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Abstract

AIM: To investigate clinical outcomes of chronic hepatitis B (CHB) and liver cirrhosis (LC) patients under whole-course management with lamivudine (LAM). 

METHODS: This was a retrospective-prospective cohort study based on two nonrandom cohorts of Chinese patients (LAM group and history control group). Two hundred thirty-eight patients with LAM treatment for at least 12 mo under whole-course management were included in the LAM group. The management measures included regular follow-up and timely adjustment of the therapeutic regimen according to drug-resistance and relapse. Two hundred thirty-eight patients with CHB or LC without any antiviral treatment and with follow-up over 12 mo were included in the history control group. The LAM and control group patients were 1:1 matched by propensity score method to ensure both patients were similar in general datum, sex, age, E antigen, and diagnosis. The incidence rates of endpoint events [LC, hepatocellular carcinoma (HCC), and death] were compared between the LAM and control groups. 

RESULTS: Hepatitis B virus-DNA < 1000 copies per mL rate and rate of alanine transaminase < 1.3 of the upper normal limit in LAM and control groups were 89.1% vs 18.5% (P < 0.05) and 89.8% vs 31.1% (P < 0.05), respectively. Viral breakthrough occurred in 77 patients (32.4%); the one-, three-, and five-year cumulative rates were 6.8%, 33.1%, and 41.3%, respectively. In total, 44.5% (106/238) of patients had once stopped LAM, and 63 (59.4%) of them developed virologic relapse; the relapse rate of patients with and without reaching Asian Pacific Association for the Study of the Liver endpoint criteria were 52.4% and 69.8%, respectively. Six CHB patients in the LAM group developed LC compared to 47 patients in the control group; the three-, and five-year cumulative rates of CHB at baseline of LAM were lower than those of the control group: 0.7% vs 12.0% and 1.8% vs 23.8% (P < 0.01), respectively. The incidence of HCC in CHB at baseline of LAM was lower than that of the control group; the three-, and five-year cumulative rates were 0% vs 3.2% and 1.1% vs 3.2% (P = 0.05), respectively. The incidence of HCC in LC at baseline of LAM was lower than that of the control group: 9.8% (5/51) vs 25.0% (12/48), and the three-, and five-year cumulative rates were 4.5% vs 20.7% and 8.1% vs 37.5% (P < 0.01), respectively. The mortality rate in the LAM group was lower than the control group. 

CONCLUSION: Standardized long-term LAM treatment in combination with comprehensive management can reduce the incidence rates of LC and HCC as well as hepatitis B virus-related deaths. 
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Core tip: Drug resistance and disease relapse are inevitable during long-term lamivudine treatment in some patients. However, as long as standardized procedures in combination with comprehensive management are used, viral replication can be inhibited to a large extent. Thus, liver function in patients can be maintained at a stable status for a long time, and the incidence rates of liver cirrhosis and hepatocellular carcinoma, as well as hepatitis B virus-related deaths, may be reduced. 

INTRODUCTION

Hepatitis B virus (HBV) infection is a serious global public health problem. There are approximately two billion HBV infections worldwide, of which 3.5-400 million are chronic infections. Nearly one million people die from liver failure each year caused by HBV infection, liver cirrhosis (LC), or hepatocellular carcinoma (HCC)[1].

It has been demonstrated that amelioration of liver necroinflammation or cirrhosis can be achieved with antiviral therapy and inhibition of viral replication[2-5]. Thus, antiviral therapy is fundamentally important in the treatment of chronic hepatitis B (CHB)/LC patients. Two categories of therapeutic agents are currently available for the treatment of CHB: (1) immunomodulatory agents; and (2) oral nucleoside analogues (NAs). Due to its safety, convenience, variety, and fewer side effects, oral NAs are more widely applied than interferon. As one of the representatives of NAs, lamivudine (LAM) is widely used in China, especially in the less-developed areas, because of its low price. 

LAM (approved in 1998) has been in application for more than ten years. Research reports suggested that LAM has a high potency in delaying disease progression when used in treatment of CHB/LC patients. However, a variety of situations are possible during clinical practice, including initial treatment, re-treatment, drug resistance, treatment stoppage, and relapse. How and whether these conditions affect the incidence of end-point events are not known. The current study evaluated the efficacy of long-term LAM treatment under the whole-course management in ALT improvement, virologic response, relapse after stopping treatment, and disease progression in CHB/LC patients.

MATERIALS AND METHODS
Source population

All patients in this study were come from the Depart​ment of Infectious Diseases at the First Affiliated Hospital of Guangxi Medical University. The LAM treatment group included patients treated between February 2002 and April 2014. The history control group was comprised of CHB/LC patients from the same department that had been screened as outpatients and inpatients since 1990.

