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INTRODUCTION

PPROXIMATELY 1.5-2 MILLION Japanese people

are infected with hepatitis C virus (HCV), with
the majority being infected with HCV genotype 1b.!
Chronic infection with HCV is a major cause of liver
disease,” and is estimated to account for more than 70%
of hepatocellular carcinoma cases, one of the most
common causes of cancer death in Japan.?

Combination therapy with weekly peginterferon-o
(PEG IFN-0) injections and twice-daily oral ribavirin
(RBV) for 48-72 weeks has been standard care for
HCV genotype 1 infection for many years.** However,
treatment discontinuations and dose reductions are
cominon owing to the wide range of adverse events (ALE)
associated with PEG IFN-0/RBV therapy, including
influenza-like symptoms, anemia and depression.”™

Novel direct-acting antiviral agents, including protease
inhibitors (PI) that target the FICV NS3/4A serine prote-
ase, have recently become available and are recom-
mended for use in combination with PEG IFN-¢/RBV.°
The addition of PI to PEG IFN-¢/RBV has improved
treatment outcomes substantially in both treatment-
naive and treatment-experienced patients.*'*"'® Sus-
tained virologic response (SVR) rates of 60-88% have
been reported for the first-generation PI in combination
with PEG IFN-0,/RBV in untreated and previously treated
relapsed HCV infection,'®'® compared with rates of
40-50% with PEG IFN-¢/RBV alone.”>'7'% This has
enabled the use of shorter courses of PEG IEN-o/RBV
than the standard 48 weeks."** However, currently avail-
able PIin combination with PEG IFN-0/RBV are associ-
ated with higher incidences of anemia, dysgeusia, rash
and nausea than PEG [FN-o;/RBV alone, 131516 and high
rates of patient discontinuation.'*** In addition, cur-
rently available PI require multiple daily dosing. Patients
infected with HCV would benefit from novel agents with
improved tolerability and more convenient dosing
schedules.

Simeprevir (TMC435) is a once-daily, oral HCV
NS3/4A PI, with potent antiviral activity against HCV
genotype 1,% as well as against isolates of genotypes 2
and 4-6.%' Simeprevir combined with PEG IFN-o-2a/
RBV has demonstrated good tolerability and high SVR
rates in both treatment-naive and treatment-experienced
patients infected with HCV genotype 1 in international
studies”* and in phase II studies in Japan
(CONCERTO-1,-2 and -3).25%

We report the results of a phase III, open-label, non-
comparative study (CONCERTO-4) conducted in Japan
to investigate the efficacy and safety of simeprevir
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in combination with PEG IFN-o-2b/RBV in patients
infected with HCV genotype 1 who were treatment-
naive or had previously received interferon (IEN)-based
therapy.

METHODS

Patients

LIGIBLE PATIENTS WERE aged 20-70 years with

chronic HCV genotype 1 infection and plasma HCV
RNA of 5.0 log,o [LI/mL or more at screening, Treatment-
naive patients must not have received prior treatment
with any approved or investigational HCV drug (includ-
ing IFN). Patients who had previously received IFN-
based therapy for 24 weeks or more were eligible
provided their last treatment was administered 60 days
or more before the study start. Treatment-experienced
patients were classified as prior relapsers (i.e. patients
who had undetectable levels of HCV RNA at the last
assessment while on IFN-based therapy and subsequent
detectable levels of HCV RNA within 12 months from
their last treatment), or prior non-responders (i.e.
patients who did not achieve undetectable HCV RNA
on prior IFN-based therapy or who had discontinued
[FN-based therapy within 24 weeks of treatment initia-
tion due to <2 logy, IU/mL reduction from baseline
in HCV RNA at week 12 of treatment). All patients
provided written informed consent.

Exclusion criteria included liver cirrhosis or hepatic
failure, liver disease of non-HCV etiology, infection/
co-infection with non-genotype 1 HCV, hepatitis B
virus, or HIV-1 or HIV-2, any condition that required
caution with PEG IFN-«-2b or RBV therapy, and any
other clinically significant disease, organ transplant or
defined laboratory abnormalities at screening. In addi-
tion, treatment-experienced patients were not eligible if
they had received treatment with any HCV therapy other
than IFN, PEG IFN or RBV, or if they had discontinued
previous therapy due to an AE considered likely to be
treatment-limiting during PEG IFN-0-2b/RBV therapy.

Study design

This was an open-label, non-comparative, multicenter
study to assess the efficacy and safety of simeprevir
(TMC435) combined with PEG IFN-0-2b/RBV in
treatment-naive and treatment-experienced (prior
relapsers or non-responders to IFN-based therapy)
patients with chronic HCV genotype 1 (NCT01366638).
The study was conducted at 14 sites in Japan from
1 April 2011 to 20 November 2012. The study was
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approved by the relevant institutional review boards
and was conducted in accordance with the Declaration
of Helsinki and Good Clinical Practice Guidelines.

Eligible patients received oral simeprevir 100 mg once
daily (Q.D.) plus PEG IFN-0-2b/RBV for 12 weeks. In
treatment-naive patients and prior relapsers, this was
followed by response-guided therapy (RGT) with PEG
IFN-a-2b/RBV until week 24 or 48. Treatment-naive
patients and prior relapsers who achieved HCV RNA of
less than 1.2 logie IU/mL detectable or undetectable
levels at week 4, with undetectable levels at week 12,
stopped PEG IFN-0.-2b/RBV therapy at week 24, while all
others continued to week 48. All prior non-responders
received PEG IFN-0-2b/RBV until week 48. All patients
were followed for 72 weeks after treatment initiation.

Patients had to discontinue simeprevir but could
continue with PEG IFN-¢-2b/RBV if they experienced
grade 4 elevations of aspartate aminotransferase (AST)
or alanine aminotransferase (ALT) and the value was
more than 2 times baseline, or if they experienced grade
4 blood bilirubin elevations and bilirubin values were
the same or higher at retesting. All study medications
were stopped if patients experienced grade 4 AE or labo-
ratory abnormalities that were not considered to be
related to simeprevir specifically or were not expected
toxicities of PEG IFN-0-2b/RBV or HCV infection, or if
patients experienced grade 3/4 skin events/allergic reac-
tions, or worsening of hepatic disease. Additionally, all
study medications were stopped if the following pre-
defined virologic stopping criteria were met: less than
2 logio IU/mL reduction in HCV RNA at week 12 relative
to baseline (treatment-naive patients and prior
relapsers); HCV RNA levels of more than 2 log;, IU/mL
at week 12 (prior non-responders); and confirmed
detectable HCV RNA of 1.2 log, IU/mL or more at
weeks 24 or 36 (all patients). Patients who discontinued
therapy proceeded immediately into follow-up.

The major efficacy end-point was the proportion of
patients with undetectable HCV RNA at the end of treat-
ment and 12 weeks after the last treatment (SVR12).
Other efficacy end-points included the proportion of
patients with: undetectable HCV RNA at end of treat-
ment and 24 weeks after the last treatment (SVR24);
undetectable HCV RNA at end of treatment and 4 weeks
after the last treatment (SVR4); rapid virologic response
(RVR; undetectable HCV RNA at week 4); complete early
virologic response (cEVR; undetectable HCV RNA at
week 12); undetectable HCV RNA at the end of treat-
ment; viral breakthrough (increase of >1 logy IU/mL in
plasma HCV RNA level from the lowest level reached or
plasma HCV RNA level >2.0logy, IU/mL in patients

Simeprevir in hepatitis C 3

whose plasma HCV RNA level had previously been
<1.2logiy IU/mL detectable or undetectable); viral
relapse (detectable or quantifiable plasma HCV RNA
during the post-treatment follow-up period in patients
who had undetectable plasma HCV RNA at the end of
treatment); and normalization of ALT. Tolerability and
safety (AE, clinical laboratory parameters and vital
signs) were secondary end-points.

Treatment administration

Simeprevir 100 mg was administered orally Q.D. as a
single capsule. No simeprevir dose adjustments were
permitted but, at the investigator’s discretion, dosing
could be interrupted for 4 days or less due to AE.
PEG IEN-0-2b (PegIntron® Merck Sharp & Dohme,
Whitehouse Station, NJ, USA) was administered weekly
as an s.c. injection (1.5ug/kg body weight), and
RBV (Rebetol®, Merck Sharp & Dohme) was adminis-
tered as oral capsules (600-1000 mg total daily dose,
according to body weight). Dose change, temporary
interruption or discontinuation of PEG IFN-¢-2b and
RBV had to be conducted in accordance with the manu-
facturer’s prescribing information. Patients were hospi-
talized for at least 1 week, starting on the first day of
treatment. Use of erythropoiesis-stimulating agents and
medications acting on the immune system was not per-
mitted during treatment.

Study assessments

Plasma HCV RNA was quantified at screening, at base-
line, on day 3, and at weeks 1, 2, 3, 4, 8, 12, 16, 20 and
24 (all patients), and weeks 28, 36, 48, 60 and 72
(patients receiving PEG IFN-0-2b/RBV until week 24),
or weeks 28, 36, 42, 48, 52, 60 and 72 (patients receiv-
ing PEG IFN-0-2b/RBV until week 48). Levels were
determined at a central laboratory using Roche COBAS®
TagMan® HCV Auto (Roche Molecular Diagnostics,
Pleasanton, CA, USA) with a lower limit of quantifica-
tion of 1.2 logy TU/mL.

Sequence analysis of the HCV NS3 protease domain
was performed at baseline and in patients with
simeprevir treatment failure (viral breakthrough,
meeting virologic stopping rule, detectable HCV RNA at
end of treatment or viral relapse). The analysis of base-
line polymorphisms focused on detecting previously
characterized HCV genotype 1 amino acid substitutions
in the NS3 region at positions 36, 43, 54, 80, 122, 138,
155, 156, 168 and 170 that have been associated with
reduced susceptibility to simeprevir and other HCV NS3
PI in vitro.*"*®
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Safety and tolerability were evaluated throughout the
entire treatment period, from first study medication
intake until 28 days after the last dose. Severity of AE was
graded by investigators according to the World Health
Organization (WHO) grading scale. Vital sign monitor-
ing, electrocardiograms, physical examinations and
clinical laboratory tests were performed at regular inter-
vals during the study period. Severity of laboratory
abnormalities was classified according to the WHO
grading scale.

