
and 89.7%, respectively. The mean change from baseline in HBV 
DNA was -2.05 log10IU/mL, and -2.14 log10IU/mL, respectively. 
Multivariate Cox regression analysis showed that baseline HBV 
DNA level was a significant predictive factor of virologic response 
at 12 months. (HR = 0.645; 95% CI 0.504-0.826; p = 0.001). Two 
patients (2.4%) showed HBeAg loss, and no patient lost HBsAg 
during the treatment period. Serious adverse events or renal 
impairment was not observed. 
CONCLUSION: TDF is safe and effective for complete viral 
suppression in patients with lamivudine-resistant HBV infection.  
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INTRODUCTION
Long-term goal of antiviral treatment for patients with chronic hepa-
titis B is to prevent serious ling-term consequences of cirrhosis, he-
patocellular carcinoma, and death. Lamivudine (LAM) was the most 
commonly prescribed first line agent for treatment of chronic hepa-
titis B in many Asian countries which were highly prevalent in HBV 
infection[1]. LAM therapy is effective in reduction of hepatitis B virus 
DNA (HBV DNA) and normalization of alanine aminotransferase 
(ALT)[2,3]. However, long-term administration of LAM has resulted 
in the emergence of lamivudine-resistant mutations in up to 70% 
after 5 years of treatment[4,5]. The LAM resistance increases the risk 
of progression of liver disease and antiviral resistance to secondary 
antiviral agents[6]. Mutations in the YMDD catalytic motif in the C 
domain of HBV polymerase (rtM204V/I ) with or without rtL180M 
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ABSTRACT
AIM: Tenofovir disoproxil fumarate (TDF) has potent antiviral 
efficacy and lack of resistance during long-term use in chronic 
hepatitis B (CHB) patients. The purpose of this study was to 
evaluate antiviral efficacy and safety of TDF in lamivudine-resistant 
CHB patients. 
METHODS: We performed a retrospective study of consecutive 
CHB patients who had detectable HBV DNA (> 50IU/mL) and 
documented lamivudine-resistant mutations during antiviral 
treatment. Patients who had adefovir or entecavir-resistant HBV 
infection were excluded. They were treated with TDF monotherapy 
or combination with lamivudine more than 6 months. We analyzed 
virologic response (HBV DNA < 20 IU/mL), biochemical and 
serologic responses to the TDF treatment and adverse events. 
RESULTS: A total of 101 CHB patients (HBeAg-positive 86%, 
mean baseline HBV DNA 3.29 log10IU/ mL) were enrolled. They 
were treated with TDF (n = 74) or combination with lamivudine (n 
= 27) for median duration of 20 months. The proportion of patients 
achieving virologic response at 6 months and 12 months was 80.2%, 
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and every three months during TDF therapy. They were followed 
up every three months during the therapy for the clinical assessment 
of tolerability, a physical examination, blood chemistry, and HBV 
status. Serum HBeAg and anti-HBe (Cobas e immunoassay, Roche, 
Switzerland), and serum HBV DNA level (COBAS Amplicor PCR 
assay, which has a lower limit of detection of 20 IU/mL, Roche Mo-
lecular Systems, Branchburg, NJ) were measured. Restriction frag-
ment mass polymorphism (RFMP) assays of the HBV genome were 
performed to detect LAM, ADV, and ETV mutations at baseline and 
at the time of virologic breakthrough[20].
    We analyzed the proportion of patients who achieved complete 
virologic response (serum HBV DNA concentration of < 20 IU/
mL) at 12 month of TDF therapy as a primary endpoint. Changes in 
serum HBV DNA level, the proportion of patients with HBeAg loss, 
HBeAg seroconversion, and normalization of ALT were analyzed 
through the treatment period. Viral breakthrough was defined as a 
≥1 log10 increase in HBV DNA from nadir on two consecutive occa-
sions after an initial decline in HBV DNA by > 2 log10 copies/mL. 
    Regarding adverse events, we evaluated changes in serum creati-
nine level and proportion of the patients who developed renal impair-
ment defined as an increase in serum creatintine level of > 0.5 mg/dL 
from baseline, or decrease in serum phosphate level to < 2 mg/dL.

