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Abstract: Background: Chronic hepatitis B virus (HBV) infection remains a major public health problem worldwide. 
Tenofovir monotherapy or tenofovir-based combination therapy have achieved promising results in the treatment of 
chronic hepatitis B patients who failed adefovir therapy. Objective: The goal of this study was to assess the efficacy 
of tenofovir monotherapy compared with tenofovir-based combination therapy for treatment of adefovir-experienced 
chronic hepatitis B (CHB) patients. Methods: randomized and non-randomized control trials directly comparing 
tenofovir monotherapy and tenofovir-based combination therapy were searched in PUBMED, MEDLINE, EMBASE 
database up to April 30, 2015. The data were analyzed with Review Manager (v.5.3). Results: Seven articles (total 
of 478 patients) met entry criteria. The results found that the rates of undetectable hepatitis B virus DNA levels 
(64.7% vs. 68.5%, P = 0.58 for 24 weeks; 71.4% vs. 71.7%, P = 0.76 for 48 weeks; 71.6% vs. 73.0%, P = 0.92 for 96 
weeks), alanine aminotransferase (ALT) normalization (72.6% vs. 69.2%, P = 0.46 for 48 weeks; 72.8% vs. 75.0%, 
P = 0.74 for 96 weeks) and hepatitis Be antigen loss (5.0% vs. 0, P = 0.43 for 48 weeks; 16.5% vs. 12.5%, P = 0.43 
for 96 weeks) were not significantly different between the TDF alone and the TDF-based group. Moreover, the rate 
of adverse reactions was also not significantly different between the 2 groups (P = 0.06 for 96 weeks). Conclusions: 
TDF monotherapy and TDF-based combination therapy are similarly effective and safe in adefovir-experienced CHB 
patients after 48 weeks and 96 weeks of antiviral therapy. Nevertheless, large scale randomized control trials 
should be carried out to elucidate the long-term outcome of TDF treatment.
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Introduction

Chronic hepatitis B virus (HBV) infection re- 
mains a major public health problem world-
wide, especially in Asia [1-3]. Nowadays, treat-
ment of chronic hepatitis B (CHB) has greatly 
improved with the availability of nucleos(t)ide 
analogs (NAs) [4-6]. The sustained suppression 
of serum HBV DNA to very low or undetectable 
levels by NAs has been shown to be associated 
with the prevention of progression of liver dis-
ease and inhibition of the development of 
hepatocellular carcinoma [7-9]. Unfortunate- 
ly, as the duration of NAs treatment is pro-

longed, the risk of development of drug resis-
tance increases with lesser potent and lower 
genetic barrier drugs such as lamivudine (LAM) 
and adefovir (ADV) [7, 10, 13], which can lead to 
a rebound in HBV DNA, progressive liver injury, 
and increased disease complications [11, 12].

ADV was approved in 2002 as an HBV therapy 
and is effective in the setting of LAM-resistance 
[14]. However, long-term use of ADV leads to  
the development of resistant HBV mutants and 
viral breakthrough [15]. When ADV was used in 
patients who failed with LAM therapy, the rate 
of genotypic resistance to ADV reached 25% at 
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24 months [16]. The treatment options for 
patients who fail LAM and ADV monotherapy 
have been limited. Current treatment guide-
lines suggest a rescue therapy based on a 
switch to a more potent drug, or the combina-
tion of 2 drugs with complementary cross-resis-
tance profiles [17].

Tenofovir disoproxil fumarate (TDF), a nucleo-
tide analogue closely related to ADV, has simi-
lar antiviral activity against wild type and LAM-
resistant HBV as ADV in in vitro studies [18]. 
Clinical studies have observed that TDF is more 
effective in suppressing HBV replication than 
ADV [19, 20]. In treatment-naive patients, TDF 
was shown to durably suppress HBV replication 
and no drug resistant mutant has been detect-
ed with up to 5 years of continuous therapy [21-
23]. TDF has also been shown to be highly effi-
cacious in patients with amivudine-resistant 
HBV infection and even in patients who failed 
ADV therapy [24-27]. However, clinical studies 
evaluating the use of TDF in ADV-experienced 
populations have produced varied results. 
Several controlled studies have demonstrated 
that TDF monotherapy and tenofovir-based 
combination therapy had similar effective in 
maintaining long-term viral suppression in ADV- 
experienced patients, with virologic response 
independent of baseline ADV resistant muta-
tion [29, 31, 34]. However, some other studies 
showed that the persistent or emerging ADV 
resistant mutation reduced antiviral response 
during TDF monotherapy, and suggested that 
combination treatment might be more effective 
in ADV resistant cases [25, 32, 33]. Nonethe- 
less, due to the small sample sizes of these 
studies and subsequent limited data for com-
paring TDF monotherapy with tenofovir-based 
combination therapy, the efficacy of TDF mono-
therapy is still controversial for patients who 
harbour HBV mutants resistant to ADV. More- 
over, it remains unclear whether tenofovir-
based combination therapy provides better 
outcomes than TDF monotherapy for the treat-
ment of these patients.

Herein, we conducted this systematic review 
and meta-analysis by integrating published 
TDF-based data to compare the efficacy of TDF 
monotherapy versus tenofovir-based combina-
tion therapy in the treatment of adefovir-experi-
enced chronic hepatitis B patients and ulti-
mately provide evidence for clinical options.

