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Abstract

Purpose Patients with hepatitis B e antigen (HBeAg)-

positive chronic hepatitis B, who achieve HBeAg serocon-

version 6 months after completing 48 weeks of peginterferon

alfa-2a therapy, have an increased chance of clearing hepatitis

B surface antigen (HBsAg) during long-term treatment-free

follow-up. This analysis aimed to determine whether HBsAg

quantification during treatment could be used to identify

posttreatment response.

Methods Patients (n = 399) treated with peginterferon

alfa-2a (180 lg/week) alone or in combination with lami-

vudine (100 mg/day) for 48 weeks during a large, ran-

domized study were included in this retrospective analysis.

Receiver-operating characteristic analyses were used

to identify baseline and on-treatment HBsAg levels

associated with response (HBeAg seroconversion 6 months

posttreatment).

Results Baseline HBsAg levels were lower in patients

achieving posttreatment response than in nonresponders

(3.97 and 4.21 IU/mL, respectively, p = 0.039). Two

baseline HBsAg cutoff levels (5,000 and 50,000 IU/mL)

provided a positive predictive value of 42% and a negative

predictive value of 77%. HBsAg decline was significantly

greater during and posttreatment in responders than in

nonresponders (p \ 0.0001). HBeAg seroconversion rates

6 months posttreatment were significantly higher in

patients with HBsAg \ 1,500 IU/mL at weeks 12 and 24

(56.7 and 54.4%, respectively) versus patients with HBsAg

1,500–20,000 IU/mL (32.3 and 26.1%, respectively) or

HBsAg \ 20,000 IU/mL (16.3 and 15.4%, respectively)

(all p \ 0.0001 and \0.0001).

Conclusions HBsAg levels at baseline strongly associ-

ated with posttreatment response were not identified. Low

HBsAg levels during peginterferon alfa-2a therapy were

associated with high rates of posttreatment response. On-

treatment HBsAg quantification may, therefore, help guide

patient management in the future.

Keywords HBeAg-positive � Peginterferon alfa-2a �
HBsAg � Predictor � Sustained immune control

Introduction

Chronic hepatitis B (CHB) affects 350–400 million people

worldwide, which makes it one of the most common

chronic liver diseases [1]. It leads to high rates of morbidity

and mortality as a result of the development of cirrhosis

and hepatocellular carcinoma (HCC). As CHB treatment

options that result in clearance of hepatitis B surface
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antigen (HBsAg) have been shown to improve liver his-

tology, reduce rates of cirrhosis and HCC and increase

patient survival [2, 3], HBsAg clearance has become an

important critical end point in the management of CHB.

However, HBsAg clearance is not the most appropriate

short-term efficacy end point as rates are generally low in

the immediate posttreatment period. Recent international

guidelines highlight that durable hepatitis B e antigen

(HBeAg) seroconversion is a satisfactory end point in

HBeAg-positive patients, because it is associated with

improved prognosis [4–6]. The recognized sustained post-

treatment response to finite course of peginterferon alfa has

made it one of the recommended first-line treatment

options for HBeAg-positive CHB in all international

guidelines [4–8].

Approximately, one-third of HBeAg-positive CHB

patients achieve seroconversion 6 months after complet-

ing pegylated interferon therapy [7, 8]. Importantly,

patients who achieve a sustained posttreatment response

to interferon-based therapy have an increased chance of

clearing HBsAg during long-term follow-up [3, 9]. Early

identification of responders either before or during treat-

ment would be of considerable benefit to clinicians, as it

would allow therapy to be initiated only in patients likely

to achieve a response, and to be modified in those patients

unlikely to respond to the standard duration (48 weeks) of

pegylated interferon monotherapy. Clinical experience

with pegylated interferon has shown that adverse events

are associated with therapy; however, these occur less

frequently in hepatitis B than in hepatitis C and do not

result in reduced treatment compliance [1, 10]. Early

identification of nonresponders would prevent patients

who are unlikely to gain clinical benefit from having to

deal with potential side effects from the entire course of

treatment.

