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Abstract
AIM: To assess the efficacy of tenofovir disoproxil fumarate (TDF) in lamivudine (LAM)-resistant patients with suboptimal response to LAM-plus-adefovir (ADV).

METHODS: We retrospectively analyzed the efficacy of switching to tenofovir disoproxil fumarate in suboptimal responders to lamivudine-plus-adefovir. Charts were reviewed for LAM-resistant chronic hepatitis B (CHB) patients who visited the Zhejiang Province People’s Hospital and The First Affiliated Hospital, College of Medicine, Zhejiang University, during June 2009 to May 2013. Patients whose serum hepatitis B virus (HBV) DNA remained detectable despite at least 6 mo of LAM-plus-ADV combination therapy were included. Patients with a suboptimal response to LAM-plus-ADV were randomized to switch to TDF monotherapy (300 mg/d orally; TDF group) or to continuation with LAM (100 mg/d orally) plus ADV (10 mg/d orally; LAM-plus-ADV group) and were followed for 48 wk. Serum quantitative HBV DNA was determined at baseline and weeks 4, 12, 24, 36, and 48. HBV serological markers and biochemistry were assessed at baseline and weeks 12, 24, and 48. Resistance surveillance and side effects were monitored during therapy.

RESULTS: Fifty-nine patient were randomized to switch to TDF (n = 28) or continuation with LAM-plus-ADV (n = 31). No significant differences were found between the groups at baseline. Prior to TDF therapy, all patients had been exposed to LAM-plus-ADV for a median of 11 mo (range: 6 mo–24 mo). No difference was seen in baseline serum HBV DNA between the two groups [5.13 ± 1.08 log10 copies/mL (TDF) vs 5.04 ± 31.16 log10 copies/mL (LAM + ADV), P = 0.639]. There was no significant difference in the rates of achieving complete virological response (CVR) at week 4 between the TDF and LAM + ADV groups (17.86% vs 6.45%, P = 0.24). The rate of achieving CVR in the TDF and LAM-plus-ADV groups was 75% versus 16.13% at week 12, 82.14% vs 22.58% at week 24, 89.29% vs 25.81% at week 36, and 96.43% vs 29.03% at week 48, respectively (P < 0.001). The rate of alanine aminotransferase normalization was significantly higher in the TDF than LAM-plus-ADV group at week 12 (75% vs 17.86%, P < 0.001), but not at week 24 (78.57% vs 54.84%, P = 0.097) and week 48 (89.26% vs 67.74%, P = 0.062). Patients were hepatitis B e antigen (HBeAg) positive at baseline. There was no significant difference in HBeAg negativity between the TDF and LAM-plus-ADV groups at week 48 (4% vs 0%, P = 0.481). There were no drug-related adverse effects at week 48 in either group.

CONCLUSION: Switching to TDF monotherapy was superior to continuous add-on therapy in patients with LAM-resistant CHB, with suboptimal response to LAM-plus-ADV.

