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Abstract
AIM: To evaluate the efficacy and safety of tenofovir 
disoproxil fumarate (TDF) for chronic hepatitis B (CHB) 
patients after multiple failures.

METHODS: A total of 29 CHB patients who had a 
suboptimal response or developed resistance to two 
or more previous nucleoside/nucleotide analogue (NA) 
treatments were included. Study subjects were treated 
with TDF alone (n  = 13) or in combination with lami-
vudine (LAM, n  = 12) or entecavir (ETV, n  = 4) for ≥ 6 
mo. Complete virologic response (CVR) was defined as 
an achievement of serum hepatitis B virus (HBV) DNA 
level ≤ 60 IU/mL by real-time polymerase chain reac-
tion method during treatment. Safety assessment was 
based on serum creatinine and phosphorus level. Elev-
en patients had histories of LAM and adefovir dipivoxil 
(ADV) treatment and 18 patients were exposed to LAM, 
ADV, and ETV. Twenty-seven patients (93.1%) were 
hepatitis B e antigen (HBeAg) positive and the mean 

value of the baseline serum HBV DNA level was 5.5 log 
IU/mL ± 1.7 log IU/mL. The median treatment duration 
was 16 mo (range 7 to 29 mo).

RESULTS: All the patients had been treated with LAM 
and developed genotypic and phenotypic resistance 
to it. Resistance to ADV was present in 7 patients and 
10 subjects had a resistance to ETV. One patient had 
a resistance to both ADV and ETV. The cumulative 
probabilities of CVR at 12 and 24 mo of TDF contain-
ing treatment regimen calculated by the Kaplan Meier 
method were 86.2% and 96.6%, respectively. Although 
one patient failed to achieve CVR, serum HBV DNA 
level decreased by 3.9 log IU/mL from the baseline and 
the last serum HBV DNA level during treatment was 85 
IU/mL, achieving near CVR. No patients in this study 
showed viral breakthrough or primary non-response 
during the follow-up period. The cumulative probability 
of HBeAg clearance in the 27 HBeAg positive patients 
was 7.4%, 12%, and 27% at 6, 12, and 18 mo of 
treatment, respectively. Treatment efficacy of TDF con-
taining regimen was not statistically different according 
to the presence of specific HBV mutations. History of 
prior exposure to specific antiviral agents did not make 
a difference to treatment outcome. Treatment efficacy 
of TDF was not affected by combination therapy with 
LAM or ETV. No patient developed renal toxicity and no 
cases of hypophosphatemia associated with TDF thera-
py were observed. There were no other adverse events 
related to TDF therapy observed in the study subjects.

CONCLUSION: TDF can be an effective and safe res-
cue therapy in CHB patients after multiple NA therapy 
failures.
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INTRODUCTION
Nucleoside/nucleotide analogues (NAs), which inhibit 
reverse transcription of  hepatitis B virus (HBV) poly-
merase, are an important class of  drugs that changed the 
treatment paradigm and prognosis of  chronic hepatitis B 
(CHB). Oral NA therapy has advantages over interferon 
therapy due to its potent antiviral effects, good tolerance, 
lower side-effect profile, and convenience[1,2]. However, 
the development of  antiviral resistance to the drug is the 
major limitation of  NA therapy and frequently leads to 
treatment failure. The development of  drug resistance 
begins with mutations in the polymerase gene, followed 
by viral breakthrough, biochemical breakthrough, clinical 
deterioration, and even progressive liver failure. Favor-
able effects obtained by NA therapy are lost in patients 
who developed antiviral resistance. Today, an increasing 
number of  patients experience multiple NA treatment 
failures, especially when they are sequentially treated 
with drugs that have similar characteristics[3]. To achieve 
sustained suppression of  HBV replication and remis-
sion of  liver disease, successful management of  CHB 
patients who developed treatment failure due to antiviral 
resistance or incomplete inhibition of  viral replication is 
critical. 