A number of studies have found that HBeAg or hepatitis

B virus (HBV) DNA levels either before or during treat-

ment with pegylated interferon may be associated with

posttreatment response [11–13]. In addition, there is

increasing interest in the association between HBsAg lev-

els before or during therapy and posttreatment response. In

HBeAg-negative patients, a significant association between

end of treatment HBsAg levels and response B3 years

posttreatment has been demonstrated [14], while in

HBeAg-positive patients, there was a trend toward lower

baseline HBsAg levels in those achieving a sustained

response to peginterferon alfa-2b 5 years posttreatment

than in patients not achieving a virologic response (4,402

and 9,127 IU/mL, respectively; p = 0.064) [15].

The current analysis investigated the potential value of

HBsAg quantification in identifying HBeAg-positive

patients likely to achieve a sustained response following

treatment with peginterferon alfa-2a.

Methods

Study design

This was a retrospective analysis of data from a large,

randomized study in HBeAg-positive patients treated with

peginterferon alfa-2a (180 lg/week) alone or in combina-

tion with lamivudine (100 mg/day) for 48 weeks [7]. The

primary efficacy parameter was HBeAg seroconversion

6 months posttreatment. Other parameters assessed inclu-

ded HBV DNA B2,000 IU/mL (*10,000 copies/mL) and

HBsAg clearance 6 months posttreatment.

HBsAg and HBV DNA levels were analyzed retrospec-

tively from stored samples collected at baseline, during

therapy at weeks 12, 24 and 48 (end of treatment), and

6 months posttreatment (week 72). HBsAg levels were

quantified using the Abbott Architect HBsAg assay (Abbott

Laboratories, IL, USA; dynamic range 0.05–250.0 IU/mL)

after 1:100 dilution. Samples with HBsAg [250 IU/mL at

this dilution were retested at a final dilution of 1:1,000.

Samples with HBsAg levels\0.05 IU/mL at 1:100 dilution

were retested at the same dilution [16]. HBV DNA levels were

quantified using the Amplicor HBV test (Roche Molecular

Diagnostics, Pleasanton, CA, USA; range 71–35,714 IU/mL);

samples with HBV DNA[35,714 IU/mL were retested after a

1:100 dilution, according to the manufacturer’s recommenda-

tions. Only those patients with HBsAg values available at

baseline and at all other time points (i.e., weeks 12, 24, 48, and

72) were included in the analysis.

Statistical analysis

Receiver-operating characteristic (ROC) analyses at base-

line, week 12, and week 24 were used to identify an

absolute HBsAg level associated with high rates of

response posttreatment. The target was to identify a cutoff

value that would provide a negative predictive value (NPV)

C95%. If a single cutoff value did not achieve this level of

NPV, a second, higher cutoff level could also be investi-

gated to increase NPV. Logistic regression was used to

analyze the chance of a response. Missing samples were

treated as nonresponse. All statistical tests were considered

exploratory and no adjustment for multiple testing was

performed. Cochran Armitage Trend and Wald chi-square

(WCv2) tests were used as appropriate. The statistical

analysis software SAS version 8.0 (SAS Institute, Cary,

NC) was used.

Results

Data from 399 HBeAg-positive patients treated with

peginterferon alfa-2a alone (n = 204) or in combination
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with lamivudine (n = 195), and with HBsAg values available

at all time points (i.e., baseline and weeks 12, 24, 48 and 72)

were included in the following analyses. The majority of

patients were infected with HBV genotype B (32.6%,

130/399) or HBV genotype C (58.4%, 233/399).

Response to peginterferon alfa-2a alone

or in combination with lamivudine

Baseline characteristics of the 399 patients treated with

peginterferon alfa-2a alone or in combination with lami-

vudine (74% of the patients treated with peginterferon alfa-

2a alone or in combination with lamivudine included in the

initial study) were similar to those of the initial study

population (Table 1).

In total, 34% (137/399) of peginterferon alfa-2a alone or

in combination with lamivudine patients achieved HBeAg

seroconversion 6 months posttreatment, 28% (112/399)

achieved HBV DNA B2,000 IU/mL 6 months posttreatment,

and 4% (17/399) achieved HBsAg clearance 6 months post-

treatment compared with 30% (161/542), 24% (130/542) and

4% (20/542), respectively, in the initial study population.

The response rates were similar in the peginterferon alfa-2a

plus lamivudine and peginterferon alfa-2a monotherapy

groups.

