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A Matched Case-Controlled Study of 48 and 72 Weeks
of Peginterferon Plus Ribavirin Combination
Therapy in Patients Infected With HCV Genotype 1b
in Japan: Amino Acid Substitutions in HCV Core
Region as Predictor of Sustained

Virological Response
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Substitution of amino acid (aa) 70 and 91 in the
core region of HCV genotype 1b is a useful
pretreatment predictor of efficacy of 48-week
peginterferon (PEG-IFN) plus ribavirin (RBV)
therapy. Here, we determined the efficacy of
72-week PEG-IFN/RBV and the predictive factors
to such therapy in a case—control study matched
for sex, age, and periods from the start of
treatment to initial point of HCV RNA-negative.
We compared the treatment efficacy of 72-week
regimen in 65 patients with that of 48-week in 130
patients, who were infected with HCV genotype
1b and treated with PEG-IFN/RBV. They consisted
mainly of late virological responders (LVR)
(HCV RNA-positive at 12 weeks and negative at
24 weeks after start of treatment). Sustained
virological response (SVR) was achieved by
61.5% and 32.3% of patients of the 72- and 48-
week groups, respectively, while non-virological
response was noted in 9.2% and 29.2% of the
respective groups. Multivariate analysis identi-
fied substitution of aa 70 and 91 (Arg70 and/or
Leu91) and duration of treatment (72-week)
as independent parameters that significantly
influenced SVR. For Arg70 and/or Leu91 of
core region, SVR rate was significantly higher in
72-(68.0%) than 48-week group (37.8%). For wild-
type of ISDR, SVR rate was significantly higher in
72- (61.2%) than in 48-week group (29.3%).
We conclude that 72-week PEG-IFN/RBV im-
proves SVR rate for LVR, especially those with
Arg70 and/or Leu91 of core region or wild-type
of ISDR. Substitution of aa 70 and 91 is
also a useful pretreatment predictor of response
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INTRODUCTION

Hepatitis C virus (HCV) usually causes chronic
infection that can result in chronic hepatitis, liver
cirrhosis, and hepatocellular carcinoma (HCQ)
[Dusheiko, 1998; Ikeda et al., 1998; Niederau et al.,
1998; Kenny-Walsh, 1999; Akuta et al., 2001]. In
patients with HCV-chronic hepatitis, treatment with
interferon (IFN) can induce viral clearance and marked
biochemical and histological improvement [Davis et al.,
1989; DiBisceglie et al., 1989]. Especially, peginterferon
(PEG-IFN) plus ribavirin (RBV) combination therapy
for 48 weeks can achieve a high sustained virological
response (SVR) [Manns et al., 2001; Fried et al., 2002].

Although treatment of genotype 1-infected patients
typically extends over 48 weeks, there has been
interest in prolongation of therapy, particularly in late
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virological responders (LVR) (HCV RNA-positive at
12 weeks and negative at 24 weeks after the start of
treatment), because high relapse rates in LVI may
indicate that treatment was not administered for a
sufficient duration [Fersnci et al, 2008L 1S
studies from Europe and: United Sistes nave .
strated that LVR improves SVR rates when treatment is
extended to 72 weeks, compared with standard duration
of therapy, largely as a result of reducing posttreatment
relapse rates [Buti et al, 2003; Berg et al., 2006;
Séanchez-Tapias et al., 2006; Pearlman et al., 2007].
Thus, prolongation of therapy in LVE may improve the
virological response rate. However, it is not cisar at
present whether prolongation of freatment improves
3 gtant Japanse tents
infected with HCV/genotype 1b [Akutaetal, 2007ab,cl.

Previous studies indicated that amino acid (aa)
substitutions at position 70 and/or 91 in the HCV core
region of genotype 1b were predictors of poor virological
response to 48-week PEG-IFN plus RBV therapy [Akuta
etal., 2005, 2006, 2007a,b,c; Donlin et al., 2007], and also
risk factors for hepatocarcinogenesis [Akuta et al,
2007d, 2008a]. However, it is not clear at this stage
whether aa substitutions in the cove region can be used
before therapy to predict the outcome of 7Z-week
regimen.

The aims of the present study in HCV genotype 1b-
infected Japanese adult patients, who received PEG-
IFN plus RBV, were the following: (1) To conduct a case—
control study matched for sex, age, and periods from the
start of treatment to the initial point of HCV RNA-
negative, to compare the treatment efficacy of 72-week
regimen and 48-week regimen. (2) To identify the
pretreatment factors thet could predict treatment
efficacy of the 72-week regimen, including pretreatment
aa substitutions in the core region.

[

1A 114 LAILT

PATIENTS AND METHODS
Study Population

A total of 559 HCV genotypelb-infected Japanese
adult patients were consecutively recruited into the
study protocol of combination therapy with PEG-IFNa-
2b plus RBV between 2001 and 2008 at Toranomon
Hospital, Tokyo, Japan. They received PEG-IFNe-2b at
a median dose of 1.4 pg/kg (range, 0.7-2.1 ug/kg)
subcutaneously each week plus oral RBV at a median
dose of 11.1 mg/kg (range, 3.4—16.0 mg/kg) daily. Among
these, 383 patients, who could complete a total of 48 or
72 weeks of combination therapy, were enrolled in
this retrospective study. The latter group consisted
of 65 patients who extended combination therapy to
79-week (72-week group), and 818 patients who stopped
combination therapy at the 48 weeks (48-week group).
The decision to extend the combination therapy to
79 weeks was made by the patient. To compare the
efficacy of the 72- and 48-week courses, all 65 patients
of the 72-week group entered this study along with
130 patients of 48-week. The latter group was selected
from among the 318 because they matched those

GeGEE-

patients of the 72-week group with respect to sex, age,
and periods from the start of treatment to the initial
point of HCV RNA-negative (matched case—control
The treatment efficacy was evaluated by HCV-
based on gqualitative PCR analysis at the
st o Sraotment (sen-wivalagiesk response:: NMEL:
and by HCV-RNA negative based on qualitative PCR
analysis at 24 weeks after the completion of therapy
(SVR). Furthermore, LVR was defined as HCV RNA-
positive at 12 weeks and negative at 24 weeks after the
start of treatment, based on qualitative PCR analysis.
All patients fulfilled the following criteria: (1) Negativity
for hepatitis B surface antigen (radioimmunoassay,
Dainabot, Tokyo, Japan), positivity for anti-HCV
(thivd-generation enzyme immunoassay, Chiron Corp.,
Frnerville, CA), and positivity for HCV RNA qualitative
analysis with PCR (Amplicor, Roche Diagnostics, Man-
heim, Germany). (2) Infection with HCV genotype 1b
only. (3) A high viral load (>100x 10° IU/ml) by
quantitative analysis of HCV RNA with PCR (AMPLI-
COR QT HCV Monitor v2.0 using the 10-fold dilution
method, Roche Molecular Systems Inc., Pleasanton, CA)
within the preceding 2 months of enrolment. (4) No
tepatocellular carcinoma. (B) Body weight > 40 kg. (6)
Lack of coinfection with humen immunodeficiency
virus., (7) No previous treatment with antiviral
or immunosuppressive agents within the preceding
3 months of enrolment. (8) None was an alcoholic;
lifetime cumulative alcohol intake was <500 kg. (9)
None had other forms of liver diseases, such as
hemochromatosis, Wilson disease, primary biliary cir-
vhosis, alcoholic liver disease, or autoimmmune liver
disease. (10) None of the females was pregnant or a
lactzting mother. (11) All patients had completed a
% {ollow-up program after cessation of treatment,
7 could be evaluated. (12) Bach signed a consent
form of the study protocol that had been approved by
he human ethics review committee. The profile and
laboratory data of 195 patients, who entered the
matched case—control study, are summarized in Table .

