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ABSTRACT

Introduction. Among the available nucleos(t)ide analogues adefovir dipivoxil (ADV) is relatively cheap and
widely used in rural area in China. However, there are insufficient data on recommendation for patients
with suboptimal response to ADV after 48 weeks of treatment in order to reduce the resistance rate in
the long term. The aim of this study was to compare the efficacy and safety of LAM add-on combination
therapy versus ETV monotherapy for patients with suboptimal response to ADV. Material and methods. 136
patients with suboptimal response to ADV were randomly assigned to the add-on LAM with ADV combination
therapy (68 patients) group and the ETV monotherapy (68 patients) group. Patients in the add-on group
were prescribed 100 mg LAM and 10 mg ADV per day, while the monotherapy group received 0.5 mg ETV
per day for 48 weeks. Tests for liver and kidney function, HBV serum markers, HBV DNA load, were per-
formed every 3 months. Results. The mean patient age in LAM add-on group and ETV monotherapy was
38.59 ± 7.65 and 37.56 ± 8.67 years respectively. The HBV DNA undetectable rate in the LAM add-on group
and the ETV group were not significant difference at week 4, 12 and 24 (P > 0.05). However, the HBV unde-
tectable rate in the ETV group was higher than that in the LAM add-on group at week 36 and 48 (P = 0.043
for week 36 and P = 0.038 for week 48). There was no significant difference both for HBeAg loss and HBeAg
seroconversion between two groups (P > 0.05) at 48 weeks. Meanwhile, our study also demonstrated that
the mean eGFR levels in LAM add-on group was decreased from 99.6 ± 8.71 at baseline to 86.4 ± 9.83 at the
end of 48 weeks, which was significantly higher than that in the ETV monotherapy group (P < 0.05). 8.8% of
patients in LAM add-on group experienced eGFR reduction by 20-30% from baseline at 48 weeks. No pa-
tients developed hyposphosphatemia in our study. Conclusion. Our study clearly showed that switch to
ETV monotherapy was the more effective and more safe than that of LAM add-on combination therapy for
patients with suboptimal response to ADV.

Key words. Adefovir dipivoxil. Suboptimal response. Lamivudine add-on therapy. Switch to ETV therapy. CHB.

Correspondence and reprint request: Yida Yang, M.D.,Ph.D.
Collaborative Innovation Center for Diagnosis and
Treatment of Infectious Diseases, State Key Laboratory for Diagnosis and
Treatment of Infectious Diseases, First Affiliated Hospital,
Zhejiang University School of Medicine, 79 Qingchun Road,
Hangzhou 310003, China.
Tel.: +86-571-87236836. Fax: +86-571-87236755
E-mail: yangyida65@yeah.net

Manuscript received: May 25, 2014.

Manuscript accepted: September 01, 2014.

March-April, Vol. 14 No. 2, 2015: 175-180

ORIGINAL ARTICLE

INTRODUCTION

Hepatitis B virus (HBV) infects more than 350

million people worldwide.1 Hepatitis B is a leading

cause of chronic hepatitis, cirrhosis, and hepatocel-

lular carcinoma (HCC). High level of HBV DNA is

an independent factor associated with disease pro-

gression.2 Therefore, the main goal of treatment is

complete suppression of HBV replication to limit

progressive liver damage and improve natural histo-

ry of chronic HBV infection (CHB). Currently, oral

nucleos(t)ide analogues (NA) have demonstrated

success in suppressing virus replication with few

side effects. Evidence-based medicine has demon-

strated that a slow virologic response after initia-

tion of nucleos(t)ide analogues treatment is

associated with high rates of drug resistance in the

long-term.3,4

Among the available nucleos(t)ide analogues adefovir

dipivoxil (ADV) is a phosphonate acyclic nucleotide ana-

logue of adenosine monophosphate.5 It is a potent

© 2019, Fundación Clínica Médica Sur, A.C. Published by Elsevier España S.L.U. This is an open access article under the CC BY-NC-ND 
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First Affiliated Hospital of Zhejiang University

