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SUMMARY. Entecavir is a potent inhibitor of hepatitis B virus

(HBV) polymerase. The efficacy and safety of entecavir in

nucleoside-naı̈ve patients with hepatitis B virus e antigen

(HBeAg)-positive chronic hepatitis B was established in a

large, international, double-dummy study (ETV-022) where

patients were randomized to entecavir 0.5 mg/day

(n = 354) or lamivudine 100 mg/day (n = 355) once daily.

ETV-022 had a 52-week blinded treatment phase, followed

by an extended blinded treatment phase for up to 44 addi-

tional weeks (96 weeks total). Treatment was discontinued

for patients achieving a protocol-defined response as deter-

mined by patient management criteria that intended to test

the possibility of finite therapy, which has not previously

been studied for entecavir or other anti-HBV agents in a

large trial. Early results from this study have been previously

presented/published separately. This paper compiles the

results of up to 2 years of treatment for protocol-defined

responders, virologic responders and nonresponders. For

responders who discontinued therapy (per protocol),

24-week off-treatment evaluation is presented to provide a

more �complete picture� of what clinicians can expect when

treating nucleoside-naı̈ve HBeAg-positive patients with

chronic hepatitis B. For patients who discontinued therapy

because of nonresponse (nonresponders) and subsequently

entered the rollover study ETV-901, follow-up results,

including resistance profile, are provided.
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INTRODUCTION

An estimated 400 million people worldwide are chronically

infected with hepatitis B virus (HBV) [1]. More than one-half

of reported cases with hepatocellular carcinoma (HCC) and

approximately one-third of reported cases of cirrhosis are

caused by chronic hepatitis B [2]. HCC and cirrhosis, in turn,

result in approximately one million deaths each year [2].

In patients with chronic hepatitis B infection, the relative

risk of developing cirrhosis and HCC increases with the

concentration of HBV-DNA in serum [3,4]. In a longitudinal

study, 36% of patients with baseline HBV-DNA levels

‡106 copies/mL developed cirrhosis and 15% developed HCC

over 11 years of follow-up. In a more recent analysis of these

data, even patients with low-level viraemia (HBV-DNA viral

load of <104 copies/mL; <2000 IU/mL) had a significantly

higher, threefold increase in HCC risk compared with unin-

fected persons [hepatitis B virus surface antigen (HBsAg)-

seronegative] and a 2.7-fold increase in risk of HCC when

compared with chronic hepatitis B-infected persons with

chronically undetectable viraemia.

International treatment recommendations agree that the

ultimate objective of therapy for chronic hepatitis B is the

prevention of cirrhosis, HCC and liver-related death [5].

Because eradication of HBV infection is not yet possible, the

primary goal of treatment is sustained suppression of viral

replication [6]. In a landmark study of patients with

advanced hepatic fibrosis, disease progression was signifi-

cantly reduced by treatment with lamivudine [7]. In this

study, the emergence of YMDD mutations reduced the

Abbreviations: HBV, hepatitis B virus; HBeAg, hepatitis B virus

e antigen; HCC, hepatocellular carcinoma; ALT, alanine amino-

transferase.
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benefit obtained with lamivudine treatment. Therefore,

achievement of the primary goal of treatment requires

potent long-term viral suppression (to the lowest possible

level) and avoidance of resistance.

The efficacy and safety of entecavir in hepatitis B virus e

antigen (HBeAg)-positive patients were evaluated in a large

randomized international clinical trial. The purpose of this

review is to provide a comprehensive overview of the results

of this trial, including outcomes in patients in whom therapy

was discontinued after meeting the prespecified criteria for a

therapeutic response as well as in those classified as nonre-

sponders.

ENTECAVIR IN PATIENTS WITH HBeAg-
POSITIVE CHRONIC HEPATITIS B

Patients in study ETV-022 were randomized to entecavir

0.5 mg/day or lamivudine 100 mg/day [8]. The study had

a 52-week blinded treatment phase, followed by an

extended blinded treatment phase for up to 44 additional

weeks (96 in total) [9]. The inclusion and exclusion cri-

teria and efficacy end-points have been presented elsewhere

[8,9]. The primary efficacy end-point was histologic

improvement after 48 weeks of treatment, defined as a

‡2-point improvement in the Knodell necroinflammatory

score with no worsening in the Knodell fibrosis score in

patients with evaluable biopsy pairs from baseline and

week 48 (i.e. an adequate baseline sample with a Knodell

necroinflammatory score ‡2). Secondary efficacy end-

points at week 48 were based on serum HBV-DNA, HBeAg

status, decrease in Ishak fibrosis score, and serum alanine

aminotransferase (ALT) in all treated patients (miss-

ing = failure) irrespective of protocol-defined patient man-

agement outcomes.

