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Abstract

AIM: To analysis the factors that predict the response
to entecavir therapy in chronic hepatitis patients with
hepatitis B virus (HBV) genotype C.

METHODS: Fifty patients [hepatitis B e antigen (HBeAg)-
negative:HBeAg-positive = 26:24] with HBV genotype
C, who received naive entecavir therapy for > 2 years,
were analyzed. Patients who showed HBV DNA levels =
3.0 log viral copies/mL after 2 years of entecavir ther-
apy were designated as slow-responders, while those
that showed < 3.0 log copies/mL were termed rapid-
responders. Quantitative hepatitis B surface antigen
(HBsAQ) levels (qHBsAg) were determined by the Archi-
tect HBsAg QT immunoassay. Hepatitis B core-related
antigen was detected by enzyme immunoassay. Pre-C
and Core promoter mutations were determined using by
polymerase chain reaction (PCR). Drug-resistance muta-
tions were detected by the PCR-Invader method.

RESULTS: At year 2, HBV DNA levels in all patients in
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the HBeAg-negative group were < 3.0 log copies/mL.
In contrast, in the HBeAg-positive group, 41.7% were
slow-responders, while 58.3% were rapid-responders.
No entecavir-resistant mutants were detected in the
slow-responders. When the pretreatment factors were
compared between the slow- and rapid-responders;
the median gHBsAg in the slow-responders was 4.57
log IU/mL, compared with 3.63 log IU/mL in the rapid-
responders (P < 0.01). When the pretreatment factors
predictive of HBV DNA-negative status at year 2 in all
50 patients were analyzed, HBeAg-negative status, low
HBV DNA levels, and low gHBsAg levels were signifi-
cant (P < 0.01). Multivariate analysis revealed that the
low gHBsAg level was the most significant predictive
factor (P = 0.03).

CONCLUSION: Quantitation of HBsAg could be a use-
ful indicator to predict response to entecavir therapy.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hepatitis B virus (HBV) is a major causative agent of
chronic liver diseases'". Various strains of HBV have
been isolated all over the wotld, and have been classified
as HBV genotypes from A to J. In Japan, about 85%
of patients have HBV genotype C, and about 12% have
HBV genotype BY. Worldwide, HBV genotypes show
specific geographical distributions. HBV genotypes A
and D are prevalent in the United States and Europe,
while HBV genotypes B and C are prevalent in Asia.
Disease progression and prevalence of hepatitis B e an-
tigen (HBeAg)-positive status are often associated with
HBV genotypes”. Therefore, we analyzed the clinical
and virological features of patients with HBV genotype
C and homogenous backgrounds, because HBV geno-
type C is the predominant type in Japan.

Entecavir is widely used as a first-choice nucleot(s)ide
analog (NA) for chronic hepatitis B patients, because less
than 1% of entecavir-naive patients developed resistant
mutants after 5 years of therapy””. However, in HBeAg-
positive patients, the response rate to entecavir therapy is
less favorable compared with HBeAg-negative patients®”.
In addition, some patients show a slow-response, which
indicates that serum HBV DNA levels remain high after
long-term entecavir therapy. However, it is unclear which
patients become slow-responders. Therefore, the aim of
this study is to clarify the virological and clinical charac-
teristics of the slow-responders before and during long-
term entecavir therapy for HBV genotype C.

MATERIALS AND METHODS

Patient population
From July 2007, 102 consecutive hepatitis B surface anti-
gen (HBsAg)-positive patients with chronic liver disease
were enrolled in a naive entecavir therapy in our hospi-
tal. Ten patients dropped out, 15 patients discontinued
therapy, 10 patients received immunosuppressive therapy
during entecavir therapy, and 10 patients received enteca-
vir for less than 2 years. Thus, 57 patients were analyzed
in this prospective, single center study. The institutional
review board of the hospital approved the study. Serum
samples were drawn from the patients after obtaining
written informed consent.

All the patients received 0.5 mg of entecavir daily. Pa-
tients with poor adherence were excluded from the study.

All patients wete positive for HBsAg for more than 6 mo,
had serum HBV DNA of = 3 log viral copies/mL,
were negative for anti-HCV, and were negative for anti-
human immunodeficiency virus before entecavir therapy.
Patients with decompensated cirrhosis, acute hepatitis,
or acute exacerbation were excluded. Liver biopsy was
not performed in some patients; therefore, the liver dis-
ease status was diagnosed by the clinical, laboratory, and
imaging tests.

