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Fig. 2. Suppression of HBV En Il transcriptional activity and reduction of HBV-RNA by IFN-o. A, B. Huh-7 cells were transfected with pGL4LUC or pGL4LUC-En 1I or
incubated with or without IFN-o. (100 1U/ml). After 24 h, the activity of firefly luciferase was evaluated. C. Huh-7 cells were transfected with pGL4LUC-En I, and incubated
with IFN-o (100 1U/ml). Luciferase activities were evaluated at the indicated times. D. Huh-7 cells were transfected with various concentrations (0-1000 IU/ml) of IFN-« for
12 h and luciferase activities were evaluated. E. PLC/PRF/5 cells (left panel) and Hep3B (right panel) cells were transfected with pGL4LUC-En II, and incubated with or
without IFN-o. (300 [U/ml). Luciferase activities were evaluated. F. Huh-7 cells were transfected with pHBV1.5, and treated with IFN-o at various concentrations
(0-1000 1U/ml). At 72 h after IFN-o. treatment, cells were harvested, and the abundances of HBV-RNA were evaluated by quantitative RT-PCR. The HBV-RNA level of the
IFN-o. treated cells was normalized with that of non-treated cells. *p < 0.05. “/control” on the vertical axis means the ratio of luciferase activity of IFN-« treated cells

normalized with that of non-treated cells.

not. Since staurosporine is a PKC inhibitor showing broad-spec-
trum activity (Marte et al, 1994), we also examined other
inhibitors specific for PKC isoforms. Previous reports demon-
strated that IFN-o activated PKC-o/f3 and PKC-8 (Pfeffer et al,,
1990; Uddin et al., 2002). Indeed, activation of PKC-a/ and PKC-5
by IFN-o was confirmed by immunoblot analysis (Fig. 5B). Thus,
we examined the PKC inhibitors rottlerin and G066976
(Gschwendt et al., 1994; Martiny-Baron et al., 1993). All PKC
inhibitors blocked the suppression of En II activity by IFN-u
(Fig. 5C). These results suggest that several isoforms of PKC are
involved in the IFN-ci-mediated suppression of En II activity. We
also examined STAT1 activation and ISGs induction by IFN-o in
cells pre-treated with these PKC inhibitors using immunoblot
analysis (Fig. 5D). Expression levels of phospho-STAT1 and Mx
differed among these PKC inhibitors. Staurosporine and G66976
slightly diminished the activation of STAT1, but rottlerin did not.
This result suggests that PKC isoforms might not strongly regulate

activation of STAT1. Rottlerin, a specific inhibitor for PKC-3,
inhibited the induction of Mx, which agreed with previous
findings (Kaur et al., 2005). Staurosporine and G66976 did not
suppress Mx expression. Taken together, all these PKC inhibitors
blocked the suppression of En I activity by IFN-« regardless of the
expression levels of phospho-STAT1 and Mx. These results sug-
gest that STAT1 activation and ISG induction may be dispensable
for the IFN-o-mediated suppression of En II activity. Next, we
examined the effect of phorbol 12-myristate 13-acetate (PMA), a
PKC activator (Castagna et al., 1982; Griner and Kazanietz, 2007).
PMA suppressed En II activity (Fig. 5E), and PMA stimulation did
not result in STAT1 phosphorylation and Mx induction (Fig. 5F),
suggesting that suppression of En Il by PMA is independent of
STAT1 activation and ISG induction. On the basis of these findings,
we conclude that IFN-o suppresses En Il activity via the PKC
pathway, which may not involve STAT1 activation and ISG
induction.
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Fig. 3. Deletion/mutational analysis to identify the responsive sequence for the suppressive effect of IFN-ot on En Il. A. Scheme of pGL4LUC-En Il and six segments defined
within the En Il sequence. The En Il sequence was integrated just upstream of the minimal promoter of pGL4LUC. B. Huh-7 cells were transfected with the reporter vectors
with deletion of each segment (pGL4LUC-En II-D1~6), incubated with 300 IU/ml IFN-o. for 12 h, and luciferase activities were evaluated. C. Plasmids containing four
iterations of each segment within En 1l sequence in tandem (pGL4LUC-En I1I-T1~6) were generated and luciferase activities were evaluated similarly. D. Plasmid with
deletion of both nt 1703-1727 and nt 1746-1770 (pGL4LUC-En 11-D4 +6) was constructed and luciferase activities were evaluated similarly. *p < 0.05. “/control” on the
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Fig. 4. Involvement of JAK activation in the IFN-o-induced suppression of En 11
activity. A. Huh-7 cells were transfected with pGL4LUC-En II and treated with JAK
inhibitor (1 pM) for 1 h. The cells were then incubated with IFN-0/(150 IU/ml) for
12 h, followed by luciferase assay. B. Huh-7 cells were pre-treated with JAK
inhibitor for 1 h, and then incubated with IFN-o(150 IU/ml) for 12 h, followed by
immunoblot analyses to detect Mx protein. *p <0.05. “/control” on the vertical
axis means the ratio of luciferase activity of IFN-o, treated cells normalized by that
of non-treated cells.

Knockdown of a single transcription factor does not influence IFN-o-
induced suppression of En II activity

We anticipated that IFN-o suppressed En II activity by functional
down-regulation of some transcription factor(s) phosphorylated in a
PKC-dependent manner. Among transcription factors which bind
the En II region, previous reports showed that Specificity Protein 1
(Sp1) (Mahoney et al., 1992; Pal et al., 1998; Rafty and Khachigian,

2001), Retinoid X Receptor o (RXRA) (Delmotte et al, 1999) and
C/EBP (Mahoney et al., 1992) were inactivated by PKC. Thus, we
examined the En II response to IFN-a after knockdown of these
transcription factors. C/EBP, RXR and Sp1 expression was efficiently
reduced by siRNA (Fig. 6A). We observed no significant change in
the suppression of En II activity compared with control siRNA
(Fig. 6B). This result suggests that several transcription factors
(including unknown proteins) might be involved in the IFN-o-
mediated suppression of En II activity.

Discussion

In the present study, we demonstrated that IFN-o suppressed
HBV En II activity. The inhibition by IFN-o of En II activity could
be blocked by pre-treatment with PKC inhibitors, and this
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Fig. 5. PKC-dependent suppression of En II activity by IFN-o.. A and C. Huh-7 cells were transfected with pGL4LUC-En 11, treated separately with each kinase inhibitor for
1 h. The cells were then treated with IFN-0(1000 [U/ml) for 12 h, and luciferase activities were evaluated. B. Huh-7 cells were treated with IFN-¢(1000 IU/m) for 12 h.
Immunoblot analyses were performed to detect phosphorylated PKC-o/B and phosphorylated PKC-8. Quantitative analysis of the expression level of phopho- PKC-/B and
-5 was performed by using Image]. Each level was normalized with that of I[FN-o-non-treated cells. D. Huh-7 cells were harvested at 30 min to detect phosphorylated
STAT1 and at 12 h to detect the expression of Mx after administration of IFN-o¢ (1000 [U/m), and immunoblot analyses were performed. Quantitative analysis of the
expression level of phopho-STAT1 was performed by using Image]. Each level was normalized with that of IFN-c-non-treated cells. E. Huh-7 cells were transfected with
pGL4ALUC-En I, treated with PMA (100 nM) for 12 h, and luciferase activities were evaluated. F. Huh-7 cells were treated with PMA (100 nM) or I[FN-2(1000 IU/m). The cells
were harvested at 30 min to detect phosphorylated STAT1 and at 12 h to detect the expression of Mx, and immunoblot analyses were performed. *p < 0.05. “/control” on
the vertical axis means the ratio of luciferase activity of IFN-oif PMA treated cells normalized with that of non-treated cells.

blocking effect may not involve STAT1 activation and ISG induc-
tion. The latter, ISG induction via the JAK-STAT pathway, has been
considered to be the main mechanism suppressing viral replica-
tion. Our findings suggest a pathway for IFN-o repression of HBV
transcription other than ISG induction.

PKCs are involved in a wide variety of cell functions and signal
transduction pathways regulating cell migration and polarity,
proliferation, differentiation and cell death (Nishizuka, 1988). In
the PKC family, there are at least ten isoforms which can be
divided into three sub-groups based on their structural charac-
teristics and cofactor requirements. These include the classical
PKC (cPKC: o, B, BII, and 7), the novel PKC (nPKC: &, €, } and 8),
and the atypical PKC (aPKC: { and t/A) (Azzi et al, 1992;

Breitkreutz et al., 2007; Kikkawa et al., 1989). IFN-o. can activate
multiple PKC isoforms: not only PKC-8, but also PKC-o/p (Pfeffer
et al., 1990), PKC-¢ (Pfeffer et al., 1991), and PKC-0 (Srivastava
et al., 2004). Despite the variety of PKC isoforms, most phosphor-
ylate similar sequences (Breitkreutz et al, 2007). Both the
PKC-a/B inhibitor (G66976) and PKC-6 inhibitor (rottlerin)
blocked the inhibitory effect of IFN-a on En II activity. Thus, it
was speculated that each PKC isoform might be similarly involved
in suppressing of En II activity.

