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Abstract

Objective: Entecavir (ETV) added to adefovir (ADV) is recommended in the consensus for
management of patients with ADV resistance. However, little attention has been focused on the
delayed reduction of HBY DNA and dynamics of ADV-resistant variants during ADV-ETV com-
bination rescue therapy in the clinical setting. We characterized the dynamics of viral load and
resistant variants in nucleos(t)ide analogues (NAs)-naive chronic hepatitis B (CHB) patients during
antiviral treatment with ADV monotherapy followed by ADV—-ETV combination therapy.

Methods: A cohort of 55 CHB patients was enrolled in this study. Three NAs-naive patients
developed ADV-resistant variants during 24-33 months of ADV monotherapy, and then switched
to ADV—ETV combination therapy. Thirty-five serial serum samples from these three patients
were regularly collected during treatment. Ten mutants associated with commonly used antiviral
drugs were detected by pyrosequencing.

Results: HBV DNA decreased to the lowest level during ADV monotherapy at 6—18 months, with
a decrease of 0.95-5.51 log,, copies/mL, whereas rtAl81V or rtN236T gradually increased with
extended therapy. HBV DNA decreased to below the detectable level during ADV-ETV combi-
nation therapy at 21-24 months, with a decrease of 4.19—4.65 log,, copies/mL. Resistant rtAI181V
and rtN236T were undetectable after 21-24 months of combination therapy. Moreover, no
LAM-resistant rtM204I/V or ETV-resistant variants were detected during the 27-36 months of
combination therapy.

Conclusion: Although ADV-resistant variants were suppressed, viral load reduction was delayed
during ADV-ETV combination rescue therapy in patients with ADV-resistant HBV. The quanti-
fication of resistant variants by pyrosequencing may facilitate monitoring of antiviral therapy.
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Introduction

Approximately 240 million individuals are
chronically infected with hepatitis B virus (HBV)
worldwide [1], and persistent active replication of
HBV DNA is associated with progression of fibrosis,
development of hepatocellular carcinoma, and liv-
er-related mortality [2]. The treatment of chronic
hepatitis B (CHB) has evolved with the inception of
nucleos(t)ide analogues (NAs), including lamivudine

(LAM), adefovir dipivoxil (ADV), entecavir (ETV),
telbivudine (LdT), and tenofovir (TDF), which all
target HBV reverse transcriptase (RT) activity and
inhibit viral replication [3]. These antiviral effects can
improve the virological, biochemical and histological
status in the majority of CHB patients. Unfortunately,
during long-term NAs monotherapy, the selective
pressure imposed by the NAs gradually favors an
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increase in virus harboring resistant variants in the RT
domain, resulting in reduced susceptibility and re-
sistance to NAs. Virological and biochemical break-
through may emerge in the clinical setting, followed
by liver disease progression [3-5].

ADV-resistant variants have posed a major
challenge in the management of patients with CHB,
mainly due to the possibility of decreased efficacy for
other NAs and undetermined optimal rescue therapy
[6-8]. The antiviral potency of ADV in subjects re-
ceiving the approved daily dose of 10 mg was well
documented in two pivotal phase III clinical trials [9,
10]. However, long-term ADV monotherapy may lead
to drug resistance characterized by an increase in viral
load in an adherent patient. The cumulative incidence
of ADV resistance was reported to be 0% at 1 year of
treatment, 1-3% at year 2, 5-6% at year 3 and 15-29%
at year 5 [11-13]. The principal resistant variants as-
sociated with ADV resistance are located in domain B
and D of the HBV polymerase. They include
rtA181V/T and rtN236T [14]. This has resulted in a
focus on rescue therapy. Although ADV-resistant
variants have more or less reduced susceptibility to
other NAs in vitro [15], several rescue regimens have
been used in patients with ADV-resistant variants
based on the current knowledge of cross-resistance,
and most of these patients benefit from these rescue
therapies. Therefore, add-on LAM, LdT, ETV, and
switching to TDF were all included in the up-to-date
clinical practice guidelines for the management of
patients with ADV resistance [16-19]. However, due
to limited available clinical data, to date, the optimal
treatment option for patients with ADV resistance has
not been available.

