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Abstract
AIM: To observe the effect of response-guided add-on therapy with adefovir (ADV) and lamivudine (LAM) in cirrhotic hepatitis B (CHB) patients.

METHODS: A total of 100 patients with CHB and cirrhosis were divided into three arms according to hepatitis B virus (HBV) DNA level after 24 wk LAM monotherapy: Arm A (complete response, HBV DNA ≤ 60 IU/mL, n = 49), Arm B (partial response, HBV DNA: 60–2000 IU/mL, n = 31) and Arm C (inadequate response, HBV DNA > 2000 IU/mL, n = 20). ADV was added to LAM at week 48 in Arms A and B, but at week 24 in Arm C. Virological response, YMDD mutations, biochemical response, and liver functions were evaluated.
RESULTS: Comparison of the three arms demonstrated that early complete virologic response at week 24 was associated with maintained viral suppression (undetectable rate of HBV DNA at week 144 was 95.96%, 66.67% and 35.29%, respectively, P = 0.000) and reduced YMDD mutations (mutation rate at week 144 was 0%, 3.23% and 15%, respectively, P = 0.015) after 144 wk treatment. For patients who failed to achieve complete virological response at week 24, switching to combination therapy further decreased HBV DNA level by 1 log10 IU/mL. All three arms obtained biochemical benefits including decline of alanine aminotransferase and elevation of albumin. In patients who developed HBV DNA breakthrough for YMDD mutations, ADV add-on therapy did not induce further multiple drug resistance to LAM or ADV.
CONCLUSION: Optimized response-guided add-on therapy of ADV and LAM maintains long-term suppression of HBV DNA and improves liver function in CHB patients with compensated liver cirrhosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.  
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Core tip: We conducted this prospective cohort study to explore an optimized strategy of adding adefovir (ADV) and lamivudine (LAM) at different time points according to the early virological response, and to observe its association with long-term treatment outcomes in cirrhotic hepatitis B (CHB) patients with compensated cirrhosis. We found that optimized response-guided add-on therapy of ADV and LAM maintains long-term suppression of hepatitis B virus DNA and improves liver function in CHB patients with compensated liver cirrhosis.
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INTRODUCTION
Hepatitis B virus (HBV) remains a major public health problem, with 350–400 million people infected chronically worldwide[1]. In China, most HBV infection occurs perinatally or in early childhood, usually with a long period of immune tolerance before immune clearance[2]. Patients with CHB are at an increased risk of major complications as disease duration extends, including hepatic cirrhosis, liver failure, and hepatocellular carcinoma (HCC). The REVEAL study in Taiwan demonstrated that an elevated level of serum HBV DNA was associated with disease progression in patients with CHB, and antiviral therapy prevented progression of liver disease[3,4]. Currently, there are several choices of nucleos(t)ide analogs (NAs) in antiviral treatment of CHB, including lamivudine (LAM), adefovir dipivoxil (ADV), entecavir (ETV), telbivudine and tenofovir disoproxil fumarate[5]. LAM was the first NA introduced into clinical use and is still a common choice for CHB patients in China as well as the Asia–Pacific region. However, administration of LAM is limited by its high rate of drug resistance, with a 3-year resistance rate of approximately 50%[6,7]. For patients with CHB and cirrhosis, the emergence of drug resistance and resumption of viral replication might lead to hepatic flares, exacerbation of liver function, or even death in some liver failure cases. Add-on ADV can effectively suppress viral replication and reduce the risk of drug resistance to LAM[8,9].

The primary aim of antiviral therapy is to suppress HBV replication and prevent disease progression. Many studies have shown that the undetectable rate of HBV DNA at week 24 was associated with reduced drug-resistance-associated mutations[10], but its predictive value for the treatment outcomes after long-term add-on ADV–LAM combination therapy has not been clarified, especially for the subgroup of CHB patients with liver cirrhosis. We conducted this prospective cohort study to explore an optimized strategy of adding ADV to LAM at different time points according to the early virological response, and to observe its association with long-term treatment outcomes in CHB patients with compensated cirrhosis.
MATERIALS AND METHODS