Other studies have examined the role of the PKC pathway in
HBV replication. Kang et al. (2008) reported that PKC-mediated
phosphorylation increased capsid assembly and stability (von
Hahn et al, 2011), and von Hahn et al. (2011) reported that the
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Fig. 6. IFN-o-mediated suppression on En II activity with knockdown of C/EBP,
RXR and Sp1. A. Huh-7 cells were transfected with 10 nM siRNA (negative control
or specific for C/EBP, RXR and Sp1). Immunoblot analyses for expressions of C/EBP,
RXR, Sp1 and B-actin were performed at 48 h post siRNA transfection. B. Huh-7
cells were transfected with 10 nM siRNA (negative control or specific for C/EBP,
RXR and Sp1). On the next day, si-RNA treated cells were transfected again with
pGL4LUC-En II. On the following day, these transfected cells were incubated with
IFN-0,( 1000 IU/ml) for 12 h, and luciferase activities were evaluated. */control” on
the vertical axis means the ratio of luciferase activity of IFN-o treated cells
normalized with that of non-treated cells.

pan-PKC inhibitor sotrastaurin did not affect HBV replication. While
the role of PKC in the HBV life cycle is still controversial, our findings
suggest that PKC isoforms activated by IFN-¢ play inhibitory roles in
HBV transcription by down-regulation of En II activity. As von Hahn
et al. reported, sotrastaurin alone did not affect HBV replication. But,
based on our present data about another pan-PKC inhibitor, staur-
osporine, we speculate that sotrastaurin may also block the inhibi-
tory effect of IFN-o on En Il activity.

We showed that knockdown of a single transcription factor did
not influence the IFN-oi-mediated suppression of En Il activity,
suggesting that several transcription factors might be involved in
this suppression. We also showed that both segment 4 (nt 1703-
1727) and segment 6 (nt 1746-1770) within the En Il region are
required for the IFN-o-induced suppression of En II activity.
Although these two regions seem to be more important than
the others, all the deleted version of reporter constructs showed
almost completely similar suppression activities (Fig. 3B). We
speculate that there may be some transcription factors which
affect both the segment 4 and 6. Even if one of these regions is
deleted, some factors may affect the other region, and result in
the suppression of En II activity. Further study will be needed to
clarify the mechanism.

Indeed, there are no identified transcription factors which
could bind both segment 4 and 6. Only two transcription factors
(HNF1 and 3) were reported to bind segment 4 (Johnson et al,,
1995; Wang et al., 1998), and there have been no reports
indicating that IFN-o. or PKC inactivates HNF1 or 3. We also
examined the expression levels of HNF1 and 3 of the IFN-o
treated and the non-treated cells by RT-PCR. There was no
significant difference in the expression of these transcription
factors between the IFN-o treated and the non-treated cells
(Nawa et al., unpublished data). Thus, we speculate that HNF1
or 3 might not be involved in the IFN-o. mediated suppression of
En II activity. There may be unknown transcription factors in the
PKC pathway.

Previous reports showed that IFN-o suppressed En [ activity
(Nakao et al., 1999; Tur-Kaspa et al., 1990). Nakao et al. (1999)
indicated that this occurred due to the binding of ISGF3 to an
ISRE-like motif within the En I region. However, Rang et al. (2001)
demonstrated that IFN-o reduced HBV-RNA levels derived from
both HBV genome wild type and mutated ISRE-like motifs. This
result contradicted the Nakao's result that the activity of the En I
mutated ISRE-like motif was not suppressed by IFN-o. Schulte-
Frohlinde et al. (2002) reported that IFN-o suppressed HBV core
promoter regulated transcriptional activity, even when the ISRE-
like motif of En I was deleted. The results of Rang et al. and
Schulte-Frohlinde et al. suggest that IFN-o. might suppress the
activity of regions other than En L. In the present study, we
demonstrated that IFN-o suppressed En Il activity via the PKC
pathway. En Il might be one of the candidate regions down-
regulated by IFN-o within the HBV genome.

Since En II activates viral transcription only in hepatocytes, it
is responsible for the hepatocyte-specific gene expression of HBV.
There had been no study on the effect of IFN-o. on En I activity.
Our study clarified that the PKC pathway is involved in the IFN-o-
mediated suppression of En II activity, but may not involve ISG
induction. Our result should aid in establishing better treatment
with IFN-o against HBV infection. As we could not determine the
molecule which inhibits En II activity by IFN-a, further study is
needed to clarify this molecule and to control hepatitis B by IFN-o
treatment.

Materials and methods
Plasmids

The HBV sequence used in this study was of the adw2 subtype
(GenBank accession no. X02763). Numbering of the HBV sequence
started at the unique EcoRlI site. The En Il region in this study was
defined as nt 1640-1771 of HBV sequence (Fig. 1) (Ishida et al,,
2000). To construct pGLALUC-En II, a plasmid containing the HBV
En Il region, the DNA fragment was amplified with PCR and
inserted between Hind Il and Nhe 1 site of pGL4 Luciferase
Reporter Vector (pGL4LUC) (Promega, Madison, WI). The PCR
primers were as follows: 5-CCAAGCTTCTGCCCAAGGTC-3' and
5'-CCCGCTAGCAAAGACCTTTAACCTAATCTCCTCC-3'. The constructs
of the En Il sequence with various deletions were generated by
modifying pGL4LUC-En Il using the QuikChange Site-Directed Muta-
genesis Kit (Stratagene, La Jolla, CA). The constructs containing four
tandem repeats of short fragment in En Il sequence were generated
by inserting duplexes of synthesized oligonucleotides into the multi-
cloning site of pGLALUC. All of the En II sequences were inserted in
the antisense orientation to evaluate their enhancer activity.

Plasmid pHBV1.5 containing a 1.5-fold-overlength genome of
HBV-DNA (GenBank accession no. AF305422) has been described
previously (Bruss and Ganem, 1991).

Cell lines and reagents

The human hepatocellular carcinoma cell lines Huh-7, PLC/PRF/5,
and Hep3B were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% heat-inactivated fetal bovine
serum (Sigma-Aldrich, St. Louis, MO} in a humidified incubator at
5% CO, and 37 °C. Human natural IFN-o was kindly provided by
Hayashibara Biochemical Laboratories, Inc. (Okayama, Japan).

The inhibitors/activators and the final concentrations used
were: JAK inhibitor I (1 pM), PD98059 (10 M), SB203580
(10 uM), LY294002 (10 pM), Akt-I-1/2 (5 uM), staurosporine (10
or 20 nM), rottlerin (5 pM), G66976 (1 uM), SP600125 (10 M)
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(Calbiochem, San Diego, CA), phorbol 12-myristate 13-acetate
(PMA) (100 nM) (Sigma-Aldrich, St. Louis, MO).

Plasmid transfection and luciferase assay

Huh-7 cells were co-transfected with the firefly luciferase
plasmid and pGL4-RL-tk, an expression vector of renilla luciferase,
which was used as an internal control, using FuGENE HD reagent
(Roche Applied Science, Indianapolis, IN) according to the man-
ufacturer’s protocol. Activities of firefly luciferase and renilla
luciferase were measured using the Dual-Glo Luciferase Assay
System (Promega, Madison, WI), and then relative luciferase
activity was calculated by normalizing firefly luciferase activity
to renilla luciferase activity.

RNA extraction

Total RNA was isolated from cells using ISOGEN (Nippon Gene,
Tokyo, Japan) according to the manufacturer’'s protocol. The
isolated RNA was treated with DNase [ (Promega, Madison, WI)
to avoid contamination with transfected plasmid, and then
purified with a mixture of phenol, chloroform, and isoamylalcohol
(pH 7.9), followed by ethanol precipitation.

Western blot analysis

Cultured cells were lysed with a lysis buffer (1% NP-40, 0.5%
sodium deoxycholate, 0.1% SDS, and protein inhibitor cocktail
(Nacalai Tesque), in PBS, pH 7.4). Equal amounts of protein were
electrophoretically separated by polyacrylamide gel and transferred
onto PVDF membrane. For immunodetection, the following
antibodies were used: anti-STAT1 antibody, anti-phospho-STAT1
antibody, anti-phospho-PKC-a/p 1 (Thr 638/641) antibody, anti-
phospho-PKC-8 (Thr 505) antibody, anti-C/EBP antibody, anti-RXR
antibody, anti-Sp1 antibody, anti-B-actin antibody from Cell Signal-
ing Technology (Beverly, MA), and anti-Mx antibody from Abcam
(Cambridge, UK). The signals of phosphorlylated proteins such as
phospho-PKC-a/B, -8 and phospho-STAT1 were analyzed quantita-
tively using image analyzing software (Imagej; version 1.45).

Small RNA interference

Stealth Select RNAi specific for STAT1 (HSS 10273) was
purchased from Invitrogen (Carlsbad, CA). Silencer Select siRNA
specific for C/EBP (ID: S2890), RXR (ID: S12386) and Sp1 (ID:
$13319) were purchased from Ambion (Austin, TX). Stealth RNAi
Negative Control Low GC Duplex (Invitrogen, Carlsbad, CA) was
used as a control for the off-target effect following Stealth Select
RNAi delivery. The transfections were carried out using Lipofec-
tamine RNAIMAX (Invitrogen, Carlsbad, CA) according to the
reverse transfection protocol.

Real-time reverse-transcription PCR

For cDNA synthesis, 1 pg of total RNA was reverse-transcribed
using High Capacity RNA-to-DNA Master Mix (Applied Biosystems,
Foster City, CA). cDNA, equivalent to 20 ng RNA, was used as a
template for real-time reverse-transcription PCR (RT-PCR) using
Applied Biosystems 7900HT Fast Real-Time PCR System (Applied
Biosystems, Foster City, CA). mRNA expressions of C/EBP, FTF, HNF1,
HNF3, and HNF4 were measured using TagMan Gene Expression
Assays and were corrected with the quantified expressions level of
B-actin mRNA. Assay [Ds for the genes were as follows: C/EBP
(Hs00269972_s1), FTF (Hs00187067_m1), HNF1 (Hs00167041_m1),
HNF3 (Hs00232754_m1), and HNF4 (Hs01023298_m1).

