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Table 2 Comparison of pre-
treatment factors between
patients with and without
sustained virological response
(SVR) among the model
building dataset (n = 506)

Data expressed as median
(range) unless otherwise
indicated

AST aspartate aminotransferase,
ALT alanine aminotransferase,
GGT gamma-
glutamyltransferase, AFP alpha-
fetoprotein

* Data expressed as number/

SVR (n = 240) Non-SVR (n = 266) P
Age (years) 54 (25-75) 60 (36-73) <0.0001
Male gender” 151/240 (63%) 1717266 (41%) <0.0001
Body mass index (kg/m?) 22.5 (16.8-32.0) 22.6 (15.5-33.3) 0.244
Albumin (g/dl) 4.1 (3.2-5.0) 4 (2.7-49) 0.004
Creatinine (mg/dl) 0.7 (0.44-1.14) 0.69 (0.39-1.47) <0.0001
AST (1UN) 59 (11-370) 61 (17-261) 0457
ALT (TUA) 58 (11-413) 53 (11-316) 0.031
GGT (1UN) 31 (10-322) 43 (12-328) 0.005
Total cholesterol (mg/di) 175 (87-297) 171 (713-274) 0.184
Triglyceride (mg/dl) 105 (36-474) 105 (33-294) 0.992
White blood cell count (/ul) 4,600 (2,200-10,900) 4,425 (1,800-10,810) 0479
Neutrophils (/ul) 2,507 (667-7,870) 2,423 (900-7,281) 0.321
Red blood cell count (/ul) 455 (336-577) 441 (313-564) 0.001
Hemoglobin (g/dl) 14.3 (10.2-17.6) 139 (94-17.9) 0.004
Hematocrit (%) 42.1 (13.3-33.7) 41.2 (30.7-52.0) 0.031
Platelets (10°/1) 178 (81-380) 142 (60--320) <0.0001
AFP (ng/ml) 4.3 (0.9-680) 6.4 (1.9-468) 0.041
HCVRNA (10° TU/ml) 1,400 (100-5,100) 1,700 (100-5,100) 0.659
Fibrosis stage: F3-4* 21/198 (11%) 52/219 (24%) <0.0001

available data (percentage)

Table 3 Multivariate logistic regression analysis for factors associ-
ated with sustained virological response (SVR)

Odds 95% CI p value
Age (years) 0.96 0.94-0.98 0.001
Platelets (10°1) 1.09 1.04-1.14 <0.0001
ALT (1Un) 1.01 1.00-1.01 0.001
GGT (1U/N) 0.99 0.98-0.99 <0.0001
Male gender 292 1.874.55 <0.0001

GGT gamma-glutamyltransferase

Using the data mining analysis, we constructed a simple
decision tree model for the pre-treatment prediction of
response to PEG-IFN/RBV. The analysis highlighted 5
variables relevant to response: age, gender, platelet count,
AFP and GGT. Classification based on these variables
identified subgroups of patients with high probabilities of
achieving SVR among difficult to treat genotype 1b
chronic hepatitis C patients. The reproducibility of the
model was confirmed by the independent internal and
external validation datasets. An advantage of the decision
tree analysis over traditional regression models is that the
decision tree model is user-intiitive and can be readily
interpreted by medical professionals without any specific
knowledge of statistics. Patients can be allocated to specific
subgroups with a defined rate of response simply by fol-
lowing the flow-chart form. Using this model, an estimate
of the response before treatment can be rapidly obtained,
which may facilitate clinical decision making. Thus, this
model could be readily applicable to clinical practice.

According to the results of the decision tree analysis,
patients were categorized into 3 groups: the rate of SVR
was 23-30% for the low probability group, 44-45% for
the intermediate probability group and 65-76% for the
high probability group. About 30% of patients were each
categorized in the high and low probability group and
the remaining 40% of patients in the intermediate
probability group. These results support the evidence-
based approach for selecting an optimum treatment
strategy for individual patients. For example, patients in
the high probability group may be the most suitable
candidates for PEG-IFN/RBV therapy, while patients in
the low probability group may be advised to wait for a
future therapy, such as the combination of protease
inhibitor, PEG-IFN and RBYV. However, the estimation
of low probability should not be used to preclude
patients from therapy, and the final decision should be
made on a case-by-case basis, taking into consideration
the acceptance by the patient of a low likelihood of
response and the potential risk of disease progression
while waiting for a future therapy.

Another important finding was that poor adherence to
drugs lowered the rate of SVR in the low and intermediate
probability groups, which implies that effort should be
made to maintain >80% of the planned dose of PEG-IFN
and RBV in those patients. On the other hand, the rate of
SVR was high irrespective of drug adherence in the high
probability group. Whether shorter duration of therapy is
sufficient in this group of patients should be confirmed in
future study.
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The variables used in the decision tree have been pre-
viously reported to associate with the efficacy of TFN
therapy. Younger age and male gender are associated with
a favorable response [28]. Lower platelet count is a hall-
mark of advanced fibrosis in chronic hepatitis C and is
reported to be associated with poor response to IFN [29].
AFP is usually used for the screening or the diagnosis of
hepatocellular carcinoma, but recent studies suggest an
association between higher AFP levels and poor response
to IFN therapy [30-33]. Previous report speculated that
higher expression of AFP by hepatic progenitor cells may
be associated with non-response to therapy [30]. Another
report speculated that AFP levels predict poor response to
therapy through the underlining link to advanced liver
fibrosis [31]. Our data support the latter speculation since
advanced fibrosis was associated with elevation of AFP
levels. Fibrosis of the liver is an important predictor of
response, but we did not include this factor in the decision
tree analysis since liver biopsy may not always be available
in general practice. As a result, two predictive factors that
correlate with fibrosis stage (platelet counts and AFP) were
selected in the model, and three probability groups reflec-
ted the different distribution of fibrosis stage. GGT is
reported to be associated with insulin resistance and
hepatic steatosis [34-37], a factor that confers resistance to
IFN therapy [38—44]. What is unique to the present study is
the visualization of response probability by combining
these factors and its high reproducibility revealed by a
high-quality validation of the model by internal and
external validation datasets that were completely inde-
pendent of the model building dataset. Since factors used in
the model were clinical parameters that are readily avail-
able by the usual workup of patients, this model could
be immediately applicable to clinical practice without
imposing costs for additional examinations.