© 2014 Baishideng Publishing Group Inc. All rights reserved. 
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INTRODUCTION
Nucleoside/nucleotide analogs (NAs), which inhibit reverse transcription by hepatitis B virus (HBV) polymerase, are an important class of drugs that changed the treatment paradigm and prognosis of chronic hepatitis B (CHB).
Oral NA therapy has advantages over interferon therapy because of its potent antiviral effects, good tolerance, lower side-effect profile, and convenience[1]. Previous studies have shown that lamivudine (LAM) is effective in patients with cirrhosis and CHB infection. However, the clinical benefit of LAM has a low genetic barrier to resistance. Resistance to LAM was attributed to substitution of methionine in the tyrosine–methionine–aspartate–aspartate (YMDD) motif in the HBV polymerase by valine or isoleucine, known as the rtM204V/I mutations[2,3]. LAM resistance was observed in 15%–30% of patients after 1 year of LAM treatment and reached 70% after 5 years[4]. Drug-resistant HBV mutants lead to treatment failure and progression to liver disease[5]. Many CHB patients commenced antiviral treatment with LAM in China, which resulted in virological breakthrough and development of genotypic resistance during treatment. Adefovir dipivoxil (ADV), which was approved by the US Food and Drug Administration in 2002, is effective for both wild-type and YMDD-mutant HBV and has been a standard rescue treatment for patients with LAM-resistant HBV[6,7]. Unfortunately, a substantial proportion of patients treated with the LAM-plus-ADV combination show a suboptimal virological response[5], especially when therapy is started at a time of high viral load, or after the emergence of mutations causing resistance to both ADV and LAM[8,9]. ADV-resistant HBV strains have been reported after switching to or adding ADV in patients with LAM resistance[10,11].
Tenofovir disoproxil fumarate (TDF), which has been approved in the United States and Europe for the treatment of CHB since 2009[12], is an oral NA with the most potent activity against HBV and a high genetic barrier to resistance. It is also recommended for patients who have developed resistance to lamivudine, entecavir, or telbivudine[13,14]. In patients with LAM-resistant CHB, treatment with TDF was well tolerated without significant adverse events such as renal toxicity and showed an excellent antiviral activity[15]. TDF alone, or combined with LAM, exerted greater viral reduction than ADV[16,17] for LAM-resistant HBV infection without developing phenotypic resistance[18,19]. Owing to its potent antiviral activity and high genetic barrier to the development of resistance for up to 6 years [20-22], TDF is recommended as first-line therapy for HBV-infected patients in recently published guidelines[12,13,23]. 
However, experience with TDF in Asian countries, including China, is limited because this drug has not yet been approved for the treatment of CHB in that region. Many CHB patients in China have undergone sequential treatment with LAM, ADV, and/or a LAM-plus-ADV combination to manage antiviral resistance of HBV. Treatment of these patients has begun to emerge as an important and difficult issue for clinicians. The efficacy of TDF treatment in patients with LAM-resistant CHB who show suboptimal response to LAM-plus-ADV is not well known. In this study, we evaluated the efficacy and safety of switching to TDF monotherapy relative to those of continuing LAM-plus-ADV combination therapy in patients with LAM-resistant HBV and suboptimal response to ongoing treatment with LAM-plus-ADV.

MATERIALS AND METHODS
Patients
Patients eligible for this study were men and women, aged 18–65 years, positive for serum hepatitis B virus surface antigen (HBsAg) for at least 6 mo. Inclusion criteria were confirmed resistance to LAM and serum HBV DNA level > 1000 copies/mL after combination treatment with LAM (100 mg/d) plus ADV (10 mg/d) for at least 6 mo that was ongoing at the time of randomization. Patients were excluded if they were co-infected with hepatitis A virus, hepatitis C virus, hepatitis D virus, hepatitis E virus, or human immunodeficiency virus; had causes of liver disease other than HBV; had intravenous drug abuse, pregnancy, malignancy, chronic renal failure; or other serious medical illness that might interfere with this trial. Patients were also excluded if they had received prior treatment with an antiviral agent other than LAM and/or ADV. 

Study design
Charts were retrospectively reviewed for patients with CHB and LAM resistance who visited the Zhejiang Province People’s Hospital and The First Affiliated Hospital, College of Medicine, Zhejiang University, during June 2009 to May 2013. Patients were randomized to switch to TDF (300 mg/d orally; TDF group) or continuation with LAM (100 mg/d orally) plus ADV (10 mg/d orally; LAM-plus-ADV group). All patients were followed up with clinical examinations and routine laboratory tests and were evaluated at baseline and at weeks 4, 12, 24, 36, and 48. HBV DNA levels, serum alanine aminotransferase (ALT), and HBV markers were quantified. All samples were analyzed for HBV resistance mutations (Figure 1). At each visit, patients were evaluated for compliance with study medication and adverse events. Serum ALT, creatinine, and phosphorus levels were tested with routine automated techniques using an Olympus AU5400 automated analyzer (Olympus, Tokyo, Japan) (upper limit of normal: 40 U/L). HBsAg, hepatitis B e antigen (HBeAg), and hepatitis B e antibody (anti-HBe) were assessed at baseline and at week 48, by chemiluminescence immunoassay (Abbott ARCHITECT i2000 SR analyzer; Abbott Diagnostics, Chicago, IL, USA).
Written informed consent was given to participate by all of the patients. The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki for clinical studies.