The study was also designed to test the hypothesis that

cessation of antiviral therapy was possible when certain

predetermined treatment end-points were achieved. There-

fore, at the end of 52 weeks of treatment, patients were

evaluated according to protocol-defined patient management

criteria based on HBV-DNA level and serologic status, and

patients either discontinued therapy or continued blinded

treatment. The patient management criteria reflected clinical

practice at the time that the study was designed and differ

from current practice today. In this study, HBV-DNA was

initially quantified using the Quantiplex� bDNA assay

(Bayer Diagnostics, formerly Chiron Diagnostics, Emeryville,

CA, USA), with the lower limit of quantification being

0.7 mEq/mL. When the more sensitive and specific poly-

merase chain reaction (PCR) assay became commercially

available, the protocol was revised to include additional

measurement of HBV-DNA by Roche Cobas Amplicor�

Monitor PCR assay (version 2.0; lower limit of quantifica-

tion, 300 copies/mL, Pleasanton, CA) as a secondary

efficacy end-point.

Based on results from week 48, patients were categorized

as having a protocol-defined response, virologic response or

nonresponse (Fig. 1) [9]. Patients with a response (HBV-DNA

<0.7 mEq/mL by bDNA assay and loss of HBeAg) were to

stop treatment and enter an off-treatment follow-up phase

for 24 weeks. Patients with nonresponse (HBV-DNA

‡0.7 mEq/mL) were to discontinue therapy, enroll into a

rollover entecavir study or, at the discretion of the investi-

gator, receive nonstudy alternative anti-HBV treatment.

Patients with a virologic response (HBV-DNA <0.7 MEq/mL

but without loss of HBeAg) were eligible to continue blinded

treatment for up to 96 weeks. During the second year of

treatment, virologic responders who became responders

or nonresponders discontinued therapy once response or

nonresponse was identified. Patients who completed study

ETV-022 and who investigators considered would benefit

from continued antiviral therapy could enroll in rollover

study ETV-901 and receive long-term treatment with

entecavir.

EFFICACY OF ENTECAVIR AFTER 1 YEAR OF
TREATMENT

The results of primary and secondary efficacy parameters at

week 48 are presented in Table 1. The primary outcome,

histologic improvement, was based on 314 available paired

Responders (n = 74)

Virologic responders (n = 247)

Nonresponders (n = 19)

Responders (n = 67)

Virologic responders (n = 165)

Nonresponders (n = 94)

Responders (n = 37)

Virologic responders (n = 198)

Nonresponders (n = 8)

Responders (n = 26)

Virologic responders (n = 85)

Nonresponders (n = 53)

ETV
N = 354

Week 52 Week 96

2nd year
cohort

(n = 243)

2nd year
cohort

(n = 164)
LAM

N = 355Fig. 1 Management of patients

through 96 weeks of treatment [9].

Fourteen entecavir recipients and 29

lamivudine recipients had missing

48-week data.
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biopsies for patients treated with entecavir and for 314

patients treated with lamivudine. A significantly higher

proportion of entecavir recipients had histologic improve-

ment based on the analysis of paired biopsies [8]. The mean

decrease in serum HBV-DNA was significantly greater in

patients treated with entecavir as compared with lamivu-

dine, and significantly more entecavir-treated patients had a

serum HBV DNA <300 copies/mL, and normalization of

serum ALT [ALT £1 · upper limit of normal (ULN)] [8].

Improvements in Ishak fibrosis scores were observed in both

treatment groups [8]. HBeAg loss, HBe seroconversion and

HBsAg loss were seen in similar proportions of entecavir-

and lamivudine-treated patients.

PROTOCOL-DEFINED PATIENT MANAGEMENT
OUTCOMES AT YEAR 1

At the end of year 1, 74 entecavir (21%) and 67 lami-

vudine recipients (19%) had a protocol-defined response,

247 entecavir (70%) and 165 lamivudine recipients (46%)

had a virologic response, and 19 entecavir (5%) and 94

lamivudine recipients (26%) failed to achieve HBV-DNA

<0.7 mEq/mL and were classified as having a nonresponse

(see Fig. 1). Fourteen entecavir recipients and 29 lamivu-

dine recipients had missing 48-week data and were clas-

sified as missing.

