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Combination of hepatitis B viral antigens and DNA for
prediction of relapse after discontinuation of nucleos(t)ide
analogs in patients with chronic hepatitis B
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Aim: The factors associated with hepatitis recurrence after
discontinuation of nucleos(tlide analogs (NAs) in patients with
chronic hepatitis B were analyzed to predict the risk of relapse
more accurately.

Methods: A total of 126 patients who discontinued NA
therapy were recruited retrospectively. The clinical conditions
of a successful discontinuation were set as alanine ami-
notransferase (ALT) below 30 IU/L and serum hepatitis B virus
(HBV) DNA below 4.0 log copies/mL.

Results: Relapse of hepatitis B were judged to occur when
maximal serum ALT became higher than 79 IU/L or when
maximal serum HBY DNA surpassed 5.7 log copies/mL follow-
ing NA discontinuation since these values corresponded with
mean values of ALT (30 IU/L) and HBV DNA (4.0 log copies/mL),
respectively. At least 90% of patients with either detectable
hepatitis B e antigen or serum HBV DNA higher than 3.0 log

copies/mL at the time of NA discontinuation relapsed within
one year. In the remaining patients, higher levels of both
hepatitis B surface and core-related antigens at the time of
discontinuation, as well as a shorter course of NA treatment,
were significantly associated with relapse by multivariate
analysis.

Conclusions: It appears that negative results for hepatitis B
e antigen and serum HBV DNA lower than 3.0 log copies/mL
are essential for successful NA discontinuation, which may be
attained by a longer treatment period. Levels of hepatitis B
surface and core-related antigens are also significant factors
independently associated with refapse of hepatitis.

Key words: discontinuation, hepatitis B core-related
antigen, hepatitis B surface antigen, nucleos{t)ide analogs,
relapse of hepatitis
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INTRODUCTION

EPATITIS B VIRUS (HBV) infection is a major

health concern that has an estimated 350 to 400
million carriers worldwide. Chronic infection with HBV
can cause chronic hepatitis, and may eventually develop
into liver cirthosis and hepatocellular carcinoma.'”?
Over the last decade, major advances in the treatment of
chronic hepatitis B have beenn made with nucleos(t)ide
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analogs (NAs) such as lamivudine (LVD), adefovir
dipivoxil (ADV), and entecavir (ETV)." NAs are orally
administered and are associated with low rates of
adverse effects. Treatment with NAs shows strong sup-
pression of HBV replication and consequently rapid
improvement of elevated ALT levels. Furthermore, these
drugs have been reported to lower the risk of complicat-
ing cirrhosis and hepatocellular carcinoma,®’ and so
NAs are becoming widely used to treat patients with
chronic hepatitis B. On the other hand, NAs carry
the risk of developing drug-resistance;® drug-resistant
viruses emerging during treatment may be associated
with hepatitis flare-ups. Hepatitis B patients are also
required to undergo prolonged treatment with NAs
because early discontinuance often leads to relapse of
hepatitis and ensuing hepatic failure following rises in
alanine aminotransferase (ALT) level "'

Serum HBV DNA is normally used to monitor the
antiviral effect of NAs. HBV DNA decreases rapidly and
becomes undetectable in the majority of patients who are
treated with NAs,'"'* but relapse after discontinuation is
notrare.'*'" Since it is also true that favorable virological
and biochemical responses to NAs may continue indefi-
nitely in some patients,”** reliable markers that can
predict relapse of hepatitis after NA discontinuation are
needed. Such markers would benefit not only patients
who are considering discontinuation of NA treatment,
but also clinicians, hospitals, and the medical economy.

In the present study, we assessed several factors asso-
ciated with relapse of hepatitis after discontinuation of
NAs in patients with chronic hepatitis B, including
hepatitis B viral antigens, which have been reported as
new and promising markers for monitoring the effect of
antiviral agents, such as interferon and NAs.

METHODS

Patients

TOTAL OF 126 patients with chronic hepatitis B

who underwent and completed NA treatment
between 2000 and 2010 were enrolled in this study.
Patients were recruited retrospectively from 11 hospitals
across Japan (Toranomon Hospital, Hokkaido Univer-
sity Hospital, Nagoya City University Hospital, Shinshu
University Hospital, Hiroshima University Hospital,
National Hospital Organization Nagasaki Medical
Center, Chiba University Hospital, The Hospital of
Hyogo College of Medicine, Japanese Red Cross Nagoya
Daini Hospital, and Tokyo Women's Medical University
Hospital, Sapporo Kosei General Hospital) and met the