For the detection of pgRNA and pre-C mRNA, the primers and
the probes were designed as follows according to a previous study
(Laras et al.,, 2002): the sense primer was 5-TCTTGTACATGTCC-
CACTGTTCAA-3’ (nt 1843-1866); the anti-sense primer was
5-AATGCCATGCCCCAAAGC-3’' (nt 1890-1909); the probe was
5-FAM-CTCCAAGCTGTGCCTT -3’ (nt 1869-1884). Since they were
within precore/core coding sequence, only the total abundance of
pgRNA and pre-C RNA could be detected.

Statistical analysis

Data were presented as mean + SD. Differences between two
groups were determined using Student’s t-test for unpaired
observations. p < 0.05 was considered statistically significant.
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Background & Aims: Improved therapeutic options for chronic
hepatitis C virus (HCV) infection are needed for patients who
are poor candidates for treatment with current regimens due to
anticipated intolerability or low likelihood of response.
Methods: In this open-label, phase 2a study of Japanese patients
with chronic HCV genotype 1b infection, 21 null responders
(<2 logio HCV RNA reduction after 12 weeks of peginterferon/
ribavirin) and 22 patients intolerant to or medically ineligible
for peginterferon/ribavirin therapy received dual oral treatment
for 24 weeks with the NS5A replication complex inhibitor dacla-
tasvir (DCV) and the NS3 protease inhibitor asunaprevir (ASV).
The primary efficacy end point was sustained virologic response
at 12 weeks post-treatment (SVRy3).

Results: Thirty-six of 43 enrolled patients completed 24 weeks of
therapy. Serum HCV RNA levels declined rapidly, becoming unde-
tectable in all patients on therapy by week 8. Overall, 76.7% of
patients achieved SVR;; and SVR,4, including 90.5% of null
responders and 63.6% of ineligible/intolerant patients. There were
no virologic failures among null responders. Three ineligible/
intolerant patients experienced viral breakthrough and four
relapsed post-treatment. Diarrhea, nasopharyngitis, headache,
and ALT/AST increases, generally mild, were the most common
adverse events; three discontinuations before week 24 were
due to adverse events that included hyperbilirubinemia and
transaminase elevations (two patients).
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Conclusions: Dual therapy with daclatasvir and asunaprevir,
without peginterferon/ribavirin, was well tolerated and achieved
high SVR rates in two groups of difficult-to-treat patients with
hepatitis C virus genotype 1b infection.

© 2012 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Therapies for chronic hepatitis C virus (HCV) infection have
improved markedly over the past decade. The recent approval
of the first direct-acting antivirals (DAAs) was an important
milestone in the evolution of HCV therapy, establishing
that DAAs can enhance regimen efficacy and provide durable
viral clearance. These new agents in combination with
peginterferon and ribavirin (PegIFN-o/RBV) achieve overall sus-
tained virologic response (SVR) rates of approximately 70% in
treatment-naive patients with HCV genotype 1 infection
[1,2].

Despite these advances, current treatment options remain
inadequate for some patients. Patients with prior null response
to PegIFN-ot/RBV (<2 log;o decline in HCV RNA after 12 weeks)
have a particularly acute need for further therapeutic improve-
ments. Null responders generally respond poorly to retreat-
ment with PeglFN-o/RBV; fewer than 10% achieve SVR [3].
Retreatment of null responders with PeglFN-o/RBV combined
with telaprevir or boceprevir increases SVR rates to approxi-
mately 30-38%, suggesting that addition of a DAA to PegIFN-
o/RBV increases efficacy, but that more potent regimens are
still urgently needed [4,5]. There are also many patients who
cannot be treated with current therapies; this group includes
patients with prior intolerance to PeglFN-o/RBV and patients
who are ineligible for PeglFN-o/RBV -containing therapy for
medical reasons.

There is precedence for use of combination antiviral regi-
mens to treat human immunodeficiency virus (HIV) infections;
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evidence is mounting that DAA regimens can also provide
durable clearance of HCV infections. Thus, there is a strong
rationale for exploration of dual DAA regimens, without Peg-
IFN-oi/RBV. In combination, DAAs with different molecular tar-
gets can increase regimen potency and raise the barrier to
resistance, potentially eliminating the need for PegIFN-o/RBV
and providing a viable therapy for patients who are anticipated
to be poorly responsive or intolerant to current PeglFN-o/RBV-
containing regimens. The improved tolerability and conve-
nience that can be anticipated with dual DAA regimens sug-
gests that they may also benefit treatment-naive patients and
other groups. Previous studies of DAA-only regimens, or DAAs
combined with RBV, have demonstrated marked antiviral
effects in treatment-naive and experienced patients, including
null responders, supporting the further evaluation of dual
DAA therapy reported here [6-10].

Daclatasvir (DCV; BMS-790052) is a first-in-class, highly
selective NS5A replication complex inhibitor with picomolar
potency and broad genotypic coverage; asunaprevir (ASV;
BMS-650032) is a potent NS3 protease inhibitor active against
genotypes 1 and 4. Daclatasvir and asunaprevir have different
modes of action and resistance-associated variants, and in
combination show increased antiviral potency in vitro and a
high genetic barrier to resistance [11,12]. Daclatasvir and
asunaprevir had no clinically meaningful pharmacokinetic
interaction in healthy volunteers [13]. Initial efficacy evalua-
tions of daclatasvir and asunaprevir (DUAL therapy) showed
potent antiviral effects and SVR rates >90% in Japanese and
US/European null responders with HCV genotype 1b infection
[7,8].

We present final results of an open-label trial evaluating DUAL
oral therapy with daclatasvir and asunaprevir in Japanese
patients with chronic HCV genotype 1b infection. Initial results
from a sentinel cohort of 10 patients with prior null response
to PegIFN-0//RBV have been reported [7]. The present report com-
bines these data with results for 11 additional null responders,
together with results for 22 patients with prior intolerance to
PeglFN-o//RBV or who were medically ineligible for PegIFN-o/
RBV-containing therapy.

Materials and methods
Study design

This open label, phase 2a study (Al447-017; clinicaltrials.gov identifier
NCT01051414) was conducted in two populations of patients with HCV genotype
1 infection, including null responders (<2 logo decline of serum HCV RNA levels
after 12 weeks of prior PeglFN-o/RBV), and PegIFN-o/RBV ineligiblefintolerant
patients. The latter group discontinued prior therapy with PeglFN-o/RBV due to
intolerance after <12 weeks, or patients were treatment-naive but poor candi-
dates for PeglFN-o/RBV for medical reasons such as advanced age or complica-
tions of depression, anemia, myelosuppression, diabetes, or cardiovascular or
renal dysfunction.

Patients were enrolled in two cohorts of null responders and two cohorts
of PeglFN-ot/RBV ineligible/intolerant patients. One cohort of each population
included intensive sampling for pharmacokinetic analyses; both cohorts of
each population were combined for efficacy and safety assessments. The sen-
tinel cohort of null responders, reported previously, provided 4-week safety
data for review by the study Safety Committee, prior to initiation of the other
cohorts [7]. The primary efficacy end point was the proportion of patients
with undetectable HCV RNA at 12 weeks post-treatment (SVRy,). Key second-
ary end points included the proportions of patients with HCV RNA undetect-
able at week 4, week 12, the end of treatment, and post-treatment week 24
(SVR24).

Written informed consent was obtained from all patients. The study was
approved by institutional review boards at each site and was conducted in com-
pliance with the Declaration of Helsinki, Good Clinical Practice Guidelines, and
local regulatory requirements.

Patients

Eligible patients were men and women aged 20-75 years with HCV genotype 1
infection >6 months and HCV RNA >10° [U/ml. Women of childbearing poten-
tial were using adequate contraception. Patients were excluded if they had evi-
dence of liver cirrhosis within 24 months of screening by laparoscopy, imaging
studies, or liver biopsy; a history of hepatocellular carcinoma, other chronic
liver disease, variceal bleeding, hepatic encephalopathy, or ascites requiring
diuretics or paracentesis; co-infection with hepatitis B virus or HIV; other clin-
ically significant medical conditions; exposure to any investigational drug or
placebo within 4 weeks, or any previous exposure to NS5A or NS3 protease
inhibitors.

Exclusionary laboratory findings included alanine aminotransferase (ALT)
>5x upper limit of normal (ULN), total bilirubin >2 mg/dl, direct bilirubin
>1.5x ULN, international normalized ratio (INR) > 1.7, albumin <3.5 g/dl, hemo-
globin <9.0 g/dl, white blood cells <1500/mm?, absolute neutrophils <750/mm?3,
platelets <50,000/mm?, and creatinine >1.8x ULN. Prohibited concomitant med-
ications included CYP3A4 inducers or moderate/strong CYP3A4 inhibitors, non-
study medications with anti-HCV activity, prescription or herbal products not
prescribed for treatment of a specific condition, proton pump inhibitors, and
erythropoiesis-stimulating agents. Prescribed H2 receptor antagonists were
administered >2 h after and =10 h prior to daclatasvir; other acid modifying
agents were administered >2 h prior and >2 h after daclatasvir.

