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Characteristics and prediction of hepatitis B e-antigen
negative hepatitis following seroconversion in patients

with chronic hepatitis B

Susumu Morita,'* Akihiro Matsumoto,'* Takeji Umemura,' Soichiro Shibata,’
Nozomi Kamijo," Yuki Ichikawa,' Takefumi Kimura,' Satoru Joshita," Michiharu Komatsu,'

Kaname Yoshizawa'? and Eiji Tanaka'

'Department of Medicine, Shinshu University School of Medicine, Matsumoto, and *Department of
Gastroenterology, National Hospital Organization Shinshu Ueda Medical Center, Ueda, Japan

Aim: We analyzed the characteristics of alanine aminotrans-
ferase (ALT) abnormality after achieving hepatitis B e-antigen
(HBeAg) seroconversion (SC) and other factors associated
with the occurrence of HBeAg negative hepatitis.

Methods: We followed 36 patients with chronic hepatitis B
from 3 years prior to at least 3 years after SC (mean, 11.6
years) and examined ALT, hepatitis B virus (HBV) DNA, HB
surface antigen, HB core-related antigen (HBcrAg) levels and
mutations related to HBeAg SC.

Results: ALT normalization (<31 IU/L for at least 1 year) was
primarily observed until 2 years following SC, after which it
became more infrequent. We next divided patients into
abnormal (=31 1IU/L, n=20) and normal (<311U/L, n=16)
groups based on integrated ALT level after the time point of 2
years from SC, and considered the former group as having
HBeAg negative hepatitis in the present study. Aithough

changes in median levels of ALT and HBcrAg differed signifi-
cantly between the groups, multivariate analysis showed ALT
normalization within 2 years after SC to be the only significant
determining factor for this disease (P =0.001). We then
assessed the 19 patients whose ALT was normal at 2 years
following SC, four of whom developed HBeAg negative hepa-
titis. Increased levels of HBV DNA (P =0.037) and HBcrAg
(P = 0.033) were significant factors of potential relevance.

Conclusion: ALT abnormality after 2 years of SC may be
evaluated as HBeAg-negative hepatitis. ALT, HBV DNA and
HBcrAg levels may be useful in predicting the outcome of
patients who achieve HBeAg SC.

Key words: hepatitis B core-related antigen, hepatitis B
virus, reactivation, seroconversion

INTRODUCTION

EPATITIS B VIRUS (HBV) infection is a major

health concern with an estimated 350-400 million
carriers worldwide. Whereas acute infection in adults is
generally self-limiting, that during early childhood devel-
ops into persistent infection in most individuals, which
can lead to chronic hepatitis and eventually liver cirrhosis
and hepatocellular carcinoma (HCC).'”* The natural
history of chronic HBV infection can be dassified into
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several phases based on levels of alanine aminotransfer-
ase (ALT) and HBV DNA, hepatitis B e-antigen (HBeAg)
status and estimated immunological status.* In the
immune tolerance phase, HBeAg is positive, ALT level is
normal, histological evidence of hepatitis is absent or
minimal, and HBV DNA level is elevated. The chronic
hepatitis B phase is characterized by raised ALT and HBV
DNA levels. In this phase, the host’s immune system
initiates a response that results in active hepatitis. In
patients who are HBeAg positive, active hepatitis can be
prolonged and may result in cirrthosis. However, chronic
hepatitis B eventually transitions into an inactive phase
with a loss of HBeAg positivity in the majority of patients.
Seroconversion (SC) of HBeAg to HBe antibodies and
the fall of HBV DNA level result in the disappearance
of disease activity despite persisting hepatitis B surface
antigen (HBsAg) and low HBV DNA level. The SC of
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HBeAg marks the transition from the hepatitis phase to
the inactive carrier phase, which is generally thought to
be abenign course for the HBV carrier, although hepatitis
can sometimes reactivate spontaneously.’

Patients experiencing HBV reactivation undergo
another transition characterized by increases in HBV
DNA and ALT levels and disease activity without the
reappearance of HBeAg. This phase is referred to as
HBeAg negative chronic hepatitis B. Occasional severe
hepatitis B flare-ups with moderate HBV DNA level
occur in this phase.*” It is thought that HBeAg negative
chronic hepatitis B is caused by mutant strains of HBV
that are unable to produce HBeAg®® and tends to
develop into cirthosis and HCC more frequently than
does HBeAg positive chronic hepatitis B.>"** Therefore, it
is important to identify patients who are likely to
develop HBeAg negative hepatitis after HBeAg SC from
those who can maintain an inactive carrier phase. In the
present study, we evaluated 36 patients with HBeAg SC
to examine the effects of host factors and viral factors,
including serum quantitative HBsAg, hepatitis B core-
related antigen (HBcrAg), HBV DNA, PC (A1896) muta-
tion and BCP mutations (T1762 and A1764) before,
during and after SC.