© 2011 The Japan Society of Hepatology
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following conditions: (i) serum ALT higher than 30 IU/L
and serum HBV DNA higher than 4.0 log copies/mL
were observed at least twice within the 6 months prior
to administration of NAs; (ii) stored serum samples at
initiation and discontinuation of NAs were available for
measurements of viral markers; (iii) clinical outcomes
were followed for at least 6 months after the discontinu-
ation of NAs; and (iv) tests for hepatitis C and human
immunodeficiency virus antibodies were negative.
Hepatitis B surface antigen (HBsAg) was confirmed to be
positive on at least two occasions at least 6 months apart
in all patients before treatment. Patients complicated
with hepatocellular carcinoma or signs of hepatic failure
at treatment discontinuation were excluded from the
study. Our cohort consisted of 83 men and 43 women
with a median age of 46 (range, 19 to 79) years when
NA administration was discontinued. Hepatitis B e
antigen (HBeAg) was positive in 64 patients (51%) at
the initiation of treatment and in 24 patients {19%) at
its discontinuation. HBV genotype was A in two (2%)
patients, B in five (4%), C in 102 (81%), and undeter-
mined in 17 (13%). Thirty-five of the 126 patients in
this study were younger than 35 years old. Although not
recommended as the first line treatment for this group
by Japanese guidelines,'® NA treatment was commenced
since chronic active hepatitis had been persisting in all
cases irrespective of their HBeAg status {26 positive and
nine negative) at the initiation of treatment.

The decision to discontinue NAs was made by indi-
vidual physicians using similar, but not uniform, con-
ditions. Four patients who halted NAs for financial
reasons were included. No patient underwent interferon
treatment during or after NA treatment. The decision to
recommence NA administration was also made by indi-
vidual physicians, essentially when relapse of hepatitis
became obvious. With few exceptions, patients were
seen at least once a month during the first year after
discontinuation of NAs, and at least once every several
months afterwards. Stored serum samples were kept
frozen at —20°C or below until assayed. This study was
approved by the Ethics Committees of all participating
institutions.

Hepatitis B viral markers

Serological markers for HBV, including HBsAg, HBeAg,
and antibody to HBe (anti-HBe) were tested using com-
mercially available enzyme immunoassay kits (Abbott
Japan Co., Ltd, Tokyo, Japan; Fujirebio Inc., Tokyo,
Japan; and/or Sysmex Co., Kobe, Japan) at each hospi-
tal. Quantitative measurement of HBsAg' was done
using a chemiluminescence enzyme immunoassay
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(CLEIA)-based HISCL HBsAg assay manufactured by
Sysmex Corporation (Kobe, Japan). The assay had a
quantitative range of —1.5 to 3.3 log IU/mL. End titer
was determined by diluting samples with normal
human serum when initial results exceeded the upper
limit of the assay range.

Serum concentration of HBY DNA was determined
using an Amplicor MBV monitor kit (Roche, Tokyo,
Japan),?® which had a quantitative range of 2.6 to 7.6 log
copies/mL. Serum HBV DNA was also determined using
a COBAS TagMan HBV kit (Roche, Tokyo, Japan)?' with
a quantitative range of 2.1 to 9.0 log copies/mL in 43
patients whose serum samples were available at the time
of NA discontinuation. According to the manufacturer’s
instructions, detection of a positive signal below the
quantitative range was described as a positive signal,
and no signal detection was described as a negative
signal. Six HBV genotypes {A-F) were evaluated accord-
ing to the restriction patterns of DNA fragments from
the method reported by Mizokami et al.*

Serum hepatitis B core-related antigen (HBcrAg) levels
were measured using a CLEIA HBcrAg assay kit with a
fully automated Lumipulse System analyzer (Fujirebio
Inc., Tokyo, Japan) as described previously > Briefly,
150 pL of serum was incubated with pretreatment solu-
tion and then added to a ferrite microparticle suspen-
sion in an assay cartridge. Ferrite particles were coated
with a monoclonal antibody mixture against denatured
HBcAg, HBeAg, and the 22 kDa precore protein. After
incubation and washing, further incubation was carried
out with alkaline phosphatase conjugated with two
kinds of monoclonal antibodies against denatured
HBcAg, HBeAg, and the 22 kDa precore protein. Follow-
ing washing, a substrate solution was added to the test
cartridge and then incubated. The relative chemilumi-
nescence intensity was measured, and HBcrAg concen-
tration was calculated by a standard curve generated
using recombinant pro-HBeAg. The immunoreactivity
of pro-HBeAg at 10 fg/mL was defined as 1 U/mL. We
expressed HBcrAg in terms of log U/mL, with a quanti-
tative range set at 3.0 to 6.8 log U/mlL.

