism 7000 sequence detection system, which employs real-time PCR (RT-PCR) with TaqMan technology to determine the amount of HBV DNA present in the sample (LOD, 250
copies/ml) (3, 7). The primers used for amplification targeted a conserved region
of the X gene and reliably quantified viral loads for genotypes (A to E) over a
5-log dynamic range.
Resistance surveillance was performed at baseline and at week 24 on patient
sera with detectable viremia (ⱖ4,700 copies/ml) using dideoxy sequencing technology (ABI Prism 3100; Applied Biosystems, Foster City, CA) (2). The primers
used for amplification allowed for sequence analysis of domains A through E
(amino acids rt75 through rt255) of the HBV polymerase and for amino acids 67
through 226 of the small surface antigen. For this report, data are presented
using the nomenclature where the methionine found in the YMDD motif of the
HBV polymerase is referred to as position rt204. Sequence analysis, which
included an evaluation of all genotypic changes from the consensus sequence,
was performed for all baseline and week 24 samples using ClustalAlignment.
Statistical analysis. The primary population for efficacy and safety analyses
was the intent-to-treat population consisting of all randomized patients who were
dispensed at least 1 dose of study medication. For efficacy analyses of categorical
data, patients with missing data were considered to be nonresponders, i.e., a
missing-equals-failure approach.
Efficacy parameters included serum HBV DNA levels, ALT levels, serology
for HBeAg, and the proportion of patients developing new mutations associated
with resistance to FTC (rtM204I/V with or without rtL180M and rtV173L) (17,
18, 27). Serology testing was performed using the DiaSorin Plus assay (DiaSorin
Inc., Stillwater, MN).
The efficacy analysis included two coprimary endpoints, which were (i) the
proportion of patients with serum HBV DNA levels below the assay LOD (4,700
copies/ml) at the end of treatment (week 24) and (ii) the proportion of patients
whose levels were below the LOD at week 24 and then sustained, without
therapy, suppression of HBV DNA levels below 105 copies/ml for 24 weeks.
The primary safety analysis included all AEs through week 36; serious AEs
(SAEs) were recorded throughout the study. The severity of AEs and laboratory
abnormalities were graded using criteria defined by the National Institute of
Allergy and Infectious Diseases (1). Posttreatment exacerbations of hepatitis B
were prospectively defined as either a 10-fold increase in ALT and/or AST levels
from on-treatment nadir or an increase to 20 times the ULN. Serious AEs were
prospectively defined as hospitalization, permanent disability or incapacity,
death, congenital anomaly, life-threatening events, or an important medical
event at immediate risk of producing one of these outcomes. In addition, exacerbations of hepatitis B (previously defined) associated with grade 4 elevations of
ALT or AST levels or any grade 3 or 4 elevation of bilirubin levels or prothrombin time were also considered serious AEs. Comparisons between treatment
arms for safety endpoints were performed using a Fisher’s exact test.
Comparisons of the FTC⫹CLV group with the FTC group were controlled for
randomization strata (geographic region and previous treatment with FTC) using
the Cochran-Mantel-Haenszel test (21) for categorical variables (e.g., proportion
with HBV DNA levels of ⬍4,700 copies/ml, normal ALT levels, and a composite
endpoint of both parameters) and the van Elteren test (28) for continuous
variables (e.g., HBV DNA level change from baseline). All significance tests
were two sided, using an ␣ level of 0.05 with no adjustments for multiple
comparisons.
The sample size of approximately 80 patients per arm provides approximately
70% power at the 5%, two-sided significance level to detect a 20% difference in
virologic response between treatment arms, assuming that the probability of
virologic response is 50% in the monotherapy arm.

