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INTRODUCTION

Patients with chronic hepatitis B (CHB) and continuously high 

levels of serum hepatitis B virus (HBV) DNA have an increased risk 

for progression of hepatic fibrosis and development of hepatocel-

lular carcinoma (HCC).1,2 Current treatments for CHB aim to reduce 

the risk of hepatic events by providing complete virologic suppres-

sion.3-5 The introduction of nucleotide/nucleoside analogues 

(NUCs), which block the reverse transcription of HBV polymerase, 

has markedly improved the prognosis of these patients.6-9 Howev-

er, drug resistance remains a clinical challenge when using antivi-

ral therapies for CHB. The widespread use of antiviral agents with 

low genetic barriers to resistance, such as lamivudine (LAM), ade-

fovir (ADV), telbivudine (LdT), and clevudine (approved in South 
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Korea), as initial treatment is one of the main causes of the high 

prevalence of genotypic resistance to NUCs among patients with 

CHB in Asian countries.10 For example, patients taking LAM, the 

first approved oral nucleoside, have a 65% incidence of drug re-

sistance after 5 years of treatment.11 Before the introduction of te-

nofovir (TDF) and entecavir (ETV), ADV was the only available re-

cue therapy for patients with LAM resistance. However, sequential 

ADV monotherapy after the development of LAM resistance fails 

to achieve adequate virologic suppression in up to 25% of pa-

tients, and can also cause the development of genotypic resis-

tance.12,13 Several studies reported that a substantial proportion of 

patients who were treated with LAM+ADV combination therapy 

developed persistently inadequate or suboptimal virologic re-

sponses, and that mutations in the tyrosine-methionine-aspartic 

acid-aspartic acid (YMDD) motif persisted despite rescue combi-

nation therapy.14,15 A suboptimal response to antiviral therapy can 

increase the risk of developing resistance to multiple NUCs, and 

also increase the risk of end-stage liver disease and HCC.16,17 

Therefore, current guidelines suggest that the ideal treatment for 

CHB is to reduce the serum HBV DNA level to below the detection 

limit of real-time polymerase chain reaction (PCR).3,5

There is little consensus regarding the most effective antiviral 

therapy for patients with CHB who have suboptimal responses af-

ter LAM+ADV combination therapy. Before the approval of TDF, 

ETV+ADV was the most potent combination therapy for patients 

with CHB who had suboptimal responses to LAM+ADV.18 After its 

approval, TDF became an important and potent NUC used in anti-

viral regimens against CHB. In particular, TDF has high antiviral 

efficacy in patients with LAM resistance.19 However, in patients 

who have failed to respond to LAM+ADV, previous research sug-

gested that the efficacy of ETV or TDF monotherapy was inferior 

to that achieved in treatment-naïve patients.20-22 This emphasizes 

the need to identify the most effective combination therapy for 

treatment of multidrug-refractory CHB. Moreover, as patients with 

CHB require long-term antiviral therapy, they may develop resis-

tance to treatments, even TDF-containing regimens. Combination 

treatment may be a better option than monotherapy to prevent 

further resistance in patients with LAM-resistant HBV. A recent 

retrospective study in South Korea showed the superior efficacy 

of ETV+TDF compared to ETV+ADV in patients with LAM-resis-

tant HBV.23 No previous prospective studies have compared the 

efficacy of TDF+ETV with LAM/LdT+ADV in LAM-resistant pa-

tients who had suboptimal responses to LAM+ADV combination 

therapy. The present prospective study of patients with CHB with 

resistance to LAM or LdT, who showed suboptimal responses to 

antiviral combination rescue therapy (LAM+ADV or LdT+ADV), 

compared the efficacy and safety of switching to TDF+ETV rather 

than maintaining LAM/LdT+ADV.

MATERIALS AND METHODS

Study design

This study was a randomized, open-label, prospective, multi-

center trial of patients with infections by LAM- or LdT-resistant 

HBV (YMDD mutation) who had suboptimal responses to antiviral 

combination rescue therapy (LAM+ADV or LdT+ADV), and were 

receiving this therapy for at least 24 weeks. Patients were sub-

jected to block randomization (1:1 ratio) and assigned to two 

treatment arms: 1) ETV (1.0 mg) plus TDF (300 mg) once daily or 

2) LAM (100 mg) plus ADV (10 mg) or LdT 600 mg plus ADV (10 

mg) once daily. The primary endpoint was measured at week 48. 