Statistical analyses

A linear regression model was used to examine for asso-
ciations between mean and maximal values of both ALT
and HBV DNA. Correlations between variables were cal-
culated using the Spearman'’s rank correction correlation
coefficient test. Each cut-off value was decided using
receiver operating characteristic curve (ROC) analysis
and results were evaluated by measuring the area under
the curve (AUC). The Fisher's exact and Pearson's y* tests
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were adopted to test for differences between subgroups
of patients. To compare continuous data, the Mann-
Whitney U-test was used. The Kaplan-Meier method
was used to estimate rates of non-relapse observations,
and the log-rank test was used to test hypotheses con-
cerning differences in non-relapse observations between
selected groups. Multivariate analyses were performed
using the Cox regression model. Variables associated
with a P-value<0.2 in univariate analyses were
included in a stepwise Cox regression analysis to iden-
tify independent factors associated with relapse of
hepatitis after discontinuation of NAs. All tests were
performed using the IBM SPSS Statistics Desktop for
Japan ver. 19.0 (IBM Japan Inc., Tokyo, Japan). P-values
of less than 0.05 were considered to be statistically
significant.

RESULTS

Definition of hepatitis relapse after
discontinuation of NAs

HE CLINICAL CONDITIONS of a successful discon-

tinuation of NAs were set at serum FBV DNA below
4.0 log copies/mL and ALT below 30 1U/L according to
the Japanese guidelines for the treatment of hepatitis
B." However, these criteria could not be directly applied
to our cohort as post-therapy fluctuations in ALT and
HBV DNA were difficult to evaluate consistently. In
total, 26 (76%) of 34 patients with successful discon-
tinuation of NAs showed transient abnormal levels of
ALT and/or HBV DNA, especially during the early phase
after cessation. We therefore used mean and maximal
values of these markers to evaluate relapse of hepatitis B
in this study; mean values were used to evaluate relapse
of hepatitis as a whole, and maximal values were used to
dynamically assess relapse during the follow-up period
after NA discontinuation. Both ALT and HBV DNA were
measured 11.0 times per year on average during the first
year and 4.1 times per year on average thereafter.

The mean values of HBV DNA were significantly
(P <0.001) correlated with maximal values with a cor-
relation coefficient of 0.853. Similarly, the mean values
of ALT were significantly (P<0.001) correlated with
maximal values with a correlation coefficient of 0.940
(Fig. 1). The mean HBV DNA value of 4.0 log copies/mL
corresponded to a maximal HBV DNA value of 5.7 by
ROC analysis (AUC=0.930, P <0.001), and the mean
ALT value of 30 [U/L corresponded to a maximal ALT
value of 79 TU/L (AUC = 0.988, P < 0.001). These results
suggested that patients having serum HBV DNA higher
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Figure 1 Correlation between maximal and mean levels of
alanine aminotransferase (ALT) (a) and hepatitis B virus
(HBV) DNA (b) after discontinuation of nucleos(t)ide analogs
(NAs). Open circles indicate patients with detectable hepatitis
B e antigen (HBeAg) and closed squares indicate patients
without detectable HBeAg.

than 5.7 log copies/mL during the follow-up period
after NA discontinuation were not likely to achieve the
HBV DNA criterion of a successful discontinuation of

~~..below 4.0 log copies/mL. Similarly, it could be inferred

that “patients reaching ALT levels higher than 79 TU/L
would also not likely achieve the ALT criterion of a
successful discontinuation of below 30 IU/L.

Based on our findings, we judged that a relapse of
hepatitis B occurred when serum ALT exceeded 79 TU/L
or when serum HBV DNA exceeded 5.7 log copies/mL

© 2011 The Japan Society of Hepatology
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following NA discontinuation. Accordingly, 92 (73%)
of the 126 patients enrolled in the present study showed
a relapse. We set the follow-up period as discontinua-
tion to relapse for relapse patients and as discontinua-
tion to the last recorded examination for patients
without relapse. Whereas re-administration of NAs due
to relapse was commenced in 70% of relapse patients in
the follow-up period, none was performed in non-
relapse patients during that time.

Elimination of cases likely to show relapse
of hepatitis

As it is generally believed that patients who are positive
for HBeAg and/or have a higher level of HBV DNA at
discontinuation of NAs are likely to relapse, these
factors were assessed first. The progression of analyses in
the present study and the population structure of each
analysis are shown in Figure 2.