Virological assay
Serum HBV DNA load was assessed by real-time fluorescent quantitative polymerase chain reaction (PCR) using a Lightcycler PCR system (FQD-33A; Bioer) in strict accordance with the instructions provided in the reagent kit (Shenzheng PG Biotech Co. Ltd.). The detection limit was approximately~1000 viral genome copies/mL. Measurements of serum HBV DNA levels were made at weeks 0, 4, 12, 24, 36, and 48 during treatment. Complete virological response (CVR) was defined as serum HBV DNA level ≤ 103 copies/mL.
Genotypic resistance to LAM and ADV was determined at baseline by direct sequencing of the PCR amplification products[24]. To detect the mutations, the upstream primer 5’-CTCCAATCACTCACCAACAC-3’ and the downstream primer 5’-GGGTTTAAATGTATACCCA-3’ were used for PCR amplification, and the primer 5’-GTAATTCCCATCCC-3’ was used for sequencing. All primers were synthesized by Shanghai Sangon Company (Shanghai, China). PCR amplifications were performed in a PTC-200 Peltier thermal cycler (MJ Research, Watertown, MA, USA) with an initial denaturation of 5 min at 94°C, followed by 35 amplification cycles of 94°C for 45 s, 55°C for 45 s, and 72°C for 1 min, with a final extension of 5 min at 72°C. PCR products were purified by using QIAquick PCR Purification Kit according to the manufacturer’s instructions (Qiagen, Valencia, CA, USA). Sequence analysis of the PCR products was performed with DYEnamic ET Dye Terminator Cycle Sequencing Kit (Amersham Bioscience, USA) in a MegaBACE 500 DNA analysis system (Amersham Biosciences Corporation) according to the manufacturer’s instructions. Sequence analysis software was used to analyze the results.

Statistical analysis
Statistical analysis was performed with SPSS version 13.0 (Chicago, IL, USA). All data are expressed as mean ± standard deviation with a range for continuous variables, and a number with percentage for categorical variables unless otherwise indicated. The cumulative probabilities of virological and biochemical responses were evaluated using the Kaplan–Meier analysis. The log-rank test was used to evaluate differences between the two groups. Between-group comparisons of continuous variables were determined using independent t tests, and categorical variables were compared using the 2 test or Fisher’s exact test as appropriate. A P value < 0.05 was considered statistically significant. 

RESULTS
Baseline patient characteristics 
We included 59 patients who had been treated with LAM-plus-ADV and developed resistance to LAM. Of these patients, 28 (47.45%) were switched to TDF (300 mg) monotherapy, and 31 (52.55%) continued to receive combination therapy with LAM (100 mg) plus ADV (10 mg; Table 1). The baseline demographic and disease characteristics of the two treatment groups were well balanced (Table 1). The average age was 36.36 ± 10.14 years (range: 18 years–58 years), and 91.52% of the patients were male. Fifty-two patients were HBeAg positive (88.14%) with a mean baseline serum HBV DNA level of 5.08 ± 1.11 log10 copies/mL. All patients were exposed to LAM-plus-ADV combination treatment for a median of 11 mo (range: 6 mo–24 mo). Additionally, the rate of HBeAg positivity, the pattern of YMDD mutation, ADV-resistant strain, age, and duration of prior LAM-plus-ADV treatment were also comparable between the two study groups. The two treatment groups were well balanced for baseline characteristics. In LAM-plus-ADV patients, ADV was used as an add-on therapy in an attempt to suppress LAM-resistant strains; however, the patients developed viral breakthrough with or without genotypic resistance to ADV, or showed suboptimal virological response.