A potential limitation of this study is that data mining
analysis has an intrinsic risk of showing relationships that
fit to the original dataset but are not reproducible in dif-
ferent populations. Although internal and external valida-
tions showed that our model had high reproducibility, we
recognize that further validation on a larger external vali-
dation cohort, especially in populations other than Japa-
nese, may be necessary to further verify the reliability of
our model.

In conclusion, we built a pre-treatment model for the
prediction of virological response to PEG-IFN/RBV.
Because this decision tree model was made up of simple
variables, it can be easily applied to clinical practice. This
model may have the potential to support decisions about
patient selection for PEG-IFN/RBYV based on a possibility
of response weighed against the potential risk of adverse
events or costs.

@ Springer
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Background: Host and viral factors can promote the devel
opment of fulminant hepatitis B (FHB), but there have been no
case—control studies for figuring out virological parameters
that can distinguish FHB.

Methods: In a case-control study, virological factors associ-
ated with the development of FHB were sought in 50 patients
with FH developed by transient hepatitis B virus {HBV) infec-
tion (FH-T) and 50 with acute self-limited hepatitis B {AHB) who
were matched for sex and age. In addition, 12 patients with
FH developed by acute exacerbation (AE} of asymptomatic
HBV carrier {ASC) (FH-C) were aiso compared with 12 patients
without FH by AE of chronic hepatitis B (AE-C).

Resuits: Higher HBV DNA levels, subgenotype B1/Bj,
A1762TIG1764A, G1B96A, G18%9A and A2339G mutation
were significantly more frequent (P < 0.05), while hepatitis B
e-antigen was less frequent in the FH-T patients than AHB.
In muitivariate analysis, G1896A mutation {odds ratio {OR],

13.53; 95% confidence interval [Cl], 2.75-66.64), serum HBY
DNA more than 5.23 log copies/mL (OR, 5.14; 95% Cl, 1.10-
24.15) and total bilirubin more than 10.35 mg/mL (OR, 7.81;
95% Cl, 1.77-34.51) were independently associated with a
fulminant outcome by transient HBV infection. On the other
hand, in comparison with the patients between FH-C and AE-C
groups, there was no significant difference of virological
factors associated with the development of FHB.

Conclusion: A number of virological factors have been
defined that may distinguish FH-T from AHB in & case~control

study. The pathogenic mechanism of FHB between transient
HBV infection and AE of ASC would be different.

Key words: acute exacerbation of asymptomatic hepatitis B
virus carrier, fulminant hepatitis, genotypes, transient
hepatitis B virus infection
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INTRODUCTION

N JAPAN, 634 patients with fulminant hepatitis {FH)
were registered from 1998-2003. Of them, 41.8%
were infected with hepatitis B virus (HBV) that is the
most frequent cause of FH there.! HBV is classified into
eight genotypes (A-H) based on a sequence divergence
of more than 8% in the entire genome of approximately

© 2009 The Japan Society of Hepatology
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3200 nucleotides.”® They have distinct geographical
distributions and are associated with the severity of
liver disease.%” Furthermore, subgenotypes have been
reported for HBV/A, B and C, and they are named Al/Aa
(Asian/African type) and A2/Ae (European type),* B1/Bj
(Japanese type) and B2/Ba (Asian type),’ and C1/Cs
(Southeast Asian type) and C2/Ce (East Asian type).'*"
HBV genotypes/subgenotypes and mutations in the pre-
core region and the core promoter can influence the
viral replication and expression of hepatitis B e-antigen
( HBeAg)."" '

Acute HBV infection in adulthood resolves in the
most cases by far, but can induce FH or go on to become
chronic in some. It has been reported that host and viral
factors may influence the development of fulminant
hepatitis B (FHB), but the pathogenesis of FHB remains
unclear. As for virological factors associated with FHB,
mutations in the core promoter (A1762T/G1764A)"
and the pre-core region (G1896A)"*'® have been
reported in association with the development of FHB in
Asia and the Middle East. Additional mutations, indud-
ing T1753V, T1754V and A2339G in the core gene are
implicated, also.""® In regard of HBV genotypes, sub-
genotype B1/Bj is highly associated with the develop-
ment of FHB in Japan." In contrast, an association of
HBV genotypes with the fulminant outcome has not
been reproduced in patients from the USA and
Europe.””-** Such a disaepancy would be attributed, at
least in part, to distinct geographical distributions of
HBYV genotypes/subgenotypes over the world.

The original definition by Trey et al.” about fulminant
hepatic failure is widely used all over the world. On the
other hand, in Japan, the diagnosis of FH was contingent
on a slight modification of Trey’s original definition by
the Inuyama Symposium (Aichi, Japan in 1981). Further-
more, the Intractable Liver Diseases Study Group of
Japan modified the criteria for the etiology of FH and
late-onset hepatic failure in 2002. According to the crite-
ria of the Intractable Liver Diseases Study Group of Japan,
there are two clinical entities of FHB that are induced,
respectively, by transient HBV infection and acute exac-
erbation (AE) of an asymptomatic HBV carrier (ASC).!

Recently, FH developing in ASC who undergo AE is
increasing in Japan.' In patients with hematological
malignancy, in particular, rituximab and/or glucocorti-
coid, can reactivate HBV for the development of FHB.*
The outcome is poor for FHB precipitating in ASC who
undergo acute exacerbation,' but it has been difficult to
identify it by clinical examinations.

As there have been no case-control studies for figur-
ing out virological parameters that can distinguish FHB,
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a case—control study was conducted on the patients with
FH by transient HBV infection and acute self-limited
hepatitis B (AHB) in this study, for the identification of
virological factors that influence a fulminant outcome.
In addition, the patients with FH by AE of ASC, which is
assumed as a different clinical condition from transient
HBV infection, were also compared with the patients
without FH by AE of chronic hepatitis B (CHB) in a
case~control study.

METHODS

Patients

URING 9 YEARS from 1998 to 2006, in twenty-six

hospitals all over Japan, sera were obtained from
the 50 FH patients by transient HBV infection (the FH-T
group) and the 50 patients with AHB (the AHB group)
who were controlled for age and sex. As the elder pati-
ents with FHB were enrolled in this study (mean age,
42.8 years), the mean age of AHB patients became rela-
tively high (42.9 years, Table 1). Furthermore, the 12
FH patients developed by AE of ASC (the FH-C group)
were also compared with the 12 patients without FH by
AE of CHB who were matched by age and sex (the AE-C
group).