Laboratory Tests

Blood samples were obtained at least once every
month before, during, and after treatment, and were
analyzed for alanine aminotransferase (ALT) and HCV-
RIA levels. The serum samples were frozen at —80°C
within 4 hr of collection and thawed at the time of
measurement. HCV genotype was determined by PCR
using a mixed primer set derived from the nucleotide
sequences of NS5 region [Chayama et al., 1993]. HCV-
RNA levels were measured by quantitative PCR
(AMPLICOR GT HCV Monitor v2.0 using the 10-fold
dilution method, Roche Molecular Systems Inc.) at least
once every month before, during, and after therapy.
The dynamic range of the assay was 5.0x 10% to
5.0 % 10% TU/ml. Samples collected during and after
therapy that showed undetectable levels of HCV-RNA
(<5.0 x 103 TU/ml) were also checked by qualitative PCR
(AMPLICOR HCV v2.0, Roche Molecular Systems Inc.),
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TABLE I. Patient Profile and Laboratory Data at Commencement of 48- and 72-Week Combination Therapy of Peginterferon
Plus Ribavirin in Patients Infected With HCV Genotype 1b (Matched Case—Control Study)

72-week group

48-week group

Matching data
Number of patients
Sex (M/F)
Age (years)*
Periods to the initial point of HCV RNA-negative (weeks)*
Demographic data
History of blood transfusion
Family history of liver disease
Body mass index (kg/m%)*
Laboratory data*
Serum aspartate aminotransferase (IU/L)
Serum alanine aminotransferase (IU/L)
Serum albumin (g/dl)
Gamma-glutamyl] transpeptidase (IU/L)
Leukocytes (fmm®)
Hemoglobin (g/dl)
Platelet count (x10%mm®)
ICG R15 (%)
Level of viremia (KIU/ml)
Alfa-fetoprotein (,g/L)
Total cholesterol (mg/dl)
High density lipoprotein cholesterol (mg/dl)
Low density lipoprotein cholesterol (mg/dl)
Triglycerides (mg/dl)
Uric acid (mg/dl)
Fasting blood sugar (mg/dl)
Histological findings
Stage of fibrosis (F1/F2/F3/ND)
Hepatocyte steatosis (none to mild/moderate to severe/ND)
Treatment
PEG-IFN «-2b dose (ug/kg)*
Ribavirin dose (mg/kg)*
Amino acid substitutions in the HCV
Core aa 70 (arginine/glutamine (histidine)/ND)
Core aa 91 (leucine/methionine/ND)
ISDR of NS5A (wild-type/mutant-type/ND)

130

65

28/37 57/73 Matched

57 (22-70) 56 (25—68) Matched

17.4 (5.9-72.0) 19.7 (6.0—48.0) Matched
18 (27.7%) 42 (32.3%) NS
21 (32.3%) 31 (23.8%) NS
22.6 (16.6—-38.0) 22.2 (17.0-32.4) NS
49 (23-213) 51 (21-217) NS
64 (25—430) 68 (20-391) NS
3.9 (8.2-4.5) 3.8 (3.2—4.6) NS
40 (14-171) 38 (15-581) NS
4,400 (2,300-8,800) 4,600 (1,200-9,400) NS
14.0(11.3—-17.8) 13.9 (10.6—-18.1) NS
16.2 (8.2—-30.7) 15.8 (6.4-31.6) NS
13 (2—-73) 15 (2—45) NS

2,650 (52->5,000) 1,850 (49->5,000) 0.013
6 (2—47) 6(2—110) NS
174(111-276) 175 (104—-274) NS
45 (27-86) 51 (24-78) NS
104 (49-204) 107 (50-182) NS
91 (35—-259) 94 (35-315) NS
5.3 (2.6-7.7) 5.0 (2.3-8.7) NS
95 (79-218) 98 (76—157) NS
20/12/11/1/21 44/27/22/0/37 NS
40/2/23 78/8/44 NS
1.4 (0.8-2.1) 1.4 (0.7-1.9) NS
10.9 (6.6—16.0) 10.8 (3.7-14.2) NS
37/23/5 11 47/6 NS
42/18/5 66/57/7 0.038

49/5/11 99/17/14 NS

Data are number and percentages of patients, except those denoted by *

which has a higher sensitivity than quantitative
analysis, and the results were expressed as positive or
negative. The lower limit of the assay was 50 IU/ml.

Histopathological Examination
of Liver Biopsies

Liver biopsy specimens were obtained percutaneously
or at peritoneoscopy using a modified Vim Silverman
needle with an internal diameter of 2 mm (Tohoku
University style, Kakinuma Factory, Tokyo), fixed in
10% formalin, and stained with hematoxylin and eosin,
Masson’s trichrome, silver impregnation, and periodic
acid-Schiff after diastase digestion. All specimens for
examinations contained six or more portal areas.
Histopathological diagnosis was confirmed by an expe-
rienced liver pathologist (H.K.) who was blinded to the
clinical data. Chronic hepatitis was diagnosed based on
histopathological assessment according to the scoring
system of Desmet et al. [1994]. Hepatocyte steatosis was
graded as either none (absent), mild (less than 1/3 of
hepatocytes involved), moderate (greater than 1/3 but
less than 2/3 of hepatocytes involved), or severe (greater

J. Med. Virol. DOI 10.1002/jmv

, which represent the median (range) values. ND: not determined.

than 2/3 of hepatocytes involved) [D’Alessandro et al.,
1991].

Detection of Amino Acid Substitutions in
Core Region and NS5A Region

With the use of HCV-J (accession no. D90208) as a
reference [Kato et al., 1990], the sequence of 1-191 aain
the core protein of genotype 1b was determined and then
compared with the consensus sequence constructed on
50 clinical samples to detect substitutions at aa 70 of
arginine (Arg70) or glutamine/histidine (GIn70/His70)
and aa 91 of leucine (Leu91) or methionine (Met91)

. [Akuta et al., 2005]. The sequence of 22092248 aa in’

the NS5A of genotype 1b (IFN-sensitivity determining
region [ISDR]) reported by Enomoto et al. [1995, 1996]
was also determined, and the numbers of aa substitu-
tions in ISDR were defined as wild-type (<1) or mutant-
type (>2).