Virological response	
HBV DNA concentrations in the TDF group declined continuously during treatment, whereas viral loads in the LAM-plus-ADV group remained distributed over a wide range throughout treatment (Figure 2). The number of patients who achieved virological response (serum HBV DNA < 103 copies/mL) gradually increased in the TDF group during treatment, from five (17.86%) at week 4, to 21 (75%) at week 12, 23 (82.14%) at week 24, 25 (89.29%) at week 36, and 27 (96.43%) at week 48 (Figure 2). In contrast, with continued LAM-plus-ADV combination therapy, only two (6.45%), five (16.13%), seven (22.58%), eight (25.81%), and nine (29.03%) patients showed a virological response at weeks 4, 12, 24, 36, and 48, respectively (Figure 3). The proportion of patients achieving HBV DNA undetectability was significantly greater in the TDF group than in the LAM-plus-ADV group at weeks 12, 24, and 48 (P < 0.001; Table 2). Only one patient with the rtA181V/T mutant strain did not achieve CVR in the TDF group at week 48, but his serum HBV DNA levels decreased to 1000 copies/mL with a reduction of 3 log10 copies/mL accomplishing near CVR. One of 25 (4%) in the TDF group and none of 27 in the LAM-plus-ADV group became HBeAg negative at week 48 (P > 0.05), and 1/25 (4%) in the TDF group and none of 27 in the LAM-plus-ADV group became HBeAg negative at week 48 (P > 0.05)

Biochemical and serological response	
The proportion of ALT normalization was higher in the TDF monotherapy group than in the LAM-plus-ADV combination therapy at week 12 (75% vs 17.86%, P < 0.001), but there was no significant difference at week 24 (78.57% vs 54.84%, P = 0.097) and at week 48 (89.26% vs 67.74%, P = 0.062). Among patients who were HBeAg positive at baseline, 1/25 (4%) in the TDF group and none of 27 in the LAM-plus-ADV group became HBeAg negative at week 48, and there was no significant difference between the two groups (P = 0.481) (Table 2). No patient achieved HBeAg seroconversion at week 48 in either of the two groups.

Resistance surveillance
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Paired baseline and week 48 samples from all study patients with detectable serum HBV DNA were analyzed for HBV resistance mutations. In the LAM-plus-ADV group, ADV mutations detected at baseline were retained at week 48, and two patients had developed the mutations of rtA181V (1/31) and rtN236T (1/31). No patients retained ADV mutations in the TDF group. Two patients in the TDF group with a CVR at week 12, and their HBV DNA levels rebounded to 1000 copies/mL at week 24 (but no patient had resistance to TDF). The two patients were switched to Truvada (TDF plus emtricitabine) therapy and continued to show a decline in HBV DNA levels and achieved undetectability (< 1000 copies/mL) at week 48. The HBV DNA levels in two HBeAg-positive patients (one was male and one was female) were 109 copies/L at baseline before LAM therapy. The two patients were aged 42 and 56 years and had a family history of hepatitis B. They experienced LAM monotherapy for > 2 years and LAM-plus-ADV for > 8 mo. The serum HBV DNA titer increased to 7 log10 copies/mL before switching to TDF and LAM resistance mutations were found in two patients.
The nine patients with virological breakthrough during continued LAM treatment, without detection of any known genotypic resistance mutation to LAM (rtM204V/I or rtL180M) or ADV (rtN236T or rtA181T or rtA181V). Four of these patients were switched to TDF monotherapy and achieved a virological response (serum HBV DNA concentration < 1000 copies/mL) at week 48. Five patients continued with LAM-plus-ADV combination therapy and serum HBV DNA was ≥ 1000 copies/mL at week 48. 

Adverse effects 
Adverse effects were similar in both groups. There were no clinically significant adverse events during TDF monotherapy. No patient in the TDF group had early discontinuation or dose reduction. No patient experienced ALT flares, increased creatinine (> 123 μmol/L), or serum phosphorus levels < 1.6 mmol/L during the treatment period. Two patients had serious oral ulcers in the TDF group. All these adverse events were considered as unrelated to the study medication. No patient required termination or interruption of therapy. 