METHODS

Patients

TOTAL OF 36 patients with sustained HBeAg SC

(24 men and 12 women; median age, 38 years
[range, 23-65]) were enrolled in this study after
meeting the following criteria: (i) follow ups for at least
3 years before and after HBeAg SC; and (ii) serum
samples at several time points before, during and after
SC available for testing. HBeAg SC was defined as
seroclearance of HBeAg with the appearance of anti-
HBe that was not followed by HBeAg reversion or loss
of anti-HBe. All patients were seen at Shinshu Univer-
sity Hospital from 1985 to 2009. The median follow-up
period after SC was 11.6 years (range, 3.2-26.0). HBsAg
was confirmed to be positive on two or more occasions
at least 6 months apart in all patients. No patients had
other liver diseases, such as alcoholic or non-alcoholic
fatty liver disease, autoimmune liver disease or drug-
induced liver injury. Patients who were complicated
with HCC or who showed signs of hepatic failure were
excluded from the study. HBV genotype was C in all
patients, who were also negative for antibodies to hepa-
titis C virus and HIV. Nucleoside/nucleotide analog
(NUC) therapy was introduced in 14 patients after
HBeAg SC on physicians’ decision, and then follow up

© 2013 The Japan Society of Hepatology

Hepatology Research 2013

was stopped. No patient was treated with interferon
during the study period. ALT, albumin, bilirubin, plate-
let and other relevant biochemical tests were performed
using standard methods.' The integration value of ALT
after SC was calculated using the method described by
Kumada et al.”® (median determination frequency, 4.7/
year per person [range, 1.6-13.9]) because a previous
study showed integration values to be more meaningful
than arithmetic mean values in long-term follow-up
cohorts.® As guidelines released by the Ministry of
Health, Labor and Welfare of Japan advise consider-
ation of antiviral therapy for patients with ALT levels of
31 IU/L or more,'” an ALT integration value of less than
31 IU/L was defined as normal in this report. Serum
samples were stored at —20°C until tested. Liver biop-
sies were performed by percutaneous sampling of the

-right lobe with a 14-G needle in eight patients with

HBeAg negative hepatitis, as reported previously.™ All
biopsies were 1.5 cm or more in length. Liver histologi-
cal findings were scored by the histology activity index
of Knodell etal'® The protocol of this study was
approved by the ethics committee of our university
and was in accordance with the Declaration of Helsinki
of 1975. Informed consent was obtained from each
patient.

Hepatitis B viral markers

Serological markers for HBV, including HBsAg, HBeAg
and anti-HBe, were tested using commercially available
enzyme immunoassay Kkits (Abbott Japan, Tokyo,
Japan)." Quantitative measurement of HBsAg was done
using a chemiluminescence enzyme immunoassay
(CLEIA)-based HISCL HBsAg assay manufactured by
Sysmex (Kobe, Japan).”® The assay had a quantitative
range of —1.5 to 3.3 log IU/mL. Serum HBcrAg level was
measured using a CLEIA HBcrAg assay kit with a fully
automated Lumipulse System analyzer (Fujirebio,
Tokyo, Japan) as described previously.?! We expressed
HBcrAg level in terms of log U/mL, with a quantitative
range set at 3.0-6.8 log U/mL. End titers of HBsAg and
HBcrAg were determined by diluting samples with
normal human serum when initial results exceeded the
upper limit of the assay range. HBV DNA level was
measured using an Amplicor monitor assay with a
dynamic range of 2.6~7.6 log copies/mL.** Six major
genotypes (A-F) of HBV were determined using the
method reported by Mizokami etal.,” in which the
surface gene sequence amplified by polymerase chain
reaction was analyzed by restriction fragment length

polymorphism.
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The PC and BCP mutations of HBV were assessed as
previously described. Briefly, the stop codon mutation
in the PC region (A1896) was detected with an enzyme-
linked mini-sequence assay kit (Smitest; Roche Diagnos-
tics, Tokyo, Japan) with a sensitivity of 1000 copies/mL.
The results were expressed as the percent mutation rate
as defined by Aritomi etal.** The PC mutation was
judged to exist when the mutation rate exceeded 50% in
the present study because the mutation rate would
increase to 100% once surpassing this value.”” The BCP
double mutation was detected using an HBV core pro-
moter detection kit (Smitest; Genome Science Labora-
tories) with a detection limit of 1000 copies/mL.>* The
BCP mutation was judged to exist for all classifications
of mutant in the present study.

Statistical analysis

Clinical factors were compared between patients with
and without HBeAg negative hepatitis after SC using the
y>-test and Fisher's exact test, and group medians were
compared using the Mann-Whitney U-test. Receiver—
operator curves (ROC) with Youden's index were used
to decide each cut-off point for predicting HBeAg nega-
tive hepatitis after SC. Differences between the analyzed
groups were assessed using Kaplan-Meier analysis and
the log-rank test. Sex, age at SC, HBcrAg level, ALT level,
HBV DNA level, HBsAg level, PC mutation and BCP
mutation were all suspected to be associated with ALT
elevation after SC. Factors attaining a P-value of less
than 20% in univariate analysis were used in multivari-
ate analysis that employed a stepwise Cox proportional
hazard model. These included level of serum albumin
and platelet count at SC, levels of ALT at 0, 1, 2 and 3
years after SC, and levels of HBcrAg at 1, 2 and 3 years
after SC. All tests were performed using the IBM SPSS
Statistics Desktop for Japan ver. 19.0 (IBM Japan, Tokyo,
Japan). P-values less than 0.05 were considered to be
statistically significant.

