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INTRODUCTION 

Hepatitis B virus (HBV) infection is a serious public health prob-

lem worldwide, with an estimated 2 billion infections, and a ma-

jor cause of chronic hepatitis, cirrhosis, and hepatocellular carci-

noma (HCC).1 Higher levels of HBV DNA are associated with an 

increased risk for HCC and cirrhosis in patients with chronic hepa-

titis B (CHB).2-5 By contrast, reducing HBV DNA concentrations to 
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very low or undetectable levels through antiviral therapy is associ-

ated with reduced risk of mortality and/or HCC.4-6

Nucleos(t)ide analogues (NUCs) as an important class of antivi-

ral drugs have changed the treatment paradigm and prognosis of 

CHB. Lamivudine (LAM), the first oral antiviral agent approved to 

treat HBV, is safe and well tolerated, even in patients with decom-

pensated liver cirrhosis.7 However, the long-term use of LAM in-

evitably leads to the development of resistant HBV mutants.8 Ear-

lier treatment guidelines based on insufficient clinical experiences 

have recommended the use of entecavir (ETV) as one of the treat-

ment options for CHB patients with LAM resistance.9,10 However, 

in patients with pre-existing LAM-resistance, the rate of ETV re-

sistance increases up to 51% after 5 years of sequential ETV 

treatment.11 Emergence of NUCs-resistant HBV usually results in 

attenuated viral suppression and disease progression which may 

lead to significant clinical deterioration.12,13

Tenofovir disoproxil fumarate (TDF) is a potent nucleotide ana-

log recommended and used once-daily as a first line therapy for 

CHB patients.14,15 TDF is also recommended for patients who have 

developed resistance to LAM, ETV, or telbivudine. In addition, in 
vitro studies suggest that ETV-resistant HBV mutants are suscep-

tible to TDF.16 Several case reports and retrospective cohort stud-

ies also showed the clinical efficacy of TDF in ETV-resistant or 

ETV-refractory patients.17-20 In a recent randomized controlled 

study, TDF mono-rescue therapy for 48 weeks induced a virologic 

response comparable to that of TDF and ETV combination therapy 

in patients infected with ETV-resistant HBV.21 In another study, 

the TDF group also showed a high virologic response rate compa-

rable to that of the TDF+ETV group, but the duration of follow-up 

was relatively short (a median 18 months).22 Therefore, the objec-

tive of this study was to investigate the long-term outcomes of 

TDF based rescue therapy in CHB patients with resistance to both 

LAM and ETV in routine clinical practice. In addition, the efficacy 

of TDF combination therapy (with LAM or ETV) was compared to 

that of TDF monotherapy. 

PATIENTS AND METHODS

Patient population

Electronic medical records of CHB patients with ETV resistance 

in addition to prior LAM resistance were reviewed. Patients were 

treated with sequential ETV monotherapy due to genotypic LAM 

resistance. A total of 73 patients were treated with TDF alone or 

combination (with LAM or ETV) by clinician or patient choice from 

December 2012 to November 2015. All patients had hepatitis B 

surface antigen (HBsAg). Serum HBV DNA level was documented 

for at least 6 months before the start of LAM therapy. Patients 

with impaired renal function (serum creatinine >1.5 mg/dL), auto-

immune hepatitis, or antibodies against hepatitis C virus or hu-

man immunodeficiency virus (HIV) were excluded from this study. 

Additional criteria for exclusion were: pregnancy, lactation, and 

alcohol abuse (>40 g/d ethanol). Diagnoses of chronic hepatitis 

and liver cirrhosis were based on liver biopsy features or on clini-

cal, laboratory, and ultrasound data if liver biopsy data were un-

available. Written informed consents were obtained from all of 

patients participating in this study. This research was approved by 

the Institutional Review Board at the Ulsan University Hospital 

(UUH 2016-09-002, approved on Sep. 20, 2016). 