Materials and methods

Search strategy

We searched PUBMED, MEDLINE, EMBASE, 
CNKI (China National Knowledge Infrastructure), 
the VIP database, the Wanfang database up to 
March 30, 2015. The following keywords were 
used for the search: hepatitis B, tenofovir, ade-
fovir-resistant and adefovir refractory (and mul-
tiple synonyms for each term) were used to find 
relevant citations. In addition, reference lists 
from retrieved documents were reviewed, and 
a manual search was conducted to supplement 
the computer search. The search results were 
downloaded to a reference database and were 
further screened by 2 authors (Wang HL and 
Yang XD). No protocol exists for this systematic 
review.

Inclusion and exclusion criteria

The following inclusion criteria were used for 
this meta-analysis:

(1) randomized and non-randomized control tri-
als (included cohort or case-control studies), 
(2) study population consisting of patients, 
regardless of sex, age, and race, with chronic 
hepatitis B who were naïve to TDF, previous fail-
ure of lamivudine therapy and current treat-
ment with adefovir dipivoxil (with or without 
lamivudine), and (3) intervention therapies of 
TDF alone versus TDF plus a nucleoside ana-
logue. The following types of studies were 
excluded: (1) studies of patients with prior 
exposure to TDF for > 1 week, evidence of 
decompensated liver disease, any malignant 
neoplasm or coinfection with hepatitis C, hepa-
titis D or HIV and previous liver transplant, (2) 
studies not reporting any efficacy measures or 
not conveying sufficient statistical information, 
and (3) studies not including either TDF mono-
therapy and TDF plus a nucleoside analogue 
combination therapy.

Efficacy measures

Efficacy was considered for patients 24, 48  
and 96 weeks post therapy by considering the 
following: HBV-DNA level (< 400 copies/ml), ALT 
normalization rate (< 40 IU/ml), HBeAg loss 
rate, and drug safety (adverse events, labora-
tory abnormalities, deaths, tolerability, etc.).
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Data extraction

Data extraction was assessed independent- 
ly by two reviewers (Wang HL and Yang XD). 
Discrepancies among reviewers were resolved 
by discussions between the reviewers or by  
a third person (Ning QL). Basic information 
obtained from each eligible trial included the 
study design (randomization, allocation con-
cealment, blinding method, description of with-
drawals and dropouts), patient characteristics, 
numbers in each group, related study results 
and treatment duration. Data were reviewed to 
eliminate duplicate reports of the same trial.

Quality assessment and statistical analysis

The risk of bias of included trials was assessed 
by the Cochrane Collaboration’s tool. The data 
was conducted on continuous and dichoto-
mous outcomes and assessed by the meta-
analytical techniques. The x2 and I2 test were 
first calculated to assess the heterogeneity  
of the included trials. For P values more than 
0.1, the assumption of homogeneity was valid, 
and the fixed-effects model was used; other-
wise, data need to be dealt with the random-
effects model because of the heterogeneity. 
Pooled odds ratios (OR) with 95% confidence 
intervals (95% CI) were calculated using either 
the fixed-effects model (M-H methods) or ran-
dom-effects model (D-L methods). A two-tailed 

P value of less than 0.05 suggested statistical-
ly significant. All calculations of this meta-anal-
ysis were performed by Review Manager (v.5.3). 
Funnel plots from Revman (v5.3) were used to 
assess the risk of publication bias. Egger’s and 
Begg’s test from Stata13 were further to deter-
mine the risk of publication bias by the P value.

Results

Study characteristics and quality assessment

The search strategy was summarized in Figure 
1. A total of seven studies met the inclusion  
criteria for this review [28-34], including 478 
patients. 248 patients were treated with TDF 
monotherapy and 230 patients were treat- 
ed with tenofovir-based combination therapy. 
Among tenofovir-based combination therapy, 4 
studies used TDF-FTC [29-32], 1 used TDF-LAM 
[33], 1 used TDF-ETV [34], and 1 used TDF-NA 
[28]. Among the 7 studies identified, 6 studies 
[29-34] were published in English and 1 stud-
ies [28] were published in Korean. All seven 
studies [28-34] were published in full-text form. 
The characteristics of each study are listed in 
Table 1.

The quality assessment of included studies 
was performed using Cochrane Collaboration’s 
tool with the outcome shown in Figure 2. The 
percentages of low risk of performance bias 

Figure 1. Flow diagram. Flow diagram of the studies identified. TDF = Tenofovirdisoproxil fumarate; FTC = emtric-
itabine; LAM = lamivudine; ETV = entacavir; NA = nucleoside analogue.
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Table 1. Characteristics of cases included in the meta analysis

Articles 
numbers Region Treatment Study design M/F

Mean 
age 
(yr)

Regimen Mean HBV DNA
(log10 copies/

ml)

Mean 
ALT level 

(IU/L)

% 
HBeAg+

ADV-, LAM- or ADV- 
and LAM-resistance 

n (%)TDF combination

Choi KH 
(2015)
N (76)

Korea TDF vs. TDF-nu-
cleoside analogue 

combination

retrospective cohort study 56/20 50 NA NA 4.4 31 81.6 12 (15.8) ADV-R
38 (50.0) LAM-R

5 (6.6) ADV-R and 
LAM-R

Berg T (2014)
N (105)

German TDF VS. TDF+FTC prospective, randomized, 
double-blind, double-dum-
my, 168-week clinical trial