Study drug dosing

Patients received 24 weeks of treatment with daclatasvir 60 mg once daily (two
30 mg tablets), combined with asunaprevir 200 mg twice daily, with 24 weeks
of post-treatment follow-up. In the sentinel cohort of null responders, asunapre-
vir was initially administered as three 200 mg tablets twice daily (600 mg BID),
subsequently reduced to 200 mg BID during treatment following reports from
another study of greater and more frequent aminotransferase elevations with
the higher dose [14].

Patients with HCV RNA <15 IU/ml on or after week 4 continued treatment
to week 24; patients discontinued treatment if HCV RNA decreased <2 logqo -
[U/ml from baseline on or after week 2. Patients with viral breakthrough on
or after week 2, or quantifiable HCV RNA (>151U/ml) on or after week 4,
either discontinued treatment or weight-based PeglFN-o/RBV was added (null
responders only), for up to 48 additional weeks, at the discretion of the
investigator based on anticipated tolerability. Viral breakthrough was defined
as confirmed >1log;oIU/ml increase from nadir of HCV RNA, or HCV RNA
>151U/ml after confirmed undetectable. Post-treatment relapse was defined
as confirmed HCV RNA >151U/ml during follow-up in patients with unde-
tectable HCV RNA at the end of treatment.

Safety and efficacy assessments

HCV RNA, physical examinations, adverse events, laboratory parameters, and
concomitant medications were assessed at screening, study days 1 {baseline),
weeks 1, 2, 3, 4, 6, 8, 10, 12, 16, 20, and 24, and post-treatment weeks 4, 8,
12, and 24. Twelve-lead electrocardiograms were recorded at all visits except
weeks 3 and 6.

Serum HCV RNA levels were determined at a central laboratory using the
Roche COBAS® TagMan® HCV Auto assay, (Roche Diagnostics KK, Tokyo, Japan),
lower limit of quantitation 15 IU/ml. HCV genotype and subtype and [L28B geno-
type (rs12979860) were determined by PCR amplification and sequencing. Base-
line liver fibrosis was assessed by serum blood markers (APRI; AST and Platelet
Ratio Index) [15]. HCV resistance-associated polymorphisms were analyzed in
stored baseline samples from all patients and post-failure samples from patients
with viral breakthrough or post-treatment relapse. Polymorphisms were ana-
lyzed by PCR amplification and population sequencing of the HCV NS3 protease
and NS5A domains.

Statistical analysis

Categorical variables were summarized using counts and percents; continuous
variables were summarized with univariate statistics.
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Table 1. Baseline demographic and disease characteristics.
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Parameter Null responders Ineligible/intolerant
n=21 n=22

Age, median yr (range) 61 (31-70) 68 (47-75)
Male, n (%) 8(38.1) 6 (27.3)
HCV genotype 1b, n (%) 21 (100) 22 (100)
IL28B genotype, n (%)
(rs12979860) CT 18 (85.7) 6 (27.3)

cC 3(14.3) 16 (72.7)
HCV RNA, mean log,; IU/ml (SD) 6.8 (0.47) 6.6 (0.64)
ALT, mean U/L (SD) 57.9 (24.86) 45.7 (25.79)
APRI score

Score >2, n (%) 3(14.3) 1(4.5)

Median (range) 0.96 (0.24-3.41) 0.57 (0.40-2.79)
PeglFN-a/RBYV ineligible, n (%) n.a. 18 (81.8)
PeglFN-o/RBV intolerant, n (%) n.a. 4(18.2)

n.a., Not available.

Results
Patient characteristics and disposition

Forty-nine patients were screened of which six failed to meet
entry criteria; 21 null responders and 22 ineligible/intolerant
patients were enrolled and treated (Table 1). The enrolled
population was generally older (median 62 years), consistent
with HCV epidemiology in Japan, and primarily female
(67%); all patients were Japanese. No patient had prior exposure
to HCV DAAs. Although any HCV genotype 1 subtype was permit-
ted, all enrolled patients had genotype 1b infection, reflecting the
high proportion of this subtype in Japan [16]. Null responders were
primarily [L28B genotype CT (rs12979860) as expected [17];
ineligible/intolerant patients were primarily genotype CC, con-
sistent with the distribution of IL28B genotypes in Japan [18].
Eighteen ineligible/intolerant patients were treatment-naive
and considered ineligible for PegIFN-o/RBV due to anticipated
difficulty in completing therapy due to advanced age
(>70years) (seven patients), cytopenia (two), depression
(two), hypertension (one), or other reasons (six), consistent
with common clinical practice in Japan. Four patients had prior
PeglFN-o/RBV intolerance due to cytopenia (two patients),
depression (one), or other reasons (one). Baseline HCV RNA
and ALT levels were similar across patient groups. Although
patients with cirrhosis by imaging criteria were excluded, four
enrolled patients had APRI scores >2 at baseline, indicating
probable cirrhosis [15].

Thirty-six of 43 enrolled patients completed 24 weeks of
therapy (Fig. 1). Two null responders discontinued study med-
ication due to hyperbilirubinemia (week 2) and aminotransfer-
ase elevation (week 12), respectively. One null responder
achieved very low HCV RNA (501U/ml) at week 4; however,
stringent protocol-defined rules required discontinuation from
DAA-only therapy and addition of PeglFN-o/RBV to the dual
DAA regimen at week 6. Study drugs were discontinued in four
ineligible/intolerant patients due to aminotransferase elevation
(week 16), viral breakthrough (week 16), or patient request
(weeks 8 and 16); all four patients remained on study for
assessment of SVR.

Virologic response

High rates of virologic response were seen at all time points in both
study populations (Table 2). Overall, 77% of patients achieved SVR;,
and SVRy4. HCV RNA was undetectable in more ineligible/intolerant
patients than null responders at week 4, suggesting a more rapid ini-
tial antiviral effect, but HCV RNA was undetectable in similar propor-
tions of both populations at week 12 and the end of treatment. Rates
of SVR,4 were higher in null responders (91%) than in ineligible/intol-
erant patients (64%) due to virologic failures in the latter group (3
breakthroughs and 4 relapses). Assessment of virologic response by
1[28B genotype (rs12979860) showed slightly greater responses at
weeks 2, 3, and 4 in patients with genotype CC; however, similar
proportions of patients with genotypes CC and CT achieved
SVR34 (Fig. 2). All four patients with possible cirrhosis based on
APRI score achieved SVR,4.

HCV RNA declined rapidly after initiation of therapy in all
patients (Fig. 3). Mean reductions of HCV RNA from baseline at
week 4 were 5.6 and 5.4 log;o IU/ml in null responders and inel-
igible/intolerant patients, respectively; HCV RNA was undetect-
able by week 8 in all patients on therapy. In the ineligible/
intolerant group, initial virologic response in the four intolerant
patients was similar to that of the cohort overall; three of these
patients subsequently achieved SVR,4 and one relapsed. The null
responder who discontinued at week 2 with hyperbilirubinemia
had low-level HCV RNA at discontinuation and undetectable
HCV RNA at all post-treatment assessments. The null responder
who added PeglIFN-o/RBV at week 6 received 46 weeks of qua-
druple therapy and HCV RNA remained undetectable 24 weeks
post-treatment. Among the four ineligible/intolerant patients
who discontinued study drugs before week 24, HCV RNA was
undetectable at discontinuation (weeks 8 or 16) in three patients
and remained undetectable in the two patients who completed
post-treatment follow-up.

Viral breakthrough and relapse
No null responders experienced virologic breakthrough or relapse

(Table 2). Three ineligible/intolerant patients experienced viral
breakthrough at weeks 10 or 16 after >4 weeks with undetectable
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Fig. 1. Patient disposition. Patient flow through treatment and follow-up is shown. d/c, Discontinuation of study medication; SVR4, SVRy2 and SVRy4, sustained virologic
response 4, 12 or 24 weeks post-treatment. *On-study follow-up continued to post-treatment week 4; HCV RNA remained undetectable at post-treatment week 24 after
study discontinuation, reported as failure for SVR,, per statistical protocol requirements; PJHCV RNA was undetectable at post-treatment week 24 after study
discontinuation due to addition of PeglFN-a/RBV, reported as failure for SVR per statistical protocol requirements; “on-study follow-up to assess SVR continued after

discontinuation of study drugs.

Table 2. Virologic outcomes.

n (%) Null responders, Ineligible/intolerant,
n=21 n=22

HCV undetectable

Wk 4 (RVR) 11 (52.3) 19 (86.4)

Wk 12 (cEVR) 19 (90.5) 20 (90.9)

End of treatment 19 (90.5) 19 (86.4)
SVR, 20 (95.2) 15 (68.2)?
SVR,, 19 (90.5)" 14 (63.6)?
SVR,, 19 (90.5)" 14 (63.6)?
Viral breakthrough 0 3(13.6)
Post-treatment relapse 0 4(18.2)

Intention to treat (missing = failure) analysis. End of treatment is week 24 or last
on-treatment visit for patients who discontinued early.

RVR, rapid virologic response; cEVR, complete early virologic response; SVR,,
SVR;,, and SVR,4, sustained virologic response 4, 12 or 24 weeks post-treatment.
"Two patients discontinued from the study before completion of follow-up. One
patient received added PeglFN-o/RBV per protocol criteria and is counted as
failure for SVR4, SVRy2, and SVRy4 for DAA only therapy; one patient had missing
HCV RNA data for follow-up weeks 12 and 24 and is counted as failure for SVR;;
and SVRy4 per statistical protocol.

2One patient was lost to follow-up for assessment of SVR;; and SVRya.
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serum HCV RNA, and four patients relapsed at post-treatment
week 4 (three patients) or 12 (one patient) after >18 weeks with
undetectable HCV RNA. All three patients with viral breakthrough
were [L28B genotype CT (rs12979860), compared with 6/22 ineli-
gible/intolerant patients overall. Three patients who relapsed were
IL28B genotype CC; one was genotype CT.

