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Abstract

AIM: To investigate retrospectively the long-term ef-
ficacy of various treatment strategies using adefovir
dipivoxil (adefovir) in patients with lamivudine-resistant
chronic hepatitis B.

METHODS: We included 154 consecutive patients in
two treatment groups: the “add-on” group (7 = 79), in
which adefovir was added to ongoing lamivudine treat-
ment due to lamivudine resistance, and the “switch/
combination” group (7 = 75), in which lamivudine was
first switched to adefovir and then re-added later as
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needed. The “switch/combination” group was then
divided into two subgroups depending on whether par-
ticipants followed (group A, 7 = 30) or violated (group B,
n = 45) a proposed treatment strategy that determined
whether to add lamivudine based on the serum hepati-
tis B virus (HBV) DNA levels (< 60 IU/mL or not) after
6 mo of treatment (roadmap concept).

RESULTS: The cumulative probability of virologic re-
sponse (HBV DNA < 60 IU/mL) was higher in group A
than in the “add-on” group and in group B (P < 0.001).
In contrast, the cumulative probability of virologic
breakthrough was lower in the “add-on” group than in
group B (P = 0.002). Furthermore, the risk of virologic
breakthrough in the multivariate analysis was signifi-
cantly lower in the “add-on” group than in group A
(hazard ratio = 0.096; 95%CI, 0.015-0.629; P = 0.015).

CONCLUSION: The selective combination of adefovir
with lamivudine based upon early treatment responses
increased the odds of virologic breakthrough relative to
the use of uniform combination therapy from the be-
ginning of treatment.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

The aims of chronic hepatitis B (CHB) treatment are
to achieve the sustained suppression of hepatitis B vi-
rus (HBV) replication and to prevent progression to
cirrhosis, liver failure, and hepatocellular carcinoma''.
Lamivudine is a safe and effective nucleoside analog that
has been approved by the United States Food and Drug
Administration as the first oral therapy for CHB. La-
mivudine suppresses HBV replication by inhibiting the
activity of HBV DNA polymerase, which leads to the
normalization of serum alanine aminotransferase (ALT)
levels, hepatitis B e antigen (HBeAg) seroconversion,
and histological improvement[zfsl. However, some CHB
patients who are treated with lamivudine over a long
period of time develop resistance to the drug at a rate
reaching approximately 70% after five years of adminis-
tration”. This resistance leads to virologic breakthrough,
re-elevation of the serum ALT levels, hepatic failure, and
even death in some patients™”. Despite the introduc-
tion of more potent antiviral agents for the treatment of
CHB, lamivudine is still frequently used due to its lower
cost.

Adefovir dipivoxil (adefovir) is a nucleotide analog
that is effective against both wild-type and lamivudine-
resistant forms of HBV®". However, adefovir resis-
tance mutations develop more frequently in lamivudine-
resistant patients than in treatment-naive patientsm’m.
Several recent studies have reported that the combina-
tion of adefovir with lamivudine results in a lower inci-
dence of resistance to adefovir and has higher efficacy
than adefovir monotherapy in patients with lamivudine
resistance’ "' In reality, however, adefovir is frequently
initiated as a monotherapy due to the high cost of com-
bination therapy, and lamivudine is sometimes added
later if needed. It has not yet been determined when
and how to assess the appropriateness of the virologic
response to adefovir monotherapy so that lamivudine
can be added at the optimal time. In such situations,
healthcare providers may consult the roadmap concept
proposed by Keeffe ez a/””. The roadmap concept uses
the treatment response at 6 mo to individualize ongo-
ing antiviral management to minimize resistance and
improve long-term efficacy. Although this concept is
primarily based on the results of previous studies on
treatment-naive CHB patients™? a recent study sug-
gested that the roadmap concept might be useful as a
means of increasing the therapeutic efficacy during ad-
efovir monotherapy in patients with lamivudine-resistant
HBeAg-positive CHB",

To date, however, no studies have investigated
whether treatment strategies based on the roadmap con-
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cept (first initiating adefovir monotherapy and then add-
ing lamivudine based on eatly treatment response) are as
effective as ab initio combination therapy in patients with
lamivudine-resistant CHB.