RESULTS
Patient disposition and baseline characteristics. A total of
163 patients were randomized to either combination treatment
with FTC⫹CLV (n ⫽ 82) or monotherapy with FTC (n ⫽ 81)
and commenced treatment. Overall, 157 patients (96%) completed the study (80 in the FTC⫹CLV group and 77 in the FTC
group), and all patients finished the 24-week treatment phase,
except for one patient in the FTC arm who was lost to follow-up
(Fig. 1). During the 24-week treatment-free follow-up phase,
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FIG. 1. CONSORT diagram for study FTCB-204.

three patients discontinued to initiate commercial therapy to
avoid the potential risk of posttreatment exacerbation of hepatitis
B in the setting of advanced hepatic fibrosis (two patients in the
FTC⫹CLV group and one patient in the FTC group), and two
patients, both in the FTC arm, discontinued due to an episode of
posttreatment exacerbation of HBV.
Baseline demographic and disease characteristics are summarized in Table 1. The treatment arms were well balanced
with respect to all parameters, with no statistically significant
differences between arms. The median baseline serum HBV
DNA level was 6 log10 copies/ml, affording a median measurable change from baseline to the limit of detection of the
Digene HBV Hybrid Capture II assay of 2.3 log10 copies/ml.
Only three patients had mutations associated with resistance to
FTC at baseline (two patients in the FTC⫹CLV group and one
patient in the FTC group).
Antiviral activity. For the intent-to-treat population, at the
end of 24 weeks of treatment, no statistically significant differences between the two treatment arms were observed (Table 2).
The proportion of patients with serum HBV DNA levels of
⬍4,700 copies/ml was high in both arms: 61/82 (74%) in the
FTC⫹CLV arm and 53/81 (65%) in the FTC monotherapy
arm. Using an experimental RT-PCR assay, the proportion of
patients with HBV DNA levels of ⬍250 copies/ml was somewhat lower: 46/82 (56%) in the FTC⫹CLV arm and 37/81
(46%) in the FTC arm (P value was not significant). This lack
of a significant difference was also observed in the naı̈ve subgroup analysis and the HBeAg-positive and HBeAg-negative
subgroups. Across both assays, the median decrease in serum
HBV DNA levels at the end of treatment ranged from 1.8 to
2.3 log10 copies/ml for the FTC⫹CLV arm and 1.4 to 2.0 log10
copies/ml for the FTC monotherapy arm.

There was prolonged antiviral activity through 24 weeks of
treatment-free follow-up (48 weeks of study) in the FTC⫹CLV
arm, resulting in 40% of patients versus 23% (FTC) with serum
HBV DNA levels of ⬍4,700 copies/ml (P ⫽ 0.025) (Fig. 2a and

TABLE 1. Baseline demographic and HBV disease characteristics
Characteristic
Gender [no. (%)]
Male
Female
Age (Yr) [mean (⫾SD)]
Ethnic origin [no. (%)]
Asian
Caucasian
Hispanic
Wt (kg) [mean (⫾SD)]
Serum HBV DNA level
(log10 copies/ml)
Mean (⫾SD)
Median
HBV DNA ⬍4,700 copies/
ml [no. (%)]
HBeAg status [no. (%)]
Positive
Negative
ALT
Mean IU/liter (⫾SD)
Median IU/liter
ALT 0–2⫻ ULN at baseline
[no. (%)]
ALT ⬎2–5⫻ ULN at
baseline [no. (%)]
ALT ⬎5⫻ ULN at baseline
[no. (%)]
Previous FTC treatment in
FTCB-301 [no. (%)]
Treatment naı̈ve
Treatment experienced

FTC⫹CLV
(n ⫽ 82)

FTC
(n ⫽ 81)

Total
(n ⫽ 163)

59 (72)
23 (28)
42.0 (⫾11.1)

59 (73)
22 (27)
42.2 (⫾12.2)

118 (72)
45 (28)
42.1 (⫾11.6)

45 (55)
36 (44)
1 (1)
74.5 (⫾15.1)

41 (51)
40 (49)
0 (0)
72.9 (⫾15.8)

86 (53)
76 (47)
1 (⬍1)
73.7 (⫾15.4)

6.02 (⫾1.78)
5.95
8 (10)

6.02 (⫾1.83)
5.96
7 (9)