Tenofovir disoproxil fumarate (TDF) is an oral NA 
with the most potent activity against HBV and a high ge-
netic barrier that has been approved in the United States 
and Europe for the treatment of  CHB since 2009. In 
treatment-naive patients, viral resistance to TDF was not 
detected after up to 144 wk of  therapy, and persistent 
viremia through week 144 was only 0.8%, mostly due to 
poor compliance[4]. TDF has also shown efficacy in NA 
experienced patients with various results. TDF mono-
therapy in patients with prior failure or resistance to two 
or more NAs showed a 79% viral suppression rate at 23 
mo of  treatment[5]. In another study, TDF rescue therapy 
following lamivudine (LAM) and adefovir dipivoxil (ADV) 
treatment failure achieved a viral suppression rate of  only 
46% at 48 wk and 64% at 96 wk of  treatment[6]. How-
ever, experience with TDF in Asian countries, including 
Korea, is limited because this drug has not yet been ap-
proved for the treatment of  CHB in this region of  the 
world. A single report of  six South Korean patients with 
prior LAM and ADV treatment failure stated that com-
plete virologic suppression was achieved in all patients at 

12 mo with TDF plus LAM therapy[7].
Many CHB patients in Korea have undergone sequen-

tial treatment with LAM, ADV, and/or entecavir (ETV) 
at 1 mg to manage antiviral resistance or insufficient sup-
pression of  HBV DNA and they have begun to emerge 
as an important and difficult issue for clinicians[8]. How-
ever, the efficacy of  TDF treatment in such patients with 
previous treatment failures using multiple NAs, including 
ETV, is not well known. Multiple treatment failures of  
NAs in CHB patients are not limited to Korea; it is con-
sidered to be a global problem. In this study, we evaluated 
the efficacy and safety of  a TDF containing treatment 
regimen in CHB patients after the failure of  multiple NA 
therapies. 

MATERIALS AND METHODS
Subjects
CHB patients with failures of  two or more previous NA 
therapies were treated with TDF containing regimens for 
at least 6 mo. The TDF containing regimens included 
TDF monotherapy (300 mg/d), or combination therapy 
with LAM (100 mg/d) or ETV (1 mg/d). Failures of  pre-
vious NA therapies included suboptimal viral suppression 
(serum HBV DNA level > 2000 IU/mL despite contin-
ued therapy for more than 1 year) or the development 
of  resistance. Exclusion criteria were coinfection with 
human immunodeficiency virus or hepatitis C virus, and 
history of  underlying renal problems. Since TDF is not 
approved for use with CHB patients in Korea, informed 
consent was obtained from all subjects. The study proto-
col was approved by the Institutional Review Board of  
Samsung Medical Center (IRB file number: 2011-06-027) 
and was conducted in accordance with the principles of  
the Declaration of  Helsinki.

Laboratory and clinical assessment
Serum HBV DNA, hepatitis B e antigen (HBeAg), anti-
hepatitis B e antibody, alanine aminotransferase, creati-
nine, and phosphorus levels were recorded every 3 mo. 
All data were collected from medical records and ana-
lyzed retrospectively. 

Definition of treatment response
The mean reduction of  HBV DNA levels was assessed 
during treatment. Complete virologic response (CVR) 
was defined as a decrease of  serum HBV DNA ≤ 60 
IU/mL. The primary non-response was defined as a de-
crease in serum HBV DNA of  less than 2 log IU/mL at 
24 wk of  therapy. Viral breakthrough (BT) was defined 
as an increase of  HBV DNA > 1 log IU/mL from na-
dir during TDF treatment. HBeAg clearance included 
HBeAg loss or seroconversion to anti-HBe. 

Safety assessment
The safety assessment was based on the development 
of  renal toxicity or hypophosphatemia. Renal toxicity 
was defined when the estimated glomerular filtration 
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rate (eGFR) decreased by more than 20% from baseline. 
Calculation of  eGFR was performed with this formula: 
eGFR = (140-age) × weight (kg) (× 0.85 if  female)/(72 × 
serum creatinine). Investigation of  other adverse events 
was performed by review of  medical records. 

Virologic assay
Serum HBV DNA level was determined by real-time 
polymerase chain reaction (PCR) assay, using the COBAS 
TaqMan HBV quantitative test (Roche Molecular System 
Inc., Branchburg, NJ, United States), which has a lower 
limit of  detection at 9 IU/mL. To identify mutations 
associated with resistance in the gene encoding HBV 
polymerase, PCR amplification and direct sequencing was 
performed in a single reference laboratory as previously 
described[9]. 