All the serum samples tested for this study were col-
lected at hospitalization. All 124 patients had hepatitis B
surface antigen (HBsAg) in serum. Infection with hepa-
titis A virus and hepatitis C virus, as well as alcoholic
hepatitis, were excluded in them.

The diagnosis of acute hepatitis B was based on
sudden manifestation of dinical symptoms of hepatitis
and detection of high-titered immunoglobulin {(Ig)M
anti-hepatitis B core (HBC). Patients with initial high-
titered anti-HBC (>90% inhibition by a 1:200 diluted
serum) were excluded. The diagnosis of FH was contin-
gent on a slight modification by Inuyama Symposium
(Aichi, Japan in 1981) of the original definition by
Trey et al.:> (i) coma of grade I1 or higher; and (ii) a
prothorombin time less than 40% developing within
8 weeks after the onset of hepatitis. To exclude AE of
ASC in FH-T and AHB groups, we confirmed the nega-
tivity of HBsAg before onset of FHB or AHB and no
family histories of hepatitis were found among all the
patients, Furthermore, serurn HBsAg in all patients with
FH-T or AHB became naturally seronegative within
24 weeks. AE of ASC or CHB was defined as the eleva-
tion of alanine aminotransferase (ALT >300 IU/L) or
total bilirubin (T.bil >3.0 mg/dL).* All 24 patients with
AE of ASC or CHB could be confirmed positive for
serum HBsAg before the onset of acute liver injury.

© 2009 The Japan Society of Hepatology
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Table 1 Baseline characteristics between fulminant hepatitis B patients by transient infection (FH-T) and acute self-limited

hepatitis B (AHB) patients

Features FH-T AHB Differences
(n=50) (n=50) P-value
Age (years) 42.8+16.1 429+146 Matched
Men 25 (50%) 25 (50%) Matched
ALT {IU/L) 3788 + 2856 2170 £ 1350 <0.001
AST (IU/L) 3131 +3673 1676 £ 1851 <0.05
Total bilirubin (mg/dL) 148+ 86 95+9.8 <0.01
Prothrombin time (%) 169+11.2 7281260 <0.001
HBeAg positive 15 (30%) 28 (56%) <0.01
Core protein (log U/mL) 3.21+1.28 3.01 +£1.00 NS
HBcrAg (log UfmL) 5.30 + 1.32 5951 1.13 <0.01
HBV DNA (log copies/mL) 597+ 1.87 4981 1.17 <0.005
Deceased 19 (38%) 0 (0%) <0.001

AHB, acute self-limited hepatitis B; ALT, alanine aminotransferase; AST, aspartate aminotransferase; FH-T, fulminant hepatitis B by
transient HBV infection; HBarAg, hepatitis B core related antigen; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; NS, not

significant.

Serological markers of HBV infection

Hepatitis B surface antigen, HBeAg and the correspond-
ing antibody (anti-HBe) were determined by enzyme
immunoassay (EIA} (AxSYM; Abbott Japan, Tokyo,
Japan) or chemiluminescence enzyme immunoassay
(CLEIA) (Fujirebio, Tokyo, Japan). Anti-HBC of IgM
and IgG dasses were determined by radicimmuno-
assay (Abbott Japan). Core protein constituting the viral
nucleocapsid and HBV core-related antigen (HBcrAg),
both of which correlate with HBV DNA in serum, were
measured by CLEIA as described elsewhere. 2%

Quantification of serum HBV DNA

Hepatitis B virus DNA sequences spanning the S gene
were amplified by real-time detection polymerase chain
reaction {RTD-PCR) in accordance with the previously
described protocol®® with a slight modification;® it has a
detection limit of 100 copies/mL.

Sequencing and molecular evolutionary
analysis of HBV

Nudeic acids were extracted from serum samples
(100 pL) using the QlAamp DNA extraction kit
(Qiagen, Hilden, Germany) and subjected to PCR for
amplifying genomic areas bearing enhancer Il/core
promoter/pre-coref/core regions [nt 1628-2364], as
described previously.” The target of PCR covered several
mutations which were assocated with FHB. Amplicons
were sequenced directly with use of the ABI Prism Big
Dye ver. 3.0 kit in the AMI 3100 DNA automated
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sequencer (Applied Biosystems, Foster City, CA, USA).
All sequences were analyzed in both forward and back-
ward directions.

Hepatitis B virus genotypes were determined by mole-
cular evolutionary analysis. Reference HBV sequences
were retrieved from the DDBJ/EMBL/GenBank database
and aligned by CLUSTAL X, then genetic distances were
estimated with the 6-parameter method in the Hepatitis
Virus Database (http://s2as02.genes.nig.ac.jp/).”* Based
on obtained distances, phylogenetic trees were con-
structed by the neighbor-joining (NJ) method with the
mid-point rooting option. To confirm the reliability of
the phylogenetic trees, bootstrap resampling tests were
performed 1000 times.

Statistical analysis

Statistical differences were evaluated by the Mann-
Whitney U-test, Fisher's exact probability test and
y’-test, where appropriate, Differences were considered
to be statistically significant at P < 0.05. Multivariate
analyses with logistic regression were utilized to sort
out independent risk factors for FHB. STATA Software
ver. 8.0 was employed for all analyses.

RESULTS
Baseline characteristics of the patients with
FHB by transient HBV infection and AHB

ABLE 1 COMPARES baseline clinical characteristics
of the 50 FH-T patients and the 50 AHB who
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were matched for age and sex. The peak ALT, AST and
T.bil levels were significantly higher (3788 + 2856 vs
2170+ 1350 IU/L, P<0.001; 3131+3673 vs 1676+
1851 IU/L, P < 0.05; and 14.8 £ 8.6 vs 9.5 + 9.8 mg/dL,
P<0.01, respectively), while HBeAg was less frequent
(30% vs 56%, P<0.01) in the FH-T patients than
AHB. The level of HBcrAg was significantly lower
(5.30 £ 1.32 vs 5.95 + 1.13 log U/mL, P<0.01), while
HBV DNA loads were higher (5.97+1.87 vs 4.98 %
1.17 log copies/mL, P<0.005), in the FH-T patients
than AHB. The level of core protein in sera tended to be
higher in the FH-T patients than AHB (3.21£1.28 vs
3.01+ 1.00 log U/mL). Death occurred more often in
the FH-T patients than AHB (38% vs 0%, P < 0.001).

