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Abstract

AIM: To compare efficacy of combined lamivudine (LAM) and adefovir dipivoxil (ADV) therapy with that of entecavir (ETV) monotherapy for hepatitis B virus (HBV)-related decompensated liver cirrhosis. 

METHODS: A total of 120 naïve patients with HBV-related decompensated cirrhosis participated in this study. Sixty patients were treated with combined LAM and ADV therapy (LAM + ADV group), while the other 60 were treated with ETV monotherapy (ETV group) for two years. Tests for liver and kidney function, alpha-fetoprotein, HBV serum markers, HBV DNA load, prothrombin time (PT), and ultrasonography or computed tomography scan of the liver were performed every 1 to 3 mo. Repeated measure ANOVA and the χ2 test were performed to compare the efficacy, side effects, and the cumulative survival rates at 48 and 96 wk.

RESULTS: Forty-five patients in each group were observed for 96 wk. No significant differences in HBV DNA negative rates and alanine aminotransferase (ALT) normalization rates at week 48 (χ2 = 2.12 and 2.88) and 96 (χ2 = 3.21 and 3.24) between the two groups were observed. Hepatitis B e antigen seroconversion rate in the LAM + ADV group at week 96 was significantly higher in the ETV group (43.5% vs 36.4%, χ2 = 4.09, P < 0.05). Viral breakthrough occurred in 2 cases (4.4%) by week 48 and in 3 cases (6.7%) by week 96 in the LAM + ADV group, and no viral mutation was detected. In the ETV group, viral breakthrough occurred in 1 case (2.2%) at the end of week 96. An increase in albumin (Alb) (F = 18.9 and 17.3), decrease in total bilirubin and in ALT (F = 16.5, 17.1 and 23.7, 24.8), reduced PT (F = 22.7 and 24.5), and improved Child-Turcotte-Pugh and the model for end-stage liver disease scores (F = 18.5, 17.8, and 24.2, 23.8) were observed in both groups. The cumulative rates of mortality and liver transplantation were 16.7% (10/60) and 18.3% (11/60) in the LAM + ADV and ETV groups, respectively.

CONCLUSION: Both LAM + ADV combination therapy and ETV monotherapy can effectively inhibit HBV replication, improve liver function, and decrease mortality.
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Core tip: This study compared the de novo efficacy of combined lamivudine (LAM) and adefovir dipivoxil (ADV) therapy with that of entecavir (ETV) monotherapy for patients with hepatitis B virus (HBV)-related decompensated liver cirrhosis. Both LAM + ADV combination therapy and ETV monotherapy can effectively inhibit HBV replication, improve liver function, and decrease mortality. The data obtained in this study demonstrate the efficacy and the safety of these treatment regimens for 96 wk in patients with HBV-related decompensated liver cirrhosis.
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INTRODUCTION
Cirrhosis is the end stage of chronic liver damage and is characterized by fibrosis resulting in the distortion and destruction of normal liver architecture. Functional liver tissue is destroyed and replaced by regenerating nodules that do not fully restore lost liver function. Cirrhosis may be due to various causes, including hepatitis B virus (HBV) infection, hepatitis C (HCV) and alcohol consumption[1,2]. Chronic infection with HBV accounts for 30% of hepatic cirrhosis globally[3]. In China, about 93 million people are carriers of HBV, with 20 million people chronically infected. Within a five-year period, 10% to 20% of patients with chronic hepatitis B develop cirrhosis[4]. The five-year survival rates of patients with compensated cirrhosis and of those with decompensated cirrhosis (determined by the presence of ascites, hepatoencephalopathy, and/or history of variceal bleeding) were 84% and 14%, respectively[5]. Cirrhosis precedes most cases of hepatocellular carcinoma (HCC), with 70% to 90% of HCC developing from liver cirrhosis or inflammation[6]. Antiviral agents are assumed to reduce decompensated cirrhosis and HCC development[7], however, agents such as lamivudine (LAM) and telbivudin show high drug resistance. The latest chronic hepatitis B prevention and treatment guidelines suggest the selection of a higher genetic barrier to resistant antivirals, such as entecavir (ETV) and tenofovir, for patients with HBV-related liver cirrhosis[8,9]. However, based on the paradigm that drug combination therapy is more effective than monotherapy for the treatment of human immunodeficiency virus and HCV, the same approach may be appropriate for chronic hepatitis B. This study was designed to compare the two-year efficacy of de novo combination therapy of LAM and adefovir dipivoxil (ADV) with that of ETV monotherapy in patients with decompensated liver cirrhosis.

