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Abstract

Purpose  We and others have reported that adding ade-
fovir dipivoxil (adefovir) to lamivudine results in virolog-
ical and biochemical improvement in cases of lamivudine
resistance. The current study assessed the efficacy and
safety of combined therapy after 104 weeks of combined
treatment and analyzed the frequency of persistent lami-
vudine resistant HBV.
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Methods A total of 78 patients with compensated CHB
(Group A) were maintained on either adefovir 10 mg daily
(n = 38) or placebo (n = 40) while continuing lamivudine.
An additional 38 patients with decompensated cirrhosis or
post liver transplantation (Group B) received lamivudine
plus adefovir. The primary endpoint was HBV DNA
response at year 2.

Results At week 104 of therapy, a significantly greater
proportion of patients in Group A on combination therapy
(76%) had a decline in serum HBV DNA to <10° copies or
>2 logjo reduction from baseline compared to those
receiving lamivudine alone (13%; p < 0.001). Fifty-two
percent of Group A patients on combination treatment
continued to have the M204V/I HBV mutation compared
to 92% receiving lamivudine alone (p = 0.0013). Viro-
logic response occurred less frequently in patients
expressing persistent lamivudine resistant HBV. In Group
B, 87% of patients had HBV DNA response at week 104
(median change from baseline of —5.84 logy copies/mL).
Conclusions The combination of lamivudine and adefovir
for 2 years generally proved effective in lamivudine-
resistant cases, but there was a persistently high rate of
detection of lamivudine resistant mutants and impaired
virologic response in compensated patients.

Keywords Chronic hepatitis B - Resistance -
Lamivudine - Adefovir dipivoxil - Combination therapy

Background

Hepatitis B virus (HBV) infection can induce significant
liver disease including fulminant hepatitis, severe chronic
liver disease, cirrhosis, and primary hepatocellular carci-
noma. With approximately 400 million people worldwide
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estimated to be chronically infected, the disease remains a
significant global health problem [1]. The safety and effi-
cacy of lamivudine in the treatment of chronic hepatitis B
(CHB) is well established in a variety of clinical settings
[2-6]. However, long-term lamivudine monotherapy is
associated with the emergence of resistance mutations.
Despite the substantially higher rate of drug resistance
associated with lamivudine as compared with newer nu-
cleos(t)ide analogs, such as entecavir or tenofovir, it is still
frequently used as first line therapy in Asia and other parts
of the world where the newer agents are less available.
Adefovir dipivoxil (adefovir) has often been added to
ongoing lamivudine therapy when resistance to lamivudine
occurs based upon studies demonstrating the clinical effi-
cacy of this combination [7-10].

The clinical course of patients with lamivudine-resistant
HBYV is variable. In vitro studies show that the rtM204V/I
mutation decreases replication fitness of HBV, but com-
pensatory mutations, such as the rtL180M selected during
continued treatment can restore replication fitness [11, 12],
and this often results in virologic and biochemical break-
through. In patients with decompensated cirrhosis and
those with recurrent hepatitis B post-liver transplantation,
the development of lamivudine resistance is more likely to
lead to clinically significant liver disease [13].

Earlier uncontrolled studies using adefovir as an add-on
to ongoing lamivudine therapy or as monotherapy have
reported virological and biochemical improvements in
patients with lamivudine resistance [7, 8, 14, 15]. These
findings were confirmed by a randomized, placebo-con-
trolled study to assess the benefits of adefovir added to
ongoing lamivudine therapy in CHB patients with com-
pensated or decompensated liver disease who had become
resistant to lamivudine [9]. This study showed that com-
bination treatment was well tolerated and associated with
significant virological and biochemical improvement after
52 weeks of treatment compared to lamivudine mono-
therapy. We now report on an extension to the initial study
in which treatment was continued in these patients for an
additional 52 weeks to compare the efficacy and safety of
2 years of combination therapy with that of lamivudine
monotherapy.

Materials and methods
Entry criteria

Eligible patients had previously completed the initial
52-week study where they had been stratified at baseline
according to disease severity. Group A patients had HBeAg
positive CHB with compensated liver disease, and Group B
patients had CHB-associated decompensated disease or

recurrent disease after liver transplantation. At screening in
the initial study, Group A patients were required to be
HBeAg positive while Group B patients could be either
HBeAg positive or negative. Patients were required to have
serum HBV DNA levels >10° copies/ml (Cobas Amplicor
HBV Monitor assay) at screening as well as serum ALT
levels >1.3 times the ULN (43 IU/L) on at least two
occasions in the previous 6 months and at screening.
Patients were also confirmed to have genotypic resistance
to lamivudine using a restriction fragment length poly-
morphism (RFLP) assay as described below. Additional
exclusion criteria were as previously described [9].