HBV Genotypes and enhancer ll/core
promoter/pre-core/core Mutations in
Patients with FHB by transient HBV
infection and AHB

Figure 1(a) compares the distribution of HBV
genotypes/subgenotypes between the FH-T and the AHB
patients. The subgenotype C2/Ce was most prevalent
in both patients with FH-T and AHB (66% and 62%,
respectively), whereas B1/Bj was more frequent in
the FH-T patients than AHB (22% vs 6%, P <0.05).
Likewise, mutations in enhancer II/core promoter/pre-
core/core regions are compared between the FH-T and
AHB patients in Figure 1(b). A1762T/G1764A, G1896A,
G1899A and A2339G mutation were more frequent in
the FH-T patients than AHB (48% vs 16%, P < 0.001;
62% vs 6%, P < 0.001; 24% vs 4%, P < 0.001; and 8% vs
0%, P < 0.05, respectively).

Figure 2(a) compares various mutations between
the 11 FH-T patients and the three AHB patients who
were infected with B1/Bj. Only G1896A was signifi-
cantly more frequent (73% vs 0%, P < 0.05), while the
lack of any mutations was less common (0% vs 33%,
P < 0.05) in the FH-T patients than AHB. In comparison
with the 33 FH-T patients and the 31 AHB patients
who were infected with C2/Ce (Fig. 2b), A1762T/
G1764A (70% vs 19%, P<0.001), G1896A (61%
vs 6%, P<0.001) and the combination of all three
mutations (A1762T/G1764A and G1896A) (45% vs 6%,
P<0.001) were significantly more frequent, while the
lack of any mutations was less common (9% vs 70%,
P <0.001) in the FH-T patients than AHB. Interestingly,
all the AHB patients with both G1896A and A1762T/
G1764A mutations suffered acute severe hepatitis B that
was defined by prothrombin time less than 40% but
without coma of grade II or higher.
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Figure 1 Genotypes/subgenotypes (a) and mutations in
core promoter, pre-core and core regions (b) between the 50
transient hepatitis B virus infection (FH-T) and the 50 acute
self-limited hepatitis B (AHB) patients.

Factors independently associated with
the development of FHB by transient
HBYV infection

The following independent factors, promoting the
development of FHB, were evaluated by multivariate
analysis: ALT, AST, T.bil, HBeAg, HBV DNA, core
protein, HBcrAg, genotypes/subgenotypes (B1/Bj or
not) and mutations (T1753V, T1754V, A1762T/
G1764A, G1896A, G1899A and A2339G). T.bil more
than 10.35 mg/dL (OR, 7.81 [95% CI, 1.77-34.51],
P=0.0067), G1896A mutation (OR, 13.53 [95% CI,
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2.75-66.64], P=0.0014) and serum HBV DNA more
than 5.23 log copies/mL (OR, 5.14 [95% CI, 1.10-
24.15], P=0.0379) were independent risk factors for
the development of FHB by transient HBV infection
(Table 2). Other mutations (T1753V, T1754V, A1762T/
G1764A, G1899A and A2339G) were not significantly
associated with the development of FHB by transient
HBV infection, however.

Baseline clinical characteristics for
distinguishing between the patients with
FHB by AE of ASC (FH-C) and those without
FHB by AE of CHB (AE-C)

Table 3 compares baseline clinical characteristics
between the 12 FH-C patients and the 12 AE-C patients
who were matched for age and sex. The levels of
T.bil were significantly higher in the FH-C patients
(15.0+7.3 vs 7.3 + 8.8 mg/dL, P<0.05), but the peak
ALT and AST levels tended to be slightly higher in the
FH-C patients than AE-C (887 + 681 vs. 641 + 620 IU/L
and 701 +451 vs 601 + 753 [U/L, respectively). There
were also no significant differences in levels of sera
HBV DNA, core protein and HBcrAg between these
two groups (7.44 £ 1.51 vs 6.60 + 1.10 log copies/mL,
5.04  1.45 vs 5.07 + 1.07 log U/mL, and 6.35 £+ 1.70 vs
6.29 % 1.95 log U/mL, respectively).

HBV genotypes and enhancer Il/core
promoter/pre-core/core mutations between
the patients with FH-C and those with AE-C

There were no significant differences in the frequencies
of any HBV genotypes between the 12 FH-C patients
and the 12 AE-C patients (Fig. 3a). In addition, there
were also no significant differences in the frequencies

Table 2 Multivariate analysis for factors independently associated with fulminant hepatitis by transient HBV infection

Factors Odds ratio 95% confidence interval P-value
Total bilirubin (mg/dL)t

<10.35 1

=10.35 7.81 1.77-34.51 0.0067
G1896A mutation

Absent 1

Present 13.53 2.75-66.64 0.0014
HBV DNA (log copies/mL)t

<5.23 1

=5.23 5.14 1.10-24.15 0.0379

tMedian values. HBY, hepatitis B virus.

© 2009 The Japan Society of Hepatology
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Table 3 Baseline characteristics between patients with FH by AE of ASC (FH-C) and those without FH by AE of CHB (AE-C)

Features FH-C AE-C Differences
(n=12) (n=12) P-value

Age (years) 51.7+14.7 499+56 Matched

Male 10 (83%) 9 (75%) Matched

ALT (TU/L) 887 + 681 641+ 620 NS

AST (TU/L) 701 + 451 601+ 753 NS

Total bilirubin (mg/dL) 150+73 73488 <0.05

Prothrombin time (%) 25.8+6.6 48.4+215 <0.005

HBeAg positive 4 (33%) 3 (25%) NS

Core protein (log U/mL) 5.04+145 5.07+1.07 NS

HBcrAg (log U/mL) 6.35+1.70 6.29+1.95 NS

HBV DNA (log copies/mL) 7.44 %151 6.60+1.10 NS

AE, acute exacerbation; ALT, alanine aminotransferase; ASC, asymptomatic HBV carrier; AST, aspartate aminotransferase; CHB, chronic
hepatitis B; HBcrAg, hepatitis B core related antigen; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; NS, not significant.

of any specific mutations between these two groups
(Fig. 3b).