In this study, we retrospectively compared the long-
term efficacies of various treatment strategies using
adefovir in patients with lamivudine-resistant CHB and
analyzed factors associated with treatment efficacy. In
particular, we focused on whether the long-term effica-
cies differed between patients treated in accordance with
the roadmap concept and those treated with combina-
tion therapy from the start of treatment.

MATERIALS AND METHODS
Study sample

We screened the medical records of 255 consecutive pa-
tients who were prescribed adefovir 10 mg daily for the
treatment of lamivudine-resistant CHB and followed up
for more than 12 mo at Korea University Anam Hos-
pital from May 2004 to February 2010. Of these 255
patients, 14 were excluded from the study because they
had already been prescribed adefovir at another hospital.
20 patients were excluded because they received other
drugs (entecavir, remofovir, or clevudine) prior to adefo-
vir treatment. We also excluded another 67 patients with
serum HBV DNA levels at month six that were below
the detection limit (< 0.5 pg/mL) of the hybridization
method and that were not measured with more sensitive
quantitative techniques. The data were collected for the
remaining 154 patients and analyzed retrospectively. Pa-
tients were divided into two groups depending on how
adefovir was initiated: a “switch/combination” group
and an “add-on” group. For the “switch/combination”
group (7 = 75), lamivudine was first switched to adefo-
vir, and lamivudine was re-added later if necessary in
cases of primary non-response and inadequate response
(n = 31) or virologic breakthrough (# = 6). For the “add-
on” group (n = 79), adefovir was added to ongoing lami-
vudine treatment due to lamivudine resistance.

Methods
Clinical information (including age, gender, duration of
prior lamivudine treatment, body mass index, presence
of liver cirrhosis, and Child-Pugh score) was obtained
by reviewing the patient medical records. Data were also
collected from laboratory tests that were performed
prior to adefovir administration and every three months
thereafter. These tests included routine complete blood
counts; biochemical tests to measure the serum levels of
ALT, aspartate aminotransferase, alkaline phosphatase,
gamma glutamyl transpeptidase, albumin, total bilirubin,
blood urea nitrogen, creatinine, and phosphorus; assays
to determine the prothrombin time; and serologic stud-
ies to determine the HBeAg, anti-HBeAg antibody (anti-
HBe), and HBV DNA levels.

The diagnosis of liver cirrhosis was based on liver
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biopsy features or on clinical, laboratory, radiologic
and endoscopic data. Lamivudine resistance mutations
(rtM204V/T or rt1.L180M) were detected using direct
sequencing assays or restriction fragment mass polymor-
phisms at baseline in all patients included in our study.
In the same manner, testing for adefovir resistance mu-
tations was also performed in patients who exhibited vi-
rologic breakthrough during adefovir treatment. Prior to
July 2007, the quantitative analyses of serum HBV DNA
levels were conducted using a polymerase chain reaction
(PCR) assay (COBAS Amplicor HBV Monitor, Roche
Diagnostics, Indianapolis, IN, United States), which has
a lower detection limit of 60 IU/mL; thereafter, a real-
time PCR assay (COBAS TagMan HBYV test, Roche Di-
agnostics, Indianapolis, IN, United States) with a lower
detection limit of 20 IU/ml. was used.