MATERIALS AND METHODS

Study patients

From January 2008 to March 2009, 120 patients diagnosed with HBV-related decompensated liver cirrhosis at the First Affiliated Hospital of the Zhejiang University School of Medicine (Hangzhou, China) were recruited into this study. The diagnosis was based on medical history, the results of physical examination, biochemical, endoscopic and ultrasound findings, and radiological signs of cirrhosis. All patients were 18 to 65 years old, with ≥ 103 copies/mL HBV DNA, 7 to 12 (inclusive) Child-Turcotte-Pugh (CTP) score, ≥ 50 mL calculated serum creatinine clearance, ≥ 75 g/L hemoglobin, ≥ 2.5 × 109/L total white blood cells, ≤ 20 ng/mL α-fetoprotein, and no evidence of HCC. None of the patients had been treated with antiviral drugs, including interferon-α or nucleos(t)ides. Patients with hepatitis delta virus, hepatitis C virus, or had human immunodeficiency virus (HIV) co-infection were excluded. Patients with HCC, autoimmune hepatitis, alcoholic liver cirrhosis, hepatorenal syndrome, grade 3 or 4 hepatic encephalopathy, spontaneous bacterial peritonitis, and severe heart, renal, and brain diseases were also excluded. All patients who participated in this study provided informed consent and were aware of the procedures to be conducted. The protocol was approved by the Ethics Committee of the First Affiliated Hospital of Zhejiang University.

Study design
The study was designed as a prospective case-control study. The patients were randomly assigned to the ETV monotherapy (60 patients) group and the de novo LAM and ADV combination therapy (60 patients) group. Baseline data of the two groups were compared to ensure comparability. Patients in the combination therapy group were prescribed 100 mg LAM and 10 mg ADV per day, while the monotherapy group received 0.5 mg ETV per day.

Follow-up studies

Serum hepatitis B viral markers, including hepatitis B surface antigen (HBsAg), antibody to HBsAg, hepatitis B e antigen (HBeAg), antibody to HBeAg and antibody to hepatitis B core antigen, were detected by commercially available enzyme immunoassays (Abbott Laboratories, Chicago, IL, United States). Serum HBV DNA was measured by polymerase chain reaction with a linear range between 1 × 103 and 5 × 108 copies/mL (Shanghai ZJ Bio-Tech Co., Ltd., China).

 Follow-up observations in the two groups were performed at the start and during weeks 4, 12, 24, 36, 48, 60, 72, 84, and 96. Follow-up clinical assessments included physical examination, HBeAg and antibodies to the e antigen, quantitative HBV DNA, serum biochemistry, alpha-fetoprotein, renal function, prothrombin time (PT), and ultrasonography or computed tomography scan. The lower limit of detection of DNA used in this study was 1.0 × 103 copies/mL (Shanghai ZJ Bio-Tec Co., Ltd, China). The condition of the patients after 96 wk is shown in Figure 1.