Inclusion criteria: (1) CHB/LC patients; (2) diagnosis met the “Viral Hepatitis Prevention and Control Program” documented in Xi’an meeting in 2000[6] and the Viral Hepatitis Management Guidelines of China in 2005; (3) hepatitis B surface antigen (HBsAg)-positive, abnormal alanine transaminase/aspartate transaminase (ALT/AST), detectable HBV-DNA, or hepatitis B e antigen (HBeAg)-positive and has been followed up at least 1 year; and (4) with LAM initial treatment at least 1 year in the LAM treatment group or without any antiviral treatment for the control group. 

Exclusion criteria: co-infection with hepatitis C virus, hepatitis D virus, or human immunodeficiency virus; previous use of any immune inhibitors or oral antiviral agents, or HCC.

Whole-course management

Patient profiles: By application of computer software, we established an electronic follow-up platform. The platform is used for storage of the general information, consultation, and experimental data. It also can be used for analysis when needed.
Planning and scheduling: Compliance with therapy was questioned. A clear plan for subjects according to their daily living habit was established. The chronicity and importance of nucleoside drug treatments, the possibility of adverse drug reactions, and precautions with detailed solutions were explained in detail at the beginning of the research. 
Follow-up: All of the patients were followed-up periodically by clinic re-examination, letters, or telephone calls. The follow-up content included: (1) patient compliance; (2) symptoms outcome; (3) adverse reactions; (4) evaluation of the curative effect, combining previous experimental results and dosage schedule; (5) formulation of a further treatment plan; and (6) made an appointment for the next review. 
Surveillance indicators 

The following data were collected: (1) HBV-DNA, HBV serologic makers, and liver function were investigated every month and 3 mo before and after the virologic response; (2) adverse effect: blood routine examination, renal function and creatine kinase; and (3) tumor monitor: liver ultrasound was conducted every 6 mo, alpha fetal protein was examined every 3 mo in HCC high-risk patients, and CT or MRI scans in patients with suspicious nodules. 

Cooperation mechanism 

A consultation and referral treatment system was established by cooperating with the radiology, ultrasonic, pathology, and liver surgery departments, and a clinical laboratory was established for early detection, diagnosis, and treatment of disease during the study.

Treatment strategy
Rescue therapy (including switching to or adding other NAs) was initiated immediately when LAM resistance was detected. 

NA antiviral treatment was initiated immediately in relapse: (1) patients with LC or have aggravating trend (with total bilirubin > 3 times or with liver failure); and (2) patients with tolerable general condition (without LC or liver failure trend), but HBV DNA levels failed to become negative (defined as < 1.0 × 103 copies/mL). 

Curative effect observation

The starting point was defined as when the cohort was established. Outcome events included LC occurrence in CHB patients, HCC occurrence in CHB patients with LC, and HBV-related death occurrence in CHB/LC patients. The primary endpoints were: (1) outcome event occurred; and (2) observed to the last follow-up without occurrence of outcome events.

Ethical approval

The study was conducted according to the ethical guidelines of the 1975 Declaration of Helsinki and approved by the Human Ethics Committee of Guangxi Medical University. Informed consent was obtained in writing from each patient.

Statistical analysis

SPSS 18.0 software (SPSS Inc., Chicago, IL, United States) was used for all statistical analysis. Life-table method and multivariate Cox proportional hazards model (PHM) regression analyses were used to identify the variables/factors determining the clinical endpoint events. Categorical variables were defined as the proportion (%) and were compared by 2 or Fisher’s exact tests. Continuous variables were defined as the mean ± SD or median (range) and tested with the Student’s t or Mann-Whitney U tests, as appropriate. A P < 0.05 was considered to be statistically significant. 

RESULTS

All of the patients in this research were from the Department of Infectious Diseases, the First Affiliated Hospital of Guangxi Medical University. From the initial baseline cohort of 1404 patients established between February 2002 and April 2014, 238 patients met the final inclusion criteria and were included in the LAM group. The history control group was comprised of 238 patients, using 1:1 matching, who were recruited from the clinic, were hospitalized at some point since 1990, and were HBsAg-positive, had abnormal ALT/AST, detectable HBV-DNA or were HBeAg-positive, and have been followed-up at least 1 year. 

Baseline characteristics

The propensity score method was conducted for matching the history control group; matching factors included: sex, age, baseline HBeAg, and diagnosis. The data distribution scatter diagram was drawn up before and after matching, and showed balanced after matching (P = 0.83) (Figure 1). The baseline characteristics are shown in Table 1.