Rates of HBeAg seroconversion 6 months posttreatment

were similar to the overall population in patients infected with

genotype B (34%, 44/130) or genotype C (34%, 80/233).

Association between baseline HBsAg levels

and response 6 months posttreatment

Baseline HBsAg levels were similar in the peginterferon

alfa-2a (4.11 ± 0.70 log10 IU/mL) and peginterferon alfa-

2a plus lamivudine (4.14 ± 0.63 log10 IU/mL) groups, and

the groups were, therefore, pooled for the baseline analysis.

Baseline HBsAg levels were lower in patients achieving

HBeAg seroconversion 6 months posttreatment (3.97 ±

0.72 log10 IU/mL) than in nonresponders (4.21 ±

0.63 log10 IU/mL; WCv2 test p = 0.0390).

ROC analysis was used to identify baseline HBsAg

levels associated with HBeAg seroconversion 6 months

posttreatment. A lower level of 5,000 IU/mL was identified

that resulted in a positive predictive value (PPV) for

HBeAg seroconversion 6 months posttreatment of 42%

and an NPV of 68%. Applying an upper cutoff at baseline

of 50,000 IU/mL increased the NPV to 77%.

Changes in quantitative HBsAg and HBV DNA levels

over time

Decline in HBsAg level from baseline during therapy was

similar in both peginterferon alfa-2a and peginterferon

alfa-2a plus lamivudine groups (Fig. 1). As rates of

response in both groups were also similar, data were pooled

for all further analyses. However, decline in HBV DNA

level from baseline to weeks 12 and 24 was substantially

greater in peginterferon alfa-2a plus lamivudine group

compared with the peginterferon alfa-2a monotherapy

group (Fig. 2).

Table 1 Baseline characteristics of all peginterferon alfa-2a plus or minus lamivudine-treated patients included in the initial Phase 3 study and

patients included in the current analysis

Overall population (n = 542) Population included in the

current analysis (n = 399)a

Ethnicity (%) Caucasian/oriental/other 8.7/87.8/3.5 5.5/91.5/3.0

Gender (%) male/female 77.9/22.1 75.4/24.6

Genotypeb (%) A/B/C/D 7.6/29.2/58.7/3.7 5.8/32.6/58.4/2.5

Age (years) mean ± SD 32.1 ± 9.97 31.8 ± 9.62

HBsAg (log10 IU/mL) mean ± SD 4.1 ± 0.68 4.1 ± 0.67

HBV DNA (log10 10 9 copies/mL) mean ± SD 10.0 ± 1.99 10.0 ± 1.97

ALT (IU/L) mean ± SD 114.8 ± 104.59 119.6 ± 107.89

a Patients with HBsAg values at baseline and at weeks 12, 24, 48, and 72
b Five patients in the overall population and three patients in the current population were not infected with one of the four main HBV genotypes
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Fig. 1 Decline in HBsAg from baseline in peginterferon alfa-2a and

peginterferon alfa-2a plus lamivudine groups
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HBsAg decline according to posttreatment response

(HBeAg seroconversion)

HBsAg decline was significantly higher at weeks 12, 24, 48

and 72 in patients with HBeAg seroconversion 6 months

posttreatment than in patients without HBeAg serocon-

version (WCv2 test p = 0.0036, \0.0001, \0.0001 and

\0.0001, respectively; Fig. 3a).

HBV DNA decline according to posttreatment response

(HBeAg seroconversion)

As seen previously [13], HBV DNA decline was signifi-

cantly greater at all on-treatment and posttreatment time

points in responders to peginterferon alfa-2a monotherapy

compared with nonresponders (WCv2 test p = 0.0019,

0.0002,\0.0001, and\0.0001 at weeks 12, 24, 48 and 72,

respectively; Fig. 3b). However, in the peginterferon alfa-

2a plus lamivudine group, a significant difference between

responders and nonresponders was observed only at week

72 (Fig. 3c).

Association between on-treatment HBsAg level

and response 6 months posttreatment

ROC analyses identified HBsAg levels \1,500 IU/mL at

weeks 12 and 24 that generated PPVs of *55% for HBeAg

seroconversion 6 months posttreatment (57 and 54%,

respectively). However, as NPVs were\95% (72 and 76%,

respectively) using a single cutoff, an upper cutoff value of

20,000 IU/mL was introduced, leading to NPVs of 84 and

85%, respectively. Response rates in the three groups

generated using these cutoff values are given in Fig. 4.