DISCUSSION

HE MAGNITUDE OF liver injuries depends on the

replication level of HBV and cytotoxic immune
responses of the host raised against viral epitopes in
general 3! Various viral factors have been proposed that
promote the development of FHB, represented by pre-
core {G1896A) and core promoter (A1762T/G1764A)
mutations.”® ' Impact of virological factors on the
development of FHB has remained controversial,
however, especially because these mutations are rarely
detected in the patients from the USA and France."*' It
has been argued that the development of FHB is not
promoted by these mutations and is dependent on host
factors including the human leukocyte antigen (HLA)
environment.”

The expression of HBeAg is terminated by G1896A
mutation in the pre-core region at the translation level,*
and downregulated by the A1762T/G1764A double
mutation at the transcription level ¥*** Lamberts et al.
are the first to implicate a negative influence of HBeAg
on the replication of HBV.* Should HBeAg suppress
the replication of HBV, presumably by inhibiting the
encapsidation of pre-genome,* the lack or decrease
of HBeAg would enhance the reproduction of HBV. Fur-
thermore, HBeAg acts as a tollerogen to T cells recog-
nizing epitopes on core protein, thereby, obviating
immune injury of hepatocytes.>*” In the absence or
decrease of HBeAg, therefore, hosts would mount vigor
cytotoxic T-cell responses to core epitopes excessively

presented on hepatocytes, and develop severe liver inju-
ries culminating in FHB.*

There is a possibility that influence of viral factors
such as HBV mutants with a HBeAg-negative pheno-
type, on the induction of FHB, may have been con-
founded by host factors and created disagreement.
Therefore, the sheer influence of virological factors
on FHB would need to be evaluated in case-control
studies, as has been attempted to sort out the influence
of HBV genotypes on development of cirrhosis and
hepatocellular carcinoma.? These backgrounds have
instigated us to identify virological factors accelerating
the severity of liver disease in the 50 FHB patients by
transient HBV infection and the 50 AHB patients who
were of the same ethnicity and matched for age as well
as sex.

In this case controlled study, A1762T/G1764A,
G1896A, G1899A and A2339G mutation were sig-
nificantly more frequent in the patients with FH-T
than AHB, providing further corroboration of previous
studies; ' these mutations could enhance viral repli-
cation. Interestingly, our recent study using an in vitro
replication model, showed that A2339G mutation in
the core region enhanced viral replication and the effect
of A2339G mutation may be associated with inhibition
of the cleavage of the core protein by a furin-like pro-
tease, resulting in the high expression of the complete
core protein.'® Such enhanced HBV would induce sig-
nificant immune response, resulting in development
of FHB.

In multivariate analysis, higher levels of serum HBV
DNA and G1896A mutation were independent virologi-
cal risk factors for the development of FHB by transient

© 2009 The Japan Society of Hepatology
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Figure 3 Genotypes/subgenotypes (a) and mutations in core
promoter, pre-core and core regions (b) between the 12 tran-
sient hepatitis B virus infection (FH-T) and the 12 acute self-
limited hepatitis B (AHB) patients.

HBV infection (Table 2). In particular, G1896A muta-
tion was the most important factor associated with
the development of FHB. Host responses, represented
by T.bil, contributed to the development of FHB as well.

As for HBV genotypes, B1/Bj alone was significantly
more frequent in the FH-T patients in univariate analy-
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sis. In the patients infected with B1/Bj, G1896A was
more frequent in those with FH-T than AHB. In in vitro
replication analysis, Ozasa et al.'® observed extremely
high expressions of intra- and extracellular HBV DNA in
culture transfected with an HBV clone of B1/Bj genotype
having the G1896A mutation; a high replication would
be induced by this pre-core mutation for the induction
of FHB. Our dinical results stand in support of this in
vitro analysis. Taken altogether, chances for developing
severe acute or FH would be high in the patients with
acute hepatitis who are infected with HBV/B1 having the
pre-core mutation. By contrast, in patients infected with
C2/Ce, G1896A or A1762T/G1764A, or both was much
more frequent in the FH-T patients than AHB. Of note,
the co-occurrence of G1896A and A1762T/G1764A
mutations was invariably accompanied by either FHB or
acute severe hepatitis B in this study. Hence, these pre-
core and core-promoter mutations might have addictive
or synergetic effects for exacerbating hepatitis, when
they emerge in the patients infected with C2/Ce. Such
high-risk patients deserve special care and surveillance
for signs and symptoms of fulminant or severe acute
hepatitis B.

In the present study, serum levels of HBV DNA were
significantly higher in the patients with FH-T than AHB.
High serum levels of HBV DNA have been reported in
patients with FHB;* they are followed by rapid decrease
as the sequel of virus elimination operated by vigorous
immune responses. Because of rapid and extensive
elimination of HBV by the host immune system, HBV
DNA in serum, in general, has decreased to low levels in
patients with FHB at the presentation.*® HBV DNA levels
may be subject to the time that has elapsed from the
onset of hepatitis to its measurement.”* Also, serum
levels of core protein (the product of the C gene) closely
correlate with serum HBV DNA levels in patients with
hepatitis B,”” and they were compared between the FH-T
patients and AHB. The core protein was determined by
the newly developed CLEIA method; it is much easier
and less expensive than the determination of HBV DNA.
The level of core protein has turned out to be marginally
higher in the FH-T patients than AHB (Table 1), and
therefore might not contribute to an early diagnosis
of FHB by transient infection.

Fulminant hepatitis B by AE of ASC is assumed as a
different clinical condition from FHB by transient HBV
infection. In this study, as there was no case-control
study on virological factors associated with FHB for the
patients with AE of ASC, we also attempted to identify
virological factors associated with the development of
FHB in the 12 FH-C and the 12 AE-C patients who were
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matched for age as well as sex. Disappointingly, no
differences of virological factors such as HBV genotypes
and pre-core mutations, which were strongly associated
with the development of FHB by transient infection,
were found between the FH-C and AE-C patients
(Fig. 3a,b). Furthermore, there were also no significant
differences about HBeAg-positive rate and the levels of
serum HBV DNA or core protein (Table 3), suggesting
that several host factors may play a more important role
in the development of FHB in ASC instead of virological
factors, In this case-control study, however, there seems
to be some problems: a small number of patients, dif-
ferent duration of HBV infection, different clinical stage
(ASC or CHB) at the onset of AE, and HBV quasispecies
complexity. Further investigations are needed to identify
factors associated with FHB precipitating in asymptom-
atic HBV carriers.

