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Background/Aims: A recent study reported that entecavir had inferior efficacy in nucleos(t)ide analogue (NA)-
experienced chronic hepatitis B (CHB) patients compared to NA-naïve patients. We sought to compare the efficacy of 
tenofovir disoproxil fumarate (TDF) in NA-experienced and NA-naïve CHB patients. 
Methods: We retrospectively enrolled 252 consecutive patients who had a serum hepatitis B virus (HBV) DNA level 
greater than 2,000 IU/mL at the initiation of TDF treatment and who received TDF for at least 6 months. Complete 
virologic suppression (CVS) was defined as undetectable serum HBV DNA. We generated a multivariate Cox proportional-
hazard model to examine predictive factors that were independently associated with time to CVS. 
Results: The mean age of patients was 48.2 years, and the cohort included 181 NA-naïve patients and 71 NA-
experienced patients. The median duration of TDF treatment was 14.4 (interquartile range, 9.5-17.8) months. A total of 
167 (92.3%) of 181 NA-naïve patients achieved CVS, and 60 (84.5%) of 71 NA-exposed patients achieved CVS. Forty-nine 
(89.1%) of 55 patients who previously took an NA aside from adefovir and 11 (68.8%) of 16 adefovir-experienced patients 
achieved CVS. In multivariable analysis, previous adefovir exposure significantly influenced time to CVS (hazard ratio, 0.37; 
95% confidence interval, 0.19-0.72; P=0.003), after adjusting for HBeAg positivity, baseline HBV DNA level and cirrhosis.
Conclusions: Tenofovir had inferior efficacy in adefovir-experienced CHB patients compared to NA-naïve patients. The 
response of patients with previous adefovir exposure to TDF monotherapy should be monitored closely. 
(Clin Mol Hepatol 2017;23:66-73)
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INTRODUCTION 

Chronic hepatitis B (CHB) is a global health problem because of 

its potentially serious outcomes, including cirrhosis, hepatic de-

compensation, and hepatocellular carcinoma. The primary goal of 

CHB therapy is to prevent disease progression and prolong surviv-

al through long-term suppression of hepatitis B virus (HBV) repli-

cation.1-3 A recent cohort study reported that entecavir failed to 

show comparable efficacy in nucleos(t)ide analogue (NA)-experi-

enced CHB patients and NA-naïve patients,4 which suggests the 
important role of previous treatment history in patients with CHB.

Tenofovir disoproxil fumarate (TDF) has been recommended by 

international guidelines for the treatment of CHB with or without 

NA-resistant mutations.1,2 TDF has demonstrated strong, long-

term antiviral efficacy in treatment-naïve CHB patients,5 and TDF 
therapy has also shown efficacy in CHB patients with altered re-

sponsiveness to lamivudine and adefovir.6 Additionally, TDF 

showed comparable efficacy in lamivudine-experienced and NA-

naïve patients, irrespective of the presence of NA-resistant muta-
tions.7 A retrospective study reported that TDF therapy has excel-

lent long-term antiviral efficacy, even in NA-experienced patients 

with previous treatment failure.8

Currently, no guidelines exist regarding the selection of an anti-

viral agent in NA-experienced patients without detectable geno-

typic resistance;9,10 these patients are frequently treated as NA-

naïve patients in clinical practice. Therefore, we conducted a 
retrospective cohort study to compare treatment responses and 

durations of TDF in NA-experienced CHB patients and NA-naïve 
patients.