At week 48, further treatment with commercially available thera-

pies performed was at the discretion of the investigator. During 

treatment, any patient who developed virologic breakthrough and 

showed alanine aminotransferase (ALT) flare (10-fold above the 

upper normal limit [ULN] of 40 IU/mL) or liver decompensation 

was dropped out of the study and transitioned to commercially 

available antiviral therapy.

This study was conducted in accordance with the ethical princi-

ples of the Declaration of Helsinki 1975 (revised in 2000) and the 

regulatory requirements of all participating countries. Institutional 

approval was obtained at all clinical sites, and written informed 

consent was provided by all study participants. This study was 

registered at ClinicalTrials.gov under number NCT01597934 

(https://clinicaltrials.gov/ct2/show/NCT01597934).

Patients

Patients with CHB, all of whom had detectable hepatitis B sur-

face antigen (HBsAg) at screening and at 24 weeks or more be-

fore screening, were recruited from six hospital clinics in South 

Korea. Eligible patients were male or female, aged 20 years or 

older, hepatitis B e-antigen (HBeAg)-positive or -negative, and 

had compensated liver function (Child-Pugh class A). In addition, 

all patients had genotypic resistance to LAM or LdT (YMDD muta-

tion) and were classified as suboptimal responders, defined as a 

>1 log10 IU/mL reduction in HBV DNA but with detectable HBV 

DNA (>60 IU/mL) after combination treatment with LAM  
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(100 mg/day) plus ADV (10 mg/day) for at least 24 weeks that 

was ongoing at the time of randomization.

Patients with any of the following characteristics were excluded: 

history of genotypic resistance to ADV; ALT level more than 10-

fold above the ULN; most recent treatment that was not 

LAM+ADV or LdT+ADV; coinfection with HCV or HIV; pregnant or 

lactating; long-term use of an immunosuppressant or agent asso-

ciated with high risk of hepatic/renal toxicity; history of liver trans-

plantation or planning for liver transplantation; diagnosis of a ma-

lignant tumor and receiving chemotherapy; history of HCC or 

evidence of HCC; renal insufficiency (creatinine clearance rate be-

low 50 mL/min based on the Cockcroft-Gault equation); liver dis-

ease other than CHB (e.g., hemochromatosis, Wilson’s disease, al-

coholic liver disease, nonalcoholic fatty liver disease); and history 

of hypersensitivity to a study drug.

Outcome analyses

The primary efficacy endpoint was virologic response, defined 

as an HBV DNA level below 60 IU/mL (approximately 300 copies/mL) 

based on real-time PCR measurements at week 48. 

The secondary efficacy endpoints were: 1) HBV DNA level be-

low 60 IU/mL at weeks 12, 24, and 36; 2) ALT normalization (be-

low the ULN); 3) mean HBV DNA level at weeks 12, 24, 36, and 

48; and 4) HBeAg loss, HBeAg seroconversion (among HBeAg 

positive patients), and HBsAg loss at weeks 24 and 48. Surveil-

lance of HBV antiviral drug resistance was performed on all base-

line samples and at weeks 12, 24, 36, and 48 if there was detect-

able HBV DNA.

After randomization, patients were evaluated at baseline and at 

weeks 12, 24, 36, and 48. At each visit, vital signs were recorded, 

physical examination was performed, and adverse events were 

recorded. Efficacy analyses were based on plasma HBV DNA level, 

liver biochemistry, and hematology (all measured at baseline and 

at weeks 12, 24, 36, and 48). Serological measurements of HB-

sAg, anti-HBs antibody, HBeAg, and anti-HBe antibody were per-

formed at weeks 24 and 48 using a radioimmunoassay (Abbott 

Laboratories, Abbott Park, IL, USA).

Routine biochemical tests (ALT, aspartate aminotransferase 

[AST], albumin, total bilirubin, and serum creatinine) were per-

formed using a Sequential Multiple Autoanalyzer. HBV DNA was 

measured using real-time PCR assay on a Cobas TaqMan 48 Ana-

lyzer (Roche Molecular Diagnostics, Branchburg, NJ, USA), which 

had a limit of detection of 20 IU/mL. Genotypic resistance was 

determined using restriction fragment mass polymorphism.24

Adverse events (AEs) and safety-related clinical laboratory tests 

were recorded at every visit. All patients with AEs that led to dis-

continuation were recorded up to week 48.

