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LINICAL—LIVER, PANCREAS, AND BILIARY
RACT

ustained Response of Hepatitis B e Antigen-Negative Patients 3 Years
fter Treatment with Peginterferon Alfa-2a
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ursa, Turkey; §§Department of Infectious Diseases, Ruijin Hospital, Shanghai, China; � �Roche, Dee Why, Australia; ¶¶F. Hoffman-La Roche, Basel, Switzerland;
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his article has an accompanying continuing medical education activity on page 2388. Learning Objective: Upon
ompletion of this exercise, successful learners will be able to assess the likelihood of sustained response, 3 years
ost-treatment in patients with HBeAg-negative chronic hepatitis B treated with peginterferon alfa-2a, and will be able
o utilize this knowledge when assessing the potential treatment options and deciding upon the most appropriate

ourse of management for their patients with chronic hepatitis B.
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See CME quiz on page 2388.

ACKGROUND & AIMS: Patients with hepatitis B e
ntigen (HBeAg)–negative chronic hepatitis B treated
ith peginterferon alfa-2a with or without lamivudine
chieve significantly higher 6-month posttreatment rates
f response compared with those treated with lamivudine
lone. The durability of �3-year posttreatment response
as investigated in this study. METHODS: Patients re-

eived peginterferon alfa-2a only (180 �g once weekly; n �
77), in combination with lamivudine (100 mg daily; n �
79) or lamivudine alone (n � 181) for 48 weeks. A total of
15 patients (116, 114, and 85, respectively) participated in
his posttreatment observational study. RESULTS: Three
ears after treatment, the percentage of patients with nor-
al alanine aminotransferase (ATL) was higher for patients

reated with peginterferon alfa-2a (31%) than with lamivu-
ine (18%; P � 0.032). Similarly, 28% of patients treated
ith peginterferon had hepatitis B virus (HBV) DNA levels

10,000 copies/mL versus 15% of patients treated with
amivudine (P � .039). Peginterferon alfa-2a treatment and
igh baseline ALT level were independent baseline predic-
ors of long-term virologic response (P � .040 and P � .01,
espectively). Of the patients who had been treated with a
eginterferon alfa-2a–containing regimen, 8.7% cleared
epatitis B surface antigen (HBsAg; 44% of those with un-
etectable HBV at 3-year posttreatment follow-up) com-

ared with none treated with lamivudine alone. CONCLU-
IONS: Biochemical and virologic responses were
ustained for <3 years in approximately 25% of patients
iven a 48-week course of peginterferon alfa-2a, with or
ithout lamivudine. The increased rate of HBsAg clear-
nce in patients with HBeAg-negative chronic hepatitis
supports the use of peginterferon alfa-2a as a first-line

reatment.

epatitis B e antigen (HBeAg)–negative chronic hep-
atitis B (CHB), which is characterized by progres-

ive liver damage,1 results from chronic infection with
epatitis B virus (HBV) variants that have mutations in
he precore/core promoter region that reduce or abolish
BeAg expression.2– 4 The disease has a poor prognosis,
ith only rare incidences of spontaneous remission; its
revalence is increasing throughout the world.3,5,6

Rates of sustained treatment response are generally
oor because of the high probability of relapse, particu-

arly after nucleos(t)ide analog therapy.7–9 Interferon alfa
nd nucleos(t)ide analogs have been recommended as
rst-line therapy for HBeAg-negative CHB.10,11 Although
ustained response after conventional interferon alfa

Abbreviations used in this paper: ALT, alanine aminotransferase;
HB, chronic hepatitis B; HBeAg, hepatitis B e antigen; HBsAg, hepa-
itis B surface antigen; HBV, hepatitis B virus; ULN, upper limit of
ormal.

© 2009 by the AGA Institute
0016-5085/09/$36.00
doi:10.1053/j.gastro.2009.03.006
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2170 MARCELLIN ET AL GASTROENTEROLOGY Vol. 136, No. 7
herapy is associated with increased rates of hepatitis B
urface antigen (HBsAg) seroconversion and signifi-
antly improved rates of overall and complication-free
urvival,9,10 its pharmacokinetic profile necessitates
hrice weekly dosing. Suppression of HBV DNA by nu-
leos(t)ide analogs requires continued administration;
owever, their prolonged use is associated with the de-
elopment of drug resistance.7,12,13

Peginterferon alfa-2a has shown significantly higher
osttreatment response rates compared with lamivudine,
oth as monotherapy and when used in combination
ith lamivudine in a recent large, multicenter, random-

zed study of patients with HBeAg-negative CHB.14 The
roportion of patients with normalization of alanine
minotransferase (ALT) levels and HBV DNA levels �
0,000 copies/mL 6 months after a 48-week course of
herapy was 44% and 29%, respectively, among those who
eceived lamivudine, 59% and 43%, respectively, in the
eginterferon alfa-2a monotherapy group (P � .004 and
� .007 vs lamivudine).
The durability of response to conventional interferon

lfa therapy in HBeAg-negative CHB is reported to be
pproximately 20%–25%,10 with most patients who expe-
ience biochemical or virologic relapse doing so within
he first year of follow-up after treatment.8,15–17 Because
he long-term response to peginterferon alfa-2a beyond 6

onths of follow-up has not been described, this report
xamines the response 3 years after treatment in patients
ith HBeAg-negative CHB treated with peginterferon
lfa-2a, with or without lamivudine.

Materials and Methods
The trial was designed by the sponsor (F. Hoff-

ann-La Roche, Basel, Switzerland) and the principal
cademic investigators. Clinical data were collected by
he peginterferon alfa-2a HBeAg-negative CHB Study
roup (listed in Appendix 1). The data were managed by

he sponsor and the academic investigators; the sponsor
erformed the statistical analysis. The academic investi-
ators had unrestricted access to the data and were ac-
ively involved in the analysis and interpretation and the
riting of the manuscript. The principal authors were

esponsible for the decision to publish the results. One
cademic author (Dr Marcellin) and one industry em-
loyee (Mr Wu) vouch for the completeness and accuracy
f the data.

