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ABSTRACT

Background: Despite more potent anti-hepatitis B virus (HBV) activity of newer agents, there appears to be a “ceiling” effect with regards to
hepatitis B e antigen (HBeAg) seroconversion in HBeAg-positive chronic HBV patients after 48-weeks of therapy. Aim: This study aims to
determine the effect of viral suppression on HBeAg suppression. Methods: One-hundred-and-seventy-one consecutive HBeAg-positive patients
treated with adefovir (n=59), entecavir (n=58) or lamivudine (n=54) for 48 weeks (end-of-follow-up) without drug resistance were included into
this study. HBeAg was retrospectively quantified with a microparticle enzyme-immunoassay. Results: The entecavir group had the lowest HBV
DNA at end-of-follow-up [mean+standard error of mean (SEM) 2.18+0.16 logIU/ml] followed by the lamivudine group (mean+SEM 3.74+0.22
log IU/ml) and the adefovir group (mean+SEM 5.16+0.25 logIU/ml, p<0.001). However, there was no significant difference in the end-of-follow-
up HBeAg level in the entecavir group (mean+=SEM 2.13+1.31 log PEIU/ml) when compared with the lamivudine (mean+SEM 2.40+1.76 log
PEIU/ml) and the adefovir groups (mean+SEM 2.17+1.63 log PEIU/ml), (p=0.10). HBeAg level below the lower-limit-of-detection at end-of-
follow-up was not higher in the entecavir group when compared with the adefovir group [26/58 (44.8%) vs. 25/59 (42.4%), p=0.79] Conclusion:
Potent HBV DNA suppression during therapy does not result in higher HBeAg suppression.
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INTRODUCTION

An estimated 350 million people worldwide are chronically infected
with the hepatitis B virus (HBV).' Chronic HBV infected people are at
an increased risk of developing cirrhosis, hepatic decompensation and
hepatocellular carcinoma (HCC) with 500,000 people dying annually
from HBV related complications.” The goal of therapy in patients with
chronic HBV is the prevention of liver cirrhosis and its complications.

However, unlike the therapy of chronic hepatitis C virus (HCV), total
eradication of chronic HBV remains elusive.*** The aims of therapy in
hepatitis B e antigen (HBeAg) positive chronic HBV patients are to
achieve sustained suppression of HBV replication and remission of
liver disease.’ The parameters used to assess treatment response in
HBeAg positive chronic HBV include normalization of serum alanine
aminotransaminase (ALT), decrease in serum HBV DNA level,
HBeAg with or without detection of hepatitis B e antibody (HBeAb)
and improvement in liver histology.’

HBeAg seroconversion and suppression of HBV DNA has been
associated with reduction in HBV viremia, improving long-term
clinical outcome of chronic HBV patients who are HBeAg positive.”’
This is because the disappearance of HBeAg from serum is associated
with the disappearance of replicative viral intermediates in liver
tissues.”” Furthermore, seroconversion from HBeAg to HBeAb
usually occurs after suppression of HBV DNA. Therefore, HBeAg
seroconversion is considered to be one of the most important surrogate
markers for assessing the durability and efficacy of antiviral therapy in
chronic hepatitis B patients with HBe Ag positive disease.

Currently, there are 2 major types of antiviral drugs that are being used
for the treatment of chronic HBV: drugs that directly interfere with
HBYV replication and drugs that modulate HBV specific immune
response.’ Since the advent of newer more potent anti-viral drugs,
many studies have been performed to determine whether these more
potent anti-virals can improve treatment response in HBeAg positive
chronic hepatitis B.

The potential advantages of potent viral suppression, in addition to
virologic response are delayed or decreased anti-viral resistance,
increased HBeAg seroconversion and sustained off therapy response.
However, although the newer anti-viral drugs have more potent anti-
viral effects, they have consistently failed to demonstrate consistent
benefitin HBeAg seroconversion or sustained off therapy response.'"*
The reason for this is uncertain.

Although, several small studies on conventional interferon have
demonstrated that dynamic monitoring of quantitative HBeAg may
predict the likelihood of subsequent HBeAg seroconversion and
virologic response.”"" the effect of potent suppression of HBV
replication by anti-viral therapy on HBeAg is uncertain. The aim of
this study is to determine whether more potent HBV DNA suppression
with anti-HBV therapy can result in more potent HBe Ag suppression.

METHODS

Study Population

One hundred and seventy-one consecutive HBeAg positive patients
without drug resistance at 48 weeks of antiviral treatment from the
Centre for Digestive Diseases were included into this study. They were
treated with either adefovir daily (n=59), entecavir daily (n=58) or
lamivudine daily (n=54) for 48 weeks (end of follow-up) from January
2005 to August 2015.

