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Abstract

Background—One to five years of therapy of chronic hepatitis B with oral nucleoside analogues 

result in significant clinical improvements, but effects of more prolonged therapy are not well 

defined.

Aims—To describe outcomes of chronic hepatitis B with long-term lamivudine therapy.

Methods—42 patients with chronic hepatitis B treated with lamivudine were followed for 3.2 to 

19.5 (median = 16.1) years. Therapy was switched to other agents (n=16) if patients developed 

lamivudine resistance and relapse of disease.

Results—Among 22 HBeAg-positive patients, 17 (77%) became HBeAg negative, of whom 5 

(23%) subsequently cleared HBsAg. Among 20 HBeAg-negative patients, 10 (50%) cleared 

HBsAg. The time to HBsAg clearance ranged from 0.9 to 16.8 (median = 9.3) years. Lamivudine 

resistance arose in 24 patients (57%) of whom 6 (25%) lost HBsAg. HBsAg clearance was not 

always accompanied by seroconversion; anti-HBs appearing concurrently in only 5 patients (33%). 

Nevertheless, HBsAg loss allowed for stopping therapy in all patients, none re-developing HBsAg 

or suffering relapse; all having normal ALT levels and no (n=13) or unquantifiable HBV DNA 

levels (n=2) when last seen. In contrast, 7 of 27 patients (26%) who remained HBsAg-positive 

died of liver disease or liver cancer or underwent liver transplantation, all of whom had cirrhosis.

Conclusion—Long-term viral suppression with nucleoside analogues leads to HBsAg loss in a 

substantial proportion of patients, particularly if HBeAg-negative. Serious outcomes during the 
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first 10–20 years of treatment occur largely among patients with pre-existing cirrhosis who do not 

clear HBsAg with therapy.

Introduction

Oral nucleoside analogues with potent activity against the hepatitis B virus (HBV) have 

become the mainstay of therapy of chronic hepatitis B. Therapy with these agents result in a 

prompt decline in HBV DNA levels and subsequent improvements in serum biochemical 

tests and liver histology.1, 2 Therapy for one or two years can be accompanied by clearance 

of hepatitis B e antigen (HBeAg) and seroconversion to antibody (anti-HBe) in 10% to 30% 

of patients.3–9 Long-term therapy has been associated with improvement in hepatic fibrosis 

and, in some instances, clearance of hepatitis B surface antigen (HBsAg) and development 

of antibody to HBsAg (anti-HBs).10, 11 What remains unclear is how long patients should be 

treated and what criteria should be used to stop therapy. Relapse upon stopping therapy even 

after loss of HBeAg is common. Furthermore, oral nucleoside therapy is extremely well 

tolerated usually without significant serious side effects. For these reasons, therapy of 

hepatitis B with oral antiviral agents is generally given long-term with no clear basis or 

criteria for stopping treatment other than HBsAg loss.2

In 1995, we initiated an open label trial of lamivudine at the Clinical Center of the National 

Institutes of Health.12 At the time, lamivudine was not approved for use in hepatitis B 

although it was widely used for human immunodeficiency virus (HIV) infection. Initially 

planned for 5 years, the study was later extended for patients to continue on lamivudine (100 

mg daily) indefinitely or until they became HBsAg-negative or developed clinically apparent 

antiviral resistance. Those who developed lamivudine resistance with rising levels of HBV 

DNA and serum alanine aminotransferase (ALT) levels were offered treatment with other 

agents, if available. Until 2001, the only other option for therapy of hepatitis B was 

interferon alfa. Thereafter, adefovir dipivoxil became available (2002) and later entecavir 

(2005) and tenofovir disoproxil fumarate (2008). In recent years, trials of approaches to 

promote clearance of HBsAg were initiated and some of these subjects entered studies of 

antiviral therapy withdrawal (2012) or addition of a six-month course of peginterferon 

(2015). In 2015, we conducted a long-term follow up evaluation on all patients who were 

enrolled to assess long-term outcomes in those who remained on lamivudine as well as those 

who were switched to other agents.