RESULTS

Baseline characteristics of patients

LL 36 PATIENTS enrolled showed abnormal levels

of ALT before SC, with the majority showing nor-
malization around the time of SC. We defined ALT nor-
malization as a decrease in ALT level to less than 31 IU/L
for at least 1 year. The change in ratio of patients not
achieving normalization over time revealed two distinct
phases (Fig. 1): the first was a fast decline phase from 2
years before SC to 2 years afterwards, and the second
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Figure 1 Changes in the proportion of patients with alanine
aminotransferase (ALT) abnormality. ALT normalization was
defined as ALT level decreasing to lower than 31 IU/L and
maintained for at least 1 year. These data reveal two distinct
time frames: a fast decline phase around the seroconversion
(SC) period until 2 years afterwards, and a slow decline phase
from 2 years after SC to the end of follow up. The vertical
broken line at 2 years after SC indicates the borderline between
the two phases. HBeAg, hepatitis B e-antigen.

was a slow decline phase from 2 years after SC to the end
of follow up. Normalization of ALT during the fast
phase was presumed to be associated with HBeAg SC,
which was seen in 53% (19/36) of total patients. Based
on this, we analyzed the risk factors associated with ALT
abnormality after the time point of 2 years from SC by
calculating integrated ALT levels (Fig. 2). We defined
patients whose integrated ALT level exceeded 30 IU/L as
having HBeAg negative hepatitis in the present study.
Serum HBV DNA of over 4.0log copies/mL was
observed in all patients with HBeAg negative hepatitis.

Of the 36 patients enrolled, 20 (56%) developed
HBeAg negative hepatitis and 16 (44%) did not. ALT
normalization within 2 years after SC was significantly
less frequent in patients with HBeAg negative hepatitis
(Table 1). Median age, sex distribution and follow-up
period did not differ between the two groups. Median
albumin level tended to be lower in patients with
HBeAg negative hepatitis, but only modestly. Eight of 20
HBeAg negative hepatitis patients underwent liver
biopsy after SC. All had necroinflammatory activity. Ini-
tiation of NUC therapy was more common in the
HBeAg negative hepatitis group.

Clinical and virological profiles

Changes in median levels of ALT, HBV DNA, HBsAg and
HBcrAg during the course of SC have been compared
between patients with and without HBeAg negative

© 2013 The Japan Society of Hepatology
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hepatitis in Figure 3. We observed that median ALT level
decreased around the time of SC in patients without
HBeAg negative hepatitis, but did not in the other
group. Overall, median ALT differed significantly
between the two groups at the time of SC (43.0 vs
21.5IU/L; P=0.009) and at 1 (67.0 vs 15.0 IU/L;
P=0.001), 2 (52.0 vs 14.5 IU/L; P < 0.001) and 3 years
(41.5 vs 15.01U/L; P<0.001) afterwards (Fig. 3a).
Median HBV DNA level decreased similarly in both
groups around the time of SC (Fig. 3b). Median HBsAg
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Figure 2 Distribution of integrated
alanine aminotransferase (ALT) level
from the time point of 2 years after
seroconversion (SC) to the end of
follow up.
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level was unchanged or minimally decreased in both
groups around the time of SC, but was significantly
lower in patients with HBeAg negative hepatitis at 1 (3.9
vs 3.2 log IU/mL; P =0.025) and 2 years (3.9 vs 3.2 log
IU/mL; P=0.045) before SC and at 2 years (3.7 vs
3.0 log IU/mL;, P=0.023) after SC (Fig. 3c). Median
HBcrAg level decreased in both groups around the time
of SC, but this decline was more gradual in patients with
HBeAg negative hepatitis, becoming significantly higher
at 1 (5.2 vs 3.91log U/mL; P=0.011), 2 (4.6 vs 3.5 log

Table 1 Comparison of host and viral factors between patients with and without HBeAg negative hepatitis among total patients

Clinical characteristics HBeAg negative hepatitis P
Present (n=20) Absent (n=16)
Age at SC (years)t 40 (23-64) 38 (24-65) 0.504
Sex (male : female) 15:5 9:7 0.298
Follow-up period (years)t 10.6 (3.8-26.0) 12.4 (3.2-23.1) 0.610
Laboratory data at SC
Albumin (g/dL)+ 4.1 (3.6-4.6) 4.3 (3.7-4.8) 0.030
Bilirubin (mg/dL)t 1.0 (0.4-2.6) 0.8 (0.5-1.3) 0.319
Platelets (/uL)+ 13.9 (8.5-24.3) 18.1 (9.6-22.9) 0.187
ALT normalization within 2 years after SC# 4 (20) 15 (94) <0.001
Events during follow-up period
Initiation of NUC therapy# 12 (60) 2 (13) 0.006
Development of HCC# 2 (10) 1(6) 1.000

tData are expressed as median (range).
$Data are expressed as number of patients (%).

ALT, alanine aminotransferase; HBeAg, hepatitis B e-antigen; HCC, hepatocellular carcinoma; NUC, nudeoside/nucleotide analog; SC,

seroconversion.
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U/mL; P=0.041) and 3 years (4.6 vs 3.1 log U/mL;
P =0.016) after SC (Fig. 3d). PC mutation rate increased
similarly in both groups during the course of SC
(Fig. 3e), and the prevalence of BCP mutation positive
patients remained comparatively high in both groups
throughout the study period (Fig. 3f).