Statistical analysis

A sample size of 70 patients was deemed sufficient to
give a 97% probability of detecting an AE of special
interest with 5% or more incidence.

Efficacy analyses were performed on the full analysis
set (i.e. all patients who received the study medicat-
ion and had post-baseline efficacy assessment data).
The safety population included all patients who received
at least one dose of simeprevir.

Ninety-five percent confidence intervals (CI) around
the SVR12, SVR24 and SVR4 rates were calculated for
each group. Descriptive statistics and tabulation were

Screened
N=97

Hepatology Research 2014

used to summarize baseline characteristics. All statistical
analyses were performed using SAS® version 9.2 (SAS
Institute, Cary, NC, USA).

RESULTS

Patients

N TOTAL, 97 patients were screened and 79 received

treatment (24 treatment-naive patients, 29 prior
relapsers and 26 prior non-responders) (Fig. 1). All 79
patients who received treatment were included in the
full analysis set and safety populations. All study medi-
cations were completed by 65 patients (82.3%). The rate
of treatment completion was lowest among prior non-
responders (57.7% vs 91.7% for treatment-naive
patients and 96.6% for prior relapsers). Of the 14
patients who discontinued medications, one patient dis-
continued simeprevir and subsequently discontinued
PEG IFN-0-2b/RBV, nine patients discontinued PEG
IFN-¢-2b/RBV after completing simeprevir treatment
and four patients discontinued all study medications at
the same time. The main reason for treatment discon-

Screening failures
n=18

Treated
N=79

'

!

Naive Relapser Non-responder
Simeprevir 100 mg 12 wks PR 24/48 Simeprevir 100 mg 12 wks PR 24/48 Simeprevir 100 mg 12 wks PR 48
n=24 n=29 n=26
I I |
Discontinued only simeprevir Discontinued only simeprevir Discontinued only simeprevir

(continued PR) (continued PR) (continued PR)

n=0 n=0 n=0
Discontinued during Discontinued during Discontinued during
treatment period treatment period treatment period
n=2 n=1 n=11

n=28

Compieted treatment period
n=22

Completed treatment period !

n=15

{ Completed treatment period l

Discontinued during

follow-up period
n=1

Discontinued during Discontinued during
follow-up period follow-up period
n=0 n=6

I Completed follow-up period J I

n=23 n=29

Completed follow-up period

Completed follow-up period
n=20

Met RGT criteria and completed
treatment with PR at Week 24

(n=22) (n=28)

Met RGT criteria and completed
treatment with PR at Week 24

Figure 1 Patient disposition. PR, peginterferon-o-2b and ribavirin; RGT, response-guided treatment; wks, weeks.
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Table 1 Patient demographics and baseline characteristics (full analysis set)

Simeprevir in hepatitis C 5

Characteristic Treatment-naive Prior relapsers Prior non-responders
(n=24) (n=29) (n=126)

Male, n (%) 8 (33.3) 16 (55.2) 13 (50.0)
Age, years, median (range) 60 (37-68) 60 (38-70) 53 (45-69)
Age <65 years, n (%) 19 (79.2) 20 (69.0) 22 (84.6)
BMI, kg/m?, median (range) 22.95(18.1-30.2) 22.5(18.1-31.9) 22.4 (16.9-34.3)
IL28B genotype (SNP rs8099917)

TT, n (%) 16 (66.7) 26 (89.7) 2(7.7)

TG/GG, n (%) 8(33.3) 3(10.3) 24 (92.3)
IL28B genotype (SNP rs12979860)

CC, n (%) 16 (66.7) 26 (89.7) 2(7.7)

CTI/TT, n (%) 8 (33.3) 3(10.3) 24 (92.3)
Genotype 1b, n (%) 24 (100.0) 29 (100.0) 25 (96.2)
Baseline HCV RNA, log;, IU/mL, median (range) 6.6 (5.4-7.0) 6.6 (4.9-7.4) 6.5 (5.1-7.4)
METAVIR score, category, n (%)t n=06 n=06 n=7

FO 0 0 0

F1 5(83.3) 4(66.7) 5(71.4)

2 1(16.7) 1(16.7) 2(28.6)

F3 0 1(16.7) 0

F4 0 0 0
Platelets (x10°/L), n (%)

<150 5(20.8) 9 (31.0) 11 (42.3)

2150 19 (79.2) 20 (69.0) 15 (57.7)
Prior therapy, n (%)

IFN only N/A 1(3.4) 0

IEN/RBV N/A 0 3(11.5)

PEG IFN only N/A 0 0

PEG IFN/RBV N/A 28 (96.6) 23 (88.5)
ALT

<50 1U/mL 16 (66.7) 20 (69.0) 13 (50.0)

250 1U/mL 8 (33.3) 9 (31.0) 13 (50.0)
Total bilirubin (mg/dL), median (range) 0.7 (0.3-1.8) 0.8 (0.4-2.2) 0.8 (0.3-1.1)

Hemoglobin (g/dL), median (range)
Neutrophils (x10%/uL), median (range)
Platelets (x10*/uL), median (range)

14.2 (12.4-16.3)
25.4 (12.1-51.2)
17.1 (12.2-27.5)

14.4 (11.5-17.0)
25.4 (10.1-48.1)
16.3 (9.6-33.3)

13.9 (12.2-16.6)
22.2 (9.6-35.8)
15.4 (11.0-20.5)

tAvailable for patients who had a liver biopsy within two years prior to informed consent or during the screening period.
ALT, alanine aminotransferase; BMI, body mass index; HCV, hepatitis C virus; IFN, interferon; N/A, not applicable; PEG IFN,
peginterferon; RBV, ribavirin; SNP, single nucleotide polymorphism.

tinuation was meeting the virologic stopping criteria
(eight patients, all prior non-responders).
Demographic and disease characteristics at baseline
were generally comparable across the three patient
groups (Table 1), with a few notable exceptions for sex,
IL28B genotype and baseline platelet counts. Median age
was 60 years (range, 37-70), with 22.8% of patients aged
65 years or more. Most treatment-naive patients and
prior relapsers had major allele TT and CC genotypes for
IL28B 1s9088817 and rs12979860 polymorphisms,
respectively. By contrast, most prior non-responders had
minor alleles TG/GG and CT/TT at these loci. All but one
patient (prior non-responder) had HCV genotype 1b;

median HCV RNA at baseline was 6.5 log;, [U/mL. Most
prior relapsers and prior non-responders had previously
been treated with PEG IFN plus RBV. Platelet counts at
baseline were slightly lower in prior non-responders,
with 42.3% having counts of less than 150 x 10°/Lversus
31.0% or less of patients in the other groups.

Efficacy

SVR

The proportion of patients achieving SVR4, SVR12
(major efficacy end-point), and SVR24 is shown in
Fig. 2. The proportion of patients achieving SVR12 was
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100 - 91.7 91.7 91.7 100 100 96.6

e

42.3

60 38.5 38.5

Proportion of patients (%)

20

Treatment- Prior Prior

naive relapsers non-responders

(n=24) (n=29) (n=26)
Figure 2 Sustained virologic response at 4, 12 (major end-
point) and 24 weeks after the end of treatment. Bars indicate
95% confidence intervals. 'n=12. SVR, sustained virologic
response (undetectable hepatitis C virus RNA); SVR4, SVR at
end of actual treatment and at 4 weeks after the last treatment;
SVR12, SVR at end of actual treatment and at 12 weeks after
the last treatment (major efficacy end-point); SVR24, SVR at
end of actual treatment and at 24 weeks after the last treatment.
0O, SVR4; @, SVR12; H, SVR24.

highest among treatment-naive patients (91.7%; 95%
CI, 73.0-99.0%) and prior relapsers (100%; 95% CI,
88.1-100%). Only two patients in the treatment-naive
group did not achieve SVR12; both had undetectable
HCV RNA at end of treatment, but had viral relapse at
the SVR4 time point. Among prior non-responders, 10
patients (38.5%; 95% CI, 20.2-59.4%) achieved SVR12,
11 patients had detectable HCV RNA at end of treat-
ment, four patients had viral relapse at the SVR4 time
point, and one patient had discontinued follow-up
before the SVR12 time point.

The SVR24 rate was 91.7% (95% CI, 73.0-99.0%)
among treatment-naive patients and 96.6% (95% CI,
82.2-99.9%) for prior relapsers (Fig. 2). All treatment-
naive patients and prior non-responders who achieved
SVR12 also achieved SVR24, while 28 of 29 prior
relapsers achieved both end-points (one patient experi-
enced viral relapse at week 24 of follow-up).

Twenty-two (91.7%) treatment-naive patients and 28
(96.6%) prior relapsers met RGT criteria and completed
PEG IFN-0-2b/RBV treatment at week 24. The remaining
three patients had discontinued treatment before the
week 24 assessment. Rates of SVR12 and SVR24 for
patients stopping treatment at week 24 were 90.9%
(20/22) for treatment-naive patients and 100% (28/28)
for prior relapsers.

© 2014 The Japan Society of Hepatology
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Virologic response

A rapid decline in mean plasma HCV RNA levels was
evident in all patient groups up to week 2 (Fig. 3), by
which time most patients had achieved levels below the
lower limit of quantification.

Most patients in all three groups achieved RVR (60.0-
86.2%; Table 2) and cEVR (79.2-100%; Table 2). All
treatment-naive patients and prior relapsers had unde-
tectable levels of HCV RNA at the end of treatment
(Table 2). In prior non-responders, 57.7% of patients
had undetectable HCV RNA at end of treatment; all
patients in this group had a reduction in HCV RNA from
baseline of 1 log;, IU/mL or more at week 4.

Viral breakthrough and viral relapse

No viral breakthrough was observed in treatment-naive
patients or prior relapsers. Six prior non-responders
(23.1%) had viral breakthrough (Table 2). Two of these
six patients experienced breakthrough at week 8 during
the simeprevir treatment period. One patient had viral
breakthrough at week 8 after discontinuing simeprevir
at week 5 upon meeting virologic stopping criteria. The
remaining three patients experienced viral breakthrough
during PEG IFN-0-2b/RBV-only treatment (weeks
12-24).