Statistical analysis

Efficacy analyses were performed based on patients who re-

ceived at least one dose of the study medication (modified intent-

to-treat analysis). Discontinuation of treatment prior to week 48 

was considered treatment failure for the primary endpoint. Since 

there were no clinical data on ETV+TDF combination treatment at 

the time of this study, the projected response rates were based on 

a previous study (4% for LAM+ADV and 29% for ETV+ADV).25 

Comparison of the number of patients who achieved the primary 

endpoint used two-sided Fisher’s exact test. A sample size of 104 

randomized patients (52 patients per treatment arm) was estimat-

ed to provide at least 90% power to detect a difference of up to 

25% between the two groups, based on Fisher’s exact test with a 

significance level of 0.05 and assuming a dropout rate of 20% 

over 1 year. 

Variables were expressed as means with standard deviations or 

numbers and percentages. Between-group comparisons of con-

tinuous variables were determined using an independent t-test. 

Categorical variables were compared using either chi-square test 

or Fisher’s exact test, as appropriate. Cumulative virologic re-

sponse during treatment was calculated using the Kaplan-Meier 

method, and curves were compared using a log-rank test. Univari-

ate and multivariate analyses were performed using logistic re-

gression to identify the factors associated with virologic response 

at week 48. Factors with P -values <0.2 in univariate analysis, 

along with clinical factors found to be important in previous stud-

ies, were included in the multivariate analysis. A P-value below 

0.05 was considered significant. All data were analyzed using 

SPSS (version 20.0; IBM, Somers, NY, USA).

RESULTS

Patient population 

We initially randomized 116 HBV patients, but excluded 25 pa-

tients who were deemed ineligible. As a result, we ultimately en-

rolled 45 patients in ETV+TDF group and 46 patients in LAM/

LdT+ADV group (Fig. 1). At the end of this study (week 48), 89 

patients received commercially available anti-HBV therapies; two 
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patients in LAM/LdT+ADV group were lost to follow-up. The two 

groups had similar baseline characteristics (Table 1). More specifi-

cally, the two groups had similar rates of liver cirrhosis (13.33% 

vs. 19.57%, P=0.423), HBeAg positivity (88.89% vs. 95.65%, 

P=0.266), HBV DNA level (4.36 vs.  4.08 log10 IU/mL, P=0.228), 

and ALT level (27 vs. 32 U/L, P=0.422). The two groups also had 

no significant differences in prior antiviral treatment regimens 

(Table 2) and genotypic resistance profiles (Table 3).

Figure 1. Study design. LAM, lamivudine; LdT, telbivudine; ADV, adefovir; ETV, entecavir; TDF, tenofovir.

116 patients were assessed for eligibility

91 underwent randomization

LAM/LdT+ADV
(n=46)

1 follow up loss
1 withdraw consent

LAM/LdT+ADV
(n=44)

ETV+TDF
(n=45)

25 screening 
failures

ETV+TDF
(n=45)

Table 1. Baseline characteristics of the two study groups

LAM/LdT+ADV (n=46) ETV+TDF (n=45) P-value

Age (years) 50.0±10.5 50.0±11.0 0.978

Sex (male) 28 (60.9) 31 (68.9) 0.512

Liver cirrhosis 9 (19.5) 6 (13.3) 0.574

Duration of prior NUC treatment (weeks) 307.9±116.8 327.7±113.4 0.536

Duration of ADV-based treatment (weeks) 166.8±82.3 173.1±85.3 0.934

Prior use of ETV 11 (23.9) 16 (35.6) 0.257

Log10 HBV DNA (IU/mL) 4.0±0.7 4.3±0.9 0.228

HBeAg positive 43 (93.5) 40 (88.9) 0.485

ALT (IU/L) 32.0±22.0 27.0±17.4 0.422

AST (IU/L) 28.0±12.7 23.0±8.3 0.285

Total bilirubin (mg/dL) 0.7±0.3 0.7±0.2 0.952

Albumin (g/dL) 4.6±0.2 4.6±0.3 0.634

Calcium (mg/dL) 9.3±0.3 9.3±0.3 0.850

Phosphate (mg/dL) 3.4±0.7 3.4±0.5 0.613

Creatinine (mg/dL) 0.8±0.2 0.8±0.1 0.718

eGFR (mL/min/1.73 m2) 42.0±20.5 42.0±20.5 0.889

Values are presented as mean±standard deviation or number (%).
LAM, lamivudine; LdT, telbivudine; ADV, adefovir; ETV, entecavir; TDF, tenofovir; NUC, nucleos(t)ides; HBV, hepatitis B virus; HBeAg, hepatitis B e antigen; ALT, 
alanine aminotransferase; AST, aspartate aminotransferase; eGFR, Estimated glomerular filtration rate. 
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Virologic response

The proportion of patients who achieved virologic response 

(HBV DNA level <60 IU/mL) at week 48 was significantly higher 

in ETV+TDF group than in LAM/LdT+ADV group (93.33% vs. 