In the present study, aa substitutions of the core
region and NS5A-ISDR were analyzed by direct
sequencing [Enomoto et al., 1995, 1996; Akuta et al.,
2005]. HCV RNA was extracted from serum samples at
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the start of treatment and reverse transcribed with
random primer and MMLV reverse transcriptase
(Takara Syuzo, Tokyo). Nucleic acids were amplified
by PCR using the following primers: (a) Nucleotide
sequences of the core region: The first-round PCR was
performed with CC11 (sense, 5-GCC ATA GTG GTC
TGC GGA AC-3) and el4 (antisense, 5'-GGA GCA GTC
CTT CGT GAC ATG-3') primers, and the second-round
PCR with CC9 (sense, 5-GCT AGC CGA GTA GTG TT-
3) and el4 (antisense) primers. (b) Nucleotide sequen-
ces of NS5A-ISDR: The first-round PCR was performed
with ISDR1 (sense, 5-ATG CCC ATG CCA GGT TCC
AG-2) and ISDR2 (antisense, 5-AGC TCC GCC AAG
GCA GAA GA-3') primers, and the second-round PCR
with ISDR2 (sense, 5-ACC GGA TGT GGC AGT GCT
CA-8") and ISDR4 (antisense, 5-GTA ATC CGG GCG
TGC CCA TA-3) primers ([a] hemi-nssted PCR; [bl
nested PCR). All samples were initially denatured at
95°C for 15 min. The 35 cycles of amplification were set
as follows: denaturation for 1 min at 94°C, annealing of
primers for 2 min at 55°C, and extension for 3 min at
72°C with an additional 7 min for extension. Then 1 pl of
the first PCR product was transferred to the second PCR
reaction. Other conditions for the second PCR were the
same as the first PCR, except that the second PCR
primers were used instead of the first PCR primers. The
amplified PCR products were purified by the QIA quick
PCR purification kit (Qiagen, Tokyo, Japan) afier
agarose gel electrophoresis and then used for direct
sequencing. Dideoxynucleotide termination sequencing
was performed with the Big Dye Deoxy Terminator
Cycle Sequencing kit (Perkin-Elmer, Tokyo, Japan).

Statistical Analysis

Non-parametric tests (Mann—-Whitney U-test, chi-
squared test and Fisher's exact probability test) wer
used to compare the characteristics of the groups.
Univariate and multivariate logistic regression analy-
ses were used to determine those factors that signifi-
cantly contributed to SVR. The odds ratios and 95%
confidence intervals (95% CI) were also calculated. AlL P
values less than 0.05 by the two-tailed test were
considered significant. Variables that achieved statis-
tical significance (P < 0.05) on univariate analysis were
entered into multiple logistic regression analysis to
identify significant independent factors. The potential
pretreatment predictive factors associated with SVE
included the following variables: sex, age, history of
blood transfusion, familial history of liver disease, body
mass index, aspartate aminotransferase (AST), ALT,
albumin, gamma-glutamyl transpeptidase (yGTP), leu-
kocyte count, hemoglobin, platelets, indocyanine green
retention rate at 15 min (ICG R15), level of viremia, alfa-
fetoprotein, total cholesterol, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, trigly-
cerides, uric acid, fasting blood sugar, hepatocyte
steatosis, stage of fibrosis, PEG-IFN dose/body weight,
RBV dose/body weight, duration of treatment, and
amino acid substitution in the core and ISDR of NS5A.
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Statistical analyses were performed using the SPSS
software (SPSS Inc., Chicago, IL).
RESULTS

Comparison of Treatment Efficacy Between
48-Week Group and 72-Week Group

Figure 1 shows comparison of the treatment efficacy

- between 48- and 72-week groups. SVR was achieved by

42 of 130 patients (32.3%) and 40 of 65 (61.5%) in the 48-
and 72-week groups, respectively. The proportion of
SVR was significantly higher in 72-week group than in
the 48-week group (P<0.001). Furthermore, NVR
was identified in 88 of 130 patients (29.2%) and 6 of
85 (9.2%) in the 48- and 72-week groups, respectively.
The proportion of NVR was significantly lower in the
72-week group than in 48-week group (P =0.002).

Predictive Factors Associated With SVR ih
Multivariate Analysis

Univariate analysis identified 13 parameters that
influenced SVR either significantly or marginally:
gender (female sex; P=0.002), stage of fibrosis (F1.;
P=0.008), PEG-IFN dose/body weight (>1.4 pg/kg;
P=0.001), RBV dose/body weight (>11.0 mgkg;
P=0.029), platelet count (>15.0 x 10%mm?; P=0.002),
level of viremia (<1,000 KIU/ml; P = 0.049), yGTP (<50
TU/L; P=0.026), ICG R15 (<15%; P =0.003), triglycer-
ides (<100 mg/dl; P=0.038), high-density lipoprotein
cholesterol (>50 mg/dl; P=0.018), o-fetoprotein
(<20 pg/L; P=0.005), substitution of aa 70 and
91 (Arg70 andfor Leu9l; P=0.002), and duration of
treatment (72-week group; P < 0.001).

Multivariate analysis identified three independent
parameters that either significantly influenced or
tended to significantly influence SVR; substitution of
az 70 and 91 (Arg70 and/or Leu91; P=0.015), duration
of treatment (72-week group; P=0.014), and high-
density lipoprotein cholesterol (>50 mg/dl; P =0.084)
(Table ID).

100
[& 48-week group
. 72-week group
80 r

61.5%

60

40

Percentage of Patients (%)

20

Non-virological response

Fig. 1. Comparison of treatment efficacy between the 48-week group
and 72-week group. The proportion of patients with sustained
virological response in 72-week group was significantly higher than
in 48-week group (P < 0.001). Furthermore, the proportion of patients
with non-virological response in 72-week group was significantly lower
than in 48-week group (P = 0.002).
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TABLE II. Factors Associated With Sustained Virological Response to Combination Therapy of Peginterferon Plus Ribavirin in
195 Patients Infected With HCV Genotypelb, Identified by Multivariate Analysis

Factor

Category

Odds ratio (95% CI) P

Substitution of aa 70 and 91

Duration of treatment (weeks) 1:48
2:72
HDL-cholesterol (mg/dl) 1: <50
2: >50

1: GIn70 (His70) and Met91
2: Arg70 and/or Leu91

1
5.46 (1.39-21.3)

0.015
1

3.51 (1.28-9.62) 0.014
1

2.42 (0.89-6.58) 0.084

*Only variables that achieved statistical significance (P < 0.05) or marginal significance (P < 0.10) on multivariate logistic regression are shown.