HBeAg-positive patients whose serum HBV DNA
levels remained = 3.0 log copies/mL after 2 years of en-
tecavir therapy were considered to be slow-respondets,
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HBeAg-negative HBeAg-positive

P value
group group

No. 26 24 NS
Age (yr) 57.2 (35-80) 442 (35-71)  <0.01
Gender, M:F 15:16 16:11 NS
Diseases, CH:LC/HCC 2l 23:1 NS
ALT (IU/mL) 38 (13-950) 102 (812-602) < 0.01
Platelet counts (x 10'/mL)  18.6 (3.4-4.9) 18.0 (8.4-26.8) NS
Albumin (mg/dL) 4.3 (3.4-4.9) 4.2 (2.3-5.0) NS
Serum HBV DNA level 5.1 (3.9-8.8) 7.6 (5.6-8.8) <0.01
(log copies/mL)

All data are shown by median (range). HBeAg: Hepatitis B e antigen; HBV:
Hepatitis B virus; ALT: Alanine aminotransferase; CH: Chronic hepatitis;
LC: Liver cirrhosis; HCC: Hepatocellular carcinoma; NS: Not significant.

while patients with < 3.0 log copies/mL were designated
as rapid-responders.

Laboratory tests

Quantitation of HBsAg (qHBsAg) was performed using
the Architect HBsAg QT immunoassay (Abott Japan, To-
kyo, Japan), in accordance with the manufacturer’s instruc-
tions”. The detection range was 0.05 to 250 TU/mL. If
HBsAg levels were found to be higher than 250 TU/mL,
samples were diluted to 1:500 to 1:20 000. In this study,
the results of the quantitative HBsAg levels are shown as
the logarithmic value. HBV genotypes were detected by
enzyme immunoassay (EIA) (Institute of Immunology,
Tokyo, Japan)''”. The HBV core-related antigen (HB-
crAg) was detected by a chemilimunescent EIA method
(Fujirebio Inc., Tokyo, Japan)"!. Pre-C mutation and
Cotre promoter mutations wete detected by polymerase
chain reaction (PCR) (HBV DNA precore/cote pro-
moter mutation decision kit; Roche Diagnostics Japan,
Tokyo, Japan). Drug-resistant mutations in HBV against
nucleotide analogs (NAs; lamivudine, adefovir and ente-
cavir) were detected by the PCR-Invader method (BML
Inc., Tokyo, Japan)?,

RESULTS

Of the 57 patients, 50 patients were genotype C, three
patients were HBV genotype A, one was genotype D, and
three were of indeterminate genotype on EIA. Thus, the
50 patients with HBV genotype C were analyzed. Baseline
characteristics of the 50 patients are shown in Table 1.
The median age of the HBeAg-negative group age was
significantly higher, the median alanine aminotransfer-
ase (ALT) level was significantly lower, and the median
HBYV DNA level was significantly lower than those in the
HBeAg-positive group.

After 2 years of entecavir therapy, the rates of not-
malization (< 40 IU/L) of ALT levels were 87.0% in
the HBeAg-negative group and 92.5% in the HBeAg-
positive group (P = Not significant).

In contrast, at year 2, the rates of reduction in HBV
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Figure 1 Hepatitis B virus DNA levels before and during entecavir ther-
apy. A: In the hepatitis B e antigen (HBeAg)-negative group, hepatitis B virus
(HBV) DNA levels in all patients decreased to < 3.0 log copies/mL at year 2.
Of these patients, 61.5% shown to be negative for HBV DNA by the real-time
polymerase chain reaction method; B: In the HBeAg-positive group, 58.3% of
patients (rapid-responders) showed < 3.0 log copies/mL at year 2, while 41.7%
of patients (slow-responders) showed = 3.0 log copies/mL. In addition, at year
2, only 12.5% of the patients were negative for HBY DNA.

DNA to < 3.0 log copies/mL were 100% in the HBeAg-
negative group and 58.3% in the HBeAg-positive group
(P < 0.01). Thus, in the HBeAg-positive group, 58.3% of
patients were designated as rapid-responders, and 41.7%
were designated as slow-responders (HBV DNA levels
= 3.0 log copies/mL at year 2) (Figure 1). In addition, in
the HBeAg-negative group, real-time PCR indicated that
61.5% of the patients were negative for HBV DNA, com-
pared to 12.5% of the HBeAg-positive patients (P < 0.01).