6.02 (⫾1.80)
5.96
15 (9)

44 (54)
38 (46)

41 (51)
40 (49)

85 (52)
78 (48)

75.6 (⫾77.9)
51
60 (73)

72.1 (⫾72.1)
49
60 (74)

16 (20)

16 (20)

32 (20)

6 (7)

5 (6)

11 (7)

28 (34)
54 (66)

28 (35)
53 (65)

56 (34)
107 (66)

73.9 (⫾74.9)
51
120 (74)
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TABLE 2. Virologic and biochemical response
No. of patients (%)
Parameter b

P valuea

FTC⫹CLV
(n ⫽ 82)

FTC
(n ⫽ 81)

8 (10)
61 (74)
33 (40)

7 (9)
53 (65)
19 (23)

0.114
0.025

46 (56)

33 (41)

0.027

Proportion with normal ALT level
Baseline
Wk 24 (end of treatment)
Wk 48 (24 wks off treatment)

34 (41)
54 (67)
52 (63)

31 (38)
54 (66)
34 (42)

0.585
0.968
0.002

Serum HBV DNA level ⬍4,700
copies/ml and normal ALT level
Baseline
Wk 24 (end of treatment)
Wk 48 (24 wks off treatment)

7 (9)
46 (56)
25 (30)

5 (6)
43 (53)
11 (14)

0.554
0.007

Serum HBV DNA level ⬍4,700
copies/ml
Baseline
Wk 24 (end of treatment)
Wk 48 (24 wks off treatment)
Sustained virologic response, HBV
DNA level ⬍4,700 copies/ml at
wk 24 and ⬍105 copies/ml at wk
48 (24 wks off treatment)

a
P values for comparisons of the FTC⫹CLV group with the FTC monotherapy arm controlled for randomization strata (geographic region and previous
exposure to FTC) using the Cochran-Mantel-Haenszel test for categorical variables (proportion with HBV DNA levels of ⬍4,700 copies/ml, normal ALT
levels, and the composite endpoint).
b
HBV DNA measured by Digene Hybrid Capture II assay.
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3a) and a mean (median) change from baseline of ⫺1.25
(⫺0.82) log10 copies/ml versus ⫺0.33 (⫺0.08) log10 copies/ml
(P ⬍ 0.001). A sustained virologic response, HBV DNA levels
of ⬍4,700 copies/ml at week 24 and ⬍105 copies/ml at week 48,
was observed in a significantly greater proportion of patients in
the FTC⫹CLV arm than in the FTC monotherapy arm, with
56% and 41%, respectively (P ⫽ 0.027) (Table 2). The composite endpoint of undetectable serum HBV DNA and normal
ALT levels also significantly favored the FTC⫹CLV arm, with
30% versus 14%, respectively (P ⫽ 0.007). Six months after the
end of treatment, serum ALT levels were significantly lower (P ⬍
0.001), and the proportion of patients with normal ALT levels was
significantly higher (63% versus 42%, respectively) among patients in the FTC⫹CLV arm (P ⫽ 0.002) (Fig. 2b and 3b).
There was no significant difference in serologic responses
between treatment arms. Among 85 HBeAg-positive patients,
44 in the FTC⫹CLV arm and 41 in the FTC arm, a loss of
HBeAg was observed at week 24 in seven and four patients,
respectively, with seroconversion in all but one patient in each
treatment arm (14% for the FTC⫹CLV group and 7% for the
FTC group). After 24 weeks of treatment-free follow-up, 8 and
10 patients had a loss of HBeAg in the combination and monotherapy arms, respectively, with seroconversion in 7 (16%) and
10 (24%) patients, respectively.

FIG. 2. (a) Proportion of patients with HBV DNA levels of ⬍4,700 copies/ml. (b) Proportion of patients with normal ALT levels.
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FIG. 3. (a) Mean serum HBV DNA levels (Digene assay) over time (⫾standard errors). (b) Mean serum ALT levels over time (⫾standard
errors).