6.52%, P<0.001). ETV+TDF group also had a significantly greater 

cumulative virologic response at week 12 (73.33% vs. 6.52%), 

week 24 (82.22% vs. 4.34%), week 36 (88.89% vs. 4.34%), and 

week 48 (93.33% vs. 6.52%) (log-rank-test: P<0.001 for all com-

parisons; Fig. 2). A total of 91.3% of patients who continued 

LAM/LdT+ADV treatment had virologic nonresponse (defined as a 

<1 log10 IU/mL reduction in HBV DNA concentration from baseline 

at week 24) at week 24, and 86.9% did not have a virologic re-

sponse (HBV DNA level ≥60 IU/mL) at week 48. A total of 7% 

(3/45) of the patients who received ETV+TDF did not have a viro-

logic response at week 48. These patients were all HBeAg-posi-

tive males who received previous ETV treatment. Their mean HBV 

DNA level was 5.93 log10 IU/mL at baseline, 4.63 log10 IU/mL at 

week 12, 4.31 log10 IU/mL at week 24, 3.97 log10 IU/mL at week 

36, and 3.07 log10 IU/mL at week 48. A study of baseline muta-

tions in reverse transcriptase (RT) indicated that one patient had 

rt180 (Met>Leu)+rt204(Val>Met)+rt184(Leu>Thr), one patient 

had rt204 (Ile>Met), and one patient had rt180 (Met>Leu)+ 

rt204(Val>Met). These mutations were still present, and addi-

tional mutations did not develop until week 48. The mean time to 

Table 3. HBV reverse transcriptase mutations of patients in the two study groups

Mutation(s) LAM/LdT+ADV ETV+TDF P-value

None 1 (2.2) 2 (4.4) 0.603

rt204(Ile→Met) 16 (34.8) 10 (22.2)

rt180 (Met→Leu) 1 (2.2) 0 (0.0)

rt180 (Met→Leu)+rt204(Val→Met) 13 (28.3) 10 (22.2)

rt180 (Met→Leu)+rt204(Ile→Met) 9 (19.6) 12 (26.7)

rt180 (Met→Leu)+rt204(Ile→Met)+rt204(Val→Met) 2 (4.3) 5 (11.1)

rt180 (Met→Leu)+rt204(Val→Met)+rt202(Gly→Ser) 1 (2.2) 2 (4.4)

rt180 (Met→Leu)+rt204(Val→Met)+rt184(Leu→Thr) 1 (2.2) 1 (2.2)

rt180 (Met→Leu)+rt204(Val→Met)+rt184(Ser/Met→Thr) 0 (0.0) 1 (2.2)

rt180 (Met→Leu)+rt204(Ile→Met)+rt204(Val→Met)+rt184(Ser/Met→Thr) 0 (0.0) 1 (2.2)

rt180 (Met→Leu)+rt204(Val→Met)+rt184(Leu→Thr)+rt202(Gly→Ser) 1 (2.2) 0 (0.0)

rt180 (Met→Leu)+rt204(Val→Met)+rt184(Leu→Thr)+rt250(Val→Met) 0 (0.0) 1 (2.2)

rt180 (Met→Leu)+rt204(Val→Met)+rt184(Ile/Ala→Thr)+rt202(Gly→Ser) 1 (2.2) 0 (0.0)

Values are presented as number (%).
LAM, lamivudine; LdT, telbivudine; ADV, adefovir; ETV, entecavir; TDF, tenofovir; Ile, isoleucine; Met, methionine; Leu, leucine; Val, valine; Ser, serine; Thr, 
threonine; Gly, glycine.