Viral load and liver function 

Of 238 cases in the LAM group, most (212 patients, 89.1%) achieved undetectable HBV DNA in the last interview within the follow-up period, and 213 patients (89.8%) demonstrated ALT improvement (ALT < 1.3 lower limit of normal). In the history control group, 44 patients (18.5%) achieved undetectable HBV DNA, and 74 patients (31.1%) showed ALT improvement.

Viral breakthrough and virologic relapse
In the LAM group, viral breakthrough occurred in 77 patients (32.4%); the one-, three-, and five-year cumulative rates were 6.8%, 33.1%, and 41.3%, respectively, and the annual rate was 10.5%. There were 106/238 (44.5%) patients that had once stopped LAM, and 63 (59.4%) of these developed virologic relapse. The relapse rates of patients with and without reaching Asian Pacific Association for the Study of the Liver (APASL) endpoint criteria were 52.4% (33/63) and 69.8% (30/43), respectively. 

The distribution of cumulative relapse rates after stopping LAM with and without reaching the criteria in month 3, month 6, year 1, year 2, year 3, and year 5 were 24.2% vs 35.3%, 39.0% vs 59.5%, 52.5% vs 68.3%, 52.5% vs 71.2%, 52.5% vs 74.6%, and 58.9% vs 74.6%, respectively (Figure 2).

CHB/LC study endpoints 

In the LAM group, among the 78.6% (187/238) of CHB patients at baseline, 3.2% (6/187) progressed to LC and 1.1% (2/187) progressed to HCC. Whereas in the history control group, 25.0% (47/190) progressed to LC (P = 0.01) and 3.7% (7/190) progressed to HCC (P = 0.05). Of the 51 (21.4%) LC patients in LAM group and 48 (20.2%) in the history control group at baseline, 5 (9.8%) and 12 (25%) patients, respectively, progressed to HCC (P = 0.09) and the three-, and five-year cumulative rates were 4.5% vs 20.7% and 8.1% vs 37.5% (P < 0.01), respectively. Furthermore, there was 1 (2.0%) patient who died in the LAM group compared to 3 (6.3%) in the history control group (P = 0.01). The disease progressions are listed by life table in Figures 3-5.

Outcome events: Cox PHM analysis

The Cox PHM was used for multivariate analyses, in which sex, age, stoppage of treatment, family history of hepatitis B, baseline HBeAg, resistance, HBV-DNA, baseline ALT, and baseline diagnosis were evaluated for the prediction of CHB progression in the LAM group. Receiver operating characteristic (ROC) curves were constructed and the area under the ROC curves was also computed. A probability level (P) of 0.05 was chosen for statistical significance. 

It was observed that baseline age (RR = 1.115, 95%CI: 1.04-1.196, P < 0.01) and LC (RR = 8.86, 95%CI: 1.17-45.69, P < 0.01) were the independent risk factors of CHB in progression to HCC. LC showed the highest area under the ROC value (8.86, 95%CI: 1.17-45.69, P < 0.01), followed by baseline age (1.12, 95%CI: 1.04-1.20, P < 0.01) (Table 2).

DISCUSSION

It is reported that amelioration of liver necroin​flammation or cirrhosis could be achieved with antiviral therapy by inhibition of viral replication[7,8]. Therefore, antiviral therapy is fundamentally important in the treatment of CHB/LC patients.

The current study aimed to (1) evaluate the efficacy of long-term LAM treatment under the whole-course management in CHB/LC progression; and (2) analyze the related risk factors. The long-term use of LAM treatment resulted in resistance. The resistance rates of CHB patients underwent LAM treatment at one, two, three, four, and five years was 14.7% (4.8%-23.5%), 37.8% (14.3%-65.9%), 49.8% (30.2%-70.5%), 62.0% (52.0%-67.0%), and 70.8%, respectively. Previous reports indicated that the resistance rate rose with the LAM treatment extending[9-12]. 