DISCUSSION
This study is the first report that provides a direct comparison of the antiviral efficacy of switching TDF monotherapy and continuous LAM-plus-ADV combination therapy in LAM-resistant CHB patients with suboptimal response to LAM-plus-ADV. The results clearly showed that treatment for 48 wk with TDF monotherapy significantly suppressed HBV replication in LAM-resistant CHB patients with suboptimal response to LAM-plus-ADV combination therapy. In contrast, continuation of the combination of LAM-plus-AVD provided little antiviral benefit. LAM-plus-ADV combination therapy has been recommended as one of the treatment options for patients with LAM-resistant HBV[8,25]. This combination therapy may reduce the development of LAM-resistant mutations. However, because continued LAM treatment has no effect on virological response in patients with LAM-resistant HBV, the LAM-plus-ADV combination does not result in greater antiviral efficacy than that offered by ADV monotherapy[25]. ADV has modest potency in suppressing HBV DNA replication, therefore, a substantial proportion of patients show inadequate or suboptimal virological response during treatment with LAM-plus-ADV. Response to LAM-plus-ADV was especially reduced in patients with high viral loads and mutations causing resistance to both drugs (e.g., rtA 181V/T with or without rtN236T) at the initiation of treatment[26-28].
The efficacy of TDF in the treatment of prior NA-refractory HBV infection has been evaluated[17,18,23]. A TDF-containing treatment regimen suppressed HBV DNA in CHB patients with multiple treatment failures with NA therapy, regardless of genotypic resistance or previous treatment regimens[29-31]. It seemed that TDF would be a promising candidate for LAM-resistant patients with suboptimal response to LAM-plus-ADV[32]. Our present data show that switching to TDF is highly effective and safe for patients with LAM-resistant CHB and a suboptimal response to LAM-plus-ADV, and exerts stronger anti-HBV activity than continuous add-on therapy. Treatment of 28 patients with subsequent TDF monotherapy resulted in 82.14% CVR at week 24 and 96.43% at week 48. Continuing LAM + ADV offered little antiviral benefit to patients with LAM-resistant HBV with suboptimal response to LAM-plus-ADV, and only 29.03% of patients who continued on LAM-plus-ADV achieved a virological response at week 48. HBV DNA undetectability was significantly greater in the TDF group than in the LAM-plus-ADV group at weeks 12, 24, 36, and 48 (Table 2; P < 0.01). The cumulative probability of CVR in the TDF group was higher than that in the LAM-plus-ADV group (Figure 2; P < 0.01). This phenomenon was observed up to 48 weeks. Patterson et al[32] reported a CVR rate of 64% at 96 wk of TDF rescue therapy in CHB patients following failures of both LAM and ADV treatment. The result was thought to be rapid and potent suppressive activity of TDF and insufficient potency of LAM-plus-ADV combination therapy in LAM-resistant CHB patients. However, in another study, the presence of ADV resistance was considered to decrease the efficacy of TDF. In the current study, one patient with the rtA181V/T mutant strain did not reach CVR, but the effect of ADV resistance on the antiviral efficacy of TDF cannot be concluded from the results of this study because of the small sample size, and this should be explored in further research.
As a result of the high rate of undetectable DNA in the TDF group, we observed a significant difference at week 12, when the rate of ALT normalization was increased rapidly to 75% (21/28) in the TDF group, and > 17.86% (5/31) in the LAM-plus-ADV groups. The rate of HBeAg loss did not differ at 48 weeks between the TDF and LAM-plus-ADV groups (4% vs 0%, P > 0.05) in patients who were positive for HBeAg. It appears that a greater HBV DNA reduction may not necessarily accelerate HBeAg loss.  
TDF was well tolerated during the treatment period, and no renal toxicity was observed after 48 wk of TDF monotherapy. However, many postmarketing observations found that TDF is associated with nephrotoxicity, including increased serum creatinine levels, hypophosphatemia, renal insufficiency or failure, and Fanconi syndrome. Ezinga et al[33] reported that parameters of kidney tubular dysfunction (KTD) were frequently observed in patients receiving long-term, TDF-containing, combination antiretroviral therapy. KTD is associated with higher TDF plasma concentrations. Renal function should be monitored closely during long-term use of TDF.
     	  This study had some limitations. This was a retrospective analysis without placebo control or blinding. Although objective endpoints (virological and biochemical) were used and drug adherence was ascertained, the lack of blinding might have caused the study patients to pay extra attention to their symptoms or caused the investigators to be more likely to report adverse events. The number of subjects included was small (n = 28), and the follow-up period (48 wk) was relatively short. Thus, longer-duration follow-up assessments are in progress. Further studies with larger sample sizes are necessary to remedy these shortcomings and to elucidate the long-term outcomes of TDF treatment. Although the genotype of HBV could be a factor affecting the efficacy of antiviral agents, we did not perform an analysis of the genotype. However, previous studies have documented that most patients with LAM-resistant CHB in China have genotype B/C. Therefore, these results could be applicable to our study patients, and can represent genotype B/C HBV-infected patients[34-36]. 
In conclusion, our results suggest that LAM-resistant CHB patients with suboptimal response to LAM-plus-ADV should be switched as soon as possible to antiviral agents with higher potency, and TDF monotherapy would be a viable option for this group of patients.
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Background
A substantial proportion of the patients with lamivudine (LAM)-resistant chronic hepatitis B (CHB) with add-on adefovir (ADV) combination therapy show a suboptimal virological response. This suboptimal response to antiviral therapy provides little antiviral benefit and increases the rate of emergence of additional resistance mutations, and may lead to disease progression. Suboptimal response to nucleoside/nucleotide analogs has also become a new challenge for antiviral therapy of CHB patients. However, there is no standard optimal strategy for these patients.