School of medicine (Hangzhou, China) were treated

initially with ADV for 48 weeks. Thirty-five pa-

tients were defined as primary nonresponders to

ADV treatment, who were switched to ETV treat-

ment. After 48 weeks, 136 patients whose HBV

DNA remained > 103 copies/mL were recruited in

this study. Patients with hepatitis delta virus, hep-

atitis C virus, or had HIV co-infection were exclud-

ed. Patients with HCC, autoimmune hepatitis,

alcoholic liver cirrhosis, severe heart, renal, and

brain diseases were also excluded. All patients who

participated in this study provided informed con-

sent and were aware of the procedures to be

conducted. The protocol was approved by the Eth-

ics Committee of the First Affiliated Hospital of

Zhejiang University.

The study was designed as a prospective case-

control study. The patients were randomly assigned

to the ETV monotherapy (68 patients) group and

the add-on LAM and ADV combination therapy (68

patients) group. Baseline data of the two groups

were compared to ensure comparability. Patients in

the add-on group were prescribed 100 mg LAM and

10 mg ADV per day, while the monotherapy group

received 0.5 mg ETV per day for 48 weeks as indi-

cated in figure 1.

Follow-up studies

Serum hepatitis B viral markers, including HB-

sAg, anti-HBs, HBeAg, anti-HBe and anti-HBc, were

detected by commercially available enzyme immu-

noassays (Abbott Laboratories, Chicago, IL, USA).

Serum HBV DNA was measured by polymerase

chain reaction with a linear range between 1 x 103

and 5 x 108 copies/mL (Shanghai ZJ Bio-Tech Co.,

Ltd., China).

inhibitor of HBV reverse transcriptase and is effective

both for patients with HBeAg-positive and HBeAg-nega-

tive chronic HBV infection.6,7 ADV has also the charac-

ter of no cross-resistance with other nucleoside

analogues such as lamivudine(LAM), telbivudine (LdT)

and entecavir (ETV). So it was widely used in rescue

therapy for LAM, LdT and ETV resistance.8,9 However,

ADV demonstrates a relatively high rate of primary

nonresponse in the 12 weeks and high rate of subopti-

mal response in the 48 week,10,11 probably due to its

suboptimal dosage. Meanwhile the rate of ADV resist-

ance in HBeAg positive CHB patients has been reported

to be 29% after 5 years of treatment.12 ETV is a cy-

clopentyl guanosine analogue, and a potent and selec-

tive inhibitor of HBV replication. ETV is also a drug

with a high genetic barrier to resistance and a very low

rate of resistance in nucleoside naïve CHB patients.13,14

The guideline for CHB patients with ADV resist-

ance is use add-on therapy with a nucleotide without

cross-resistance (e.g. LAM, Ldt, ETV) or switch to

ETV or tenofovir (TDF).15,16 However, there are insuf-

ficient data on recommendation for patients with sub-

optimal response to ADV after 48 weeks of treatment

in order to reduce the resistance rate in the long term.

OBJECTIVE

The aim of this study was to compare the efficacy

and safety of LAM add-on combination therapy vs.

ETV monotherapy for patients with suboptimal re-

sponse to ADV.

MATERIAL AND METHODS

Study patients and design

From January 2009 to March 2010, 255 patients

diagnosed with chronic hepatitis B (CHB) at the

Figure 1. Flow chart of patients with suboptimal response to ADV monotherapy for 48 weeks.