MATERIALS AND METHODS

Study population

This retrospective cohort study included NA-naïve and NA-ex-

perienced CHB patients who were treated with TDF monotherapy 

between 2010 and 2013 at Seoul National University Hospital 

(Seoul, Korea). We included CHB patients with baseline serum 

HBV DNA levels of greater than 2,000 IU/mL who were treated 

with TDF for more than 6 months. Four patients who had a histo-

ry of liver transplantation were excluded from the study and there 

was no coinfection with hepatitis C, hepatitis D, or human immu-

nodeficiency virus. All patients were evaluated every 3 to 6 

months with biochemical and virologic assessments, which in-

cluded the presence of hepatitis B e antigen (HBeAg) and anti-

body and serum levels of alanine aminotransferase, HBV DNA, 

and creatinine. Genotypic mutation analysis was performed at 

baseline and in cases of virologic breakthrough, which was de-

fined as an increase in HBV DNA levels of at least 1 log IU/mL 

compared to the nadir, or incomplete response, which was de-

fined as detectable HBV DNA after 6 months of therapy. The 

study was approved by the Institutional Review Board of the 

Seoul National University Hospital; the requirement for informed 

consent was waived.

Study endpoints and measurements

The primary endpoint of this study was complete virologic sup-

pression (CVS), defined as an HBV DNA level less than 20 IU/mL, 

as determined by quantitative polymerase chain reaction (PCR) 

assay.11,12 We also evaluated factors that predicted or influenced 

the rate of CVS.

Serum HBV DNA levels were measured using either the Abbott 

m2000 (Abbott Diagnostics, Chicago, IL, USA) quantitative PCR 

assay, which has a lower limit of detection of 15 IU/mL, or the 

Roche COBAS TaqMan (Roche Molecular System, Branchburg, NJ, 

USA) quantitative PCR assay, which has a lower limit of detection 

of 20 IU/mL. Direct PCR-based DNA sequencing was performed 

to identify HBV polymerase gene mutations conferring resistance 

to lamivudine (rtM204V/I/S, rtL180M), adefovir (rtA181T/V, 

rtN236T), and entecavir (rtL180M + rtM204V/I ± rtI169T ± rt-

V173L ± rtM250V/I/L/M ± rtT2184S/A/I/L/G/C/M ± rtS202I/G ± 

I163V/A186T).

Statistical analysis

Continuous variable values were reported as median value with 

interquartile range, unless all are normally distributed. We used 

the Student’s t-test or Mann-Whitney test to compare continuous 

variables between NA-experienced and NA-naïve patient groups, 
and we used the chi-square test or Fisher’s exact test to compare 

categorical variables. We used analysis of variance to compare 

continuous variables. We performed multivariate Cox regression 

analysis to analyze the association between previous exposure to 

antivirals and CVS during TDF treatment, while controlling for po-

tential confounders. Statistical analysis was performed using SPSS 

statistics software for Windows, version 19.0 (IBM Corp., Ar-

monk, NY, USA). P-values less than 0.05 were considered statisti-

cally significant.
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RESULTS

Study population

A total of 252 patients started TDF therapy during the study pe-

riod. The mean (±standard deviation) age of the patients included 

in our study was 48.2 (±11.5) years, and 129 (51.2%) of the pa-

tients were male. The median duration of TDF treatment was 14.4 

months (interquartile range, 9.5-17.8) and the median follow-up 

duration was 14.5 months (interquartile range, 9.5-17.8). Table 1 

summarizes the baseline clinical and laboratory characteristics ac-

cording to treatment group. The study population included 181 

NA-naïve patients and 71 NA-experienced patients. Patients in 

both groups had similar baseline characteristics. Pretreatment 

HBV DNA level and HBeAg positivity rate were higher in the NA-

experienced group than in the NA-naïve group, but the difference 

was not significant (P=0.40 and P=0.08, repectively). The pres-

ence of cirrhosis and the duration of TDF treatment were not sig-

nificantly different between the two groups (P=0.49 and P=0.58, 

respectively). Among the 71 NA-experience patients, 9 patients 

showed suboptimal response to prior NA treatment and 17 expe-

rienced virologic breakthrough; the remaining 45 patients had no 

history of either incomplete response or virologic breakthrough. 