Laboratory measurements

Liver and kidney function tests were performed every three 

months during TDF based rescue treatment. HBV DNA levels were 

quantified using COBAS TaqMan HBV test (Roche, Branchburg, 

NJ, USA) with a lower detection limit of 12 IU/mL (60 copies/mL). 

Genotypic resistance to ETV was defined as the emergence of 

ETV resistance mutations in the presence of lamivudine resistance 

substitutions M204I/V±L180M. When a viral breakthrough had 

developed before TDF-based rescue therapy, we tested a restric-

tion fragment mass polymorphism (RFMP; Genematrix, Youngin, 

Korea) to identify LAM (rt180, rt204), ADV (rt181, rt236), and 

ETV (rt173, rt184, rt202, rt250). The specific HBV genotypes were 

identified using polymerase chain reaction-restriction fragment 

length polymorphism (PCR-RFLP) of the surface gene of HBV ge-

nome. The two fragments of the HBV genome between the nucle-

otide positions 2823 and 2845 and 61 and 80 were amplified by 

PCR. PCR products were treated with restriction enzymes. Pa-

tients underwent surveillance for HCC every 6 months with serial 

abdominal ultrasound and serum α-fetoprotein measurements.

Definitions

A virologic response (VR) was defined as the absence of serum 

HBV DNA by PCR assay (<12 IU/mL) on two consecutive measure-

ments during TDF treatment. Hepatitis B envelop antigen (HBeAg) 

seroconversion was defined as the loss of HBeAg accompanied by 

the detection of anti-HBe. Partial virologic response (PVR) was de-

fined as a decrease in HBV DNA of more than 1 log10 IU/mL but 
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with detectable HBV DNA after 6 months of antiviral therapy. Vi-

rologic breakthrough (VBT) was defined as a >1 log10 IU/mL in-

crease in serum HBV DNA from the nadir on two consecutive 

measurements or in the last available measurement. Safety and 

tolerability were evaluated by the occurrence of adverse events 

(AEs), serious AEs (SAEs), laboratory abnormalities, discontinua-

tion of the study drug due to AEs, or death. Specific markers of 

renal abnormalities included confirmed (defined as two consecu-

tive visits) increase in serum creatinine of at least 0.5 mg/dL above 

the baseline value, serum phosphorus values <2 mg/dL, and cre-

atinine clearance <50 mL/min.

Statistical analysis

Serum HBV DNA (IU/mL) levels were logarithmically transformed 

for statistical analysis. Continuous variables were compared using 

the one-way analysis of variance (ANOVA). Categorical variables 

were compared using the χ2 test. The cumulative probability rates 

of clinical outcomes were calculated using Kaplan-Meier method. 

To identify the factors predictive of outcome among the baseline 

variables, the variables for clinical outcomes were compared using 

the χ2 test or univariate logistic regression. Variables with a P-val-

ue of 0.1 or less in the univariate analyses were included in a Cox 

step-wise multivariate regression analysis using forward selection. 

To determine predictive value of baseline serum HBV DNA level, 

the hazard ratio (HR) and receiver operating characteristic (ROC) 

curves with the overall accuracy assessed by the area under the 

curve (AUROC) were used for the prediction of VR for TDF treat-

ment. The AUROCs and their corresponding 95% confidence in-

tervals (CIs) were measured to assess the degree of discrimination 

of the variables. All data were analyzed using Statistical Package 

for the Social Sciences software for Windows (version 21.0; SPSS 

Inc., Chicago, IL, USA). In all cases, a two-tailed P-value less than 

0.05 was considered statistically significant.