Treatment Efficacy According to Amino Acid
Substitutions in Core Region

Figure 2 shows comparison of the treatment efficacy
accordingto aa substitutions in the core region. In GIn70
(His70) and Met91, SVR was achieved by 4 of 26 patients
(15.4%) and 3 of 10 (30.0%) in the 48- and 72-week
groups, respectively. The proportion of SVR in 72-week
group was not significantly different than in 48-week
group. In Arg70 and/or Leu91, SVR was achieved by 37
of 98 patients (37.8%) and 34 of 50 (68.0%) in the 48- and
72-week groups, respectively. The proportion of SVR in
72-week group was significantly higher than in 48-week
group (P=0.001).

Treatment Efficacy According to Amino
Acid Substitutions in NS5A-ISDR

Figure 3 shows comparison of the treatment efficacy
according to aa substitutions in NS5A-ISDR. In mutant-
type, SVR was achieved by 9 of 17 patients (562.9%) and
3 of 5 (60.0%) in the 48- and 72-week groups, respec-
tively. The proportion of SVR in 72-week group was not
significantly different from that in 48-week group. In
wild-type, SVR was achieved by 29 of 99 patients (29.3%)
and 30 of 49 (61.2%) in the 48- and 72-week groups,
respectively. The proportion of SVR in 72-week group
was significantly higher than that in 48-week group
(P <0.001).

100
B 48-week group

. 72-week group

Rate (%)

68.0%

P

1D

(3

tained Virologi

GIn70 (His70) and Met91 Arg70 and/or Leu91

Fig. 2. Comparison of treatment efficacy according to amino acid
substitutions in the core region. In GIn70 (His70) and Met91, the
proportion of patients with sustained virological response in 72-week
group was not significantly different from that in 48-week group.
However, in Arg70 and/or Leu91l, the proportion of patients with
sustained virological response in 72-week group was significantly
higher than in 48-week group (P =0.001).
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DISCUSSION

This matched case-controlled study of PEG-IFN plus
RBYV for LVR infected with HCV genotype 1b, showed
that treatment extension to 72 weeks seems to improve
SVR rates in Japanese patients. To our knowledge, the
present study is the first to report that 72-week regimen
of PEG-IFN plus RBV might be also useful in Asians.
Especially, the 72-week regimen significantly improved
the SVR ratesin LVR with Arg70 and/or Leu91 of core or
wild-type of ISDR. The present study based on patients,
who could complete a total of 48 or 72 weeks of
combination therapy, did not show the frequencies of
patients, who could not complete by side effects.
Patients, who dropped out by side effects between 48
and 72 week for therapy prolonged to 72 weeks, were
only 3 of 559 HCV genotypelb-infected Japanese adult
patients (data not shown), so the frequencies of side
effects with 72-week regimen might be nearly equal to
those with 48-week regimen. Large-scale prospective
study based on the intention to treat analysis should be
conducted to confirm the above finding in future,

NS5A-ISDR, reported as predictor of treatment
efficacy with IFN monotherapy by Enomoto et al.
[1995, 1996], is also useful as predictor of 48-week
PEG-IFN plus RBV combination therapy [Murayama
et al., 2007; Shirakawa et al., in press; Yen et al., 2008].
Furthermore, the present study also indicated that

100 -
—-
5 B 48-week group
-~
5 . T2~week group

80

60.0%

1R,

ined Virclogi

Q

wild-type mutant-type

Fig. 3. Comparison of treatment efficacy according to amino acid
substitutions in NS5A-ISDR. In mutant-type, the proportion of
patients with sustained virological response in 72-week group was
not significantly different from that in 48-week group. However, in
wild-type, the proportion of patients with sustained virological
response in 72-week group was significantly higher than in 48-week
group (P <0.001).
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72-week regimen of PEG-IFN plus RBV significantly
improved the SVR rate in LVR with wild-type of ISDR.
Unfortunately, the 72-week regimen of PEG-IFN plus
RBV did not improve the SVR rate in LVR with
Gin70 (His70) and Met91l of the core region. Multi-
variate analysis also identified GIn70 (His70) and Met91
of the core region as independent parameter that
significantly influenced non-SVR. PEG-IFN plus RBV

carries potential serious side effects and is costly .

especially when used long enough to achieve higher
SVR rates. For these reasons, we need to identify those
patients who do not achieve SVR, to free them of
unnecessary side effects and reduce costs, preferably
before the start of the combination therapy. For patients
uneuitable for PREG-IFN plus RBV, including LVR with
Gln70 (His70) and Metdl of the core region, low-dose
intermittent IFN monotherapy might be an efficacious
therapeutic regimen, because it can lead to ALT norma-
lization and thus reduce the risk of hepatocarcino-
genesis [Akuta et al., 2008b].

One limitation of this study is that LVR could not be
evaluated by the COBAS AmpliPrep/COBAS TagMan
HCV Test (the lower limit of this assay; 15 IU/ml), which
has a higher sensitivity than AMPLICOR HCV v2.0 (the
lower limit of this assay; 50 IU/ml} [Sizmann et al.,
2007]. Rapid virclogical response (HCV RNA-negative
at 4 weeks after the start of treatment) and early
virelogical response (HCV RNA-positive at 4 weeks and
negative at 12 weeks after the start of treatment) by
AMPLICOR HCV v2.0 might be diagnosed as LVR by
the COBAS AmpliPrep/COBAS TagMan HCV Test.
Further studies using highly sensitive real-time PCR
assay should be performed to facilitate the development
of more effective therapeutic regimens in future.

We previously reported that viral factors (e.g., aa
substitutions in core region) and host factors (e.g., lipid
metabolic faciors, sex, and AFP) might be importan
predictors of treatment response to 48-week PEG-IFN
plus RBY in Japanese patients infected with HCV
genotype 1b, in addition to treatment-related factors
(e.g., RBV dose) [Akuta et al., 2005, 2006, 2007a,b,c].
The present study also identified viral (aa substitutions
in the core region), host (HDL-cholesterol), and treat-
ment-related factors (duration of treatment) that can be
useful as independent and significant pretreatment
predictors of SVR. Thus, substitution of aa 70 and 91 is
also useful as a pretreatment predictor of 72-week
regimen. Further studies that examine the structural
and functional impact of aa substitutions during
combination therapy should be conducted to confirm
the above finding.

Another limitation of our study was that we did not
examine aa substitutions in areas other than the
core region and NSBA-ISDR of HCV genome, such as
the interferon/ribavirin resistance determining region
(IRRDR), including V3 of NS5A region, although they
should be investigated in future studies [El-Shamy
et al., 2008; Murfioz de Rueda et al., 2008].

We conclude that treatment efficacy of 72-week PEG-
IFN plus RBV seems to be based on a dynamic tripartite
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interaction of viral-, host-, and treatment-related
factors. Further understanding of the complex inter-
action between these factors should facilitate the
development of more effective therapeutic regimens.