Further, in this group, there were 57 with no drug resistance, 8 

with lamivudine resistance, 3 with entecavir resistance and 6 with 

multiple drug resistant mutants. Table 2 describes the presence of 

Table 1. Baseline characteristics by treatment group

　 NA-naïve (n=181) NA-experienced (n=71) P-value

Age (years) 48±12 49±12 0.51 

Male, n (%) 99 (54.7) 45 (63.4) 0.21 

Serum ALT (IU/L) 83 (48-165) 91 (49-183) 0.76 

Serum creatinine (mg/dL) 0.8 (0.5-2.1) 0.9 (0.5-1.2) 0.63 

Serum HBV DNA (log10 IU/mL) 6.3 (5.2-7.4) 5.9 (3.4-8.2) 0.40 

HBeAg–positive, n (%) 65 (37.8) 34 (50.0) 0.08 

Presence of cirrhosis, n (%) 99 (54.7) 38 (54.3) 0.95 

Prior treatment with LAM

    LAM-experienced 57 (80.2)

    LAM resistance at baseline 14 (19.7)

Prior treatment with ADV

    ADV-experienced 13 (18.3)

    ADV resistance at baseline 3 (4.2)

Duration of current treatment (months) 14.3 (8.6-17.9) 14.5 (10.0-17.6) 0.69 

Mean age data are given as mean±standard deviation. Unless otherwise indicated, data are medians, and data in parentheses are interquartile ranges. Liver 
cirrhosis was diagnosed when the platelet count was below 100,000/mm3 and associated splenomegaly or esophageal-gastric varices were detected.
NA, nucleos(t)ide analogue; ALT, alanine aminotransferase; HBV, hepatitis B virus; HBeAg, hepatitis B antigen; LAM, lamivudine; ADV, adefovir.

Table 2. Baseline polymerase sequence mutations

Sites of resistant mutation Drug
NA except 

ADV-experienced 
ADV-experienced Total 

M204I LAM 1 1

A181V LAM/ADV 0

L180M+M204I/V LAM 3 1 4

L180M+M204V+V173L LAM 3 3

L180M+M204I/V±T184±S202 LAM/ETV 1 2 3

L180M+M204I/V+S202+A181T/V LAM/ETV/ADV 2 2

L180M+M204I/V+N236T LAM/ADV 1 1

NA, nucleos(t)ide analogue; ADV, adefovir; LAM, lamivudine; ETV, entecavir.
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baseline polymerase gene mutations in each patient group.

Treatment response to TDF and predictive factors for 
CVS

Figure 1 shows the median changes in HBV DNA levels at each 

time point during TDF therapy. At 3 months and 12 months, the 

decrease in HBV DNA was marginally less prominent in the NA-

experienced group than in the NA-naïve group (both P=0.058, 

Fig. 1A). However, the decrease in HBV DNA was comparable be-

tween NA-experienced except ADV group and ADV-experienced 

group (Fig. 1B).

A total of 167 (92.3%) of the 181 NA-naïve patients achieved 

CVS, and 60 (84.5%) of 71 NA-exposed patients achieved CVS. 

When NA-experienced patients were further categorized into ad-

efovir-naïve patients and adefovir-experienced patients, 49 

(89.1%) of 55 with NA except adefovir-experienced patients and 

11 (68.8%) of 16 with adefovir-experienced patients achieved 

CVS. Multivariate Cox regression model revealed that previous 

adefovir exposure significantly influenced the time to CVS (HR, 

0.37; 95% CI, 0.19-0.72; P=0.003), after adjusting for HBeAg 

positivity, baseline HBV DNA level and cirrhosis (Fig. 2, Table 3). 

The TDF-induced CVS rate in adefovir-experienced patients 

without adefovir-resistant mutants (10/13, 90.9%) was higher 

than in adefovir-experienced patients with adefovir-resistance 

(1/3, 9.1%) (P=0.014 by log rank test).