Understanding the dynamics of resistant vari-
ants under different antiviral pressure may contribute
to better treatment strategies and thus prevent unde-
sirable clinical outcomes. LAM add-on in most pa-
tients with ADV-resistant variants can suppress the
replication of wild-type and ADV-resistant HBV.
However, previous longitudinal studies [5, 20-22]
showed that, in some patients, the replication of
ADV-resistant variants may not be fully inhibited by
ADV-LAM combination rescue therapy. This may be
attributed to an ADV-resistant variant, rtA181V/T,
which is responsible for cross-resistance to LAM and
ADV. Moreover, as TDF is not available in some re-
gions of Asia, ADV plus ETV is considered a promis-
ing option after previous ADV treatment failure in a
large number of CHB patients. Based on the current
knowledge of cross drug resistance, it is reasonable to
predict that non-cross-resistant NAs could be used as
rescue regimens in the management of CHB patients
with resistant variants. However, to our knowledge,
little attention has been focused on the delayed re-

duction of viral load and the dynamics of
ADV-resistant variants during ADV-ETV combina-
tion rescue therapy in the clinical setting.

In this serial study, the dynamics of viral load
were documented in detail, and pyrosequencing was
conducted to characterize the dynamics of
ADV-resistant variants during antiviral therapy with
ADYV monotherapy followed by ADV-ETV combina-
tion rescue therapy.

Materials and Methods

Patients

Fifty five CHB patients were consecutively en-
rolled in present study from June 2007 to July 2008 in
Beijing YouAn Hospital, Capital Medical University,
China. Of this cohort, 29 were NAs-naive patients and
the other 26 were LAM-treated patients. These pa-
tients were treated with 10 mg of ADV once daily.
None of these patients required dose reduction due to
inadequate renal function. Following the develop-
ment of ADV resistance, ETV 0.5 mg daily was added
to the ongoing ADV treatment as salvage therapy.
During the 60 months of observation, only 3 of 29
NAs-naive patients developed ADV resistance,
therefore their antiviral regimen was switched to
ADV-ETV combination therapy. CHB was diagnosed
according to the AASLD guideline [23]. None of the
patients was co-infected with hepatitis delta virus,
hepatitis C virus, or human immunodeficiency virus.

The patients were followed from when they
started ADV monotherapy. They were consecutively
monitored every three months in the first year of
therapy, and every six months thereafter throughout
the treatment course. During each follow-up, serum
specimens were collected for liver function tests, viral
marker tests and HBV DNA quantification. Any re-
maining serum samples were stored at -80°C for sub-
sequent research. There were no reported issues con-
cerning medication noncompliance.

The study was conducted in compliance with the
Declaration of Helsinki. Use of the research samples
was approved by the Medical Ethics Review Com-
mittee of Beijing YouAn Hospital. All patients pro-
vided written informed consent authorizing us to
access their medical records and to store the remain-
ing serum specimens for research purposes.

Measurement of liver function and HBY DNA
quantification

Alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were measured using an
Olympus Automatic Biochemical Analyzer AU5400
(Olympus, Tokyo, Japan) with a cut-off value of 40
IU/L. The viral markers, including serum HBsAg,
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HBeAg and anti-HBe, were determined using an
electrochemiluminescence immunoassay (Abbott
Laboratories, Chicago, IL, USA). The serum HBV
DNA level was determined using the Cobas HBV
Amplicor Monitor assay (Roche Diagnostics,
Pleasanton, CA, USA), with a lower limit of detection
of 2.46 logio copies/mL (~50 IU/mL or 291 cop-
ies/mL).

Detection of antiviral-resistant mutations

The pyrosequencing assay was performed ac-
cording to the standard protocol for the HBV Drug
Resistance Mutation Detection Test kit (Qiagen,
Shenzhen, China) and the PyroMark Q24 MDx system
(Qiagen GmbH, Hilden, Germany). HBV DNA puri-
fication reagents, gene amplification primers and se-
quencing primers were included in this kit and ob-
tained from Qiagen Biotech Co. Ltd. (Shenzhen, Chi-
na). The procedure was performed as previously de-
scribed [24]. We analyzed 10 mutation sites (rtL169,
rtV173, rtL180, rtA181, rtT184, rtA194, rt5202, rtM204,
rtN236, and rtM250) on the RT domain of HBV DNA
polymerase which were previously reported to be
associated with HBV drug resistance [25].

Results

Characteristics of the patients at initiation of
ADYV monotherapy

The three patients were aged between 22 and 45
years. The emergence of ADV-resistant variants, such
as rtA181V and/or rtN236T, was found in all these
patients during the 24 - 33 months of ADV mono-
therapy. Their antiviral regimen was switched to
ADV plus ETV combination therapy as salvage ther-
apy and none of the patients required dose reduction
due to insufficient renal or liver function. Two pa-
tients received percutaneous liver biopsy examination
at initiation of ADV monotherapy and at 60 months of
therapy. Their clinical characteristics at initiation of
ADV monotherapy and ADV-ETV combination
therapy are shown in Table 1.