Study design
This prospective, multicenter cohort study was conducted at eight medical centers in China. Hepatitis B e antigen (HBeAg) positive or negative CHB patients with compensated cirrhosis were enrolled from June 2007 to Febrary 2009. All patients were given LAM 100 mg/d (Heptodin; GlaxoSmithKline China Investment Co. Ltd., Beijng, China). Patients were assigned into three arms according to serum HBV DNA levels at week 24, with Arm A ≤ 60 IU/mL (complete virological response), Arm B 60–2000 IU/mL (partial virological response), and Arm C > 2000 IU/mL (inadequate virological response). Patients in Arm C were treated with ADV 10 mg/d (Hepsera; GlaxoSmithKline China Investment Co. Ltd.) in additon to on-going LAM at week 24, while patients in Arms A and B continued LAM monotherapy until week 48, and at the end of 48 wk LAM monotherapy, ADV was added in these two arms. All the patients were monitored until week 144 (Figure 1). The study was approved by the ethics review committee of Jing’an Central Hospital (Certification no. Ethic-07-05) and all the patients gave their written informed consent before enrolment in the study. The procedures were in accordance with the Helsinki Declaration of 1975.
Patients

Patients eligible for the study were diagnosed with compensated liver cirrhosis by clinical evidence, which was defined as platelet count < 100000/L with ultrasonographical findings suggestive of cirrhosis, including a blunted, nodular liver edge accompanied by splenomegaly (> 12 cm), or by liver biopsy showing an Ishak fibrosis score > 4[11]. Patients included in this study were Child–Pugh class A. The inclusion criteria included hepatitis B surface antigen (HBsAg) positivity for at least 6 mo; baseline HBV DNA levels > 2000 IU/mL; compensated liver cirrhosis (indicated by routine laboratory tests together with ultrasound or computed tomography results) with Child–Pugh class A; absence of co-infection with hepatitis C virus, hepatitis D virus or HIV; no previous NA treatment. Major exclusion criteria included evidence of HCC; alanine aminotransferase (ALT) > 10 times upper limit of normal; decompensated liver cirrhosis; comorbidity with other liver diseases, severe physical or mental disorders; or pregnancy. 
Labortary assessment
Serum HBV DNA levels (Cobas Taqman; Roche Diagnostics Shanghai Co. Ltd., China) with the lower limit of detection (LLOD) of 12 IU/mL, liver functions [including platelet count (PLT), prothrombin time (PT), albumin, total bilirubin, ALT, aspartate aminotransferase, alkaline phosphatase and γ-glutamyl transpeptidase], and HBV serological markers (HBsAg, anti-HBs, HBeAg, anti-HBe; Abbott Architect System; Abbott China Co. Ltd., Shanghai, China) testing as well as ultrasound examination were performed every 12 wk within the first 48 wk and every 24 wk thereafter. 
Definitions

Complete virological response or undetectable HBV DNA was defined as serum HBV DNA levels no more than 60 IU/mL. Virological breakthrough was defined as any increase in serum HBV DNA by > 1 log10 IU/mL from nadir, or redetection of serum HBV DNA at levels 10 times the LLOD after having an undetectable result[12].
Statistical analysis
Statistical analyses were performed by Stata version 11. Continuous variables were expressed as median (25–75 percentile). Categorical variables were summarized as counts and percentages. Continuous variables were compared using two-tailed Student’s t test, analysis of variance, Mann–Whitney test, or Kruskal-Wallis test, depending on their distribution, while categorical variables were compared by χ2 test or Fisher’s exact test. Serum HBV DNA level was expressed as log10 IU/mL, and we regarded an HBV DNA level as 10 IU/mL when it was below LLOD for the sake of description and statistical analysis.
RESULTS
Study population

A cohort of 113 CHB patients with compensated cirrhosis were enrolled at baseline, and 100 underwent allocation according to serum HBV DNA levels at week 24 (Figure 1). Age, sex ratio, and liver function results of the three arms were comparable at baseline. The proportion of HBeAg-positive CHB in Arms B and C was siginificantly higher than that in Arm A. Baseline HBV DNA level in Arm C was significantly higher than that in Arms A and B. The demographic chracteristics of the three arms, as well as their laboratory results at baseline, are demonstrated in Table 1.
Virological response