REFERENCES

Akuta N, Chayama K, Suzuki F, Someya T, Kobayashi M, Tsubota A,
Suzuki Y, Saitoh S, Arase Y, Ikeda K, Kumada H. 2001. Risk factors
of hepatitis C virus-related liver cirrhosis in young adults: Positive
family history of liver disease and transporter associated with
antigen processing 2 (TAP2) *0201 allele. J Med Virol 64:109—
116.

Akuta N, Suzuki F, Sezaki H, Suzuki Y, Hosaka T, Someya T,
Kobayashi M, Saitoh S, Watahiki S, Sato J, Matsuda M, Kobayashi
M, Arase Y, Ikeda K, Kumada H. 2005. Association of amino acid
substitution pattern in core protein of hepatitis C virus genotypelb
high viral load and non-virological response to interferon-ribavirin
combination therapy. Intervirology 48:372-380.

Akuta N, Suzuki F, Sezaki H, Suzuki Y, Hosaka T, Someya T,
Kobayashi M, Saitoh S, Watzhiki S, Sato J, Kobayashi M, Arase
Y, Ikeda K, Kumada H. 2008. Predictive factors of virological non-
response to interferon-ribavirin combination therapy for patients
infected with hepatitis C virus of genotype 1b and high viral load.
J Med Virol 78:83-90.

Akuta N, Suzuki F, Kawamura Y, Yatsuji H, Sezaki H, Suzuki Y,
Hosaka T, Kobayashi M, Kobayashi M, Arase Y, Ikeda K, Kumada
H. 2007a. Predictive factors of early and sustained responses to
peginterferon plus ribavirin combination therapy in Japanese
patients infected with hepatitis C virus genotype 1b: Amino acid
substitutions in the core region and low-density lipoprotein
cholesterol levels. J Hepatol 46:408-410.

Akuta N, Suzuki ¥, Kawamura Y, Yatsuji H, Sezaki H, Suzuki Y,
Hosaka T, Kobayashi M, Kobayashi M, Arase Y, Ikeda K, Kumada
H. 2007b. Predictors of viral kinetics to peginterferon plus ribavirin
combination therapy in Japanese patients infected with hepatitis C

. virus genotype 1b. J Med Virol 79:1686—1695.

Akuta N, Suzuki F, Kawamura Y, Yatsuji H, Sezaki H, Suzuki Y,
Hosaka T, KobayashiM, Kobayashi M, Arase Y, Ikeda K, Miyakawa
Y, Kumada H. 2007c. Prediction of response to pegylated interferon
and ribavirin in hepatitis C by polymorphisms in the viral core
protein and very early dynamics of viremia. Intervirology 50:361—
368.

Akuta N, Suzuki ¥, Kawamura Y, Yatsuji H, Sezaki H, Suzuki Y,
Hosaka T, Kobayashi M, Kobayashi M, Arase Y, Ikeda K, Kumada
H. 2007d. Amino acid substitutions in the hepatitis C virus core
region are the important predictor of hepatocarcinogenesis.
Hepatology 46:1357-1364.

Akuta N, Suzuki F, Kawamura Y, Yatsuji H, Sezaki H, Suzuki Y,
Hosaka T, Kobayashi M, Kobayashi M, Arase Y, Ikeda K, Kumada
H. 2008a. Substitution of amino acid 70 in the hepatitis C virus core
region of genotype 1b is an important predictor of elevated alpha-
fetoprotein in patients without hepatocellular carcinoma. J Med
Virol 80:1354-1362.

Akuta N, Suzuki F, Kawamura Y, Yatsuji H, Sezaki H, Suzuki Y,
Hosaka T, Kobayashi M, Kobayashi M, Arase Y, Ikeda K, Kumada
H. 2008b. Efficacy of low-dose intermittent interferon-alpha
monotherapy in patients infected with hepatitis C virus genotype
1b who were predicted or failed to respond to pegylated interferon
plus ribavirin combination therapy. J Med Virol 80:1363—1369.

Berg T, von Wagner M, Nasser S, Sarrazin C, Heintges T, Gerlach T,
Buggisch P, Goeser T, Rasenack J, Pape GR, Schmidt WE,
Kallinowski B, Klinker H, Spengler U, Martus P, Alshuth U,
Zeuzem S. 2006. Extended treatment duration for hepatitis C virus
type 1: Comparing 48 versus 72 weeks of peginterferon-alfa-2a plus
ribavirin. Gastroenterology 2006:1086—1097.

Buti M, Valdés A, Sanchez-Avila F, Esteban R, Lurie Y. 2003.
Extending combination therapy with peginterferon alfa-2b plus
ribavirin for genotype 1 chronic hepatitis C late responders: A
report of 9 cases. Hepatology 37:1226-1227.

ChayamaK, Tsubota A, AraseY, Saitoh S, Koida I, Ikeda K, Matsumoto
T, Kobayashi M, Iwasaki S, Koyama S, Morinaga T, Kumada H.
1993. Genotypic subtyping of hepatitis C virus. J Gastroenterol
Hepatol 8:150-158.

D’Alessandro AM, Kalayouglu M, Sollinger HW, Hoffmann RM, Reed
A, Knechtle 8J, Pirsch JD, Hafez GR, Lorentzen D, Belzer FO. 1991.
The predictive value of donor liver biopsies for the development of

J. Med. Virol. DOI 10.1002/jmv

- 618 -



458

primary nonfunction after orthotopic liver transplantation. Trans-
plantation 51:157-163.

Davis GL, Balart LA, Schiff ER, Lindsay K, Bodenheimer HC, Jr.,
Perrillo RP, Carey W, Jacobson IM, Payne J, Dienstag JL, VanThiel
DH, Tamburro C, Lefkowitch J, Albrecht J, Meschievitz C, Ortego
TJ, Gibas A. 1989. Treatment of chronic hepatitis C with
recombinant interferon alfa. A. multicenter randomized, controlled
trial. Hepatitis Interventional Group. N Engl J Med 321:1501—
1506.

Desmet VJ, Gerber M, Hoofnagle JH, Manna M, Scheuer PJ. 1994.
Classification of chronic hepatitis: Diagnosis, grading and staging.
Hepatology 19:1513-1520.

Di Bisceglie AM, Martin P, Kassianides C, Lisker-Melman M, Murray
L, Waggoner J, Goodman Z, Banks SM, Hoofnagle JH. 1989.
Recombinant interferon alfa therapy for chronic hepatitis C.A.
randomized, double-blind, placebo-controlled trial. N Engl J Med
321:1506-1510.

Donlin MJ, Cannon NA, Yao E, LiJ, Wahed A, Taylor MW, Belle SH, Di
Bisceglie AM, Aurora R, Tavis JE. 2007. Pretreatment sequence
diversity differences in the full-length hepatitis C virus open
reading frame correlate with early response to therapy. J Virol
81:8211-8224.,

Dusheiko GM. 1998. The natural course of chronic hepatitis C:
Implications for clinical practice. J Viral Hepatol 5:9—12.