Materials and Methods

Initial Protocol

An open-label prospective study of lamivudine therapy was initiated in 1995 at the Clinical 

Center of the National Institutes of Health.12 Lamivudine was provided under a Clinical 

Trial Agreement with GlaxoSmithKline. Adult patients (age 18 or above) with biopsy 

proven chronic hepatitis B were eligible. All patients were required to have hepatitis B 

surface antigen (HBsAg) and HBV DNA in serum (in levels above 105 copies/mL as 

detected by branched chain hybridization assays13 available at that time). Both HBeAg 

positive and negative patients were included. Patients also had to have elevations in serum 

alanine or aspartate aminotransferase (ALT or AST) and a liver biopsy showing chronic 
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hepatitis with necrosis and active inflammation. Patients with compensated cirrhosis were 

eligible but those with decompensated cirrhosis (Childs Pugh B and C) were not. Other 

exclusion criteria included antiviral therapy within the previous six months, chronic 

infection with hepatitis C or D virus, human immunodeficiency virus (HIV) infection, need 

for chronic immunosuppressive therapy and significant renal impairment (serum creatinine 

above 1.5 mg/dL). Two patients were enrolled on a compassionate-use basis who were 14 

and 17 years of age for whom no other therapeutic options were available, and another was 

enrolled despite not having a recent liver biopsy because of a low platelet count due to 

cirrhosis (54,000/µL).

Follow-up Protocol

The initial protocol called for therapy to continue for 5 years with repeat liver biopsies at 1 

and 4 years (95-DK-0199: NCT 00001457). The protocol was later amended to continue 

therapy for 8 years after which patients were switched to an omnibus, natural history study 

of patients with chronic liver disease (91-DK-0214: NCT00001971). Therapy was continued 

indefinitely. Patients who developed lamivudine resistance and recurrence of liver injury 

were switched to other agents if available. Some patients were later eligible for a study of 

adefovir with or without lamivudine (01-DK-0246: NCT 00023309)13 and subsequently a 

similar study of tenofovir with or without emtricitabine (07-DK-0207: NCT 00524173). 

Other patients were treated “off-protocol” with other medications approved for therapy of 

hepatitis B such as interferon, adefovir, entecavir and tenofovir. Patients who became 

HBsAg negative were continued on treatment for another 6 months and then withdrawn. 

Some patients were continued on treatment for longer than 6 months due to irregularity of 

follow up or resistance to stopping the medication so soon after loss of HBsAg. One patient 

stopped therapy on their own at year 4. Data on patients who were enrolled in studies of 

withdrawal of antiviral therapy (11-DK-0151: NCT01581554) or addition of peginterferon 

in attempts to induce clearance of HBsAg (15-DK-0082: NCT02364336) were censored at 

the time of enrollment in those studies.

Monitoring

Patients were monitored on therapy at once monthly intervals for the first year and at three 

monthly intervals thereafter. Liver biopsies were repeated at 1 year and again at 4 and 8 

years in consenting patients if still on therapy. Regular monitoring included routine liver 

tests, complete blood counts, HBsAg, HBeAg, anti-HBe and HBV DNA levels. All details 

of these protocols were approved by the NIDDK institutional review board and all patients 

provided written, informed consent.

Laboratory testing

The assays used for detection of HBV DNA varied over the period of the initial study and 

follow up, being initially direct branched-chain hybridization (expressed as copies/mL with 

a lower limit of detection of ~100,000 copies/mL)14 as well as an in-house, experimental 

polymerase chain reaction (PCR) and later quantitative PCR-based assays, most recently 

COBAS® AmpliPrep/COBAS® TaqMan® HBV Test, v2.0 (Roche Molecular Systems, 

Inc., Branchburg, NJ) with a lower limit of detection of 20 IU/mL.15 Hepatitis B virus 

genotyping was done by line-probe hybridization assay.16 Selected stored specimens were 
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tested for HBsAg concentration using the ADVIA Centaur HBsAg quantitative assay 