Next, we separately analyzed the impact of previous adefovir 

exposure in subgroups of patients who were HBeAg-positive and 

HBeAg-negative. The results of the subgroup analyses revealed 

that the impact of previous adefovir-exposure was significant in 

the HBeAg-positive group (P=0.004, Table 4). In the HBeAg-neg-

ative group, the CVS was lower in the adefovir-experience group, 

although it failed to reach statistical significance (Table 5).

During the TDF treatment period, virologic breakthrough oc-

Figure 2. Efficacy with tenofovir therapy: cumulative probabilities of 
complete virologic suppression (undetectable serum hepatitis B virus 
DNA). Adefovir-experienced patients had a significantly lower likelihood 
of complete virologic suppression than treatment-naïve patients. NA, 
nucleos(t)ide analogue; ADV, adefovir.
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curred in two patients. Both patients had multi-drug resistance 

for lamivudine, adefovir, and entecavir. One patient had rtL180M, 

rtA181T, rtM204V, and rtS202G mutations and the other patient 

had rtL180M, rtA181V, rtM204V, and rtS202G mutations of HBV 

polymerase.

DISCUSSION

This was the first study to compare the efficacy of TDF therapy 

in NA-naïve and NA-experienced patients. TDF demonstrated in-

ferior efficacy in adefovir-experienced CHB patients compared to 

NA-naïve patients. CHB patients with a history of adefovir expo-

sure had a significantly lower CVS rate than those without previ-

ous adefovir exposure.

Patients with drug-resistant CHB have a poor prognosis com-

pared to patients without drug resistance.13 Recently, the risk of 

developing NA-resistant mutations has decreased in treatment-

naïve patients after widespread use of highly potent antiviral 

agents with high genetic barriers, such as entecavir and TDF.5,8 A 

recent study showed that the efficacy of TDF was preferable to 

entecavir for achieving CVS in NA-experienced CHB patients with-

Table 4. Univariate and multivariate analyses of factors associated with complete virologic suppression in 99 HBeAg-positive patients 

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Age 1.01 (1.00-1.01) 0.59 

Gender (male vs. female) 0.90 (0.57-1.41) 0.64 

Presence of cirrhosis 0.96 (0.62-1.51) 0.87

Baseline HBV DNA (log10 IU/mL) 0.88 (0.77-1.00) 0.06 0.82 (0.71-0.95) 0.007

High baseline ALT level (above ULN) 0.93 (0.51-1.68) 0.80

Baseline serum creatinine (mg/dL) 0.33 (0.09-1.25) 0.10 0.33 (0.07-1.01) 0.07

Previous treatment 

NA-naïve 1.00 (reference) 1.00 (reference)

NA except ADV- experienced 1.08 (0.64-1.82) 0.77 0.83 (0.47-1.45) 0.51

ADV experienced 0.47 (0.21-1.04) 0.06 0.28 (0.12-0.66) 0.004

HBeAg, hepatitis B antigen; HR, hazard ratio; CI, confidence interval; HBV, hepatitis B virus; ALT, alanine aminotransferase; ULN, upper limit of normal; NA, 
nucleos(t)ide analogue; ADV, adefovir.

Table 3. Univariate and multivariate analyses of factors associated with complete virologic suppression

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Age 1.01 (1.00-1.02) 0.04 -

Gender (male vs. female) 0.84 (0.65-1.10) 0.20 

Presence of cirrhosis 1.30 (1.00-1.69) 0.05 0.90 (0.69-1.19) 0.48

HBeAg-positive 0.33 (0.25-0.44) <0.001 0.44 (0.32-0.60) <0.001

Baseline HBV DNA (log10 IU/mL) 0.75 (0.69-0.82) <0.001 0.75 (0.68-0.83) <0.001

High baseline ALT level (above ULN) 0.92 (0.64-1.30) 0.62

Baseline serum creatinine (mg/dL) 0.38 (0.19-0.78) 0.01 - 0.06

Previous treatment 

NA-naïve 1.00 (reference) 1.00 (reference)