EFFICACY OF ENTECAVIR DURING YEAR 2 [9]

A total of 243 entecavir and 164 lamivudine virologic

responders (HBV-DNA <0.7 mEq/mL but no loss of HBeAg)

continued into the second year of treatment. Of those treated

with entecavir, 156 (64%) had serum HBV-DNA

<300 copies/mL at week 48, increasing to 180 (74%) at end

of dosing. In year 2, 161 (66%) of patients treated with

entecavir had ALT normalization at 48 weeks, and at the

end of dosing in year 2, this number had increased to 183

(79%). Of those treated with lamivudine in year 2, 66 (40%)

had serum HBV-DNA <300 copies/mL at week 48,

decreasing to 60 (37%) at end of dosing. ALT normalization

at week 48 was observed in 116 (71%) lamivudine-treated

patients at week 48, decreasing to 112 (68%) by end of

dosing in year 2. End-of-dosing HBV-DNA was not available

in 24 of 243 entecavir-treated patients and in 23 of 164

lamivudine-treated patients, and therefore, these patients

were considered treatment failures.

Furthermore, at the end of dosing, 26 (11%) entecavir-

treated patients and 20 (12%) lamivudine-treated patients

experienced HBe seroconversion. As patients with HBeAg

loss at the end of the first year discontinued treatment

(responders), HBe seroconversion seen in year 2 is incre-

mental to that reported in year 1.

CUMULATIVE CONFIRMED ANALYSIS

The cumulative proportions of patients achieving virologic,

biochemical and serologic end-points through 96 weeks of

treatment are presented in Fig. 2. This analysis uses

on-treatment data for all treated patients (entecavir,

n = 354; lamivudine n = 355) to calculate the cumulative

probability of achieving a confirmed end-point among

patients who received entecavir or lamivudine for up to

2 years. A significantly higher percentage of entecavir-

treated patients than lamivudine-treated patients achieved

cumulative confirmed HBV-DNA <300 copies/mL (80% vs

39%, respectively, P < 0.0001) and cumulative confirmed

normalization of ALT (87% vs 79%, respectively,

P < 0.0056). Among all treated patients through 96 weeks

Table 1 Primary and secondary efficacy outcomes at week 48 [8]

Entecavir 0.5 mg/day

N = 354

Lamivudine 100 mg/day

N = 355 P-value

Primary end-point

Histologic improvement* 72% 62% 0.0085

Secondary end-points

Reduction in HBV-DNA

(log10 copies/mL)

)6.9 )5.4 <0.0001

HBV-DNA <300 copies/mL 67% 36% <0.0001

Improvement in Ishak

fibrosis score�
39% 35% 0.041

Serum ALT level £1· ULN 68% 60% 0.02

HBeAg loss 22% 20% 0.45

HBeAg seroconversion 21% 18% 0.33

HBsAg loss 2% 1% 0.52

*Histologic improvement = ‡2-point improvement in Knodell necroinflammatory score, and no worsening in Knodell fibrosis

score. �Improvement in Ishak fibrosis score = ‡1-point decrease from baseline.
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and 6 months of post-treatment follow-up, the proportion of

patients experiencing HBeAg seroconversion (31% vs 26%),

HBsAg loss (5% vs 3%) and HBsAg seroconversion (2% in

both groups) did not differ significantly between treatment

groups.

PROTOCOL-DEFINED PATIENT MANAGEMENT
OUTCOMES THROUGH THE 2 YEARS OF
TREATMENT

During the second year of treatment, an additional 37

entecavir- and 26 lamivudine-treated patients achieved the

protocol-defined response. Through the 2 years of treatment,

a total of 111 entecavir- (31%) and 93 lamivudine-treated

patients (26%) became responders. Fewer entecavir- (8%)

than lamivudine-treated (41%) patients were nonresponders

(see Fig. 1).