RESULTS

Overall clinical outcomes of TDF based therapy

The baseline characteristics of the 73 CHB patients are summa-

rized in Table 1. All patients were genotype C2. All patients had 

been treated with LAM as a first line oral antiviral agent followed 

by ETV treatment for LAM resistance. The median duration of 

LAM therapy was 32 months (range, 15-144 months). The median 

duration of ETV treatment prior to TDF based rescue therapy was 

26.5 months (range, 20-70 months). The known genotypic ETV 

mutations, 169SMT, 184IALT, 202G, 250LV, and 184LV 202G in 

the presence of LAM resistance substitutions M204I/V±L180M 

were detected in 8, 28, 21, 7, and 9 patients, respectively. Patients 

were treated with TDF based rescue therapy for more than 6 

months. Of the 73 patients, 42 received TDF+ETV combination 

therapy, 19 received TDF+LAM combination therapy, and 12 had 

TDF monotherapy. The median duration of TDF based rescue thera-

py was 37 months (range, 6 to 45 months). Of the 73 patients, 36 

(49.5%) had liver cirrhosis, 63 (86.3%) were HBeAg positive. 

Twenty-three (31.5%) patients had abnormal alanine transaminase 

(ALT) levels. All patients had persistent HBV viremia prior to TDF 

based rescue therapy. The median HBV DNA level prior to TDF 

based treatment was 4.11 log10 IU/mL (range, 1.42-8.23 log10 IU/

mL). Among the 23 patients with elevated ALT levels at baseline, 

14 (60.9%) patients had ALT normalization during TDF based res-

cue treatment. During TDF based rescue therapy, VR was achieved 

in 63 patients (86.3%). The cumulative rates of VR at 12 and 24 

months were 63.3% and 87.1%, respectively. During TDF-based 

rescue therapy, 30 (41.1%) had PVR. Among the 63 HBeAg-posi-

tive patients, 6 (9.5%) achieved HBeAg seroconversion during TDF 

based treatment. However, no patient lost serum HBsAg during 

treatment. During the follow-up visits, 7 patients (9.6%) were 

found to be non-adherent to TDF therapy (determined by review of 

medical and pharmacy records). Among these patients, 2 (2.7%) 

Table 1. The baseline characteristics of the studied patients (n=73)

Value 

Age (years)  53.0 (27-79)

Gender (male/female) 54/19

Diagnosis (chronic hepatitis/cirrhosis) 37/36

AST (IU/L)      29 (13-425)

ALT (IU/L) 32.0 (8-589)

HBV DNA (log10 IU/mL)       4.11 (1.42-8.23)

HBeAg positivity (n, %) 63 (86.3)

Duration of LAM therapy (months)     32 (15-144)

Duration of ETV therapy (months) 26.5 (20-70)

Duration of TDF-based rescue therapy (months)  37 (6-45)

ETV resistant mutations (+M204I/V ± L180M) 

   169SMT,184IALT, 202G, 250LV,184LV 202G 7, 23, 22, 7, 5

Continuous variables are expressed as medians with range. 
AST, aspartate transaminase; ALT, alanine transaminase; HBV, hepatitis B 
virus; HBeAg, hepatitis B e antigen; LAM, lamivudine; ETV, entecavir; TDF, 
tenofovir disoproxil fumarate.
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experienced VBT (increase in HBV DNA by 1 log10 IU/mL at 9-12 

months of treatment). These 2 patients with VBT responded well to 

TDF rescue therapy after continuation of treatment.

Comparison of VR among TDF alone, TDF+LAM, and 
TDF+ETV therapy

To define whether there was any difference in the rate of VR in 

TDF alone, TDF+LAM, or TDF+ETV therapy, VR rates were com-

pared according to the variables using a log-rank test. The base-

line characteristics of the TDF monotherapy (n=12), TDF+LAM 

(n=19), and TDF+ETV (n=42) treatment groups are shown in Ta-

ble 2. At baseline, there was no significant difference among the 

three groups except HBV DNA levels at the start of TDF based 

rescue therapy (4.10±2.80 in TDF alone, 3.20±1.03 in TDF+LAM, 

and 4.69±1.89 in TDF+ETV therapy, P=0.021) and the duration of 

TDF rescue treatment (25.8±14.4 months in TDF alone, 38.2±13.0 

months in TDF+LAM, 33.6±9.8 months in TDF+ETV therapy, 

P=0.003). The mean reduction rates of HBV DNA level during 12 

months from baseline are shown in Fig. 1. The mean reduction in 

serum HBV DNA concentration was not significantly different 

among the three groups. Overall clinical outcomes among the 

three treatment groups are summarized in Table 3. The rates of 

VR among the three groups (TDF monotherapy, TDF+LAM, and 

TDF+ETV) were not statistically different (Fig. 2; log-rank 

P=0.200) at 12 months (59.3%, 78.9%, and 51.8 %, respectively) 

or at 24 months (88.4%, 94.7%, and 84.2 %, respectively). Addi-

tionally, the proportion of patients that achieved a normalized ALT 

level was also similar between the groups.