NA NA 300 mg/d FTC:200 mg/d
TDF:300 mg/d

6.0 111 NA 16 (15.2) ADV-R
14 (13.3) LAM-R

13 (12.4) ADV-R and 
LAM-R

Lavocat F 
(2013)
N (17)

France TDF VS. TDF+FTC randomized in a double-
blind trial of 48 weeks

16/1 38.6 NA NA 5.69 113.99 70.6 10 (58.8) ADV-R
3 (17.6) LAM-R

2 (11.8) ADV-R and 
LAM-R

Berg T (2010)
N (105)

10 in the United States, 
10 in Germany, 7 in 

France, and 1 in Spain

TDF VS. TDF+FTC a randomized, double-
blind, double dummy, 

168-week study

38/15 40 300 mg/d FTC:200 mg/d
TDF:300 mg/d

5.96 58.2 73.3 19 (18.1) ADV-R
25(23.8) LAM-R

Ten J (2008)
N (13)

America TDF VS. TDF+FTC retrospective cohort study NA 50.8 NA NA 6.72 103.1 84.6 7 (53.8) ADV-R
5 (38.5) LAM-R

Patterson SJ 
(2010)
N (60)

Australia TDF VS. TDF+LAM prospective open-label 
multicentre trial

46/60 48.5 300 mg/d NA 5.33 49 66.7 17 (28.3) ADV-R
20 (33.3) LAM-R

Lim YS (2015)
N (102)

Korea TDF VS. TDF+ETV a multicentre randomized 
open-label trial

88/14 50 300 mg/d ETV:1 mg/d
TDF:300 mg/d

3.38 32 88.2 102 (100) ADV-R

TDF = tenofovir; ADV = adefovir; LAM = lamivudine; FTC = emtricitabine; ETV = entecavir.
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and the detection bias were less than 50% 
according to the description of each study. The 
percentages of low risk of bias of random 
sequence generation, allocation concealment, 
incomplete outcome data, selective reporting 
and other bias were all more than 50%. The 
outcome of risk of bias graph showed that there 
was low risk of bias in this meta-analysis.

Virological response

Three studies [29-31] reported the informat- 
ion of 24-week virological response contained 
227 patients. At week 24 of treatment, 64.7% 

in the TDF group and 73.0% (92/126) of pati- 
ents in the tenofovir-based combination group 
reached undetectable HBV DNA levels. No sig-
nificant heterogeneity existed across studies (P 
= 0.32, I2 = 13%). In the fixed-effect model, no 
significant difference was determined between 
the two groups in rates of HBV DNA undetect-
ability through 96 weeks of treatment (RR = 
0.99, 95% CI = 0.86-1.14, P = 0.92; Figure 3).

Biochemical response

In this analysis, three studies [31, 32, 34] re- 
ported ALT levels post 48-week of therapy in 

Figure 2. Assessment of risk of bias. A. Summary of risk of bias for each trail 
assessed, plus sign was for a judgment of Yes or low risk of bias, minus sign 
was for a judgment of No or high risk of bias, and question mark was for a 
judgment of Unclear, or uncertain risk of bias; B. Risk of bias graph about 
each risk of bias item presented as percentages across all included studies.

(75/116) of patients in the 
TDF group and 68.5% (76/ 
111) of patients in tenofovir-
based combination group 
reached undetectable HBV 
DNA levels. No significant 
heterogeneity existed across 
studies (P = 0.98; I2 = 0%).  
In the fixed-effect model,  
no significant difference was 
determined between the two 
groups in rates of HBV DNA 
undetectability through 24 
weeks of treatment (RR = 
0.95, 95% CI = 0.79-1.14,  
P = 0.58; Figure 3). Seven 
studies [28-34] contained 
478 patients reported HBV 
DNA levels of 48-week treat-
ment. 71.4% (177/248) of 
patients in the TDF group 
and 71.7% (165/230) of 
patients in the combination 
group reached undetectable 
HBV DNA levels post 48- 
week of therapy. No signifi-
cant heterogeneity existed 
across studies (P = 0.77, I2  
= 0%). In the fixed-effect 
model, no significant differ-
ence was determined betw- 
een the two groups in rates 
of HBV DNA undetectability 
through 48 weeks of treat-
ment (RR = 1.02, 95% CI = 
0.91-1.13, P = 0.76; Figure 
3). Three studies [29, 33, 
34] contained 267 patients 
reported HBV DNA levels 
post 96 weeks of therapy.  
At week 96 of treatment, 
71.6% (101/141) of patients 
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TDF group and TDF-based combination group. 
At the week 48 of treatment, the rates of ALT 
normalization were 72.6% (82/113) for TDF 
therapy, and 69.2% (74/107)for the combina-
tion therapy. As shown in Figure 4A, no hetero-
geneity found in the data (P = 0.30, I2 = 16%).  
In fixed-effects models, no significant differ-
ence between the two groups was observed 
(RR = 1.07, 95% CI = 0.90-1.27, P = 0.46).

Only two studies [29, 34] reported the informa-
tion of 96-week ALT levels which contained 207 
patients. At the week 96 of treatment, the rates 
of ALT normalization were 72.8% (75/103) in 
the TDF group and 75.0% (78/104) in the com-
bination group. As shown in Figure 4A, no het-
erogeneity found in the data (P = 0.83, I2 = 0%), 
the meta-analysis showed that there was no 
significant difference between two groups in 
the 96 weeks (RR = 0.97, 95% CI = 0.83-1.14, 
P = 0.74) of the biochemical response.