220 CHB patients

n = 84 (38.2%) n = 136 (61.8%)
HBV DNA < 3 log10 (copies/mL) HBV DNA > 3 log10 (copies/mL)

Continue ADV monotherapy Add on LAM therapy Switch to ETV monotherapy
(n = 68) (n = 68)

Follow up for 48 weeks

ADV monotherapy for 48 weeks
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Follow-up observations in the two groups were

performed at the start and during 4, 12, 24, 36, 48

weeks. Follow-up clinical assessments included

physical examination, HBeAg and HBeAb, quantita-

tive HBV DNA, serum biochemistry, alpha-fetopro-

tein, renal function, and ultrasonography or CT

scan. The lower limit of detection of DNA used in

this study was 1.0 x 103 copies/mL (Shanghai ZJ

Bio-Tec Co., Ltd, China). The reverse transcriptase

region of HBV isolates was directly sequenced from

a cohort of all 136 CHB patients at baseline and in

48 weeks of ADV treatment. Replication-competent

HBV constructs containing ADV-resistant (rtA181T/

V+N236T and rtN236T) mutations were detected,

and compared with wild-type (WT). The eGFR

(mL/min/1.73 m2) was calculated by the Chinese

equation:

eGFR = 175 * Pcr -1.234 * age -0.179 (female * 0.79)

Renal impairment represented a decrease in eGFR

to < 50 mL/min/1.73 m2.

Statistical analysis

SPSS 16.0 software (SPSS Inc., Chicago, IL,

USA) was used for data analysis. Measurements

were presented as mean ± standard deviation (SD)

and comparisons were conducted following analysis

of the results using the Student’s t test. Proportions

were presented as percentage (%). Rate compari-

sons were performed using the 2 test. A P value

< 0.05 was considered significant.

RESULTS

Baseline characteristics

A total of 255 CHB patients received ADV mono-

therapy as initial antiviral treatment for 48 weeks.

At week 12, 35 (13.7%) of patients were defined as

primary nonresponder (decline less than 1 log of

HBV DNA levels at week 12 of treatment) to ADV

treatment. All these patients were switched to ETV

monotherapy. Other 220 patients continued to re-

ceive ADV treatment. At week 48, 38.2% (84/220) of

them had HBV DNA < 3 log
10

 copies/mL and still

received ADV monotherapy. However, 61.8% (136/

220) of them still had HBV DNA > 3 log
10

 copies/

mL, all 136 patients were recruited in this study.

Sixty-eight patients received LAM add-on ADV com-

bination therapy and other 68 patients switched to

ETV monotherapy (Figure 1). No ADV-resistance

mutations (rtA181T/V + N236T and rtN236T) were

detected in all 136 patients. All the patients have

good compliance during the follow up period.

The baseline characteristics of these 136 patients

are listed in table 1. The treatment groups were well

matched at baseline and no statistically significant

differences were observed. The mean patient age in

LAM add-on group and ETV monotherapy was 38.59

± 7.65 and 37.56 ±8.67 years respectively. Thirty-

five patients in add-on group and 36 patients in ETV

monotherapy group were HBeAg positive. The mean

patient creatinine level in add-on group and ETV

group was 0.86 ±0.04 mg/dL and 0.84 ± 0.03 mg/dL

respectively and mean eGRF was 99.6 ± 8.71 and

98.7 ± 9.23 respectively.

Virological response

In the add-on group, the proportion of patients

with a virological response (HBV DNA < 3 log
10

 cop-

ies/mL) at week 4, 12, 24, 36 and 48 of treatment

8.8% (6/68), 17.6% (12/68), 27.9% (19/68), 39.7% (27/

68) and 64.7% (44/68), respectively. In ETV group,

the proportion of patients with a virological response

at week 4, 12, 24, 36 and 48 of treatment was 13.2%

(9/68), 25.0% (17/68), 33.8% (23/68), 54.4% (37/68)

and 76.5% (52/68) respectively. The HBV DNA unde-

Table 1. Baseline characteristic of CHB patients with suboptimal response to ADV.