(Siemens Healthcare Diagnostics, USA), and results were expressed as IU/mL.17 Virologic 

resistance to lamivudine was tested using a restriction fragment-length polymorphism assay 

initially (12) and later by line probe hybridization, INNO-LiPA HBV Genotyping assay 

(Innogenetics N.V., Ghent, Belgium). Selected stored serum specimens were retested for 

genotype and HBV DNA levels using more recently developed assays. Monitoring also 

included hepatic imaging by ultrasound done every six months in patients with cirrhosis or 

advanced fibrosis and every one to two years in those without significant fibrosis. Liver 

histology was assessing using a modification of the histology activity index and Ishak 

fibrosis scores.18

Statistical analysis

Mann-Whitney U test was used for continuous variables (Age, ALT, AST, total bilirubin, 

prothrombin time, albumin, HAI score, Ishak score, HBV DNA and HBsAg). Fischer’s 

exact test was used to compare frequencies between two groups for categorical variables 

(race, genotype, sex, cirrhosis, HBeAg status, lamivudine resistance). All calculated P values 

were 2-tailed and compared with a significance level of 0.05. Serum HBV DNA levels and 

HBsAg titers were logarithmically transformed for analysis. Kaplan-Meier analysis was 

applied to estimate and compare the rates of loss of surface antigen between HBeAg-positive 

and HBeAg-negative patients. SAS v. 9.4 (Cary, NC) was used for data analysis.

Results

Patients enrolled

Between 1995 and 2002, 42 patients with chronic hepatitis B were enrolled in an open-label 

study of lamivudine therapy. The 42 patients were mostly men (86%), ages 14 to 71 years, of 

whom 22 (52%) were non-Hispanic whites, 17 (40%) Asian Americans and 3 (7%) African-

Americans or black. All patients were positive for HBsAg and 22 had HBeAg, the remaining 

20 being HBeAg-negative and anti-HBe-positive. The baseline clinical, biochemical, 

histologic and virologic features of the cohort comparing those with HBeAg to those without 

are shown in Table 1. The two groups had similar clinical and demographic features, serum 

aminotransferase elevations and histological features. As expected, patients with HBeAg had 

higher levels of HBV DNA and HBsAg. Genotype A was most common in the HBeAg 

positive group, and genotypes D and E were found only among the HBeAg-negative group. 

Three HBeAg positive and one HBeAg negative patients had glomerulonephritis suspected 

to be due to hepatitis B. Thirteen patients (31%) had cirrhosis (Ishak fibrosis score 5 or 6 or 

clinically apparent cirrhosis without biopsy). Results of lamivudine treatment in the initial 

27 patients enrolled in this study were published in 2000.12

Follow up

The 42 patients enrolled were continued on lamivudine for 1.5 to 19.4 (median = 7.4) years 

and have been followed for 3.2 to 19.5 (median = 16.1) years. At the time of the last attempt 

at contact (February 2016), 5 patients had been lost to follow up and 8 had died or 

undergone liver transplantation. Of the remaining 29 patients, 12 were no longer taking 

antiviral therapy, 7 were still on lamivudine alone, and 10 were on various other antiviral 
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regimens for hepatitis B including entecavir (n=4), tenofovir (n=2) and the combination of 

tenofovir and emtricitabine (Truvada, n=4).

The duration of therapy, serological responses and outcome of each patient is displayed in 

Figure 1a (HBeAg-positive group: E1-E22) and 1b (Anti-HBe-positive group: A1-A20). 

Among the 22 HBeAg-positive patients, 17 (77%) became HBeAg-negative and 5 (23%) 

subsequently cleared HBsAg as well. Among the 20 subjects who were initially HBeAg-

negative, 10 (50%) lost HBsAg.