Clinical course of ADV monotherapy followed
by ADV-ETV combination rescue therapy

The duration of ADV monotherapy was 24 to 33
months. The mean duration of ADV monotherapy
was 11 months (range 6-18) which resulted in a de-
crease in viral load to the lowest level during ADV
monotherapy, with an average change of -3.96 logio
copies/mL (range -0.95 to -5.51). The patients then
switched to ADV-ETV combination therapy, and the
duration of combination therapy was 27 to 36 months.
The mean duration of ADV-ETV combination thera-
py was 22.67 (range 21-24) months which resulted in
a decrease in viral load, with an average change of

-4.42 logio copies/mL (range -4.19 to -4.65). The clini-
cal course of these three patients by antiviral therapy
is illustrated in Fig. 1.

During 60 months of treatment, none of the pa-
tients achieved loss of HBeAg or HBsAg, or serocon-
version to HBeAb or hepatitis B surface antibody.
After 60 months of treatment, the inflammation and
fibrosis scores on liver biopsy showed a 1-3 and 0-1
point decrease, respectively, according to the Ishak
scoring system.

Table 1. Clinical features of the chronic hepatitis B patients
treated with ADV monotherapy followed by ADV-ETV combina-
tion therapy

Patient 1 Patient2  Patient 3
Baseline
Gender Male Male Male
Age (yr) 45 22 35
HBeAg - + +
HBV genotype B C C
Viral load 522 9.67 8.72
(logiocopies/mL)
ALT (U/L)t 51.8 140.6 81.7
AST (U/L)t 26.3 46.8 64.6
Liver histology (inflamma- 8/3 - 13/5
tion/fibrosis)}
During ADV mono-therapy
Duration of ADV(mo) 31 33 24
ADV-resistant variants N236T A181V A181V+N236T
During ADV-ETV combination therapy
Viral load at the start 6.73 5.03 7.11
(logiocopies/mL)
Duration of ADV-ETV (mo) 29 27 36
Liver histology at month 60 5/2 - 12/5

(inflammation/ fibrosis)}

t The upper limit of normal value: ALT, 40 U/L; AST, 40 U/L.

1 Diagnosed according to Ishak scoring system.

Abbreviations: ADV, Adefovir; ETV, Entecavir; ALT, alanine aminotransferase; AST,
aspartate aminotransferase.

Dynamics of ADV-resistant variants during
ADYV monotherapy followed by ADV-ETV
combination rescue therapy

Three resistant viral populations were found
during ADV administration in these three patients,
including rtN236T alone (patient 1), rtA181V alone
(patient 2), and both rtA181V and rtN236T (patient 3).
However, the dynamics of the HBV viral population
varied in each patient. After 21-24 months of combi-
nation treatment, ADV-resistant variants rtA181V and
rtN236T gradually decreased to undetectable levels.
During 27-36 months of combination treatment, no
LAM-resistant variants (rtM2041/V with or without
rtL180M) or ETV-resistant variants (rtT184, rtS202, or
rtM250) were detected in the viral population.

The dynamics of the resistant variants in these
three patients were assessed by pyrosequencing
analyses during antiviral treatment and are illustrated
in Fig. 2. None of the patients harbored the
ADV-resistant variant in the baseline samples. The
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ADV-resistant variants replaced the wild-type viral
population and were predominant during ADV
monotherapy. The replication of ADV-resistant vari-
ants (rtA181V and/or rtN236T) was inhibited after
ETV was added to the ongoing ADV monotherapy. In
patient 1, the proportion of the virus harboring
rtN236T gradually increased for 6 months before vi-
rological breakthrough (defined as an increase in the
HBV DNA level of more than 1 logi copies/mL
compared to the nadir HBV DNA level during ther-
apy). The virus harboring rtN236T was predominant
and was responsible for virological breakthrough. In
patient 2, the virological breakthrough occurred at
month 12, however, none of the ADV-resistant vari-
ants was detected at this time point. The virus har-
boring rtA181V emerged at month 36 and was pre-
dominant at month 42, while the wild-type virus was
profoundly inhibited. In patient 3, the dynamics was
characterized by outgrowth of the virus with rtN236T
within the background of the virus harboring rtA181V
and was predominant. In contrast to patient 1, the
virus with the single rtN236T variant was responsible
for virological breakthrough.