OFF-TREATMENT RESULTS

At the end of year 1, 74 entecavir- and 67 lamivudine-

treated patients had a protocol-defined response, stopped

therapy and entered off-treatment follow-up [9]. At the

time of treatment discontinuation, 71 entecavir recipients

(96%) had a serum HBV-DNA <300 copies/mL, 63 (85%)

had normalized ALT and 70 (95%) had experienced HBe

seroconversion [9]. After 24 weeks off-therapy, these

responses were sustained in 26 (37%), 50 (79%), and 54

(77%) of patients, respectively. Among lamivudine-treated

patients who discontinued therapy, 58 (87%) had a serum

HBV-DNA <300 copies/mL, 59 (88%) had normal ALT

levels, and 61 (91%) had experienced HBe seroconversion.

After 24 weeks off-therapy, these responses were sustained

in 20 (34%), 38 (64%) and 44 (72%) of patients, respec-

tively. For patients treated during year 2, those who met

the protocol-defined criteria for response or nonresponse

discontinued therapy at the time the criteria were achieved

(i.e. they were not required to continue therapy to week

96). This meant that patients achieving a protocol-defined

response in the second year cohort had less of an oppor-

tunity to receive consolidation therapy when compared

with those patients who achieved a protocol-defined

response in year 1.

RESISTANCE

The potential for entecavir resistance was determined by

comprehensive monitoring of patient HBV-DNA samples.

The frequency of emergence of resistance to lamivudine has

been well described and was not comprehensively assessed.

Paired baseline and on-treatment samples from all entecavir-

treated patients with detectable HBV-DNA (‡300 copies/mL)

at week 48, week 96, or end of dosing in each year were

sequenced [9,10]. In addition, the genotype and phenotype

were determined for all novel substitutions and for patients

with virologic breakthrough (‡1 log10 increase in HBV-DNA

above nadir on two sequential measurements or last

on-treatment measurement by PCR), even if no genotypic

changes were observed.

During 2 years of therapy, virologic breakthrough was

detected in 13 of 354 entecavir-treated patients (3.7%), one

of whom had pre-existing lamivudine-resistance substitu-

tions. No phenotypic or genotypic evidence of entecavir

resistance was detected in any of the 13 specimens. Among

patients without breakthrough who had HBV DNA

>300 copies/mL, three patients exhibited HBV-DNA with

lamivudine resistance mutations, all of which were detect-

able at baseline. In one patient, HBV-DNA with both lami-

vudine and entecavir resistance mutations emerged at week

84. None of these four individuals had virologic break-

through through 96 weeks of therapy [10].

CUMULATIVE SAFETY

Through 2 years of therapy, the most common adverse

events associated with treatment that were attributed to

study therapy by the investigator were headache (10%

entecavir, 8% lamivudine), fatigue (6% entecavir, 5%

lamivudine) and increased serum ALT levels (4% entecavir,

7% lamivudine). Nine lamivudine-treated patients discon-

tinued because of adverse events, compared with only one

entecavir recipient.

During 2 years of therapy, 12 (3%) entecavir recipients

and 23 (7%) lamivudine recipients experienced on-treatment

ALT flares, defined as an increase in serum ALT >2 times the

baseline value and >10 times the upper limit of normal. ALT

flares in entecavir recipients tended to occur in association

with reductions in serum HBV-DNA of ‡2-log10 within

12 weeks of initiating treatment, and were generally self-

limiting. In contrast, 23 lamivudine-treated patients expe-
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rienced an ALT flare, and these were associated with

increasing serum HBV-DNA levels in 11 patients, and the

flare persisted after withdrawal of lamivudine in eight of

these individuals.

Hepatic decompensation did not occur in any patient

treated with entecavir [9]. One lamivudine recipient expe-

rienced severe hepatic decompensation that resulted in

death.

Off-treatment ALT flares (>2· the reference value and

>10· ULN) were detected in 2% of entecavir recipients and

9% of lamivudine recipients after discontinuation of treat-

ment. These flares were generally associated with an

increase in serum HBV-DNA towards baseline and were not

associated with hepatic decompensation.

Six patients died during treatment or follow-up; no deaths

reported during the 96-week study duration were attributed

to the study medication in the opinion of the investigators.

Two entecavir recipients died during untreated follow-up

(the cause was a malignancy in both cases). Four lamivu-

dine-treated patients died: two during treatment (dyspnoea

was the cause in one individual; the cause was undeter-

mined in the second), and two during untreated follow-up

(one was attributed to malignancy and one to hepatorenal

syndrome after an on-treatment ALT flare) [9]. Neither

cancers nor any cases of renal dysfunction were observed.