All factors that were associated with the occurrence of
HBeAg negative hepatitis were evaluated for indepen-
dence by multivariate analysis. We found that only
abnormal level of ALT (231 IU/L) at 2 years after SC
(odds ratio, 42.0; 95% confidence interval, 4.3-405.4;
P =0.001) was an independent predictive factor. There-
fore, we examined for factors associated with the occur-
rence of HBeAg negative hepatitis in the 19 patients

Years from HBeAg seroconversion

Years from HBeAg seroconversion

whose ALT level had normalized by 2 years after SC.
Four (21%) of these patients developed HBeAg negative
hepatitis and the remaining 15 (79%) did not. We
found no significant differences between the two groups
with rtegard to age at SC, sex or laboratory data
(Table 2). We next analyzed HBV DNA, HBsAg and
HBcrAg levels at 2 years after SC to see if these factors
could discriminate between patients with and without
the development of HBeAg negative hepatitis. Cut-off
values for each factor were determined by ROC analysis.
As shown in Figure 4, serum levels of HBV DNA (7% vs
60%; P=0.037) and HBcrAg (0% vs 44%; P =0.033)
were significant factors indicating susceptibility, but
HBsAg was not.

© 2013 The Japan Society of Hepatology
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Table 2 Comparison of host and viral factors between patients with and without HBeAg negative hepatitis in 19 patients whose
ALT levels were normal at 2 years after SC

Clinical characteristics HBeAg negative hepatitis P

Present (n=4) Absent (n = 15)

Age at SC (years)t 41 (30-43)
Sex (male : female) 2:2
Follow-up period (years)t 9.1(8.3-14.1)
Laboratory data at SC
Albumin (g/dL)t 4.3 (3.8-4.3)
Bilirubin (mg/dL)+ 1.0 (1.0-1.3)

Platelets (/pL)+

Events during follow-up period
Initiation of NUC therapy#
Development of HCC#

3 (75)
1(25)

14.9 (13.3-16.4)

37 (23-65) 0.549
8:7 1.000
12.2 (3.2-23.1) 0.610
4.3 (3.7-4.7) 0.364
0.8 (0.5-1.3) 0.083
16.9 (9.6-22.5) 0.667
2 (13) 0.037
1(7) 0.386

tData are expressed as median (range).
$Data are expressed as number of patients (%).

ALT, alanine aminotransferase; HBeAg, hepatitis B e-antigen; HCC, hepatocellular carcinoma; NUC, nucleoside/nucleotide analog; SC,

seroconversion.

DISCUSSION

LTHOUGH ACTIVE HEPATITIS usually subsides
following HBeAg SC, it recurs in a considerable
proportion of patients several years afterwards. Hsu
etal’® followed 283 patients with HBeAg SC for a
median follow-up period of 8.6 years and observed that
ALT elevation of over twice the upper limit of normal

100 -
P =0.,037 P=0.582 P =0.033
80 4
=2 ]
60 4
2
.5
o
o 40 -
20 4
0 n=14 . n=10 . n=10
£45 >45 £33 >33 £39 >39
HBV DNA HBsAg HBcrAg
(log copies/mL) (log 1U/mL) (log U/mL)

Figure 4 Occurrence of hepatitis B e-antigen (HBeAg) nega-
tive hepatitis is compared among patients using higher and
lower levels of corresponding markers at 2 years after
seroconversion (SC). The cut-off value for each marker was
determined by receiver-operator curve analysis. HBcrAg,
hepatitis B core-related antigen; HBsAg, hepatitis B surface
antigen; HBV, hepatitis B virus.

© 2013 The Japan Society of Hepatology

occurred in 94 patients (33%). Of these, 68 (72%) were
considered to have HBeAg negative hepatitis B because
HBV DNA was detectable without the reappearance of
HBeAg at the time of ALT elevation. HBeAg negative
hepatitis is a major health concern because its occur-
rence is closely associated with progression to cirrhosis
and development of HCC,*~'? and thus prediction of its
onset is important. Hsu et al.’ found that patients with
more frequent acute exacerbations of hepatitis before
HBeAg SC and those with cirrhosis at the time of HBeAg
SC had a higher risk of developing HBeAg negative
hepatitis. Although significant, these factors were insuf-
ficient to accurately predict the occurrence of the
disease.?**° Therefore, we analyzed several additional
factors, including HBV DNA, HBsAg and HBcrAg levels,
as well as viral mutations that halt HBeAg production.
In the present study, we found that the majority of
patients with HBeAg SC achieved normalization of ALT
within 2 years following SC, after which such normal-
ization became relatively rare. Abnormal ALT was deter-
mined using the distribution of integrated ALT level
from 2 years after SC to the end of follow up, which
clearly showed the existence of two groups. We defined
patients with an abnormal integrated level of ALT as
having HBeAg negative hepatitis because this abnormal-
ity tended to persist and was preceded by HBV DNA
elevation. Our result also conferred the important real-
ization that ALT abnormality within 2 years after SC
may not necessarily indicate the occurrence of HBeAg
negative hepatitis, which has a poor prognosis. NUC
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therapy was not available for patients with chronic
hepatitis B in Japan when our subjects began follow up.
Hence, the natural history of SC has been evaluated in
this cohort. Follow up stopped in this study when NUC
therapy was commenced. Currently, we perform NUC
therapy on patients with HBe negative hepatitis based
on age and ALT activity, as advised by the Ministry of
Health, Labor and Welfare."”