Statistical analysis
To describe continuous variables with normal distribu-
tions, the mean ± SD was used. Continuous variables 
without normal distributions were expressed as the medi-
an with range. Cumulative probability of  CVR during the 
treatment period was calculated using the Kaplan-Meier 
method and comparison between groups was performed 
with a log-rank test. P values less than 0.05 were consid-
ered statistically significant. All data were analyzed using 
SPSS (version 15.0; Chicago, IL, United States). 

RESULTS
Baseline characteristics of the study subjects
A total of  29 patients were included in the study. De-

tailed demographics of  the patients are presented in 
Table 1. The median age was 56 years (range 22 to 63 
years) and 72.4% were male. Twenty-seven patients were 
HBeAg positive (93.1%) and the mean baseline serum 
HBV DNA level was 5.5 log IU/mL ± 1.7 log IU/mL. 
Eleven patients (37.9%) had been exposed to LAM and 
ADV, and 18 (62.1%) subjects had been additionally 
exposed to ETV. TDF treatment alone was used in 13 
subjects (44.8%), with LAM in 12 (41.4%), or with ETV 
in 4 (13.8%). The median treatment duration of  the TDF 
containing regimen was 16 mo (range 7 to 29 mo). 

More detailed information about prior NA therapy 
history and genotypic resistance profiles is described in 
Table 2. All patients had been treated with LAM at first, 
and then developed a resistance to it. In LAM and ADV 
experienced patients, ADV was used as a sequential or 
add-on therapy in an attempt to suppress LAM resistant 
strains; however, the patients developed viral BT with or 
without genotypic resistance to ADV, or showed subopti-
mal viral response. In LAM, ADV, and ETV experienced 
patients, patients were moved to an 1 mg ETV regimen, 
due to the failure of  sequential or add-on ADV therapy. 
10 out of  these 18 patients were confirmed to have geno-
typic resistance to ETV (Table 2).

Virologic response
The cumulative probability of  CVR during the treatment 
period is presented as a Kaplan-Meier curve (Figure 1). 
The probability of  CVR was 86.2% at 12 mo and 96.6% 
at 24 mo of  treatment. In this study, only one patient did 
not achieve CVR with TDF treatment. The detailed clini-
cal course of  this patient is given in Figure 2. This patient 
underwent sequential therapy with LAM, ADV, and ETV 
at 1 mg: however, the development of  resistance and sub-
optimal viral suppression led to treatment failure. TDF 
monotherapy was introduced and maintained for 24 mo. 
Even though the patient did not reach CVR, the patient’s 
serum HBV DNA decreased to 85 IU/mL with a reduc-
tion of  3.9 log IU/mL, therefore becoming near CVR. 
No patient in this study developed primary non-response 
or viral BT during follow-up.

To define whether there is any difference in the rates 
of  CVR according to prior exposures to antiviral agents, 
genotypic resistance profile, or TDF monotherapy vs 
combination therapy with LAM or ETV, the CVR rates 
were compared according to these variables using a log-
rank test. There were no significant differences between 
patients with prior exposure to LAM and ADV vs LAM, 
ADV, and ETV (P = 0.93). Genotypic resistance to ADV 
(rtA181V/T or rtN236T) and resistance to ETV did not 
affect CVR rates (P = 0.99 and 0.14, respectively). TDF 
monotherapy, or in combination with other NAs, was not 
related to the achievement of  CVR (P = 0.19). 

Serologic response
Cumulative probability of  HBeAg clearance was calcu-
lated with the Kaplan-Meier method. The rate of  HBeAg 
clearance in the 27 HBeAg positive patients was 7.4%, 
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Table 1  Baseline clinical characteristics of the subjects (n  = 
29)

Characteristics 

   Age, yr, median (range)     56 (22-63)
   Male, n (%)   21 (72.4)
   HBeAg positive, n (%)   27 (93.1)
   Serum HBV DNA, log IU/mL, 
mean ± SD

5.5 ± 1.72

   ALT, U/L, median (range)       47 (12-763)
   Prior exposed NAs 
     LAM + ADV, n (%)   11 (37.9)
     LAM + ADV + ETV, n (%)   18 (62.1)
   Treatment duration or prior NAs, mo, 
median (range)