Definition

Virologic response was defined as a decrease in HBV
DNA to undetectable levels (HBV DNA < 60 IU/mL).
Biochemical response was defined as a decrease in the
serum ALT level to within the normal range. HBeAg
seroclearance was defined as the loss of HBeAg from
the serum with a dectrease in serum HBV DNA to un-
detectable levels (HBV DNA < 60 IU/mlL) in patients
who had been seropositive for HBeAg before the initia-
tion of adefovir. We defined virologic breakthrough as
a confirmed increase in HBV DNA levels of more than
1 logio IU/mL relative to the lowest HBV DNA levels
observed during treatment. Biochemical breakthrough
was defined as an increase in the serum ALT level above
the upper limit of normal on at least two occasions after
achieving normalization with treatment. Primary non-
response was defined as a decrease of less than 2 logio
IU/mL in the HBV DNA level from baseline after six
months of treatment. Inadequate response was defined
as HBV DNA levels of 2000 IU/mL or greater after six
months of treatment.

We based our treatment strategy for the “switch/
combination” group on the roadmap concept, in which
clinicians decide whether to add lamivudine based on
the early treatment response after six months of adefo-
vir monotherapy. However, if serum HBV DNA levels
at six months were lower than 60 IU/mL, patients were
regarded as having early treatment response and con-
tinued to receive adefovir monotherapy. However, if
serum HBV DNA levels at six months were 60 IU/mL
or higher, the response was considered inadequate, and
lamivudine was added to the treatment regimen. The
“switch/combination” group was then divided into sub-
groups A and B, in which the treatment strategy based
on the roadmap concept was either satisfied or not satis-
fied, respectively.

Statistical analysis
The serum HBV DNA levels were logatithmically trans-
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formed for analysis. To evaluate differences in clinical
aspects ptior to adefovir treatment between the “switch/
combination” group and the “add-on” group, continu-
ous variables were compared using the two-sample 7 test,
and categorical data were compared using the Zz test.
The cumulative probabilities of virologic and biochemi-
cal responses, HBeAg seroclearance, and virologic and
biochemical breakthroughs were evaluated using Kaplan-
Meier analysis. The log-rank test was used to evaluate
differences between the two groups. We identified in-
dependent factors associated with treatment outcomes
using the Cox proportional hazard model. Variables with
P values < 0.1 in the univariate analysis were included in
the multivariate analysis. P values < 0.05 were considered
statistically significant. All data were analyzed using the
Statistical Package for the Social Sciences (SPSS) for Win-
dows (version 18, SPSS Inc., Chicago, IL, United States).

RESULTS

Baseline characteristics of the patients prior to adefovir
treatment

Of the 154 patients included in the study, 109 (70.8%)
were male, and 45 (29.2%) wete female. The mean (*
SD) age of the entire sample was 45.5 £ 11.8 years. 110
patients (71.4%) were seropositive for HBeAg, and 65
(42.2%) had liver cirrhosis. The mean levels of serum
HBYV DNA and ALT were 6.85 * 1.01 logio IU/mL and
200.1 £ 179.3 TU/L, respectively. The mean duration
of prior lamivudine treatment before the initiation of
adefovir was 28.5 = 14.6 mo, and we conducted follow-
up after the initiation of adefovir for an average of 33.8
+ 14.1 mo (median, 33; range 12-66). The “switch/com-
bination” group included 75 patients, and the “add-on”
group included 79 patients. The median durations of
follow-up in the “switch/combination” group and the
“add-on” group were 42 mo (range, 12-66) and 24 mo
(range, 12-30), respectively. At baseline, there were no
significant differences in the clinical and laboratory fea-
tures between groups except for age and the presence of
liver cirrhosis (Table 1).

Treatment efficacy in the "switch/combination" group
and the "add-on" group

After the initiation of adefovir, virologic response was
achieved in 51 of 75 (68.0%) patients in the “switch/
combination” group during the follow-up period. In the
“add-on” group, 51 of 79 (64.6%) patients achieved vi-
rologic response. There were no significant differences in
the virologic response rate between the two groups (P =
0.249), with cumulative probabilities at the first and third
years of 41.3% and 68.2% in the “switch/combination”
group and 48.1% and 73.5% in the “add-on” group, re-
spectively. In the multivariate analysis, however, virologic
response was found to be significantly more common in

the “add-on” group [hazatd ratio (HR) = 1.646; 95%CI,
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"Switch/ "Add-on" P value'
combination" group®
group’ (n = 75) (n =79)