Resistance-associated polymorphisms in NS5A and/or NS3
protease were found pretreatment in 33/43 patients overall, most
of whom achieved SVR. Daclatasvir and asunaprevir resistance-
associated variants were detected post-failure in all seven
patients with virologic failure (Table 3). The NS5A-Y93H variant
pre-existed in 10/43 study patients, of which five (50%)
experienced virologic failure and five (50%) achieved SVR.
NS5A-L31 and NS3-D168 substitutions emerged in all failures,
but were not detected pretreatment except for NS5A-L31M in
one patient.

In general, patients with virologic failure had concurrent
asunaprevir and daclatasvir trough concentrations below median
values, but within the expected range (Fig. 4). Notably, most
patients with trough concentrations below median values
achieved SVR. There were no strong associations between viro-
logic failure and pretreatment parameters that included gender,
age, baseline HCV RNA level, IL28B genotype, reason for PeglFN-
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Fig. 2. Outcomes by IL28B genotype. Virologic outcomes at milestone time
points are shown for the overall population by IL28B (1s12979860) genotype. End
of treatment is week 24 or the last on-treatment visit for patients who
discontinued early. RVR, rapid virologic response; cEVR, complete early virologic
response; SVRy; and SVR,4, sustained virologic response 12 or 24 weeks post-
treatment.

o/RBV ineligibility, and fibrosis stage. Adherence to treatment,
assessed by pill counts at study visits, was high in six of the seven
patients with virologic failure.

Safety

The most frequently reported adverse events were generally mild
headache, nasopharyngitis, aminotransferase elevations, and
diarrhea (Table 4). The most frequent grade 3 or 4 laboratory
abnormalities were serum aminotransferase elevations. There
were six serious adverse events in five patients, including grade
2/3 pyrexia (three patients), grade 2 exacerbation of hypochon-
driasis, and grade 2 gastroenteritis (unrelated to study drugs)
with grade 4 hyperbilirubinemia (described in detail previously)
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Table 3. Resistance-associated polymorphisms in patients with virologic
failure.

Patient NS5A NS3
131 Q54 P58 Y93 Q80 D168

£, 1 Baseline L/M Y/H
3 Post-VBT M A H A
% 2 Baseline Y YH L
_95’ Post-VBT M Y H \
s 3 Baseline Y H
> Post-VBT M Y H V
o 4 Baseline P/IS  YMH
§ Post-relapse M H A
© & Baseline L
‘qr‘:'} Post-relapse M L H VD
E 6 Baseline
03 Post-relapse V H Vv
% 7 Baseline H
o Post-relapse V/IM H \

[7]. All three pyrexia events resolved after 4-10 days with contin-
ued study treatment; the hypochondriasis persisted for approxi-
mately six months and resolved after completion of study
treatment. In the patient who discontinued with hyperbilirubine-
mia, bilirubin normalized four weeks post-treatment [7]. Serum
aminotransferases normalized by four weeks post-treatment in
the two patients who discontinued for elevations.

Discussion

High rates of SVRy4 were achieved after 24 weeks of dual oral
DAA therapy in null responders and PegIFN-o/RBV ineligible or

A B
| Daclatasvir + asunaprevir Follow-up > I Daclatasvir + asunaprevir Follow-up>
8 8-
7 7
s n=21 A n=22
6l SVR,=905% 64 SVR, =63.6% )
E -
2 5 5 /
5 I3
g 4 441 /
< "7 ) /
z 4
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Weeks

Fig. 3. HCV RNA levels, individual patients. Serum HCV RNA levels over time are shown for each patient. (A) Null responders; (B) ineligible/intolerant patients. EOT, end of
treatment; SVRy4, sustained virologic response 24 weeks post-treatment; LLOQ, lower limit of quantitation = 15 IU/ml.
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Fig. 4. Daclatasvir and asunaprevir trough plasma concentrations. Available
trough plasma concentrations of asunaprevir and daclatasvir for individual
patients are plotted and color-coded according to each patient’s virologic
outcome. Multiple determinations are shown for some patients. «Indicates values
from a single patient with documented non-compliance.

intolerant patients, representing two populations that are partic-
ularly difficult to treat due to limited therapeutic options. SVR
rates were comparable at post-treatment weeks 4, 12, and 24;
only one relapse occurred more than 4 weeks post-treatment.
The 90.5% SVR rate in null responders is substantially higher than
the generally poor response to PegIFN-o/RBV retreatment and the
37% SVR rate reported for genotype 1b null responders treated
with PegIFN-o/RBV and telaprevir [4,19]. Therefore, therapy of
this population with daclatasvir and asunaprevir appeared to
overcome the poor interferon responsiveness, which may be less
relevant to the efficacy of this DAA-only regimen. The SVR rate of
63.6% in ineligible/intolerant patients, although lower than
results in null responders, is the first demonstration of a
potentially effective treatment for these patients who currently
have no therapeutic options. High SVR rates in both populations
were achieved despite multiple adverse predictors of response to
PegIFN-o,/RBV therapy, including older age, high viral load, and a
high proportion of IL28B genotype CT in the null responders.

Detectable HCV RNA was cleared rapidly; viral suppression
was greater at all time points compared to reported results with
PegIFN-o/RBV combined with telaprevir or TMC435 in genotype
1 null responders [4,20]. The slightly greater early viral suppres-
sion in ineligible/intolerant patients may reflect the higher fre-
quency of IL28B CC genotype in this group. In the overall
population, early virologic response was greater in patients with
CC genotype, although this difference disappeared by week 12.
Potentially, CC genotype may increase early viral suppression
by increasing responsiveness to endogenous interferons that are
released as a result of the rapid antiviral activity of the dual
DAA therapy, allowing reversal of HCV-induced immunosuppres-
sion [21].

These results in patients with HCV genotype 1b differ from
those reported for genotype 1a. In a similar study of US/European
null responders, 2/9 patients with genotype 1a achieved SVR with
daclatasvir + asunaprevir dual therapy, compared with 10/10
patients with genotype 1a who received quadruple therapy com-

Table 4. Most frequent adverse events and laboratory abnormalities.

Event, n (%) Null responders  Ineligible/

intolerant

(n=21) (n=22)
@ Headache 8 (38) 6 (27)
8 Nasopharyngitis 6 (29) 8 (36)
& ALTincrease 6 (29) 6 (27)
X Diarrhea 9 (43) 2(9)
= ASTincrease 6 (29) 4(18)
£ Pyrexia 3(14) 5 (23)
§ Eosinophilia 1(5) 4 (18)
o Abdominal 3(14) 2(9)
g =) discomfort
3 2 Malaise 2(10) 3(14)
© & Constipation 2 (10) 3(14)
g £ Back pain 3(14) 1(5)
< .£ Decreased appetite 0 3(14)
o AT 2 (10) 2(9)
;r“-‘ 2 AST 1(5) 2(9)
5 E Lymphocytes 2 (10) 1(5)
g g Phosphorus 1(5) 1(5)
T 2 Bilirubin, total 1(5) 0
Ok Leukocytes 1(5) 0

bining daclatasvir and asunaprevir with PegIFN-o//RBV [8]. This
difference suggests that viral genotype can influence responses
to DAA regimens, and outcomes can be optimized by individual-
ized therapy that considers viral genotype.

The two populations included in this study represent substan-
tial numbers of patients worldwide. Approximately 10% of HCV
genotype 1-infected patients receiving PeglFN-o/RBV have a null
response [22]. The cumulative prevalence of PeglFN-o/RBV null
responders and the frequent failure of retreatment with current
regimens, together suggest that a large population of null
responders is awaiting improved therapies. The population of
PegIFN-ct/RBV ineligible or intolerant patients has not been
extensively studied but may be substantial. In the IDEAL study,
23.2% of the 4469 patients screened were considered ineligible
for PegIFN-o/RBV therapy; of these, 30.3% had hematologic or
psychiatric conditions that may not preclude DAA-only regimens
[23]. In registration trials, 9.7-14% of patients receiving PegIFN-
0,/RBV discontinued study treatment due to intolerance [24,25].
Moreover, these clinical trial data are likely to underestimate
the true size of the ineligible and intolerant populations in com-
munity practice.

Virologic failures occurred relatively late in therapy after
extended periods with undetectable HCV RNA. All seven patients
with virologic failure had emergent NS5A and NS3 mutations that
together confer high-level resistance to both daclatasvir and
asunaprevir in vitro [11,12]. Pretreatment, NS5A-Y93H was
detected in five of the seven patients with virologic failure and
in five additional patients who achieved SVR, suggesting that
pre-existing Y93H is loosely associated with virologic failure
but is not an absolute predictor. Pharmacokinetics may also have
contributed; nearly all patients with virologic failure had trough
plasma concentrations of daclatasvir and asunaprevir below their
respective median values. However, SVR was achieved by most
patients with trough drug levels below the median, and by

660 Journal of Hepatology 2013 vol. 58 | 655-662

— 186 —



several patients who discontinued study treatment after
2-16 weeks. Thus, the relationship of drug exposure to virologic
outcome remains uncertain; further study is needed to define
on-treatment predictors of outcome and the optimal duration
of therapy.