Table 2. Prior nucleos(t)ide treatment regimens in the two study groups

LAM/LdT+ADV ETV+TDF P-value

Prior regimen

No ETV use 0.499

LAM 21 (45.7) 13 (28.9)

LdT 2 (4.3) 0 (0.0)

CLV 0 (0.0) 1 (2.2)

LAM, ADV 10 (21.7) 9 (20)

CLV, ADV 1 (2.2) 3 (6.7)

LAM, CLV 0 (0.0) 1 (2.2)

LAM, ADV, LdT 1 (2.2) 2 (4.4)

ETV use 11 (23.9) 16 (35.6)

LAM, ETV 5 (10.9) 6 (13.3)

CLV, ETV 0 (0.0) 1 (2.2)

ADV, ETV 0 (0.0) 1 (2.2)

PegIFN, ETV 1 (2.2) 0 (0.0)

LAM, ADV, ETV 5 (10.9) 5 (11.1)

LAM, ETV, LdT 0 (0.0) 1 (2.2)

ETV, ADV, LdT 0 (0.0) 1 (2.2)

LAM, ADV, ETV, LdT 0 (0.0) 1 (2.2)

Treatment at baseline

LAM+ADV 30 (65.2) 28 (62.2) 0.829

LAM+LdT 16 (34.8) 17 (37.8)

Values are presented as number (%).
LAM, lamivudine; LdT, telbivudine; ADV, adefovir; ETV, entecavir; TDF, 
tenofovir; CLV, clevudine; PegIFN, peginterferon.
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virologic response was 18.33 weeks in ETV+TDF group and 43.13 

weeks in LAM/LdT+ADV group.

Our analysis of the changes in viral load over time (Fig. 3) indi-

cated that the mean log10 HBV DNA level (IU/mL) in the two 

groups were similar at baseline (4.08 vs. 4.36 IU/mL). However, 

TDF+ETV had significantly greater decreases at weeks 12, 24, 36, 

and 48 (P<0.001 for all comparisons).

Univariate and multivariate analyses were performed to identify 

the factors associated with virologic response at week 48 (Table 4). 

Factors assessed in univariate analyses included treatment meth-

od (LAM/LdT+ADV vs. TDF+ETV), age, sex, presence of liver cir-

rhosis, overall duration of previous NUC treatment, duration of 

previous ADV treatment, serum baseline HBV DNA concentration, 

HBeAg positivity, prior use of ETV, baseline resistance, and ALT 

level. Multivariate analysis showed that treatment with TDF+ETV 

and low baseline HBV DNA concentration were significantly and 

positively associated with virologic response.

We performed the same analyses separately for each treatment 

group (data not shown). Only the patients in LAM/LdT+ADV 

group who achieved virologic response had low baseline HBV 

DNA levels (<4 vs. ≥4 log10 IU/mL: 21.1% [4/19] vs. 0% [0/26], 

P=0.026). Patients in ETV+TDF group were less likely to achieve a 

Table 4. Univariate and multivariate analyses of the association of clinical factors with virologic response at week 48

Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

Age 0.992 0.954–1.031 0.667

Sex, male/female 1.181 0.495–2.819 0.708

Liver cirrhosis 1.714 0.555–5.297 0.349

Duration of prior NUC treatment 0.995 0.981–1.010 0.526

Duration of ADV-based treatment 0.995 0.975–1.015 0.621

Log10 HBV DNA 1.172 0.721–1.906 0.523 11.591 2.112–63.613 0.005

HBeAg positivity 6.450 0.744–55.948 0.091 36.618 0.518–2,586.962 0.097

ALT 1.017 0.993–1.041 0.157 1.019 0.978–1.061 0.373

Prior use of ETV 0.857 0.344–2.137 0.742

Treatment method, TDF+ETV vs. LAM/LdT+ADV 0.007 0.001–0.033 0.001 0.001 0.001–0.012 0.001

Baseline genotypic resistance 1.232 0.968–1.569 0.090 1.245 0.715–2.169 0.439

HR, hazard ratio; CI, confidence interval; NUC, nucleos(t)ide; ADV, adefovir; HBV, hepatitis B virus; HBeAg, hepatitis B e antigen; ALT, alanine aminotransferase; 
ETV, entecavir; TDF, tenofovir; LAM, lamivudine; LdT, telbivudine.

Figure 2. Cumulative virologic responses in the two groups. Solid line: 
TDF+ETV group; dotted line: LAM/LdT+ADV group. ETV, entecavir; TDF, 
tenofovir; LAM, lamivudine; LdT, telbivudine; ADV, adefovir.
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virologic response if they had high baseline HBV DNA levels (<5 

vs. ≥5 log10 IU/mL: 100% [36/36] vs. 66.7% [6/9], P=0.006). 