Study Design and Patients
Initial study. In the initial study (WV16241), 537

atients were randomly assigned 1:1:1 to receive 180
g/wk peginterferon alfa-2a (Pegasys; F. Hoffmann-La
oche) plus oral placebo daily (n � 177), peginterferon
lfa-2a 180 �g/wk plus 100 mg/d lamivudine (Epivir-
BV/Zeffix; GlaxoSmithKline, Brentford, United King-
om; n � 179), or 100 mg/d lamivudine (n � 181) for 48

eeks.14 c
Adult patients were eligible for the initial study if they
ad been negative for HBeAg and positive for anti-HBe
nd HBsAg for � 6 months; had an HBV DNA level �
00,000 copies/mL, and a serum ALT � 1 but � 10 times
he upper limit of normal (ULN) range (upper limit of
ormal range, 30 IU/mL) at least once during the
-month screening period; and had findings on liver
iopsy within the previous 24 months consistent with
he presence of CHB, with evidence of prominent necro-
nflammatory activity.14

The coprimary efficacy outcomes were normalization
f ALT to below the ULN and suppression of HBV DNA

20,000 copies/mL (3571 IU/mL),18 6 months after
reatment (week 72).

Long-term follow-up study. All participating cen-
ers in the initial study were invited to participate in a
eparate, stand-alone, long-term observational follow-up
rotocol (long-term study). All patients who were ran-
omly assigned, received treatment, and returned for
ollow-up in the initial study were eligible for the long-
erm study. Patients receiving either registered or inves-
igational therapy for CHB during the follow-up period
ere excluded from the follow-up phase and were re-
arded as nonresponders. Similarly, patients who had an
LT value � 2 times ULN or HBV DNA levels � 100,000
opies/mL 12 months after treatment discontinued the
tudy and were considered to be nonresponders in the
nalyses.

Interim analyses were planned a priori for each of the
early follow-up visits, ie, at 1-year intervals after treat-
ent in the initial study.
The study was conducted according to the guidelines

f the Declaration of Helsinki and with the principles of
ood Clinical Practice and was approved by local ethics

ommittees. All patients gave written informed consent.

Efficacy Parameters
ALT was measured at local laboratories in accor-

ance with standard procedures. Serum HBV DNA and
BsAg were measured at 1 of 3 central laboratories using

he COBAS AMPLICOR HBV MONITOR (Roche Diag-
ostics, Branchburg, NJ); HBsAg and anti-HBs antibodies
ere measured with the ABBOTT ARCHITECT assay

Abbott Laboratories, Abbott Park, IL).
The primary efficacy parameters defined for the long-

erm follow-up study were (1) normalization of ALT (�
0 IU/L) and (2) suppression of HBV DNA levels to �
0,000 copies/mL. Because of recent insight into the
linical relevance of viral cutoff values, HBV DNA sup-
ression to � 10,000 copies/mL was also investigated.
his level corresponds to that accepted by the most

ecent guidelines on CHB treatment;10 therefore, these
esults are shown here in detail rather than those for
BV DNA � 20,000 copies/mL. Secondary efficacy pa-

ameters included suppression of HBV DNA to � 400

opies/mL, as well as the proportion of patients with
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June 2009 PEG IFN 2a IN CHB: 3-YEAR FOLLOW-UP 2171
BsAg clearance and HBsAg seroconversion (clearance of
BsAg and presence of anti-HBs).
Efficacy analyses were based on (1) the long-term fol-

ow-up study population, defined as all patients who
articipated in the long-term observational study and (2)
he initial study population, defined as all patients par-
icipating in the initial interventional study. Patients who
ere discontinued from the protocol because they had

nitiated a new HBV treatment or had experienced a
iochemical or virologic breakthrough as defined by the
rotocol, as well as those with missing data, were con-
idered in the analyses based on both study populations
s not having achieved a response for any of the efficacy
ndpoints.

In addition to the above-mentioned parameters mea-
ured at each follow-up visit, any intervening or ongoing
ignificant clinical events related to CHB were docu-

ented.

Statistical Analysis
A descriptive summary of the data was prepared

or each of the yearly follow-up visits. Multiple logistic
egression was used to identify potential pretreatment or
n-treatment factors predictive of an HBV DNA response

10,000 copies/mL 6 months after treatment and 3
ears after treatment. Factors included in the model were
ex, age, ethnicity, body weight, serum HBV DNA at
aseline, HBV genotype, serum ALT at baseline, fibrosis
tage, and type of study treatment. In a separate model,
BV DNA and ALT at treatment weeks 12, 24, and 48
ere also explored. The statistical analysis software used
as SAS (SAS Institute, Cary, NC) version 8.0. P values
ere calculated with the Cochran-Mantel-Haenszel or
isher’s exact test when appropriate.
This article presents the data collected up to 3 years

fter completion of study treatment for those patients
ho entered the long-term study.

Results
Of the 54 centers involved in the initial study, 42

articipated in the long-term study, contributing 315
59%) of the original 537 patients (Table 1). Significantly

ore patients who received peginterferon alfa-2a with or
ithout lamivudine (66% and 64%, respectively) than

amivudine alone (47%; P � .01 vs peginterferon alfa-2a
ith or without lamivudine) in the initial study went on

o participate in the long-term study.

Biochemical and Virologic Response Up to
3 Years After Treatment
Cross-sectional analysis. The patient disposition

nd overview of results at end of treatment, 6 months after
reatment, and 1, 2, and 3 years after treatment are shown
n Table 2. Overall, the analysis has shown significantly
igher rates of response to peginterferon alfa-2a than to
amivudine 3 years after end of treatment, with approxi- a
ately one-fifth of the patients treated with peginterferon
lfa-2a achieving a biochemical or virologic response.