Statistical analysis

SPSS 16.0 software was used for data analysis. Measurements were presented as mean ± standard deviation (SD) and comparisons were conducted following analysis of the results using the Student's t test. Proportions were presented as percentage (%). Rate comparisons were performed using the χ2 test. A P value < 0.05 was considered significant.
RESULTS
Baseline characteristics  
In the two years of follow-up observations, of the 60 patients who received LAM and ADV combination therapy, 5 cases were lost, 4 cases underwent liver transplantation, 6 cases died, and 45 cases survived until the end of the observation period. The 45 remaining cases comprised 16 females and 29 males. The mean patient age was 53.1 ± 8.8 years. Of the 60 patients who received ETV monotherapy, 4 cases were lost, 5 cases underwent liver transplantation, 6 cases died, and 45 cases survived until the end of the observation period. The 45 remaining cases comprised 17 females and 28 males. The mean patient age was 53.4 2 ± 7.4 years. The baseline characteristics of the patients were similar, and no statistically significant differences were observed (Table 1).

Virological, serological and biochemical response

Of the 45 patients in the LAM and ADV combination group, 51.1% (23/45) and 86.7% (39/45) achieved undetectable HBV DNA by week 48 and 96, respectively. Of the 45 patients in the ETV group, 60% (27/45) and 88.9% (40/45) achieved undetectable HBV DNA by week 48 and 96, respectively. No statistical differences were observed between the two groups by week 48 and 96 (P > 0.05). 

In the LAM and ADV combination therapy group, 71.1% (32/45) and 88.9% (40/45) of patients achieved ALT normalization by week 48 and 96, respectively. In the ETV treatment group, 68.9% (31/45) and 91.1% (41/45) achieved ALT normalization by week 48 and 96, respectively. No statistical difference was observed between the two groups at week 48 and 96 (P > 0.05).

Of the 45 patients who received the LAM and ADV combination treatment, 30.4% (7/23) and 43.5% (10/23) achieved HBeAg seroconversion by week 48 and 96, respectively. Similarly, 27.3% (6/22) and 36.4% (8/22) of the patients who received ETV monotherapy achieved HBeAg seroconversion by week 48 and 96, respectively. No statistical difference was observed between the two groups at week 48, while the HBeAg seroconversion rate in the LAM and ADV combination group at week 96 was significantly higher than that in the ETV monotherapy group (43.5% vs 36.4%, χ2 = 4.09, P < 0.05).  

Of the respondents, 2 and 3 patients in the LAM and ADV combination group and 1 and 2 patients in the ETV monotherapy group developed virological breakthrough by weeks 48 and 96, respectively. No genetic mutations were detected in either patient group. The obtained differences were not statistically different (P > 0.05).

Changes in liver function in patients with decompensated cirrhosis

After 96 wk of treatment, the albumin level in patients in the LAM and ADV combination group increased significantly compared with the baseline level (F = 18.9, P < 0.05), whereas ALT and TBil decreased significantly compared with the baseline levels (F = 16.5 and 23.7, respectively, P < 0.05). In addition, PT was significantly shortened (F = 22.7, P < 0.05), and both CTP and MELD scores decreased significantly compared with the baseline scores (F = 18.5 and 24.2, respectively, P < 0.05). A decrease of more than 2 points in the CTP score in 31 (68.9%) cases was observed and is shown in Table 2.

After 96 wk, patients who received ETV treatment exhibited a significant increase in albumin level compared with the baseline level (F = 17.3, P < 0.05). In contrast, ALT and TBil decreased significantly compared with baseline levels (F = 17.1 and 24.8, P < 0.05). PT was significantly shortened (F = 24.5, P < 0.05), and CTP and MELD scores decreased significantly compared with the baseline levels (F = 17.8 and 23.8, P < 0.05). A decrease in the CTP score by more than 2 points was evident in 30 (66.7%) cases.

The LAM and ADV combination group and the ETV monotherapy group showed no significant differences in albumin level or in ALT, TBil, PT, CTP, and MELD scores by weeks 48 and 96 (Table 2).

Adverse events

All patients in this study responded well to both LAM and ADV combination therapy and ETV monotherapy. Creatinine levels in four cases in the LAM and ADV combination therapy group and in one case in the ETV monotherapy group were more than twice the baseline values, but were still lower than upper limit of normal. No patient developed lactic acidosis in either group.