Death and Liver Transplantation

A total of 7 patients died and one underwent liver transplantation 2.6 to 19.4 (median = 9.1) 

years after start of antiviral therapy. All outcomes except one (A2: cancer of pancreas) were 

HBV-related that included 2 from end-stage liver disease and 4 from hepatocellular 

carcinoma. These six patients with HBV-related outcomes all had cirrhosis at the time of 

enrollment (n=5) or on subsequent liver biopsies (n=1) and all were still HBsAg-positive and 

on antiviral therapy at the time of death. The patient who underwent liver transplantation 

was HBsAg-positive at the time of transplant and has remained HBsAg positive, although 

HBV DNA negative thereafter, and is still on antiviral therapy 18 years later (initially 

lamivudine and hepatitis B immune globulin, later lamivudine alone, currently tenofovir 

alone). A comparison of the 7 patients who underwent liver transplantation or died due to a 

complication of chronic hepatitis B to the 35 other patients is given in Table 2. While 

patients who developed severe hepatic outcomes were more likely to have cirrhosis and 

often had lamivudine resistance, some had a seemingly beneficial virological response, two 

having cleared HBeAg with treatment and 4 had long-term suppression of HBV DNA levels. 

In 5 of the 7 patients, serial liver biopsies indicated a decrease in hepatic fibrosis during 

treatment, and 3 did not have cirrhosis on the last available biopsy (Ishak scores that were 

initially 5, decreased to 4, 3 and 1). No HBV-related outcomes were observed in patients 

who lost HBsAg, although 4 had pre-existing cirrhosis.

Loss of HBeAg and HBsAg

In the initial HBeAg-positive group of 22 patients, 17 became HBeAg negative, 0.2 to 14.7 

(median = 5.9) years after starting therapy. Eight of these patients were taking lamivudine as 

monotherapy at the time of loss of HBeAg while the remaining 9 had been switched to other 

antiviral agents. Among the 17 patients who lost HBeAg, 5 subsequently lost HBsAg as 

well, 1.7 to 17.2 years after starting therapy and 0.8 to 13.1 years after loss of HBeAg.

In the 20 patients who were initially HBeAg-negative, 10 (50%) subsequently lost HBsAg, 

which occurred 6.1 to 16.6 (median = 9.5) years after starting therapy. A Kaplan-Meier 

analysis of the time to loss of HBsAg in the HBeAg-positive and -negative cohorts is shown 

in Figure 2. During the first 5 years of therapy, loss of HBsAg was uncommon, occurring in 

only 2 of the HBeAg-positive and in none of the HBeAg-negative group. Thereafter, 

however, an increasing proportion of patients became HBsAg-negative, ultimately being 

more frequent in the HBeAg-negative cohort. By 10 years, 4 (18%) of the HBeAg-positive 

and 6 (30%) of the HBeAg-negative cohorts were HBsAg negative. The final life-table 

estimates demonstrated a 26% HBsAg loss in the HBeAg-positive cohort during an average 
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follow up of 16 years and 71% HBsAg loss in the anti-HBe positive cohort with an average 

follow up of 13.6 years. All 15 patients who became HBsAg-negative were withdrawn from 

antiviral therapy after continuing for at least 6 months after the initial negative HBsAg 

result. During follow up ranging from 0.7 to 14.6 (median = 6) years, none redeveloped 

HBsAg reactivity or had a flare of disease activity after withdrawal. Transient HBV DNA 

positivity was documented in 8 patients although peak levels were low (186 to 1780 IU/mL) 

and the presence of viral DNA detectable in serum was generally short-lived (1 to 6 months). 

Minor serum aminotransferase elevations were intermittently present in 2 subjects that were 

attributed to nonalcoholic fatty liver.

Seroconversion to anti-HBe

Among the 17 patients who lost HBeAg, 7 became anti-HBe positive at the same time as the 

antigen was first found to be undetectable and 2 others became positive after a delay of 1.0 

and 5.9 years. During subsequent follow up, 3 patients lost anti-HBe reactivity and were 

negative for both HBeAg and anti-HBe when last seen. The remaining 8 patients never 

seroconverted to anti-HBe positivity despite 3.3 to 19.4 (median = 7.1) years of follow up. 