Many host and viral factors were also analyzed to
predict the occurrence of HBeAg negative hepatitis in
the current study. Host factors, including age and sex,
did not differ between the groups with and without
HBeAg negative hepatitis, but changes in median ALT
level around SC clearly differed between the two groups.
Specifically, ALT level did not decrease even after SC in
patients with HBeAg negative hepatitis, while it normal-
ized during the SC period in those without. Viral factors
were analyzed at several time points around SC. Among
them, median HBcrAg level clearly differed between the
groups; HBcrAg showed a steep decrease around the SC
period in patients without HBeAg negative hepatitis,
while it exhibited a significantly slower decline in those
with. Similarly to earlier reports, median levels of HBV
DNA and HBsAg showed some differences between the
two groups, but these were not remarkable when ana-
lyzed chronologically. Negative results were also seen in
the analyses of PC and BCP mutations. Multivariate
analysis showed that abnormal ALT level at 2 years after
SC was the only significant factor to predict the occur-
rence of HBeAg negative hepatitis among the factors
analyzed. Because patients with normal ALT had main-
tained that level for at least 1 year, this result may indi-
cate that continuous normalization of ALT is rare in
patients with HBeAg negative hepatitis after SC and that
ALT abnormality is associated with higher levels of
HBcrAg and HBV DNA.

Because ALT level was closely related to the occurrence
of HBeAg negative hepatitis, we next analyzed for pre-
dictive factors in patients whose ALT level was normal
(<311U/L) at 2 years after SC. We observed that
increased HBV DNA and HBcrAg levels at 2 years after
SC were significant factors for predicting the occurrence
of HBeAg negative hepatitis, but that HBsAg level was
not. Single or combined monitoring use of HBV DNA
and HBcrAg levels may therefore be useful to predict the
recurrence of hepatitis in patients whose ALT level nor-
malizes following HBeAg SC. However, further studies
are required to verify this in the clinical setting.

Whereas HBsAg is a serum marker commonly used for
the diagnosis of HBV infection, HBcrAg assays measure
serum levels of HBc, HBe and the 22-kDa precore anti-
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gens simultaneously using monoclonal antibodies that
recognize the common epitopes of these three dena-
tured antigens.’’ Because the latter assay measures all
antigens transcribed from the precore/core gene, it is
regarded as core-related.”’ It has been suggested that
viral antigen levels, including those of HBsAg and
HBcrAg, are differently associated with HBV activity
from HBV DNA and ALT levels, and thus are useful for
predicting the future activity of hepatitis B. For example,
HBcrAg level was seen to predict hepatitis relapse after
discontinuation of NUC therapy,®*** and HBsAg level
has been reportedly associated with the response to
pegylated interferon therapy differently from HBV
DNA.3*% Both antigen levels are believed to be related
to intracellular levels of HBV cccDNA. However, it is
possible that levels of HBsAg and HBcrAg have different
roles in monitoring viral activity because the transcrip-
tion of these two antigens is regulated by alternative
enhancer-promoter systems in the HBV genome.! The
serum level of HBcrAg was more useful than that of
HBsAg to predict the occurrence of HBeAg negative
hepatitis in the present study. This difference may be
attributed to the fact that the production of all antigens
that constitute HBcrAg is regulated by the same system
as that of HBeAg, while the production of HBsAg is not.

Lastly, it is reasonable to presume that the PC and
BCP mutations which halt HBeAg production are asso-
ciated with integrated values of ALT elevation because
the disease is essentially caused by HBV containing these
mutations.*!° However, the prevalence of either muta-
tion did not differ between the groups at any time point
during the study. Our results showed that almost all
patients had PC and/or BCP mutations, especially after
SC, and implied that the existence of these mutations
alone was not sufficient for developing ALT elevation.
HBV genotype is also closely associated with HBeAg
SC,*¢ but we could not include genotype as a factor
because our entire cohort was genotype C.

A recent review by Papatheodoridis et al.*” showed
that histologically significant liver disease is rare in
HBeAg negative patients with persistently normal ALT
based on stringent criteria and serum HBV DNA of
20 000 IU/mL or less. They suggest that such individuals
can be considered as true inactive HBV carriers, who
require continued follow up rather than liver biopsy
or immediate therapy. On the contrary, liver biopsy
samples obtained from eight of our patients with HBeAg
negative hepatitis having elevated ALT levels after SC
revealed necroinflammatory activity. Hence, it remains
controversial if histological findings are important for
diagnosis of HBeAg negative hepatitis.

© 2013 The Japan Society of Hepatology
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This study has the main limitations of a retrospective
design and a small cohort size. However, our findings
from careful extended follow up indicate that ALT
abnormality after 2 years from SC can be considered to
be HBeAg negative hepatitis, and that HBcrAg and HBV
DNA levels may be useful for predicting the long-term
outcome of patients who achieve HBeAg SC and ALT
normalization.
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PREFACE

HE JAPAN SOCIETY of Hepatology established

the Drafting Committee for Hepatitis Management
Guidelines in November 2011, and published the
Guidelines for the Management of Hepatitis C in May
2012 (English version, Jan 2013). Thence the Commit-
tee decided our next task of high priority is to produce
the practical guidelines for hepatitis B, also a significant
burden to the health care system. Here the Committee
has launched the Guidelines for the Management of
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Hepatitis B Virus Infection. As with hepatitis C virus,
this is a field that changes rapidly with the accumulation
of new evidence, accompanied by changes in the level of
evidence, so we have elected not to show evidence
levels. We plan to update these guidelines at appropriate
intervals, as new evidence comes to hand.