Research frontiers
This study is believed to be the first to provide a direct comparison of the antiviral efficacy of switching to enofovir disoproxil fumarate (TDF) monotherapy and continuous LAM-plus-ADV combination therapy in patients with LAM-resistant CHB with suboptimal response to LAM-plus-ADV.

Innovations and breakthroughs
The results show that switching to TDF is highly effective and safe for LAM-resistant CHB patients with a suboptimal response to LAM-plus-ADV, and exerts stronger anti-HBV activity than continuous add-on therapy at 48 wk.

Applications
The results suggest that LAM-resistant CHB patients with suboptimal response to LAM- plus-ADV should be switched as soon as possible to antiviral agents with higher potency, and TDF monotherapy would be a viable option for this group of patients.

Peer review
The authors assessed a comparison of the antiviral efficacy of switching to TDF monotherapy and continuous LAM-plus-ADV combination therapy in LAM-resistant CHB patients with suboptimal response to LAM-plus-ADV. This is the first comparison of these two different antiviral therapies. These results may also have implications in the antiviral therapy of CHB patients.
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 Table 1 Baseline clinical characteristics of study patients

	Variable  
	Total (n = 59)
	TDF (n = 28)
	LAM + ADV 
(n = 31)
	P

	Age1 (yr)   
	36.36 ± 10.14 (18-58)
	35.81 ± 9.85 (18-56)
	32.06 ± 8.36 (21-58)
	0.656

	Male gender, n (%)
	54 (91.52)

	26 (92.9)
	28 (90.32)
	0.698

	Initial ALT1 (U/L)
	101.54 ± 26.14
	98.25 ± 28.16
	104.94 ± 24.33
	0.542

	Serum creatinine1
(μmol/L)
	94.61 ± 18.92

	89.85 ± 18.83
	98.82 ± 16.65
	0.340

	Serum phosphorus1 (mmol/L)
	1.14 ± 0.23

	1.14 ± 0.22
	1.16 ± 0.25
	0.740

	HBeAg positivity, n (%)  
	52 (88.14)
	25 (89.29)
	27 (87.10)
	1.000

	Cirrhosis, n (%)
	5 (8.49)

	2 (7.14)
	3 (9.68)
	0.932

	Serum HBV DNA1 (log10 copyies/mL)
	5.08 ± 1.11
	5.13. ± 1.08
	5.04 ± 31.16
	0.639