In conclusion, virological factors associated with
enhancement of viral replication seemed to be impor-
tant for the development of FHB in the patients by
transient HBV infection. But no virological factors were
identified for differentiation of the FH-C patients from
the AE-C patients. Hence, the pathogenic mechanism of
FHB between transient HBV infection and AE of ASC
would be different.
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RIFVA, AR A

N kG

/N

BRE|HE RS v —T 0y, XHEVA, AXRHF A, YY) v

AR TI1E, PEGIFN OB IR 5 X H
VA, AN ZDOEINERBAE, BINERK
HIZOWTHNTT 5.

| PEG{LE I3

FY)xTFL v ) a— 0 (PEG : polyethy-
lene glycoD i3, =TFL VA F T F 472
=y POBOBELHEA»OBEKE NS0T
T, AKEHTEREEORES T THE I LH
b, BEHELTAIHEHEINATVS. PEG
DT RIX, 7229 bOENRENITE K
¥k, £, 205 FRICKDILENY
HERESRES.

2 ISZIZPEGH T A A EH 72 PEG ¥
YIS DS LT, FEED4RAIA
CHIBER T3,

OB rROBAIZEDERGHMORE TH
fhh 5 DAEKNN ORI A RRR TR I &
5,

@ s FROFEKRIZ & O RN A IR

M % EZRERN & %5 5.

QO MEORREZITIZS WD, EHA
TONMRAIEIES 5. Thabb, M FEEE
PERAE & AP ERITEME D RS 5 72, Bt
K& DB ESNETHR IS S.

@OPEGZD & DIFIEREFETARML T
WBIEND, RIBRPONEMETHS &
BErEhic<<xb, pFEMEIETT 3.

PEGIL§ 3 Z &k, HEpaphe
FRMEROST, 6k &38Rk 5 EFENRIHR
NREIhS.

| IFNSYZIDPEG{L, PeglFNa2a
(RHYR) ORISR

IFNZ, Y A4 0 2N L REREER %
> 2 32 THD, HEROIFNIE, %
5%, S IR U RN R
REIZET S, 72, NELEATFTHHYD
RNDW5 L ZAIZIRL i L 7=1%, 1R
Uiz iRpic it X h 5. Eiids <
MHIH 24 BRI A R A S PR X B

BRY, CHRIFRY AN AEHIET 57200

Hiroshi YATSUHASHI : Pegasys / Copegus
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=1

IFN « 2a, PegIFN « 2a, IFN a 2b, PegIFN « 2bD3EMBfED i

RN 5345 O 31~73L 8~12L 1.4 L/kg 0.99 L/kg
INTITVA 6600~29200 mL/h  60~100 mL/h 231.2mL/h kg 22.0mL/h kg
B - ik 36 23h 50h 23h 46h
MEES a1 ] 3~8h 65h -4 h -40 h
T max
. 73~12h 80 h 7.3~12h 15~44h
(Gl B ML P RS & T O RE])
800 25
R 2| o=
> LY S 20 7 ~
2600 I 2 p ~
Q0 \ Q - -~
o I \ o ~
o g 18
® I \ ®
c 400 I =
S S
(0] [} o 10
‘t €
2 3
£ 200} £
o g 5
o o
O i A A i A O i A i A Y 'y
0 24 48 72 96 120 144 168 0 24 48 72 96 120 144 168
Time [h] Time [h]
PeglFNa2b 1.0 ug/kg PeglFNa2a 180 ug/kg

X1

A b R A HERE S A 72 0 IS IFBEER T
HMHARGARBRETH S, DAETORKAD
IFNAHETIE, PAMG 2 EMIE H %S & 110,
Z D%, HIMOMEKEE-§ 2 HERRL T
bhsz. La»L, ZoOHE3MEHS I 1EBO
MUCMHh IFNEE K E <AL, MR
AE T LZ2BRZ 3o 4 L 231K T4 5
AEEMEA B, F 72, IFNREO LA,
FEEL, JEITRE, UEAE, AR, BEEIR &S Lo
7zA4 VI N FRRIERORHER A RBBL L R
%5,

Zh 5 ORE % B4R < IFN OF %) 2 Il

942

PegIFN a 2b & PegIFN « 2a$t5-%® 13 H & 438 H O F1i b 5 O HEFE

R A ERMICRR S22 LA HME L
T, 198041 & IFN #L &  PEG 1t 0 i 3¢
MhtiE 572, PeglFN a2a (XH ¥ 2)DH
T3, FFEPR5KkDa? PEG A & KA
PfE XN, MEIZPEGOD /S TEEZAEL LT
WE, E#RI20kDa, FHAI20kDa% & D
PEG 23 BRat  h, &M F & 20kDad
2DODPEGH#IA L & VS THEXE-5
#7940 kDa ® mPEG (£ / * I % ¥ PEG) %,
IFNag-2ak 7 I FREATHALERTF Y R
MR Iz,

%% % TIZIFN « 2a, PegIFN « 2a, IFN
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ARHBRTORERE
NRHAVZ180 ugdmKxs

5| 155% | 76.2%
WE | (1718 (16/2141)
i
<
£ 100
< KIu/mL
& _ | 57.1% 61.5%
& | @ (8/1381)
Ib 2a/2b
genotype

E R BEA  FR FUA AR
RAVZ180 ugdmizs
5 12.2% 66.7%
e | (9/748M) (32/488)
100
KIU/mL
- | 80.0% 87.5%
& | (e/208) | (14/1660)
Ib 2a/2b
genotype

2 HCVgenotype, HCVRNA K, <7 o 2 B 5 iHH08

a 2b, PegIFN a 2b? 4> O 8 #| o> 3 ¥ &)
BOZERAZ LD EDEKLIZ, PeglFN
« 2a ¥ PeglFN o 2b D 2 WA DI 5 1EH &
4 H DI RE O FEEOHEM % X 11K
TV PEGO T &, WMELRLEZ 2D,

B3t TE vy, EUERERN I
PegIFN « 2al3 PegIFN « 2biZtb#g L T, Ifl
HhRED EROEHFIZEETH D, 2FM

W3R <, MAHREA &< Rty 5.

PegliFNa2a (RHVR)

g SOARAIER

PegIFN O ¥ 512 k B iE#E L L T3,
PegIFN- « 2a (X4 ¥ Z) #2003 412 H 2%
B CHRABENT. XHY 213180 ug &
WugD2ffMHAH D, WHITI80 g TH
WAERBL, MEKBORD & AL NI5E
IR ERAEIZ L 2225 T 90 o glo T
5.