Three years after the end of treatment 36 patients treated
ith peginterferon alfa-2a monotherapy had normal ALT

31% of the long-term study and 20% of the initial study
articipants) compared with 15 patients treated with lami-
udine (18% of the long-term study and 8% of the initial
tudy participants; P � .032 and P � .001, respectively)
Table 2).

HBV DNA levels �10,000 copies/mL were observed in 32
atients (28% of the long-term study and 18% of the initial
tudy participants) who had received peginterferon alfa-2a,
ompared with 13 of the patients treated with lamivudine
15% of the long-term study and 7% of the initial study
articipants, P � .039 and P � .002, respectively)

Table 2).
A total of 35 patients (30% of the long-term study

opulation) had HBV DNA � 20,000 copies/mL at 3
ears after treatment compared with 31 (27%) of the
ombination treatment group and 13 (15%) of the lami-
udine group (P � 0.032 and P � 0.036, respectively).
he percentage of patients with biochemical or virologic

esponse at the 1-, 2-, and 3-year follow-up assessments
fter treatment is shown in Figure 1A–C.

Advanced fibrosis (stages 3 and 4) was present in 55 of
he 230 patients treated with peginterferon alfa 2a en-
olled in the follow-up study. The rates of response 3
ears after treatment for patients with and without ad-
anced fibrosis were 25% and 26%, respectively, for HBV
NA � 10,000 copies/mL (18% and 15% for HBV DNA �

00 copies/mL), suggesting virologic response was not
ffected by the histologic stage of disease.

Longitudinal analysis. Because the natural his-
ory of HBeAg-negative CHB is characterized by fluctua-
ions in ALT and HBV DNA levels, we considered it
mportant to look closely at these over time in individual
atients during long-term follow-up. Individual HBV
NA profiles at year 1, 2, and 3 follow-up assessments

fter treatment for patients who responded to peginter-
eron alfa-2a alone or in combination with lamivudine or
amivudine alone are shown in Figure 2. Individual ALT
rofiles at these time points are available as Supplemen-
ary Material.

Of all patients treated with peginterferon alfa-2a par-
icipating in the long-term study, 52 (23%) had a longi-
udinal HBV DNA response; 33 patients (14%) had doc-
mented HBV DNA levels � 10,000 copies/mL at each of
he 1-, 2-, and 3-year posttreatment assessments; 19 pa-
ients had HBV DNA � 10,000 copies/mL at 2 of the 3
tudy visits between 1 and 3 years after treatment,
hereas data from one study visit were missing.
In contrast, 9% of the lamivudine-treated patients par-

icipating in the long-term study had a longitudinal HBV
NA response as defined above, 5% had documented
BV DNA levels � 10,000 copies/mL at each of the 1-, 2-,
nd 3-year assessment after treatment (P � .008 and P �
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018, respectively, vs rates with peginterferon alfa-2a with
r without lamivudine). Individual HBV DNA profiles for

amivudine-treated patients are available as Supplemen-
ary Material.

A total of 45 patients treated with peginterferon
lfa-2a had ALT levels constantly � 30 U/L at all 3
ollow-up visits (or 20% of all patients participating in
he long-term follow-up study). An additional 27 patients
12%) had ALT levels � 30 IU/L at 2 of the 3 follow-up
isits and a missing value at the remaining visit. Among
he lamivudine-treated patients only 6 patients had ALT
evels constantly � 30 U/L at all 3 yearly follow-up visits
or 7%; P � .008 vs peginterferon alfa-2a).

In conclusion, among the long-term study participants
3% of the patients treated with peginterferon alfa-2a
ad a longitudinal HBV DNA response compared with
% of the lamivudine-treated patients (P � .008) (Figure

able 1. Characteristics of Patients in the Initial Study* and

Peginterferon

Initial study
(n � 177)

ge, mean/median, y 40/41
ex, female/male, % 15/85
ace, %
White 37
Oriental 61
Other 2
eight, mean, kg 71.0
BV genotype, %
A 6
B 24
C 36
D 31
Other (E, H, B/C, D/G) 3

BV DNA at before treatment start, log10 cp/mL
Mean 7.1
Median 7.0
Range 2.3–12.0

LT before treatment start, IU/L
Mean 94.4
Median 61.5
Range 10.2–508

resence of bridging fibrosis or cirrhosis before
treatment start, n (%)

54 (31)

se of lamivudine/NAs before study treatment,
n (%)

7 (4)

se of conventional IFN before study treatment,
n (%)

11 (6)

esponse 6 months after treatment (end of
initial study)

ALT normal, % 59
HBV DNA � 20,000 cp/mL, % 43
Combined response (ALT normal and HBV

DNA � 20,000 cp/mL), %
36

HBV DNA � 400 copies/mL, % 19

p, copies; IFN, interferon; LT, long-term; NA, nucleos(t)ide analog.
). The rates of longitudinal ALT response were 31% and m
9% for peginterferon alfa-2a and lamivudine, respec-
ively (P � .029) (Figure 3).

Predictors of a Virologic Response

The baseline factors associated with a virologic
esponse (�10,000 copies/mL) at 6 months and 3 years
fter treatment are shown in Figure 4. Treatment with
eginterferon alfa-2a and baseline ALT level were fac-
ors significantly and independently associated with a
irologic response 3 years after treatment (P � 0.04 for
onotherapy; P � 0.090 for combination therapy ver-

us lamivudine; P � 0.01 for higher vs lower ALT
evels). HBV DNA at baseline and age were significant
redictors of virologic response 6 months after treat-
ent but did not reach the significance level of 0.05 as

ndependent predictors of response 3 years after treat-

e Long-Term Follow-Up Study

2a
Peginterferon alfa 2a �

lamivudine Lamivudine

tudy
116)

Initial study
(n � 179)

LT study
(n � 114)

Initial study
(n � 181)

LT study
(n � 85)