Serological response

Two studies [32, 34] reported the rate of HBeAg 
loss post 48-week of TDF or TDF-based treat-
ment. 5.0% (3/60) of patients in the TDF group 
achieved HBeAg loss, but none (0/55) of pati- 
ents in the combination group achieved HBsAg 
loss. As shown in Figure 4B, no heterogeneity 
found in the data (P = 0.80, I2 = 0%), the rates 
of HBsAg loss between two groups were no  
significant different at weeks 48 (RR = 2.34, 
95% CI = 0.29-18.92, P = 0.43).

Two studies [29, 34] reported the information 
of HBeAg loss post 96-week of TDF or TDF-
based treatment. 16.5% (17/103) of patients in 
the TDF group and 12.5% (13/104) of patients 
in the combination group achieved HBeAg loss 
at weeks 96. As shown in Figure 4B, no hetero-
geneity found in the data (P = 0.13, I2 = 56%), 
and no significant difference of the rates of 

Figure 3. Virological response. Comparison of rates of undetectable HBV DNA levels between TDF monotherapy and 
combination therapy.
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HBsAg loss were observed between the two 
groups at weeks 96 (RR = 1.30, 95% CI = 0.68-
2.48, P = 0.43).

Safety

Two studies [29, 34] reported the information 
of safety through weeks 96 of TDF monothera-
py and TDF-based combination therapy. In 

weeks 96 of treatment, 80.6% (83/103) of 
patients in the TDF group and 69.2% (72/104) 
of patients in the combination group had 
adverse reactions, and safety profiles were not 
significantly different between two groups (RR 
= 1.16, 95% CI = 0.99-1.35, P = 0.06; Figure 
4C). Berg et al. [29] reported that both TDF and 
FTC/TDF were well tolerated in the treatment 
period. The most frequent adverse events in 

Figure 4. Biochemical response, serological response and safety. A. Comparison of serum ALT levels between TDF 
monotherapy and combination therapy. B. Comparison of serological response between TDF monotherapy and com-
bination therapy. C. Comparison of safety between TDF monotherapy and combination therapy.
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both treatment groups were nasopharyngitis 
(27%), headache (24%), and fatigue (17%), and 
no patient experienced an on-treatment hepat-
ic flare and renal adverse events. Lim et al.  
[34] reported that mean eGFR and serum  
phosphate levels were significantly higher com-
pared with those at baseline (P = 0.01 and 
0.04, respectively) at weeks 48 of TDF or TDF/
ETV treatment, but no significant difference 
were observed between two groups. In addi-
tion, they found that the proportion of pati- 
ents with osteoporosis and osteopenia was 
8.2% (8/98) and 31.6% (31/98) respectively, at 
week 96, which was not significantly different 
between TDF and TDF/ETV groups (P = 0.61).

Publication bias

The shapes of the funnel plot for virological 
response showed obvious asymmetry (Figure 
5), which were mainly because the number  
of studies included in this meta-analysis was 
small, resulting in the asymmetry of funnel plot 
which could not indicate the publication bias 
[43]. However, the Egger’s test (P = 0.866) and 
Begg’s test (P = 0.851) indicated that there is 
no publication bias. Therefore, according to the 
results from Egger’s test and Begg’s test, no 
obvious publication bias occurred in included 
studies.

Discussion

Incomplete virological response to ADV has 
been observed in patients with lamivudine-

reduces the development of ADV resistance 
and has been a practical option for treatment 
of LAM resistance [39]. However, the antiviral 
efficacy of ADV and LAM combination was  
not satisfactory. Recent several studies have 
shown that TDF monotherapy or TDF plus 
nucleos(t)ide induced potent and long-lasting 
antiviral response for rescue therapy in patients 
with lamivudine-resistant and incomplete viro-
logical response to ADV HBV [40, 41]. Mean- 
while, more promising results were shown by 
multiple studies claiming that both TDF mono-
therapy and TDF plus nucleos(t)ide are similar 
in both efficacy and safety in treatment of these 
patients [29, 31, 34]. Due to the small sample 
sizes of past studies and subsequent limited 
data for comparing the two treatments, a more 
definitive conclusion is lacking. Therefore, this 
study provided, for the first time, a meta-analy-
sis comparing the antiviral efficacy of TDF 
monotherapy and TDF plus nucleos(t)ide thera-
py in adefovir-experienced chronic hepatitis B 
patients, in terms of HBV DNA undetectability, 
ALT levels, HBeAg Loss and adverse reactions.

Undetectable HBV DNA level is a very important 
indicator for the treatment of CHB. The sus-
tained suppression of serum HBV DNA to very 
low or undetectable levels has been associated 
with the prevention liver disease progression 
and inhibition of the development of long-term 
complications [27, 42]. In this study, the propor-
tion of patients with serum HBV-DNA levels < 
400 copies/mL were 64.7%, 71.4%, 71.6% and 

Figure 5. The funnel plot of virological response of 48 weeks.