Discussion

Prolonged monotherapy with ADV is associated
with the emergence of ADV-resistant variants, and
ETV added to ongoing ADV as a rescue regimen is
included in the guidelines for management of patients
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with ADV resistance [17, 18]. However, little attention
has been focused on the reduction time of HBV DNA
and the dynamics of ADV-resistant variants during
ADV-ETV combination rescue therapy. In this longi-
tudinal study, in addition to the detailed clinical
course, pyrosequencing was also carried out to char-
acterize the dynamics of resistant variants during an-
tiviral therapy with ADV monotherapy followed by
ADV-ETV combination therapy. This study demon-
strated that replication of the ADV-resistant variants,
rtA181V and rtN236T, was fully inhibited by
ADV-ETV combination rescue therapy. In addition,
no LAM-resistant rtM2041/V or ETV-resistant vari-
ants were selected during 27-36 months of combina-
tion therapy. However, compared to most patients
treated with ADV or ETV in a previous study [26, 27],
serum HBV DNA decreased to an undetectable level
after 24 weeks and the patients were much more likely
to benefit from long-term antiviral therapy. In the
present study, HBV DNA reduction was delayed,
even with ADV-ETV combination therapy. Although
the effect of delayed HBV DNA reduction on the
benefit of rescue antiviral therapy was undetermined,
our study indicates that NAs result in potent rapid
suppression of viral replication and should be pre-
scribed for NA-naive patients in the clinical setting
due to intractable sequential issues after the emer-
gence of resistant variants.
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Figure 1. Clinical course during ADV monotherapy followed by ADV—ETV combination rescue therapy. The duration of therapy is indicated by the bars

above the graph. A, patient 1; B, patient 2; C, patient3.

http://www.medsci.org



Int. J. Med. Sci. 2015, Vol. 12

Patient 1
A
AD!
v ADVSETY
100
s 10
80 2
70 + 8
= 9
2 60 |
e 50 + L6
b a0 T 0
2 .
30 | 4
20 — 3
10 2
0 | |
0% & g 5 & |0 wriN236T
' 4 30 36
42 <
8 54 g
Patient 3
(&
ADV
100
90
80 + 1
70 ™
60
g s ~
E W
Z 3
>3

10
0 *

03 5 ¢ 12

18 24 39

Patient 2
B
ADV
100 ADV+ETY
i A « 10
80 71 ' e
70 +T8 I +8
60 \ S + 7 (g
@
= 5 — L6 Zo
g 0 - L= RS
= - § >
g 40 - ' B%
RS 1478
- 20 1 — 3 =
10 1 2
0 * {1 ;
b2 5 mriAISIV
T 0
U oy & 4
= . a8 ¢
Months of therapy
10
9
8
|
6 E
<s
5 Z,g
5 8g
4 &8s
b
y T8

RAAISIV
0
36 22

8 54 W riN236T

Months of therapy

Figure 2. Dynamics of resistant variants during ADV monotherapy followed by ADV-ETV combination rescue therapy. Results are expressed as a
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is indicated by the bars above the graph. A, patient 1; B, patient 2; C, patient3.

Understanding the viral kinetics under different
antiviral pressure may be useful in determining anti-
viral potency and optimizing therapeutic strategy. Lu
et al. reported [28] that virological response at week 12
indicated a significant reduction in intrahepatic DNA
at week 48. The role of the roadmap concept in pa-
tients receiving NAs with a high genetic barrier to
resistance, such as TDF and ETV, has yet to be deter-
mined [27]. In this study, HBV DNA in these patients
was still detectable after 12 months of ADV mono-
therapy. Due to the subsequent development of ADV
resistance, this may indicate that either the addition or
switch to another more potent NA without
cross-resistance should be considered at this stage.
Furthermore, virological breakthrough was consid-
ered the first manifestation of antiviral drug resistance
during NAs treatment, however, not all virological
breakthroughs were due to drug resistance [29-31]. In
patients 1 and 3, the selection of ADV-resistant vari-
ants preceded virological breakthrough by six
months, the resistant variants replaced the wild-type
viral population and were predominant during mon-
otherapy, which is consistent with a previous study
[5, 20]. Patient 2 had virological breakthrough without
detected ADV-resistant variants at month 12. Possible

reasons for this phenomenon include natural fluctua-
tion of the HBV DNA concentration, differences in the
absorption and metabolism of the drug [32], the sen-
sitivity of the method used for assessing resistant
variants, appearance of other mutations such as core
and pre-core mutation that were not included in this
study.