41 41/40 40/39 40/40 39/39
84 18/82 18/82 14/86 13/87

36 30 38 32
63 71 62 68
1 0 0 0

.8 69.7 68.7 70.6 72.0

6 7 4 6
23 29 27 33
39 40 32 34
30 21 35 26
3 3 2 1

.1 7.3 7.2 7.2 6.9

.0 7.2 7.0 7.0 6.8
12.0 2.7–12.0 3.1–12.0 2.8–12.0 3.5–12.0

.5 90.8 88.2 105.7 85.1

.4 64.2 63.1 71.6 87.2
454 11.3–514 16.5–514 9.8–1051 18.0–643

(28) 40 (22) 22 (20) 53 (29) 16 (19)

(4) 15 (8) 9 (8) 9 (5) 3 (4)

(5) 18 (10) 11 (10) 14 (8) 6 (7)

60 65 44 54
44 52 29 39
38 45 23 31

20 24 7 8
in th

alfa

LT s
(n �

40/
16/

25
73
2

69

6
28
43
20

3

7
7

2.3–

86
60

10.2–
33

5

6

66
48
40

23
ent (Figure 4).
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No on-treatment factors were clinically useful predic-
ors of response to peginterferon alfa-2a 3 years after
reatment (data not shown). HBV DNA suppression to �
00 copies/mL 6 months after treatment was a good

ndicator of 3-year posttreatment response. Of the 69
atients treated with peginterferon alfa-2a with HBV
NA � 400 copies/mL 6 months after treatment, 15

22%) did not participate in the long-term follow-up
tudy. Among the 54 patients who did participate, 46%
25/54) had HBV DNA levels below the detection limit 3
ears after treatment, whereas 7% (4/54) had HBV DNA
evels of 401–10,000 copies/mL. Nine patients had miss-
ng values for HBV DNA 3 years after treatment, of which

able 2. Patient Disposition and Overview of Response at En
Years After Treatment

Initial study (48 weeks of
treatment and 24 weeks of

follow-up)

PegIFN�-2a (n � 177)

n %

nd of treatment
ALT � 1 time ULN 67 38
HBV DNA � 20,000 cp/mL 144 81
HBV DNA � 400 cp/mL 112 63
months after treatment
ALT � 1 times ULN 105 59
HBV DNA � 20,000 cp/mL 76 43
HBV DNA � 400 cp/mL 34 19
HBsAg loss 7 5

Entered long-term
follow-up study

PegIFN�-2a

n

Follow-up
study

population, %
(n � 116)

Initial study
population, %

(n � 177)

year after treatment
ALT�1 time ULN 58 50 33
HBV DNA � 10,000 cp/mL 35 30 20
HBV DNA � 400 cp/mL 17 15 10
HBsAg loss 4 3 2
years after treatment
ALT�1 time ULN 37 32 21
HBV DNA � 10,000 cp/mL 32 28 18
HBV DNA � 400 cp/mL 18 16 10
HBsAg loss 7 6 4
years after treatment
ALT�1 time ULN 36 31b 20c

HBV DNA � 10,000 cp/mL 32 28e 18f

HBV DNA � 400 cp/mL 21 18i 12j

HBsAg loss 9 8m 5n

p indicates copies; PegIFN�-2a, peginterferon alfa-2a.
PegIFN�-2a plus lamivudine versus lamivudine, 3 years after treatm
,cPegIFN�-2a versus lamivudine, 3 years after treatment: bP � .032;
reatment, P � .002.
,fPegIFN�-2a versus lamivudine, 3 years after treatment: eP � .039;
,hPegIFN�-2a plus lamivudine versus lamivudine, 3 years after treatm
,jPegIFN�-2a versus lamivudine, 3 years after treatment: iP � .011;
,lPegIFN�-2a plus lamivudine versus lamivudine, 3 years after treatm
,nPegIFN�-2a versus lamivudine, 3 years after treatment: mP � .001
,pPegIFN�-2a plus lamivudine versus lamivudine, 3 years after treatm
had undetectable HBV DNA 2 years after treatment, D
nd 6 had an undetectable HBV DNA value 1 year after
reatment and also a missing value 2 years after treat-

ent. Thirty percent of the patients with HBV DNA �
00 copies/mL 6 months after treatment experienced
irologic breakthrough documented by HBV DNA levels

10,000 copies/mL at one of the subsequent follow-up
isits. Thirty percent of the 54 patients treated with
eginterferon alfa-2a who achieved HBV DNA � 400
opies/mL 6 months after treatment had cleared HBsAg
y the 3-year posttreatment assessment. Of the 181 pa-
ients treated with lamivudine, 12 had HBV DNA � 400
opies/mL 6 months after treatment. Of these 12 patients,
nly one returned for subsequent assessment, with an HBV

Treatment, 6 Months After Treatment, and 1, 2, and 3

PegIFN�-2a �
lamivudine (n � 179) Lamivudine (n � 181)

n % n %

87 49 132 73
164 92 154 85
156 87 113 73

107 60 80 44
79 44 53 29
35 20 12 7

5 3 0 0

PegIFN�-2a � lamivudine Lamivudine

Follow-up
study

population, %
(n � 114)

Initial study
population, %

(n � 179) n

Follow-up
study

population, %
(n � 85)

Initial study
population, %

(n � 181)

45 28 28 33 15
31 20 17 20 9
12 8 6 7 3

4a 3 0 0 0

28a 18 17 20 9
21 13 10 12 6
11 7 3 4 2

5* 3 0 0 0

31a 20d 15 18 8
25g 16h 13 15 7
13k 8l 5 6 3
8o 5p 0 0 0

� .036.
.001. dPegIFN�-2a plus lamivudine versus lamivudine, 3 years after

.002.
gP � .111; hP � .012.
001.
kP � .092; lP � .020.
� .002.

oP � .011; pP � .002.
d of

n

51
35
14

5

32
24
13

6

35
28
15
9

ent, P
cP �

fP �
ent:

jP � .
ent:
; nP
NA level of 1,399 copies/mL 3 years after treatment.
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Figure 1. Long-term (A) bio-
chemical (ALT normal) and viro-
logic response (B) HBV DNA �

10,000 copies/mL and (C)
�400 copies/mL. Data are ex-
pressed as percentages of pa-
tients participating in the long-

term observational study.
igure 2. HBV DNA profiles of individual patients achieving a virologic response (HBV DNA � 10,000 copies/mL) 3 years after completion of
reatment with peginterferon alfa-2a monotherapy (A–C; n � 32) or peginterferon alfa-2a in combination with lamivudine (D–F; n � 28) The letters A

o D on each key, indicate the HBV genotype for each patient.
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HBsAg Response Up to 3 Years After
Treatment
The percentage of patients treated with peginter-

eron alfa-2a clearing HBsAg increased over the 3-year
ollow-up period (Table 2). A total of 20 patients (8.7% of
he long-term follow-up population and 5.6% of the ini-
ial study population) who had been treated with a reg-
men containing peginterferon alfa-2a and followed in
he long-term study cleared HBsAg: 18 patients were
BsAg negative 3 years after treatment; 2 patients had

leared HBsAg by the 1- and 2-year posttreatment assess-
ents, respectively, but did not return for the subsequent

ollow-up visits. Eight of the 20 patients had detectable
Bs antibodies.
Six months after treatment, at the end of the initial study,

2 patients had experienced HBsAg clearance. Of these 12
atients, 10 participated in the long-term study. Three years
fter the end of treatment a total of 18 patients (8%) had
BsAg clearance: 9 of the 10 patients who had already

xperienced HBsAg clearance 6 months after treatment and
patients who had cleared HBsAg later during follow-up (2,
, and 4 patients had documented HBsAg negativity for the
rst time 1, 2, and 3 years after treatment, respectively). Two

igure 3. Longitudinal virologic
A) and biochemical (B) response
n patients participating in the
ong-term follow-up study.
dditional patients, for whom further follow-up data are (
ot available, had negative HBsAg 1 and 2 years after treat-
ent. One patient who was HBsAg negative 6 months after

reatment tested HBsAg positive 1 year after treatment and
as then lost to follow-up. In summary, a total of 20
atients (8.7%) had HBsAg clearance at the last long-term
ollow-up visit, whereas one patient who cleared HBsAg
uring the initial study experienced relapse during the fol-

ow-up period.
Eighteen of the patients who cleared HBsAg had unde-

ectable HBV DNA levels at the end of treatment; one
atient had a low level of HBV DNA at this time (644
opies/mL); the other patient did not have HBV DNA mea-
ured at the end of treatment but had undetectable HBV
NA 4 weeks after the end of treatment. HBV DNA levels

emained undetectable in most of the patients throughout
he 3-year follow-up period; low levels of HBV DNA (be-
ween 465 and 14,000 copies/mL) were detected on occa-
ion in 5 patients. At the 3-year follow-up evaluation after
reatment, the HBV DNA levels were � 400 copies/mL in 17
f the 20 patients who cleared HBsAg; in one patient the
BV DNA level was 1,331 copies/mL; data were unavailable

or 2 patients.
Of the 181 patients treated with peginterferon alfa-2a
with or without lamivudine) who had HBV DNA � 400
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opies/mL at the end of treatment, 17 (9.4%) had cleared
BsAg at the 3-year posttreatment assessment. In contrast,

nly 1 (2%) of the 49 patients treated with peginterferon
lfa-2a who had HBV DNA � 400 copies/mL at the end of
reatment had cleared HBsAg 3 years after the end of treat-

ent. A high proportion (44%) of patients treated with
eginterferon alfa-2a with undetectable HBV DNA 3 years
fter treatment had also cleared HBsAg, compared with
one of those who received lamivudine alone.
HBsAg clearance was observed in patients treated with

eginterferon alfa-2a infected with all major HBV geno-
ypes: 3 genotype A (20%), 4 genotype B (6%), 9 genotype C
9%), 3 genotype D (6%), and 1 mixed genotype C/D (2%).

BsAg clearance was not observed in any patient treated
ith lamivudine monotherapy (P � 0.008 for peginterferon
lfa-2a with or without lamivudine vs lamivudine).

Clinical Events During Long-Term Follow-Up
No cases of hepatic decompensation were reported

uring the long-term follow-up period. However, most pa-
ients with insufficient therapeutic response were ineligible
or the follow-up study because they would have been con-
idered to need therapeutic intervention. Two CHB-related
eaths, because of hepatocellular carcinoma, were reported;
ne in a patient treated with peginterferon alfa-2a plus

amivudine who died 3.5 years after study start and one in
patient treated with lamivudine alone who died 3.9 years

fter study start. Although both patients had a virologic and
iochemical response 6 months after treatment, both had
dvanced fibrosis at study entry, and neither cleared HBsAg.
nly these 2 patients, of the 71 patients with advanced
brosis or cirrhosis (fibrosis stage 3 or 4) at study entry and

ho subsequently joined the long-term study, developed c
epatocellular carcinoma. Viral load and ALT levels were
levated in both of these 2 patients during long-term fol-
ow-up.

Withdrawals From the Long-Term Study
In total, 210 of the 315 patients who entered the

ong-term follow-up study withdrew during the follow-up
hase (72, 75, and 63 patients in the peginterferon alfa-2a,
ombination, and lamivudine arms, respectively). The most
ommon reasons given for withdrawal from the study were
nsufficient therapeutic response (145/210 patients, 69%)
nd failure to return (42/210 patients, 20%). These patients
ere considered as nonresponders for all efficacy parameter

valuations.