Age (yr) 433+102 476+129  0.022
Male gender 56 (74.7) 53 (67.1) 0.301
BMI (kg/m’) 241451 23.8+3.2 0.583
Positive for HBeAg 57 (76.0) 53 (67.1) 0.221
Positive for anti-HBe 19 (25.3) 25 (31.6) 0.386
HBV DNA (log10 IU/mL) 6.75+0.93 694+1.08  0.233
AST (IU/L) 148.7 £134.5 141.1+1483 0.742
ALT (IU/L) 230.1+213.4 199.5+191.8 0.351
Albumin (g/dL) 44405 43+06 0166
ALP (IU/L) 83.4+37.6 76.8 +27.6 0.211
GGT (IU/L) 60.5+42.9 67.1+71.1 0.494
Total bilirubin (mg/dL) 1.2+09 14+19 0.425
Prothrombin time (INR) 116 £0.29 1.15+0.19 0.825
Hemoglobin (g/dL) 145+18 142+17 0.345
WBC (/mm’) 5279 £1771 4972 £1374 0233
Platelet (x 10°/ mm®) 156 + 68 145 £ 69 0.283
BUN (mg/dL) 125+3.1 131+44 0325
Creatinine (mg/dL) 0.97 £0.15 0.92+0.20 0.110
Duration of prior 28.7+13.6 28.3+15.5 0.886
lamivudine treatment (mo)

Cirrhosis 25 (33.3) 40 (50.6) 0.030

All values are expressed as mean + SD or number of patients (%). 'P values
were calculated using the two-sample ¢ test for continuous variables and
the ZZ test for categorical variables; ’Lamivudine was first switched to
adefovir dipivoxil (adefovir), and then lamivudine was re-added later as
needed in cases of primary non-response, inadequate response or virologic
breakthrough; *Adefovir was added to ongoing lamivudine treatment
due to lamivudine resistance. BMI: Body mass index; HBeAg: Hepatitis B
e Antigen; Anti-Hbe: Antibody to HBeAg; HBV DNA: Hepatitis B virus
DNA; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;
ALP: Alkaline phosphatase; GGT: y glutamyl transpeptidase; INR:
International normalized ratio; WBC: White blood cell; BUN: Blood urea
nitrogen.

1.080-2.510; P = 0.021] and less frequent in patients
with inadequate response (serum HBV DNA = 2,000
IU/mL at 6 mo) (HR = 0.121; 95%CI, 0.069-0.212; P <
0.001) (Table 2).

Biochemical response was achieved in 143 of 154 pa-
tients (the “switch/combination” group #s the “add-on”
group: 92.0% o5 93.7%, respectively). There was no sig-
nificant difference in the cumulative probability of bio-
chemical response between the two groups (P = 0.190).
In the multivariate analysis, inadequate response was the
only independent factor associated with biochemical re-
sponse (HR = 0.574; 95%CI, 0.402-0.820; P = 0.002).

Of our 110 patients who were HBeAg-positive at
baseline, HBeAg seroclearance was achieved in 28 of 57
(49.1%) in the “switch/combination” group and in 23
of 53 (43.4%) in the “add-on” group. The incidence of
HBeAg seroclearance did not differ significantly between
the two groups (P = 0.326). The cumulative probabilities
of seroclearance during the first and third years were
17.5% and 44.8% in the “switch/combination” group
and 13.2% and 62.4% in the “add-on” group, respec-
tively. Inadequate response was the only independent
factor that was correlated with HBeAg seroclearance (HR
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Variables HR 95%Cl P value'
Male gender 0.958  0.621-1.477 0.846
HBeAg (+) 0.668  0.415-1.077 0.098
HBV DNA (log10 IU/mL) 0.810  0.644-1.018 0.071
AST (IU/L) 1.000  0.998-1.002 0.955
ALT (IU/L) 1.000  0.999-1.002 0.606
Duration of prior lamivudine 1.011  0.998-1.024 0.112
treatment (mo)