Baseline data

When pre-treatment factors were compared between the
rapid- and slow-responders (Table 2), age, gender, dis-
ease, platelet counts, and albumin were not significantly
different. The median ALT level in the rapid-responders
group was 131 TU/L compared with 31 IU/L in the
slow-responders (P = 0.02). The pre-treatment median
HBYV DNA levels were 7.4 log copies/mL in the rapid-
responders, and 8.3 in the slow-responders (P = 0.06).
The was no difference in the rate of Pre-C and Core
promoter mutations between the responder groups. In
contrast, the rate of Pre-C mutations in the HBeAg-
negative group was 83.3%, compared with 0% in the
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Figure 2 Median quantitative hepatitis B surface antigen levels among
patients receiving entecavir therapy. Quantitative hepatitis B surface antigen
(HBsAg) levels (qHBsAg) levels in slow-responders in the HBeAg-positive
group were significantly higher than those in rapid-responders and the hepatitis
B e antigen (HBeAg)-negative group. The median qHBsAg level at year 2 in the
slow-responders remained higher than in other groups.

HBeAg-positive group. Pre-treatment HBcrAg levels did
not differ among the three groups. In contrast, the pre-
treatment median qHBsAg level was 3.63 log IU/mL in
the rapid-responders, compared with 4.57 log IU/mL in
the slow-responders (P < 0.01).

Data at year 2
At year 2 of therapy, the median qHBsAg level in the
rapid-responders was 3.25 log IU/mL, compared with 4.12
log IU/mL in the slow-respondets (P = 0.01). The median
HBcrAg level in the rapid-responders was 5.85 log U/mL,
compared with > 6.8 (the upper limit of the detection
range) in the slow-responders (P < 0.01). In Figure 2, qH-
BsAg levels before treatment and at year 2 are shown for
the HBeAg-negative group, and the rapid-responder and
slow-responders in the HBeAg-positive group.

Among all the slow-responders, no entecavir-resistant
mutations were found, although three patients showed
M204] lamivudine-resistant mutations (Table 3).

Comparison between HBV DNA-negative and -positive
patients at year 2 during entecavir therapy in all the
patients
At year 2 of entecavir therapy, among 50 patients, real-
time PCR showed that 19 (38.0%) were negative for HBV
DNA, compared with 31 (62.0%) who were still positive
for HBV DNA (Table 4). The pretreatment clinical and
virological characteristics between the HBV DNA-neg-
ative and -positive groups were compared by univariate
analysis. In the HBV DNA-negative group, the median
ALT level was significantly lower, the rate of HBeAg-
negative status was significantly higher, the median HBV
DNA level was lower, and the median gHBsAg level was
lower, than those in the HBV DNA-positive group.
However, when multivariate analysis using logistic
regression analysis was performed, the median qHBsAg
level was the only significant factor that predicted the
negative HBV DNA status at year 2 of entecavir therapy

October 21,2012 | Volume 18 | Issue 39 |



Orito E et a/. gHBsAg predicts response to entecavir therapy

Table 2 Clinical and virological results among the hepatitis B e antigen-negative group, the rapid-responders, and the slow-responders

in the hepatitis B e antigen-positive group during 2 years of entecavir therapy

HBeAg-negative group HBeAg-positive group P value
Characteristics
(n = 26) RR (n = 14) SR (7 = 10) RR vs SR
<Baseline data>
Age 58 (35-80) 45 (34-68) 43 (31-71) NS
Gender (male:female) 13:13 9:5 6:4 NS
Disease (CH:LC/HCC) 21:5 13:1 6:4 NS
ALT (IU/L) 38 (13-950) 131 (12-602) 31 (13-108) 0.02
Platelet count (x 10*/mL) 18.6 (3.4-35.1) 17.1 (8.4-22.4) 20.0 (11.0-26.8) NS
Albumin (mg/dL) 4.3 (3.4-4.9) 4.0 (2.3-5.0) 4.4 (3.7-4.6) NS
HBV genotype C 100% 100% 100% NS
HBV DNA (log copies/mL) 5.1 (3.9-8.8) 7.4 (5.6-8.8) 8.3 (7.1-8.8) NS
qHBsAg (log IU/mL) 3.17 (0.70-4.58) 3.63 (1.68-4.34) 4.57 (4.35-4.76) <0.01
HBcrAg (log U/mL) 3.6 (3.0-> 6.8) > 6.8 (6-> 6.8) >6.8 (> 6.8->6.8) NS
Pre-C mutation (%) 83.3 0 0 NS
Core promoter mutation (%) 58.3 &7l 50.0 NS
<At year 2 during therapy>
HBV DNA (log copies/mL) 0.0 (0.0-2.7) 2.1(0.0-2.1) 3.5 (3.1-6.9) -
ALT (IU/L) 18 (9-75) 17.5 (10-31) 23 (13-37) NS
HBeAg seroconversion - 23.50% 0% NS
HBsAg seroclearance 0% 0% 0% NS
qHBsAg (log IU/mL) 2.91 (0.62-3.9) 3.25 (1.70-3.92) 4.12 (3.23-4.47) 0.01
HBcrAg (log U/mL) 3.0 (3.0-5.4) 5.9 (4.0-> 6.8) > 6.8 (5.2->6.8) <0.01
Resistant mutations against entecavir UDL UDL 0% -