Study design

In the initial study, Group A patients were randomized 1:1
to either adefovir 10 mg once daily or matching placebo
and Group B patients were assigned open-label adefovir
10 mg daily. Patients in both the groups continued on
open-label lamivudine 100 mg once daily. In this follow-
on study, patients continued the same randomized treat-
ment for a further 52 weeks. Weeks 48 and 52 of the initial
study were used as the screening and baseline timepoints
for the current study and week 104 was study completion.

For Group A patients, use of open-label combination
therapy was permitted if disease progression occurred or if
there was other evidence of probable treatment failure. The
pre-defined criteria for disease progression included an
increase in Child—Pugh-Turcotte (CPT) score of >2 points,
spontaneous bacterial peritonitis, bleeding varices, or
hepatocellular carcinoma. In addition, the presence of
persistently elevated serum ALT (>2 times baseline and
>300 IU/L for >4 months) was managed as disease pro-
gression. In any patient who developed renal insufficiency
(determined by calculated creatinine clearance), with-
drawal from study drug or a dose reduction of lamivudine
and adefovir was required. In addition, specific dose
modification criteria were provided for adefovir in the
event of renal laboratory abnormalities (i.e., serum creati-
nine elevation and/or low serum phosphorus).

Patients were seen at weeks 48 (Screening) and 52
(Baseline) and then monthly during the second year of
treatment. Laboratory evaluations and adverse events were
assessed at each visit. Sera were analyzed for ALT, HBV
DNA, and HBeAg/anti-HBe at every visit. HBsAg/anti-
HBs were measured at treatment weeks 48, 52, 76, 100,
and 104. CPT scores were assessed at each visit for patients
in Group B. Centralized laboratories (Covance Central
Laboratory Services, Indianapolis, IN, USA and Geneva,
Switzerland) evaluated complete blood counts, routine
serum chemistries, and HBV replication markers. Serum
HBeAg/anti-HBe and HBsAg/anti-HBs were assessed by
commercially available enzyme immunoassays (Abbott
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Laboratories, Abbott Park, IL, USA and Diasorin Inc.,
Stillwater, MN, USA). HBV DNA testing was performed
using the Cobas Amplicor HBV monitor polymerase chain
reaction (PCR) assay (Roche Molecular Diagnostics,
Branchburg, NJ, USA) with a lower limit of detection of
200 copies/mL. The presence of the 1tM204V/I lamivudine
resistance mutation was assessed at weeks 52 and 104
using a RFLP assay (GlaxoSmithKline Clinical Virology
Laboratory and Quest Diagnostics Nichols Institute, San
Juan Capistrano, CA, USA). This assay has been shown to
be superior to DNA sequencing in detecting HBV muta-
tions that confer resistance to lamivudine in the presence of
background wild-type virus, and is sensitive to a lower
limit of 1,000 copies of HBV DNA/mL [16]. Testing for
the N236T and A181V/T adefovir resistance mutations was
performed at week 100 using Sanger DNA sequencing
(Quest Diagnostics Nichols Institute) which detected dif-
ferent sequences comprising approximately >20% of the
viral population.

The study was approved by the local ethics committees
of the respective institutions, and patients gave written
informed consent before screening. The study was con-
ducted in accordance with the principles of the Declaration
of Helsinki (1996).

Endpoints

The primary endpoint was HBV DNA response, defined as
the proportion of patients with either HBV DNA level
5105 copies/mL or a >2 log;o reduction from baseline
HBV DNA level at weeks 100 and 104 in patients with
>10 copies/mL at baseline (week 0 of initial study). Other
endpoints at weeks 100 and 104 included ALT normali-
zation, HBeAg loss and seroconversion, undetectable HBV
DNA, HBV DNA levels <10* copies/mL, change from
baseline in HBV DNA, proportion of patients with disease
progression, and proportion with the M204V/I resistance
mutation.

Statistical analysis

The intention-to-treat (ITT) population and the as-treated
(AT) population were used for the efficacy and safety
analyses, respectively. The ITT population included
patients with confirmed CHB randomized to treatment,
regardless of whether the study drug was taken or the
patient completed the study. The AT population included
patients who received at least one dose of study drug.
Analyses were based on the number of patients that con-
sented to enroll in the second year of the study. Patients
with missing data were considered a failure for efficacy
analyses at that time point. Patients who received open-
label therapy were considered a failure from that point
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forward for all efficacy analyses, regardless of the original
randomized treatment arm. The primary analysis was a
treatment comparison of HBV DNA response at weeks 100
and 104. The proportion with ALT normalization (weeks
100 and 104), HBeAg loss/seroconversion (week 104), and
M204V/I mutation (week 104) were also analyzed. Treat-
ment comparisons based on the chi-square test were pro-
vided for descriptive purposes. The median change from
baseline (of the initial study) to week 104 were also pro-
vided for HBV DNA and ALT. Descriptive treatment
comparisons based on the Wilcoxon Rank Sum test were
provided. Safety analyses included study withdrawals,
adverse events, deaths, and laboratory abnormalities. The
same analyses were conducted for the Group B patients and
reported separately by liver transplant status at entry into
the initial study.