Variables LAM add-on (n = 68) Switch to ETV (n = 68) p-value

Age, years mean ± SD 38.59 ± 7.65 37.56 ± 8.67 0.602
Sex, males, n (%) 48 (70.6%) 46 (67.7%) 0.876
ALT, IU/L, mean ± SD 65.8 ±6.27 59.33 ± 6.18 0.586
HBV DNA, log10 copies/mL 4.6 ± 1.5 4.7 ±1.2 0.723
HBeAg positive, n (%) 35 (51.5%) 36 (52.9%) 0.764
Creatinine (mg/dL) mean ± SD 0.86 ± 0.04 0.84 ± 0.03 0.876
eGFR (mL/min/1.73 m2) mean ± SD 99.6 ± 8.71 98.7 ± 9.23 0.805

ADV: adefovir dipivoxil. LAM: lamivudine. ETV: entecavir. HBeAg: hepatitis B e antigen. HBV: hepatitis B virus. eGFR: estimated glomerular filtration rate.
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tectable rate in the LAM add-on group and the ETV

group were not significantly different at week 4, 12

and 24 respectively (P > 0.05). However, the differ-

ence in HBV undetectable rate between two groups

was significant at week 36 and 48 (P = 0.043 for week

36 and P= 0.038 for week 48) as indicated in figure 2.

Serological response

Among the 35 HBeAg positive CHB patients with

in LAM add-on group, 22.9% (8/35) of them devel-

oped HBeAg loss and 17.1% (6/35) developed HBeAg

seroconversion at week 48. Among the 36 patients

in ETV monotherapy group, 19.4% (7/36) of them

developed HBeAg loss and 13.9% (5/36) developed

HBeAg seroconversion at week 48 as indicated in

figure 3. There was no significant difference both for

HBeAg loss and HBeAg seroconversion between two

groups (P > 0.05). After HBeAg seroconversion or

undetectable HBV DNA, all the patients still been

treated with ETV or LAM plus ADV combination

therapy for consolidation.

Resistance and safety

At week 48, no resistance mutations (rtA181T/

V+N236T and rtN236T) were detected in both

groups. The creatinine levels of all the 136 patients

remain normal at the end of 48 weeks treatment.

However, mean patient creatinine level in add-on

group increased from 0.86 ± 0.04 at the baseline to

0.97 ±0.06 at the 48 weeks. The mean eGFR levels

in LAM add-on group was decreased from 99.6 ±

8.71 at baseline to 86.4 ± 9.83 at the end of

48 weeks treatment, which was significantly

higher than that in the ETV monotherapy group

(P < 0.05), as indicated in figure 4. 8.8% (6/68) of

patients in LAM add-on group experienced eGFR

reduction by 20-30% from baseline at 48 weeks, and

no patients experienced reduction of eGFR by  30%

after 48 weeks of add-on treatment.

DISCUSSION

This is the first head to head study to describe

the efficacy and safety of LAM add-on combination

therapy and ETV monotherapy for patients with

suboptimal response to ADV for 48 weeks. Our re-

sults showed that HBV undetectable rate in the

ETV monotherapy groups was significantly higher

than that in LAM add-on group at week 36 and 48

(P = 0.043 for week 36 and P = 0.038 for week 48).

Furthermore, 8.8% (6/68) of patients in LAM add-on

group experienced eGFR reduction by 20-30% from

Figure 2. Virological response rates of patients with

suboptimal response to ADV monotherapy treated with LAM

add-on and ETV monotherapy for 48 weeks.

H
B
V
 D

N
A
 u

n
d
e
te

c
ta

b
le

 r
a
te

 (
%

)

4w 12w 24w 36w 48w
Time of treatment

100

80

60

40

20

0

Figure 3. Serological response of CHB patients with

suboptimal response to ADV monotherapy treated with LAM

add-on and ETV monotherapy for 48 weeks.
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lamivudine (   ) combination therapy or switch to entecavir (   )

monotherapy for patients with suboptimal ADV.
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baseline at 48 weeks, and no patients experienced

reduction of eGFR by  30% after 48 weeks after

add-on treatment. No resistance mutations were de-

tected in both groups in the 48 weeks.