Two treatment-naive patients experienced viral
relapse at week 4 of follow-up. One prior relapser expe-
rienced viral relapse at week 24 of follow-up. Four of 15
prior non-responders with undetectable HCV RNA at
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Figure 3 Mean (£SE) change in hepatitis C virus (HCV) RNA
levels from baseline to week 12. D, day. —®—, naive; —&—,
relapser; , non-responder.
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Table 2 Virologic response rates

Simeprevir in hepatitis C 7

Response, n/N (%)

Treatment-naive
(n=24)

Prior relapsers
(n=29)

Prior non-responders

(n=26)

RVR,! 1 (%)
cEVR,* n (%)

End of treatment response,® n (%)

Viral breakthrough,® n (%)
Viral relapse,™ n (%)

19/24 (79.2)

23/23 (100.0)

24/24 (100.0)
0/24 (0)
2/24 (8.3)

25/29 (86.2)

28/28 (100.0)

29/29 (100.0)
0/29 (0)
1/29 (3.4)

15/25 (60.0)
19/24 (79.2)
15/26 (57.7)
6/26 (23.1)
4/15 (26.7)

Note: RVR and cEVR are assessed while on treatment. If a subject discontinues all study medications prior to the time point of the
parameter of interest, then the subject is not included in the denominator.

tUndetectable HCV RNA at week 4 (i.e. while on treatment). *Uindetectable HCV RNA at week 12. SUndetectable HCV RNA at end of
treatment. An increase of >1.0 log;e [U/mL in HCV RNA level from the lowest level reached, or HCV RNA level of >2.0 log;, IU/mL in
patients whose HCV RNA had previously been <1.2 log;o ILI/mL detectable or undetectable. T'Detectable HCV RNA during the
post-treatment follow-up period of sustained viral response assessment in patients who had undetectable plasma HCV RNA at end of
treatment. The incidence of viral relapse was calculated only for patients with undetectable HCV RNA levels at end of treatment and
with 21 follow-up HCV RNA measurement. The denominator for prior non-responders was n = 15.

cEVR, complete early virologic response; HCV, hepatitis C virus; N, number of patients with data at specific time point assessed;

i, number of patients with observation; RVR, rapid virologic response.

end of treatment had documented viral relapse at the
week 4 follow-up visit.

Emerging mutations in treatment failures

Sequencing analysis of the NS3 protease domain of
HCV was available for 17 (two treatment-naive patients,
one prior relapser and 14 non-responders) of the 18
simeprevir-treated patients classified as treatment fail-
ures (i.e. met predefined virologic stopping criteria,
detectable HCV RNA at end of treatment, viral break-
through or viral relapse). Emerging mutations were
identified for 16 patients at the time of failure, including

six patients with viral breakthrough. D168V was the
most frequent emerging mutation, accounting for eight
single mutations, followed by Q80R+D168E (three
patients), D168E (two patients), and R155K, D168T
and Q80K+D168E (one patient each).

SVR according to selected demographic and
baseline disease characteristics

A summary of SVR12 rate by selected demographic and
baseline disease characteristics is presented in Table 3.
Most treatment-naive patients and all prior relapsers
achieved SVR12; therefore, no apparent trend was noted

Table 3 SVR12 rates by selected demographic and baseline disease characteristics

Characteristic SVR12 rate, n/N (%)
Treatment-naive (n = 24) Prior relapsers (n = 29) Prior non-responders (n.=26)

Sex

Male 7/8 (87.5) 16/16 (100.0) 5/13 (38.5)

Fermnale 15/16 (93.8) 13/13 (100.0) 5/13 (38.5)
Age

<G5 years 19/19 (100.0) 20/20 (100.0) 7/22 (31.8)

265 years 3/5 (60.0) 9/9 (100.0) 3/4 (75.0)
IL28B genotype (1s8099917)

T 16/16 (100.0) 26/26 (100.0) 0/2 (0.0)

TG/GG
IL28B genotype (1s12979860)
CC

cIyrT

6/8 (75.0)

16/16 (100.0)
6/8 (75.0)

3/3 (100.0)

26/26 (100.0)
3/3 (100.0)

10/24 (41.7)

0/2 (0.0)
10/24 (41.7)

SVR12, undetectable hepatitis C virus RNA 12 weeks after the last treatment.
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in SVR12 rates for the selected demographic and base-
line disease characteristics. For non-responders, the
number of patients in each subgroup was too small to
draw firm conclusions. One prior non-responder who
was infected with HCV genotype la did not achieve
SVR12.

Normalization of ALT

At the end of treatment, the proportion of patients for
whom ALT levels were abnormal at baseline and
changed to be within the normal limits (based on WHO
toxicity grades) was 13/15 (86.7%) for treatment-naive
patients, 8/13 (61.5%) for prior relapsers and 8/13
(61.5%) for prior non-responders.

Safety

Adverse events and laboratory investigations reported as
AE during the entire treatment period are summarized in
Table 4. All patients experienced at least one AL.
No deaths occurred. Two serious AE occurred during
treatment - peripheral T-cell lymphoma (unspecified)
and hyperbilirubinemia - of which hyperbilirubinemia
was considered by the investigator likely to be related to
simeprevir. The majority of AE were grade 1 or 2. Grade 3
AE mainly occurred by week 4 and were reported for 17
patients; the most frequent grade 3 AE were neutropenia
(6.3%), decreased white blood cell count (5.1%), leuko-
penia (3.8%) and decreased neutrophil count (3.8%).
One patient experienced grade 4 decreased neutrophil
count at week 1, which was considered unrelated to
simeprevir. No neutropenia-related AE were serious or
led to permanent discontinuation of study treatment.

Three patients discontinued treatment due to AE. One
patient discontinued all three study medications at week
8 owing to grade 1 anemia, which was considered very
likely related to RBV. Two patients discontinued PEG
IFN-0-2b/RBV after the simeprevir treatment period
owing to grade 3 allergic dermatitis and grade 2 depres-
sion, considered probably related to RBV and PEG IFN-
0.-2b, respectively. Rates of PEG IFN-a-2b and RBV dose
interruptions due to AE were 12.7% and 17.7%, respec-
tively, with anemia being the most frequently reported
AE leading to dose interruption (5.1% for PEG IFN-0-2b
and 7.6% for RBV).

The most common AE reported in more than 30% of
patients overall during the entire treatment period were
pyrexia (84.8%), anemia (50.6%), decreased white
blood cell count (58.2%), malaise (48.1%) and head-
ache (45.6%). During the simeprevir treatment period,
the most common AE were pyrexia (83.5%), decreased

© 2014 The Japan Society of Hepatology
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white blood cell count (58.2%) and malaise (48.1%).
There were no differences between patient groups in the
incidence of each AE (Table 4).

Rash (any type) was reported in 34 patients (43.0%)
during the entire treatment period (25 patients [31.6%]
during the simeprevir treatment period), which
included rash (n = 30; 38.0%), erythema (n = 6; 7.6%),
skin exfoliation (n=2; 2.5%), erythema multiforme
(n=1; 1.3%) and photosensitivity reaction (n=1;
1.3%). All rash AE were of grade 1 or 2 severity. None of
these AE were serious or led to permanent discontinua-
tion of the study treatment.

Median values over time for selected laboratory
parameters are presented in Fig. 4. Median bilirubin
values increased transiently during the first two weeks of
simeprevir treatment in all patient groups, but returned
to baseline levels by week 16 (i.e. within 4 weeks of the
end of the simeprevir treatment period). Median levels
between weeks 2 and 16 were slightly higher in prior
relapsers. Elevation of bilirubin levels was not associ-
ated with increases in ALT or AST. Seven patients expe-
rienced grade 3 elevations (>2.5mg/dL) in blood
bilirubin and one patient experienced a grade 4 eleva-
tion (>5.0 mg/dL). None of the increased bilirubin-
related AE led to permanent discontinuation of study
treatment. No changes were noted for uric acid or
creatinine.

The incidences of grade 3 or 4 treatment-emergent
or worsened laboratory abnormalities were low (occur-
ring in <5% of patients), with the exceptions of
decreases in absolute neutrophil count (grade 3, 21.5%;
grade 4, 2.5%) and increases in bilirubin (grade 3, 8.9%;
grade 4, 1.3%).

DISCUSSION

HIS STUDY INVESTIGATED the efficacy and safety

of simeprevir in combination with PEG IFN-0-2b/
RBV in a mixed population of both treatment-naive and
treatment-experienced patients chronically infected
with HCV genotype 1. The dose of simeprevir (100 mg
Q.D. as part of triple therapy) and treatment duration
(12 weeks) was chosen based on the results of a phase 11,
dose and duration ranging study in Japanese treatment-
naive patients infected with genotype 1 HCV (DRAGON
study).?

In this study, simeprevir 100 mg Q.D. for 12 weeks in
combination with PEG IFN-o.-2b/RBV (administered for
a total of 24 or 48 weeks) demonstrated high rates of
SVR12 (91.7-100%) and SVR24 (91.7-96.6%) in
treatment-naive patients and prior relapsers. Although
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Table 4 Summary of AE during the entire treatment period and during treatment with simeprevir plus PEG IFN-0-2b/RBV (safety population')

No. of patients (%)