At week 12, 22.6% of patients treated with peginterferon

alfa-2a alone or in combination with lamivudine had HBsAg

\1,500 IU/mL, and this proportion increased to 34.1% at

week 24. These patients achieved significantly higher rates

of HBeAg seroconversion than patients with HBsAg

[1,500 IU/mL (Fig. 4). Approximately, one-half of patients

had HBsAg levels of 1,500–20,000 IU/mL at weeks 12 and

24. Rates of HBeAg seroconversion 6 months posttreatment

were 32.3 and 26.1% in these patients according to HBsAg

levels at weeks 12 and 24, respectively.
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WC 2 test: *p<0.0036; **p<0.0001 versus decline in patients without
HBeAg seroconversion 6 months post-treatment.
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WC 2 test: *p=0.0019; **p=0.0002; ***p<0.0001 versus decline in patients without
HBeAg seroconversion 6 months post-treatment.
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WC 2 test: ***p<0.0001  versus decline in patients without HBeAg seroconversion 6 months post-treatment.
HBV DNA data were missing for one patient at week 24 and five patients at week 48.
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Fig. 3 a On-treatment HBsAg decline according to response

6 months posttreatment (peginterferon alfa-2a ± lamivudine). On-

treatment HBV DNA decline according to response 6 months

posttreatment in the b peginterferon alfa-2a group and c peginterferon

alfa-2a ? lamivudine group
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Rates of HBV DNA B2,000 IU/mL and HBsAg clear-

ance were also substantially higher in patients with HBsAg

\1,500 IU/mL at weeks 12 and 24 than in patients with

HBsAg [1,500 IU/mL (Fig. 4).

High rates of HBsAg clearance 6 months posttreatment

were achieved by patients with HBsAg\1,500 at week 12

and HBeAg seroconversion 6 months posttreatment

(17.6%, 9/51). Similarly, 20.3% (15/74) of patients with

HBsAg \1,500 at week 24 and HBeAg seroconversion

6 months posttreatment achieved HBsAg clearance

6 months posttreatment.

Association between on-treatment HBsAg level

and response 6 months posttreatment in patients

infected with genotypes B and C

At week 12, 26% of genotype B, patients treated with

peginterferon alfa-2a alone or in combination with lami-

vudine had HBsAg \1,500 IU/mL, and this proportion

increased to 37% at week 24. HBeAg seroconversion

6 months posttreatment was achieved by 50 and 50% of

patients with HBsAg \1,500 IU/mL at weeks 12 or 24,

respectively. Rates of response in the 22 and 12% of

genotype B patients with HBsAg[20,000 IU/mL at weeks

12 and 24, respectively, were 10 and 13% [Cochran

Armitage Trend Test (2-sided) p = 0.0018 and 0.039,

respectively].

At week 12, 23% of genotype C patients treated with

peginterferon alfa-2a alone or in combination with lami-

vudine had HBsAg \1,500 IU/mL, and this proportion

increased to 34% at week 24. HBeAg seroconversion

6 months posttreatment was achieved by 59 and 55%

of patients with HBsAg \1,500 at weeks 12 or 24,

respectively. Rates of response in the 17 and 10% of

genotype C patients with HBsAg[20,000 IU/mL at weeks

12 and 24, respectively, were 15 and 10% [Cochran

Armitage Trend Test (2-sided) p = 0.0024 and 0.0021,

respectively].

All patients (N=195) Baseline HBV DNA 9.37 ± 1.84 log 10 IU/mL
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Fig. 4 Rate of HBeAg seroconversion according to on-treatment HBsAg level in patients treated with peginterferon alfa-2a alone or in

combination with lamivudine. a week 12; b week 24
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Discussion

Several parameters have been investigated as potential

markers of sustained response to interferon-based therapy.

In HBeAg-positive CHB, the importance of both HBV

DNA and HBeAg has been investigated. Fried et al. [13]

showed that HBV DNA levels decreased consistently

during peginterferon alfa-2a treatment and that the kinetics

of HBV DNA varied between responders and nonre-

sponders. However, the HBV DNA kinetics during pegin-

terferon alfa-2a plus lamivudine therapy differed from the

response to peginterferon alfa-2a monotherapy, and as

HBV DNA quantification is technically challenging, costly

and subject to variability, assessing HBV DNA levels

quantitatively in clinical practice may be difficult [17–19].