Baseline HBV DNA levels of Arms A and B were comparable, while those in of Arm C were significantly higher at baseline as well as each time point during treatment (P < 0.05). Viral load of Arms A and B both decreased sharply after initiation of LAM monotherapy. For Arm A, serum HBV DNA levels progressively decreased until median HBV DNA level was below LLOD at week 24, and the suppression of viral replication was maintained thereafter. However, in Arm B, further reduction of HBV DNA was minimally observed after week 24 (week 24 vs week 48, P = 0.2059) with LAM monotherapy. After adding ADV to LAM at week 48, a reduction of ~1 log10 IU/mL of serum HBV DNA levels was resumed (week 48 vs week 72, P = 0.0001), and median HBV DNA level below LLOD was achieved at week 72. Serum HBV DNA level in Arm A was significantly lower than that in Arm B at each time point from weeks 12 to 144 (P < 0.05 at each time point). In Arm C, serum HBV DNA levels decreased with slow and fluctuating kinetics. After ADV was added to LAM at week 24, further reduction of approximately 1 log10 IU/mL serum HBV DNA levels was observed, but the median HBV DNA level of Arm C did not reach LLOD throughout treatment. Serum HBV DNA levels at each time point are depicted in Figure 2.
Undetectable HBV DNA and YMDD mutation rates at week 144

The undetectable rate of HBV DNA (≤ 60 IU/mL) at week 144 was 95.56%, 66.67% and 35.29% for Arm A, B and C, respectively (P = 0.000), as shown in Figure 3. At each time point during treatment, the differences in undetectable HBV DNA rates among the three arms were statistically significant (Figure 3). The YMDD mutation rate at week 144 was 0%, 3.23% and 15% for Arm A, B and C, respectively (P = 0.015), which is shown in Figure 4. For patients with virological breakthrough due to YMDD mutations, ADV add-on therapy did not further induce multiple drug resistance to both LAM and ADV. Early complete virological response at week 24 seemed to be associated with maintained viral suppression and reduced YMDD mutations at week 144. None of the patients who achieved complete virological response at week 24 (Arm A) developed YMDD mutation at week 144. For patients who failed to achieve complete virological response at week 24, undetectable rate of HBV DNA was increased after switching to LAM and ADV combination therapy, but still far from satisfactory when compared with Arm A.

HBeAg loss and HBeAg seroconversion

The number of patients with HBeAg-positive CHB at baseline was 13, 21 and 14 for Arm A, B and C, respectively. At week 144, HBeAg loss rate was 53.85% (7/13), 47.62% (10/21) and 42.86 (6/14) (P = 0.993), and HBeAg seroconversion rate was 23.08% (3/13), 47.62% (10/21) and 21.43% (3/14) (P = 0.245) in the three arms, respectively (Figure 4).
Biochemical response and changes in liver function
Biochemical response and improvement of liver function were achieved after NA treatment, and no biochemical breakthrough was observed during 144-wk follow-up. There was no significant difference in PLT and PT at week 48 compared to baseline in each arm (Figure 5A and B). Serum ALT levels decreased significantly at week 48, which reduced from 55 (43.2–87.5) U/L to 31.75 (24.5–43.1) U/L (P = 0.0000) and from 51 (34.5–82) U/L to 35.8 (26–50) U/L (P = 0.0092) in Arm A and B, respectively. For Arm C, reduction of serum ALT levels occurred after LAM and ADV combination therapy [week 0 vs 48: 64 (48.5–91.6) U/L vs 49.3 (29.5–82) U/L, P = 0.2471; week 0 vs 96: 64 (48.5–91.6) U/L vs 39.55 (26.9–52) U/L, P = 0.0130] (Figure 5D). For the parameters of liver function, the increase in serum levels of albumin was the most remarkable. At week 48, serum levels of albumin rose from 44 (39–46.75) g/L to 47 (43.9–48.65) g/L in Arm A (P = 0.0006), 43 (40–47.6) g/L to 47 (43.4–49) g/L in Arm B (P = 0.0029), and 43.5 (40.9–47.3) g/L to 46 (45.2–48.25) g/L in Arm C (P = 0.0045) (Figure 5C). Biochemical results of the three arms were comparable at each time point.
DISCUSSION
Several clinical studies have suggested that ADV add-on therapy is associated with a higher rate of virological response and reduced antiviral resistance, compared with sequential montherapy with LAM and ADV[8,9,13,14] in patients with CHB. According to the roadmap concept proposed by Keeffe et al[15], assessment of virological response at week 24, which is predictive of long-term treatment outcomes, is of significant importance for further treatment decisions. However, no prospective study has been reported to evaluate the response-guided strategy of ADV add-on therapy to LAM-based treatment in CHB patients with compensated cirrhosis. We conducted this multicenter, prospective cohort study to explore the optimal strategy of ADV add-on LAM combination therapy in the specified subgroup of CHB patients with cirrhosis, using the roadmap concept.
All the patients started with LAM monotherapy and had ADV added at different times, according to the virological response at week 24. The total treatment duration of the study was 144 wk. Our findings indicated that long-term antiviral therapy was effective in suppressing HBV replication, achieving serological and biochemical responses, and improving liver functions in CHB patients with compensated cirrhosis. Early virological response was associated with sustained viral suppression and a lower rate of drug resistance during long-term treatment[16,17].
Early ADV add-on can prevent the emergence of resistance to LAM[18]. In this study, add-on therapy of ADV to LAM was conducted even in patients with complete response after week 48. In the Asia–Pacific region, especially in economically undeveloped areas, LAM is still the first option for CHB and HBV-related cirrhosis. Resistance rate was 24% after 1 year LAM treatment and rose to 70% after 5 years treatment[6,19]. Emergence of resistance may exacerbate disease, reduce the benefit of antiviral therapy, and even threaten the life of patients with liver cirrhosis. Therefore, add-on therapy of ADV to LAM should be conducted even in patients with a complete response. For patients with compensated cirrhosis who achieved a complete virological response at week 24, the risk of drug resistance was reduced significantly by prolonged treatment. ADV add-on LAM combination therapy could maintain virological response and prevent the emergence of drug resistance, with an undetectable rate of HBV DNA of 95.96% and none of the patients developed YMDD mutations at week 144.