Results
Study population

Figure 1 depicts patient disposition from the start of the
initial study [9]. Of the 126 patients completing the initial
study (NUC20904), 116 patients (91%) entered the follow-
on study (NUC20917). Table I summarizes baseline
characteristics (week 0, initial study) for patients entering
the follow-on study. In Group A, 78 patients continued
either previously randomized lamivudine and placebo
(n = 40) or lamivudine and adefovir (n = 38). Within
Group A, the characteristics of the two treatment groups
were comparable with regard to median baseline HBV
DNA and ALT levels. Of the patients who received lami-
vudine and placebo, 80% (32/40) completed the additional
52 week treatment period to week 104. One patient with-
drew from treatment after 339 days because of increasing
thrombocytopenia and a second patient discontinued after
338 days due to elevated AST/ALT values. The remaining
six patients withdrew from treatment for “other” reasons
(Fig. 1). Of the patients who received adefovir and lami-
vudine, 92% (35/38) completed treatment. One patient
withdrew because of noncompliance and two patients
because of lack of efficacy.

In Group B, 38 patients continued open-label adefovir
and lamivudine in the second year. 25 patients had
decompensated liver disease and 13 patients had recurrent
CHB after liver transplantation. Of these 13 patients, 6
(46%) had a history of ascites, variceal hemorrhage, or
hepatic encephalopathy after liver transplantation, and
three (23%) had a CP score >8 on entering into the study.
87% (33/38) of patients completed the additional 52-week
treatment period. Two patients withdrew from treatment
due to disease complications (one after 355 days because
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Fig. 1 Disposition of patients

from randomized study

(NUC20904) through follow-on

study (NUC20917)

Randomized NUC20904 study: Adefovir added to ongoing Lamivudine in chronic hepatitis
B (CHB) patients with lamivudine resistance

Group A — HBeAg + CHB with
compensated liver disease
Randomized to lamivudine and either
adefovir or placebo (n = 95)

/

o~

Lamivudine + Placebo Lamivudine + Adefovir
N =48 N =46
Completed Completed
52 week treatment 52 week treatment
period, n = 46 period, n =42
Enrolled in NUC20917 Enrolled in NUC20917
n=40 n=38

|

|

Completed additional
52 week treatment
period to week 104, n =
32

Completed additional
52 week treatment
period to week 104, n =
35

!

Group B —
Decompensated liver
disease or recurrent CHB
after liver transplantation
(n =40)

l

Lamivudine + Adefovir
N =48

|

Completed
52 week treatment
period, n = 38

|

Enrolled in NUC20917 n
=38

'

Completed additional 52
week treatment period to
week 104, n =33
Withdrawals: AE’s (2), 4

Withdrawals:
non-compliance (1),
lack of efficacy (2)

Withdrawals: AE’s (2),

creatinine clearance (1),
other reasons (6)”

other reasons (2)°

Table 1 Baseline characteristics at time of initial study for 116 patients entering extended therapy protocol

Group A Group B Lamivudine + Adefovir

Lamivudine 4 Placebo Lamivudine 4+ Adefovir Liver Transplant Non-Liver Overall

(n = 40) (n = 38) (n=13) Transplant (n = 25) (n = 38)
Median age (years), (range)  42.5 (26, 68) 42 (24, 67) 55 (22, 72) 53 (33, 73) 53 (22, 73)
Duration of prior lamivudine  32.3 (4, 60) 35.9 (10, 64) 35.7 (9, 55) 31.5 (1, 62) 329 (1, 62)

(months), median (range)

Male, N (%) 38 (95) 37 (97) 12 (92) 21 (84) 33 (87)
HBeAg positive®, N (%) 34 (85) 33 (87) 8 (62) 18 (72) 26 (68)
HBeAb positive”, N (%) 0 0 3(23) 4 (16) 7 (18)
HBsAg positive®, N (%) 40 (100) 37 (97) 13 (100) 25 (100) 38 (100)*

HBV DNA > 10° copies/mL  38/40 (95) 38/38 (100) 13/13 (100) 25/25 (100) 38/38 (100)

Median HBV DNA logo 8.49 (4.2, 10.1) 8.98 (6.7, 10.1) 9.0 (7.2, 10.1) 8.14 (54,9.4) 8.5 (5.4, 10.1)
copies/mL (range)
ALT > 1.0 x ULN, N (%) 40/40 (100) 37/38 (97) 13/13 (100) 23/25 (92) 36/38 (95)