None of the other baseline clinical factors were associated with 

virologic response in this subgroup analysis. 

Resistance surveillance 

We collected serum samples from baseline to week 48 in all pa-

tients. For patients with detectable serum HBV DNA, we geno-

typically analyzed the samples for mutations in HBV RT that are 

associated with resistance to LAM, ADV, and ETV (Table 5). 

Among those with one or more RT mutations associated with ETV 

resistance at baseline, 16.6% (1/6) in ETV+TDF group and 75% 

(3/4) in LAM/LdT+ADV group retained these mutations until week 

48 (P=0.106). Among those who did not have RT mutations asso-

ciated with ETV resistance at baseline, two of 39 patients in 

ETV+TDF group developed RT mutations associated with ETV re-

sistance (one at week 12 and one at week 24). In LAM/LdT+ADV 

group, two of 42 patients developed mutations associated with 

ETV resistance (one at week 36 and one at week 48). Among pa-

tients with ETV resistance at baseline or during treatment, three 

patients in ETV+TDF group (one at baseline, one at week 12, one 

at week 24) and two patients in LAM/LdT+ADV group (one at 

week 36, one at week 48) were ETV-naïve. However, in ETV+TDF 

group, complete suppression was achieved in all but one patient 

with baseline ETV resistance mutations in RT after 48 weeks of 

ETV+TDF treatment. In LAM/LdT+ADV group, virologic response 

could not be achieved in three of four patients who had baseline 

RT mutations associated with ETV resistance, and additional mu-

tations associated with ETV resistance developed even when con-

tinuing LAM/LdT+ADV treatment. We also analyzed the genotypic 

RT mutations associated with ADV resistance in all patients from 

baseline to week 48; a single patient in ETV+TDF group had such 

a mutation at week 24, but this mutation was no longer present 

at weeks 36 and 48, and this patient achieved virologic response 

following ETV+TDF treatment.

Biochemical and serologic responses

Five patients in ETV+TDF group and 11 patients in LAM/LdT+ 

ADV group had elevated ALT levels (≥40 IU/mL) at baseline. After 

48 weeks, the ALT level normalized in one patient (20%) in 

ETV+TDF group and in two patients (18.2%) in LAM/LdT+ADV 

group (P=1.000, Kaplan-Meier method).

Forty patients in ETV+TDF group (88.9%) and 44 patients 

(95.6%) in LAM/LdT+ADV group were HBeAg-positive at base-

line. Two patients (5%) in ETV+TDF group approached HBeAg se-

roconversion, and one patient (2.3%) in LAM/LdT+ADV group 

achieved HBeAg seroconversion (P=0.606).

Table 5. Genotypic resistance to ETV (top) and ADV (bottom) from baseline to week 48 in the two study groups

Mutation and date LAM/LdT+ADV ETV+TDF P-value

Resistance mutation to ETV at baseline 4 (8.7) 6 (13.3) 0.522

Retention of baseline mutations at week 12 3 (6.5) 2 (4.4) 1.000

Additional emergence of mutations at week 12 0 (0.0) 1 (2.2)

Retention of baseline mutations at week 24 3 (6.5) 2 (4.4) 1.000

Additional emergence of mutations at week 24 0 (0.0) 1 (2.2)

Retention of baseline mutations at week 36 3 (6.5) 1 (2.2) 0.192

Additional emergence of mutations at week 36 1 (2.1) 0 (0.0)

Retention of baseline mutations at week 48 3 (6.5) 1 (2.2) 0.106

Additional emergence of mutations at week 48 2 (4.3) 0 (0.0)

Resistance mutation to ADV at baseline 0 (0.0) 0 (0.0)

Retention of baseline mutations at week 24 0 (0.0) 0 (0.0) 1.000

Additional emergence of mutations at week 24 0 (0.0) 1 (2.2)

Retention of baseline mutations at week 48 0 (0.0) 0 (0.0) 1.000

Additional emergence of mutations at week 48 0 (0.0) 0 (0.0)

Values are presented as number (%).
ETV, entecavir; ADV, adefovir; LAM, lamivudine; LdT, telbivudine; TDF, tenofovir.
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Safety 

There were 35 adverse events in 23 patients (11 in LAM/LdT+ 

ADV group and 12 in ETV+TDF group) during the 48-week study 

period, and three of these events were related to the study drug 

(one patient with chest pain in LAM/LdT+ADV group, two pa-

tients with nausea and dyspepsia in ETV+TDF group, P=0.762). 