Discussion
The long-term data reported here show that 26% of

atients treated with peginterferon alfa-2a, with or without
amivudine, and followed during a 3-year period achieved a
irologic response with HBV DNA levels � 10,000 cop-
es/mL 3 years after treatment. This is an HBV DNA level
ccepted by the latest treatment guidelines as an appropri-
te marker of response.10 The demographics of the current
tudy (average age approximately 40 years and 60% of pa-
ients of Asian origin)14 are similar to the large-scale RE-
EAL study that showed that this level of replication is
ssociated with a marked reduction in the risk of hepato-
ellular carcinoma in untreated patients.19 In addition, this
evel of replication is associated with reduced risk of pro-
ressive liver disease.20

Because fluctuations in ALT and HBV DNA levels are

Figure 4. Predictors of virologic
response (HBV DNA � 10,000
copies/mL) at 6 months and 3
years after treatment. Results
from multivariate logistic regres-
sion analysis. Solid bars repre-
sent odds ratios (ORs) for achiev-
ing a virologic response 6 months
after treatment. Diamonds repre-
sent OR for achieving a virologic
response 3 years after treatment.
Horizontal lines represent 95%
confidence intervals of the ORs.
In addition to the variables pre-
sented in the figure, the following
variables were included in the lo-
gistic regression model but were
not significantly associated with vi-
rologic response: sex, race, body
weight, HBV genotype, fibrosis
stage.Fivehundredandseventeen
and 315 patients were included in
the models predicting virologic re-
sponse at 6 months and 3 years
after treatment, respectively.
haracteristic of the natural course of HBeAg-negative dis-
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ase, it is important to note that, among the long-term
tudy participants receiving peginterferon alfa-2a, longitu-
inal HBV DNA response (� 10,000 copies/mL) docu-
ented at 1, 2, and 3 years after treatment was 14% (9% if all

atients in the initial study were included). Similarly, lon-
itudinal biochemical response (ALT � 30 IU/mL) at 1, 2,
nd 3 years after treatment was 20% for patients in the
ollow-up study and 13% if all patients in the initial study
ere included. The initial study showed higher rates of

esponse to peginterferon alfa-2a than to lamivudine. These
ndings were confirmed in the long-term study.
In accordance with previous studies in patients treated

ith conventional interferon alfa,8,15–17 virologic relapse af-
er cessation of treatment with peginterferon alfa-2a in the
urrent study occurred mainly within the first year after
reatment. Among patients treated with peginterferon
lfa-2a experiencing HBV DNA rebound, relapse occurred
ithin 1 year after treatment in 80% of patients. Patients
ho have sustained a response to peginterferon alfa-2a 1

ear after treatment were likely to sustain this response in
he longer term. However, because patients were followed at
early intervals, it is possible that transient increases in HBV
NA levels occurring between these assessments may have

een missed.
One of the limitations of our study was that the long-

erm follow-up enrolled only a proportion of the patients
ho participated in the initial study introducing the risk of

election bias.14 The participation rate of 59% was similar to
he one recently reported by Buster et al21 (65%) in a long-
erm follow-up study after treatment with peginterferon
lfa-2b in patients with HBeAg-positive CHB. Because the
ollow-up study included proportionally more patients re-
eiving a peginterferon alfa-2a based regimen than lamivu-
ine alone, it is possible that data derived from this analysis
ay overestimate the “true” rates of response if patients
ho were more likely to respond entered the long-term

tudy. Applying the conservative assumption that patients
ho did not participate in the long-term follow-up study
id not achieve a virologic response, nevertheless, supports
ne of the main conclusions of the study: significantly more
atients treated with peginterferon alfa-2a achieved a pro-
ocol-defined biochemical or virologic response 3 years after
reatment than those who received lamivudine alone. How-
ver, this conservative approach will probably result in un-
erestimating the rate of response because no patients were
nrolled in the long-term study from �20% of study cen-
ers. This is supported by the observation that a consider-
ble number of patients who did not participate in the
ong-term study had responses 6 months after treatment
undetectable HBV DNA levels, HBsAg loss), that are asso-
iated with sustained long-term response.

Another limitation of this study was the high number of
atients who failed to return during long-term follow-up.
ost patients who did not return did so because of viral
eactivation requiring antiviral therapy, and these patients m
ere classified as not having achieved a response in the
nalysis.

The sustained long-term effects of peginterferon alfa-2a
reatment are reflected by the continual increase in the
roportion of patients who achieved HBsAg clearance dur-

ng the posttreatment period and are in agreement with
revious observations on long-term follow-up of patients
reated with conventional interferon alfa; approximately
0% of patients treated for 6–12 months achieved HBsAg
learance2,22 and 15% of those treated for 24 months and
ollowed for �5 years.23 Rates of HBsAg clearance of 71%
ave been reported 11 years after the end of treatment in
atients with CHB disease who responded to therapy.24 Our
bservations suggest that potent HBV DNA suppression to

400 copies/mL at the end of peginterferon alfa-2a treat-
ent appears to be required but is not sufficient for subse-

uent clearance of HBsAg. The rate of HBsAg clearance was
igh (44%) in patients treated with peginterferon alfa-2a
ith undetectable HBV DNA 3 years after treatment. Our
ndings in HBeAg-negative disease reflect those reported
ecently in HBeAg-positive disease after a 52-week course of
eginterferon alfa-2b with or without lamivudine whereby
1% of patients cleared HBsAg after a mean follow-up
eriod of 3 years.21 In the HBeAg-positive study, HBsAg
learance was significantly more common in patients in-
ected with HBV genotype A than in those with other
enotypes. In contrast, in our HBeAg-negative patients,
BsAg clearance did not appear to be genotype related.
The lack of HBsAg clearance seen in our study in patients

reated solely with the nucleos(t)ide analog lamivudine has
lso been observed for patients with HBeAg-negative disease
reated with newer anti-HBV agents such as adefovir, ente-
avir, and tenofovir.25–27 In a recent large study of entecavir,
nly 1 of 325 patients with HBeAg-negative disease treated
or 48 weeks achieved HBsAg clearance, although 90% of
atients had HBV DNA suppressed to � 300 copies/mL at
his time.26 HBsAg clearance after treatment with the newer

ore potent nucleos(t)ide analogs appears to be more
eadily achievable in patients with HBeAg-positive disease.
BsAg clearance was reported in 6% of HBeAg-positive
atients after 2 years of treatment with tenofovir28 com-
ared with �1% in HBeAg-negative patients with the same
reatment duration.29 It is currently unclear whether HBsAg
learance during treatment with nucleotside analogs is du-
able if treatment is stopped.