Median ALT x ULN (range) 2.78 (1.1, 40.1) 2.19 (1.0, 18.9) 1.72 (1.3, 11.7)  2.02 (0.6, 16.6) 1.87 (0.6, 16.6)

# Baseline sera were not available for testing in all patients. All patients were HBsAg and HBeAg positive at screening as defined in the protocol

of hepatocellular carcinoma and one after 262 days  unrelated to study drug and two patients were withdrawn
because of bleeding gastric varices which was fatal). One  for “other” reasons (Fig. 1). Thus, of the 116 patients
patient was withdrawn because of decrease in estimated  entering the second year study, 100 (86%) continued their
creatinine clearance considered by the investigator to be  participation until week 104.
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Table 2 Responses in Group A
patients

HBV DNA —ve No HBV DNA
was detected using the Cobas
Amplicor HBV Monitor PCR
assay with a lower limit of
detection of 200 copies/mL

? Two patients, in the
lamivudine and placebo group
did not have HBV DNA > 10’
at baseline and were excluded
from the virological efficacy
analysis

Lamivudine +
Placebo (n = 40)

Lamivudine +
Adefovir (n = 38)

HBV DNA response®
At weeks 48 and 52, N (%)
At weeks 100 and 104, N (%)
HBV DNA -ve
At week 52, N (%)
At week 104, N (%)
HBYV DNA change from baseline
At week 52 Median (range)
At week 104 Median (range)
HBeAg loss at week 104, N (%)
HBeAg seroconversion at week 104, N (%)
HBsAg loss at week 104, N (%)
HBsAg seroconversion at week 104, N (%)
ALT response (<1.0 x ULN)
At weeks 48 and 52, N (%)
At weeks 100 and 104, N (%)
ALT x ULN change from baseline
At week 52 Median (range)
At week 104 Median (range)

3/38 (8)
5/38 (13)°

0/40
1/40 (3)

0.11 (=3.8, 5.4)
—0.11 (4.6, 2.2)
4/34 (12)

3/34 (9)

0/40

0/40

2/40 (5)
4/40 (10)®

—0.48 (—38.2, 17.6)
—1.05 (=39.1, 0.5)

36/38 (95)
29/38 (76)°

10/38 (26)
13/38 (34)

—4.88 (=73, —0.9)
—6.18 (=7.3, 0.6)
6/33 (18)
4/33 (12)
2/37 (5)
2/37 (5)

15/37 (41)
18/37 (49)°

—1.10 (—18.4, 1.0)
—1.29 (—18.4, —0.1)

® p <0.001

Biochemical and virologic responses in patients
with compensated CHB (Group A)

At weeks 100 and 104, significantly more patients in the
combined therapy group had HBV DNA response with
76% of patients (29/38) responding compared to only 13%
(5/38) receiving lamivudine monotherapy (p < 0.001)
(Table 2). The median change from baseline in the initial
study in the combination group at week 104 was signifi-
cantly greater with —6.18 copies/mL (range —7.3, 0.6)
compared to —0.11 copies/mL (range —4.6, 2.2) in patients
on lamivudine monotherapy (Table 2). Treatment with
lamivudine and adefovir to 104 weeks further reduced
median HBV DNA levels, with an additional decline of 1.3
logyo copies/mL from week 52 to 104 (Fig. 2). In the
combination group, the rate of ALT normalization
(ALT < 1.0 x ULN) increased over time and by the end
of treatment was significantly greater, occurring in 49% of
patients (18/37) compared to only 10% (4/40) on lamivu-
dine monotherapy (p < 0.001) (Table 2; Fig. 3).

In patients receiving lamivudine monotherapy, disease
progression at any time during the study was reported in 7/40
(18%) of patients with all of these patients fulfilling the criteria
via persistently elevated serum ALT. For patients receiving
combination therapy, only 1 out of 38 (3%) had disease pro-
gression (hepatocellular carcinoma). During the treatment
period, 10/40 (25%) of patients treated with monotherapy and
1/38 (3%) of the patients receiving combination therapy were
given open-label combination therapy.
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- # - Lamivudine + Placebo (Group A)
—&— Lamivudine + Adefovir (Group A)
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Fig. 2 Median values for HBV DNA over 104 weeks of treatment in
Group A (both treatment groups) and Group B
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Fig. 3 Median values for ALT, expressed as multiples of upper limit

of normal, over 104 weeks of treatment in Group A (both treatment
groups) and Group B
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Table 3 Responses by M204V/I status in Group A patients