Two patients in ETV+TDF group (one with unstable angina, one 

with headache) and two patients in LAM/LdT+ADV group (both 

with HCC) discontinued therapy due to severe adverse events. 

However, none of these severe adverse events were related to the 

study drugs, and these patients improved after receiving medical 

treatment. None of the patients experienced elevated serum cre-

atinine (≥0.5 mg/dL), decreased serum phosphorus (≤3 mg/dL), 

or serum ALT flare (>10-fold above the ULN) during the study pe-

riod. 

DISCUSSION

The results of this trial of patients with LAM-resistant HBV who 

showed suboptimal response to LAM/LdT+ADV combination ther-

apy clearly showed that treatment with ETV+TDF provided signifi-

cantly more suppression of HBV than did treatment with LAM/

LdT+ADV. Moreover, continuation of LAM/LdT+ADV treatment 

provided little antiviral benefit, and also increased the emergence 

of additional RT mutations that confer resistance to ADV.

Previous studies have recommended LAM/LdT+ADV combina-

tion therapy as a treatment option for patients with LAM-resistant 

HBV infections.3-5 This combination therapy can prevent additional 

development of ADV-resistant mutations.13,26 However, as the use 

of continued LAM has no effect on virologic response in patients 

with LAM-resistant HBV, the combination of LAM/LdT+ADV pro-

vides no increased antiviral efficacy relative to ADV monothera-

py.13,14 Furthermore, ADV has modest potency in suppressing HBV 

DNA replication,3 and a substantial proportion of patients have 

shown inadequate or suboptimal virologic responses during treat-

ment with LAM/LdT+ADV.13,27

Following the introduction of ETV and TDF, numerous studies 

have assessed the antiviral efficacy of ETV alone, ETV+ADV, TDF 

alone, and TDF+ETV in patients with antiviral drug-resistant 

HBV.22,28-31 ETV monotherapy is not optimal for the treatment of 

LAM-refractory HBV, as it leads to a lower virologic response rate 

in patients with LAM-resistant HBV than in LAM-naïve patients, 

and LAM-resistant HBV has partial resistance to ETV.28,29 In addi-

tion, genotypic resistance to ETV frequently emerges during long-

term treatment of patients with LAM resistance.29,32 Prior studies 

showed that ETV+ADV led to better antiviral efficacy than did 

LAM+ADV.25 Furthermore, TDF-containing regimens had better 

antiviral efficacy compared to ETV+ADV.23 Recent studies showed 

that TDF monotherapy provided a virologic response comparable 

to that of TDF+ETV combination therapy, even in patients with 

ADV-resistant HBV and multiple-drug failures.33,34

Since none of the patients in this study was treated with TDF 

monotherapy, efficacy and safety could not be compared between 

patients who were treated with TDF and those treated with 

TDF+ETV. The efficacy of TDF was shown to be non-inferior to 

that of TDF+ETV, with TDF monotherapy associated with lower 

costs and lower risks of adverse events compared to TDF+ETV.33-35 

Nevertheless, antiviral resistance can emerge despite resistance to 

TDF having a very high barrier.36 In this study, baseline ETV resis-

tance remained even after 48 weeks of TDF+ETV combination 

therapy. Since patients with CHB require long-term antiviral ther-

apy, resistance to highly potent antiviral agents could develop if 

HBV quasispecies perpetually evolve and acquire drug-resistant 

mutations under pressure from these antiviral agents.36,37 At that 

point, long-term TDF+ETV combination therapy might be a better 

option than long-term TDF monotherapy. To our knowledge, this 

is the first prospective study of patients who had LAM-resistant 

HBV and suboptimal responses to LAM/LdT+ADV to directly com-

pare the efficacy of switching to ETV+TDF and continuing LAM/

LdT+ADV. 

This study found that the DNA suppression rate at week 48 

with ETV+TDF treatment was 93.33%. This rate was higher than 

that observed when LAM-resistant patients were treated with 

ETV+TDF (84.8%),23 and much higher than that observed in pa-

tients infected with HBV variants that were resistant to LAM and 

ETV in a real-world study (51.8%).35 These previous studies, how-

ever, were retrospective in design. Therefore, this study is the first 

randomized prospective trial of South Korean patients who had 

LAM-resistant HBV infections and suboptimal responses to LAM/

LdT+ADV.