Current data do not fully explain the observed differences in
rates of virologic failure and SVR, between the two study popula-
tions. [L28B genotype was the primary difference between the
two populations pretreatment. All three breakthroughs occurred
in ineligible/intolerant patients with the unfavorable [L28B CT
genotype; however, null responders had no breakthroughs,
despite a much higher frequency of this genotype. Differing
proportions of patients with concurrent pre-existing resistance-
associated polymorphisms and low plasma drug concentrations
may have contributed to differing rates of virologic failure
between the two populations. Analysis of baseline parameters
failed to identify other factors that may have influenced
outcomes. However, these analyses were limited by the rela-
tively small study population and may have been confounded
by unreported non-adherence or baseline parameters not
quantified absolutely, such as the stage of liver fibrosis. This
issue requires further study in larger populations to confirm
the apparent difference in outcomes and to identify factors
predictive of virologic failure.

The adverse event profile of the study regimen was gener-
ally more favorable than that typically observed with PegIFN-
o/RBV-containing regimens [26]. There were no significant
hematologic or psychiatric abnormalities; the most common
adverse events were non-specific in nature and generally mild
to moderate in intensity. Mild diarrhea was experienced by
26% of study patients, consistent with previous studies of
asunaprevir and other drugs of this class [4,6,14]. The four
observed grade 3/4 ALT elevations resolved with continued
therapy or after discontinuation and were not associated with
significant clinical events. A role for study drugs in the
reported serious adverse events cannot be ruled out except
for gastroenteritis; however, four of the six events resolved
spontaneously with continued treatment. The case of hyperbil-
irubinemia with gastroenteritis was complicated by multiple
confounding factors, and the contribution of study drugs is
uncertain [7].

In conclusion, dual oral therapy with daclatasvir and
asunaprevir elicited rapid clearance of detectable HCV RNA
and achieved high rates of SVR in two difficult-to-treat patient
populations. These results confirm initial findings that HCV
genotype 1b infections can be cured with daclatasvir com-
bined with asunaprevir, without PegIFN-o/RBV [7,8]. Thus, this
regimen has potential to offer effective treatment to null
responders who have previously shown little or no response
to PeglFN-o/RBV, and to PegIFN-o/RBV ineligible/intolerant
patients who have no current treatment options. Further
research will assess the benefits of this and other DAA combi-
nations in larger and more diverse patient populations, but
the promise of all oral and well-tolerated HCV therapy is on
the horizon.
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Long-Term Entecavir Treatment Reduces
Hepatocellular Carcinoma Incidence in Patients With
Hepatitis B Virus Infection

Tetsuya Hosaka,' Fumitaka Suzuki,' Masahiro Kobayashi,' Yuya Seko,' Yusuke Kawamura,' Hitomi Sezaki,"
Norio Akuta," Yoshiyuki Suzuki," Satoshi Saitoh," Yasuji Arase,' Kenji Ikeda,' Mariko Kobayashi,” and

Hiromitsu Kumada'

Chronic hepatitis B virus (HBV) infection leads to cirrhosis and hepatocellular carcinoma
(HCC). Antiviral agents are thought to reduce HCC development, but agents such as lami-
vudine (LAM) have a high rate of drug resistance. We compared the incidence of HCC in
472 entecavir (ETV)-treated patients and 1,143 nontreated HBV patients (control group).
Propensity score matching eliminated the baseline differences, resulting in a sample size of
316 patients per cohort. The drug mutation resistance was 0.8% (4/472) in the ETV
group. The camulative HCC incidence rates at 5 years were 3.7% and 13.7% for the ETV
and control groups, respectively (P < 0.001). Cox proportional hazard regression analysis,
adjusted for a number of known HCC risk factors, showed that patients in the ETV group
were less likely to develop HCC than those in the control group (hazard ratio: 0.37; 95%
confidence interval: 0.15-0.91; P = 0.030). Both cohorts were applied in three previously
reported risk scales and risk scores were generated based on age, gender, cirrhosis status,
levels of alanine aminotransferase, hepatitis B e antigen, baseline HBV DNA, albumin,
and bilirubin. The greatest HCC risk reduction occurred in high-risk patients who scored
higher on respective risk scales. In sub analyses, we compared treatment effect between
nucleos(t)ide analogs, which included matched LAM-treated patients without rescue ther-
apy (n = 182). We found HCC suppression effect greater in ETV-treated (P < 0.001) than
nonrescued LAM-treated (P = 0.019) cirrhosis patients when they were compared with
the control group. Conclusion: Long-term ETV treatment may reduce the incidence of
HCC in HBV-infected patients. The treatment effect was greater in patients at higher risk

of HCC. (HepatoLoGy 2013;00:000-000)

ore than 2 billion people worldwide have

been exposed to hepatitis B virus (HBV)

and about 350 million people are chroni-
cally infected, the majority of whom are in Asia (75%).
The prevalence of HBV in Japan is 0.8%, which is lower
than other Asian countries such as Taiwan (>10%) and
China.'® As chronic HBV infection leads to cirrhosis
and hepatocellular carcinoma (HCC), published studies
have shown that up to 25% of chronically infected
patients eventually die of liver cirrhosis or HCC.*

A large-scale longitudinal epidemiologic study has
shown that a patient’s baseline HBV DNA level is an
independent predictor for the development of HCC.?
Studies have begun to show that treatment to decrease

HBV DNA reduces the risk of HCC development in
HBV patients with cirrhosis or advanced fibrosis or in
chronic HBV patients.*”

Within the past 10 years, new antiviral therapies,
including nucleos(t)ide analogs (NAs), have been
approved and were successful in suppressing circulating
serum viral loads. Studies that have examined the
relationship between NA therapy and HCC almost
exclusively used older drugs such as lamivudine and/or
adefovir. Although results of long-term studies showed
the importance of antiviral suppression, HCC risk
among patients treated by newer NAs remains incon-
clusive. Entecavir (ETV) is a relatively new antiviral

NA that has proved effective in suppressing HBV

Abbreviations: ALT, alanine aminotransferase; HBY, hepatitis B virus; HCC, hepatocellular carcinoma; ETV, entecavir; HBeAg, hepatitis B e antigen; HBV
DNA, hepatitis B virus deoxyribonucleic acid; HR, hazard ratio; NA, nucleos(t)ide analogs; PS, propensity score; ROC, receiver operating characteristic curve.
From the 'Department of Hepatology, Toranomon Hospital, Tokyo, Japan; “Research Institute for Heparology, Toranomon Hospital, Tokyo, Japan.
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Fig. 1. Entecavir-treated and nontreated cohorts. ETV, entecavir; HBY, hepatitis B virus; IFN, interferon; NA, nucleos(t)ide; HCV-Ab, anti-hepati-

tis C virus antibody.

DNA replications with minimal drug resistance.>’ In
this study we examined whether long-term ETV treat-
ment would reduce HCC risk in HBV-infected

patients when compared with NA-naive patients.

Patients and Methods

Patients and Design. From 2004 to 2010, we con-
secutively recruited 510 patients treated with 0.5 mg
ETV (ETV group); the ETV group was compared
with a retrospective cohort of 2,332 NA-naive, HBV-
infected patients (control group).

These patients were chronically monoinfected with
HBV and were confirmed as hepatitis B s antigen
(HBsAg)-positive for at least 6 months. As a general rule,

ETV was initiated in a patient who had both abnormal
alanine aminotransferase (ALT) levels (defined as ALT
>45) and elevated HBV DNA levels of >4 log copies/
mL. A patient with advanced fibrosis would be treated
with ETV if the ALT level was normal; however, a
patient without fibrosis or with a normal HBV DNA/
ALT level would not be treated with ETV. Among the
treated patients, 38 were excluded from the ETV group
either because their follow-up period was less than 1 year
(n = 28) or because the clinical data or serum samples
were incomplete (n = 10). The remaining 472 ETV-
treated patients were included in the analysis (Fig. 1).
No patient in the ETV group received other NAs before
ETV treatment.
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The control group patients were recruited from
1973 to 1999. These patients were NA-naive at base-
line, as no NA therapy had yet been approved. Patients
were excluded from the control group if (1) their fol-
low-up duration was less than 1 year (n = 262); (2)
corticosteroid withdrawal therapy (n = 120), IEN
treatment (n = 305) or NA treatment (n = 273) was
initiated during follow-up; (3) clinical data or serum
samples were incomplete (n = 153); or (4) patients
were found to be positive for anti-hepatitis C virus
antibodies (HCV-Ab) (n = 76). The remaining 1,143
patients served as the control population (Fig. 1).

We also made subanalyses to examine the difference
of HCC suppression effect between NAs. To make this
comparison, we recruited a cohort of 949 consecutive
patients from our hospital who were treated with lami-
vudine (LAM) (September 1995 to September 2007).
LAM-treated patients who met the same inclusion crite-
ria as the ETV group, who had no rescue therapy
(LAM group, n = 492), were used in the comparison.

We received informed consent from each patient at
their entry into the study. Informed consent for the clini-
cal data collection and storage of serum samples were
obtained from each patient in the historical control
group. The study protocol was in accordance with the
ethical guidelines of the Declaration of Helsinki and
approved by the Toranomon Hospital Ethics Committee.