7 A4 28R A HIG B 0O A ¥ AR
5E#TI3180 g, H1M48A, 48EM %Y
MK TH 5. HCVRNAH, HCVgenotype

A DOBAFERER T ORAE, ERbiRETO %
Bt 3% 3[R W78 T OIRFRE 2 X 2 12" 972,
FERTIDIFN & HB L THI 7 4 L 2RI R
fFCHdbh, HCVIbRIE Y A L 25 RS &
571 ~875% DEMETH B L2 b, K
AL ZBERHCV2RIOM, V3 Y v (RBV)
B RWFICHWE R TS,

PeglIFNa2a (RHYR) [C&kD
s E (HALT-CHER)

BT, XAV ZAOEMEY, MR
12 & o THFZ OWESE IR, R4 Ik
MRVAZ SN EPEHL T BRI,
PegIFN « 2a/RBViG# T 4 L Z Bifg T &
75 o 7= HESRAE AL R PR % & ) &
BLELT, XAV 90 u gk 3FEMYHE L
7B & MR COBEABR A TTbh TWh 5
(HALT-CiRE) .

20084F, HFE%AFEOE S TIIMmBERIC R
HYBDEIAONEN - EHE S h,
IFN MR REED B RICE L TR EN & E A
HAaREPIZAE -7 LA L, 2010411
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40-

SEHDRMAER
FFEZH] 1% vs. 24.2%; HR 0.45 (95% Cl 0.24-0.83, p=0.01)
S 304 BHACEES © 10.1% vs. 9.8%; HR 1.44 (95% Cl 0.77-2.69, p=0.26)
i
i
o
#® 204
® FFEZ O hO—LBE
104 et R e R
e r—ﬁﬁﬁ%ﬁﬁ
i BbERI Y MO—ILEE
o) T

BREY
F3 A IZ KB MEFRHRIEOA BT O RRITHERAE RO (HALT-CikB) 20104 AASLD #%

%
80 -
63.9% 63.3%
59.4% (39/61) (38/60)
s (57/96) i ; 51 4% 55.6% 7
: 10/1
i (18/35) (10/18)
M
R 40 A
e
20 -
0. 33 :
214 S ik
MR Frigstt Rl

R4 N>/ 3G A HBEO R RS T OGRS (2, 15, a3

H DX FEFIE 212 351 T HALT-C iRB & 8
KEGI O 2 O 1% 0 B RS R CE Y Bl s i 6.1
F, RESTH)NME S piblky &8
KM A LR U, %720t R 6% B RE ] &
JERFREZE BN Xy L CH T 2T -7 & Z
A, HFEEZEGITIL, SEIAHEFIC R U CHERs

944 FFRHRE  61% 6%

BEEB I h-7-BETIE, BRICRYT VEHR
KT LTWZ EnME (XS 2.
DAETIX, ST, IFRUELERLZC
RNSPERT 2%, HFREZSEMIA <, L g Ry
) Z o SENENCIEL TRWZ E A2
ElkoTna, BELT, ZThoORRHTIE,

2010412 H



% o
80- L 750% -
63.9% | %& Rt
(39/61) :
604 51.4%
' 50.0%
(18/35) (7/14) 455%
W (5/11)
E o
20
0

2% SO 50 ~60m K 50 E
5 A A/ TNXAAPRBREO B TSR T OWFRA PER, F-#p5HE2hF)

%
80 -
62.5% 69.2%  647%
(5/8) (9/13) (44/68)
60 | SEDOD
# B ?
& 40 g : |
200% | : 26.7%
@15 | : (4/15)
204 :f : .
oLl s REECH
60%  60%LIE  80% 60%  60%LLE 80%
i ~80%K Bk F#  ~80%KME ME
RAVZHEBER IRAARKEE

6 ~NH R/ aXH AUHBEORRRE TOBRBEM(RH L 2, axH2AREER)

PegIFN o /RBVIf HHBEDEA Z D & O A —
IR B, B8 <A 2% PeglFNa2a/RBV (NHY R/

HEFRRRE, TN BT SO B #1211 T, ANAA) OENARAER

bAEI BT L HEFRETHS S, BTE, CHUNF % 1= 34 + 5 IFNI B 13,
PegIFN o /RBV D fif L R R T H
%. PeglFN a 2a/RBV(RHF VR /XK R)
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80

0 50.5%
(54/107)

40

EE

20

14.1%
(22/156)

e

0 : o
BIARAEMNG

AR RENG

7 PegIFN/RBV {if F 483G H 23§ 5 X4 & A / 3 57 A f IR 72 38 PR R

DERIRRZE, 200743 A2 & REBOEIE & 75 -
7=.
HOBETITbRHCVIRE Y A L 2, #]
EERH A SR E LN H Y A/ aXH 2B
HBEOHRBRR TORBREL I LD 5
aS),
OLEDEMFIZ59.4% (57/96) (X4).
@M Tk, BH639% (39/61), Lt
51.4% (18/35) & &M T & HB A HAE A8
B (X4).
QORFEMELHI T, F1:556% (10/18),
F2:63.3% (38/60), F3:47.1% (8/17)C,
F3 & CI3MMILERORE L ZITIZL
W(X4).
OFMmkgn Tix, 50LAFid60E L k&
D & ERHEHE(X5).
GORHYZ/ANH AL I, BB
g LT, mIK60%LL EABET,
60% LA FDBEIITEDEN/ET T 5
(X16).
TR % OB 2OV TIE, BifE, &
X b A ABBEOBREES R A2 TRE

I TWBA, HEAMIZIIFTRABR TOWHEK
BAE & BEBLL T 3.
ERHERBITORS & 2/ 25 2GR
HEORIER I L Tid, PeglFN a 2b/RBV
DERIRRE & EARIZIZRIC E FHIZZ L T
5. A Y ZHMEEHITIE, EERB o)
BB A & TV MR 2% &5 BF G O i il 3 e 8
R Ehsd, 2Oo00HEEOMIC, #Hat
RN, Tho OREBEABVAE,IZE
BE Tl ERE S Tz,