Entire treatment period

Simeprevir + PEG IFEN-0-2b/RBV treatment period

Treatment-naive  Prior relapsers  Prior Total Treatment-naive Prior relapsers Prior Total
(n=24) (n=29) non-responders (n=79)  (n=24) (n=29) non-responders  (n=79)
(n=26) (n=26)
Discontinuation of any study 1(4.2) 1(3.4) 1(3.8) 3(3.8) 0 1(3.4) 0 1(1.3)
medication due to AE
Discontinuation of simeprevir 0 0 0 0 0 0 0 0
alone due to AE
Temporary interruption of PEG 3 (12.5) 4 (13.8) 3(11.5) 10 (12.7) N/A N/A N/A N/A
IFN-0.-2b due to AE
Dose reduction of PEG 11 (45.8) 4 (13.8) 9 (34.6) 24 (30.4) NJA N/A N/A N/A
IFN-¢-2b due to AE
Temporary interruption of RBY 4 (16.7) 6 (20.7) 4 (15.4) 14 (17.7) N/A N/A N/A N/A
due to AE
Dose reduction of RBV due 10 (41.7) 11 (37.9) 9 (34.6) 30 (38.0) N/A N/A N/A N/A
to AE
Any serious AE 1(4.2) 0 1(3.8) 2(2.5) 1(4.2) 0 0 1(1.3)
Grade 3/4 AE 6 (25.0) 5(17.2) 7 (26.9) 18 (22.8)  5(208) 4(13.8) 5(19.2) 14 (17.7)
Death 0 0 0 0 0 0 0 0
Common AE*
Pyrexia 18 (75.0) 27 (93.1) 22 (84.6) 67 (84.8) 17 (70.8) 27 (93.1) 22 (84.6) 66 (83.5)
Decreased white blood cell 17 (70.8) 16 (55.2) 13 (50.0) 46 (58.2) 17 (70.8) 16 (55.2) 13 {(50.0) 46 (58.2)
count
Anemia 11 (45.8) 21 (72.4) 8 (30.8) 40 (50.6) 11 (45.8) 16 (55.2) 6(23.1) 33 (41.8)
Malaise 12 (50.0) 12 (41.4) 14 (53.8) 38 (48.1) 12(50.0) 12 (41.4) 14 (53.8) 38 (48.1)
Headache 11 (45.8) 12 (41.4) 13 (50.0) 36 (45.6) 13 (41.7) 10 (34.5) 12 (46.2) 32 (40.5)
Decreased appetite 12 (50.0) 12 (41.4) 7 (26.9) 31(39.2) 12(50.0) 12 (41.4) 7{26.9) 31 (39.2)
Injection-site reactions 11 (45.8) $ (27.6) 12 (46.2) 31(39.2) 10(41.7) 7 (24.1) 11 (42.3) 28 (35.4)
Rash 12 (50.0) 8 (27.6) 10 (38.5) 30 (38.0) 10(41.7) 7 (24.1) 8 (30.8) 25 (31.6)
Alopecia 14 (58.3) 9(31.0) 5(19.2) 28 (35.4) Overall incidence <30%
Arthralgia 11 (45.8) 10 (34.5) 6(23.1) 27 (34.2) 10 (41.7) 10 (34.5) 6(23.1) 26 (32.9)
Decreased neutrophil count 11 (45.8) 8 (27.6) 7 (26.9) 26 (32.9) 11(45.8) 8(27.6) 7 (26.9) 26 (32.9)
Decreased platelet count 11 (45.8) 6 (20.7) 8 (30.8) 25 (31.6) 11 (45.8) 6(20.7) 7 (26.9) 24 (30.4)

All patients who received study drugs. *Permanent discontinuation of all study medication (i.e. discontinuation of simeprevir and PEG IFN-0.-2b/RBV at the same time, or
discontinuation of PEG IFN-0-2b/RBV after completion or discontinuation of simeprevir). $Occurring in >30% patients overall.
AL, adverse events; N/A, not available; PEG IFN, peginterferon; RBV, ribavirin.
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Figure 4 Changes in laboratory parameters over time. (a) Hemoglobin; (b) neutrophil count; (c) platelet count; (d) bilirubin;
(e) urate; and (f) creatinine. EOT, end of treatment; FU, follow-up. —o—, treatment-naive (n = 24); —e—, prior relapsers (n = 29);
—a—, prior non-responders (n = 26).

© 2014 The Japan Society of Hepatology
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our study is somewhat limited by the small patient
numbers and non-comparative design, the results in this
study population are consistent with the high rates of
virologic response that have been reported previously
for simeprevir in combination with PEG IFN-o-2a/
RBV in other phase III studies in Japan®? and in inter-
national studies.”? In QUEST-2, a phase I study
conducted outside Japan, simeprevir combined with
PEG IFN-0-2a/RBV or PEG IFN-0-2b/RBV was found
superior to each PEG IFN-0/RBV regimen alone in
treatment-naive HCV genotype 1 patients.’® The
response rates also compare favorably with those dem-
onstrated in trials of telaprevir in combination with PEG
IFN-0-2b/RBV in treatment-naive patients and prior
relapsers.!t3

The rates of SVR among prior non-responders who
received 48 weeks of treatment with PEG IFN-0.-2b/RBV
were lower than those for treatment-naive patients and
prior relapsers, consistent with other studies of prior
non-responders.'!%*? Most patients had received prior
treatment with PEG IFN/RBV. A high proportion of
the patients in this group had heterozygous TG geno-
types for a polymorphism (rs8099917) in the IL28B
locus that has been associated with poor response to
therapy.*

All patient groups showed a rapid reduction in HCV
RNA levels within the first two weeks of treatment with
simeprevir, and most patients achieved RVR at week 4
(60.0~-86.2%) and cEVR at week 12 (79.2-100%). All
treatment-naive patients and prior relapsers had unde-
tectable HCV RNA at the end of treatment, with no
viral breakthrough and a very low incidence of viral
relapse during follow-up in these two groups. Six
(23%) of 26 prior non-responders had viral break-
through, which was documented during simeprevir
treatment for three of these patients. Emerging muta-
tions in the NS3 protease domain were identified for
isolates from all six patients at the time of break-
through and for 16 of the 17 patients classified as treat-
ment failures in the study. All patients except for one
prior non-responder were infected with HCV genotype
1b. Some of the mutations identified (D168E/T/V,
QB80R/K, R155K) have been previously described in
HCV genotype 1b isolates following exposure to
simeprevir in vitro and in clinical studies®?** and are
thought to confer reduced susceptibility. Data from
studies of other PI suggest that poor response to IFN-
based therapy increases the likelihood of the emer-
gence of resistant isolates.® However, further studies are
needed to evaluate emerging mutations in HCV geno-
type 1 and their clinical impact.

Simeprevir in hepatitis C 11

In this study, an RGT approach (based on levels of
HCV RNA) was used to determine whether treatment-
naive patients or prior relapsers could reduce the dura-
tion of PEG IFN-0-2b/RBV therapy to 24 weeks. More
than 90% of these patients were able to stop PEG IFN-
0-2b/RBV at 24 weeks rather than continuing to 48
weeks. Those patients who stopped therapy at 24 weeks
had high rates of SVR12 and SVR24 (90.9-100%),
despite the shorter treatment duration. The reduction in
exposture to PEG [FN-0-2b/RBV therapy following initial
triple combination therapy with simeprevir could
potentially limit the extent and duration of PEG IFN-¢-
2b/RBV-related AE.

Treatment with simeprevir 100 mg Q.D. in combina-
tion with PEG IFN-a-2b/RBV was well tolerated, with
mostly grade 1/2 AE. Notably, there was a very low
incidence of treatment discontinuation due to AE, and
those reported were considered to be related to PEG
IFN-¢-2b and/or RBV. This is in contrast to studies of
first-generation PI, which have reported rates of treat-
ment discontinuation due to AE of 10-20%.""%!* [n
addition, serious toxicities that have been widely
reported with first-generation Pl (e.g. anemia, cutaneous
reactions, neutropenia)®'*'*1332 were mainly of grade 1
or 2 severity in this study of simeprevir. In phase Il
studies of simeprevir, mild transient hyperbilirubinemia
has been reported.”’ Although patients in this study
experienced a transient elevation of blood bilirubin,
levels returned to baseline values after simeprevir treat-
ment and the elevation was not associated with
increases in ALT or AST levels. Also, there were no treat-
ment discontinuations due to increased bilirubin-
related AE. Telaprevir has been associated with increases
in uric acid and creatinine.’ No changes were noted in
median uric acid and creatinine values in this study of
simeprevir.

In conclusion, treatment with simeprevir 100 mg
Q.D. for 12 weeks in combination with PEG IFN-¢-2b/
RBV (for 24 or 48 weeks) demonstrated potent antiviral
activity and high rates of SVR in patients who were
treatment-naive or had previously relapsed after IFN-
based therapy, with most patients having a shorter treat-
ment duration. Antiviral activity was also demonstrated
in patients who had failed to respond to prior IFN-based
therapy. Simeprevir was well tolerated in all patients.
The present phase [II CONCERTO-4 study demonstrates
the efficacy and safety of simeprevir in a relatively small
sample of treatment-naive and previously treated
patients with chronic HCV genotype 1 infection, while
CONCERTO-1, -2 and -3 provide further data on the
efficacy and safety of this regimen in a larger population.

© 2014 The Japan Society of Hepatology
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Elevated Serum Levels of Wisteria floribunda
Agglutinin-Positive Human Mac-2 Binding Protein
Predict the Development of Hepatocellular Carcinoma
in Hepatitis C Patients

Kazumi Yamasaki,' Masakuni Tateyama," Seigo Abiru," Atsumasa Komori,' Shinya Nagaoka,' Akira Saeki,
Satoru Hashimoto,' Ryu Sasaki,' Shigemune Bekki,' Yuki Kugiyama,' Yuri Miyazoe," Atsushi Kuno,’
Masaaki Korenaga,® Akira Togayachi,” Makoto Ocho,” Masashi Mizokami,® Hisashi Narimatsu,” and

Hiroshi Yatsuhashi'

The Wisteria floribunda agglutinin-positive human Mac-2-binding protein (WFA™-
M2BP) was recently shown to be a liver fibrosis glycobiomarker with a unique fibrosis-
related glycoalteration. We evaluated the ability of WFA™-M2BP to predict the develop-
ment of hepatocellular carcinoma (HCC) in patients who were infected with the hepati-
tis C virus (HCV). A total of 707 patients who had been admitted to our hospital with
chronic HCV infection without other potential risk factors were evaluated to determine
the ability of WFA"-M2BP to predict the development of HCC; factors evaluated
included age, sex, viral load, genotypes, fibrosis stage, aspartate and alanine aminotrans-
ferase levels, bilirubin, albumin, platelet count, alpha-fetoprotein (AFP), WFA'T-M2BP,
and the response to interferon (IFN) therapy. Serum WFAT-M2BP levels were signifi-
cantly increased according to the progression of liver fibrosis stage (£<0.001). In each
distinctive stage of fibrosis (FO-F1, F2, F3, and F4), the risk of development of HCC
was increased according to the elevation of WFA"-M2BP. Multivariate analysis identi-
fied age >57 years, F4, AFP >20 ng/mL, WFA'T-M2BP >4, and WFA*-M2BP 1-4 as
well as the response to IFN (no therapy vs. sustained virological response) as independ-
ent risk factors for the development of HCC. The time-dependent areas under the
receiver operating characteristic curve demonstrated that the WFA*-M2BP assay pre-
dicted the development of HCC with higher diagnostic accuracy than AFP. Conclusion:
WFA*-M2BP can be applied as a useful surrogate marker for the risk of HCC develop-
ment, in addition to liver biopsy. (HeraTOLOGY 2014;60:1563-1570)

he annual incidence of hepatocellular carci- liver cirrhosis are an essential part of an efficient sur-

noma (HCC) in patients with hepatitis C virus  veillance program for the detection of HCC.?