	Prior LAM+ADV therapy (mo)

	
	
	
	

	Median    
	11

	11
	12
	

	Range (mix-max)   
	6-24
	6-22
	8-24
	

	LAM resistance mutation, n (%)
	47 (79.66)
	23 (82.14)
	24 (77.42)
	0.653

	rtM204I/V   
	15 (25.42)
	6
	9
	

	rtL180M   
	4 (6.78)
	2
	2
	

	rtM204I/V + rtL180M     
	28 (47.46)
	15
	13
	

	ADV resistance mutation, n (%)
	3 (5.08)
	1 (3.57)
	2 (6.45)
	1.000

	rtN236T   
	
	0

	1
	

	rtA181T
	
	1
	0
	

	rtA181V    
	
	0
	1
	

	Unknown2   
	
	4
	5
	


[bookmark: _GoBack]1mean ± SD; 2Patients with virological breakthrough during continued LAM treatment without detection of any known genotypic resistance mutation to LAM (rtM204V/I or rtL180M) or ADV (rtN236T, rtA181T, or rtA181V). TDF: Tenofovir disoproxil fumarate; LAM: Lamivudine; ADV: Adefovir; ALT: Alanine aminotransferase; HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen.











Table 2 Biochemical, virological, and serological responses n (%)
	Value for patient group


	
	TDF (n = 28)
	LAM+ADV 
(n = 31)
	P

	Normalization of ALT1
	
	
	

	Wk 12                                      

	21(75.00)
	5(17.86)
	< 0.001

	Wk 24                                     

	22 (78.57)
	22 (78.57)
	0.097

	Wk 48                                        

	25 (89.26)
	21 (67.74)
	0.062

	HBV DNA undetectability (< 103 copies/mL)

	
	
	

	Wk4                                             

	5 (17.86)
	2 (6.45)
	0.240

	Wk 12                                        

	2 1 (75.00)
	5 (16.13)
	< 0.001

	Wk 24                                    

	23(82.14)
	7 (22.58)
	< 0.001

	Wk 36                                        < 0.001

	25 (89.29)
	8(25.81)
	< 0.001

	Wk 48                                         

	27 (96.43)
	9 (29.03)
	< 0.001

	HBeAg loss at Wk 48                                       
	1 (4)
	0
	0.481



1The alanine aminotransferase (ALT) reference range was < 50 U/L. TDF: Tenofovir disoproxil fumarate; LAM: Lamivudine; ADV: Adefovir; HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen.











LAM 100mg once daily, LAM –resistant
LAM 100mg+ADV 10mg once daily
suboptimal response at least 6 mo (n = 59)
continuous LAM100mg+ADV10mg once daily (n = 31)
switching to TDF 300mg once daily
(n = 28)

Figure 1 Flow diagram comparing a switch to tenofovir disoproxil fumarate monotherapy in lamivudine-resistant CHB patients with suboptimal response to lamivudine-plus-adefovir.

[image: FIGURE1]
Figure 2 Proportions of patients exhibiting virological response (serum HBV DNA concentration < 103 copies/mL) in the tenofovir disoproxil fumarate and lamivudine-plus-adefovir treatment groups. No significant difference was noted at 4 wk between the two groups (P > 0.05). The rate of undetectability was significantly greater in the tenofovir disoproxil fumarate (TDF) group than in the lamivudine-plus-adefovir (LAM-plus-ADV) group at 12, 24, 36, and 48 wk (P < 0.001). 





[image: FIGURE2]
Figure 3 Comparison of cumulative probability of complete virological response in patients undergoing therapy with tenofovir disoproxil fumarate or lamivudine-plus-adefovir. Tenofovir disoproxil fumarate (TDF) alone is represented by the medium weight line; lamivudine-plus-adefovir (LAM-plus-ADV) combination is shown by the dotted line; and both arms by the dashed line (P < 0.001). Baseline serum HBV DNA level showed no difference (P = 0. 639).
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