All subjects included into this study fulfilled the following criteria: 1)
HBsAg positive for at least 6 months before commencement of
therapy; 2) HBeAg positive for at least 6 months before
commencement of therapy; 3) treatment naive; 4) serum ALT levels
above the upper limit of normal (normal range of serum ALT was 7-53
U/L for males and 7-33 U/L for females, respectively) for the
preceding 12 months before commencement of therapy; 5) more than
18 years of age; 6) alcohol intensity of less than 10 gm/day as defined
previously;" and 7) no evidence of lamivudine, entecavir or adefovir
resistance at end of follow-up. Subjects were excluded from the study
if they had: 1) previous therapy with nucleoside/nucleotide analogue
or immunomodulators; 2) co-infection with hepatitis C virus (HCV),
human immunodeficiency virus (HIV) or hepatitis D virus; or 3)
hepatocellular carcinoma.

Quantification of HBeAg

Quantification of HBeAg was performed retrospectively on frozen
sera by using ARCHITECT i2000SR analyser (Abbott Laboratories,
North Chicago, IL, USA) as previously described.” The assay was
validated in-house with the use of reference standards obtained from
the Paul Ehrlich Institute (PEIU/ml). The dynamic range of the assay
was 0.11-200 PEIU/ml, with samples of concentrations beyond this
range being diluted with fetal calf serum to ensure linearity. A linear
correlation was observed with the reference standards.

Virological Studies
HBsAg, HBeAg, HBeAb [Abbott Laboratories, North Chicago, IlI,
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USA] and anti-HCV (Ortho Diagnostics System, Raritan, New Jersey,
USA) were assayed with the second-generation enzyme-linked
immunosorbent assay. HBV genotype was retrospectively determined
using the INNO-LiPA HBV genotyping assay (Fujirebio, Gent,
Belgium). Lamivudine, adefovir and entecavir resistance was
retrospectively tested according with the INNO-LiPA HBV Multi-DR
kit (Fujirebio, Gent, Belgium).””"

Follow-Up Visits

All patients underwent a physical examination and blood testing for
liver biochemistry [ALT, aspartate aminotransaminase, alkaline
phosphatase, gamma-glutamyl transpeptidase, albumin and bilirubin],
complete blood count, prothrombin time, activated partial
thromboplastin time and renal biochemistry before commencement of
therapy. All patients were followed-up every 4-8 weekly until week 48
(end of follow-up). Liver biochemistry, complete blood count, thyroid
function test, HBsAg, HBeAg and HBeAb were checked at each
follow-up. Serum HBV DNA was quantified with the Abbott real time
HBYV assay (Abbott Laboratories, North Chicago, Ill, USA) with a
linear range of 10-10” IU/ml.

Definition Of Endpoint

HBeAg seroconversion was defined as loss of HBeAg accompanied by
the development of HBeAb for 2 consecutive readings three months
apart.

This retrospective study was approved by the local Institutional
Review Board.

Statistical Analysis

All statistical analyses were performed using the SPSS software (IBM
SPSS Statistics for Windows, Version 20.0, IBM Corp, Armonk, New
York, USA). The chi-square test was used to analyse relationships
between categorical variables. The ANOVA test was used to compare
values between different groups, and the Student's 7 test was used to
analyze single specific differences of biological interest. Continuous
variables were expressed in mean standard error of mean (SEM). The
primary endpoint of this study was to determine suppression of
HBeAg. All statistical analyses were performed on an intention-to-
treat basis. Statistical significance was defined as p<0.05 (2 tailed).

RESULTS
The baseline demographic data for the 3 groups of patients are shown
inTable 1.

Table 1. Baseline Characteristics Of Patients.

ADV ETV LAM P-
(n=59) (n=58) (n=54) |value
Age, years 443 426 432 0.75
Sex, M:F 42:17 50:8 41:13 0.14
Serum alanine 14011 141£13 13949 0.60
aminotransaminase, U/L
HBV DNA, log IU/ml 8.10+0.35 |8.18+0.91 |7.85+0.42|0.23
HBeAg, log PEIU/ml 3.05+2.23 |3.00£2.23 [3.04+2.35/0.88
Genotype: 0.12
B 29 19 18
C 30 39 36
HBeAg: -
Positive 59 58 54
Negative 0 0 0
HBeAb: -
Positive 0 0 0
Negative 59 58 54

ADV- adefovir, ETV- entecavir, LAM- lamivudine, HBeAg- hepatitis
B eantigen, HBeAb- hepatitis B e antibody.
P-value by ANOVA.