The absence of anti-HBe did not appear to have clinical or virological consequences. 

Subsequent loss of HBsAg occurred equally among those who became anti-HBe positive (3 

of 9 patients) and those who remained negative for both HBeAg and antibody (2 of 8 

patients).

Seroconversion to anti-HBs

Among the 15 patients who lost HBsAg, 5 (33%) seroconverted to anti-HBs positivity on the 

specimen when the antigen was first negative. During follow up, another 7 patients became 

anti-HBs positive after a delay of 0.5 to 2.9 years, but 6 had been given HBV vaccine (1 to 4 

doses) in an attempt to induce anti-HBs reactivity. The final 3 patients remained anti-HBs 

negative during follow up of 4.1, 6.6 and 9.4 years despite being given multiple doses of 

HBV vaccine. The absence of seroconversion to anti-HBs positivity did not appear to have 

clinical or virologic significance. No patient who became HBsAg-negative developed 

evidence of liver decompensation or hepatocellular carcinoma, and at the time of last follow 

up, serum ALT levels were persistently normal in all, and serum HBV DNA levels were 

undetectable in 13 and present but below the level of quantification in 2 (<20 IU/mL).

Antiviral Resistance

Development of antiviral resistance was frequent during lamivudine therapy, ultimately 

being detected in 18 (81%) of the HBeAg-positive and 6 (30%) of the HBeAg-negative 

group. The appearance of lamivudine resistance was generally, but not invariably, followed 

by an exacerbation of disease with rise in previously normal or near-normal serum 

aminotransferase levels (12). Antiviral resistance led to switching therapy in 14 patients. 

Subsequently, 1 of the 14 (7%) patients who were switched to other agents became HBsAg-

negative, compared to 5 of 10 (50%) patients with resistance who remained on lamivudine 

therapy alone.
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Factors associated with loss of HBsAg

Comparisons of the 15 patients who became HBsAg-negative to the 27 who remained 

positive to the time of last follow-up are shown in Table 3. The two groups were similar in 

most respects including age, sex, race, ALT levels and histological features including 

cirrhosis. The patients in the two groups were followed for a similar period of time (14.3 vs 

16.3 years). Those who lost HBsAg were more likely to be HBeAg-negative at the start of 

therapy and to have lower levels of serum HBV DNA and HBsAg but differences were only 

marginal. Those who remained HBsAg positive were more likely to have developed 

detectable lamivudine resistance than those who became HBsAg negative (67% vs 40%: p = 

0.09). None of the HBsAg-negative patients died of an HBV-related condition, compared to 

7 of the 27 (26%) who remained HBsAg-positive despite the fact that a similar proportion 

had cirrhosis at the time of enrollment.

Discussion

This analysis has demonstrated the range of long-term outcomes in a cohort of patients 

enrolled in an early study of lamivudine therapy for chronic hepatitis B starting 20 years 

ago. The study was initiated before the availability of oral nucleoside therapies of hepatitis B 

and long before the availability of the more potent agents with a higher barrier to resistance 

such as tenofovir and entecavir. Lamivudine was found to have good activity, lowering HBV 

DNA levels in virtually all patients with subsequent improvements in serum enzyme levels 

and hepatic histology.3, 4 A major shortcoming, however, was the development of antiviral 

resistance after which HBV DNA levels generally rose and the biochemical and histologic 

features worsened. In this cohort, 57% of patients developed lamivudine resistance, most of 

these within the first two years.12 If resistance occurred and disease relapsed, patients in this 

cohort were switched to other therapies, although the choices of alternative treatments were 

initially limited to interferon alfa and peginterferon until the approval of adefovir in 2002, 

entecavir in 2005 and tenofovir in 2008. Nevertheless, the majority of patients who were 

enrolled in this study did well; liver transplants and deaths from end-stage liver disease or 