resistant hepatitis B virus 
(HBV) infection and may be 
associated with developing 
resistance and disease pro-
gression [35, 36]. The treat-
ment options for patients 
who fail with LAM and ADV 
monotherapy have been lim-
ited. Sequential nucleos(t)
ide monotherapy or combi-
nation treatment has been 
used for treatment of CHB 
patients with antiviral resis-
tance. ADV was used for sec-
ond line treatment of LAM 
resistant patient, however, 
ADV resistance and viral 
breakthrough occurred fre-
quently [37, 38]. ADV and 
LAM combination therapy 
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68.5%, 71.7%, 73.0% after 24, 48, 96 weeks  
of TDF monotherapy and TDF based combina-
tion therapy, respectively. Meanwhile, no sig-
nificant differences in these rates were obs- 
erved between TDF and combination therapies 
based on TDF, such as FTC plus TDF, LAM plus 
TDF, or ETV plus TDF (shown in Figure 1). Berg 
et al. [29] reported that TDF monotherapy  
and combination of TDF and emtricitabine had 
similar efficacy in patients with incomplete viro-
logical response after ADV therapy. The virologi-
cal response was independent of pre-existing 
ADV or LAM resistant mutation. Tan et al. [32] 
reported that TDF monotherapy or combination 
with emtricitabine had a potent antiviral activity 
in patients who showed ADV resistance or sub-
optimal response, but the persistent or emerg-
ing ADV resistant mutation reduced the antivi-
ral response to TDF monotherapy. Thus, they 
suggested that combination treatment might 
be more effective in ADV resistant cases. In  
the current study, although overall 308 of 478 
(64.4%) patients were shown to harbor muta-
tions associated with resistance to ADV and/or 
LAM at baseline, and they were almost equally 
enrolled into the two groups, the results of our 
meta-analysis demonstrated that TDF mono-
therapy was as effective as TDF-based combi-
nation therapy in maintaining long-term viral 
suppression in patients with a suboptimal 
response to adefovir. Therefore, the role of 
combination of nucleoside with TDF is still 
under investigation. A randomized controlled 
trial is needed to evaluate the efficacy and 
resistance incidence of TDF based combina-
tion therapy in LAM or ADV resistant HBV 
patients [32].

ALT level is a biomarker reflecting host immune 
response against virus-infected hepatocytes. 
ALT normalization usually follows a virological 
response and indicates cession of ongoing liver 
injury. In our meta-analysis, the proportion of 
patients with ALT normalization were 72.6%, 
72.8% and 69.2%, 75% through 48, 96 weeks 
of TDF monotherapy and TDF based combina-
tion therapy, respectively. Moreover, the rates 
of ALT normalization were not significantly dif-
ferent between the two treatments, which indi-
cated that both the treatment options signifi-
cantly improved liver function.

HBeAg is a protein expressed by pre-C gene. 
HBeAg loss occurs with the rise of immuno-
modulatory effect which can suppress HBV 

DNA replication. In the present study, the rate 
of HBeAg loss were 5% (3/60) and 16.5% 
(17/103) in the TDF group, and 0 (0/55) and 
12.5% (13/104) in the combination group 
through 48 and 96 weeks of therapies, respec-
tively. No significant difference was observed 
between the two treatments.

Although oral nucleoside analogues are known 
to have relatively few side effects and are gen-
erally tolerated more than interferon, it is nec-
essary to monitor long-term potential risks. In 
this study, 80.6% (83/103) of patients in TDF 
group and 69.2% (72/104) of patients in com-
bination group had adverse reactions through 
weeks 96 of treatment, and no significant dif-
ferent was observed between two groups. The 
most frequent adverse events in both treat-
ment groups were nasopharyngitis, headache, 
and fatigue, and no patient experienced an  
on-treatment hepatic flare and renal adverse 
events. In addition, both TDF and TDF-based 
combination therapy were well tolerated in the 
period of treatment, and no resistance to TDF 
was detected in any patient included in our 
meta-analysis.

Several limitations regarding our systematic 
review require comment. Firstly, some studies 
had a small sample size and were not RCTs, 
and some of the reports’ experimental control 
was not very balanced. Secondly, it has been 
reported that some factors, geographic, ethnic 
or disease status (such as resistance profile 
and baseline disease characteristics) differ-
ences are possibly associated with agent effi-
cacy. Thirdly, among tenofovir-based combina-
tion therapy, 4 studies used TDF-FTC, 1 used 
TDF-LAM, 1 used TDF-ETV and 1 used TDF-NA, 
which might affect the consistency of the 
results. Besides, the rates of virologic break-
through could be not conducted because of 
deficiency of this information in the study.

In conclusion, our meta-analysis results dem-
onstrated that TDF monotherapy and TDF-
nucleoside analogue combination therapy are 
comparable in efficacy and safety to sustain 
long-term HBV DNA suppression with limited 
side effects in patients with incomplete viro-
logical response to ADV and lamivudine- and/ 
or adefovir-associated resistance mutations. 
Nonetheless, more double blinding and large 
scale randomized control trials should be car-
ried out to remedy above shortcomings, and to 
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elucidate the long-term outcome of TDF treat- 
ment.

Acknowledgements

The work was supported by grants from the 
National Natural Science Foundation of China 
(No: 30971220).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Huilian Wang, De- 
partment of Genetics and Molecular Biology, School 
of Medicine, Xi’an Jiaotong University, Xi’an 710061, 
Shaanxi, P. R. China. Tel: +86-29-82657013; Fax: 
+86-29-82657764; E-mail: hlianw@mail.xjtu.edu.cn

References

[1]	 Lok AS, McMahon BJ. Chronic hepatitis B: up-
date 2009. Hepatology 2009; 50: 661-662.