(HCV)-related cirrhosis ranges from 1% to Until recently, liver biopsy was considered the gold
7%."* Therefore, reliable methods for the early identi- standard for assessing the severity of liver fibrosis and
fication of liver fibrosis progression and compensated cirrhosis.*” Although liver biopsy is generally accepted

Abbreviations: Ab, antibody; AFE alpha-fetoprotein; AIH, autoimmune hepatitis; ALT, alanine aminotransferase; ANOVA, analysis of variance; AST, aspartate
aminotransferase; AUROC, area under the ROC; CT, computed tomography; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; IFN, interferon; MRI, mag-
netic resonance imaging; Peg-IFN, pegylated IFN; RBV, ribavirin; ROC, receiver operating characteristic; RT-PCR, reverse-transcriptase polymerase chain reaction;
SVR, sustained virological response; US. ultrasound: WEA™-M2BP Wisteria flotibunda agglutinin-positive human Mac-2-binding protein.

From the *Clinical Research Center, National Hospital Organization, Nagasaki Medical Center, Omura, Japan; 2Research Center for Medical Glycoscience,
National Institute of Advanced Industrial Science and Technology, Tiukuba, Japan: >The Research Center for Hepatitis and Immunology, National Center for
Global Health and Medicine, Ichikawa, Japan; *Department of Gastroenterology and Hepatology, Kumamoto University of Medicine Kumamoto, Japan.

Received March 27, 2014; accepted July 8, 2014.

This study was supported, in part, by Health and Labor Sciences Research Grants for Research on Hepatitis from the Ministry of Health, Labor and Welfare of
Japan.

1563

-307-



1564 YAMAMSAKI ET AL.

to be a safe procedure, it can cause discomfort and
carries a small risk of life-threatening complications.®”
Recently, an assay for Wisteria floribunda agglutinin-
positive human Mac-2-binding protein  (WFA™-
M2BP) was reported as a novel, noninvasive, and
rapid bedside method to assess liver fibrosis.® M2BP
has been shown to have multibranching and sialylated
N-glycans. WFA is considered to recognize the Gal-
NAc residue of N-glycans and O-glycans or the clus-
tered LacNAc (Gal-GleNAc) structure. Currently, we
are analyzing the glycan structures of WFAT-M2BP in
detail using mass spectrometry~based technology.”
Glycans can reflect the differentiation stage of cells,
but not necessarily the level of cellular damage, and
therefore they can be very effective markers for chronic
disease. In the case of hepatitis, glycans are considered
to reflect the progression of fibrosis more specifically
than viral load. Several reports have identified M2BP
as a potential marker of fibrosis progression in pro-
teome study.'”"? Kuno et al. were the first to report
that a rapid, simple glycan-based immunoassay for
WFA"-M2BP can quantify fibrosis.>"*

On the other hand, we reported that alpha-
fetoprotein (AFP) is a noninvasive predictive marker
for the development of HCC in patients infected with
HCV, which can be used to complement the informa-
tion of fibrosis stage."’

In this report, we evaluated the utility of WFA™-
M2BP to predict the development of HCC in patients
who were infected with HCV.

Patients and Methods

Patients. Between January 1992 and December
2003, 832 patients were determined to be positive for
both and-HCV by a second- or third-generation
enzyme-linked immunoadsorbent assay and HCV RNA
by polymerase chain reaction (PCR). They underwent
liver biopsy guided by ultrasonography at the National
Hospital Organization, Nagasaki Medical Center
(Omura, Japan). Among them, 125 (15.0%) patients
were excluded from enrollment in this retrospective
analysis for the following reasons: (1) positivity for hep-
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atitis B surface antigen (n=12); (2) a heavy habitual
drinking habit defined by an average daily consumption
of >100 g of ethanol (n = 26); (3) autoimmune hepati-
tis (AIH), primary biliary cirrhosis, or idiopathic portal
hypertension (n = 8); (4) positive antinuclear antibody
(Ab; defined as titer >>320X) without the diagnosis of
AIH (n = 8); or (5) a short follow-up period <180 days
{(n=71). The remaining 707 patients were analyzed ret-
rospectively for the incidence of HCC.

For all patients in our cohort, a blood sample was
taken on the day of the liver biopsy at our hospital. All
samples were preceded to separate serum and stored at
—20°C. At the time of blood withdrawal, all patients
underwent liver biopsy. Their medical histories had
been recorded, along with the results of routine tests for
blood cell counts, liver biochemical parameters, and
markers for HCV infection at the time of ultrasound
(US)-guided liver biopsy and at regular intervals there-
after. Complete blood cell counts and biochemical tests
were performed using automated procedures in the clin-
ical pathological laboratories of our hospital.

Staging of Hepatic Fibrosis. Liver biopsies were
taken by fine-needle aspiration (16G or 18G sonopsy)
guided by US. Liver tssue specimens were fixed in
10% formalin, embedded in paraffin, and stained with
hematoxylin and eosin. They were evaluated for the
stage of hepatic fibrosis by a pathologist according to
the criteria of Desmet et al."®

Measurement of WFA™-M2BP. WFA™-M2BP
quantification was measured based on a lectin-Ab
sandwich immunoassay using the fully automatic
immunoanalyzer, HISCL-2000i (Sysmex Co., Hyogo,
Japan).® The measured values of WFA"-M2BP conju-
gated o WFA were indexed with the obrained values
using the following equation:

Cutoff index (COI) = ({WFAﬂL—MZBP}‘ |
sample

— [WFA"-M2BP], ) / ([WFA'-M2BP],.)

— [WFA*-M2BP].

where [WFA™-M2BP],ppl is the WFAT-M2BP count
of serum sample, PC is positive control, and NC is
negative control. The positive control was supplied as
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a calibration solution preliminarily standardized to
yield a COI value of 1.0."

HCV RNA, HCV Core Antigen, and HCV Geno-
types. HCV RNA was determined by reverse-
transcriptase  (RT)-PCR  using a kit
(Amplicor HCV; Roche Diagnostic Systems, Basel,
Switzerland). HCV core antigen was determined using
the Lumispot Eiken HCV antigen assay (Eiken Chemi-
cals, Tokyo, Japan). HCV core antigen levels were clas-
sified into low and high with a cutoff at 1,000 fmol/
mL."” Genotypes of HCV were determined by RT-
PCR with genotype-specific primers (HCV RNA core
genotype; Roche Diagnostics, Tokyo, Japan).'®

Interferon  Therapy. During the observation
petiod, 373 of the 707 (52.8%) patients received inter-
feron (IFN) monotherapy, pegylated (Peg)-IFN mono-
therapy, or combination therapy with IFN plus
ribavirin (RBV) or Peg-IFN plus RBV. Sustained viro-
logical response (SVR) was defined as the absence of
detecrable HCV RNA at the end of 6 months or more
of treatment, whereas patients who failed to meet these
criteria were judged as having non-SVR. There was no
relapse of viremia after 6 months among the SVR
patients.

Diagnosis of HCC, Patients were followed up by
hematological and biochemical tests at an interval of
1-12 months. Diagnostic imaging by US, computed
tomography (CT), and magnetic resonance imaging
(MRI) were performed in most patients. HCC was
diagnosed by typical vascular patterns on CT, MRI,
and angiography or by fine-needle biopsy of space-
occupying lesions detected in the liver.

Ethical Considerations. Informed consent was
obtained from each patient included in the study, and
the study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki as reflected in the
a priori approval by the institution’s human research
committee.

Statistical Analysis. Continuous variables (platelet
counts, albumin, total bilirubin, aspartate aminotrans-
ferase [AST], alanine aminotransferase [ALT], AFD
HCV core antigen, and WFA"-M2BP) were dicho-
tomized with respect to the median value or clinically
meaningful values in the multivariate analysis. To esti-
mate the cumulative risk of developing HCC, Kaplan-
Meier’s method and the log-rank test were used. Cox’s
proportional hazards regression analysis was performed
to evaluate risk factors for HCC. Regression analysis
was performed to calculate Spearman’s rank-correlation
coefficient.  Kruskal-Wallis'  analysis of variance
(ANOVA), followed by the Games-Howels posthoc
test, was used to assess whether there were any

commercial
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Table 1. Demographic, Clinical, and Virological Characteristics
of the 707 Patients Persistently Infected With HCV

Age, vears 57.0 (19-79)
Male, N (%) 351 (49.6)
Observation period, years 8.2 £ 4.4%
IFN therapy 373 (52.8%)

Habitual alcohol intake
Pathological findings

135 (19.1%)

Fibrosis (N} 0-1/2/3/4 274/193/120/120
Activity (N) 0-1/2/3 199/365/143
Platelet count, X 10%/mm® 15.6 (3.0-39.1)
Albumin, g/dL 4.2 (2.7-5.3)
Bilirubin, mg/dL 0.7 (0.1-2.5)
AST, IU/mL 53 (11-422)
ALT, 1U/mL 82 (1-1,057)
AFP ng/mL 6 (0.7-510)
HCV core antigen >1,000 fmol/L (%) 539 (76.2)
HCV genotype, N (%) 1b 510 (72.1)
2a/2b 195 (27.6)
Unknown 2 (0.3)
WFAT-M2BP 1.9 (0.2-19.2)

Values are the medians with ranges in parentheses.
*Results are expressed as the mean = standard deviation.

significant differences in terms of fibrosis stages (FO-
F1, F2, F3, and F4). The diagnostic performances of
WFAT-M2BP and AFP for censored development of
HCC were assessed by using time-dependent receiver
operating characteristic (ROC) curves by examining
the area under the ROC (AUROC).' Inclusion of
variables was assessed using a step-wise selection
method. Cochran-Armitage’s test for tend was used in
the categorical data analysis to assess for the presence
of an association between a variable with two catego-
ries and a variable with more than three categories. A
P value of 0.05 was considered statistically significant.
Data analysis was performed with SPSS statistical soft-
ware (version 22.0; (SPSS, Inc., Chicago, IL) and JMP
10 (SAS Institute Inc., Cary, NC).