Of the 73 patients, 36 (the presence of ETV+ADV salvage treat-

ment) received combination therapy of ETV+ADV as salvage ther-

apy for LAM and ETV resistance prior to TDF based rescue thera-

py. The remaining 37 patients (the absence of ETV+ADV salvage 

treatment) only received ETV monotherapy prior to TDF based 

rescue therapy. The presence of ETV+ADV salvage treatment 

group had significantly lower baseline AST, ALT (P<0.05, respec-

tively), and HBV DNA (P< 0.001) levels than the absence of 

Table 2.  The baseline characteristics of the TDF monotherapy, TDF + LAM, and TDF + ETV treatment groups

TDF
(n=12)

TDF+LAM
(n=19)

TDF+ETV
(n=42)

P-value

Age (years) 55.5 ± 13.4 54.8 ± 10.5 52.6 ± 9.4 0.592

Gender (male/female) 8/4 13/6 33/9 0.577

Diagnosis (chronic hepatitis/cirrhosis) 7/5 10/9 20/22 0.792

AST (IU/L) 41.7 ± 36.0 26.7 ± 6.8 51.4 ± 68.2 0.263

ALT (IU/L) 48.8 ± 50.1 33.1 ± 13.5 61.8 ± 95.3 0.393

HBV DNA (log10 IU/mL) 4.10 ± 2.80 3.20 ± 1.03 4.69 ± 1.89 0.021

HBeAg positivity (n, %)  8 (66.7) 17 (89.5) 38 (90.5) 0.096

Duration of LAM therapy (months) 32.9 ± 29.7 40.5 ± 21.3 31.5 ± 29.3 0.518

Duration of ETV therapy (months) 23.4 ± 20.1 26.7 ± 12.0 28.1 ± 13.4 0.613

Duration of TDF therapy (months) 25.8 ± 14.4 38.2 ± 1.3 33.6 ± 9.8 0.003

Continuous variables are expressed as means ± standard deviations. 
TDF, tenofovir disoproxil fumarate; ETV, entecavir; LAM, lamivudine; AST, aspartate transaminase; ALT, alanine transaminase; HBV, hepatitis B virus; HBeAg, 
hepatitis B e antigen.
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Figure 1. Mean reduction rates of HBV DNA level from baseline be-
tween TDF monotherapy, TDF+LAM, and TDF+ETV combination thera-
py groups. The mean reduction in serum HBV DNA concentration was 
not significantly different among the three treatment groups. HBV, hepa-
titis B virus; TDF, tenofovir disoproxil fumarate; ETV, entecavir; LAM, lami-
vudine.
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ETV+ADV salvage treatment group. VR was observed in 94.4% 

(34/36) of patients in the presence of ETV+ADV salvage treat-

ment group and in 78.4% (29/37) of the patients in the absence 

of ETV+ADV salvage treatment group. A higher proportion of pa-

tients in the presence of ETV+ADV salvage treatment group 

achieved a VR at 12 months (73.3% vs. 51.6 %) and 24 months 

(93.8% vs. 80.4%) than that of patients in the absence of 

ETV+ADV salvage treatment group (log-rank P=0.019); however, 

the former subgroup had lower baseline HBV DNA values (mean, 

3.21±1.22 vs. mean, 5.08±2.14 log10 IU/mL for the presence and 

absence of ETV+ADV salvage treatment groups, respectively).