M204V/1 Non-M204V/1 M204V/1 Non-M204V/1
Lamivudine + Placebo Lamivudine + Placebo Lamivudine + Adefovir Lamivudine + Adefovir
(n = 22)* n =2)»~* (n=17) (n = 16)
HBV DNA response
At weeks 48 and 52, N (%) 2/21 (5) 172 (50) 16/17 (94) 15/16 (94)
At weeks 100 and 104, N (%) 3/21 (14) 2/2 (100) 15/17 (88) 13/16 (81)
HBV DNA -ve
At week 52, N (%) 0/22 072 2/17 (12) 6/16 (38)
At week 104, N (%) 1722 (5) 0/2 2/17 (12) 10/16 (63)
Median HBV DNA at baseline 8.61 (4.8, 10.1) 6.76 (6.5, 7.0) 8.97 (6.7, 10.1) 9.02 (6.7, 9.7)
(logyo copies/mL), (range)
Median HBV DNA change from baseline 0.10 (—4.6, 2.2) —3.36 (—3.7, =3.1) —4.87 (—7.0, 0.6) —6.41 (-17.3,0.5)
at week 104 (range)
HBeAg loss at week 104, N (%) 3/19 (16) 172 (50) 1/15 (7) 5/14 (36)
HBeAg seroconversion at week 104, 3/19 (16) 0/2 1/15 (7) 3/14 (21)
N (%)
ALT response (<1.0 x ULN)
At weeks 48 and 52, N (%) 1722 (5) 0/2 6/16 (38) 7/16 (44)
At weeks 100 and 104, N (%) 4/22 (18) 0/2 7/16 (44) 11/16 (69)

HBV DNA —ve No HBV DNA was detected using the Cobas Amplicor HBV Monitor PCR assay with a lower limit of detection of 200 copies/mL

? Nine patients received rescue medication and are not presented in this analysis

At week 104, HBeAg seroconversion (HBeAg negative,
anti-HBe positive) had occurred in 12% (4/33) of the
patients on combination therapy compared with 9% (3/34)
on lamivudine monotherapy. None of the patients receiving
monotherapy had HBsAg loss or seroconversion during the
study whereas 5% (2/37) of patients on the combination
had seroconverted (Table 2).

In Group A, all patients had the M204V/I lamivudine
resistance mutation detected at baseline of the initial study.
At week 104, the number of patients with detectable
M204V/1 resistance mutations was significantly lower in the
combination group, 52% (17/33) of patients when com-
pared to 92% (22/24) in the lamivudine monotherapy group
(p = 0.0013). At weeks 100 and 104, HBV DNA response
among patients with mutant HBV was 3/21 (14%) and
15/17 (88%) for patients receiving lamivudine monotherapy
and combination therapy, respectively (Table 3). Con-
versely, for patients without the mutation, 2/2 (100%) in the
monotherapy group and 13/16 (81%) in the combination
group demonstrated HBV DNA response. Among patients
receiving the combination, only 2/17 (12%) patients with
the M204V/I mutation were PCR negative at week 104
compared to 10/16 (63%) patients without the mutation.
More patients without the mutation had ALT levels <ULN
at week 104 [11/16 (69%) combination treatment and 0/2
monotherapy] compared to those with the mutation [7/16
(44%) combination and 4/22 (18%) monotherapy]. At week
100, no patients in Group A tested positive for the N236T or
A181V/T adefovir resistance mutations.

Biochemical and virologic responses in patients
with decompensated CHB or Post-OLT recurrence
(Group B)

For the Group B patients, the median baseline HBV DNA
level in the initial study was 8.5 log;o copies/mL (range
5.4, 10.1). After 100 and 104 weeks of treatment with
adefovir and lamivudine, respectively, 87% of patients
(33/38) had HBV DNA response (Table 4). HBV DNA from
baseline to week 104 was substantially decreased, with a
median change of —5.84 log,( copies/mL (range: 6.9, 3.1)
(Fig. 2). Ninety-five percent of patients (36/38) had ALT
levels >ULN at baseline, and of these, 64% (23/36) had
ALT response. Similarly, there was a reduction from
baseline in bilirubin (median change —0.32 mg/dL, range
—4.0, 0.6) and an increase in albumin (median change
+7 g/L, range —1, 22) over the 104-week treatment period.
The median baseline Child—Pugh score was 6 (range: 5, 9)
and the median change from baseline was —0.5 (range: —4,
0). Two Group B patients had a >2 point decrease in Child-
Pugh score on at least one visit during the second year of
treatment.