hepatocellular carcinoma being limited to those who had cirrhosis or advanced fibrosis 

before starting therapy. Indeed, during long term follow up, the majority of patients had not 

only excellent viral suppression and biochemical and histologic improvement but also loss 

of HBsAg that allowed for discontinuation of treatment without relapse including 4 patients 

with pre-existing cirrhosis. Even though liver related outcomes were seen in patients with 

advanced fibrosis or cirrhosis who were still HBsAg positive, a recent meta analysis 

suggested that hepatocellular carcinoma can develop in patients even after HBsAg 

seroclearance in patients with cirrhosis or age more than 50 years at the time of HBsAg 

loss.19, 20

Because of their broad efficacy and safety, oral nucleoside analogues have become a 

standard approach to management of hepatitis B and continuation of treatment is largely 

indefinite. In patients with HBeAg, therapy is sometimes discontinued once there is 

clearance of HBeAg, treatment being continued for at least six months after 

seroconversion.21 In this cohort, loss of HBeAg was not used as a criterion for 

discontinuation, largely because of earlier, limited experience of the frequency of relapse 

Lingala et al. Page 7

Aliment Pharmacol Ther. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



when nucleosides were stopped after loss of HBeAg22, combined with the common lack of 

actual seroconversion and development of anti-HBe.

Perhaps a greater problem occurs in HBeAg-negative patients with chronic hepatitis B, in 

whom there are no clear indications of viral eradication and the ability to stop treatment. In a 

study from Greece, patients who had been treated with adefovir for 5 years were withdrawn 

from therapy among whom almost half relapsed and had to be retreated.23 Among the other 

half, however, the disease did not return and many subsequently became HBsAg-negative. In 

the current study, most patients with HBeAg-negative chronic hepatitis B were continued on 

treatment beyond five years and, as shown in Figure 2, the majority ultimately became 

HBsAg-negative. Based upon the report from Greece, a study of deliberate withdrawal of 

antiviral therapy was initiated in 2011. Data from patients in this cohort who were enrolled 

in that withdrawal study were censored at the time of the withdrawal.

A striking finding in this cohort was that the loss of HBeAg or HBsAg was not always 

followed by seroconversion to antibody reactivity. Almost half of persons who became 

HBeAg-negative never made detectable levels of anti-HBe and many of those who produced 

anti-HBe later became negative. The absence of anti-HBe, however, did not appear to have 

major clinical significance. More concerning was that the majority of patients who became 

HBsAg-negative did not become anti-HBs positive in the months following loss of the 

antigen. The absence of spontaneous development of antibody led to attempts to promote its 

production by vaccination. While this intervention appeared to induce detectable anti-HBs in 

most patients, several remained negative despite multiple attempts and long-term 

monitoring. As with anti-HBe, the absence of anti-HBs did not appear to have important 

clinical significance in regard to relapse, persistent viremia or serum aminotransferase 

elevations.

The strengths of this study were the duration of follow up and the careful monitoring of 

biochemical and virologic features, as well as strict adherence to a regimen of management, 

continuing therapy until loss of HBsAg, rather than stopping after loss of HBeAg or after a 

set period of time. The weaknesses of the study were the small number of patients, single 

center, lack of an untreated control group, and the evolution of alternative therapies and 

diagnostic tests during the course of the study. Lamivudine, for instance, is now rarely used 

as a first-line treatment for chronic hepatitis B and interferon is rarely used as an alternative 

therapy to oral nucleoside analogues.