Genotypic analysis. Mutations associated with FTC resistance, rtM204I/V with or without rtL180M and rtV173L, were
identified in sera from 14 patients at week 24. Thus, the 24week incidence of viremia with FTC resistance mutations not
found at baseline was 14/162 (9%) overall and was similar in
both treatment arms, occurring in six patients (7%) in the
FTC⫹CLV arm and in eight patients (10%) in the FTC arm.
With the exception of one patient in the combination arm who
was treatment naı̈ve, all patients with treatment-emergent mutations had prior exposure to FTC for 1 year.
At study FTCB-204 baseline, three patients had resistance
mutations (two patients in the FTC⫹CLV arm and one patient
in the FTC arm), and all mutations were L180M plus M204V.
After 24 weeks of treatment, neither patient in the FTC⫹CLV
arm responded (serum HBV DNA levels declined 0.5 to 0.6
log10 copies/ml; absolute value, ⬎8 log10 copies/ml). The single
patient in the FTC arm experienced a decline in the serum
HBV DNA level of 3.53 log10 copies/ml, from 7.2 log10 copies/ml to below the LOD (⬍4,700 copies/ml). Patients with

treatment-emergent mutations identified at week 24 had a
median decrease in serum HBV DNA levels of 0.84 log10
copies/ml (FTC⫹CLV) and 0.51 log10 copies/ml (FTC), and
none were below the LOD.
Safety. During the treatment period, the incidence of AEs
was similar between FTC⫹CLV and FTC arms, and the most
common AEs were headache (10% and 12%, respectively),
influenza (9% in both arms), upper respiratory tract infection
(9% and 7%, respectively), fatigue (9% and 4%, respectively),
upper abdominal pain (7% and 5%, respectively), nausea (6%
and 5%, respectively), arthralgia (6% and 4%, respectively),
and pharyngolaryngeal pain (6% and 5%, respectively). No
patient discontinued treatment due to an AE. A total of nine
patients had a SAE during the treatment phase, three (4%) in
the FTC⫹CLV arm and six (7%) in the FTC arm, all of which
resolved without treatment interruption. In the FTC⫹CLV
arm, SAEs included gonococcal arthritis (n ⫽ 1) and exacerbation of hepatitis B (n ⫽ 2), with one case commencing at
baseline, initially worsening, and then improving on treatment.
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TABLE 3. Incidence of grade 3 or 4 laboratory abnormalities
during treatment and treatment-free follow-up
No. of patients (%)
Parameter a

Treatment period, day 0 to
wk 24
At least 1 grade 3 or 4
laboratory abnormality
ALT
AST
Creatine kinase
Glucose
Amylase
Lipase
Treatment-free follow-up,
wk 24 to 48
At least 1 grade 3 or 4
laboratory abnormality
ALT
AST
Creatine kinase
Glucose
Amylase
Lipase
a
b

P valueb

FTC⫹CLV
(n ⫽ 82)

FTC
(n ⫽ 81)

18 (22)

13 (16)

NS

6 (7)
6 (7)
6 (7)
3 (4)
2 (2)
1 (1)

5 (6)
2 (2)
2 (2)
1 (1)
1 (1)
5 (6)

NS
NS
NS
NS
NS
NS

9 (11)

22 (28)

0.009

4 (5)
3 (4)
3 (4)
2 (2)
0 (0)
0 (0)

13 (16)
10 (13)
4 (5)
2 (3)
5 (6)
3 (4)

0.022
0.046
NS
NS
0.028
NS

More than one patient.
NS indicates a P level of ⬎0.05.