Disease progression was recorded by the investigator in
11% of patients (4/38) receiving lamivudine and adefovir
in Group B; all of these occurred in the patients who had
not undergone liver transplantation at the time of inclusion
in the initial study (n = 25) with all patients having an
increase of >2 points in CPT score. Two of these patients
also had a clinical event (variceal hemorrhage at week 2 of
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Table 4 Responses in Group B patients

Liver transplant prior

to entry (n = 13)

Non-liver transplant prior

to entry (n = 25)

Overall
(n = 38)

HBV DNA > 10 at baseline, N (%)
HBYV DNA response, N (%)

13/13 (100)

Week 52 12/13 (92)
Week 104 12/13 (92)
Median HBV DNA (log;, copies/mL), (range)
Baseline 9.0 (7.2, 10.1)
Week 52 3.13 (2.3, 6.4)
Week 104 272 (2.3,5.7)
HBeAg loss, N (%)
Week 52 2/8 (25)
Week 104 3/8 (38)
HBeAg seroconversion, N (%)
Week 52 0/8
Week 104 2/8 (25)
Median ALT x ULN change from baseline (range)
Week 52 —-0.84 (-9.9, 1.0)
Week 104 —1.01 (5.3, 0.9)

Median baseline bilirubin (mg/dL), (range) 0.64 (0.2, 14.2)

Median bilirubin change from baseline (mg/dL), (range)

Week 52 0(—13.3,0.3)

Week 104 —0.06 (—0.6, 0.4)
Median baseline albumin (g/L), (range) 38 (28, 43)
Median albumin change from baseline (g/L), (range)

Week 52 5(=3,17)

Week 104 5 (-1, 10)
Median baseline CPT score (range) 5.0 (5, 6)
Median CPT change from baseline (range)

Week 52 0(-1,1

Week 104 0(-1,0)

25/25 (100)

38/38 (100)

22/25 (88) 34/38 (89)
21/25 (84) 33/38 (87)
8.14 (5.4, 9.4) 8.50 (5.4, 10.1)
242 (2.3, 5.9) 2.57 (2.3, 6.4)
2.30 (2.3, 4.8) 2.30 (2.3, 5.7)
7/18 (39) 9/26 (35)

7/18 (39) 10/26 (38)

1/18 (6) 1/26 (4)

2/18 (11) 4126 (15)

—1.35(—15.9, 1.1)
~1.51 (—16.1, 0.6)

—1.02 (=159, 1.1)
~1.16 (=16.1, 0.9)

1.35 (0.4, 4.8) 1.05 (0.2, 14.2)
—0.29 (—4.3, 1.8) —0.15 (=133, 1.8)
—0.47 (4.0, 0.6) —0.32 (4.0, 0.6)
30 (21, 43) 32 (21, 43)

7 (0, 24) 6 (=3, 24)

10 (1, 22) 7 (—1, 22)

7 (5, 9)° 6.0 (5, 9)°*

—1 (=3, 2" —1 (=3, 2"

—1 (=4, 0)* —0.5 (=4, 0)*

All patients were treated with lamivudine and adefovir

? Two patients transplanted during study have been excluded for this evaluation

the follow-on study and hepatocellular carcinoma at week
104) that met disease progression criteria. An additional
patient, not recorded as having had disease progression by
the investigator, was diagnosed with hepatocellular carci-
noma at week 12. Two patients underwent transplantation
during treatment. None of these patients had an increase in
CPT score of >2 points by week 104 of treatment.

Among those patients who were HBeAg positive pre-
treatment, 15% (4/26) had HBeAg seroconverted by week
104. Two patients lost HBsAg at week 104, however, both
had undergone liver transplantation and had received HBIg.

In Group B, 97% (37/38) of patients had the M204V/I
mutation at baseline in the initial study, but only 23% (7/31) of
patients had the mutation detected at week 104. At week 100,
no patients in Group B tested positive for the N236T or
A181V/T adefovir resistance mutations.

@ Springer

Safety

In Group A, the proportion of patients with adverse events
during treatment was similar across treatment groups.
Serious adverse events (SAEs) were reported in 2/22 (9%)
of patients on monotherapy compared to 3/38 (8%) of
patients on the combination. None of the serious events in
either treatment group was fatal and none was attributable
to treatment by the investigator. No patients who received
lamivudine plus placebo had increases in serum creatinine
confirmed at two consecutive study visits. Confirmed
increases in serum creatinine >0.5 mg/dL above baseline
were only observed in one (3%) Group A patient receiving
lamivudine + adefovir. Following dose reduction of ade-
fovir, the patient continued on therapy and serum creati-
nine levels stabilized. During treatment, ALT elevations
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according to predefined categories were only seen in the
lamivudine monotherapy group (6/22, 27%), mainly due
to ALT elevations >2x baseline and >3 x baseline. One
(1/22, 5%) subject in the monotherapy group had an ALT
value that was both >2x the baseline value and >500
TU/L.