Fried et al. [13] also investigated the value of HBeAg

quantification in monitoring pegylated interferon treatment

success and demonstrated that this was a more appropriate

marker than HBV DNA. However, practical difficulties

exist with assessing HBeAg levels, as a commercial assay

is not currently available and more readily available

markers are still required.

Interest in HBsAg as a marker of sustained response to

interferon-based therapy has been based upon studies that

showed a positive association between HBsAg and cova-

lently closed circular DNA (cccDNA) [20–22]. cccDNA

reflects the number of hepatocytes infected with the virus

and acts as a template for transcription of viral genes [22–

24]. The ongoing presence of cccDNA in hepatocytes even

when serum HBV DNA levels are undetectable is

responsible for the persistence and potential recurrence of

HBV infection [25]. The immunomodulatory activity of

interferon results in activation of cytotoxic T cells [26].

These cells are important in clearing infected hepatocytes

and thereby act to reduce levels of cccDNA [27]. Taken

together, these data suggest that HBsAg quantification is an

appropriate way to monitor the ongoing immune clearance

of infected hepatocytes and elimination of cccDNA medi-

ated by pegylated interferon.

The focus of the current analysis is on-treatment pre-

diction of response, but there is also considerable interest

in trying to identify, before treatment is initiated, those

patients likely to respond to peginterferon alfa-2a.

Recently, data from the Phase 3 peginterferon alfa-2a study

used in the current analysis were analyzed together with

data from a similar study in patients treated with pegylated

interferon alfa-2b [12]. The results identified that high

baseline alanine aminotransferase (ALT) levels and low

HBV DNA levels were significant predictors of response.

However, some patients with low baseline ALT levels

and/or high HBV DNA levels have been shown to respond

to interferon-based therapy. Accordingly, therefore,

electing not to start treatment based on these characteristics

may prevent potential responders from achieving post-

treatment benefits.

Based on the current analysis, it seems unlikely that

baseline HBsAg should be used as a sole criterion for

deciding which patients may or may not respond to post-

treatment. To identify patients who should not be started on

therapy, an NPV[95% is required to ensure that potential

responders are not missed. In this analysis, two cutoff

values at baseline were required to provide a relatively high

PPV; however, this methodology resulted in an NPV of

only 77%, meaning that almost one-quarter of potential

responders would not be benefitted if these levels were

used as a reason not to initiate treatment.

The current investigation is the largest to date to analyze

the association between on-treatment HBsAg levels with

posttreatment response to peginterferon alfa-2a in HBeAg-

positive CHB. Importantly, it supports observations

reported previously, which showed that the kinetics of on-

treatment HBsAg decline during pegylated interferon

therapy were different in patients achieving sustained

immune control posttreatment compared with those

patients not achieving sustained immune control [28, 29].

Low HBsAg levels during pegylated interferon therapy

were associated with higher rates of response than were

observed in the overall population and highest rates of

HBsAg clearance were achieved by patients with an early

decline in HBsAg levels who went on to achieve sustained

immune control posttreatment. The genotype subanalysis

of patients demonstrated that the highest rates of response

were also associated with low on-treatment HBsAg levels

in patients infected with genotype B or genotype C.

Motivating patients to remain on-treatment is often a

concern for clinicians and an early positive response—as

indicated by low HBsAg levels—may provide a way of

encouraging patients to complete the 48 weeks of therapy.

This analysis did not identify a single on-treatment

cutoff level that could generate a high NPV. Even applying

the two absolute HBsAg level cutoffs in HBeAg-positive

CHB did not result in an NPV[95%. As a result, the cutoff

values identified cannot be used to define a stopping rule

as, depending on the time of HBsAg quantification,

15–16% of HBeAg-positive patients who would have

responded to posttreatment would have their treatment

stopped. Two recent analyses have also investigated whe-

ther on-treatment HBsAg levels can be used to predict

response to peginterferon in HBeAg-positive patients.