      66 (28-125)

   Treatment regimen 
   TDF/TDF+ LAM/TDF + ETV, n (%) 13 (44.8)/12 (41.4)/4 (13.8) 
   Treatment duration of TDF, mo, 
median (range)

  16 (7-29) 

   Serum creatinine, mg/dL, median 
(range)

     0.93 (0.6-1.16)

   Serum phosphorus, mEq/dL, median 
(range)

     3.3 (2.8-4.4)

ADV: Adefovir dipivoxil; ALT: Alanine aminotransferase; ETV: Entecavir; 
HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; LAM: Lamivudine; 
NA: Nucleoside/nucleotide analogue; TDF: Tenofovir disoproxil fuma-
rate. 
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therapy with ETV, a newer generation NA, has been at-
tempted to counteract LAM resistance. Despite good 
treatment efficacy and low levels of  ETV resistance in 
treatment naive patients, rescue therapy in LAM resis-
tance patients revealed that the treatment was less effec-
tive and had a higher rate of  resistance[14,15]. Sequential 
therapies with multiple NAs in this manner can promote 
selection for multidrug-resistant strains of  HBV and fre-
quently leads to viral BT or inadequate viral response[3]. 
As a result, increased numbers of  CHB patients with NA 
(mostly LAM and ADV, or ETV) treatment failures are 
becoming a global problem.

TDF is an oral NA that has been used for the treat-
ment of  human immunodeficiency virus infection and is 
approved for the treatment of  CHB in the United States 
and Europe[16]. Owing to its potent antiviral activity and 
high genetic barrier to the development of  resistance 
for up to 3 years as determined in phase 4 clinical tri-
als[4,17], TDF is now recommended as a first-line therapy 
for HBV infected patients in recently published guide-

12%, and 27% at 6, 12, and 18 mo of  treatment, respec-
tively. 

Safety analysis
No patient developed renal toxicity, defined as a decrease 
of  eGFR more than 20% from baseline. No cases of  
hypophosphatemia associated with TDF therapy were 
observed. There were no other adverse events related to 
TDF therapy observed in the subjects.

DISCUSSION
The management of  CHB has improved markedly over 
the last decade, primarily due to the availability of  oral 
NA therapy. LAM was the first NA approved for CHB 
in 1998 and has been used extensively for treatment since 
that time. However, resistance to LAM occurs frequently 
and is observed in up to 80% of  patients treated for 5 
years[10]. When sequential ADV monotherapy was intro-
duced to these patients, ADV resistance was found in up 
to 21% of  the patients after 1 to 2 years[11-13]. Sequential 

Table 2  Summary of prior nucleotide analogue treatment regimens and genotypic resistance analysis

Treatment history LAM resistance ADV resistance ETV resistance Outcome n

LAM→ADV
rtM204V/I ± rtL180M

± rtV173L

None

None

No VR 1

LAM→LAM + ADV
rtA181V/T Viral BT 1

None No VR 6

LAM→ADV→LAM + ADV
rtN236T,rtN238A Viral BT 1

rtA181V/T No VR 2

LAM→ADV→ETV
rtM204V/I ± rtL180M

None

rtT184L + rtI169T

Viral BT

1
rtT184S 2
rtS202G 3

rtS202G + rtV207I 1
rtS202G + rtT184A 1

None 5
rtA181V/T

None No VR
2

None 1

LAM→LAM+ADV→ETV
rtN238H rtS202G

Viral BT
1

None rtS202G + rtV207I 1

ADV: Adefovir dipivoxil; BT: Breakthrough; ETV: Entecavir; LAM: Lamivudine; VR: Virologic response.
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Figure 1  Probability of complete virologic response during the treatment 
period. 
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Figure 2  Detailed clinical course of a patient who did not achieve complete 
virologic response. The patient had undergone sequential therapy with lami-
vudine (LAM), adefovir (ADV), and entecavir (ETV) at 1 mg and developed se-
quential resistance and suboptimal viral suppression leading to treatment failure. 
Although tenofovir disoproxil fumarate (TDF) monotherapy was not able to result 
in complete virologic response (CVR), serum hepatitis B virus DNA levels were 
decreased to 85 IU/mL with a reduction of 3.9 IU/mL, accomplishing near CVR.
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lines[1,18]. 
The efficacy of  TDF in the treatment of  prior NA 