In Group B, 33/38 of patients (87%) treated with lami-
vudine + adefovir had least one adverse event during
treatment and 11/38 (29%) reported SAEs including cho-
langitis, bacteremia, gastrointestinal bleeding, abdominal
pain, chest pain, and prostate cancer. All but one of the
serious events was non-fatal and all were deemed by the
investigator to be unrelated to treatment. Four patients had
a confirmed serum creatinine elevation >0.5 mg/dL above
baseline. In three of these patients, serum creatinine
remained stable despite continuation of combination ther-
apy without dose reduction; the dose of both lamivudine
and adefovir was reduced in the fourth patient who then
continued in the study. Confirmed changes in serum
phosphate <1.5 mg/dL below baseline were observed in
one patient at week 64. The patient temporarily stopped
adefovir therapy and following improvement in serum
phosphate levels resumed therapy approximately 3 months
later. However, this patient experienced a fatal SAE (var-
iceal hemorrhage) approximately 4 months following
resumption of adefovir. A second patient in Group B was
diagnosed with hepatocellular carcinoma at week 12 and
subsequently expired. Neither death was attributed to study
treatment by the investigator. During treatment, ALT ele-
vations occurred in three of the Group B patients (3/38,
8%), mainly due to ALT elevations >2x baseline and
>3 x baseline. One of these patients (1/22, 3%) had an
ALT elevation >2x baseline in association with an ele-
vation of bilirubin (bilirubin > 2x ULN and >2x baseline
value).

Discussion

Nucleoside analogue therapy can achieve sustained sup-
pression of HBV replication and remission of liver disease
and has been shown to forestall disease progression as well
as prevent long-term complications, such as hepatocellular
carcinoma [6]. However, a concern with long-term antivi-
ral treatment is the selection of antiviral-resistant muta-
tions. This in turn has been shown to lead to reduced
clinical benefit and may be associated with flares of the
disease and even frank hepatic decompensation [17]. This
has been particularly well described with lamivudine [18].
Thus, alternative treatment strategies, such as add-on
therapies with another agent which lacks cross resistance is
most often necessary in order to suppress viral replication
and prevent further worsening of disease.

Adefovir was the first nucleoside analog to be used in
cases of lamivudine resistance [7]. A number of studies
have clearly demonstrated that switching to adefovir in
both HBeAg positive and HBeAg negative patients with
lamivudine-resistant HBV was associated with an earlier
and higher risk of adefovir-resistance compared to adding
adefovir to ongoing lamivudine [10, 19-21]. Thus, current
guidelines now recommend that when adefovir is used to
treat patients with lamivudine-resistant HBV, lamivudine
should be continued indefinitely to decrease the risk of
hepatitis flares during the transition period and to reduce
the risk of subsequent adefovir resistance [22].

A randomized, placebo-controlled study previously
demonstrated that the addition of adefovir to lamivudine in
patients with either compensated or decompensated liver
disease who had become refractory to lamivudine was well
tolerated and associated with substantial virological
(median change of —4.6 log;o copies/mL at week 52) and
biochemical benefit after 52 weeks of treatment [9]. The
current follow-on study offered extended treatment for a
further 52 weeks to assess the longer-term safety and
efficacy of lamivudine and adefovir combination therapy.

In the compensated patients (Group A) who received
lamivudine and adefovir for a further 52 weeks, there was
continued improvement over the second year in HBV DNA
levels, with an additional decline in median HBV DNA
levels of 1.38 log;q copies/mL from week 52 to 104 with
the overall median change from pre-treatment baseline of
—6.18 log;o copies/mL in the combination patients com-
pared to —0.11 log,;o copies/mL in patients receiving
monotherapy. The rate of ALT normalization also contin-
ued to increase in the combination group so that by the end
of the second year, one-half of the patients had normal
ALT levels compared to only 10% of patients receiving
lamivudine monotherapy. Although the rate of HBeAg
seroconversion at week 104 was similar among patients
receiving either the combination or the lamivudine mono-
therapy (12 vs. 9%), it is of interest that none of the
patients receiving monotherapy had surface antigen sero-
conversion to anti-HBs as compared with 5% of patients
receiving the combination. One must be cautious of over-
interpreting this finding, however, since the number of
treated patients was small, and spontaneous seroconversion
could have accounted for this finding. Moreover, the
patient population was lamivudine refractory to begin with
which should have made them less likely to clear HBsAg.
However, we feel that the second year efficacy data clearly
indicates continued clinical benefit in the Group A patients
receiving combination therapy.