[2]	 Liaw YF, Leung N, Kao JH, Piratvisuth T, Gane 
E, Han KH, Guan R, Lau GK, Locarnini S. 
Chronic Hepatitis B Guideline Working Party of 
the Asian-Pacific Association for the Study of 
the Liver. Asian-Pacific consensus statement 
on the management of chronic hepatitis B: a 
2008 update. Hepatol Int 2008; 2: 263-283.

[3]	 Tanaka M, Katayama F, Kato H, Tanaka H, 
Wang J, Qiao YL, Inoue M. Hepatitis B and C 
virus infection and hepatocellular carcinoma 
in China: a review of epidemiology and control 
measures. J Epidemiol 2011; 21: 401-416.

[4]	 Iloeje UH, Yang HI, Su J, Jen CL, You SL, Chen 
CJ. Predicting cirrhosis risk based on the level 
of circulating hepatitis viral load. Gastroenter- 
ology 2006; 130: 678-686.

[5]	 Pawlotsky JM, Dusheiko G, Hatzakis A, Lau  
D, Lau G, Liang TJ, Locarnini S, Martin P, 
Richman DD, Zoulim F. Virologic monitoring of 
hepatitis virus therapy in clinical trials and 
practice: Recommendations for a standard-
ized approach. Gastroenterology 2008; 134: 
405-415.

[6]	 Keeffe EB, Dieterich DT, Han SH, Jacobson IM, 
Martin P, Schiff ER, Tobias H, Wright TL. A treat-
ment algorithm for the management of chronic 
hepatitis B virus infection in the United States: 
an update. Clin Gastroenterol Hepatol 2006; 
4: 936-962.

[7]	 Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZ, 
Yuen H, Tanwandee T, Tao QM, Shue K, Keene 
ON, Dixon JS, Gray DF, Sabbat J; Cirrhosis 
Asian Lamivudine Multicentre Study Group. 
Lamivudine for patients with chronic hepatitis 
B and advanced liver disease. N Engl J Med 
2004; 351: 1521-31.

[8]	 Gordon SC, Lamerato LE, Rupp LB, Li J, 
Holmberg SD, Moorman AC, Spradling PR, 
Teshale EH, Vijayadeva V, Boscarino JA, Henkle 
EM, Oja-Tebbe N, Lu M. CHeCS Investigators. 
Antiviral therapy for chronic hepatitis B virus 
infection and development of hepatocellular 
carcinoma in a US population. Clin Gastro- 
enterol Hepatol 2014; 12: 885-93.

[9]	 Eun JR, Lee HJ, Kim TN, Lee KS. Risk assess-
ment for the development of hepatocellular 
carcinoma: According to on-treatment viral re-
sponse during long-term lamivudine therapy in 
hepatitis B virus-related liver disease. J Hepatol 
2010; 53: 118-25.

[10]	 Papatheodoridis GV, Dimou E, Dimakopoulos 
K, Manolakopoulos S, Rapti I, Kitis G, Tzour- 
makliotis D, Manesis E, Hadziyannis SJ. Out- 
come of hepatitis Be antigen-negative chronic 
hepatitis B on long-term nucleos(t)ide analog 
therapy starting with lamivudine. Hepatology 
2005; 42: 121-9.

[11]	 Ghany MG, Doo EC. Antiviral resistance and 
hepatitis B therapy. Hepatology 2009; 49: 
S174-S184.

[12]	 Lok AS, Zoulim F, Locarnini S, Bartholomeusz 
A, Ghany MG, Pawlotsky JM, Liaw YF, Mizo- 
kami M, Kuiken C; Hepatitis B Virus Drug 
Resistance Working Group. Antiviral drug-resis-
tant HBV: standardization of nomenclature 
and assays and recommendations for man-
agement. Hepatology 2007; 46: 254-265.

[13]	 Lok AS, Lai CL, Leung N, Yao GB, Cui ZY, Schiff 
ER, Dienstag JL, Heathcote EJ, Little NR, 
Griffiths DA, Gardner SD, Castiglia M. Long-
term safety of lamivudine treatment in pati- 
ents with chronic hepatitis B. Gastroenterology 
2003; 125: 1714-1722.

[14]	 Westland CE, Yang H, Delaney WE, Gibbs CS, 
Miller MD, Wulfsohn M, Fry J, Brosgart CL, 
Xiong S; 437 and 438 Study Teams. Week 48 
resistance surveillance in two phase 3 clinical 
studies of adefovirdipivoxil for chronic hepati-
tis B. Hepatology 2003; 38: 96-103.

[15]	 Hadziyannis SJ, Tassopoulos NC, Heathcote 
EJ, Chang TT, Kitis G, Rizzetto M, Marcellin  
P, Lim SG, Goodman Z, Ma J, Brosgart CL, 
Borroto-Esoda K, Arterburn S, Chuck SL. 
AdefovirDipivoxil 438 Study Group. Long-term 
therapy with adefovirdipivoxil for HBeAg-
negative chronic hepatitis B for up to 5 years. 
Gastroenterology 2006; 131: 1743-1751.

[16]	 Yeon JE, Yoo W, Hong SP, Chang YJ, Yu SK, Kim 
JH, Seo YS, Chung HJ, Moon MS, Kim SO, Byun 
KS, Lee CH. Resistance to adefovirdipivoxil 
(ADV) in lamivudine-resistant chronic hepatitis 
B patients treated with ADV. Gut 2006; 55: 
1488-95.