Buster et al. [11] showed that lack of HBeAg clearance

before week 32 of treatment could provide an NPV of 98%

for HBsAg clearance. Although HBsAg clearance is

accepted as being the closest outcome to cure of CHB,

rates of HBsAg clearance are low in the first few months
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after treatment and recent guidelines from the European

Association for the Study of the Liver suggest that a sur-

rogate marker of response, such as HBeAg seroconversion,

should be used to indicate response to therapy. In addition,

week 32 of treatment is very late to assess response to

therapy; identifying a parameter that predicts response

earlier during treatment would be of greater value. Son-

neveld et al. [29] demonstrated that when response was

defined as HBeAg loss combined with HBV DNA

\10,000 copies/mL, HBeAg-positive patients with no

HBsAg decline at week 12 of therapy had a 97% chance of

nonresponse (NPV 97%). However, this observation could

not be repeated in the Phase 3 population described here

using either the combined end point (NPV 82%) or the

more stringent end point of HBeAg seroconversion (NPV

69%) [30]. It is possible that differences in study popula-

tion could explain why the stopping rule proposed by

Sonneveld could not be validated in this peginterferon alfa-

2a analysis. Whereas the Sonneveld analysis was a Euro-

pean study with only 20% of Asian patients, the peginter-

feron alfa-2a population was predominately Asian (87%)

and this influenced the genotype distribution: the Sonne-

veld study included patients mainly infected with geno-

types A or D, while the peginterferon alfa-2a had a high

proportion of genotype B and C patients.

In the current analysis, applying the two cutoff levels

increased response rates from approximately one-third of

patients to over one-half of patients. However, the need to

apply two cutoff levels resulted in the majority of patients

having on-treatment HBsAg levels between the two cutoff

levels, and these patients achieved response rates similar to

those in the overall population. It is interesting to speculate

how response rates in this group could be increased. The

need for individualized treatment of patients with CHB is

an increasing focus of discussion, especially the possibility

of using either combination therapy or an extended, but

still finite, course of therapy in patients not achieving a full

response early during treatment. Recent data in HBeAg-

negative patients showed that a 96-week course of pegin-

terferon alfa-2a therapy increased sustained response

compared with a 48-week course of therapy [31]. Further

studies are, therefore, required to determine the potential of

extended therapy in HBeAg-positive patients with a sub-

optimal on-treatment response.

Quantification of HBsAg during therapy has a number

of advantages over HBV DNA or HBeAg measurement.

While HBV DNA quantification can be used in both

HBeAg-positive and -negative patients, it is limited

because it cannot distinguish between sustained responders

and relapsers [32]; also, as shown previously [13] and in

the current investigation, HBV DNA decline varies con-

siderably between monotherapy- and combination therapy-

treated patients. As described previously, HBeAg

quantification is limited as a result of the lack of a com-

mercial assay.

The present investigation has limitations. Only a pro-

portion of patients included in the original randomized

controlled trial had HBsAg levels determined during

treatment and 6 months posttreatment. As only patients

with data available at all on-treatment and posttreatment

time points were included in this study, there is a potential

for selection bias. However, comparison of response rates

in the initial and current populations reveals only small

differences, and it is important to note the conservative

statistical methods employed classified missing samples as

nonresponders.

There is considerable interest in predicting sustained

response to pegylated interferon therapy during treatment

and it appears that a single, easily quantified parameter is

unlikely to provide enough information to justify stopping

treatment in some patients. However, combining several

on-treatment, or baseline and on-treatment, factors may

provide sufficient information to identify nonresponders.

By extending the baseline prediction model described by

Buster et al. [12], Hansen et al. [33] demonstrated that

including on-treatment HBV DNA decline in the prediction

algorithm improved its ability to predict response to

pegylated interferon therapy.

In conclusion, on-treatment quantification of HBsAg

may be an appropriate tool for on-treatment monitoring

of response to a finite course of peginterferon alfa-2a

in HBeAg-positive patients. This should help identify

patients who may benefit from modification of their

treatment regimen, thereby helping to improve the overall

response rates to a finite course of peginterferon alfa-2a.

However, as the stopping rules identified previously

could not be validated in the current population, it is clear

that further study is required before a cutoff level that

identifies the patients likely to benefit, or not benefit,

from treatment is validated and can be used in clinical

practice.
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