The ADV add-on strategy was also considered effective for patients with partial virological response at week 24. Further reduction of HBV DNA levels was observed and most of the patients with compensated cirrhosis achieved sustained undetectable HBV DNA after week 72. In addition, the YMDD mutation rate at week 144 was only 3.23%. However, serum HBV DNA levels did not further decrease with the continuation of LAM monotherapy from weeks 24 to 48, which suggests that immediate add-on of ADV at week 24 might be beneficial for patients with partial response.

After long-term therapy, patients in Arm C with inadequate virological response at week 24 achieved significantly lower rates of undetectable HBV DNA at week 144 than did patients in Arms A and B, even though combination therapy was initiated at an earlier stage. Despite a reduction of approxiamtely 1 log10 IU/mL of serum HBV DNA after combination therapy, the median HBV DNA level did not reach LLOD throughout treatment. Moreover, the YMDD mutation rate at week 144 was 15%, which was significantly higher than that of Arms A and B. Thus, for patients with inadequate virological response at week 24, switching to more potent antiviral agents with a high genetic barrier and without cross-resistance to LAM would be a better choice[20].
In conclusion, most CHB patients with compensated liver cirrhosis benefited from long-term antiviral therapy. Significant improvement of liver function was observed in all patients, regardless of the degree of HBV DNA reduction. Early virological response at week 24 was associated with satisfactory long-term treatment outcomes and was valuable for individualized treatment decisions. To avoid HBV DNA breakthrough, add-on therapy of ADV to LAM was effective in maintaining viral suppression and reducing YMDD mutations in patients with complete or partial virological response. Meanwhile, switching to more potent antiviral monotherapy or combination thereapy was suggested for patients with inadequate response at week 24.
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Background

Many studies have shown that the undetectable rate of hepatitis B virus (HBV) DNA at week 24 was associated with reduced drug-resistance-associated mutations. According to the roadmap concept, assessment of virological response at week 24, which was predictive of long-term treatment outcomes, was of significant importance for further treatment decisions. However, no prospective study has been reported to evaluate the response-guided strategy of adefovir (ADV) add-on therapy to lamivudine (LAM)-based treatment in chronic hepatitis B (CHB) patients with compensated cirrhosis.

Research frontiers

LAM can achieve sustained viral suppression, slow down progression of liver disease, and prevent development of major complications or hepatocellular carcinoma. However, long-term LAM may induce selective drug-resistant mutations, reduce the clinical benefit, and lead to exacerbation of liver functions, or even death. Incidence of viral breakthrough was 5.1%–36.0% in LAM-resistant CHB patients treated with entecavir (ETV), compared to 0%–3% in those receiving LAM plus ADV combination therapy. Therefore, ADV add-on therapy seemed to achieve more sustained suppression of viral replication than sequential ETV monotherapy in LAM-resistant patients. Considering the fact that tenofovir disoproxil fumarate has not come to market and the reality of the economic situation in China, ADV add-on therapy is still likely to be the optimal choice for LAM-resistant patients for the forseeable future.