SUMMARY OF NONRESPONDERS

For patients classified as nonresponders (HBV-DNA

>0.7 mEq/mL by bDNA assay), protocol-defined patient

management criteria dictated that blinded therapy in Study

ETV-022 be discontinued, with the options of receiving

alternative nonstudy HBV therapy at the investigator�s dis-

cretion, enrolling in a separate rollover protocol (ETV-901),

or early access programme. Initially, because of ongoing

blinding of phase III studies, patients enrolling in ETV-901

received a combination of entecavir 1 mg and lamivudine

100 mg a day. Subsequently, the protocol was amended such

that patients received monotherapy with entecavir 1 mg.

Twenty-one of 27 entecavir protocol-defined nonre-

sponders entered the rollover study ETV-901. Among these

patients, 12 achieved and maintained undetectable HBV-

DNA during entecavir treatment. Three protocol-defined

nonresponders achieved but did not maintain undetectable

HBV-DNA during continued entecavir treatment and six

protocol-defined nonresponders failed to achieve undetect-

able HBV-DNA during entecavir treatment. Among ETV-022

nonresponders followed up in ETV-901, four patients expe-

rienced virologic breakthrough during follow-up. However,

genotypic and phenotypic analyses of patients on continuous

therapy (gap between ETV-022 and ETV-901 <35 days)

failed to show evidence of entecavir resistance. Among the

15 patients who achieved undetectable HBV-DNA during

study ETV-901, all except one patient achieved and main-

tained ALT normalization while on treatment. For those

patients who did not achieve undetectable HBV-DNA, ALT

levels fluctuated between normal and abnormal.

CONCLUSIONS

This large, international study enrolled patients from Asia,

Australia, Europe, North America, and South America, with

significant HBV disease burden, directly comparing entecavir

with lamivudine. The protocol-defined patient management

outcomes in this study reflect on common situations

encountered in clinical practice, where patients discontinue

therapy for a variety of reasons including achievement of

response such as HBeAg seroconversion, loss of access to

medication, or even patient choice. In the first year of

antiviral treatment, significantly more entecavir recipients

had histologic improvement on paired biopsies, HBV-DNA

<300 copies/mL, and ALT normalization. The cumulative

confirmed results of this study show that through 2 years of

treatment, high proportions of entecavir-treated patients

achieved HBV-DNA suppression (80%) and ALT normaliza-

tion (87%). Among entecavir-treated patients, treatment in

year 2 resulted in increasing numbers of patients achieving

undetectable HBV-DNA (<300 copies/mL) or ALT normali-

zation at the end of dosing. In contrast, the proportions of

lamivudine-treated patients achieving these end-points

decreased over the course of the study.

Through the 2 years of treatment, 31% of entecavir- and

26% of lamivudine-treated patients achieved the protocol-

defined response (HBV-DNA <0.7 MEq/mL and HBeAg loss)

and stopped therapy. The criteria that defined response were

based on the bDNA assay and HBeAg loss, which are no

longer commonly used in clinical practice. Nonetheless, it is

important to note that discontinuation of treatment among

patients who achieved a protocol-defined response at

48 weeks resulted in more than 75% of entecavir-treated

patients sustaining HBe seroconversion for 6 months off

treatment. This figure is most likely an underestimation of

the durability of an off-treatment response associated with

entecavir because patients discontinued therapy based on

HBeAg loss rather than HBe seroconversion, and most

patients did not receive a period of consolidation therapy. In

addition, the 24-week off-treatment visit counted as a failure

for any patient who discontinued follow-up previous to this

visit. Treatment with entecavir through 96 weeks resulted

in emergence of genotypic resistance to entecavir in only one

patient. Entecavir�s potent suppression of HBV replication

and high genetic barrier in nucleoside-naı̈ve patients

requiring multiple substitutions for the development of

resistance resulted in high proportions of patients with

durable suppression of HBV replication on treatment. Cur-

rent treatment guidelines suggest a period of consolidation

therapy after HBe seroconversion [11], which may increase

the probability of an off-treatment response. Furthermore,

the low rate of resistance with entecavir should facilitate

successful retreatment if a relapse does occur. Given the
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maintained suppression and low rates of resistance with

prolonged therapy, entecavir is considered an appropriate

first-line treatment for initial management of chronic hepa-

titis B.
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