In China, four types of nucleos(t)ide analogues

(LAM, ADV, Ldt and ETV) are available. Among them

ADV is relatively cheap and widely used in the rural

area in China. However, some patients have not re-

sponded well to ADV monotherapy even after 48 weeks

of treatment, as manifested by a low decrease in HBV

DNA level. In accordance with previous studies, our

results indicated that after 48 weeks of ADV mono-

therapy, 61.8% (136/220) of patients still had HBV

DNA > 103 copies/mL. Several reports have demon-

strated that a slow virologic response after initiation

of nucleos(t)ide analogues treatment is associated with

high rates of drug resistance in the long-term. Thus,

there is urgent need for a rescue therapeutic strategy

that provides a greater efficacy and a reduced rate of

drug resistance. Wang, et al. reported that compared

with continues ADV monotherapy, LAM add-on combi-

nation had a improved rate of virologic and biochemi-

cal response at week 12 and 24 for patients with poor

response to ADV.17 But the follow-up time is relative

short in their study. Our results demonstrated that af-

ter LAM add-on combination therapy, 8.8% (6/68),

17.6% (12/68), 27.9% (19/68), 39.7% (27/68) and 64.7%

(44/68) of patients got a virological response at week

4, 12, 24, 36 and 48 of treatment respectively for the

patients with suboptimal response to ADV. There re-

sults suggested that LAM add-on combination therapy

is a one of the good choice for patients with subopti-

mal response to ADV.

Recent guideline for CHB patients with ADV re-

sistance suggests switch to ETV or tenofovir (TDF)

therapy if the patient was neucleos(t)ide analogues

naive before ADV treatment, ETV may be preferred

in such patients with high viraemia.15 Our results

clearly indicated that after 36 and 48 weeks of ETV

rescue therapy, 54.4% (37/68) and 76.5% (52/68) of

patients with suboptimal response to ADV got HBV

DNA undetectable, which was significant higher

than that in LAM add-on group.

However, Reijnders, et al. previously reported

that ETV showed a limited efficacy in HBeAg- posi-

tive CHB patients with a partial virologic response

to ADV.18 It should be noted that only 14 patients

were recruited in their study and most of them were

LAM-experienced. All the CHB patients in our study

were NA naïve before ADV treatment and no resist-

ance mutation was detected in all patients before

rescue therapy. This may be the possible explana-

tion of discrepancy between two studies.

Furthermore, renal impairment is one of the most

serious side effects of ADV. Nephrotoxicity associated

ADV is dose-dependent. Although, in phase III clini-

cal trial significant renal toxicity was not observed

during 64 weeks follow-up in patients with ADV at

10 mg/day.19 But, renal dysfunction associated with

long-term use of low-dose ADV has been demonstrat-

ed in many reports published recently. Tanaka, et al.

reported that during a median treatment duration of

64 months, 9.6% of patients developed renal impair-

ment (defined as eGFR < 50 mL/min/1.73 m2) and

27.1% of them developed hyposphosphatemia. The cu-

mulative incidences of renal impairment at 1, 3, 5

years were 1.4, 7.5 and 10.5% respectively.20 In con-

sistence with these results, our study also demon-

strated that the mean eGFR levels in LAM add-on

group was decreased from 99.6 ± 8.71 at baseline to

86.4 ± 9.83 at the end of 48 weeks treatment, which

was significantly higher than that in the ETV mono-

therapy group. 8.8% (6/68) of patients in LAM add-on

group experienced eGFR reduction by 20-30% from

baseline at 48 weeks. No patients developed hypos-

phosphatemia in our study because of short duration

of observation time.

CONCLUSIONS

In conclusion, our study clearly showed that

switch to ETV monotherapy was the more effective

and more safe than that of LAM add-on combination

therapy for patients with suboptimal response to

ADV.

Our study clearly showed that switch to ETV

monotherapy was the more effective and more safe

than that of LAM add-on combination therapy for

patients with suboptimal response to ADV.

ABBREVIATIONS

� ADV: adefovir dipivoxil.

� ALT: alanine aminotransferase.

� AST: aspartate aminotransferase.

� CHB: chronic hepatitis B.

� eGFR: estimated glomerular filtration rate.

� ETV: entecavir.

� HBeAg: hepatitis B e antigen.

� HBV: hepatitis B virus.

� LAM: lamivudine.
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