Predictors of VR in Patients Treated with TDF

To define whether there were any differences in the rates of VR 

according to the clinical and virological factors (such as genotypic 

resistance profile, the presence of ETV+ADV salvage treatment or 

TDF monotherapy vs. combination therapy with LAM or ETV), VR 

rates according to these variables were compared using a logistic 

regression analysis (Table 4). Univariate analysis showed that low-

er baseline HBV DNA levels and the presence of ETV+ADV sal-

vage treatment prior to TDF based rescue therapy were signifi-

cantly associated with the VR rates. In multivariate analysis, 

absolute HBV DNA level at the start of TDF rescue treatment was 

the only significant predictor for VR (HR, 0.723; 95% CI, 0.627-

0.834; P<0.001).

To determine whether an optimal cut-off level of HBV DNA at 

baseline of TDF treatment could predict VR, we analyzed the HBV 

DNA cut-off values could provide maximal predictive efficacy. Our 

results revealed that the best cut-off value of HBV DNA level at 

baseline for the prediction of VR was 5.61 log10 IU/mL, with a 

sensitivity and specificity of 80.6% and 70.0%, respectively. Us-

ing cut-off value of HBV DNA at baseline, the cumulative VR rates 

in patients with HBV DNA levels ≥ 5.61 log10 IU/mL (n=19) and 

those with HBV DNA levels < 5.61 log10 IU/mL (n=54) were 

22.7% and 77.9% at 12 months and 73.2% and 98.2% at 24 

months, respectively (Fig. 3; log-rank P<0.001).

Safety 

No clinically significant AEs were observed during the TDF-

based treatment. Mean creatinine level and estimated glomerular 

filtration rate did not change during the treatment period. Two 

patients (2.7%) had an increase in serum creatinine. However, no 

patient had an increase in serum creatinine of > 0.5 mg/dL above 

the baseline value. Mild hypophosphatemia (a serum phosphorus 

level of < 2.7 mg/dL) was detected in one patient without change 

in serum creatinine. HCC occurrence was not detected in any pa-

Table 3.  Overall clinical outcomes in the TDF alone, TDF+LAM, and TDF+ETV therapy groups

TDF
(n=12)

TDF+LAM
(n=19)

TDF+ETV
(n=42)

P-value

HBeAg seroconversion (n=64, [n, %]) 0/8 (0) 2/17 (11.8) 4/39 (10.3) 0.161

VR (n, %) 9/12 (75.0) 19/19 (100) 35/42 (83.3) 0.099

VBT (n, %) 1 (8.3) 0 (0) 1 (2.4) 0.222

PVR (n, %) 5 (41.7%) 5 (26.3) 20 (47.6) 0.293

ALT normalization (n=23, [n, %]) 2/4 (50) 2/3 (66.7) 10/16 (62.5) 0.879

Values are presented as n (%) unless otherwise indicated.
TDF, tenofovir disoproxil fumarate; ETV, entecavir; LAM, lamivudine; HBeAg, hepatitis B e antigen; VR, virologic response; VBT, virological breakthrough; PVR, 
partial virologic response; ALT, alanine transaminase.
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Figure 2. Cumulative rates of VR according to TDF rescue therapy. The 
rates of VR among the three groups (TDF monotherapy, TDF+LAM, and 
TDF+ETV) were not statistically significant at 12 months (59.3%, 78.9%, 
and 51.8%, respectively) or at 24 months (88.4%, 94.7%, and 84.2%). VR, 
virologic response; TDF, tenofovir disoproxil fumarate; ETV, entecavir; 
LAM, lamivudine.
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tient during the follow-up period.

DISCUSSION

In our study, the long-term TDF based rescue therapy from com-

munity clinic-based settings demonstrated strong viral suppres-

sion in patients who had failed in prior treatment with ETV and 

LAM. We also found that TDF monotherapy was as effective as 

the combination therapy of TDF+ETV or TDF+LAM for viral sup-

pression in CHB patients who showed genotypic resistance to 

both LAM and ETV. Moreover, multivariate analysis revealed that 

the HBV DNA level at the start of TDF rescue therapy was the only 

independent predictor of subsequent VR. 