Despite these issues, these analyses suggest that indefinite treatment with oral nucleoside 

therapy of chronic hepatitis B is an appropriate approach to management, using the loss of 

HBsAg as a surrogate endpoint that indicates the safety of stopping treatment. Therapy can 

be continued for a minimum of 6 months after loss of HBsAg and cirrhotic patients will 

need regular follow up screening for HCC even after the therapy is discontinued. Therapy 

should be initiated before the development of cirrhosis or advanced fibrosis as these factors 

predicted poor outcomes despite treatment. Whether a similar high rate of loss of HBsAg 

occurs with therapy using the more potent oral nucleosides for hepatitis B requires further 

long-term follow up of cohorts of patients. In this study, only a few patients became HBsAg 

negative during the first 5 years of treatment. Also, whether there are features that might 
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predict which patients can be withdrawn from treatment after a set period despite being 

HBeAg-negative still HBsAg-positive will require larger, prospective long-term studies. Of 

course, an important need is for adjunctive therapies that would speed or promote loss of 

HBsAg. Also further studies are needed to show that loss of HBsAg is a reliable surrogate 

that predicts lack of long-term consequences of chronic HBV infection.
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Figure 1. 
a: Therapy and serologic status of each of the HBeAg-positive patients (E1–E22) who were 

enrolled in a clinical study of lamivudine therapy of chronic hepatitis B. Dark orange bar = 

HBeAg and HBsAg positive; Pastel orange bar = HBeAg negative but HBsAg positive; 

Open bar = HBsAg negative; Stippled open bar = HBsAg negative and anti-HBs positive; 

Dark triangle = point at which therapy was changed from lamivudine to another agent; Open 

triangle = point at which all antiviral therapy was stopped; Striped star = Patient still on 

lamivudine at time of last visit; Green star = Patient still on other nucleosides at the time of 

last visit; Open star = Patient not on antiviral therapy at time of last visit. Dark circle = time 

of addition of a 4–6 month course of interferon to lamivudine therapy (E2, D7, D14, D17, 

D19). Times at which patients died or were lost to follow up are indicated as well.

b: Therapy and serologic status of each of the HBeAg-negative [and anti-HBe positive] 

patients (A1–A22) who were enrolled in a clinical study of lamivudine therapy of chronic 

hepatitis B. Pastel orange bar = HBeAg negative but HBsAg positive; Open bar = HBsAg 
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negative; Stippled open bar = HBsAg negative and anti-HBs positive; Dark triangle = point 

at which therapy was changed from lamivudine to another agent; Open triangle = point at 

which all antiviral therapy was stopped; Striped star = Patient still on lamivudine at time of 

last visit; Green star = Patient still on other nucleosides at the time of last visit; Open star = 

Patient not on antiviral therapy at time of last visit. W = Time at which patient data was 

censored and they were enrolled in a study of deliberative withdrawal of antiviral therapy 

(A11, A18 and A19). Times at which patients died or were lost to follow up are indicated as 

well.

Lingala et al. Page 13

Aliment Pharmacol Ther. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Kaplan-Meier analysis curves comparing the time to loss of HBsAg in the HBeAg-positive 

and the HBeAg-negative groups.
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Table 1

Patient Baseline Characteristics

Characteristic HBeAg positive
(n=22)

HBeAg negative
(n=20)

p value

Age (years)* 47 (14–67) 48 (17–71) 0.85

Male Sex 20 (91%) 16 (80%) 0.40

Race: White or Caucasian 13 9

  Black or African-American 1 2 0.56

  Asian-American 8 9

Source: Sexual 10 3

  Maternal-Infant 7 15 0.03

  Transfusion 2 0

  Other or Unknown 3 2

ALT (U/L)* 106.5 (28–524) 99.5 (39–336) 0.65

AST (U/L)* 69 (25–331) 64.5 (25–171) 0.42

Bilirubin (mg/dL)* 0.6 (0.3–3.0) 0.5 (0.3–1.8) 0.45

Albumin (g/dL)* 4.1 (1.7–4.6) 4.1 (2.9–4.7) 0.90

Prothrombin time (sec)* 12.6 (11.3–13.6) 13.4 (11.8–15.0) 0.01

Platelet count (per µL)* 187 (113–346) 174.5 (33–328) 0.43

APRI* 1.3 (0.2–6.2) 1.4 (0.3–12.9) 0.74

HBV DNA (log IU/mL)* 9.2 (7.3–10.4) 7.4 (5.3–9.5) <0.001

HBsAg concentration (log IU/mL)* 3.9 (2.0–5.3) 2.9 (1.9–4.0) 0.02

Genotype: A 15 6

  C 7 8 0.008

  D 0 5

  E 0 1

HAI score (0–18)* 10.5 (3–17) 12.0 (5–14) 0.92

Ishak score (0–6)* 4 (0–6) 3 (0–6) 0.05

Cirrhosis (Ishak 5 or 6) 8 (36%) 5** (25%) 0.51

*
Median (range).