Entecavir Therapy Resulted In Highest On-therapy Reduction In
Serum HBV DNA

Serum HBV DNA in all 3 groups fell throughout the 48 weeks of
therapy [Figure 1A]. A significant drop in serum HBV DNA among the
3 groups could be detected at week 4 of therapy (P<0.001 by ANOVA)
[Figure 1A]. This significant drop in serum HBV DNA in the three
groups persisted until week 48 of therapy or the end of follow-up. The
entecavir group had the lowest serum HBV DNA at the end of follow-
up (mean + SEM 2.18 + 0.16 log IU/ml) followed by the lamivudine

group (mean £ SEM 3.74 + 0.22 log IU/ml) and the adefovir group
(mean £ SEM 5.16 + 0.25 log IU/ml, p<0.001 by ANOVA) [Figure
1A].
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Figure 1. Graph showing (A) reduction of serum HBV DNA during
therapy and at the end of follow-up and (B) HBV DNA below 100
1U/ml at the end of follow-up.

At the end of follow-up, serum HBV DNA was also lower in the
lamivudine group when compared with patients in adefovir group at
the end of follow-up (mean + SEM 3.42 + 0.22 vs. 5.16 + 0.25 log
1U/ml, p=0.02 by Student's 7 test)

Atthe end of follow-up, 80 of the 171 patients (46.8%) had serum HBV
DNA less than 100 IU/ml. The entecavir group [46/58 (79.3%)] had the
highest number of patients with serum HBV DNA less than 100 IU/ml
at the end of follow-up when compared with the lamivudine group
[21/54 (38.9%), p<0.001] or the adefovir group [13/59 (22.0%),
p<0.001] [Figure 1B]. There was a trend that the lamivudine group also
had a higher number of patients with serum HBV DNA less than 100
TU/ml at the end of follow-up when compared with the adefovir group
(p=0.05) [Figure 1B].

Highest On-Therapy Reduction in Serum HBV DNA with Entecavir
Therapy Did Not Resultin Higher Suppression of HBeAg Level
Serum HBeAg level in all three groups also decreased during the 48
weeks of therapy [Figure 2A]. However, unlike serum HBV DNA
level, there was no significant decrease in serum HBeAg level among
the three groups at each time point of follow-up (all p>0.05 by
ANOVA) [Figure 2A].

At the end of follow-up, the serum HBeAg level was lowest in the
entecavir group (mean + SEM 2.13 + 1.31 log PEIU/ml) followed by
the adefovir group (mean = SEM 2.17 + 1.63 log PEIU/ml) and the
lamivudine group (mean+ SEM 2.40 + 1.76 log PEIU/ml). However,
there was no significant difference in the serum HBeAg level among
the three groups at week 48 of therapy or end of follow-up (p=0.10 by
ANOVA).

The serum HBeAg level was lower in the entecavir group at the end of
follow-up when compared with the lamivudine group (p=0.02 by
Student's 7 test). The serum HBeAg level was also lower in the adefovir
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group when compared with the lamivudine group (p=0.03 by Student's
t test) at the end of follow-up. However, there was no difference in the
serum HBeAg level in the adefovir group when compared with the
entecavir group (p=0.83 by Student's ¢ test).

Sixty-four of the 171 patients had serum HBeAg level below the lower
limit of detection (<0.11 PEIU/ml) at the end of follow-up. The
entecavir group had a higher number of patients with serum HBeAg
level below the lower limit of detection at the end of follow-up when
compared with the lamivudine group [26 of the 58 patients (44.8%) vs.
13 of the 54 patients (24.1%) respectively, p=0.02] [Figure 2B]. The
adefovir group also had a higher number of patients with serum
HBeAg level below the lower limit of detection at the end of follow-up
when compared with the lamivudine group [25 of the 59 patients
(42.4%) vs. 13 of the 54 patients (24.1%) respectively, p=0.04] [Figure
2B].
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Figure 2. Graph showing (A) reduction of serum HBeAg during
therapy and at the end of follow-up and (B) HBeAg below the lower
limit of detection at the end of follow-up.

However, the suppression of serum HBeAg level below the lower limit
of detection was not higher in the entecavir group when compared with
the adefovir group [26/58 (44.8%) vs. 25/59 (42.4%), p=0.79] [Figure
2B].

DISCUSSION

Indications for treatment HBeAg positive chronic hepatitis B are well
established and rely on a combination of raised ALT or raised HBV
DNA.*** Six nucleoside/nucleotide analogues; lamivudine, adefovir
dipivoxil, tenofovir disproxil, tenofovir alafenamide, entecavir and
telbivudine; has been approved for the treatment of chronic HBV
infection.