El-Shamy A, Nagano-Fujii M, Sasase N, Imoto S, Kim SR, Hotta H.
2008. Sequence variation in hepatitis C virus nonstructural protein
5A predicts clinical outcome of pegylated interferon/ribavirin
combination therapy. Hepatology 48:38-47.

Enomoto N, Sakuma I, Asahina Y, Kurosaki M, Murakami T,
Yamamoto C, Izumi N, Marumo F, Sato C. 1995. Comparison of
full-length sequences of interferon sensitive and resistant hepatitis
C virus 1b. Sensitivity to interferon is conferred by amino acid
substitutions in the NS5A region. J Clin Invest 96:224-230.

Enomoto N, Sakuma I, Asahina Y, Kurosaki M, Murakami T,
Yamamoto C, Ogura Y, Izumi N, Marumo F, Sato C. 1996.
Mutations in the nonstructural protein 5A gene and response to
interferon in patients with chronie hepatitis C virus 1b infection. N
Engl J Med 334:77-81.

Ferenci P, Fried MW, Shiffman ML, Smith CI, Marinos G, Gongales FL,
Jr., Haussinger D, Diago M, Carosi G, Dhumeaux D, Craxi A
Chaneac M, Reddy KR. 2005. Predicting sustained virological
responses in chronic hepatitis C patients treated with peginterferon
alfa-2a (40 KD)/ribavirin. J Hepatol 43:425-433.

Fried MW, Shiffman ML, Reddy R, Smith C, Marinos G, Gongales FL,
Haussinger D, Diago M, Carosi G, Dhumeaux D, Craxi A, Lin A,
Hoffman J, Yu J. 2002. Peginterferon alfa-2a plus ribavirin for
chronic hepatitis C virus infection. N Engl J Med 347:975-982.

Ikeda K, Saitoh S, Suzuki Y, Kobayashi M, Tsubota A, Koida I, Arase Y,
Fukuda M, Chayama K, Murashima N, Kumada H. 1998. Disease
progression and hepatocellular carcinogenesis in patients with
chronic viral hepatitis: A prospective observation of 2215 patients. J
Hepatol 28:930-938.

Kato N, Hijikata M, Octsuyama Y, Nakagawa M, Ohkoshi S, Sugimura
T, Shimotohno K. 1990. Molecular cloning of the human hepatitis C

J. Med. Virol. DOI 10.1002/jmv

Akuta et al.

virus genome from Japanese patients with non-A, non-B hepatitis.
Proc Natl Acad Sei USA 87:9524-9528.

Kenny-Walsh E. 1999. Clinical outcomes after hepatitis C infection
from contaminated anti-D immune globulin. Irish Hepatology
Research Group. N Engl J Med 340:1228-1233.

Manns MP, McHutchison JG, Gordon SC, Rustgi VK, Shiffman M,
Reindollar R, Goodman ZD, Koury K, Ling MH, Albrecht JK. 2001.
Peginterferon alfa-2b plus ribavirin compared with interferon alfa-
2b plus ribavirin for initial treatment of chronic hepatitis C: A
randomized trial. Lancet 358:958—965.

Munoz de Rueda P, Casado J, Patén R, Quintero D, Palacios A, Gila A,
Quiles R, Ledn J, Ruiz-Extremera A, Salmerén J. 2008. Mutations
in E2-PePHD, NS5A-PKRBD, NS5A-ISDR, and NS5A-V3 of
hepatitis C virus genotype 1 and their relationships to
pegylated interferon-ribavirin treatment responses. J Virol 82:
6644—6653.

Murayama M, Katano Y, Nakano I, Ishigami M, Hayashi K, Honda T,
Hirooka Y, Itoh A, Goto H. 2007. A mutation in the interferon
sensitivity-determining region is associated with responsiveness to
interferon-ribavirin combination therapy in chronic hepatitis
patients infected with a Japan-specific subtype of hepatitis C virus
genotype 1B. J Med Virol 79:35-40.

Niederau C, Lange S, Heintges T, Erhardt A, Buschkamp M, Hiirter D,
Nawrocki M, Kruska L, Hensel F, Petry W, Haussinger D. 1998.
Progress of chronic hepatitis C: Results of a large, prospective
cohort study. Hepatology 28:1687—-1695.

Pearlman BL, Ehleben C, Saifee S. 2007. Treatment extension to
72 weeks of peginterferon and ribavirin in hepatitis ¢ genotype 1-
infected slow responders. Hepatology 46:1688—1694.

Sanchez-Tapias JM, Diago M, Escartin P, Enriquez J, Romero-Gémez
M, Béarcena R, Crespo J, Andrade R, Martinez-Bauer E, Pérez
R, Testillano M, Planas R, Sold R, Garcia-Bengoechea
M, Garcia-Samaniego J, Mufioz-Sdnchez M, Moreno-Otero R,
TeraViC-4 Study Group. 2006. Peginterferon-alfa2a plus ribavirin
for 48 versus 72 weeks in patients with detectable hepatitis C
virus RNA at week 4 of treatment. Gastroenterology 131:451-
460.

Shirakawa H, Matsumoto A, Joshita S, Komatsu M, Tanaka N,
Umemura T, Ichijo T, Yoshizawa K, Kiyosawa K, Tanaka E, the
Nagano Interferon Treatment Research Group. 2008. Pretreatment
prediction of virologic response to peginterferon plus ribavirin
therapy in chronic hepatitis C patients using viral and host factors.
Hepatology 48:17563—1760.

Sizmann D, Boeck C, Boelter J, Fischer D, Miethke M, Nicolaus S,
Zadak M, Babiel R, 2007. Fully autemated quantification of
hepatitis C virus (HCV) RNA in human plasma and human serum
by the COBAS® AmpliPrep/COBAS® TagMan® System. J Clin
Virol 38:326—-333.

Yen YH, Hung CH, Hu TH, Chen CH, Wu CM, Wang JH, Lu SN, Lee
CM. 2008. Mutations in the interferon sensitivity-determining
region (nonstructural 5A amino acid 2209—2248) in patients with
hepatitis C-1b infection and correlating response to combined
therapy of pegylated interferon and ribavirin. Aliment Pharmacol
Ther 27:72-79.