The sustained posttreatment response mechanism after a
ourse of treatment with peginterferon alfa-2a remains un-
lear. However, in addition to its antiviral action, peginter-
eron alfa-2a exerts an immunomodulatory activity, which

ay contribute to the observed long-term effects—particu-
arly the ability to induce, via activation of a virus-specific
mmune response, HBsAg seroconversion.7,30–34 An analysis
f end treatment HBsAg levels in a subgroup of patients in
he long-term study reported here and their association
ith response to peginterferon alfa-2a 3 years posttreat-

ent have now been published.35 This, coupled with the
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bservation of early on-treatment HBsAg decline during
eginterferon alfa-2a therapy, suggests that monitoring
BsAg levels may be a helpful predictor of posttreatment

esponse.36–37

In summary, a 48-week course of peginterferon alfa-2a,
lone or in combination with lamivudine, has been shown
o induce biochemical or virologic responses that were sus-
ained 3 years after treatment in approximately 25% of
atients participating in the long-term follow-up study. A
igh rate (44%) of HBsAg clearance was achieved among
atients who sustained suppression of HBV DNA to unde-
ectable levels 3 years after treatment. The ability to induce
BsAg clearance—an outcome that is associated with long-

erm complication-free survival—supports the use of pegin-
erferon alfa-2a as a first-line treatment of HBeAg-negative
isease, avoiding the need for long-term therapy and the
ssociated risks of developing drug resistance in those pa-
ients who achieve and maintain their response.

Supplementary Data

Note: To access the supplementary material
ccompanying this article, visit the online version of
astroenterology at www.gastrojournal.org, and at doi:
0.1053/j.gastro.2009.03.006.

Appendix 1. Peginterferon Alfa-2a
HBeAg-Negative Chronic Hepatitis B
Study Group

In addition to the authors, the Peginterferon
lfa-2a HBeAg-Negative Chronic Hepatitis B Study
roup includes the following persons: J. Aguilar Reina

Hospital Virgen Del Rocio, Seville, Spain); H. Akkiz
University of Cukurova, Balcali-Adana, Turkey); T. Berg
Charité University Hospital, Berlin); M.R. Brunetto
Hepatology Unit, Cisanello Hospital, Pisa, Italy); G.
adeo (Civil Hospital, Brescia, Italy); Y.-C. Chao (Tri-
ervice General Hospital, Taipei, Taiwan); T.-N. Chau
Princess Margaret Hospital, Kowloon, Hong Kong,
hina); A. Chutaputti (Pramongkutklao Hospital, Bangkok,
hailand); E. Gane (Middlemore Hospital, Auckland,
ew Zealand); T. Goeser (University Hospital, Cologne,
ermany); W. Halota (Hospital for Infectious Diseases,
ydgoszcz, Poland); A. Horban (Hospital for Infectious
iseases, Warsaw, Poland); J.-D. Jia (Beijing Friendship
ospital, Liver Research Centre, Beijing); M.-C. Jung

University Clinic, Grosshadern, Munich, Germany); S.
aymakoglu (University of Istanbul, Istanbul Medical
aculty, Istanbul, Turkey); G. Kittis (Georgios Papaniko-

aou Hospital, Thessaloniki, Greece); J. Kuydowicz (Med-
cal University of Lodz, Lodz, Poland); S.-D. Lee (Taipei
eterans General Hospital, Taipei, Taiwan); B.-J. Lei (First
ffiliated Hospital, Western China Medical University,
hengdu, China); K.-X. Luo (Nangfong Hospital, Guang-
hou, China); V. Mahachai (Chulalongkorn Hospital,

angkok, Thailand); G. Minuk (Health Science Centre,
innipeg, ON, Canada); G. Pastore (Clinic of Infectious
iseases, University of Bari, Bari, Italy); D. Prokopowicz

Medical University of Bialystok, Bialystok, Poland);
.W.F. Rasenack (University Hospital, Freiburg, Germa-
y); J. Reichen (University Hospital, Berne, Switzerland);
. Sik (Princess Margaret Hospital, Hong Kong); T. Tan-
andee (Siriraj Hospital, Bangkok, Thailand); S. Thong-

awat (Chiang Mai University, Chiang Mai, Thailand); N.
ozun (University of Marmara, Faculty of Medicine,

stanbul, Turkey); C. Trepo (Hotel Dieu, Lyon, France);
. Tsianos (University Hospital of Ionnina, Ionnina,
reece); M.-B. Wan (Changhai Hospital, Shanghai, Chi-
a); H. Wang (People’s Hospital of Peking University,
eijing, China); Q.-H. Wang (First Affiliated Hospital of
eking University, Beijing, China); D.-Z. Xu (Beijing Di-
an Hospital, Beijing, China); G. Yao (Shanghai Jing An
entral Hospital, Shanghai, China); J.-L. Yao (Third Af-
liated Hospital of Sun Yat-Sen, Medical Science Univer-
ity, Guangzhou, Guangdong, China); Y.-S. Yu (First Af-
liated Hospital, College of Medical Science, Zheijiang
niversity, Hangzhou, China); S. Zeuzem (J.W. Goethe
niversity Hospital, Frankfurt, Germany); D. Zhang (Sec-
nd Affiliated Hospital, Chongqing Medical College,
hongqing, China); H.-F. Zhang (Beijing 302 Hospital,
eijing, China); and Q.-B. Zhang (Huashan Hospital,
hanghai, China).
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Longitudinal Analysis
Of the patients treated with peginterferon alfa-2a,