NA except ADV-experienced 0.96 (0.70-1.32) 0.82 0.81 (0.58-1.13) 0.21

ADV experienced 0.43 (0.23-0.80) 0.007 0.37 (0.19-0.72) 0.003

HR, hazard ratio; CI, confidence interval; HBeAg, hepatitis B antigen; ALT, alanine aminotransferase; HBV, hepatitis B virus; ULN, upper limit of normal; NA, 
nucleos(t)ide analogue; ADV, adefovir.
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out genotypic resistance, which suggests that previous antiviral 

treatment has clinical implications regarding the selection of an 

antiviral agent irrespective of preexisting genotypic resistance.14 

Likewise, our previous study showed that prior treatment with 

low-potency lamivudine affected the long-term efficacy of ente-

cavir, even without genotypic resistance to lamivudine.4 Drug- re-

sistant mutations developed from previously used drugs are pre-

served in covalently closed circular DNA in the liver, and these 

mutations might attenuate the efficacy of subsequent drugs to 

which the virus was not previously exposed.15 We found that 

treatment response to TDF was significantly less pronounced in 

adefovir-experienced patients than in treatment-naïve patients, 

and this finding may have resulted from the patients with adefo-

vir-resistance. In fact, in this study, the TDF-induced CVS rates in 

adefovir-experienced patients without adefovir-resistant mutants 

were significantly higher than those in adefovir-experienced pa-

tients with adefovir-resistance. Additionally, two patients with 

previous NA-exposure experienced viral breakthroughs during 

TDF treatment. Although TDF resistance has not yet been identi-

fied in CHB patients, our findings suggest that long-term TDF 

monotherapy might result in genetic resistance in adefovir-experi-

enced patients. In fact, a case report of virological breakthrough 

during TDF treatment with multi-site polymerase mutations high-

lighted the potential risk of development of TDF-resistant muta-

tions in patients exposed to sequential antiviral therapy.16 The 

treatment efficacy of highly potent antiviral agents might de-

crease in patients who have previous experience with low-potency 

NAs, so high-potency antiviral agents, such as entecavir or TDF, 

should be considered as first-line therapy.

There was a difference in treatment response between patients 

with adefovir genotypic resistance and those without adefovir re-

sistance. In an in vitro  study, the rtA181T and rtN236T double 

mutation reduced sensitivity to TDF by ten-fold.17 The results of 

another study indicated that the major adefovir-resistance muta-

tion, rtN236T, conferred three- to four-fold reduced susceptibility 

to TDF in cell culture.18 In human studies, however, there is con-

troversy regarding this issue. Patterson et al. reported that the ef-

ficacy of TDF rescue therapy following failure of both lamivudine 

and adefovir was inferior compared to its efficacy in treatment-

naïve patients.19 In contrast, a recent randomized controlled trial 

performed in Korea showed that TDF monotherapy demonstrated 

comparable efficacy to TDF plus entecavir combination therapy 

and was, therefore, a feasible treatment option for patients with 

adefovir-resistant disease.20 However, the follow-up duration was 

only 96 weeks in this study, so a longer-term follow-up study is 

needed to confirm these findings.

In this study, cirrhosis had a borderline association with in-

creased CVS in the univariate analysis. However, the marginal as-

sociation disappeared after adjusting for confounding factors such 

as HBeAg status or HBV DNA levels in the multivariate analysis. 

These different results may have been caused by the close nega-

tive association between HBeAg-positivity and the presence of 

cirrhosis. Another explanation for the association between cirrho-

sis and CVS is decreased replication space in cirrhosis. Replication 

space for HBV has been regarded as the potential of the liver to 

accommodate new transcriptional templates or molecules of co-

valently closed circular DNA.21 In cirrhosis, decreased replication 

space may lead to increased viral response. 