- 619 -



Journal of Medical Virology 81:1032-1039 (2009)

Amino Acid Substitutions in the Hepatitis C Virus
Core Region of Genotype 1b Are the Important
Predictor of Severe Insulin Resistance in Patients
Without Cirrhosis and Diabetes Mellitus
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Previous studies provided a direct experimental
evidence for the contribution of HCV core protein
in the development of insulin resistance (IR), but
the clinical impact of HCV core region on IR is still
not clear. The present study evaluated the impact
of Amino acid (aa) substitutions of HCV-1b core
region on IR in 123 Japanese patients infected

with HCV-1b without cirrhosis and diabetes.

mellitus, and investigated the treatment efficacy
of 48-week pegylated interferon (PEG-IFN)
plus ribavirin (RBV) according to HOMA-IR
values. Patients with IR (HOMA-IR >2.5) and
severe R (MOMA-IR >3.5) wers present in 51.2%
and 27.6%, respectively. Multivariate analysis
identified body mass index {>25 kg/m?) and
hepatocyte steatosis (>5%) as significant deter-
minants of IR. Furthermore, multivariate analysis
identified hepatocyte steatosis (>5%), aa sub-
stitutions of the core region (GIn70 {His70) and/or
Met91), and age (>55 years) as significant
determinants of severe IR. Especially, signifi-
cantly lower proportions of patients with Gin70
(His70) and/or Met91 were noted among those
without severe IR (59.6%) than those with severe
IR (82.4%). The rates of sustained virological
response in patients with IR (50.0%) were not
significantly different from those without IR
(52.9%). Furthermore, the rates of non-virological
response in patients with IR-(28.9%) were not
significantly also different from those without
IR (20.6%). In conclusion, the present study
indicated that substitutions of HCV-1b core
region were the important predictor of severe
IR in patients without cirrhosis and diabetes
mellitus, but HOMA-IR values might be not
useful as predictors of 48-week PEG-IFN plus
RBV therapy. J. Med. Virol. 81:1032-1039,
2009. © 2009 Wiley-Liss, Inc.

© 2009 WILEY-LISS, INC.

KEY WORDS: HCV; core region; genotype;
HOMA-IR; hepatocyte steato-
sis; cirrhosis; diabetes mellitus

INTRODUCTION

Hepatitis C virus (HCV) usually causes chronic
infection that can result in chronic hepatitis, liver
cirrhosis, and hepatocellular carcinoma (HCC)
[Dusheiko, 1998; Tkeda et al., 1998; Niederau et al.,
1998; Kenny-Walsh, 1999; Akuta et al., 2001]. Further-
more, HCV infection also affects an increased risk of
diabetes mellitus [Allison et al., 1994; Caronia et al.,
1999; Mason et al., 1999; Mehta et al., 2000, 2003;
Zein et al., 2000, 2005; Antonelli et al., 2005] or insulin
resistance (IR) [Hickman et al.,, 2003; Hui et al,
2003; Lecube et al., 2004, 2006]. IR and glucose
metabolism impairment are associated with liver
necroinflammation [Hui et al., 2003], hepatocyte
steatosis [Fartoux et al., 2005; Camma et al., 2006;
Conjeevaram et al., 2007], cirrhosis [Petrides et al,,
1994], and HCC [El-Serag et al., 2001; Lai et al., 2006;
Veldt et al., 2008]. Especially, in patients infected with
HCV genotype 1 (HCV-1), significant fibrosis is associ-
ated with IR independent from hepatocyte steatosis
[Moucari et al., 2008; Petta et al., 2008].

Previous studies reported that HCV core protein

. induced HCC and IR in transgenic mice, and provided
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a direct experimental evidence for the contribution of
HCV core protein in the development of HCC and IR in
human HCV infection [Moriya et al., 1998; Shintani
et al., 2004]. Amino acid (aa) substitutions at position
70 and/or 91 in the HCV core region of genotype 1b
(HCV-1b core region) were predictors of poor virological
response to 48-week pegylated interferon (PEG-IFN)
plus ribavirin (RBV) combination therapy [Akuta et al.,
2005, 2006, 2007a,b,c; Donlin et al.,, 2007; Okanoue
et al., 2008], and also risk factors for hepatocarcino-
genesis [Akuta et al., 2007d, 2008]. Thus, previous
reports supported the oncogenic potential of the HCV
core region and clinically linked substitutions of aa 70
and/or 91 in HCV-1b core region to HCC [Akuta et al.,
2007d, 2008], but the clinical impact of HCV-1b core
region on IR is still not clear. IR develops type 2 diabetes
mellitus as its major late feature, and is also associated
with advanced fibrosis [Petrides et al., 1994; Petta et al.,
2008]. Hence, the biological mechanisms underlying
the association between HCV core region and IR are
probably multifactorial, and study based on patients
without diabetes mellitus and cirrhosis, that might
affect IR, should be performed to investigate whether
HCV core region might affect IR clinically.

Previous reports showed that IR might be predictors
of poor virological response to PEG-IFN plus RBV
combination therapy [D’Souza et al.,, 2005; Romero-
Goémez et al., 2005]. Chu et al. [2008] reported that IR
was a major determinant of sustained virological
response (SVR) in HCV-1 patients receiving 24-week
PEG-IFN plus RBV. However, to our knowledge, there is
little evidence that IR affects treatment efficacy of
HCV-1b patients receiving 48-week PEG-IFN plus RBV
combination therapy.

The aims of the present study conducted in Japanese
patients infected with HCV-1b without cirrhosis and
diabetes mellitus, were the following. (1) To evaluate
the HOMA-IR values of patients infected with HCV-1b.
(2) To identify the impact of aa substitutions in the core
region on IR in such patients, and determine the factors
associated with IR, and (3) to investigate the treatment
efficacy of 48-week PEG-IFN plus RBV combination
therapy according to HOMA-IR values.

PATIENTS AND METHODS
Study Population

At Toranomon Hospital, Tokyo, Japan, 221 HCV-
infected Japanese patients were consecutively recruited
into the study protocol of the combination therapy with
PEG-IFNa-2b plus RBV between December of 2001 and
June of 2005. Amongthese, 123 patients were selected in
the present retrospective study based on the following
criteria. (1) Negativity for hepatitis B surface antigen
(radioimmunoassay, Dainabot, Tokyo, Japan), positiv-
ity for anti-HCV (third-generation enzyme immuno-
assay, Chiron Corp, Emerville, CA), and positivity for
HCV RNA qualitative analysis with PCR (Amplicor,
Roche Diagnostics, Mannheim, Germany). (2) They
were infected with HCV-1b alone. (3) HOMA-IR values
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and substitutions of aa 70 and 91 in the HCV core region
were determined at the commencement of treatment.
(4) They were free of cirrhosis and hepatocellular
carcinoma, based on biopsy examination, laboratory
tests, and imaging studies at baseline. (5) None had
diabetes mellitus. (6) None was an alcoholic; lifetime
cumulative alcohol intake was <500 kg (mild to

-moderate alcohol intake). (7) All'were free of coinfection

with human immunodeficiency virus. (8) None had
other forms of hepatitis, such as hemochromatosis,
Wilson disease, primary biliary cirrhosis, aleoholic liver
disease, and autoimmune liver disease. (9) Each signed
a consent form of the study protocol that had been
approved by the human ethics review committee. Table I
summarizes the profiles and laboratory data of the 123
patients at the commencement of treatment. They
included 71 males and 52 females, aged 20—70 years
(median, 55 years). The treatment efficacy was eval-
uated by HCV-RNA positive based on qualitative PCR
analysis at the end of treatment (non-viroclogical
response; NVR), and by HCV-RNA negative based
on qualitative PCR analysis at 24 weeks after the
completion of therapy (SVR).