HBeAg: Hepatitis B e antigen; ALT: Alanine aminotransferase; CH: Chronic hepatitis; LC: Liver cirrhosis; HCC: Hepatocellular carcinoma; UDL: Under the
detection limit; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; qHBsAg: Quantitation of HBsAg level; HBcrAg: HBV core-related antigen; NS:
Not significant; RR: Rapid-responder; SR: Slow-responder.

Table 3 Drug resistant mutations in the slow-responders at year 2

Drug resistant mutations against

Patient Age (yr) Gender Previous therapy HBV genotype Lam Lam Lam/Ade Ade Ent Ent Ent
L180 M204 A181 N23é T184 $202 M205
1 5] Male No (¢ Wild Wild Wild Wild Wild Wild Wild
2 35 Male No C Wild Wild Wild Wild Wild Wild Wild
8] 68 Male No (¢ Wild Wild Wild Wild Wild Wild Wild
4 56 Female No (¢ Wild M2041 Wild Wild Wild Wild Wild
5 36 Female No C Wild M2041 Wild Wild Wild Wild Wild
6 45 Male No C Wild M2041 Wild Wild Wild Wild Wild
7 35 Male No C Wild Wild Wild Wild Wild Wild Wild
8 67 Female No C Wild Wild Wild Wild Wild Wild Wild
9 39 Male No C Wild Wild Wild Wild Wild Wild Wild
10 44 Female No C Wild Wild Wild Wild Wild Wild Wild

Lam: Lamivudine; Ade: Adefovir; Ent: Entecavir; HBV: Hepatitis B virus.

(odds ratio 8.16, 95% CI: 1.28-52.18, P = 0.03).

DISCUSSION

In this study, the clinical and virological features of pa-
tients with HBV genotype C who received naive-entecavir
therapy were analyzed. After 2 years of entecavir therapy,
about 42% of the HBeAg-positive patients showed HBV
DNA levels = 3 log copies/ml., while all of the HBeAg-
negative patients showed < 3 log copies/mlL. Therefore,
the factors associated with the slow response to ente-
cavir therapy among the HBeAg-positive group were
studied initially. In addition, among the 50 patients, 38%
showed HBV DNA-negative status at year 2. Thus, the
pretreatment factors that predict the loss of HBV DNA
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were analyzed in all 50 patients. According to the multi-
vatiate analysis, qHBsAg levels are the most important
factor for predicting the response to entecavir therapy in
patients with HBV genotype C.

In Japan, HBV genotype C is the most prevalent™.
The response rates to interferon or NA therapy in pa-
tients with HBV genotype C, as well as D, ate poor when
compared to those with HBV genotype B or A", Thus,
in this study, only subjects with HBV genotype C were
studied.

Recently, a decline in HBsAg levels during PEG-inter-
feron therapy was reported to be significant in the evalua-
tion of the response to therapy*'”. In these reports, HB-
sAg levels were found to be one of the best viral markers
for predicting response to anti-viral therapy and viral
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HBV DNA-negative group
Characteristics

HBV DNA-positive group

P value

n=19) (n = 31) Univariate analysis Multivariate analysis
Age 51 (31-73) 52 (32-80) NS
Gender (male:female) 12:7 20:11 NS
Disease (CH:LC/HCC) 17:2 27:4 NS
ALT (IU/L) 36 (12-366) 108 (13-602) 0.03 NS
Platelet counts (x 10*/mL) 19.0 (8.8-35.1) 17.8 (3.4-26.8) NS
Albumin (mg/dL) 4.35 (3.84-4.85) 4.14 (2.28-4.72) NS
HBV genotype (B:C:others) 0:19:0 0:31:0 NS
HBeAg status (positive:negative) 3:16 21:10 <0.01 NS
HBV DNA (log copies/mL) 5.1 (3.1-7.4) 7.6 (3.7-8.8) <0.01 NS
qHBsAg level (log IU/mL) 3.31 (1.90-4.08) 4.20 (3.06-4.87) <0.01 0.03
HBcrAg level (log U/mL) 3.45 (3.0-> 6.8) > 6.8 (3.0-> 6.8) NS
Pre-C mutation (%) 75.0 43.3 NS
Core promoter mutation (%) 37.5 60.0 NS