Table 5. Univariate and multivariate analyses of factors associated with complete virologic suppression in 153 HBeAg-negative patients

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Age 1.01 (1.00-1.03) 0.36 

Gender (male vs. female) 0.83 (0.90-1.16) 0.28 

Presence of cirrhosis 1.00 (0.70-1.42) 0.98

Baseline HBV DNA (log10 IU/mL) 0.72 (0.63-0.83) <0.001 0.73 (0.63-0.83) <0.001

High baseline ALT level (above ULN) 0.99 (0.63-1.56) 0.97

Baseline serum creatinine (mg/dL) 0.52 (0.21-1.32) 0.17 0.56 (0.21-1.46) 0.24

Previous treatment 

NA-naïve 1.00 (reference) 1.00 (reference)

NA except ADV- experienced 0.94 (0.62-1.41) 0.76 0.92 (0.60-1.41) 0.70

ADV experienced 0.83 (0.31-2.23) 0.72 0.71 (0.26-1.94) 0.50

HBeAg, hepatitis B antigen; HR, hazard ratio; CI, confidence interval; HBV, hepatitis B virus; ALT, alanine aminotransferase; ULN, upper limit of normal;  
NA, nucleos(t)ide analogue; ADV, adefovir.
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In the current study, the efficacy of TDF was inferior in NA-ex-

perience patients compared to NA-naïve patients. In general, pa-

tients with previous exposure to low-potency antiviral agents 

have a slower time to CVS than NA-naïve patients, and, subse-

quently, NA-experienced patients have an increased risk of devel-

oping genetic resistance. Although the clinical significance of the 

difference in efficacy between the two groups was not substan-

tial, our findings might support a recommendation that patients 

with previous exposure to low-potency antivirals should be moni-

tored carefully and high-potency antiviral agents, such as enteca-

vir or TDF, should be considered as a first-line therapy.

Achieving CVS is important for reducing the risks of hepatocel-

lular carcinoma (HCC) and genotypic resistant mutation. The RE-

VEAL-HBV study showed that the incidence of HCC increased 

from 0.073% per year in patients with serum HBV DNA less than 

2,000 IU/mL ( <104 copies/mL) at entry to 0.185% per year in pa-

tients with serum HBV DNA persistence between 2,000 and 

20,000 IU/mL (104-105 copies/mL).11  Additionally, Sinn et al.12 re-

cently found that compensated, cirrhosis patients with low but de-

tectable HBV DNA levels (12-2,000 IU/mL) had a higher risk of HCC 

than patients with undetectable HBV DNA levels (<12 IU/mL). 

Based on these results, CVS with HBV DNA less than 20 IU/mL 

might be a more appropriate endpoint than achieving HBV DNA 

levels below 2,000 IU/mL.

There are several limitations to our study. First, the proportion 

of adefovir-experienced patients was relatively small because ad-

efovir is not usually selected as a first-line treatment due to its 

low genetic barrier to resistance and limited potency. The efficacy 

of TDF in adefovir-experienced patients was significantly lower 

than in treatment-naïve patients; however, since the number of 

adefovir-experienced patients was small, the efficacy of TDF in 

adefovir-experienced patients may not be estimated correctly. 

A larger sample size would be needed to address this limitation. 

Second, the presence of minor resistant HBV strains at baseline 

cannot be excluded. A specific strain can be detected only if it is 

present in more than 20% of the entire quasispecies pool in the 

classical clinical setting, as detected by direct sequencing.22 Thus, 

further study using more sensitive methods for detecting muta-

tions (i.e., multiplex restriction fragment mass polymorphism and 

clonal analysis) is required. Third, more than half of the patients in 

our study had cirrhosis at baseline and many of the patients had 

been heavily treated with NA. This may indicate a referral bias, 

since this study was conducted in a tertiary referral center. The 

findings of this study might be affected by selection bias, thus, 

further studies are warranted to generalize our results.

In conclusion, TDF has inferior efficacy in adefovir -experienced 

CHB patients compared to NA-naïve patients. CHB patients with 

a history of adefovir exposure should be monitored closely for re-

sponse to TDF monotherapy and virologic breakthrough. 
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