The non-relapse rate was compared using the Kaplan-
Meier method between 31 patients with HBV DNA
equal to or higher than 3.0 log copies/mL and 95
patients with levels lower than 3.0 log copies/mL when
NAs were discontinued (Fig. 3). The revised cut-off
value of 3.0 log copies/mL was determined by ROC
analysis (AUC=0.709, P <0.001}. Thirty (97%) of 31
patients with HBV DNA equal to or higher than 3.0 log
copies/mL relapsed within one year of discontinuation.
On the other hand, approximately 30% of patients with
levels lower than 3.0 log copies/mL showed prolonged
non-relapse. Thus, the 31 patients with high HBV DNA
at the time of discontinuation were eliminated from the
following analyses.

In the remaining 95 patients, the non-relapse rate was
compared using the Kaplan-Meier method between 10
patients with detectable MBeAg and 85 patients without
HBeAg when NAs were discontinued (Fig. 4). Ninety
percent of patients with HBeAg experienced relapse
within one year, which was significantly (P=0.005)
higher than in cases without HBeAg. In patients without
HBeAg, the non-relapse rate decreased rapidly during
the first year to approximately 45%, and then decreased
relatively slowly over the following 3 years to nearly
30%. It is noteworthy that this subgroup did not relapse
afterwards. Since the relapse rate was high among
patients with detectable HBeAg, they were excluded
from the following analyses as well.

Factors associated with relapse of hepatitis
after discontinuation of NAs

Additional factors associated with relapse of hepatitis
were analyzed in the remaining 85 patients who were
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(n=126, Fig. 1)

[ 1. Elimination of patients who were likely to relapse using HBV DNA levels (n = 1286, Fig. 3)1
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-=-==3% Patients with HBY DNA = 3.0 log copies/mL at discontinuation (n= 31)
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~===3 Patients positive for HBeAg at discontinuation (n = 10)

Figure 2 The progression of analyses in
the present study and population struc-
ture of each analysis.

3. Analysis of additional factors in the remaining patients who had HBV DNA < 3.0 log
copies/m! and were HBeAg-negative at discontinuation (n = 85, Tables 1 and 2)

4. Model for predicting relapse of hepatitis (n = 85, Fig. 5 and 6)

both negative for HBeAg and whose serum HBY DNA
was lower than 3.0 log copies/mL at NA cessation.
Table 1 shows the comparison of clinical and virological
backgrounds between the 53 relapse and 32 non-relapse
patients using univariate analysis. Age and gender dis-
tributions were similar between the groups. Approxi-
mately 75% of the 85 patients had HBV genotype C, but
the distribution of genotypes did not differ between the
groups. Approximately 90% of patients were being
treated with LVD alone at the time of discontinuation,
compared with 6% of patients being given ETV. The
median duration of NA treatment was about two times
longer in patients without relapse. Levels of both HBsAg

1
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0.1 A HBY DNA 2 3.0 log copies/ml (n=31)
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Duration after discontinuation of NAs (months)

P < 0.001 by Log Rank test

HBY DNA < 3.0 log copies/mL (n = 95)

Non-relapse rate

Figure 3 Comparison of non-relapse rates using the Kaplan-
Meier method between 31 patients with serum hepatitis B virus
(HBV) DNA equal to or higher than 3.0 log copies/mL and 95
patients with serum HBV DNA lower than 3.0 log copies/mL at
the time of nucleos(t)ide analog (NA) discontinuation.

and HBcrAg were significantly lower in non-relapse
patients than in relapse patients at the time of NA dis-
continuation. The differerice between serum HBsAg was
also significant at the initiation of NAs, but not that of
HBcrAg. As only patients with HBV DNA lower than 3.0
log copies/mL were analyzed, the majority of these cases
showed levels below the 2.6 log copies/mL lower detec-
tion limit of the Amplicor assay at NA discontinuation.
We therefore also tested HBV DNA with a TagMan assay,
which had a higher sensitivity than the Amplicor assay,
in 43 patients whose serum samples were available. The
prevalence of patients having a negative detection signal
did not differ between the two groups. The number of

P = 0.005 by Log Rank test

HBeAg negative (n = 85)

Non-relapse rate

HBeAg positive (n=10)

0 v a— . T T T T T ey

0 12 24 36 48 60 72 84 96 108 120 132
Duration after discontinuation of NAs (months)
Figure 4 Comparison of non-relapse rates using the Kaplan-
Meier method between 10 patients with detectable hepatitis B
e antigen (HBeAg) and 85 patients without detectable HBeAg
at the time of nucleos(t)ide analog (NA) discontinuation.
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