Results

Characteristics at Envollment. The baseline char-
acteristics of the 707 patients at enrollment are sum-
marized in Table 1. Median age was 57.0 years; 120
(17.0%) patients were diagnosed histologically with
liver cirrhosis (fibrosis stage F4) and the remaining
587 had chronic hepatitis (fibrosis stage F0, F1, F2, or
F3). The median value of AFP was 6 ng/mL. The
median value of WFAT-M2BP was 1.9 (range, 0.2-
19.2). The average follow-up period was 8.2 years.

WEA*-M2BP Value and Fibrosis Stage. The
average values (mean =1 standard error) for each
fibrosis stage were 1.3+ 0.1 in FO0-F1 (n=274),
2.2+ 0.1 in F2 (n=193), 3.3 +0.2 in F3 (n= 120),
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Fig. 1. Proportions of patients with different WFA*-M2BP levels
stratified by the fibrosis stage. The proportion of patients with F1 was
diminished across increasing quintiles of WFA'-M2BP level
(P <2 0.0001; Cochran-Armitage’s trend test), whereas that with F4 was
increased (P < 0.0001; Cochran-Armitage’s trend test).

and 5.2 0.3 in F4 (n=120). The degree of fibrosis
was positively correlated with the median value of
WFAY-M2BP (P<0.001) by a nonparametric method
(Kruskal-Wallis  one-way ANOVA). Games-Howel’s
test confirmed that the WFA"-M2BP value increased
significantly with increasing stage of liver fibrosis:
P<0.0001 (FO-FI, compared with F2, F3, and F4);
P<0.0001 (F2, compared with F3 and F4); and
P < 0.0001 (F3, compared with F4).

We estimated the diagnostic accuracy of WFA™-
M2BP for detecting stage F3-F4 disease. The AUROC
in the prediction of >F3 was 0.815 (range, 0.782-
0.842). The desired specificity level of 95% was
achieved for a 4.0 threshold, and the sensitivity was
40.0%.

We analyzed the proportions of the patients with
different WFA"-M2BP levels stratified by the fibrosis
stage (Fig. 1). The proportion of patients with F1 was
125 cases (80.7%) in WEFA"-M2BP <1 (n= 155),
101 cases (41.7%) in WFA"-M2BP <1 and <2
(n=242), 42 cases (21.9%) in WFA'-M2BP <2 and
<4 (n=192), 6 cases (7.0%) in WFA"-M2BP <4
and <8 (n=286), and 0 cases (0.0%) in WFA™-
M2BP >8 (n=32). The proportion of patients with
F1 was diminished across increasing quintiles of
WEA"-M2BP level (P< 0.0001; Cochran-Armitage’s
trend test). Conversely, the proportion of patients with
F4 was 2 cases (1.3%) in WFAT-M2BP <1
(n=155), 18 cases (7.4%) in WFA"-M2BP <1, and
<2 (n=242), 37 cases (19.3%) in WFA"-M2BP <2
and <4 (n=192), 38 cases (44.2%) in WFA*-M2BP
<4 and <8 (n=286), and 25 cases (78.1%) in
WFA®-M2BP >8 (n=32). The proportion of
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Table 2. Step-wise Multiple Linear Regression Model to
Identify Significant Independent Factors Affecting
Serum WFA™ -M2BP Level

Adjusted Standardized
Final Fitted Model R? Coefficient P Value
Fibrosis stage 0.258 <0.001
AFP 0.187 <0.001
Albumin -0.202 <0.001
AST (1: <8B3 1U/L; >2: 53 W/L) 0.186 <0.001
Platelet 0.501 ~0.147 <0.001
Sex (1: male; 2: female) 0.111 «<0.001
HCV core antigen ~0.098 <0.001
Total bilirubin 0.091 0.001
Age 0.071 0.014

patients with F4 was increased with increasing quin-
dles of WFA'-M2BP level (2<0.0001; Cochran-
Armitage’s trend test).

Relationship Between the WFA'-M2BP Value
and Baseline Biochemical Markers. To determine
whether the WFA-M2BP value was associated with
fibrosis stage, age, gender, placelet count, albumin, bili-
rubin, AST, ALT, AFP, HCV core antigen, HCV geno-
type, or histological grading, a step-wise multiple
linear regression analysis was performed. Our results
showed that independent variables, except for ALT,
genotype, and histological grading, remained in the
final equation (Table 2), suggesting that fibrosis stage
was most closely associated with serum WFA"-M2BP
value (coefhcient f3, 0.258; < 0.001).

Risk Factors for HCC. Coxs regression analysis
was performed on several variables, including age, sex,
alcohol consumption, IFN therapy during the observa-
tion period, biochemical and virological parameters,
and serum WFA"-M2BP level. The following factors
were identified as posing an increased risk for HCC
by the univariate analysis: age; response to IFN ther-
apy (no therapy vs. SVR; P < 0.001); fibrosis stage (F3
and F4 vs. FO-F1; < 0.001); platelet count (<15 X
109/mm’ vs. >15 X 10%mm’; P<0.001); albumin
(<4.2 vs. 24.2 g/ml; P<0.001); AST (<53 vs. >53
IU/mL; P<0.001), ALT (<82 wvs. >82 IU/mL;
P=0.035), and AFP levels (>20 and 6-20 vs. <6 ng/
mL; P <0.001); HCV genotype (1b vs. non-1b;
P=0.025); and serum WFAT-M2BP level (>4 and
1-4 vs. <1; P<0.001). Multivariate analysis was per-
formed on these factors (Table 3) and the following
were identified as independent risk factors: fibrosis
stage (F4); AFP (>20 ng/ml); age (=57 vyears);
response to IFN therapy (no therapy vs. SVR); and
WFA"-M2BP (1-4 and >4).

Development of HCC. During the follow-up
period, HCC developed in 110 (15.6%) patients. Of
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Table 3. Factors Associated With Risk for HCC* Cumulative HCC incidence rates
A (number at risk)
WFA*-M2BP levels
Features HR (95% CI) P Value (on N S year 0% year 5% year
Fibrosis FO-F1 1 —_ 24 118 30.5% 54.1% 77.0%
F2 0.883 (0.411-1.897) 0.749 (89 (61) (50)
F3 1.347 (0.624-2.906) 0.448 ] -4 434 3.9% 14.8% 31.6%
F4 3.133 (1.536-6.320) 0.002 (342) (197) (90)
—— ] 155 % 1.1% 3.1%
AFP <6 ng/mL 1 (109) ( 60) (10)
6-20 ng/mL 1.710 (0.963-3.038) 0.067 -
>20 ng/mL 3.417 (1.807-6.460) <0.001 S o % p< 0,001
32
Age <57 years 1 g
>57 years 2.039 (1.278-3.252) 0.003 ;:”_)
£ 50
IFN therapy No therapy 1 g
Non-SVR 0.729 (0.467-1.137) 0.163 'j
SVR 0.089 (0.027-0.288) <0.001 i'.;
E
WFA™-M28P <1 1 E
1-4 5.155 (1.180 — 22.500) 0.029 0 D ) 10 15
>4 8.318 (1.784 — 38.791) 0.007 Year of follow-up

Abbreviations: HR, hazard ratio; Cl, confidence interval.
*Determined by multivariate analysis.

the 110 patients with HCC, 58 (52.7%) were diag-
nosed with the disease by histological examination of
biopsy-obtained or resected liver specimens. Of these
58 patients, 24 (41.3%) had hypovascular HCC.

Figure 2 shows the relation between Kaplan-Meier’s
estimates of the cumulative risk of HCC and the dif-
ferent WFA'-M2BP levels at entry. The 10-year
cumulative risk of HCC was 1.1% in the patients with
WFA-M2BP <1 at entry, 14.8% among the patients
with WFA™-M2BP 1-4, and 54.1% in patients with
WEA'-M2BP >4. The incidence rate differed signifi-
cantly among the three groups (7 < 0.001, by the log-
rank test), increasing in accord with WEA*-M2BP
level.

Figure 3 shows the relation between the cumulative
incidence of HCC and WFA™-M2BP levels, stratified
by the fibrosis stage. In patients with fibrosis stage FO-
F1, there were significant differences in HCC inci-
dence between those with WEA™-M2BP levels of 1-4
and those with levels of <1 (P<0.01) and between
those with WFA"-M2BP levels of >4 and those with
levels of <1 (P<0.01). In patients with fibrosis stage
F2-F3, there were significant differences in HCC inci-
dence between those with WEA'-M2BP levels of <1
and those with levels of >4 (P<0.01) and between
those with WFA™-M2BP levels of 1-4 and those with
levels of >4 (P < 0.001). In patients with fibrosis stage
F4, there were significant differences in HCC inci-
dence between those with WEA"-M2BP levels of 1-4
and those with levels of >4 (P<0.05). As with

Fig. 2. Cumulative incidence of HCC according to WFA'-M2BP
level. Cumulative incidences of HCC according to the WFA™-M2BP
level were analyzed using Kaplan-Meier's method. Black solid, gray
solid, and dotted lines indicate stratified WFA™"-M2BP level, >4, 1-4,
and <1, respectively. Incidence rate differed significantly among the
three groups (P < 0.001, by the log-rank test), increasing in accord
with WFA"-M2BP level.

WEA"-M2BP levels, incidence rates increased with
fibrosis stage, and the change in incidence was signifi-
cant for each fibrosis stage.

Predictive Accuracy of Cumulative Incidence of
HCC  Compared With WFA"-M2BP  and
AFP. AUROC analyses for prediction of the develop-
ment of HCC at 1, 2, 3, 5, 7, and 10 years (range)
were 0.762 (0.553-0.971), 0.792 (0.669-0.915), 0.832
(0.751-0.914), 0.858 (0.805-0.911), 0.821 (0.767-
0.876), and 0.800 (0.745-0.855) in WFA*-M2BP and
0.791 (0.684-0.898), 0.790 (0.723-0.857), 0.772
(0.693-0.850), 0.800 (0.741-0.858), 0.796 (0.745-
0.848), and 0.821 (0.773-0.868) in AFP respecrively.
The WFA"-M2BP assay was superior to AFP for pre-
dicting the development of HCC at 3, 5, and 7 years.