In the combination group, the cumulative mortality (including liver transplantation) was 16.7% (10/60) during the follow-up period, and included 2 cases of upper gastrointestinal bleeding, 2 cases of hepatic encephalopathy, 1 case of secondary bacterial infection, and 1 case of hepatorenal syndrome. Four patients had undergone liver transplantation in this group. In the ETV monotherapy group, the cumulative mortality (including liver transplantation) was 18.3% (11/60), and included 3 cases of upper gastrointestinal bleeding, 2 cases of secondary bacterial infection, and 2 cases of hepatorenal syndrome. Three patients had undergone liver transplantation. These findings are illustrated in Figure 2.

DISCUSSION
Increasing evidence shows that suppression of HBV replication results in the reduction of hepatic necroinflammation and consequently, improvement of liver function in patients with HBV-related decompensated liver cirrhosis. Antiviral therapy associated with improved outcomes in patients with HBV-related decompensated cirrhosis, including postponement or prevention of liver transplantation, reducing the incidence of HCC[10-12].
LAM was the first oral agent approved for the treatment of chronic hepatitis B (CHB) and currently has a well-established safety and efficacy profile. Liaw YF et al[13] reported that continuous treatment with LAM delays clinical progression of CHB infection in patients by significantly reducing the incidence of hepatic decompensation and HCC. ADV benefits pre- and post-transplant patients with LAM-resistant CHB, including decompensated cirrhotics, by suppressing HBV DNA and by improving the CTP score[14,15]. In China, ADV is relatively cheap and a large number of CHB patients, including cirrhotics, have received LAM and ADV combination therapy. According to the latest guidelines, the patients with liver cirrhosis and those who have received a liver graft for HBV-related cirrhosis should be considered for de novo combination therapy because of the risk of clinical deterioration if they develop drug resistance[16]. But the data to support a role of combination therapy in these patients were limited. On the other hand, ETV demonstrates very low rates of resistance in nucleoside-naïve patients and is recommended for patients with HBV-related decompensated cirrhosis[8,17]. Therefore, a comparison of the efficacy and safety between LAM and ADV combination therapy and ETV monotherapy for patients with HBV-related decompensated cirrhosis is urgent. Our study showed that 51.1% and 86.7% of patients in the LAM and ADV combination group achieved undetectable HBV DNA by weeks 48 and 96, respectively, while 60% and 88.9% of patients in the ETV treatment group achieved undetectable HBV DNA by weeks 48 and 96, respectively. In addition, both de novo combination of LAM and ADV therapy and ETV monotherapy significantly increased albumin level and decreased TBil, PT, CTP, and MELD scores compared with baseline. More importantly, 68.9% of patients in the combination group and 66.7% of patients in the monotherapy group had a decrease in their CTP score of more than 2 points after 96 wk of treatment. A total of 73.7% of patients in the combination group and 71.1% of patients in the monotherapy group exhibited an increase in the CTP score at the end of 96 wk. No genetic mutations in either treatment group were detected. In this study, no statistically significant difference was observed between the LAM and ADV combination therapy group and the ETV monotherapy group in terms of the serological conversion rate by 48 wk, while the HBeAg seroconversion rate in the LAM and ADV combination group at week 96 was significantly higher than that in the ETV group. This finding is similar to the results of previous studies[18].

HBV-related decompensated cirrhosis requires a longer duration of antiviral therapy and consideration of the effect and safety of these drugs are essential. LAM has been shown to be safe. ADV, in contrast, is mainly excreted by the kidney and has an impact on renal function during long-term antiviral therapy[19]. Our study confirms that ADV treatment of decompensated cirrhosis is safe and effective. However, in the subsequent stages of treatment, doctors should closely monitor kidney function and adjust the treatment plan as soon as renal function is found to be abnormal.