Inadequate response’ 0121 0.069-0.212 <0.001
Treatment group’ 1.646  1.080-2.510 0.021

"Add-on" vs "switch/combination"

'P-values were calculated with the Cox’s proportional hazard model;
Variables with a P < 0.1 in the univariate analysis were included in the
multivariate analysis; “[nadequate response was defined as serum HBV
DNA levels of 2000 IU/mL or greater at 6 mo of treatment; *Patients
were divided into two treatment groups: the "add-on" group, in which
adefovir dipivoxil (adefovir) was added to ongoing lamivudine treatment
due to lamivudine resistance, and the "switch/combination" group, in
which lamivudine was first switched to adefovir and then re-added later
as needed. HBeAg: Hepatitis B e Antigen; HBV DNA: Hepatitis B virus
DNA; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;
HR: Hazard ratio.

P = 0.008
04r

03F “Switch/combination” group

Cumulative probability of
virologic breakthrough

0.1

“Add-on” group

F-—-

0.0 1 Il 1 1 1 |
0 12 24 36 48 60 72

Time to virologic breakthrough (mo)

Figure 1 Cumulative probabilities of virologic breakthrough in the two
treatment groups.

= 0.214; 95%CI, 0.109-0.419; P < 0.001).

Virologic and biochemical breakthroughs during
adefovir treatment were observed in 19 patients [17 of
75 (22.7%) in the “switch/combination” group and 2
of 79 (2.5%) in the “add-on” group] and 16 patients
(20.0% vs 1.3%), respectively. Both breakthroughs were
mote common in the “switch/combination” group than
in the “add-on” group, according to the Kaplan-Meier
analysis (P < 0.05). The cumulative probabilities of vi-
rologic breakthrough at the first and third years were
2.7% and 23.2% in the “switch/combination” group and
0% and 3.8% in the “add-on” group (Figure 1). In the
multivariate analysis, the risk of virologic breakthrough
was significantly lower in the “add-on” group (HR =
0.130; 95%CI, 0.028-0.599; P = 0.009) and significantly
higher in patients with inadequate response (HR = 5.251;
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Figure 2 A comparison of the cumulative probabilities of virologic re-
sponse and viral breakthrough according to different treatment strategies
using adefovir dipivoxil in patients with lamivudine-resistant chronic
hepatitis B. Groups A and B represent the patients who followed or violated
the roadmap treatment strategy, respectively; Group C stands for those treated
by adding adefovir dipivoxil in addition to ongoing lamivudine therapy. The
roadmap treatment strategy was supposed to initiate adefovir monotherapy
first and then add lamivudine when serum HBV DNA levels were = 60 |U/mL
at six months of treatment. A: There were significant differences in the cumula-
tive probabilities of virologic responses between any two treatment groups (P <
0.001); B: The cumulative probability of virologic breakthrough was significantly
lower in group C than in group B (P = 0.002) but not lower than group A (P =
0.114). However, there was a significant difference between groups C and A in
the multivariate Cox’s regression model (Table 3).

95%CI, 1.684-16.371; P = 0.004).

Treatment efficacy in the "switch/combination” group
according to compliance with the treatment strategy
based on the roadmap concept

As mentioned above, we used a roadmap concept-based
treatment strategy, which recommends the addition of
lamivudine based on an early treatment response after
six months of adefovir monotherapy (< 60 IU/mL), for
patients in the “switch/combination” group. group A
included patients who were treated in accordance with
the roadmap strategy. group B was made up of patients
for whom the roadmap-dictated treatment strategy was
not followed. Thirty patients were included in group A
(27 maintained adefovir monotherapy, and 3 received
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HR 95%Cl P value'