Data regarding the management of ADV re-
sistance are limited. In one study [21], no significant
difference in  virological response between
LAM-ADV and ETV rescue therapy was reported in
patients with ADV-resistant variants, however, the
incidence of ETV resistance was higher in patients
treated with ETV monotherapy. Another recent study
[16] showed that in ADV-resistant CHB patients, cu-
mulative virological response rate was higher in pa-
tients treated with ETV-based therapy (ETV with or
without ADV therapy) than in patients treated with
LAM plus ADV combination therapy. This discrep-
ancy may be due to the difference in rescue regimens
in some patients. A previous study [33] reported that
in six patients with resistance to or non-response to
ADV, TDF-LAM suppressed the replication of HBV
DNA to an undetectable level (400 copies/mL) at 12
months of treatment. One recent study demonstrated
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[34] that TDF plus ETV is a potent therapeutic option
for patients with LAM and ADV resistance, the cu-
mulative probability of virological suppression at
month 6 was 75.0% in 28 patients. If TDF is not
available, add-on LAM, LdT or ETV therapy is a
practical treatment modality for patients with an
ADV-resistant variant. However, the efficacy and
safety profile of these regimens were not compared,
therefore, to date, the optimal treatment option for
patients with ADV-resistant variants has not yet been
identified. Previous longitudinal studies demon-
strated that, in some patients, ADV-LAM combina-
tion therapy may not fully inhibit the replication of
ADV-resistant variants [5, 20, 22]. This is mainly at-
tributed to the ADV mutation, rtA181V /T, which is
responsible for cross-resistance to LAM and ADV. In
rare cases, ADV-resistant variants may persist after
switching to TDF monotherapy [35]. In contrast, in the
present study, we observed that replication of the
ADV-resistant variants, rtA181V and/or rtN236T,
were fully inhibited after 21-24 months of ADV-ETV
combination therapy. An undetectable level of re-
sistant variants is a good response to rescue therapy.
However, other studies have suggested that unde-
tectable resistant variants may be a transition phase in
the selective process of novel drug-resistant variants
[36, 37].

It should be noted that during ADV-ETV com-
bination rescue therapy, although the replication of
ADV-resistant variants, rtA181V and/or rtN236T,
was fully inhibited and no LAM-resistant rtM2041/V
or ETV-resistant variants were selected after 27-36
months of combination rescue therapy, HBV DNA
reduction was delayed even with potent ADV-ETV
combination therapy. The delayed HBV DNA reduc-
tion related to the undesirable outcome of long-term
rescue therapy is a concern and merits further inves-
tigation. Firstly, perhaps it is not surprising that sup-
pression of ADV-resistant variants occurs with
ADV-ETV  combination therapy, as current
knowledge indicates that there is no signature
cross-resistant variant between ETV and ADV in vitro
[29]. We first demonstrated this result in a clinical
study, and partly corroborate the guideline recom-
mendation for the management of patients with ADV
resistance. Secondly, due to the delayed reduction of
HBV DNA, in these rare cases, it is unknown whether
a switch to a more potent antiviral regimen, such as
TDF-ETV combination therapy, could eliminate a
potential undesirable outcome that may emerge dur-
ing extended rescue therapy. The applicability of the
roadmap concept in patients receiving combination
rescue therapy remains to be determined. However,
HBV DNA quantification and the monitoring of re-
sistant variants are still required during long-term

rescue therapy. Thirdly, histological benefits may be
negatively affected by the emergence of resistant var-
iants during antiviral therapy [38]. In the present
study, in addition to a good virological response, two
patients had paired liver biopsies and both patients
had an improvement in inflammation score and did
not show progression of fibrosis. These results indi-
cated that ADV-ETV combination rescue therapy
may contribute to histological improvement. Whether
ADV-resistant  variants will re-emerge and
LAM-resistant rtM2041/V or ETV-resistant variants
(rtT184, rtS202, or rtM250) will be selected in these
patients warrants further investigation.

Although a cohort of 55 CHB patients was en-
rolled in this study and sensitive pyrosequencing was
conducted to detect an average of 11 time-point serial
samples for up to 60 months of treatment, our study
has some limitations. These limitations include the
small number of patients with ADV resistance and the
relatively short duration of ADV-ETV combination
therapy. Due to these limitations, further large cohort
studies are needed to verify the antiviral potency and
delayed HBV DNA reduction associated with this
rescue regimen.

In conclusion, ADV-ETV combination rescue
therapy fully inhibited the replication of
ADV-resistant variants, and no LAM-resistant vari-
ants were detected during 27-36 months of ADV-ETV
combination therapy. However, 21-24 months of
ADV-ETV combination therapy contributed to a de-
crease in HBV DNA to below the detectable level. This
may be attributed to ADV signature resistant variants
(rtA181 or/and rtN236) having reduced susceptibility
to ETV in vivo. Furthermore, in addition to the sensi-
tivity of pyrosequencing, the additional benefit of
resistant variant quantification may facilitate antiviral
therapy monitoring.
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