The study also evaluated the virological suppression
capability of extended treatment with adefovir added to
ongoing lamivudine in patients with lamivudine resistance
and decompensated liver disease (Group B). The results in
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this population also indicate that the additional 52 weeks of
treatment resulted in a continued reduction in viral repli-
cation, with a median change from pre-treatment baseline
in HBV DNA of -5.84 log;( copies/mL at week 104. The
majority of the patients (64%) also achieved normal ALT
levels by the end of treatment. In addition, in the majority
of the non-transplanted patients, a one-point or greater
improvement in CPT score was observed, significant
improvements in bilirubin and albumin levels occurred and
most patients appeared to clinically benefit from treatment.

Lamivudine and adefovir combination therapy, extended
by a further 52 to 104 weeks, continued to be well toler-
ated. In Group B, four patients had a serum creatinine
elevation >0.5 mg/dL above baseline; in three of these
patients, serum creatinine remained stable following con-
tinuation of combination therapy without dose reduction.
However, it is well accepted that patients with advanced
liver disease or those in the liver transplant setting should
be monitored closely and may require dose modification
for changes in renal function.

As previously reported, after 1 year of treatment with
combination therapy, the M204V/I mutation was still
detectable in 62% and 57% of patients in Groups A and B,
respectively [9]. In the second year, mutant HBV remained
detectable in a smaller proportion of patients, being
detectable in 52% and 23% of Group A and B patients,
respectively, in those receiving combination therapy as
compared with 92% receiving lamivudine alone. However,
a considerable number of patients, particularly in Group A
continued to harbor the M204V/I mutation after receiving
2 years of combination therapy suggesting that adefovir
was not sufficiently potent to suppress the lamivudine-
associated mutants in a subgroup of patients. This is likely
to have been due to compensatory secondary mutations
which improved the replication fitness of the M204V/I
mutant [17]. Similar observations were recently observed
in treatment naive patients who were given a combination
of lamivudine and adefovir and followed for 2 years [23].

The mechanism for this persistent mutant HBV is
unclear, but the data are consistent with the in vitro
observation that adefovir does not control viral replication
of the M204I and L180M mutants as effectively as it does
wild type HBV [24]. To validate this explanation would
require a comparison of treatment response in patients
having the dual substitutions at positions 180 and 204 to
that observed in patients with the 204 mutation alone.
Unfortunately, the number of patients with single point
mutations (n = 4 in each treatment arm, data not shown)
was too small in our patient population to allow confir-
mation of this hypothesis.

Although the virological and biochemical responses in
the combination patients with the mutation were substan-
tially better than patients receiving monotherapy, they were
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inferior to patients on combination therapy without the
mutant. For example, only 12% of the Group A patients
with the M204 V/I mutation treated with combination
therapy were PCR negative at week 104 compared to 63%
of patients without the mutation in this treatment group and
ALT normalization was less (44 vs. 69%). An unexplained
finding is the markedly lower detection rate of the M204V/
I mutation in the Group B patients, first noted in the first
year data and seen to a greater extent in the second year of
treatment. The reasons for this finding remain unclear, but
did not appear to be due to differences in compliance, as
measured by patient-reported missed doses. Importantly,
no adefovir resistance mutations (N236T and A181V/T)
were detected in the first or second years of combination
therapy in either patient group.

Due to the long lead-time in the use of lamivudine
worldwide, there are currently a large number of patients
with lamivudine resistance who are undergoing treatment
with the combination of lamivudine and adefovir. The
current study has shown that a surprising number of these
patients still harbor detectable nucleotide substitutions
associated with lamivudine resistance. These data have
several potentially important implications. First, continu-
ance of therapy may ultimately result in the development
of viral breakthrough and clinical progression due to a
relatively inability of adefovir to control replication of
lamivudine resistant HBV. Second, the use of entecavir
either in these cases used alone or in combination with
adefovir may ultimately facilitate selection of HBV mutant
virus that is resistant to entecavir [25]. Third, the continued
presence of the substitutions at the 180 and 204 codons
suggest that a more potent agent like tenofovir might be a
better choice to be added to lamivudine than adefovir.
Future studies need to be done to address this issue.

In summary, the current study assessed the clinical
benefits of extending adefovir and lamivudine combination
therapy from 52 to 104 weeks in CHB patients with lam-
ivudine resistance. Patients receiving combination therapy
in the second year continued to have progressive
improvements in virological and biochemical responses
over those observed during the first year of treatment and
this finding was observed in patients with both compen-
sated and decompensated liver disease. However, clinically
compensated patients tended to have a high rate of per-
sistent lamivudine resistant HBV and were less apt to reach
a virologic response. Even given the high sensitivity of the
molecular assay (RFLP) we used to detect these mutants,
the data suggest that there may be an unacceptably high
rate of virologic breakthroughs as mutant HBV replication
fitness is further restored with continuation of combination
therapy. The data also support the need for more studies of
rescue therapy with lamivudine combined with more potent
drugs such as tenofovir.
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