In our study, there were 77 (32.4%) patients who developed virologic breakthrough (the annual rate was 10.5%), and the cumulative rates in year 1, year 3 and year 5, were 6.8%, 33.1%, and 41.3%, respectively. The virologic breakthrough rate in our study was consistent with the current rate in China. Stoppage of treatment was inevitable during the long-term antiviral therapy for several reasons, including stoppage for reaching the criteria, economic burden, or pregnancy. However, virologic relapse happened more often with LAM treatment. Luo et al[13] observed 26 patients with average 20-mo LAM treatment, and found a relapse rate of 80.77% (21/26). Wang et al[14] observed 82 HBeAg-positive patients with 24-mo LAM treatment on average, an reported relapse rates in year 1, year 2, year 3, and year 4 of 23.4%, 25%, 25%, and 29.4%, respectively. In our study, 44.5% patients (106/238) had once stopped LAM treatment, and 63 (59.4%) of them developed virologic relapse; the relapse rate of patients with and without reaching APASL endpoint criteria were 52.4% and 69.8%, respectively. Overall, more than half of the CHB patients experienced relapse after stopping treatment. Furthermore, the relapse rate in stop-treatment patients who failed to reach the APASL endpoint criteria was much higher than those reaching APASL endpoint criteria. These results indicate that relapse in CHB/LC patients may be associated with the antiviral therapy duration. 

CHB may cause serious events such as LC, liver failure, and HCC without effective control. A number of studies have found that the incidence rate of LC varies from 0.9% to 16.0%, while the HCC incidence rate ranges from 0.3% to 7.2%[15-23]. 

HBV DNA ≥ 2000 IU/mL is an independent HCC risk factor[24]. Long-term LAM treatment can reverse LC and eventually delay CHB/LC progression. A randomized controlled trial indicated that liver fibrosis and liver dysfunction effectively slow down with long-term LAM treatment[25]. Matsumoto et al[26] also suggested that long-term LAM treatment effectively reduces the incidence of HCC in patients with CHB. The HCC incidence in LC was 3%-6%, significantly higher than non-LC CHB patients[27]. A prospective study followed up CHB/LC patients for 4.5 years; HCC incidence at years 1, 3, 5, 7, and 10 were significantly higher in patients with cirrhosis (8.1%, 17.5%, 43.2%, 46.7%, and 53.4%, respectively) than CHB (1.6%, 3.5%, 3.5%, 7.1%, and 29.6%, respectively), with no difference between ETV and LAM[28]. Kurokawa et al[29] followed up 293 HBV patients for an average of 67.6 mo and found that the cumulative carcinogenesis rate at years 3, 5, and 7 were 2%, 3%, and 5% in patients with CHB and 15%, 30%, and 35% in LC, respectively[30]. Long-term LAM treatment can achieve HBsAg clearance in HBeAg-negative CHB patients.

In our study, there were 187 CHB patients receiving LAM treatment under the whole-course management, with five years follow-up on average. Of these, six patients progressed to LC; the cumulative rates in years 3, 5 and 10 were 0.7%, 1.8%, and 9.8%, respec​tively. Meanwhile, two patients developed HCC, and the cumulative rates in years 3, 5, and 10 were 0%, 1.1%, and 2.5%, respectively. The average annual rates in progress to LC and HCC were 0.6% and 0.2%, respectively. There were 51 (in the LAM group) and 48 (in the history control group) LC patients at baseline, of which 5 (9.8%) and 12 (25%) progressed to HCC; the average annual rates were 1.9% and 7.5%, while the three- and five-year cumulative rates were 4.5% vs 20.7% and 8.1% vs 37.5%, respectively. The incidence of LC in CHB was significantly lower than in the control group, which indicates that the LAM treatment under whole-course management may be helpful in reducing the development of CHB to LC. Moreover, the HCC incidence in CHB with LC at baseline of the LAM group was also lower than that of the control group. Unfortunately, the relatively small study sample may affect the comparison results, thus, larger sample sizes are necessary in future studies. The cumulative rate and annual rate of HCC and LC in HBV patients was consistent with previous reports, which also suggests the effectiveness of antiviral therapy in CHB.

In conclusion, this study shows that the long-term LAM treatment under whole-course management can achieve undetectable levels of HBV-DNA and normalize ALT levels, and thus, reduce the incidence rates of LC and HCC in CHB/LC patients. Furthermore, this study also indicates that baseline age is an independent risk factor for CHB patients who develop LC, while LC and HbeAg negative, age at baseline are the first and second risk factors for development of HCC, respectively.

COMMENTS

Background

Hepatitis B virus (HBV) infection is a serious global public health problem. Nearly one million people die from liver failure each year caused by HBV infection, liver cirrhosis, or hepatocellular carcinoma (HCC). Viral replication is the independent risk factor that leads to progression of disease, thus, antiviral therapy is the key point in treatment of patients with HBV infection. 

Research frontiers

Research reports suggest lamivudine (LAM) has high potency in delaying the disease progression when used to treat patients with liver cirrhosis (LC) and cancer. However, a variety of situations are possibly during clinical practice, including initial treatment, re-treatment, drug resistance, treatment stoppage, and relapse. Present randomized clinical trials are not sufficient to cover all of these patients. 