Clinical Data Collection and Follow-up. All ETV-
treated and untreated patients were followed at 1- to 3-
month intervals, during which biochemical and HBV
virological markers, blood counts, tumor markers (e.g.,
alpha-fetoprotein and des-y-carboxylprothrombin), and
cirrhosis and HCC status were monitored. Viral response
in the ETV group was defined as a reduction in HBV
DNA levels to below 400 copies/mL. Cirrhosis was
determined by laparoscopy, liver biopsy, imaging modal-
ities, or portal hypertension. HCC was diagnosed pre-
dominantly via imaging, including dynamic computed
tomography, magnetic resonance imaging, and/or digital
subtraction angiography. When the hepatic nodule did
not show typical imaging features, diagnosis was
confirmed by fine-needle aspiration biopsy followed by
histological examination. Patients were followed until
any confirmed HCC diagnosis 1 year after the start of
observation (primary outcome) or until the last visit
before December 2011. All patients also underwent
ultrasonography or helical dynamic computed tomogra-
phy every 3 to 6 months (cirrhosis patients) or every 6 to
12 months (noncirrhosis patients).

HBYV Infection Markers. HBV DNA levels were
quantified using the COBAS Amplicor HBV Monitor
Test (Roche Diagnostics, Tokyo, Japan), which has a
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dynamic range of 2.6 to 7.6 log copies/mL, or COBAS
TagMan HBV Test v2.0 (Roche Diagnostics) which has
a dynamic range of over 2.1 to 9.0 log copies/mL. HBV
DNA of the control group was measured from their
stored frozen serum (—80°C) using COBAS TagMan
HBV v.2.0 once at the start of observation. Previous
measurements were taken using the old DNA polymer-
ase assay in the control group and thus were not used
for comparisons. For the ETV group, drug-resistant
mutations were determined from a nested polymerase
chain reaction, using a primer specific at the polymerase
region in patients who had an HBV DNA relapse of
>1 log copies from nadir. Hepatitis B e antigen;
(HBeAg) was determined by enzyme-linked immuno-
sorbent assay with a commercial kit (HBeAg EIA; Insti-
tute of Immunology, Tokyo, Japan). A commercial kit
(HBV Genotype EIA; Institute of Immunology) was
used to serologically determine HBV genotypes using
the combination of epitopes expressed on the pre-S2
region product, which is specific for each of the eight
major genotypes (A to H).

HCC Incidence by Risk Scores. To examine HCC
incidence by risk scores, we applied published HCC risk
scales, which are based on the natural course of HCC
among HBV-positive patients, to our cohorts. We first
searched Medline/PubMed using “hepatitis B,” “cancer,”
and “risk score” as keywords and found four publications
in English that used risk-score estimations.'®"'? One arti-
cle was rejected because we were unable to compute the
risk scores with our variables, and therefore we used only
the scales indicated by the remaining three publications
to generate the risk scores.'> The risk scales were based
on parameters such as age, gender, cirrhosis, levels of
ALT, HBeAg, baseline HBV DNA, albumin, and biliru-
bin. The original risk score formula and the risk score
distributions for our two cohorts derived from these for-
mulas are shown in Supporting Table 1. The risk score
cutoff points were determined from the following origi-
nal articles. In Yang et al’s article,'® the risk score was
derived from 17-point categories. When we applied the
scores to our control group, we found that the 12-point
scale was at best in detecting a difference in HCC inci-
dence. With that, we examined the HCC suppression
treatment effect by dividing the patients into equal halves
with 12 points as the cutoff. Yuen et al.'" divided their
cohort in half and found risk scores of 82 as the optimal
cutoff point. We also applied the same cutoff point to
our cohorts. Wong et al." used their risk scores to cate-
gorize their cohort into low-risk, medium-risk, and high-
risk groups with respective cutoff points at <4, 4-19,
>20. We also applied the same cutoff points to our
cohorts to examine the treatment effect. Cumulative
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HCC incidence rates were compared by these risk scores
between the ETV and control groups.

Statistical ~ Analysis. Categorical ~ data  were
compared using chi-square or Fisher’s exact tests. Con-
tinuous variables with normal distributions were com-
pared using Student’s # test, and those without normal
distributions were compared using the Mann-Whitney
U test. Cumulative HCC incidence rates were analyzed
using the Kaplan-Meier method; patients followed
beyond 5 years were censored to better compare the
two cohorts because the ETV group had a shorter fol-
low-up period when compared with the historical con-
trol group. We compared the cumulative incidence of
HCC using the log-rank test, and Cox proportional
hazard regression analysis, which was used to assess the
variables that were significantly associated with the de-
velopment of HCC. Deaths before HCC development
were censored. Significance was defined as P < 0.05
for all two-tailed tests.

We used the propensity score (PS) matching method
to reduce significant differences in demographics
between the ETV and control groups.'*'® Using mul-
tiple logistic regression analysis, a PS was estimated for
all patients treated with ETV.'* Variables used in the
model included age, sex, presence of cirrhosis, HBeAg,
HBV DNAK aspartate aminotransferase (AST), ALT,
y-glutamyl transpeptidase; (p-GTP), bilirubin, albu-
min, and platelet counts. We performed caliper match-
ing on the PS (nearest available matching). Pairs (ETV
and the control group) on the PS logit were matched
to within a range of 0.2 standard deviation (SD).'&17
The PS logit distributions for each cohort showing the
overlaps and SD ranges are shown in Supporting Fig.
1. The balance of covariates was measured by their
standardized differences. A difference >10% of the
absolute value was considered significantly imbal-
anced."” The cohorts were divided into five PS quin-
tiles (Supporting Table 2). We also made subanalyses
to examine the difference of HCC suppression effect
between NAs by comparing the HCC incidence
between propensity score matched ETV- and lamivu-
dine (LAM)-treated patients without a rescue therapy.
The LAM-treated patients were derived from consecu-
tive sampling at our institution and were PS matched
with ETV group according to the same method
described above. Interaction of the subgroups by pre-
existing cirrhosis or risk scores and ETV treatment
were evaluated. P < 0.10 was considered statistically
significant. Data analysis was performed using IBM
SPSS v. 19.0 software (Armonk, NY) and R software
v. 2.13 (R Foundation for Statistical Computing,
Vienna, Austria; www.r-project.org).
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Results

Patient Characteristics. The patient characteristics at
the baseline, before PS matching are shown in Table 1.
The ETV group was followed for an average of 3.2 years
(1,561 person-years), whereas the control group was fol-
lowed for an average of 9.5 years (12,381 person-years).
Before matching, patients in the ETV group and the
control group differed significantly in age, gender, geno-
type, baseline HBV DNA level, and other clinical data.
In the ETV group, 421 patients (89%) had HBV DNA
(<400 copies/mL) at year 1. Not all patients in the
control group were tested for HBY DNA level during
follow-up. The drug mutation resistance was 0.8%
(4/472). The four patients who had drug mutation did
not develop HCC. During follow-up, 12 patients
(2.54%) in the ETV group and 144 padents (12.60%)
in the control group developed HCC. The incidence
rates of HCC for the ETV and the control groups were
76/10,000 patient-years and 116/10,000 patient-years,
respectively. During this period, 21 patients in the con-
trol group developed liver cirrhosis while no patient
developed liver cirrhosis in the ETV group. During the
same observation period, there were four deaths in the
ETV group and 10 deaths in the control group. We took
competing risk into account'®'” and compared incidence
of non-HCC deaths between the cohorts and the results
were not different. However, because there were only
four patients in the non-HCC deaths in the ETV group
(two patients in the PS matched cohort) and 10 patdents
in the control group (six patients in the PS matched
cohort), we considered that it was not meaningful to
apply competing risk analysis in our cohorts.

Factors Associated with HCC and Effect of ETV
Treatment on HCC Development. To allow a com-
mon ground for comparison between the two cohorts,
we used PS matching with selected key characteristics
and compared the two groups within the same time
period of 5 years. The PS matching process resulted in
a matched sample size that consisted of 316 patients
in each group (Table 1). The PS matching reduced the
significant variability of the two cohorts. While five
(42%) of the 12 covariates varied by >10% before
matching, all covariates differed by <10% of the abso-
lute value after matching (Supporting Fig. 2). In the
PS score matched cohort, 10 out of the 231 noncir-
thosis patients progressed to liver cirrhosis within the
5 years of observation. The cumulative incidence rates
of HCC in the matched ETV groups were 0.7% at
year 2, 1.2% at year 3, 2.5% at year 4, and 3.7% at
year 5. The cumulative incidence rates of HCC in the
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Table 1. Patient Characteristics and Demographics

Entire Cohort

Propensity Score Matched Cohort

All Patients Entecavir Control Entecavir Control

Characteristics (n = 1,615) {n = 472) (n = 1,143) P (n = 316) (n = 3186) P

Age (Ot 42 (13.5) 47 (12.4) 39 (13.1) <0.001 46 (12.1) 46 (13.5) 0.907
Gender (male:female) 1,035:580 315:157 720: 423 0.171 210:106 210:106 1.000
Alcohol cansumption (>200kg) 355 (22) 97 (20.5) 288 (25.1) 0.013 62 (20) 105 (33) <0.001
Cigarette smoking 443 (27) 157 (33.2) 286 (25.0) 0.005 110 (35) 110 (35) 1.000
Preexisting cirthosis 311 (19) 116 (25) 195 (17) 0.001 79 (25) 85 (29) 0.324
HBV genotype - - - <0.001 - — 0.843