Discussion

Liver biopsy has long been considered the gold
standard for assessment of hepatic fibrosis,”®*> and the
Metavir** and Desmet et al.'® staging systems are
most commonly used. A higher degree of liver fibrosis
is known to be the strongest risk factor for hepatocar-
cinogenesis in hepatitis C patients."** However, it also
has its limitations for the staging of fibrosis because of
the heterogeneous distribution of fibrosis in the liver,”
and liver biopsy is an invasive procedure with
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WFA*- Cumulative HCC incidence Cumulative HCC incidence Cumulative HCC ineidence
?1331) rates (number at risk) rites (number at risk) rates (number at risk)
(Z'Ol) N 3% year 10% year N 5% vear 10% year N S vear 1% year
— 24 6 167%( 5 16T%(2) 4 19.1% (34)  39.7% (20 63 405%(50)  67A%(39)
o ] -4 143 1.6% (118) 318%(56) 236 2.0% (174) 11 8% (99) 55 17.1%(49)  46.9% (42)
- iy oA y A ) L 3 e 74 9.7, LA j
<1 125 00% (89 0.0%(49) 2% 0.0% (18) 6.2% (10) 2 0.0%(2)  00%( 1) Fig. 3. Cumulative  inci-
g denc!e of HCC according to
2 . ) WFA™ -M2BP levels, stratified
73 i
g 100 ( ni(z)l?‘ 4 100 (niﬁ’é) 100 (n:F?Z(}) by the'fib'rosis stage. Cumula-
g § tive _mc;dences of"' HCC,
5 ) according to the WFA™-M2BP
5 ‘ § level, stratified by the fibrosis
g 30 30 stage were analyzed using
K Kaplan-Meier's method. Black
_”g solid, gray solid, and dotted
g lines indicate stratified WFA™ -
b 0 0 M2BP level, >4, 1-4, and
£ 5 10 15 0 5 10 15 <1, respectively. Incidence
Year of follow-up rates increased in accord with
Fp <0001, 7 pw 001, §p <0035 WFA"-M2BP level.

associated morbidity (pain, bleeding, or hemobilia).”®  can be difficult to obtain in obese patients and impos-

For these reasons, patients are often reluctant to sible in patients who have ascites. This is regarded as a
.. . . . - R 27,28 e N

undergo this invasive procedure and instead choose limitation of transient elastography.”*" Therefore, we

one of several noninvasive methods available for assess-  suggest that FibroScan, in conjunction with an assay

ing the degree of liver fibrosis. of serum fibrosis biomarkers, would improve the diag-
Nevertheless, in the past, no significant progress was  nostic accuracy.
made in the development of noninvasive biomarkers The second main finding of our study was the sig-

to guide clinical usage. WFA"-M2BP was recently nificant association between the WFA™-M2BP level
validated as a liver fibrosis glycobiomarker with a fully and the risk of HCC development in hepatitis C
automated immunoassay.” In the present study, we patients (Figs. 2 and 3). The diagnostic performance
assessed the performance of the WEAY-M2BP assay in  of WEA*-M2BP, based on the AUROC values, was
comparison with liver fibrosis stage and several serum  superior to that of AFP for predicting the development
markers, and, based on the results, we estimated of HCC at 3, 5, and 7 years. The WEAT-M2BP value
whether WFAT-M2BP is a useful predictor of the can be used as a noninvasive predictor of HCC devel-
development of HCC as well as liver biopsy stage. opment and can be considered a surrogate marker for

The first main finding of our study was that there liver fibrosis. Various risk factors have been reported
was a significant correlation between the WFA'- for HCC development among patients with HCV,
M2BP value and the fibrosis stage (Fig. 1). Moreover, including older age,l male sex,’ heavy alcohol con-
step-wise multiple linear regression analysis showed sumption,” obesity,®® cirrhosis,"* lower platelet
that liver fibrosis stage was most closely associated count,”™®® high serum AFP level,"™**™ low serum
with serum WFA*-M2BP level. In addition, the albumin level,’’ and high serum ALT and AST
degree of necroinflammation had no apparent effecc level.>™ Our results were consistent with these find-
on the WFA"-M2BP value. Based on these results, we ings. Among them, liver fibrosis stage was the strongest
proposed a clinical management algorithm using a prognostic indicator of chronic hepatitis. However,
WFA*-M2BP assay to predict the fibrosis stage. This liver biopsy has several disadvantages. In our study, we
approach could be used reliably for the first-line pre- have shown that the WFA¥-M2BP value is also a sig-
therapeutic evaluation of fibrosis in HCV-infected nificant risk factor of HCC development independent
patients. On the other hand, the most widely used of these factors. However, even though WFA"-M2BP
noninvasive techniques have recently shifted to physi- can be considered a surrogate marker for liver fibrosis,
cal measurements, such as FibroScan,””?® acoustic a distinct advantage of WFEA*-M2BP over liver biopsy
radiation force impulse, and real-time strain elastogra- is its wider dynamic range for the evaluation of liver
phy. FibroScan has the advantages of being rapid and cirrhosis. In the Metavir and Desmet et al. scoring sys-
technically simple; however, operator skill affects its tems, cirrhosis is represented by a single category (F4).
diagnostic success rate. Also, stiffness measurements However, the degree of fibrosis may vary widely

-312-



HEPATOLOGY, Vol. 60, No. 5, 2014

among patients in this category, and the risk of HCC
may not be uniform. In our study, the risk of HCC
development increased with increasing WFA™-M2BP
level as well as with increasing fibrotic stage. According
to the elevation of WFA"-M2BP value, the risk of
development of HCC was increased (Fig. 3). In other
words, each fibrosis stage can be further stratified with
clinical relevance based on the WFA™-M2BP level.

In our study, multivariate analysis identified fibrosis
stage, high AFP level, older age, SVR to IFN therapy
(no therapy vs. SVR), and high WFA"-M2BP value as
independent predictors of HCC development. The
stratified WFAT-M2BP value was independently asso-
ciated with HCC development. These results indicate
that the correlation between high WFA™-M2BP and
HCC development remains significant, even if HCC
develops from a noncirrhotic background. Tateyama
et al."” reported that AFP was a noninvasive predicrive
marker for the development of HCC in this same
cohort; furthermore, not only high AFP levels (>20
ng/mL), but also slightly elevated AFP levels of
between 6 and 20 ng/mL could indicate substantial
risks for the development of HCC, complementing
the fibrosis stage. Our present study was redesigned by
the addition of one parameter (WFA™-M2BP). Multi-
variate analysis did not identify slightly elevated AFP
levels (6-20 ng/mL) as an independent risk factor, but
did identify both stratified WFAT-M2BP levels (1-4
and >4) as independent risk factors. Also, the time-
dependent AUROC analysis suggested that WFA™-
M2BP is superior to AFP as a predictor for the devel-
opment of HCC. These results mean that the WFA™-
M2BP level is the most reliable noninvasive predictive
marker for the development of HCC in patients
infected with HCV.

One of the limitations of the present study is that
this cohort of 707 patients was analyzed retrospec-
tively. There is thus need of a future study to prospec-
tively analyze the efficacy of WFAT-M2BP as a
predictor of HCC development.

Another limitation is that the hepatocarcinogenesis
of the patients who underwent IFN therapy was not
evaluated. In this study, among the patients who
achieved SVR (n = 139), 3 cases developed HCC dur-
ing the follow-up period. The WFA™-M2BP titers
were 6.4, 5.6, and 1.5, respectively, in the 3 patients.
All 3 cases obtained titers higher than 1, and 2 cases
obtained titers higher than 4. This result suggests that
patients with a high WFA'-M2BP value should be
monitored for the development of HCC even after
achieving SVR. However, future assessments of the
WFAT-M2BP values at IFN administration and at

>
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will  be verify
recommendation.

In conclusion, this study revealed an association
between WFA“-M2BP and the risk of HCC develop-
ment in chronic hepatitis C patients. The results sug-
gested that the WFA'-M2BP assay should not be
limited to use as a surrogate for liver biopsy, but rather
could be applied as dynamic indicator of the risk of
HCC development.

posttreatment needed to this

References

1. Yoshida H, Shiratori Y, Moriyama M, Arakawa Y, Ide T, Sata M, et al.
Interferon  therapy reduces the risk for hepatocellular carcinoma:
national surveillance program of cirrhotic and noncirrhotic patients
with chronic hepatitis C in Japan. IHIT Study Group. Inhibition of
Hepatocarcinogenesis by Interferon Therapy. Ann Intern Med 1999;
131:174-181.

2. Liang T), Heller T. Pathogenesis of hepatitis C-associated heparocellular
carcinoma. Gastroenterology 2004;127(Suppl.):562-871.

3. Bolondi L, Sofia S, Siringo S, Gaiani S, Casali A, Zironi G, et al. Sur-
veillance programme of cirthotic patients for early diagnosis and trear-
ment of hepatocellular carcinoma: a cost effectiveness analysis. Gut
2001:48:251-259.

4. Saadeh S, Cammell G, Carey WD, Younossi Z, Barnes D, Easley K.
The role of liver biopsy in chronic heparitis C. HeparoLocy 2001;33:
196-200.

5. Gebo KA, Herlong HF, Torbenson MS, Jenckes MW, Chander G,
Ghanem KG, er al. Role of liver biopsy in management of chronic
hepacitis C: a systematic review. HepatoLoGY 2002;36:5161-S172. ‘

6. Cadranel JE Rufat P, Degos E Practices of liver biopsy in France:
results of a prospective nationwide survey. For the Group of Epidemiol-
ogy of the French Association for the Study of the Liver (AFEF).
HepaToLoGy 2000;32:477-481.

7. Dienstag JL. The role of liver biopsy in chronic hepatitis C. Heparo-
LOGY 2002;36(Suppl.):5152-5160.

8. Kuno A, lkehara Y, Tanaka Y, Ito K, Mawsuda A, Sekiya S, er al. A
serum “sweet-doughnut” 272 protein facilitates fibrosis evaluation and
therapy assessment in patients 273 with viral hepaditis. Sci. Rep 2013;
3:1065.