HBeAg (+) 3.251 0.400-26.403 0.270
Albumin (g/dL) 0.552 0.194-1.573 0.266
ALP (IU/L) 1.004 0.994-1.014 0427
PT (INR) 1.269 0.186-8.648 0.808
Platelet (x 10°/mm’) 0.997 0.986-1.007 0.519
Cirrhosis 1.016 0.243-4.448 0.983
Duration of prior lamivudine 0.99 0.945-1.038 0.691
treatment (mo)

Inadequate response’ 6.57 -1.517-28.458 0.012
Treatment groups’ 0.029
Group B vs group A 0.668 0.149-2.984 0.597
Group C s group A 0.096 0.015-0.629 0.015

'P-values were calculated with Cox’s proportional hazard model;
Variables with a P < 0.1 in the univariate analysis were included in the
multivariate analysis; “Inadequate response was defined as serum HBV
DNA levels of 2000 IU/mL or greater at 6 mo of treatment; *Treatment
groups were divided into three groups according to the timing of the
drug combination; groups A and B represent the patients who followed
or violated the roadmap treatment strategy, respectively; group C
included those participants who were treated by adding adefovir
dipivoxil (adefovir) to ongoing lamivudine therapy. Roadmap treatment
strategy was supposed to initiate adefovir monotherapy first and then
add lamivudine later when serum HBV DNA levels were detectable (=
60 IU/mL) at six months of treatment. HBeAg: Hepatitis B e antigen;
ALP: Alkaline phosphatase; PT: Prothrombin time; INR: International
normalized ratio; HR: Hazard ratio.

concomitant lamivudine), and 45 patients were included
in group B.

Patients in “switch/combination” group A were
more likely to experience virologic response than those
in group B (P < 0.001) or those in the “add-on” group
(group C) (P < 0.001) (Figure 2A). In contrast, the cu-
mulative probability of virologic breakthrough was sig-
nificantly lower in the “add-on” group (0% at the first
year, 3.8% at the third yeat) than in “switch/combina-
tion” group B (4.4% at the first year, 27.5% at the third
year) (P = 0.002) but was not lower than in “switch/
combination” group A (0% at the first year, 17.4% at the
third year, 38.0% at the fifth year) (P = 0.114) (Figure
2B). In the multivatiate analysis, however, the risk of vi-
rologic breakthrough was significantly lower in the “add-
on” group than in “switch/combination” group A (HR
= 0.096; 95%CI, 0.015-0.629; P = 0.015) (Table 3).

In addition, patients with undetectable (< 60 IU/mL)
serum HBV DNA levels after six months of adefovir
monotherapy had cumulative probabilities of virologic
breakthrough of 15.7% and 36.7% at three and five
yeats of treatment, respectively, with continued adefovir
monotherapy based on the roadmap concept strategy.

Mutations conferring adefovir resistance

Testing for mutations conferring adefovir resistance was
performed in patients with primary non-response, in-
adequate response or virologic breakthrough during ad-
efovir treatment. 28 (37.3%) and 6 (7.6%) patients were
tested for genotypic resistance to adefovir in the “switch/
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Mutation pattern "Switch/combination" "Add-on" group’

group' (7 = 75) n=179)
rtA181V 2 0
rtA181T 3 1
rtA181V + rtA181T 0 1
rtN236T 3 0
rtA181V + rtN236T 1 0
rtA181T + rtN236T 1 0
Total, n (%) 10 (13.3) 2(25)

rtA181V, alanine to valine substitution at rt181; rtA181T, alanine to threo-
nine substitution at rt181; rtN236T, asparagine to threonine substitution
at rt236. 'Lamivudine was first switched to adefovir dipivoxil (adefovir),
and then lamivudine was re-added later as needed in case of primary non-
response, inadequate response, or virologic breakthrough; *Adefovir was
added to ongoing lamivudine treatment due to lamivudine resistance.

combination” group and the “add-on” group, respec-
tively. Among these patients, adefovir resistance muta-
tions wete detected in 10 and 2 patients in the “switch/
combination” and “add-on” groups, respectively (Table
4). Adefovir resistance mutations were only identified in
6 (40%) of 15 patients with virologic breakthrough (5 of
13 in the “switch/combination” group and 1 of 2 in the
“add-on” group).