Statistical analysis
HBV DNA levels were logarithmically transformed for analysis. 
Continuous variables were expressed as the mean ± standard devia-
tion (SD) and categorical variables were expressed as absolute and 
relative frequencies. All statistical data were analyzed using SPSS 
Inc. for Windows, ver. 17.0. Categorical variables were analyzed us-
ing the Chi-squared test. Continuous variables were evaluated using 
the Student’s t-test. The Kaplan-Meier survival analysis was used to 
estimate proportion of complete virologic response and normalization 
of ALT level. Cox regression analysis was applied to identify factors 
that were independently associated with complete virologic response 
to TDF therapy. For all statistical tests, a two-sided p value of < 0.05 
was considered significant.

RESULTS
A total of 101 patients were included in this study. Table 1 shows the 
patients characteristics at baseline. Mean age was 50.1 years, and 68 
were male. Median HBV DNA level was 3.3 log10 IU/mL, and 86% 
of the patients enrolled were HBeAg-positive. All the patients were 
treated with LAM as the first line agent for HBV. ADV was most 
commonly used for the second line agent for treatment of LAM-
resistance. All the patients were confirmed to have LAM-resistant 
mutations of rtL180M or rtM204I and/or V of the HBV polymerase 
gene prior to start of TDF therapy. No other mutations of ADV or 
ETV resistance were detected by RFMP assasy. TDF monotherapy (n 
= 74) or TDF plus LAM (n = 27) were administered for the treatment 
of LAM-resistant HBV. Mean follow-up duration of TDF therapy 
was 23 months. 
    The proportion of complete virologic response was 80.2% and 
89.7% at 6 months and 12 months after TDF treatment, respectively 
(Figure 1).
    The response rate increased to 91.9% at 24 months. Viral break-
through was not observed during the follow-up period. The decrease 
in HBV DNA level was -2.05 log10 IU/mL from the baseline level 3.24 
log10 IU/mL at 6 month, and -2.14 log10 IU/mL at 12 month (Figure 2). 
    Virologic breakthrough was not observed. Two patients (2.6%) 
among 77 HBeAg-positive patients achieved HBeAg loss at 12 

are responsible for LAM resistance[7]. 
    Adefovir dipivoxil (ADV) has an antiviral efficacy in wild-type 
and LAM-resistant HBV, however, suboptimal viral response is fre-
quent[8]. ADV-resistant mutations occur more frequently in patients 
with LAM-resistant HBV infection than in treatment-naïve patients[9]. 
ADV plus LAM combination appears to reduce the risk of genotypic 
resistance to ADV and virologic breakthrough[10]. Clinical guidelines 
for antiviral resistant HBV have recommended that ADV plus LAM 
combination is more preferable strategy than ADV monotherapy for 
LAM resistance to decrease the rate of resistance to ADV. LAM plus 
ADV combination therapy resulted in suboptimal virologic response 
particularly in patients with high viral load and resistance to both 
drugs[11].
    Entecavir (ETV) shows viral load reduction and ALT normaliza-
tion compared with LAM continuation in patients with LAM resis-
tance[12]. However, resistance to ETV frequently develops in pre-
existing LAM-resistant HBV despite administration of ETV at a daily 
dose of 1mg rather than 0.5 mg recommended for naive-patients. 
ETV therapy is not sufficient for the rescue therapy in LAM-resistant 
patients[13].  
    Tenofovir (TDF) has a potent antiviral activity against both wild-
type or LAM-resistant HBV[4]. TDF demonstrated superior antiviral 
efficacy compared to ADV at 48 weeks and long-term suppression of 
HBV DAN through 5 years with absence of long-term resistance[14,15]. 
TDF is currently recommended for the first-line agents for chronic 
hepatitis B patients[16,17]. Randomized controlled trial of TDF therapy 
in LAM-resistant HBV was recently demonstrated that TDF achieved 
excellent viral suppression at at a rate of 89% of undetectable HBV 
DNA at 96 weeks[18,19]. Several studies in small number of patients 
showed efficacy of TDF-based therapy for LAM-resistant patients, 
however, real life data of TDF in the patens is currently limited. 
    This study aimed to evaluate the antiviral efficacy and safety of 
TDF or TDF plus LAM combination in patients with documented 
genotypic resistance to LAM. 