**
Imputed for one case.
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Table 2

Comparison of Baseline Characteristics of 7 Patients who died or underwent Liver Transplant for HBV related 

Liver Disease to the 35 Patients who did not.

Characteristic Survival
(n=35)

Death or Liver Tx
(n=7)

p value

Age (years)* 47 (14–71) 50 (34–58) 0.15

Male Sex 31 (89%) 5 (71%) 0.26

Race: White or Caucasian 19 3

  Black or African-American 2 0 0.77

  Asian-American 14 4

ALT (U/L)* 107 (28–524) 91 (64–156) 0.35

AST (U/L)* 67 (25–331) 71 (52–145) 0.82

Bilirubin (mg/dL)* 0.6 (0.3–3.0) 0.8 (0.3–1.8) 0.45

Albumin (g/dL)* 4.1 (1.7–4.7) 3.9 (2.7–4.4) 0.06

Prothrombin time (sec)* 13.1 (11.3–15.0) 13.1 (12.2–14.3) 0.51

Platelet count (per µL)* 191 (96–346) 135 (33–169) 0.001

APRI* 1.0 (0.2–6.2) 1.5 (1.1–12.9) 0.13

HBV DNA (log IU/mL)* 8.3 (5.4–10.4) 7.7 (6.4–9.7) 0.95

HBsAg concentration (log IU/mL)* 3.4 (1.9–5.3) 3.0 (2.1–5.1) 0.48

Genotype: A 18 3

  C 11 4 0.59

  D 5 0

  E 1 0

HAI score (0–18)* 11 (3–17) 13 (7–16) 0.31

Ishak score (0–6)* 4 (0–6) 5 (4–6) 0.004

Cirrhosis 7 (20%) 6** (86%) 0.002

HBeAg positivity 18 (51%) 4 (57%) 1.00

*
Median (range).

**
Imputed for one case.
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Table 3

Patients who Remained HBsAg-positive vs those who Became HBsAg-negative

Characteristic HBsAg-positive
(n=27)

HBsAg negative
(n=15)

p value

Age (years)* 47 (14–71) 48 (31–68) 0.48

Male Sex 22 (81%) 14 (93%) 0.39

Race: White or Caucasian 12 10

  Black or African-American 2 1 0.38

  Asian-American 13 4

ALT (U/L)* 96 (28–524) 167 (50–488) 0.19

APRI * 1.2 (0.2–12.9) 1.6 (0.3–6.2) 0.32

HBV DNA (log IU/mL)* 8.5 (5.5–10.1) 7.8 (5.3–10.4) 0.08

HBsAg concentration (log IU/mL)* 3.5 (2.0–5.3) 2.9 (1.9–4.4) 0.08

HBeAg positivity 17 (63%) 5 (33%) 0.11

Genotype: A 12 9

  C 12 3 0.27

  D 2 3

  E 1 0

HAI score (0–18)* 10 (3–16) 12 (5–17) 0.51

Ishak score (0–6)* 4 (0–6) 4 (1–5) 0.64

Cirrhosis (Ishak 5 or 6) 9** (33%) 4 (27%) 0.73

Duration of follow up (years)* 14.3 (3.3–19.5) 16.3 (7.1–19.1) 0.59

Lamivudine resistance 18 (67%) 6 (40%) 0.09

Death or Transplant, liver-related 7 (26%) 0 (0%) 0.04

*
Median (range).

**
Includes one imputed case
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