Unfortunately, single ETV salvage therapy as one of the treat-

ment options for CHB patients with LAM resistance was not satis-

factory.11 In addition, sequential monotherapy could promote the 

selection of multi-drug resistant (MDR) HBV strains, especially 

when patients are treated sequentially with drugs with overlap-

ping resistance profiles, such as with LMV followed by ETV.16,23,24 

TDF has been shown to be active against ETV-resistant HBV in vi-
tro.16 Therefore, it makes sense intuitively to utilize TDF as a res-

cue therapy for patients with suboptimal response or VBT during 

ETV therapy. Previously, several small retrospective studies dem-

onstrated the efficacy of TDF based rescue therapy in CHB pa-

tients infected with HBV resistant to both LAM and ETV.17-20 A re-

cent randomized controlled and multicenter prospective study 

showed that TDF mono-rescue therapy for 48 weeks induced a vi-

rologic response comparable to that of TDF and ETV combination 

therapy in patients infected with ETV-resistant HBV.21 In another 

study, the TDF group also showed a high virologic response rate 

comparable to that of the TDF+ETV group, but the duration of 

follow-up was relatively short (a median 18 months).22 In the pres-

ent study, the median duration of TDF based rescue therapy was 

Table 4. Univariate and multivariate analyses of the predictive factors for virologic response during TDF-based rescue therapy

Variables
Univariate Multivariate

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

Age (years) 0.961 0.911-1.013 0.141

Gender (male gender) 0.923 0.303-2.814 0.888

Diagnosis (CH/LC) 1.896 0.706-5.092 0.204

Duration of TDF therapy 0.948 0.813-1.106 0.499

AST 0.998 0.987-1.008 0.662

ALT 0.997 0.987-1.007 0.507

HBeAg positivity 1.229 0.282-5.363 0.784

Pretreatment HBV DNA level 0.699 0.547-0.893 0.004 0.723 0.627-0.834 < 0.001

ETV mutation profiles 0.898 0.164-4.921 0.901

Presence of ETV/ADV before TDF therapy 0.593 0.356-0.988 0.045 0.611 0.201-1.866    0.387

Re scue therapy regimen (TDF monotherapy vs. TDF 
combination therapy)

1.052 0.395-2.805 0.919

TDF, tenofovir disoproxil fumarate; HR, hazard ratio; CI, confidence interval; CH, chronic hepatitis; LC, liver cirrhosis; AST, aspartate aminotransferase; ALT, 
alanine aminotransferase; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; ETV, entecavir; ADV, adefovir dipivoxil; LAM, lamivudine.
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Figure 3. Cumulative rates of VR according to pretreatment HBV DNA 
level. The cumulative VR rates in patients with HBV DNA level ≥ 5.61 log10 
IU/mL (n=19) and those with HBV DNA level < 5.61 log10 IU/mL (n=54) 
were 22.7% and 77.9% at 12 months and 73.2% and 98.2% at 24 months, 
respectively. VR, virologic response; HBV, hepatitis B virus.
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37 months. During TDF based rescue therapy, VR was achieved in 

63 patients (86.3%). The cumulative rates of VR at 12 and 24 

months were 63.3% and 87.1%, respectively. Results in this study 

were in consistent with previous studies conducted in CHB patients 

with LAM and ETV resistance.17-22 Taken together, these data sug-

gest that TDF based rescue therapy is an effective option for CHB 

patients with treatment failure to LAM and ETV sequential therapy. 