Innovations and breakthroughs

This study, as a retrospective and perspective analysis, evaluated the efficacy of long-term LAM treatment under the whole-course management in ALT improvement, virologic response, relapse after stoppage of treatment, and disease progression in chronic hepatitis B (CHB)/LC patients. 

Applications

Long-term LAM treatment combined with the whole-course management may reduce the incidence rates of LC and liver cancer, as well as the death rates related with HBV infection. Old baseline age is the independent risk factor of LC, while cirrhosis diagnosed at baseline is the independent risk factor of liver cancer. 

Peer-review

The research is well designed, and the manuscript is good. In this study, the authors investigated the real-life clinical outcomes of CHB and LC patients after LAM treatment under whole-course management. This retrospective-prospective cohort study is based on two nonrandom cohorts of Chinese patients. The authors found that the incidences of HCC in CHB and in LC at baseline of LAM were lower than those of the control group. Viral breakthrough and relapse were inevitable during long-term LAM treatment, the maximum efforts to enable undetectable HBV-DNA levels and normalize alanine transaminase in CHB/LC patients under whole-course management can reduce the incidence rates of LC and HCC.
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FIGURE LEGENDS

Figure 1  Comparison before and after matching in treatment and control groups.
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Figure 2  Comparison of recurrence rates between patients who stopped treatment with and without reaching endpoint criteria of the Asian Pacific Association for the Study of the Liver. APASL: Asian Pacific Association for the Study of the Liver.
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Figure 3  Incidence of liver cirrhosis in patients with chronic hepatitis B. LAM: Lamivudine; CHB: Chronic hepatitis B.
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Figure 4  Comparison of incidence of hepatocellular carcinoma in patients with chronic hepatitis B (A) and liver cirrhosis (B) between the lamivudine and control group. CHB: Chronic hepatitis B; LAM: Lamivudine.
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Figure 5  Comparison of death rates between the lamivudine and control group. LAM: Lamivudine.
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Table 1  Baseline characteristics


Characteristic�
LAM group�
History control group�
�
�
No.�
CHB�
LC�
No.�
CHB�
LC�
�
�
(n = 238)�
(n = 187)�
(n = 51)�
(n = 238)�
(n = 190)�
(n = 48)�
�
Age (mean ± SD)�
35.9 ± 11.7�
33.3 ± 10.3�
45.5 ± 11.6�
34.7 ± 11.5�
32.3 ± 9.9�
44.4 ± 12.0�
�
Sex, n (%)�
197 (74.3)�
149 (70.6)�
48 (88.9)�
197 (74.3)�
153 (72.2)�
44 (83)�
�
Base HBeAg-positive, n (%)�
153 (57.7)�
134 (63.5)�
19 (35.2)�
157 (59.2)�
139 (65.6)�
18 (34)�
�
Base ALT (U/mL)�
150�
157�
124�
212�
221�
173�
�
Base HBV-DNA (copy/mL)�
5.85E+7�
7.3E+7�
5.4E+6�
3.6E+7�
2.1E+7�
8.4E+7�
�
Follow-up time (yr)�
5.1 (1.0-13.2)�
5.0 (1.0-13.2)�
5.2 (1.1-11.6)�
3.8 (1.0-17.6)�
3.9 (1.0-17.6)�
3.1 (1.0-15.0)�
�
LAM: Lamivudine; CHB: Chronic hepatitis B; LC: Liver cirrhosis.





Table 2  Risk factors of liver cancer


Factor�
Assignment�
�
Sex�
�
�
   Male�
1�
�
   Female�
0�
�
Age�
Age�
�
Stop treatment�
�
�
   Stop�
1�
�
   Never stop�
0�
�
Family history�
�
�
   No�
0�
�
   Unknown�
1�
�
   Yes�
2�
�
Baseline HBeAg�
�
�
   HBeAg-negative�
1�
�
   HBeAg-positive�
0�
�
Viral breakthrough�
�
�
   Yes�
1�
�
   No�
0�
�
Baseline DNA level (copy/mL)�
�
�
   < 104�
0�
�
   104-99999�
1�
�
   105-999999�
2�
�
   ≥ 106�
3�
�
Baseline ALT�
ALT (IU/mL)�
�
Diagnose�
�
�
   LC�
1�
�
   CHB�
0�
�
ALT: Alanine transaminase; CHB: Chronic hepatitis B; LC: Liver cirrhosis; HBeAg: Hepatitis B e antigen.
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