9. Narimatsu Y, Kuno A, Iro H, Kaji H, Kancko S, Usui J, et al. IgA
nephropathy caused by unusual polymerization of IgAl with aberrant
N-glycosylation in a patient with monoclonal immunoglobulin deposi-
tion disease. PloS One 2014;9:¢91079.

10. Sasaki T, Brakebusch C, Engel J, Timpl R. Mac-2 binding protein is a
cell-adhesive protein of the extracellular matrix which self-assembles
into ring-like structures and binds betal integrins, collagens and fibro-
nectin. EMBO J 1998;17:1606-1613.

1. lacovazzi PA, Trisolini A, Barletta D, Elba S, Manghisi OG, Correale
M. Serum 90K/MAC-2BP glycoprotein in patients with liver cirrhosis
and heparocellular carcinoma: a comparison with alpha-fetoprotein.
Clin Chem Lab Med 2005;39:961-965.

12. Artini M, Natoli C, Tinari N, Costantzo A, Marinelli R, Balsano C,
et al. Elevated serum levels of 90K/MAC-2 BP predict unresponsive-
ness to alpha-interferon therapy in chronic HCV heparitis patients.
J Hepatol 1996;25:212-217.

13. Cheung K]J, Tilleman K, Deforce D, Colle I, Van Vlierberghe H. The
HCV serum proteome: a search for fibrosis protein markers. J Viral
Hepat 2009;16:418-429.

14. Kuno A, Sato T, Shimazaki H, Unno $, Saitou K, Kiyohara K, et al.
Reconstruction of a robust glycodiagnostic agent supported by multiple
lectin-assisted glycan profiling. Proteomics Clin Appl 2013;7:642-647.

15. Tateyama M, Yatsuhashi H, Taura N, Motoyoshi Y, Nagaoka S, Yanagi
K, et al. Alpha-fetoprotein above normal levels as a risk factor for the

-313-



1570

16.

19.

28.

29.

30.

31.

YAMAMSAKIT ET AL.

development of hepatocellular carcinoma in patients infecred with hep-
acicis C virus. | Gastroenterol 201 1:46:92-100.

Desmet V], Gerber M, Hoofnagle JH, Manns M, Scheuer P). Classifi-
cation of chronic hepaditis: diagnosis, grading and staging. HeraroLocy
1994;19:1513-1520.

. Tanaka E, Ohue C, Aoyagi K, Yamaguchi K, Yagi S, Kiyosawa K, et al.

Evaluation of a new enzyme immunoassay for hepatitis C virus (HCV)
core antigen with clinical sensivivity approximating thar of genomic
amplification of HCV RNA. HeratoLoGy 2000:32:388-393.

. Ohno O, Mizokami M, Wu RR, Saleh MG, Ohba K, Orito E, ct al.

New hepatits C virus (HCV) genotyping systerm that allows for identi-
fication of HCV genotypes la, 1b, 2a, 2b, 3a, 3b, 4, 5a, and Ga.
J Clin Microbiol 1997;35:201-207.

Heagerty PJ, Lumley
censored survival data and a diagnostic marker. Biometrics 2000556:

337-344.

Pepe MS. Time-dependent ROC curves for

. Yano M, Kumada H, Kage M, lkeda K, Shimamawsu K, Inoue O,

et al. The long-term pathological evolution of chronic heparidis C.
Heparoroay 1996:23:1334-1340.

. Saadeh S, Cammell G, Carey WD, Younossi Z, Barnes D, Easley K.

The role of liver biopsy in chronic hepatids C. HepatoroGy 2001533:
196-200.

. Gebo KA, Herlong HE Torbenson MS, Jenckes MW, Chander G,

Ghanem KG, et al. Role of liver biopsy in management of chronic
hepatitis C: a systemaric review. Hepatorogy, 2002:36(Suppl.):S161-
5172,

. Bravo AA, Sheth SG, Chopra S. Liver biopsy. N Engl | Med 2001;

344:495-500.

. Poynard T, Bedossa P, Opolon P. Nacural history of liver fibrosis pro-

gression in padents with chronic hepatits C. Lancer 1997;349:825-
832,

. Bedossa P Dargere D, Paradis V. Sampling variability of liver fibrosis

in chronic hepacitis C. HeparorLoGy 2003;38:1449-1457.

. Cadranel JE Rufar I Degos FE Practices of liver biopsy in France:

results of a prospective nationwide survey. Hepatorocy 2000;32:477-
481,

. Sandrin L, Fourquet B, Hasquenoph JM, Yon 5, Fournier C, Mal F,

et al. Transient clastography: a new noninvasive method for assessment
of hepatic fibrosis. Ultrasound Med Biol 2003;29:1705-1713.

Castéra L, Vergniol J, Foucher J, Le Bail B, Chanteloup E, Haaser M,
et al. Prospective comparison of transient elastography, Fibrotest, APRI,
and liver biopsy for the assessment of fibrosis in chronic hepatitis C.
Gastroenterology 2005;128:343-350.

Degos F Perez P, Roche B, Mahmoudi A, Asselineau J, Voitot H, et al.
Diagnostic accuracy of FibroScan and comparison to liver fibrosis bio-
markers in chronic viral hepatitis: a multicenter prospective study (the
FIBROSTIC study). ] Hepatol 2010;53:1013-1021.

Crespo G, Ferndndez-Varo G, Marino Z, Casals G, Miquel R,
Martinez SM, et al. ARFI, FibroScan®, ELE, and their combinations
in the assessmenc of liver fibrosis: a prospective study. J Hepatol 2012;
57:281-287.

Ikeda K, Saitoh S, Suzuki Y, Kobayashi M, Tsubora A, Koida 1, et al.
Disease progression and hepatocellular carcinogenesis in patients with
chronic viral hepatitis: a prospective observation of 2215 patients.
] Hepatol 1998;28:930-938.

. Ohki T, Tateishi R, Sato T, Masuzaki R, Imamura J, Gowo T, et al.

Obesity is an independent risk factor for hepatocellular carcinoma

-314-

33.

34.

37.

38.

40.

41.

43.

E-N
N

46.

47.

. Sangiovanni A, Colombo E

HEPATOLOGY, November 2014

development in chronic hepatitis C padients. Clin Gastroenterol Hepa-
tol 2008;6:459-464.

Takano S, Yokosuka O, Imazeki I, Tagawa M, Omata M. Incidence of
hepatocellular carcinoma in chronic hepaditis B and C: a prospective
study of 251 partients, Hepatorocy 1995;21:650-655.

Matsumura H, Moriyama M, Goto [, Tanaka N, Okubo H, Arakawa
Y. Nawral course of progression of liver fibrosis in Japanese patients
with chronic liver disease type C—a study of 527 patients at one estab-
lishment, | Viral Hepar 2000; 7:268-275.

. Degos F Chrisadis C, Ganne-Carrie N, Farmachidi JB Degore C,

Guetder C, et al. Hepatidis C virus related cirrhosis: time to occurrence
of hepatocellular carcinoma and death. Gue 2000:47:131-136,

36. Rodriguez-Diaz [, Rosas-Camargo V, Vega-Vega O, Morales-Espinosa

D, Mendez-Reguera A, Martinez-Tlabuel JL, et al, Clinical and patho-
logical factors associated with the development of hepatocellular carci-
noma in patients with hepaditis virus-related cirrhosis: a long-term
follow-up study. Clin Oncol (R Coll Radiol) 2007;19:197-203.

Bruix |, Sherman M. Management of hepatocellular carcinoma. Hepa-
TOLOGY 2005:42:1208-1236.

Colombo M, de Franchis R, Del Ninno E, Sangiovanni A, De Fazio
C, Tommasini M, et al. Heparocellular carcinoma in lralian patients
with cirrhosis, N Engl ] Med 1991:325:675-680.

. Tsukuma H, Hiyama 1, Tanaka S, Nakao M, Yabuuchi 1, Kitamura T,

et al. Risk factors for hepatocellular carcinoma among patients with
chronic liver disease. N Engl | Med 1993:328:1797-1801.
Oka H, Tamori A, Kuroki T, Kobayashi K, Yamamoto S. Prospective
study of alpha-fetoprotein in cirrhotic patients monitored for develop-
ment of hepatocellular carcinoma, HeparoLoGy 1994;19:61-66.
Ganne-Carrie N, Chastang C, Chapel F, Munz C, Pateron D, Sibony
M. et al. Predictive score for the development of hepatocellular carci-
noma and addidonal value of liver large cell dysplasia in Western
patients with cirrhosis. HepatoLoGy 1996;23:1112-1118.

i, Radaelli F Borwoli A, Bovo G,
Casiraghi MA, et al. Hepatocyte proliferation and risk of hepatocel-
lular carcinoma in cirrhotic patients. Am ] Gastroenterol 2001;96:
1575-1580.
Ikeda K, Arase Y, Saitoh S, Kobayashi M, Someya T, Hosaka T, et al.
Prediction model of hepatocarcinogenesis for patients with hepatitis C
virus-related  cirrhosis. Validation with internal and external cohorts.

| Hepatol 2006;44:1089-1097.

. Bruce MG, Bruden D, McMahon BJ, Christensen C, Homan C,

Sullivan D, et al. Clinical significance of elevated alpha-fetoprotein in
Alaskan Native patients with chronic hepatitis C. J Viral Hepat 2008;
15:179-187.

. Inoue A, Tsukuma H, Oshima A, Yabuuchi T, Nakao M, Matsunaga

T, et al. Effectiveness of interferon therapy for reducing the incidence
of hepatocellular carcinoma among patients with type C chronic hepa-
dtis. ] Epidemiol 2000;10:234-240.

Tarao K, Rino Y, Ohkawa S, Shimizu A, Tamai S, Miyakawa K, et al.
Association between high serum alanine aminotransferase levels and
more rapid development and higher rate of incidence of hepatocellular
carcinoma in patients with hepatitis C virus-associated cirrhosis. Cancer
1999;86:589-595.

Tarao K, Rino Y, Ohkawa S, Tamai S, Miyakawa K, "Takakura H, et al.
Close association between high serum alanine aminotransferase levels
and multicentric hepatocarcinogenesis in patients with hepatitis C
virus-associated cirrhosis. Cancer 2002;94:1787-1795.