[17]	 European Association For The Study Of The 
Liver. EASL clinical practice guidelines. Mana- 

mailto:hlianw@mail.xjtu.edu.cn


Comparison of TDF vs. combination

20121	 Int J Clin Exp Med 2015;8(11):20111-20122

gement of chronic hepatitis B virus infection. J 
Hepatol 2012; 57: 167-185.

[18]	 Ying C, De Clercq E, Nicholson W, Furman P, 
Neyts J. Inhibition of the replication of the DNA 
polymerase M550V mutation variant of hu-
man hepatitis B virus by adefovir, tenofovir, 
LFMAU, DAPD, penciclovir and lobucavir. J Viral 
Hepat 2000; 7: 161-165.

[19]	 Peters MG, Andersen J, Lynch P, Liu T, Alston-
Smith B, Brosgart CL, Jacobson JM, Johnson 
VA, Pollard RB, Rooney JF, Sherman KE, 
Swindells S, Polsky B. ACTG Protocol A5127 
Team. Randomized controlled study of tenofo-
vir and adefovir in chronic hepatitis B virus and 
HIV infection: ACTG A5127. Hepatology 2006; 
44: 1110-1116.

[20]	 van Bommel F, Wunsche T, Mauss S, Reinke P, 
Bergk A, Schürmann D, Wiedenmann B, Berg 
T. Comparison of adefovir and tenofovir in the 
treatment of lamivudine-resistant hepatitis B 
virus infection. Hepatology 2004; 40: 1421-
1425.

[21]	 Snow-Lampart A, Chappell B, Curtis M, Zhu Y, 
Myrick F, Schawalder J, Kitrinos K, Svarovskaia 
ES, Miller MD, Sorbel J, Heathcote J, Marcellin 
P, Borroto-Esoda K. No resistance to tenofo-
virdisoproxil fumarate detected after up to  
144 weeks of therapy in patients monoinfect-
ed with chronic hepatitis Bvirus. Hepatology 
2011; 53: 763-773.

[22]	 Heathcote EJ, Marcellin P, Buti M, Gane E, De 
Man RA, Krastev Z, Germanidis G, Lee SS, 
Flisiak R, Kaita K, Manns M, Kotzev I, Tchernev 
K, Buggisch P, Weilert F, Kurdas OO, Shiffman 
ML, Trinh H, Gurel S, Snow-Lampart A, Borroto-
Esoda K, Mondou E, Anderson J, Sorbel J, 
Rousseau F. Three year efficacy and safety of 
tenofovirdisoproxil fumarate treatment for 
chronic hepatitis B. Gastroenterology 2011; 
140: 132-143.

[23]	 Marcellin P, Gane E, Buti M, Afdhal N, Sievert 
W, Jacobson IM, Washington MK, Germanidis 
G, Flaherty JF, Schall RA, Bornstein JD, Kitri- 
nos KM, Subramanian GM, McHutchison JG, 
Heathcote EJ. Regression of cirrhosis during 
treatment with tenofovirdisoproxil fumaratefor 
chronic hepatitis B: a 5-year open-label follow-
up study. Lancet 2013; 381: 468-475.

[24]	 van Bommel F, Zollner B, Sarrazin C, Spengler 
U, Hüppe D, Möller B, Feucht HH, Wiedenmann 
B, Berg T. Tenofovir for patients with lamivu-
dine-resistant hepatitis B virus (HBV) infection 
and high HBV DNA level during adefovir thera-
py. Hepatology 2006; 44: 318-325.

[25]	 van Bommel F, de Man RA, Wedemeyer H, 
Deterding K, Petersen J, Buggisch P, Erhardt A, 
Hüppe D, Stein K, Trojan J, Sarrazin C, Böcher 
WO, Spengler U, Wasmuth HE, Reinders JG, 
Möller B, Rhode P, Feucht HH, Wiedenmann B, 

Berg T. Long-term efficacy of tenofovir mono-
therapy for hepatitis B virusmonoinfected pa-
tients after failure of nucleoside/nucleotide 
analogues. Hepatology 2010; 51: 73-80.

[26]	 Baran B, Soyer OM, Ormeci AC, Gokturk S, 
Evirgen S, Bozbey HU, Akyuz F, Karaca C, De- 
mir K, Besisik F, Onel D, Gulluoglu M, Badur S, 
Kaymakoglu S. Efficacy of tenofovir in patients 
with Lamivudine failure is not different from 
that in nucleoside/nucleotide analogue-naive 
patients with chronic hepatitis B. Antimicrob 
Agents Chemother 2013; 57: 1790-1796.

[27]	 Liaw YF. Hepatitis B virus replication and liver 
disease progression: the impact of antiviral 
therapy. Antivir Ther 2006; 11: 669-679.

[28]	 Choi KY, Lee HM, Jun BG, Lee SH, Kim HS, Kim 
SG, Kim YS, Kim BS, Jeong SW, Jang JY, Kim 
YD, Cheon GJ. Efficacy of Tenofovir-based Re- 
scue Therapy for Patients with Drug-resistant 
Chronic Hepatitis B. Korean J Gastroenterol 
2015; 65: 35-42.

[29]	 Berg T, Zoulim F, Moeller B, Trinh H, Marcellin 
P, Chan S, Kitrinos KM, Dinh P, Flaherty JF Jr, 
McHutchison JG, Manns M. Long-term efficacy 
and safety of emtricitabine plus tenofovir DF 
vs. tenofovir DF monotherapy in adefovir-expe-
rienced chronic hepatitis B patients. J Hepatol 
2014; 60: 715-22.