1. INTRODUCTION

1.1 Hepatitis B virus

T IS ESTIMATED that there are 400 million patients of

persistent hepatitis B virus (HBV) infection in the
world.! In Japan, the HBV infection rate is around 1%.
HBV infection at birth or during infancy leads to persis-
tent infection in over 90% of cases. Approximately 90%
of these undergo seroconversion from HBe antigen
(HBeAg) positive at the initial stage to anti-HBe anti-
body positive and become inactive carriers, and in vir-
tually all cases the condition effectively stabilizes. But in
the remaining 10% the virus remains active, leading to
chronic hepatitis, and in around 2% of cases annually,
there is further progression to liver cirrhosis, with poten-
tial for hepatocellular carcinoma (HCC) and liver
failure.>*

Clinical research on HBV dates back to the discovery
of the Australia antigen (later renamed HBs antigen;
HBsAg) by Blumberg et al. in 1964. Prince et al. and
Okouchi et al. subsequently reported a link between the
Australia antigen and hepatitis. And there have been
various other discoveries demonstrating that the exis-
tence of an asymptomatic carrier, who does not develop
hepatitis following HBV infection and indicating HBV as
a cause of chronic liver diseases. The base form of HBV,
known as the Dane particle, was discovered in 1970,
followed by the identification of HBeAg in 1972. In
1979, the whole HBV genome was successfully cloned
from virus particles, enabling measurement of the virus
gene (HBV DNA) for the first time.
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In Japan, screening for the HBsAg was introduced
at blood centers in 1972. 1986 was the year of the
introduction of an anti-HBV vaccine and immuno-
globulin for newboms designed to prevent vertical
(mother-to-child) infection. This was highly effective in
arresting the development of new HBV carriers through
vertical infection, causing a marked decline in HBsAg
positive rates among juveniles. The incidence of acute
hepatitis caused by HBV infection, however, has not
declined, mainly as a result of horizontal transmission
associated with sexual activity. In recent years, there has
been an increase in infection rates for the HBV genotype
A, which frequently causes persistent infection.’

1.2 Natural history of patients with
persistent HBV infection

HBV in itself is considered to have little or no cytotox-
icity. Hepatocellular damages are generally caused by
cellular immunity associated with cytotoxic T cells,
which represent the host’s immune response attacking
HBV infected cells. Other immunity-associated cells
such as antigen-specific helper T cells, macrophages,
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high HBV DNA
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natural killer cells and natural killer T cells also contrib-
ute to inflammation and illness. Patients suffering
from persistent HBV infection generally are categorized
into four phases defined by the host immune response
and the replication of HBV DNA, as shown in Figure 1.
(1) Immune tolerance phase

In infants, when the host immune response is imma-
ture, HBV infection inevitably leads to persistent infec-
tion. This is followed by a state of immune tolerance,
with high levels of HBeAg and HBV DNA replication
activity. The host in this phase is termed as an asymp-
tomatic carrier, with ALT levels within the normal range
and negligible activity of hepatitis. Infectivity is high. In
most cases, infection during infancy is followed by a
prolonged immune tolerance period lasting from a few
to more than 20 years.

(2) Immune clearance phase

By adulthood, the immune response to HBV becomes
an active one, which develops active hepatitis in the
immune clearance phase. During the process of HBeAg
seroconversion, with disappearance of HBeAg and
appearance of anti-HBe antibody, the replication of

Persistent hepatitis

5
o g“ Immune response
Qo = to HBV
(<=
=3
18]
[}

HBeAg
seroconversion

HBe Ag +ve
high HBY DNA

elevated ALT
(acute hepatitis)

low HBV DNA
normal ALT
(inactive carrier)

HBsAg

seroconversion

HBsAg -ve
anti-HBs

antibody +ve
(clinical remission)

Figure 1 Natural course of persistent HBV infection.
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HBV DNA is inhibited, thereby encouraging quiescence
of hepatitis. However liver disease can progress in cases
of persistent hepatitis that remain HBeAg positive for
extended periods (HBeAg-positive hepatitis).

{3) Low replicative phase (inactive phase)

HBeAg seroconversion usually results in quiescence
of hepatitis, with HBV DNA levels dropping below
4 log copies/mL (inactive carrier). In 10-20% of
cases, however, HBeAg seroconversion is followed by
increased HBV replication in the HBeAg negative state,
causing the exacerbation of hepatitis (HBeAg-negative
hepatitis). In a further 4-20% of cases, the HBeAg actu-
ally reappears and anti-HBe antibody disappears, a phe-
nomenon known as reverse seroconversion.

(4) Remission phase

In some cases, HBeAg seroconversion causes appearance
of anti-HBs antibody and disappearance of HBsAg. In
the remission phase, improvement is seen in both blood
tests and liver biopsy findings. The natural rate of dis-
appearance of HBsAg in patients with persistent HBV
infection is thought to be around 1%.

The natural course of persistent HBV infection can be
therefore a progression from HBeAg-positive asymp-
tomatic carrier, through HBeAg-positive (or negative)
chronic hepatitis, to cirrhosis. HCC occurs at an annual
rate of 5-8% in patients with cirrhosis. At the same time,
however, in inactive carriers, in whom HBV DNA
declines and serum ALT values are persistently normal
following HBeAg seroconversion without any therapeu-
tic intervention, there is a lower risk of progression and
hepatocarcinogenesis with a good long-term prognosis.
Thus it is important that treatment of patients with
persistent HBV infection should be based on a thorough
understanding of the natural course as described
above.