METHODS
Patients 
This was a retrospective cohort study conducted in adult chronic hep-
atitis B patients with LAM-resistant chronic HBV infection treated 
with TDF more than one year. They were enrolled between January 
2012 and December 2013 at Konkuk University Hospital and Korea 
University Guro Hospital in Seoul, Korea. 
    Inclusion criteria were documented genotypic resistance mutations 
to LAM (rtM204V/I ± rtL180M) and a serum HBV DNA level above 
50 IU/mL (300 copies/mL) while currently receiving antiviral treat-
ment. Patients were excluded if they had hepatocellular carcinoma; 
evidence of coinfection with hepatitis C, hepatitis C, or human im-
munodeficiency virus; a history of systemic corticosteroids or other 
immunosuppressive agents; renal impairment (serum creatinine > 1.5 
mg/dL); other malignancy or decompensated liver disease; a history 
of prior treatment with TDF. Patients who had adefovir or entecavir-
resistant HBV infection during antiviral treatments were excluded. 
Patients were treated with 300 mg TDF daily or TDF plus 100mg 
LAM daily for more than 12 months. 
    The study protocol was approved by the Institutional Review 
Board of Konkuk University Hospital and was conducted in accor-
dance with the ethical guidelines of the 1975 Declaration of Helsinki.

Study design
All patients included were monitored at baseline of TDF treatment 
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month. No patient had HBsAg loss during the follow-up period.
    Seven patients among 10 patients with detectable level of HBV 
DNA (> 20 IU/mL) at 12 months were tested genotypic analysis for 
drug resistant mutation. Genotyping was available in one patient and 
were not successful in the others due to low level of HBV DNA. 
There was no change in mutation pattern in one patient who had 
M204I with high viral load (1 × 106 IU/L) at baseline.   
    Baseline mean ALT level was 69.7 IU/L, mean ALT level de-
creased to 30.9 IU/L and 25.9 IU/L at 6 months and 12 months of 
TDF treatment, respectively (Figure 3). There was no ALT flare (ALT 
elevation > 5 × UNL) during the treatment period. 
    Table 2 shows the Cox regression analysis for the predictive fac-
tors of virologic response. Baseline HBV DNA level was significant-
ly associated with complete virologic response at 12 months of TDF 
treatment (HR = 0.487, 95% CI 0.649-0.953, p = 0.014). Combina-
tion treatment with LAM was not a significant factor for the virologic 
response.  
    There were no significant adverse events during the TDF treatment. 
Renal impairment (increase in creatintine level of > 0.5 mg/dL from 
baseline or decrease in serum phosphate level to < 2 mg/dL) was not 
observed during the treatment period. The change in creatinine level 
was not significant during the therapy (0.81 ± 0.17 at baseline vs 0.81 
± 0.18 at 12 months). 

DISCUSSION 
LAM has been popularly used for the first line treatment of chronic 
hepatitis B in Korea[1,2]. However, the long-term treatment of LAM 
is associated with a high risk of drug resistance of HBV. LAM 
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Variables 
Sex (Male/Female) 
Age (years)† 
Liver cirrhosis 
HBeAg positive 
HBV DNA (log10 IU/mL) † 
ALT (U/L) † 
Serum creatinine (mg/dL) † 
Prior exposed antiviral agents 
   LAM 
   LAM, ADV 
   LAM, ETV 
   LAM, LdT, ADV 
   LAM, ADV, ETV 
LAM-resistant mutations 
   rtM204I 
   rtM204I + rtL180M 
   rtM204V + rtL180M 
   rtM204I/V + rtL180M 
Follow up duration with TDF (months) †  

Table 1 Patients characteristics at baseline (n = 101).