Nephrotoxicity due to adefovir

After initiating adefovir therapy, increased serum creati-
nine levels (> 1.2 mg/dL and an increase of over 20%
from baseline) were observed more than once in 9 of
154 patients (5.8%). Of 4 patients with elevated serum
creatinine levels (> 1.2 mg/dL) at baseline, 2 showed a
greater than 20% increase from baseline.

9 of 154 patients (5.8%) had hypophosphatemia at
least once during adefovir treatment, and 5 experienced
the condition at least twice. Of these 5 patients, 3 recov-
ered from hypophosphatemia after taking oral KH2POu.
In 3 patients (1.9%), increased serum creatinine and
hypophosphatemia were both observed, and one of the
participants showed severe hypophosphatemia, with lev-
els less than 1.5 mg/dL.

DISCUSSION

Despite the high incidence of resistance, lamivudine is
still prescribed for the treatment of CHB because of its
low cost relative to other available drugs. Therefore, the
treatment of lamivudine-resistant CHB will remain a
clinical challenge in the field of hepatology for the fore-
seeable future.

In South Korea, we are currently able to use adefovir
or entecavir to treat patients with lamivudine resistance.
Approximately 40% of patients with lamivudine resis-

tance develop resistance to adefovir monotherapy after
[21]

four years of treatment
monotherapy exhibited resistance at a rate of 35.9% af-

; patients receiving entecavir
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ter three years”. By contrast, when adefovir was added
to ongoing lamivudine therapy, the rate of resistance to
adefovir was just 0%-2% at two years and 4.4% at four
years' !, In addition, as time passed, the proportion
of patients who maintained undetectable serum HBV
DNA levels and serum ALT levels within the normal
range was greater in the combination therapy group than
in the adefovir monotherapy groupm. Therefore, when
lamivudine resistance was detected, we prescribed com-
bination therapy as soon as possible. In patients already
receiving adefovir monotherapy, we added lamivudine
only when an incomplete response was observed.

In the present study, we found that the cumulative
probability of virologic breakthrough at three years was
just 3.8% in the “add-on” group compared with 23.2%
in the “switch/combination” group. Upon multivariate
analysis, we confirmed that the probability of virologic
response (serum HBV DNA < 60 IU/ml) was signifi-
cantly higher and that the risk of virologic breakthrough
was significantly lower in the “add-on” group than in
the “switch/combination” group. These results suggest
that adding adefovir to lamivudine may be the most ap-
propriate treatment currently available for patients with
lamivudine resistance in Korea. However, many patients
do not have access to combination therapy because of
its cost. Therefore, from a cost-effectiveness point of
view, a treatment strategy based on the roadmap concept
is worth considering,

The roadmap concept was originally proposed for
treatment-naive patients after researchers realized that
early virologic suppression during antiviral treatment was
closely related to long-term therapeutic efficacy and the
development of viral resistance to a drug[zzl. However, a
recent study of the outcomes of adefovir rescue mono-
therapy suggested that the roadmap concept might also
be applicable in patients with lamivudine resistance™.
Our study also found that eatly treatment responses (at
six months) in patients with lamivudine-resistant CHB
were strongly correlated with long-term therapeutic out-
comes, such as virologic response, biochemical response
and HBeAg seroclearance.