The best treatment method for late-stage HBV-related decompensated liver cirrhosis is liver transplantation. However, transplantation is very expensive and there is a worldwide donor shortage. Liver transplantation is considered in the treatment of decompensated cirrhosis only when the CTP score for grade C or the MELD score is more than 20 points. Upon detection of HBV DNA, patients with decompensated cirrhosis should be immediately treated with antiviral therapy to improve liver function and to reduce the need for liver transplantation.

Lange et al[20] reported on 16 patients with liver cirrhosis and chronic hepatitis B who were treated with ETV. Five of these patients developed lactic acidosis (all with MELD scores > 20) during ETV treatment. Lactic acidosis was lethal for one patient, while for other patients, the symptoms were resolved after termination/interruption of ETV treatment. In the present study, no cases of lactic acidosis were observed during the follow-up period of 96 wk. 

In conclusion, both de novo LAM and ADV combination therapy and ETV monotherapy are effective in patients with HBV-related decompensated cirrhosis, with no differences in the level of HBV DNA suppression, liver function improvement, resistance rate, and on confirmed changes in renal parameters and in cumulative survival rate. The data obtained in this study demonstrate the efficacy and the safety of these treatment regimens for 96 wk in patients with HBV-related decompensated liver cirrhosis, as well as their evident therapeutic benefits in both groups.
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Background

The mortality rate of hepatitis B virus (HBV)-related decompensated cirrhosis is very high. Recommended treatment options are monotherapy with high genetic barrier nucleos(t)ide analogues or combination therapy with no cross resistance nucleos(t)ide analogues. There has been no report regarding the entecavir monotherapy or de novo lamivudine and adefovir dipivoxil combination therapy in these patients.
Research frontiers
De novo combination therapy with lamivudine and adefovir dipivoxil is better than lamivudine monotherapy in patients with HBV-related decompensated live cirrhosis. But there is no head to head research to compare the entecavir, a high genetic barrier nucleoside analogue monotherapy with de novo lamivudine and adefovir dipivoxil combination therapy for those patients. In this study, the authors demonstrated that both entecavir monotherapy and de novo lamivudine and adefovir dipivoxil combination therapy were effective for patients with HBV-related decompensated liver cirrhosis.

Innovations and breakthroughs
Many clinical studies showed that the combined therapy is effective for patients with human immunodeficiency virus and hepatitis C virus infection. And entecavir is effective for patients with HBV-related decompensated liver cirrhosis. This is the first head to head study to report that both de novo lamivudine and adefovir dipivoxil combination therapy and entecavir monotherapy are effective for patients with HBV-related decompensated liver cirrhosis.

Applications 
By understanding that both de novo lamivudine and adefovir dipivoxil combination therapy and entecavir monotherapy are effective for patients with HBV-related decompensated liver cirrhosis, this study may represent a future strategy for therapeutic intervention in patients with HBV-related decompensated liver cirrhosis.

Terminology
De novo combination therapy means combination with two or more drugs from the beginning of the treatment. Monotherapy means use one drug form the beginning of the treatment. The diagnosis of decompensated liver cirrhosis was based on clinical, laboratory, previous histological, ultrasonographic and radiological signs of cirrhosis with Child-Turcotte-Pugh (CTP) score. The CTP score is a system to assess the disease stage for decompensated cirrhotic patients.

Peer review
This is a good clinical study in which the authors compared the effects of de novo lamivdine and adefovir dipivoxil combination therapy with entecavir monotherapy for HBV-related decompensated liver cirrhosis patients. The authors concluded that both de novo lamivudine and adefovir dipivoxil combination therapy and entecavir monotherapy are effective for patients with HBV-related decompensated liver cirrhosis.
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Figure 1 Flow chart of patient conditions following treatment with de novo lamivudine and adefovir dipivoxil combination therapy and entecavir monotherapy for 96 wk. LAM: Lamivudine; ADV: Adefovir dipivoxil; ETV: Entecavir.
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Figure 2 Kaplan-Meier analysis of cumulative survival rate in patients with hepatitis B virus-related decompensated cirrhosis treated with lamivudine and adefovir dipivoxil combination therapy and entecavir monotherapy for 96 wk. LAM: Lamivudine; ADV: Adefovir dipivoxil; ETV: Entecavir.
Table 1 Baseline characteristics of patients with HBV-related decompensated cirrhosis n (%)
	Variables
	LAM+ADV (45)
	ETV (45)
	t
	χ2
	P