The differences among nucleoside/nucleotide analogues are mostly in
terms of potency in viral suppression and development of resistance.
However, in general, there appears to be a “ceiling” effect in the 48
week efficacy of nucleoside/nucleotide analogues with regards to the
rate of HBeAg seroconversion. Despite more potent antiviral
suppression with the newer agents like entecavir or tenofovir, 48
weeks of therapy with these more potent nucleoside/nucleotide
analogues have shown no differences in the rate of HBeAg
seroconversion rates when compared with lamivudine.” Similarly,
more potent viral suppression demonstrated by pegylated interferon
alfa-2a plus lamivudine combination therapy also did result in higher

HBeAg seroconversion rate when compared with pegylated interferon
alfa-2a monotherapy.”

In this study, we explored the effect of viral suppression on serum
HBeAg level. Here, we demonstrated that despite a more profound
viral suppression by both entecavir and lamivudine therapy over
adefovir therapy, this more potent viral suppression did not result in a
higher suppression of HBeAg level. In fact, despite a more potent on-
therapy viral suppression in lamivudine group when compared with
the adefovir group, adefovir therapy had a lower serum HBeAg level at
48 weeks of therapy or at the end of follow-up. Furthermore, adefovir
also resulted in more patients with serum HBeAg level below the lower
limit of detection when compared with those on lamivudine therapy.

Similarly, the more potent antiviral effect by entecavir also did not
increase the suppression of HBeAg level when compared with
adefovir therapy. This may mean that in order to increase the efficacy
of HBeAg seroconversion or sustained virological response, one may
need to combine drugs that can result in a synergistic suppression of
serum HBeAg level. This is because Perrillo et. al. showed that the
serum HBeAg level at the end of follow-up is more strongly correlated
with resultant sustained virological response when compared with
serum HBYV DNA level at either the end of therapy or end of follow-

up.

Therefore, more potent antiviral suppression with the newer
generation nucleoside/nucleotide analogues does not increase the rate
of HBeAg seroconversion because simply enhancing viral suppression
alone is inadequate in increasing the level of serum HBeAg
suppression. We, hypothesise that the way by which viral suppression
is achieved, in addition to potent viral suppression, is also an important
factor required to achieve a higher reduction of serum HBeAg level.
This hypothesis is given further credence by the observation that
adefovir therapy resulted in a higher reduction in serum HBeAg level
when compared with those on lamivudine therapy despite its weakest
effect on viral suppression.

The limited effect of lamivudine monotherapy on reduction in serum
HBeAg level may help to explain why current 48 weeks therapy with
nucleoside/nucleotide analogues rarely results in seroconversion of
HBsAg and the observation that following treatment with lamivudine,
HBV-specific T cells responses increase significantly only in a subset
of patients and may be transient.”***** It is unclear how lamivudine
induces HBV-specific T cell activity. One possibility is that the
reduction in HBV viral antigen reduces HBV-induced “anergy”.
However, it has been previously shown that sustained permanent
HBeAg clearance does not occur despite the rapid reduction to
undetectable serum HBV DNA during the combination conventional
interferon-alfa and lamivudine treatment.” This is probably explained
by the relative lack of impact of lamivudine on suppressing serum
HBeAg level as shown here. And HBeAg is considered a rather
“crude” immune marker of chronic hepatitis B infection as HBeAg
(which is not required for viral infection, replication and assembly) is
rapidly secreted into the blood and has been shown to tolerize T cells in
transgenic mice.”

The durability of response also differs between those treated with
nucleoside/nucleotide analogues and interferon-alfa based therapy,
with the latter being more durable."* Furthermore, for those who had
achieved HBeAg seroconversion to HBeAb with the lamivudine, the
response is durable in only 30~80% of cases as lamivudine results in a
higher rebound of serum HBeAg level at the end of follow-up.”* This
lack of durability of response may be related to a higher rebound in
serum HBeAg level at the end of follow-up with the use of
nucleoside/nucleotide analogue therapy alone.

In conclusion, potent viral suppression alone does not increase the
level of HBeAg suppression. This may be the reason why treatment
with more potent viral agents failed to increase the rate of HBeAg
seroconversion at 48 weeks of therapy. The method by which viral
suppression is achieved may also an important factor in achieving a
better HBeAg suppression, and, a higher rate of HBeAg
seroconversion. Development of future monotherapy or combination
anti-HBYV therapy should also take into consideration the effect of the
agent or agents on suppression of serum HBeAg level, in addition to
HBYV DNA suppression.
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HBeAg- hepatitis B e antigen; HBeAb- hepatitis B e antibody;
HBsAg- hepatitis B surface antigen; HBV- hepatitis B virus; ALT-
alanine aminotransaminase; HCC- hepatocellular carcinoma.
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