In this study, there was a significant difference in the
rate of treatment response between the “switch/combi-
nation” and “add-on” groups. However, this result could
not be interpreted to indicate that the add-on combina-
tion treatment was superior to a stepwise combination
treatment based on the roadmap concept because the
“switch/combination” group included many patients
whose treatment was not based on the roadmap con-
cept. To address this question, we divided the “switch/
combination” group into two sub-groups depending on
whether the participants received treatment based on the
roadmap concept, and then we compared the treatment
outcomes in these subgroups with those in the “add-on”
group. We found that the cumulative probability of vi-
rologic response was significantly better in the subgroup
whose treatment conformed to the roadmap concept
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(group A) than in the “add-on” group. However, the
multivariate analysis showed that the risk of virologic
breakthrough was significantly higher in group A than
in the “add-on” group, with three-year cumulative prob-
abilities of 17.4% and 3.8%, respectively. Even if the
serum HBV DNA became undetectable (< 60 TU/mlL)
following six months of adefovir monotherapy, the cu-
mulative probability of virologic breakthrough reached
15.7% and 36.7% at three and five years of treatment,
respectively, when adefovir monotherapy was continued
based on the roadmap strategy. These results suggest
that the roadmap concept-based treatment strategy,
which initiates adefovir first and adds lamivudine back
to the treatment regimen depending on the treatment
response at six months, should not be recommended
for patients with lamivudine-resistant CHB. Of course,
because the longest follow-up duration in our “add-on”
group was only 36 mo, the resistance rate in the “add-on”
group might increase as time passes. However, that pos-
sibility appears to be very low, given that the resistance
rate at 48 mo in the “add-on” group was just 4% in two
previous studies!"**".

Adefovir resistance mutations were identified in only
40% of patients with virologic breakthrough in this
study. This finding might be explained by the following:
First, it is possible that virologic breakthrough developed
following low drug compliance among patients without
mutations. Second, lamivudine-resistant HBV may be
decreased by the use of adefovir; at the same time, how-
ever, the wild-type HBV, which does not respond well
to adefovir, might exhibit increased growth. These two
processes may lead to virologic breakthrough. Third,
these findings might be due to methodological problems
regarding the analysis of genetic variations.

In this study, HBV genotyping was not performed
because almost all patients with CHB (> 95%) in Korea
are infected with HBV genotype C? In addition, pre-
vious studies have not shown any relationship between
HBV genotype and response to nucleos(t)ide analogs™.
Therefore, the routine genotyping of HBV appears to
be uninformative in predicting therapeutic outcome, and
genotyping might be meaningless for Korean patients
with CHB.

Nephrotoxicity is a well-known side-effect of adefo-
vir. In the present study, we investigated two of the pri-
mary nephrotoxic side-effects that can be caused by ad-
efovir. Serum creatinine levels were increased in 5.8% of
patients after initiating adefovir in this study. This figure
is similar to that reported in other studies™' ™", Some
case reports have found that adefovir can induce Fanco-
ni syndrome or hypophosphatemic osteomalacia™ . In
this study, 5.8% of patients showed hypophosphatemia,
and some of them required the administration of oral
KH2POu4. Therefore, clinicians must monitor these side
effects more thoroughly in case patients require further
treatment. Although the mechanism of nephrotoxicity
due to adefovir has not been cleatly determined, it is
thought to occur mainly in the proximal tubule of the
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kidney. As a nucleotide analog, adefovir might serve as
a substrate for DNA polymerase vy, which is responsible
for the replication of mitochondrial DNA (mtDNA).
Thus, adefovir is thought to inhibit mtDNA replication

. . . . . . 36,37 s
and impair cellular oxidative respiration”®*”. In addition,

the over-expression of renal tubular transporters, which
increases the intracellular concentration of the drug, is

implicated in adefovir nephrotoxicity™ ™.

In conclusion, our study reaffirmed that the ab initio
combination of adefovir with lamivudine was more ef-
fective than switching to adefovir monotherapy in a step-
wise fashion in patients with lamivudine-resistant CHB.
Although early treatment response is closely related to
long-term efficacy, stepwise combination therapy based
on the roadmap concept carties a higher risk of viro-
logic breakthrough than initiating combination therapy

from the beginning of treatment.
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