refractory HBV infection has also been evaluated. TDF 
showed an excellent antiviral activity on LAM resistant 
virus independently of  the resistance mutation profile in 
vitro[19]. In patients with LAM resistant CHB, treatment 
with TDF was well tolerated without significant adverse 
events such as renal toxicity. Treatment resulted in a me-
dian decline of  4.5 log copies/mL in HBV DNA levels 
after median treatment duration of  12 mo[20]. TDF alone, 
or combined with LAM, exerted a greater viral reduction 
than ADV for LAM-resistant HBV infection without 
developing phenotypic resistance, and showed a high 
antiviral efficacy in patients with LAM resistance and an 
inadequate response during therapy with ADV[21-23]. TDF 
plus LAM therapy improved the Child-Pugh score in 
decompensated liver cirrhosis patients with multiple NA 
treatment failures[7].

This current study included 29 patients with a prior 
history of  treatment failure with two or more NAs. Treat-
ment with a TDF containing regimen in these subjects 
resulted in 86.2% of  CVR at 12 mo and 96.6% at 24 mo 
of  treatment. A distinctive feature of  our study is that we 
included 18 patients who had failed treatment with ETV 
at 1 mg in addition to LAM and ADV. A retrospective 
multicenter study conducted by van Bömmel et al[5] includ-
ed only 3 patients who had failed ETV therapy; two who 
had been only ETV experienced and one who had been 
treated with sequential LAM and ETV at 1 mg. ETV has 
an extremely high anti-HBV suppressive effect and very 
low chance of  resistance emergence at only 1.2% after 5 
years in treatment-naive subjects[24]. In this study, among 
the 18 patients who failed multiple NA treatments includ-
ing LAM, ADV, and ETV, 17 patients achieved CVR and 
one patient showed a viral reduction of  3.9 log IU/mL, 
nearly reaching CVR. Genotypic resistance to EVT did 
not affect the probability of  CVR. Based on these results, 
it can be suggested that the strong antiviral activity of  
TDF is also valid in ETV failed CHB patients. 

Patterson et al[6] reported 64% of  CVR rate at 96 wk 
of  TDF rescue therapy in CHB patients following fail-
ures of  both LAM and ADV treatment. 21 of  the 60 pa-
tients had baseline ADV resistance (14 patients with the 
rtA181T/V mutation and 7 patients with the rtN236T 
mutation), and the authors concluded that the viral re-
sponse was independent of  mutations conferring ADV 
resistance. However, in another study, the presence of  
ADV resistance was considered to decrease the efficacy 
of  TDF. During the observation period, the probability 
of  achieving HBV DNA levels below 400 copies/mL 
was 52% for patients with ADV resistant variants and 
100% for those without[5]. In the current study, 6 patients 
had genotypic resistance to ADV. Although one patient 
with the rtA181V/T mutant strain did not reach CVR, 
resistance to ADV did not influence CVR during the 
treatment period. The effect of  ADV resistance on the 
antiviral efficacy of  TDF cannot be concluded from the 
results of  this study because of  the small sample size, 

and is an area that should be explored in further research. 
However, considering that in vitro cross resistance of  
ADV and TDF has been described previously[25-27], the 
possibility of  altered response to TDF in CHB patients 
with genotypic resistance to ADV should be considered. 