CH: Chronic hepatitis; LC: Liver cirrhosis; HCC: Hepatocellular carcinoma; ALT: Alanine aminotransferase; HBV: Hepatitis B virus; HBeAg: Hepatitis B e

antigen; qHBsAg: Quantitation of hepatitis B surface antigen level; HBcrAg: HBV core-related antigen; NS: Not significant.

activity levels in hepatocytes, correlating with cccDNA
levels" '™, Although qHBsAg is a predictor of response
to entecavir therapy''”, there have been no reports in a ho-
mogeneous HBV genotype setting, In this study, qHBsAg
was demonstrated to be the most significant predictor of
entecavir therapy in patients with HBV genotype C.

HBV DNA levels are also considered an important
factor associated with response to anti-viral therapy!’.
In this study, there was a tendency for higher HBV
DNA levels in the slow-responders as compared to
rapid-responders. The association between HBV DNA
levels and response to therapy may be clarified further in
a larger number of patients.

HBcrAg levels indicate the serum HB core antigen
levels plus HBeAg levels'". HBcrAg levels are reported
to be associated with cccDNA levels in hepatocytes™
Howevert, this study showed no association between HB-
crAg levels and slow response. This may be explained by
the narrow quantitation range of HBcrAg levels, because
HBcrAg levels in most patients in the HBeAg-positive
group were greater than the upper level of the detection
range of the assay.

The association between Core promoter mutation
and response rate to NAs is also interesting, because the
replication level of HBV is thought to be high in patients
with Core promoter mutations. We reported previously
that, in patients with HBV genotype C, the rates of
HBeAg-positive status and Core promoter mutations are
higher than those in patients with HBV genotype B,
In this study, a higher rate of Core promoter mutations
was observed in the HBeAg-positive patients with HBV
genotype C. In addition, a higher rate of Pre-C mutations
was observed in the HBeAg-negative group. However, no
association between the mutation rate and response rate
to therapy was demonstrated in this study.

Higher ALT levels are considered an important fac-
tor in predicting good response to PEG-interferon ther-

apym‘. However, low ALT levels were observed in the
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HBV DNA-negative group at year 2 of therapy, because
a high proportion of the HBeAg-negative patients had
low ALT levels, compated to the HBeAg-positive pa-
tients. Thus, we consider that, during entecavir therapy,
ALT levels are not associated with treatment response.

In this study, no resistant mutations against entecavir
were found during 2 years therapy. As reported previously,
resistant mutations against entecavir are rarely developed
during 5 years of entecavir therapy”. Therefore, slow re-
sponse was not caused by entecavir-resistant mutants.

In conclusion, we suggest that qHBsAg is a signifi-
cant and convenient indicator for predicting response to
entecavir therapy.
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COMMENTS

Background

Entecavir is a nucleot(s)ide analog that is widely used for the treatment of
chronic hepatitis B patients. The efficacy of entecavir is very good for hepatitis
B e antigen (HBeAg)-negative patients, but not so good for HBeAg-positive pa-
tients. The prognosis and response to anti-viral therapies depend on hepatitis
B virus (HBV) genotype. The factors that affect the efficacy of entecavir therapy
are still unclear, especially in patients with HBV genotype C.

Research frontiers

As quantitation assay of serum hepatitis B surface antigen (HBsAg) has been
recently developed, allowing the serum level of HBsAg to be determined over a
very wide range. The upper range of HBsAg levels could be detected to 6.7 log
IU/mL by the Architect HBsAg QT immunoassay when samples were diluted to
1:20 000. Thus, the authors could analyze the relationship between the efficacy
of entecavir therapy and various HBV markers.

Innovations and breakthroughs

This study showed that the quantitative HBsAg level is a significant factor for
predicting the efficacy of entecavir therapy in patients with HBV genotype C.
Patients with low levels of HBsAg before entecavir therapy often show HBV
DNA levels < 3.0 log copies/mL or are negative for HBV DNA at year 2 during
therapy.
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Applications

Using the quantitation of HBsAg, the efficacy of various anti-viral therapies can
be predicted before treatment. The quantitation of HBsAg could be a useful tool
for determining the treatment schedule for chronic hepatitis B patients.

Peer review

Although small in patient numbers, the subject matter is interesting and original.
This study adds to the emerging data suggesting HBsAg decline is a predictor
of response.
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