In the FTC arm, SAEs included seizure with fever (n ⫽ 1),
chest pain of musculoskeletal origin (n ⫽ 1), fractured vertebrae (n ⫽ 1), nonulcer dyspepsia (n ⫽ 1), hyperglycemia associated with diabetes mellitus (n ⫽ 1), and elevated ALT
levels (n ⫽ 1). The incidences of grade 3 or 4 laboratory
abnormalities were comparable between arms (Table 3).
During the treatment-free follow-up period, 32 patients in
the FTC⫹CLV arm developed AEs (39%), compared to 41
(51%) in the FTC arm. A total of six patients had a SAE, five
patients in the FTC monotherapy arm and one patient in the
combination arm, and all were posttreatment exacerbations of
hepatitis B. The incidence of laboratory abnormalities of at
least grade 3 severity was significantly higher in the FTC (22
[28%]) arm than in the combination (9 [11%]) arm during
treatment-free follow-up (P ⫽ 0.009), with significantly fewer
elevations in ALT, AST, and amylase levels in the FTC⫹CLV
arm (Table 3). Higher frequencies of elevations of aminotransferase levels in the FTC arm after the end of treatment corresponded to more frequent posttreatment exacerbations of
hepatitis B, which occurred with a higher incidence in the FTC
arm (n ⫽ 12; 15%) than in the FTC⫹CLV arm (n ⫽ 2; 2%)
(P ⫽ 0.005) within the confines of the 24-week follow-up period. One patient (FTC arm) developed clinical hepatic decompensation with ascites and coagulopathy in the setting of
preexisting cirrhosis that responded to diuretics and lamivudine treatment; all other cases resolved without complications.
DISCUSSION
Study FTCB-204 was a rollover protocol for patients who
successfully completed a prior phase 3, 48-week, placebo-controlled study of FTC, which explains the relatively low baseline
viral load. Overall, at the end of 24 weeks of treatment, the
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FTC⫹CLV arm demonstrated no statistically significant difference in antiviral activity from the FTC monotherapy arm.
This was true even after an experimental RT-PCR assay with a
lower LOD was employed to evaluate the end-of-treatment
response with the intent of increasing the ability to discriminate between treatment regimens in terms of virologic suppression.
As was observed with clevudine monotherapy in prior phase
1/2 clinical studies, (24, 25), there was prolonged antiviral
activity following 24 weeks off treatment in the FTC⫹CLV
arm. The coprimary endpoint of suppression of serum HBV
DNA levels, ⬍4,700 copies/ml at week 24 and ⬍105 copies/ml
at week 48, was achieved in 56% of patients in the FTC⫹CLV
arm and in 41% of patients in the FTC arm (P ⫽ 0.027).
Furthermore, 40% and 23% of patients, respectively, had serum HBV DNA levels of ⬍4,700 copies/ml. The biochemical
response was also significantly greater in the FTC⫹CLV arm
than in the FTC arm. The absence of a clevudine monotherapy
arm makes it impossible to assess the contribution of FTC in
the combination arm in terms of prolonged virologic suppression 24 weeks off treatment. However, the end-of-treatment
response for FTC⫹CLV therapy was not significantly different
from that for FTC monotherapy. This was an unanticipated
outcome and suggested that the delayed virologic rebound
after the end of treatment could also be explained by an intrinsic effect of CLV rather than an effect of combination
treatment, based on phase 1/2 clinical experience with CLV
monotherapy (24, 25). The sustained posttreatment virologic
suppression observed after clevudine treatment may provide
opportunities for new therapeutic strategies in the management of CHB that utilize clevudine alone or in combination
with other agents.
The mechanism for sustained suppression of HBV replication following CLV treatment is currently unknown. Although
a reduction in covalently closed circular DNA levels has been
observed in the woodchuck hepatitis model (26), this has not
been examined clinically. Viral reemergence following conventional therapy can be attributed at least in part to the persistence of viral covalently closed circular DNA in the hepatocyte
nucleus, which serves as a template for viral transcription and
is slowly eliminated during nucleoside treatment (16).
As anticipated, on the basis of prolonged suppression of
HBV DNA, there was a lower incidence of posttreatment
exacerbation of hepatitis B in the FTC⫹CLV arm, at least
within the confines of the 6-month follow-up period. During
treatment, FTC⫹CLV 10 mg once daily was well tolerated,
with a safety profile similar to that of FTC monotherapy.
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