The reason for the higher virologic response observed in the 

present study is probably that we excluded patients with ADV re-

sistance when enrolling the patients, as one of the treatment 

arms was LAM+ADV. It has been shown that the response to 

LAM+ADV is greatly reduced in patients with high viral loads and 

mutations, causing resistance to both drugs (e.g., rtA181V/T with 

or without rtN236T) at the initiation of treatment.27,38 However, 

57.1% of the enrolled patients changed antiviral agents more than 
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three times before our LAM/LdT+ADV regimen; 29.7% received 

ETV treatment and 8.7% had mutations associated with ETV re-

sistance and LAM resistance. Therefore, the efficacy of TDF+ETV 

treatment in our patients could be considered excellent compared 

to previous studies. The excellent virologic response to 48 weeks 

of TDF+ETV combination therapy in this study suggests that com-

bination therapy could be a better option for patients with subop-

timal response to LAM/LdT+ADV for the prevention of further re-

sistance. More specifically, 48 weeks of TDF+ETV combination 

therapy was highly effective in rapidly reducing the serum HBV 

DNA level to below the detection limit of real-time PCR, and 

thereby preventing the development of resistance.

Importantly, we found that the continuation of LAM/LdT+ADV 

treatment in patients with suboptimal responses provided little 

antiviral benefits to patients who had LAM-resistant HBV, and 

also promoted the emergence of multidrug-resistant strains of 

HBV. In fact, 91.3% of patients who continued on LAM/LdT+ADV 

experienced virologic nonresponse at week 24, and 86.9% did 

not experience virologic response at week 48. Furthermore, three-

quarters of the patients in LAM/LdT+ADV group who had base-

line ETV resistance did not achieve virologic response, and 4.7% 

(2/42) of patients also developed additional RT mutations respon-

sible for ETV resistance while receiving LAM/LdT+ADV. However, 

with the exception of one patient with baseline ETV resistance 

mutation, all of the patients who were treated for 48 weeks with 

ETV+TDF combination treatment showed complete virologic sup-

pression. These findings suggest that ETV+TDF combination treat-

ment can provide virologic suppression, even if there are muta-

tions other than those that cause LAM resistance. A previous 

study reported that 15% (5/33) of HBV patients without muta-

tions that were associated with ADV resistance at baseline devel-

oped ADV resistance mutations at week 52 during continuous 

LAM/LdT+ADV treatment.25 We found no additional ADV resis-

tance in LAM/LdT+ADV group, probably because we had exclud-

ed patients with ADV resistance at baseline.

Our patients generally exhibited good tolerance to each drug 

combination during the 48-week treatment period. No patient re-

quired dose reduction or discontinuation due to a drug-related 

adverse event. There were also no significant changes in serum 

creatinine and serum phosphorus concentrations.

This study had some limitations. First, the study duration was 

relatively short. Although ETV+TDF combination treatment 

showed excellent virologic suppression in patients with LAM-re-

sistant HBV who had suboptimal responses to LAM/LdT+ADV, 7% 

(3/45) of the patients who received ETV+TDF still showed incom-

plete virologic suppression at week 48. Since ETV resistance can 

develop several years later in patients with LAM resistance, the 

duration of this study (48 weeks) was insufficient to examine this 

effect. Second, this study had an open label design, with no pla-

cebo and no blinding. Although our endpoints were objective (vi-

rologic response and biochemical response) and were determined 

by laboratory tests, more objective measurements of adverse 

events could be achieved with blinding. Finally, a recent trial 

showed that TDF monotherapy was comparable to ETV+TDF com-

bination therapy in patients infected with HBV variants that were 

resistant to ADV and ETV.33,34 Therefore, it might be more infor-

mative to compare TDF monotherapy with ETV+TDF.

In summary, this study had three major conclusions. First, 

ETV+TDF led to a significantly higher rate of virologic response 

compared to LAM/LdT+ADV in patients with LAM-resistant HBV 

who had suboptimal responses to LAM/LdT+ADV regardless of 

the HBV genotypic resistance profile. Second, the continuation of 

LAM/LdT+ADV provided very little antiviral benefit, and increased 

the risk of RT mutations that confer drug resistance. Third, the 

two treatment regimens had similar safety profiles. Therefore, we 

conclude that promptly switching to a more potent antiviral regi-

men should be considered for patients who have LAM-resistant 

HBV infections and suboptimal responses to LAM/LdT+ADV ther-

apy, and that ETV+TDF combination treatment is a viable option.
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