A 53 (3.3) 12 (2.5) 41 (3.6) - 8 (2.5) 9 (2.8) -

B 254 (15.7) 66 (14.0) 188 (16.4) - 49 (15.5) 50 (15.8) -

C 1,135 (70.3) 344 (72.9) 791 (69.2) - 225 (71.2) 226 (71.5) -

D 1 (0.06) 0 1 (0.09) - 0 0 -

F 1 (0.06) 0 1 (0.09) — 0 0 -

H 2 (0.1) 2 (0.4) 0 - 0 0 -
Unclassified / missing 169 (10.4) 48 (10.2) 121 (10.5) - 34 (10.7) 31 (9.8) -
Baseline HBeAg positive 617 (38) 219 (46) 398 (35) <0.001 135 (43) 133 (42) 0.936
Baseline HBV DNA (log copies/mL) 6.0 (4.3-7.7) 6.7 (5.3-8.0) 5.8 (4.0-7.5) <0.001 6.3 (5.2-7.9) 6.6 (4.5-7.8) 0.795
Baseline AST level (IU/L) 35 (22-63) 53 (35-95) 28 (20-50) <0.001 45 (32-70) 49 (27-98) 0.956
Baseline AST level (x ULN) 1.1 (0.7-1.9) 1.6 {1.1-2.9) 0.8 (0.6-1.5) <0.001 1.4 (1.0-2.1) 1.5 (0.8-3.0) 0.989
Baseline ALT level (IU/L) 42 (22-88) 70 (42-163) 33 (20-68) <0.001 61 (39-109) 60 (28-144) 0.110
Baseline ALT level (x ULN) 1.1 (0.7-2.4) 1.9 (1.2-4.3) 0.9 (0.6-1.8) <0.001 1.7 (1.0-3.3) 1.6 (0.8-3.7) 0.086
Baseline GGTP level (IU/L) 28 (16-59) 39 (24-72) 24 (14-52) <0.001 34 (23-64) 34 (18-68) 0.088
Baseline total bilirubin level (mg/dL) 0.7 (0.5-0.9) 0.7 (0.5-1.0) 0.6 (0.5-0.9) <0.001 0.7 (0.5-1.0) 0.7 (0.5-0.9) 0.210
Baseline serum albumin level (g/L) 4.2 (3.9-4.5) 3.9 (3.6-4.1) 4.4 (4.1-4.6) <0.001 3.9 (3.7-4.2) 4.0 (3.8-4.3) 0.084
tPlatelet count (10%/mm®) (SD) 19.1 (6.3) 16.9 (5.6) 20.0 (6.4) <0.001 17.5 (5.2) 17.2 (6.0) 0.349
Follow-up duration (yrs) 5.4 (3.1-13.2) 3.2 (2.1-4.3) 9.5 (4.4-16.1) <0.001 3.3 (2.3-4.3) 7.6 (3.4-13.7) <0.001
Person-years of follow-up 13,986 1561 12381 - 1064 2978 -

No. of HCC cases 156 12 144 — 6 72 -
Incidence rates per 1000 person-years 11.15 7.69 11.63 - 5.63 24.1 -
Progression of cirrhosis within 5 year 21 (1.3) 0 21 (1.8) 0.001 0 10 (3.2) 0.001
HBV DNA <400 copies/mL at 1 yearr - 421 (89) NA — 288 (90) NA -
Emergence of drug-resistant - 4 (0.8) NA - 2 (0.6) NA -

mutants during ETV treatment

HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; AST, aspartate aminotransferase; GGTP, gamma glutamyltransferase (ULN=33 [U/L); ALT, alanine amino-
transferase (ULN=42 1U/L for men and 27 IU/L for women); HCC, hepatocellular carcinoma; ETV, entecavir.

*P <0.05.
**P <0.001, comparison of entecavir-treated group and control group.
tData displayed as mean =* standard deviation.

matched control group were 4.0% at year 2, 7.2% at
year 3, 10.0% at year 4, and 13.7% at year 5. Log-
rank test revealed a statistically significant difference
between the incidence of HCC in the ETV group and
the control group over time (# < 0.001) (Fig. 2). We
then used Cox proportional regression analysis to esti-
mate the effects of ETV treatment on HCC risk. Fac-
tors that were associated with HCC at year 5 in the
propensity score matched cohort were age, gender,
alcohol consumption (>200 kg), the presence of cir-
rhosis, HBeAg positivity, baseline viral load, ALT, y-
GTP, total bilirubin, serum albumin, and platelet
counts (Table 2). For ETV treatment effect, we esti-
mated the hazard ratio of HCC development, adjust-
ing for multiple baseline variables (age, gender, alcohol
consumption, smoking, preexisting cirrhosis, HBeAg,
HBV DNA, ALT, albumin, y-GTDP, total bilirubin, and
platelet count) in the propensity matched cohort. Pro-

FAIl other values are expressed as median (25th to 75th percentile) or number (percentage of total, %).

gression of cirrhosis within 5 years was used as a time-
dependent covariate in the proportional hazard regres-
sion but it did not show a statistically significant haz-
ard to HCC development.

Subanalyses Showing HCC Suppression Effect
Between ETV and LAM. PS matching of the LAM-
treated patients without rescue therapy (n = 492) with
ETV-treated patients resulted in a matched cohort of
182 patients (Supporting Table 3). The rate of non-
rescued LAM-treated group having undetectable HBV
DNA at 1 year after treatment was lower when com-
pared with the ETV-treated group. The LAM-treated
group also had a higher drug-resistant mutation rate.
Comparisons of HCC incidence among the ETV-
treated group, nonrescued LAM-treated group, and
control showed that the HCC suppression effect was
greater in ETV-treated (P < 0.001) than nonrescued
LAM-treated (P = 0.019) when compared with the
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Fig. 2. Comparison of HCC cumulative incidence rates between the
entecavir-treated group and the nontreated control group after propen-
sity score matching. The log-rank test revealed a statistically significant
difference between the ETV and the control group in the incidence of
HCC at 5 years time (log-rank test: P < 0.001).

control group (Fig. 3). The difference of effect between
ETV and LAM was also significant (P = 0.043). The
treatment effect was seen in cirrhosis patients but not in
noncirrhosis patients. The result showed ETV’s superi-
ority to LAM in suppressing HCC.

Effect of ETV on the Reduction of HCC Develop-
ment by Preexisting Cirrhosis and Risk Scores. To
further examine the ETV treatment effect, we com-
pared the ETV and the control groups by preexisting
cirthosis and published risk scores. Viral response rates
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(HBV DNA < 400 copies/mL) of 1-year post-ETV
treatment was 87% in the noncirrhosis patients and
91% in the cirrhosis patients (LC). ALT normalization
was 94% and 90% in the chronic hepatitis and cirrho-
sis patients, respectively. The treatment effect was not
inferior by cirrhosis status. Among those who devel-
oped HCC, 97 out of 144 patients in the control
group and 9 out of 12 patients in the ETV group had
cirthosis. Interactions between preexisting cirrhosis and
ETV treatment were not observed (P = 0.177).

Cumulative HCC incidence rates by risk scores are
compared between the two cohorts in Fig. 4A-G. Figure
4AB shows the risk scores developed by Yang et al.'®
Figure 4C,D shows the risk scores developed by Yuen
et al." Figure 4E-G shows the risk scores developed by
Wong et al."® All three risk score scales showed that
ETV significantly reduced HCC incidence in patients
with a higher risk (risk score >12, P = 0.006; risk score
>82, P = 0.002; medium risk, 2 = 0.062; high risk, P
< 0.001). Interactions between risk scores and ETV
treatment were not observed (Yang et al.: P = 0.713,
Yuen et al.: P = 0.267, Wong et al.: P = 0.265).

Discussion

Our study suggests that long-term ETV therapy
would significantly suppress the development of HCC
in HBV-infected patients when compared with HBV-
infected patients in the control group. The treatment

effect was more prominent among patients at high risk
of HCC than those at low risk.

Table 2. Factors Associated with HCC Development as Determined by Cox Proportional Hazard Regression Analysis at 5-Year
(Propensity Score Matched Cohort)

Variable Univariate HR (95% Cl)

Age (per year)

Gender (M)

Alcohol consumption (>200kg)
Cigarette smoking

Preexisting cirrhosis

1.05 (1.02-1.07)
2.81 (1.25-6.32)
2.71 (1.49-4.92)
1.53 (0.84-2.80)
12.0 (5.57-25.9)

HBV genotype (C)
HBeAg (positive)

HBV DNA (>5.0 log copies/mL)

ALT (=45 1U/L)
GGTP (=50 1U/L)

Total bilirubin (>1.5 mg/dL)

Serum albumin (<3.8 g/L)

Platelet count (<1.5x10%/mm®)
*Progression of cirrhosis within 5 years

ETV treatment

2.73 (0.98-7.65)
2.64 (1.41-4.94)
4.66 (1.44-15.1)
2.29 (1.10-4.77)
3.79 (2.02-7.09)
5.51 (2.87-10.6)
4,44 (2.42-8.14)
14.8 (5.84-37.7)
1.80 (0.25-13.2)
0.23 (0.09-0.55)

Multivariate
P Adjusted HR (95% Cl) P
<0.001 1.06 (1.03-1.09) <0.001
0.012
0.001 2.21 (1.18-4.16) 0.013
0.164
<0.001 4.28 (1.88-9.73) 0.001
0.056
0.002 2.26 (1.18-4.34) 0.014
0.010
0.027
<0.001
<0.001
<0.001
<0.001 5.64 (2.13-15.0) 0.001
0.562
0.001 0.37 (0.15-0.91) 0.030

Asterisks (*) indicate time-dependent covariates.

tAdjusted for age, gender, alcohol, cigarette, cirthosis, genotype, HBeAg, HBV DNA, ALT, albumin, GGTP, total bilirubin, and platelet counts

Abbreviations: ETV, entecavir; HR, hazard ratio; Cl, confidence interval; HBV, hepatitis B virus; HBeAg, hepatitis B e antigen; ALT, alanine aminotransferase; GGTP
gamma glutamyltransferase.
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