[30]	 Lavocat F, Dény P, Pichoud C, Al Hawajri N, 
Kitrinos K, Borroto-Esoda K, Zoulim F. Similar 
evolution of hepatitis B virus quasispecies in 
patients with incomplete adefovir response re-
ceiving tenofovir/emtricitabine combination or 
tenofovir monotherapy. J Hepatol 2013; 59: 
684-695.

[31]	 Berg T, Marcellin P, Zoulim F, Moller B, Trinh H, 
Chan S, Suarez E, Lavocat F, Snow-Lampart A, 
Frederick D, Sorbel J, Borroto-Esoda K, Oldach 
D, Rousseau F. Tenofovir is effective alone  
or with emtricitabine in adefovir-treated pa-
tients with chronic-hepatitis B virus infection. 
Gastroenterology 2010; 139: 1207-17.

[32]	 Tan J, DegertekinB, Wong SN, Munira Husain 
M, Oberhelman K, Lok AS. Tenofovir monother-
apy is effective in hepatitis B patients with  
antiviral treatment failure to adefovir in the  
absence of adefovir-resistant mutations. J 
Hepatol 2008; 48: 391-398.

[33]	 Patterson SJ, George J, Strasser SI, Lee AU, 
Sievert W, Nicoll AJ, Desmond PV, Roberts SK, 
Locarnini S, Bowden S, Angus PW. Tenofovir- 
disoproxil fumarate rescue therapy following 
failure of both lamivudine and adefovirdipivoxil 
in chronic hepatitis B. Gut 2011; 60: 247-54.

[34]	 Lim YS, Yoo BC, Byun KS, Kwon SY, Kim YJ, An 
J, Lee HC, Lee YS. Tenofovir monotherapy ver-
sus tenofovir and entecavir combination thera-
py in adefovir-resistant chronic hepatitis B pa-
tients with multiple drug failure: results of a 



Comparison of TDF vs. combination

20122	 Int J Clin Exp Med 2015;8(11):20111-20122

randomised trial. Gut 2015; [Epub ahead of 
print].

[35]	 Bomme FV, Zollner B, Sarrazin C, Spengler U, 
Hüppe D, Möller B, Feucht HH, Wiedenmann B, 
Berg T. Tenofovir for Patients With Lamivudine-
Resistant Hepatitis B Virus (HBV) Infection and 
High HBV DNA Level During Adefovir Therapy. 
Hepatology 2006; 44: 318-325.

[36]	 Fung SK, Andreone P, Han SH, Rajender Reddy 
K, Regev A, Keeffe EB, Hussain M, Cursaro C, 
Richtmyer P, Marrero JA, Lok AS. Adefovir-
resistant hepatitis B can be associated with 
viral rebound and hepatic decompensation. J 
Hepatol 2005; 43: 937-43.

[37]	 Lee YS, Suh DJ, Lim YS, Jung SW, Kim KM,  
Lee HC, Chung YH, Lee YS, Yoo W, Kim SO. 
Increased risk of adefovir resistance in pa-
tients with lamivudine-resistant chronic hepa-
titis B after 48 weeks of adefovirdipivoxilmono-
therapy. Hepatology 2006; 43: 1385-1391.

[38]	 Fung SK, Chae HB, Fontana RJ, Conjeevaram 
H, Marrero J, Oberhelman K, Hussain M, Lok 
AS. Virologic response and resistance to ade- 
fovir in patients with chronic hepatitis B. J 
Hepatol 2006; 44: 283-290.

[39]	 Kim HJ, Park JH, Park DI, Cho YK, Sohn CI, Jeon 
WK, Kim BI. Rescue therapy for lamivudine-re-
sistant chronic hepatitis B: comparison be-
tween entecavir 1.0 mg monotherapy, adefovir 
monotherapy and adefovir add-on lamivudine 
combination therapy. J Gastroenterol Hepatol 
2010; 25: 1374-1380.

[40]	 Patterson SJ, George J, Strasser SI, Lee AU, 
Sievert W, Nicoll AJ, Desmond PV, Roberts SK, 
Locarnini S, Bowden S, Angus PW. Tenofovir- 
disoproxilfumarate rescue therapy following 
failure of both lamivudine and adefovirdipivoxi-
lin chronic hepatitis B. Gut 2011; 60: 247-254. 

[41]	 Petersen J, Ratziu V, Buti M, Janssen HL, Brown 
A, Lampertico P, Schollmeyer J, Zoulim F, 
Wedemeyer H, Sterneck M, Berg T, Sarrazin C, 
Lutgehetmann M, Buggisch P. Entecavir plus 
tenofovir combination as rescue therapy in 
pre-treated chronic hepatitis B patients: an in-
ternational multicenter cohort study. J Hepatol 
2012; 56: 520-526. 

[42]	 Zhang QQ, An X, Liu YH, Li SY, Zhong Q, Wang J, 
Hu HD, Zhang DZ, Ren H, Hu P. Long-Term 
Nucleos(t)ide Analogues Therapy for Adults 
With Chronic Hepatitis B reduces the Risk of 
Long-Term Complications: A meta-analysis. 
Virol J 2011; 8: 72.

[43]	 Rohwer AC, Khondowe O, Young T. Antispas- 
modics for labour. Cochrane Library 2013; 6: 
1-141.