Where infection occurs after the patient has reached
adulthood, an immune reaction will normally develop
against HBV during the early stages of infection. After a
period of acute hepatitis, the virus is eliminated and
quiescence occurs. With the rising incidence of HBV
genotype A in recent years, however, we have seen an
increasing number of adult infection cases progressing
to chronic hepatitis.’

1.3 Treatment goals — what should we

aim for?

The treatment goal of antiviral therapy for persistent

HBV infection is to improve the life expectancy and

quality of life (QOL) of the patient with HBV infection.
HBV infection is directly associated with the life

expectancy in three ways, due to acute liver failure,

JSH Guidelines for HBV infection 3

chronic liver failure, and HCC. Of these three, acute liver
failure usually presents the most difficult challenge in
terms of prediction and prevention. Management
usually centers on preventing HBV reactivation associ-
ated with immunosuppressant agents. Meanwhile, the
risk factors for chronic liver failure and HCC associated
with persistent HBV infection are known, and can be
successfully eliminated via antiviral therapy in order to
reduce the risk of disease. In other words, we can say
that the treatment goal of antiviral therapy in patients
with persistent HBV infection should be to inhibit activ-
ity of hepatitis and progression of hepatic fibrosis in
order to prevent chronic liver failure and reduce the risk
of HCC, thereby improving the life expectancy and QOL
of the patient with HBV infection. HBsAg is considered
the most effective surrogate marker for achieving this
ultimate goal, and HBsAg elimination should be defined
as the long-term goal of antiviral therapy in patients
with persistent HBV infection (Table 1).

Antiviral therapy has three short term goals leading to
the elimination of HBsAg: persistent normalization of
ALT (<30 U/L), HBeAg negative and anti-HBe antibody
positive (HBeAg seroconversion in HBeAg-positive cases
and maintain HBeAg negative status in HBeAg-negative
cases), and suppression of HBV DNA replication.

Target serum HBV DNA levels differ between chronic
hepatitis and cirrhosis, and also depending on the thera-
peutic agents. Nucleos(t)ide analogue (NA) therapy is
highly effective at producing negative HBV DNA, and at
maintaining a negative status through treatment. Thus
the on-treatment goal should be to attain an HBV DNA
negative status, as determined using high-sensitivity
real-time PCR, for both chronic hepatitis and cirrhosis
alike. For interferon (IFN) therapy, since HBeAg
seroconversion and HBsAg reduction or elimination are
expected outcomes following completion of therapy,
there is no need for an on-treatment goal of reduced
HBV DNA. It should be recommended to complete the
full course of therapy over 24 to 48 weeks.

The off-treatment goal (i.e., after IFN therapy has
concluded and NAs are no longer administered) is the
absence of active hepatitis with no risk of further pro-
gression on no medication. Accordingly, the target at 24
to 48 weeks after the end of treatment is set as <4.0 log
copies/mL for chronic hepatitis, and negative HBV DNA
for cirrhosis.

Recommendations

¢ The treatment goal for antiviral therapy in patients
with persistent HBV infection is to prevent liver failure
and inhibit HCC by suppressing activity of hepatitis

© 2014 The Japan Society of Hepatology
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Table 1. Treatment goals for antiviral therapy

Hepatology Research 2014; 44 (Suppl. 1): 1-58

Chronic hepatitis Liver cirrhosis

Long-term goal

HBsAg elimination HBsAg elimination

Short-term goals
ALT
HBeAg
HBV DNA™
On-treatment (Ongoing NA therapy)
Off-treatment (IFN completed/NA therapy ceased™)

Persistent normal’? Persistent normal’!

Negative™ Negative™
Negative Negative
< 4 log copies/ml Negative™

Notes
", Normal range of ALT is defined as <30 U/L.

. As measured using high-sensitivity PCR (real-time PCR).
. At 24-48 weeks following completion of antiviral therapy.
. NA therapy should not to be ceased in patients with cirrhosis.

and progression of liver fibrosis, thereby improving the
patient’s life expectancy and overall QOL.

e HBsAg is considered the most effective surrogate
marker for attaining this treatment goal. The long-
term goal of antiviral therapy is to eliminate HBsAg.

e The three short-term goals of antiviral treatment prior
to elimination of HBsAg are persistent normalization of
ALT, HBeAg negative and positive anti-HBe antibody,
and suppression of HBV DNA replication.

© The on-treatment goal is negative HBV DNA; this
applies to both chronic hepatitis and cirrhosis.

e Since HBeAg seroconversion and reduction (or elimi-
nation) of HBsAg are expected outcomes following
completion of therapy, on-treatment HBV DNA target
levels are not applied, and it should be recommended to
complete a full course of treatment of 24 to 48 weeks.

e The off-treatment goals (following IFN therapy
and cessation of NAs) are <4.0 log copiesymL HBV
DNA (chronic hepatitis), and negative HBV DNA
(cirrhosis).

1.4 Pharmacotherapy — which agents
should we use?

Currently IFN and NAs are employed in antiviral
therapy for persistent HBV infection. Table 2 lists the
approval process of main antiviral therapy agents used
in Japan by national medical insurance.