Innovations and breakthroughs
Several clinical studies have suggested that ADV add-on strategy is associated with a higher rate of virological response and reduced antiviral resistance, compared with sequential monotherapy of LAM and ADV in patients with CHB. However, few prospective studies have been reported to evaluate the response-guided strategy of ADV add-on therapy to LAM-based treatment in CHB patients with compensated cirrhosis. This was a multicenter, prospective cohort study to explore the optimal strategy of ADV add-on LAM combination therapy in the specified subgroup of cirrhotic CHB patients, using the roadmap concept.
Applications 

In the Asia–Pacific region, especially in the economically undeveloped areas, LAM is still the first option for CHB and HBV-related cirrhosis. Nucleot(s)ide analogs with a low-resistance barrier represent the first-line therapy for 65% of patients in China. The study was of importance for choosing the optimal strategy for response-guided treatment to avoid drug resistance in CHB patients with compensated cirrhosis.

Terminology

Complete virological response or undetectable HBV DNA was defined as serum HBV DNA levels no more than 60 IU/mL. Virological breakthrough was defined as any increase in serum HBV DNA by > 1 log10 IU/mL from nadir or redetection of serum HBV DNA at levels 10 times the lower limit of detection after having an undetectable result.

Peer review

This type of study may provide important information or guidelines to treat CHB patients with compensated liver cirrhosis. 
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Figure 1 Study design. ADV: Adefovir dipivoxil; HBV: Hepatitis B virus; LAM: Lamivudine; CHB: Chronic hepatitis B.
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Figure 2 Pattern of hepatitis B virus DNA decline in three arms during 144 wk nucleos(t)ide analogue treatment. ADV: Adefovir dipivoxil; HBV: Hepatitis B virus.
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Figure 3 Undetectable rates of serum hepatitis B virus DNA at different time points in three arms. ADV: Adefovir dipivoxil; HBV: Hepatitis B virus. 
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Figure 4 Undetectable rates of serum hepatitis B virus DNA levels, YMDD mutation rates, hepatitis B e antigen loss and hepatitis B e antigen seroconversion rates at week 144 in three arms. A: Virological response and YMDD Mutation at week 144; B: Serological responses of hepatitis B e antigen (HBeAg)-positive patients at week 144.
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Figure 5 Changes after nucleos(t)ide analogue treatment in three arms. A: Platelet counts; B: Prothrombin time; C: Albumin; D: Alanine aminotransferase.
Table 1 Demographic data and laboratory results of the three arms at baseline

	
	Arm A

(n = 49)
	Arm B

(n = 31)
	Arm C

(n = 20)
	Statistics
	P value

	Median age, yr
	45 (38-52)
	40 (36-50)
	43.5 (40.5-55)
	F = 0.8400
	0.4345

	Male: female
	41:8
	25:6
	15:5
	χ2 = 0.6979
	0.7050

	HBeAg-positive, n (%)
	13 (26.53)
	21 (67.74)a
	14 (70)a
	χ2 = 17.7676
	0.000

	Median PLT, ×109/L
	109 (73-150)
	109 (89-144)
	98.25 (76.5-122)
	χ2 = 2.4880
	0.2882

	Median PT, s
	13.40 (12.6-14.3)
	12.75 (12-13.7)c
	14.30 (13-15.5)
	χ2 = 10.1270
	0.0063

	Median albumin, g/L
	44 (39-46.8)
	43 (40-47.6)
	43.5 (40.9-47.3)
	F = 0.0400
	0.9600

	Median TB, μmol/L
	17.35 (14.5-23.35)
	15.8 (13.1-20.1)
	18.35 (15.9-23.6)
	χ2 = 2.1780
	0.3366

	Median ALT, U/L
	55 (43.2-87.5)
	51 (34.5-82)
	64 (48.5-91.6)
	F = 0.400
	0.6730

	Median AST, U/L
	55 (41.05-68.5)
	49 (30-57)
	54.15 (45.5-66.5)
	F = 1.5100
	0.2251

	Median HBV DNA, log10 IU/mL
	5.86 (5.16, 6.58)c
	6.06 (5.77, 6.39)c
	6.7 (6.29, 7.17)
	F = 5.0300
	0.0084


aP <0.05 vs Arm A; cP <0.05 vs Arm C. HBeAg: Hepatitis B e antigen; PLT: Platelet counts; PT: Prothrombin time; TB: Total bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; HBV: Hepatitis B virus.
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