The ultimate goal of  CHB therapy is to prevent cir-
rhosis, hepatic failure, hepatocellular carcinoma, and 
death. This goal can be achieved by the complete and 
sustained suppression of  HBV replication. Therefore, the 
primary aim of  treatment in chronic HBV infection is to 
suppress HBV replication to an undetectable level[1,18,28], 
leading to decreased infectivity and pathogenicity of  the 
virus and resulting in reduced hepatic necroinflamma-
tion[29]. Viral BT resulting from resistance or insufficient 
suppression of  HBV DNA due to the use of  a less 
potent drug can result in failure to completely suppress 
HBV DNA. After the availability of  ETV and TDF, NAs 
with potent antiviral activity and a high genetic barrier, 
insufficient viral suppression or resistance in treatment 
naive patients is not common. However, in the era when 
these drugs with a high genetic barrier were not avail-
able, the majority of  patients started therapy with LAM 
and subsequently received ADV and/or ETV to man-
age LAM resistance. Many of  these patients developed 
resistance to ADV or ETV and remained viremic despite 
prolonged treatment[11-15,22]. Multiple failures of  NA 
therapies are a growing and global problem, especially 
in some parts of  Asia, where the use of  LAM remains 
common due to the high prevalence of  CHB and gener-
ics are available at a low cost[30]. In the present study, we 
have demonstrated the high efficacy of  a TDF containing 
regimen in patients with sequential resistance to multiple 
NAs, and that TDF containing regimens are effective and 
safe rescue therapies for CHB patients after multiple fail-
ures with NAs.

Treatment efficacy, evaluated as CVR, did not differ 
in patients treated with TDF alone or in patients treated 
with combination therapy with LAM or ETV. Generally, 
combination therapy of  drugs that are not in the same 
cross-resistance group is recommended for the man-
agement of  resistant strains[1,3,18]. However, since TDF 
monotherapy without other NAs was also effective with-
out viral BT after approximately 2 years of  follow-up[5], it 
is questionable as to whether combination therapy with 
this strong antiviral agent is really necessary when con-
sidering the cost and potential adverse effects of  combi-
nation therapy. As such, further studies are necessary to 
explore these results. 

This study has some limitations. The number of  
subjects included was not large enough (n = 29) and the 
follow-up period was relatively short (median 16 mo). 
Nevertheless, the patients in this study represent the most 
difficult-to-treat population in the management of  CHB. 
Further studies with larger sample sizes are necessary to 
remedy these shortcomings and to elucidate the long-
term outcome of  TDF treatment. Although the genotype 
of  HBV could be a factor affecting the treatment efficacy 
of  antiviral agents, we did not perform an analysis of  the 
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genotype. However, previous studies have documented 
that almost all HBV infected patients in Korea have 
genotype C; constituting 98%-100% of  HBV infected 
patients[31-33]. Therefore these results could be applicable 
to our study patients, and can represent the genotype C 
HBV infected patients. 

In conclusion, a TDF containing treatment regimen 
suppressed HBV DNA in CHB patients with multiple 
treatment failures of  NA therapy, regardless of  genotypic 
resistance or treatment regimen. TDF can be an effective 
and safe rescue therapy for these patients.

COMMENTS
Background
The excellent treatment efficacy of tenofovir disoproxil fumarate (TDF) in treat-
ment naive chronic hepatitis B (CHB) has been documented in various clinical 
studies. However, data on its role in CHB patients with prior treatment failure to 
other oral anti-viral agent is insufficient.
Research frontiers
TDF has shown efficacy in nucleoside/nucleotide analogue (NA) experienced 
patients with various results outside of Asia. A single report including six South 
Korean patients with prior treatment failure to lamivudine (LAM) and adefovir 
stated that a complete virologic suppression was achieved in all patients at 12 
mo with a TDF containing regimen, and this has been the only study of its type 
conducted in Asian country.
Innovations and breakthroughs
Many CHB patients in Asian countries develop sequential antiviral resistance 
to oral anti-viral agents or develop insufficient suppression of hepatitis B virus 
(HBV) DNA, which has begun to emerge as an important and difficult issue for 
clinicians. In this study, the authors documented the efficacy and safety of a 
TDF rescue therapy in Asian CHB patients after failure of multiple NA therapies. 
The efficacy was not affected by genotypic resistance or prior exposure to a 
specific agent.
Applications
After documenting the efficacy and safety of TDF regimen in CHB patients with 
multiple NA treatment failure, the authors suggest the possibility of using TDF 
as a rescue therapy for CHB patients, even whose with prior entecavir therapy 
failure. 
Peer review
The authors evaluated the efficacy and safety of a TDF treatment for CHB pa-
tients after failures of multiple NA therapies, and showed that TDF successfully 
suppressed HBV DNA levels in these patients. The study is very important, as 
the authors stated in the manuscript, in some countries where LAM treatment is 
still common due to financial problems.
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