IFN therapy is intended to achieve lasting benefits
from a limited treatment period. IFN therapy was first
introduced to Japan in 1987. Initially, it was limited
to a 28-day course of treatment, although this was
extended to 6 months in 2002. In 2011, Peg-IFN
(pegylated interferon) was approved for treatment of

© 2014 The Japan Society of Hepatology

. Conversion to HBeAg-negative in HBeAg-positive cases, and maintain HBeAg-negative in HBeAg-negative cases.

chronic hepatitis B in clinical settings. In addition to
inhibiting the replication of HBV DNA, IFN has both
antiviral and immunomodulatory effects. Therapeutic
effects of IFN further improved with the advent of
Peg-IEN.

IFN therapy offers some key advantages. Treatment is
for a fixed period, and if an adequate therapeutic
response is achieved, no further treatment is required.
IEN therapy can therefore produce lasting therapeutic
benefits in the drug-free state. Furthermore, overseas
studies have reported that IFN therapy is also highly
effective at eliminating HBsAg over the long term.
However, disadvantages include the fact that only
20-30% of HBeAg positive cases and 20-40% of HBeAg
negative cases respond well to Peg-IEN treatment;
patients are required to attend hospital weekly; there are
several possible adverse reactions associated with treat-
ment; and finally, Peg-IFN treatment for cirrhosis is
not currently approved by Japanese national medical
insurance.

Meanwhile, NAs are a form of antiviral agent origi-
nally developed as a pharmacological therapy for

Table 2 Approval process of antiviral therapy in Japan

1987 Conventional interferon (28-day course,
HBeAg positive only)

2002 Conventional interferon (six-month
course, HBeAg positive only)

2000 Lamivudine

2004 Adefovir

2006 Entecavir

2011 Peg-IFN
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Table 3 Peg-IFN versus entecavir — key characteristics
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Peg-IEN

Entecavir

Induces antiviral proteins,
immunopotentiation

Subcutaneous injection

Limited to 24-48 weeks

Mechanism

Route of administration
Therapy period

Drug resistance None
Adverse effects Frequent and varied
Teratogenicity/carcinogenicity None

Use during pregnancy

Generally contraindicated during pregnancy*

Directly inhibits virus replication

Oral

Generally unrestricted (long-term)

Around 1% after 3 years

Rare

Teratogenic; possibly carcinogenic when
administered for long periods

Generally contraindicated during pregnancy

Decompensated liver cirthosis Contraindicated Allowed

Therapeutic response rate 20-30% in HBeAg positive, 20~40% in Very high
HBeAg negative (difficult to estimate)

Ongoing benefits post therapy ~ Very high where seroconversion occurs Low

*Guidelines for the treatment of chronic hepatitis B from the European Association for the Study of the Liver (EASL)® and the
Asia-Pacific Association for the Study of the Liver (APASL) prohibit administration of Peg-IFN to pregnant women.

human immunodeficiency virus (HIV). Once it was
established that NAs also hinder the reverse transcrip-
tion mechanism in HBV proliferation, the use of
lamivudine, adefovir and entecavir for hepatitis B was
approved over the period 2000 to 2006. NAs have a
powerful inhibiting effect on HBV DNA proliferation,
regardless of genotype, and act as antiviral agents and
promote quiescence of hepatitis in nearly all patient
types, including those of more advanced age with little
prospect of spontaneous remission.

In particular entecavir, currently the first-choice drug,
has a very low incidence of resistant mutations com-
pared to lamivudine, and is highly effective at HBV DNA
negative conversion and ALT normalization, irrespective
of baseline factors. It has virtually no adverse reactions
in the short term. On the other hand, it requires a
lengthy administration period, due to the propensity for
flare-up if treatment is withdrawn, increasing the likeli-
hood of drug-resistant mutations and raising safety
issues. Entecavir is also said to be less successful than
IEN treatment in reducing the HBsAg load.

Thus, Peg-IEN and entecavir have quite different
pharmacological properties and cannot be compared
directly, as shown in Table 3. In both HBeAg positive®?!
and negative cases,’*?*>* Peg-IFN has been shown to be
more effective in terms of the long term goal of HBsAg
elimination, while entecavir is more effective in terms of
the short-term goals of normalizing ALT and suppress-
ing HBV DNA proliferation (see Tables 4,5). Peg-IFN

Table 4 Peg-IEN versus entecavir ~ outcomes for HBeAg posi-
tive patients

Peg-IFN Entecavir
Short term goals
HBV DNA negative
Short term 14%* 67~75%"1
Long term 13%'"" 93~94%"1¢
HBeAg seroconversion
Short term 24~36%°51° 16~219%"15
Long term 37~60%""-1 34~44%"-"?
ALT normalization
Short term 37~52%"5%1° 68~81%""
Long term 47%"1 87~95%"%°
Long term goals
HBsAg elimination
Short term 2.3~3.0%°1° 1.7%"
Long term (overall) 11%" 0.6~5.1%'¢172!
Long term 30%"
(responders*)

Peg-IFN (Peg-IFNo-2a%1%12 and Peg-IFNo-2b*11):

Short term: 24 weeks after ending treatment.*"°

Long term: Three years after ending treatment."!
*Responders: HBe negative at 26 weeks after the end of
treatment (37% of total, though 21% received additional
lamivudine treatment).

Entecavir

Short term: One year after starting treatment
Long term: Two years®>?!, three years,’”"** four years,'® and five
years'® after starting treatment.

14
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