35 patients (or 38% of patients entering the initial
tudy) had HBV DNA levels � 10,000 copies/mL 6

onths after treatment. Of these, 31 (23%) did not par-
icipate in the long-term follow-up study. Of the 104
atients participating in the long-term study, 47 patients
ither experienced relapse, defined as HBV DNA �
0,000 copies/mL at least once during the follow-up
eriod (44 patients) or had missing values (3 patients) at
ll 3 follow-up visits. Relapse occurred most frequently
arly after the end of treatment with 35, 7, and 2 patients
aving levels of HBV DNA � 10,000 copies/mL detected

or the first time at 1, 2, and 3 years after treatment,
espectively. Of the remaining 57 patients, 29 had HBV
NA levels � 10,000 copies/mL at all 3 follow-up visits;

6 had a documented response at 2 of the 3 follow-up
isits and a missing value at one visit; 12 patients had
ocumented HBV DNA response at only 1 of the visits
ith missing values for the remaining 2 visits. Thus, 45
atients had a sustained longitudinal HBV DNA re-
ponse, defined as levels � 10,000 copies/mL docu-

ented at least at 2 of the 3 study visits between 1 and 3
ears after treatment. In contrast, of the 126 patients
reated with peginterferon alfa-2a who had HBV DNA
evels � 10,000 copies/mL 6 months after treatment,
nly 7 patients had HBV DNA levels suppressed �
0,000 copies/mL during subsequent follow-up. In sum-
ary, 52 patients (or 23% of all patients treated with

eginterferon alfa-2a participating in the long-term
tudy) had a sustained longitudinal HBV DNA response
s defined above; 33 patients (or 14%) had documented
BV DNA levels � 10,000 copies/mL at each of 1-, 2-,

nd 3-year posttreatment assessments.
Among the 85 patients treated with lamivudine who

articipated in the long-term study, 77 patients had ei-
her a documented relapse (n � 61), had missing values
t all 3 follow-up visits (n � 10), or missing values at 2
nd 3 years after treatment (n � 6). Eight patients (6 of
he 21 patients with HBV DNA � 10,000 copies/mL and
of the 64 patients with HBV DNA � 10,000 copies/mL
months after treatment) had a sustained longitudinal

esponse. Thus, 9% of the patients treated with lamivu-
ine participating in the long-term study had a sustained

ongitudinal HBV DNA response as defined above, 5%
ad documented HBV DNA levels � 10,000 copies/mL at
ach of 1-, 2-, and 3-year posttreatment assessments (P �
.008 and P � .018, respectively, vs rates with peginter-

eron alfa-2a with or without lamivudine). Individual m
BV DNA responses in patients treated with lamivudine
re shown in Supplementary Figure 1.

Of the patients treated with peginterferon alfa-2a, 212
atients (or 60% of patients entering the initial study)
ad ALT levels � 30 U/L 6 months after treatment. Of
hese, 62 (29%) did not participate in the long-term
ollow-up study. Of the 150 patients participating in the
ong-term study, 41 patients had ALT levels constantly

30 U/L at each of the 1-, 2-, and 3-year posttreatment
ssessment; 23 patients had ALT levels � 30 U/L at 2 of
he 3 follow-up assessments and either a missing value or
n ALT level of 30 – 45 U/L at the remaining visit. Thirty-
ix patients had documented ALT elevations �45 U/L at
east once (26 patients experienced ALT relapse 1 year
fter treatment, 7 patients at 2 years, and 3 patients at 3
ears after treatment); 50 patients had missing values for
2 visits. Among the 80 patients with ALT � 30 U/L 6
onths after treatment only 4 patients had ALT levels

onstantly � 30 U/L at all 3 yearly follow-up visits; a
urther 4 patients had ALT levels � 30 U/L at 2 of the 3
ollow-up visits and either a missing value or ALT levels
f 30 – 45 U/L at the remaining visit. In summary, a total
f 45 patients treated with peginterferon alfa-2a had ALT

evels constantly � 30 U/L at all 3 follow-up visits (20%
f patients participating in the long-term follow-up
tudy). An additional 19 patients (8%), who could also be
onsidered to have a longitudinal ALT response, had ALT
evels � 30 U/L at 2 of the 3 follow-up visits and a

issing value at the remaining visit. Individual ALT pro-
les of patients treated with peginterferon alfa-2a are
hown in Supplementary Figure 2.

Of the 85 patients treated with lamivudine participat-
ng in the long-term follow-up study, only 6 patients had
LT levels constantly � 30 U/L at all 3 yearly follow-up
isits (7% of all patients participating in the long-term
ollow-up study, P � .008 vs peginterferon alfa-2a). An
dditional 10 patients (12%), who could also be consid-
red to have a longitudinal ALT response, had ALT levels

30 U/L at 2 of the 3 follow-up visits and either a
issing value (19 patients) or ALT levels between 30 and

5 U/L at the remaining visit. Individual ALT profiles of
atients treated with lamivudine are shown in Supple-
entary Figure 3.
Overall, among the long-term study participants 23%

f the patients treated with peginterferon alfa-2a had a
ustained longitudinal HBV DNA response compared
ith 9% of the patients treated with lamivudine (P �

008) (Figure 3, main document). The rates of longitudi-
al ALT response were 31% and 19% for peginterferon
lfa-2a and lamivudine, respectively (P � .029) (Figure 3,

ain document).
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upplementary Figure 1. HBV DNA profiles of individual patients
chieving a virologic response (HBV DNA � 10,000 copies/mL) 3 years
fter completion of treatment with lamivudine monotherapy (n � 13).
he letters A to D in each key indicate the HBV genotype for each
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upplementary Figure 2. ALT level profiles of individual patients achieving a virologic response (HBV DNA � 10,000 copies/mL) 3 years after
ompletion of treatment with peginterferon alfa-2a monotherapy (A–C; n � 32) or peginterferon alfa-2a in combination with lamivudine (D–F; n � 28).

he letters A–D in the key indicate the HBV genotype for each patient.
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upplementary Figure 3. ALT profiles of individual patients achieving
virologic response (HBV DNA � 10,000 copies/mL) 3 years after

ompletion of treatment with lamivudine monotherapy; n � 13). The

etters A to D in each key indicate the HBV genotype for each patient.
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