Results
68 / 33
52.2 ± 10.9
22 (23.2%)
82 (86%)
3.3 ± 1.62
69.7 ± 138
0.81 ± 0.17

8
46
8
11
22

33
19
36
13
23 ± 5.5

†Data represents mean ± standard deviation. LAM: lamivuine; ADV: 
adefovir dipvoxil; ETV: entecavir; LdT: telbivudine; TDF: tenofovir 
disoproxil fumarate. 

Figure 1 Proportion of patients achieving complete virologic response 
after TDF treatment. TDF: Tenofovir disoproxil fumarate.

Figure 2 Changes in HBV DNA level after TDF treatment. TDF: Tenofovir 
disoproxil fumarate.

Figure 3 Changes in ALT level level after TDF treatment. TDF: Tenofovir 
disoproxil fumarate.

Table 2 Cox regression analysis for complete virologic response at 12 
month of tenofovir therapy in lamivudine-resistant hepatitis B patients. 

Factors 
Gender (male) 
Age 
Liver cirrhosis 
TDF vs. TDF+LAM 
Baseline HBV DNA 
Baseline HBeAg+ 
Baseline ALT 

HR
0.993
0.992
0.038
1.170
0.786
0.749
0.999

P
0.977
0.992
0.879
0.517
0.005
0.322
0.226

CI (95%)
0.641-1.540 
0.974-1.011 
0.642-1.679
0.727-1.885
0.664-0.929
0.419-1.331
0.997-1.001

HR

1.080
0.787
1.304
1.000

P

0.757
0.014
0.202
0.970

CI (95%)

0.662-1.763
0.649-0.953
0.202-1.403
0.998-1.002

Univariate Multivariate

resistance results in virologic relapse with biochemical relapse and 
deterioration of hepatic function[4,5,21]. A combination treatment of 
LAM and ADV was recommended for the rescue therapy to prevent 
the development of ADV resistance during the second-line ADV 
monotherapy in patient with LAM-resistant HBV infection[10,22]. 
The antiviral efficacy of the combination of ADV and LAM was 
not favorable although the ADV resistance was very rare. Recent 
guidelines recommend TDF based treatment for the treatment of 
LAM resistance[11,16,17,23]. 
    TDF is a potent antiviral agent against wild-type and LAM-
resistant HBV. It was well demonstrated that TDF was more effective 
in achieving virologic response in patients with LAM-resistant 
HBV infection as well as treatment naïve patients compared with 
ADV[24]. A randomized controlled trial of TDF monotherapy or 
combination with emtricitabine through 96 weeks demonstrated that 
TDF monotherapy achieves potent viral suppression (89% of patients 
having HBV DNA < 69 IU/mL at week 96 ) in LAM-resistant CHB 



patients[16,17]. In this study, patients who had an evidence of genotypic 
resistance to adefovir or entecavir were excluded. Taken together, 
TDF monotherapy is effective to achieve the complete virologic 
response and pretreatment HBV DNA level is an important predictive 
factor for the virologic response in LAM-resistant CHB patients. 
Monitoring of HBV DNA level and drug adherence is important 
for achieving complete suppression of HBV DNA, particularly in 
patients with high viral load. 
    In terms of biochemical response, decrease in ALT level was 
significant after TDF treatment. There was no ALT flare during the 
TDF treatment. Regarding safety profile, TDF was well tolerated 
without renal impairment during the follow up period. It has been 
suggested that long-term use of TDF results in renal impairment and 
proximal tubular dysfunction[8,18,30]. The risk of renal dysfunction is 
higher in patients with decompensated liver disease, hypertension, 
diabetes mellitus, and organ transplantation[8,18]. Our results showed 
that TDF was safe in LAM-resistant patients. However, the follow-up 
period in the current study was short to evaluate the safety of TDF. 
The long-term study is needed for the evaluation of renal safety and 
bone mineral changes. 
    In conclusion, TDF treatment shows high rate of complete 
virologic response in CHB patients with LAM-resistance. TDF 
is tolerable and safe during the 96 weeks of treatment period. 
Pretreatment HBV DNA level is a predictive factor for antiviral 
response. 
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