We evaluated the efficacy of TDF+ETV or TDF+LAM combina-

tion therapy compared to that of TDF monotherapy in CHB pa-

tients who developed resistance to LAM and ETV. In our study, 42 

patients received TDF+ETV combination therapy, 19 patients re-

ceived TDF+LAM combination therapy, and 12 received TDF 

monotherapy. The rates of VR among the three groups (TDF 

monotherapy, TDF+LAM, and TDF+ETV) were not statistically dif-

ferent (log-rank P=0.200) at 12 months (59.3%, 78.9%, and 51.8 

%, respectively) or at 24 months (88.4%, 94.7%, and 84.2 %, re-

spectively). In addition, treatment efficacy of TDF based combina-

tion or TDF monotherapy was not statistically different on pre-ex-

isting HBV resistant strains or exposure to other antiviral agents 

(ETV+ADV salvage treatment prior to TDF based rescue therapy). 

Thus, our studies confirmed that, compared to TDF monotherapy, 

TDF combination therapy did not provide any additional suppres-

sive effect for CHB patients with resistance to LAM and ETV, 

which is in consistent with a few results previously reported.17,21,22 

However, a systemically designed trial with a large number of pa-

tients is needed to evaluate the efficacy of antiviral treatment 

strategy in CHB patients with multidrug resistance. 

Many pretreatment variables have been investigated to identify 

predictive factors for the selection of patients most likely to re-

spond to antiviral therapy.25-28 Among the pretreatment factors, 

lower baseline HBV DNA levels and the presence of ETV+ADV 

salvage treatment prior to TDF based rescue therapy were signifi-

cantly associated with VR in the univariate analysis. Upon evalu-

ating according to the presence or absence of ETV+ADV salvage 

treatment prior to TDF based rescue therapy, VR rates in the pres-

ence of ETV+ADV salvage treatment group were significantly 

higher than those in the absence of ETV+ADV salvage treatment 

prior to TDF based rescue therapy group, which might be associ-

ated with the significantly lower baseline HBV values in the group 

who had received ETV+ADV salvage treatment. In the multivari-

ate analysis, only lower baseline HBV DNA level remained an in-

dependent predictor of VR. In our study, the cumulative VR rates 

in patients with HBV DNA levels ≥ 5.61 log10 IU/mL (n=19) and 

those with HBV DNA levels < 5.61 log10 IU/mL (n=54) were 

22.7% and 77.9% at 12 months and 73.2% and 98.2% at 24 

months, respectively. This observation is in agreement with two 

previous studies in CHB patients with resistance to both LAM and 

ETV.21, 22 Switching to TDF during the early stage of ETV resistance 

was significantly more effective in suppressing HBV DNA than de-

layed rescue therapy after HBV DNA increased to higher levels. 

This study had several limitations. First, a retrospective study 

design was used, in spite of a long-term follow-up period. Sec-

ond, TDF-resistant mutational analysis was not performed in pa-

tients with continued viremia or who experienced VBT during TDF 

rescue therapy due to lack of TDF mutation test in our institution 

at that study time. Third, patient compliance to these long term 

treatment regimens may be poorer and less controlled than com-

pliance to short term strictly monitored treatments in clinical tri-

als. Despite these shortcomings, our results may be valuable to 

demonstrate the antiviral efficacy and safety in patients with LAM 

and ETV resistant HBV treated with TDF based regimens. These 

results may be helpful for clinicians’ actual practical care of these 

difficult-to–treat HBV patients. To verify the efficacy and safety of 

TDF based rescue regimen, further large cohort studies with a 

long follow-up duration are warranted. 

In conclusion, in CHB patients with resistance to LAM and ETV, 

TDF based rescue therapy was well tolerated without significant 

adverse events such as renal toxicity. TDF monotherapy was as ef-

fective as the combination therapy of TDF+LAM or TDF+ETV in 

maintaining viral suppression in CHB patients with LAM- and 

ETV-resistance. Therefore, add-on therapy with LAM or ETV ap-

peared to be unnecessary, because it did not provide further ben-

efit over TDF alone regarding VR. Moreover, multivariate analysis 

revealed that HBV DNA level at the start of TDF rescue therapy 

was the only predictor of subsequent VR. This observation sug-

gests that switching to TDF should be done as early as genotypic 

resistance is detected so that we can maximize the efficacy of 

treatment in CHB patients with CHB with resistance to ETV. 
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