	Age (yr)
Male/female          

HBV DNA (log10 copy/mL)
	53.1 ± 8.8

29/16

6.56 ± 1.13
	53.2 ± 7.4

28/17

6.61 ± 1.15
	0.23

0.33
	3.10
	> 0.05

> 0.05

> 0.05

	ALT (U/L)
	98.1 ± 21.6
	99.8 ± 17.2
	0.23
	
	> 0.05

	TBil (μmol/L)
	51.6 ± 8.9
	49.2 ± 6.8
	0.31
	
	> 0.05

	Alb (g/L)
	29.2 ± 0.7
	29.5 ± 1.2
	0.24
	
	> 0.05

	PT (s)
	16.3 ± 2.3
	16.5 ± 1.9
	0.21
	
	> 0.05

	CTP score
	8.4 ± 1.7
	8.6 ± 2.1
	0.16
	
	> 0.05

	MELD score
	13.7 ± 3.5
	12.9 ± 6.7
	0.25
	
	> 0.05

	HBeAg positive rate
	23(51.1)
	22 (48.9)
	
	2.13
	> 0.05

	Ascites
	22 (48.9)
	21 (46.7)
	
	2.46
	> 0.05

	HE
	6 (13.3)
	7 (15.5)
	
	3.13
	> 0.05

	UGB 
	9 (22.2)
	8 (17.8)
	
	3.35
	> 0.05


ALT: Alanine aminotransferase; TBil: Total bilirubin; Alb: Albumin; PT: Prothrombin time: CTP: Child-Turcotte-Pugh; MELD: Model for end-stage liver disease; HE: Hepatic encephalopathy; UGB: Upper gastrointestinal bleeding

Table 2 Comparison of changes in hepatic function
	Characteristics
	LAM + ADV combination group
	ETV monotherapy group

	
	0 W
	48 W
	96 W
	0 W
	48 W
	96 W

	Alb (g/L)
	29.2 ± 0.7
	32.2 ± 0.5
	36.7 ± 0.2a
	28.9 ± 1.2
	31.9 ± 0.4
	36.4 ± 0.6a

	TBil (μmol/L)
	51.6 ± 8.9
	30.8 ± 7.5
	19.1 ± 6.2a
	47.2 ± 6.8
	31.6 ± 6.8
	18.2 ± 3.9a

	ALT (U/L)
	98.1 ± 21.6
	56.1 ± 21.3
	34.7 ± 12.8a
	99.8 ± 17.2
	54.2 ± 15.7
	32.5 ± 11.5a

	PT (s)
	16.3 ± 2.3
	14.3 ± 1.6
	12.6 ± 2.1a
	16.5 ± 1.9
	13.8 ± 2.0
	12.9 ± 3.7a

	CTP score
	8.4 ± 1.7
	6.8 ± 1.9
	5.5 ± 3.7a
	8.6 ± 2.1
	6.7 ± 2.5
	5.7 ± 1.3a

	MELD score
	13.7 ± 3.5
	9.8 ± 3.1
	7.6 ± 1.8a
	12.9 ± 6.7
	9.6 ± 4.3
	7.9 ± 2.3a


aP < 0.05 vs baseline. ALT: Alanine aminotransferase; TBil: Total bilirubin; Alb: Albumin; PT: Prothrombin time: CTP: Child-Turcotte-Pugh; MELD: Model for end-stage liver disease.
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