PeglFNa2a/RBV (RHY R/
aARHAR) ICKDBEREICEETS
BIAERE

AR R E L, dRGRORIEE» S, #
#X (Relapse) {5 & % %5 (Non-response) f] i= K
NG, FHRE L RTEERER o
HCV-RNA & 238 i LT (50 IU/mL) (2K
T4 % EFHTHHCVRNAY B & h b
Flichdn, —7F, HRHE L ZERBICh o
HCV-RNA & 23k & LT (50 IU/mL) 12 %
T T LAy, AEREIED, FeamicBite
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a 2al3 180 o g/ M

®2 MR E K- 72120DRCT D

Asci
seione @ 2bi2 15 g/ke/# [1,000 ~ 1,200 mg/day| 200 mg BL | 1,234 SR,
(2008) > AEHREZ
24 ~ 4834
Berak a 2a13180 2 g/ H
500} @ 2bi31.0 2 g/kg/ M fh NR NR Non2/3 |HHEHR
12;4
Brano a 2al3 180 p g/ ¥4
(o004} @ 2bi1.0 ng/kg/ ¥ | 1,000 ~ 1,200 mg/day NR KL 1,23 |HEHR
128
—— @ 2213180 1 g/
(2007) @ 2bid 1.5 g/kg/# | 1,000 ~ 1,200 mg/day NR L 1 HEER
1234
@ 2213180 0 g/
Kolakowska SVR,
2b13 1.5 ;1 g/kg/# fREMRE NR kL 3
2008) | ° ng/ke R
2438
a 2al3 180 g/ M
Laguno SVR,
@ 2bi315 ;1 g/kg/# | 800 ~ 1,200 mg/da; NR &L 1,2,3,4
(2009) ng/ke mg/day HEBR
4858
. a 2al3 180 g/ M
McHutch
COWCSON | b i1 ~ 15 1 g/ke/ 8 | 800 ~ 1,400 mg/day | 200 ~ 600 mg | % L 1 b
(2009) R HHERR
24 ~ 483
i3 )
i @ 2212180 ;0 g/ @‘ .
a 2bi3 1.5 g/kg/# | 800 ~ 1,200 mg/day 200 mg KL 1,2,3,4
(2008) o ’ HERR
~ 4858
a 2al3 180 p g/ M -
Scotto Pt SVR,
11 3 .
(2008) a2bix 15 p g\/kg/ﬁ 15 mg/kg/day 4.6 mg/kg/day o 1,2,3,4 p—
24 ~ 483
Silva a2a13180 g/ M
P a 2bi3 1.5 o g/kg/ M 13 mg/kg/day FoN L 1 AERR
83
i3 3
Sinha @ 223180 11/ ’EL SVR,
@ 2bi3 15 g/kg/ 3 | 1,000 ~ 1,200 mg/day NR L 1,2,3,4
(2004) i HERR
24 ~ 483
. a 2ald 180 g/ M
Y SVR,
emee @ 251315 2 g/ke/# | 800~ 1,200 mg/day | 200 ~ 600 mg | %L 1
(2006) § HERR
24 ~ 483
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PEGIFNa2a PEGIFNa2b  2flic
SVR SVR 6%
EE RRF ER 26 ERE 26 BE (%) ERE(O5%C) FRF AL (95%CI)
Sinha 2004 14 24 10 18 1.5 1.05 (0.62,1.79) 2004 —_—t—
Yenice 2006 18 40 13 40 14 138(079,243) 2006 4
Scotto 2008 14 71 13 72 0.9 1.09 (0.55,2.16) 2008
Kolakowska 2008 28 33 27 34 8.6 1.07 (0.85, 1.34) 2008 -+
Laguno 2009 44 9 36 8 39 109(079,152) 2009 4
McHutchison 2009 423 1,035 792 2,035 518 1.05 (0.96, 1.15) 2009 | |
Rumi 2009 140 212 119 219 179 1.22 (1.04,1.42) 2009 -
Ascione 2009 110 160 87 160 139 1.26 (1.06,1.51) 2009 —.—
AEH(95%Cl) 1,671 2,664 100.0 1.11 (1.04,1.19) t.
2SVREH 791 1,097
F—# Tau?=000 ; Chi=565, df=7(p=0.58) ; P=0% T
2R Z-AI5p=0.007) PEG-FNa2b PEG-IFNa2a
@i P

E8 EHRhEOHE

BolBleERINTNS,

PegIFN o /RBV }f F 48 i i %45 T O FHA
iz $ 5 XK 2 /3K ZHFRFEET2
EABEBEERTOEDIEIZ505% (54/107) 9,
.30/ 1 [ s o RNy I S RN I 8 1 3 12 37 2
T2EEERTOFEDERILI14.1% (22/156) 7
LG EhTWA(HT).

| PeglFNa2a/RBV & PeglFNa
2b/RBVO B ERE2HDE

PegIFN « 2a/RBV & PegIFN a 2b/RBV®
M RE R O A Y% L U 72 KRR 7« SE4E
AR & U T3, Genotype 1540 CHY
15 M HF % 3,070 5] % ¢ 5 1= McHutchison & 2
1> 72IDEALARBEA H D, Thik D &l
FEERNICIZEIME L REWICLEN RO
EholeBEEINTNHAEY,

—7, &KHuik, BENZ BT S FRBRO MR
FOWBRBENTDODI TSN, ThED
HBARBROBREME L L O A4 T T
¥ A, Cochrane Systematic Review D # 3 A
20104 1C Awad TH K> THE XA TV BV,

948

ZhiZ k3 & 120 B ARE (& 2) T5,008
il % S I f@FT L 7= & 2 A, PeglFN « 2a/
RBV i I %% & D # #h 1347 %, PeglFN «
2b/RBV {if F# 1 T1341% T, RHSIRIZH
BE(P<0.004) 2 5 &, wHHIEDOFR
& o A HERROREBUEE Tl mRER I
BRaEZAOhE, 7220 (K8).

PegIFN « 2b/RBV &1 & PeglFN a 2a/
RBVOHMMUEDH 2, bFhrunbE->T
WBEVSFHliAHFDORBLEEDODOH
5. L Lanrs, FEBE FEBEPWRELE
LR L UTiE, mpkmlic K& 20
BT, FD— 4 TPeglFN a 2a
& PeglIFN o 2b DY EREIZIZHEA L EL &
B2 EMMER I N TS, B ETIE, fER
DIREIZIB LT, EYHEOENEEEL /-
LT, DB EICHR S U2 3EH A ERT
H5EIICEKREE LTORTERETHAS.
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