Laboratory Tests

Blood samples were obtained at least once
every month before, during, and after treatment, and
were analyzed for alanine aminotransferase (ALT) and
HCV-RNA levels. The serum samples were frozen at
—80°C within 4 hr of collection and thawed at the time of
measurement. HCV genotype was determined by PCR
using a mixed primer set derived from the nucleotide
sequences of NS5 region [Chayama et al., 1993]. HCV-
RNA levels were measured by quantitative PCR
(AMPLICOR GT HCV Monitor v2.0 using the 10-fold
dilution method, Roche Molecular Systems, Inc.) at least
once every month before, during, and after therapy. The
dynamic range of the assay was 5.0 x 10%t05.0 x 108 IU/
ml. Samples collected during and after therapy that
showed undetectable levels of HCV-RNA (<5.0 x 10*TU/
ml) were also checked by qualitative PCR (AMPLICOR
HCV v2.0, Roche Molecular Systems, Inc.), which has a
higher sensitivity than quantitative analysis, and the
results were expressed as positive or negative. The lower
limit of the assay was 50 IU/ml.

Histopathological Examination of Liver Biopsies

Liver biopsy specimens were obtained percutaneously
or at peritoneoscopy using a modified Vim Silverman
needle with an internal diameter of 2 mm (Tohoku
University style, Kakinuma Factory, Tokyo, Japan).
The biopsy material was fixed in 10% formalin, and
stained with hematoxylin and eosin, Masson’s tri-
chrome, silver impregnation, and periodic acid-Schiff
after diastase digestion. All specimens for examination
contained six or more portal areas. Histopathological
diagnosis was confirmed by an experienced liver
pathologist (H.K.) who was blinded to the clinical data.
Chronic hepatitis and liver cirrhosis were diagnosed

J. Med. Virol. DOI 10.1002/jmv
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TABLE 1. Profile and Laboratory Data of 128 Patients Infected With HCV Genotype 1b

Demographic data
Number of patients
Sex (M/F)
Age (years)*
History of blood transfusion
Family history of liver disease
Body mass index (kg/m?%)*
Laboratory data*
Serum aspartate aminotransferase (IU/L)
Serum alanine aminotransferase (IU/L)
Serum albumin (g/dl)
Gamma-glutamyl transpeptidase IU/L)
Leukocytes (/mm®)
Hemoglobin (g/dl)
Platelet count (x 10%/mm?)

Indocyanine green retention rate at 15 min (%)

Serum iron (pug/dl)

Serum ferritin (ug/L)
Creatinine clearance (ml/min)
Level of viremia (KIU/ml)
Alpha-fetoprotein (ug/L)
Total cholesterol (mg/dl)

High-density lipoprotein cholesterol (mg/dl)

Low-density lipoprotein cholesterol (mg/dl)
Triglycerides (mg/dl)
Uric acid (mg/dl)
Fasting plasma glucose (mg/dl)
Fasting insulin (pU/ml)
HOMA-IR
Treatment™®
PEG-IFNo-2b dose (pg/kg)
Ribavirin dose (mg/kg)
Histological findings
Stage of fibrosis (F1/F2/F3/ND)

Hepatocyte steatosis (<56% (Absent)/>5% (Present)/ND)

Amino acid substitutions in the HCV
Core aa 70 (arginine/glutamine (histidine))
Core aa 91 (leucine/methionine)
ISDR of NS5A (wild-type/mutant-type/ND)

123
71/52
55 (20-70)
41 (33.3%)
37 (30.1%)
23.6 (17.6-32.0)

59 (17-266)
81 (25-504)
3.8 (3.1-4.5)
50 (15-393)
4,800 (2,300-8,800)
14.4 (10.6—-17.6)
16.8 (7.5-27.7)
15 (4-41)
138 (18-290)
130 (<10-711)
99 (46-146)
1,900 (23->5,000)
6 (2—161)
166 (96—294)
46 (10-83)
101 (53-207)
95 (33—-362)
5.5(2.3-9.4)
94 (62-120)
10.5 (0.4-55.5)
2.6 (0.1-12.5)

1.4 (0.7-1.9)
11.0 (3.7-14.2)

53/32/20/18
38/64/21

69/64
71/52
94/22/7

HOMA-IR, homeostasis model for assessment of insulin resistance; ND, not determined.
Data are number and percentages of patients, except those denoted by *, which represent the median

(range) values.

based on histological assessment according to the
scoring system of Desmet et al. [1994]. Hepatocyte
steatosis was assessed as the percentage of hepatocytes
containing fat droplet, and subjects were considered to
have steatosis in the presence of fat droplets in >5% of
hepatocytes.

Diagnosis of Liver Cirrhosis, Insulin
Resistance, and Diabetes Mellitus

Liver cirrhosis was diagnosed based on the presence of
markedly irregular surface with nodular formation in
the liver, evident on peritoneoscopy, histological assess-
ment according to the scoring system of Desmet et al.
[1994], or on computed tomography or ultrasonography.
Ascites, edema, and esophageal varicosities, facilitated
the diagnosis when present.

The diagnosis of type 2 diabetes was based on the
revised criteria of the American Diabetes Association
using a value of fasting plasma glucose of >126 mg/dl on
at least two occasions [American Diabetes Association,
2000]. IR was assessed by the Homeostasis Model for
Assessment of Insulin Resistance (HOMA-IR) method

J. Med. Virol. DOI 10.1002/jmv

[Matthews et al., 1985], using the following equation:
HOMA-IR = fasting plasma glucose (mg/dl) x fasting
insulin (WU/ml)/405. HOMA-IR values of >2.5, and
>3.5 were evaluated as IR, and severe IR, respectively.

Detection of Amino Acid Substitutions in
Core Region and NS5A Region

With the use of HCV-J (accession no. D90208) as a
reference [Kato et al., 1990], the sequence of 1-191 aa in
the core protein of genotype 1b was determined and then
compared with the consensus sequence constructed on
50 clinical samples to detect substitutions at aa 70 of
arginine (Arg70) or glutamine/histidine (GIn70/His70)
and aa 91 of leucine (Leu9l) or methionine (Met91)
[Akuta et al., 2005]. The sequence of 2209-2248 aa in
the NS5A of genotype 1b (IFN-sensitivity determining
region [ISDR]) reported by Enomoto et al. [1995, 1996]
was also determined, and the numbers of aa substitu-
tions in ISDR were defined as wild-type (<1) or mutant-
type (>2).

In the present study, aa substitutions of the core
region and NS5A-ISDR were analyzed by direct
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sequencing [Enomoto et al., 1995, 1996; Akuta et al.,
2005]. HCV RNA was extracted from serum samples at
the start of treatment and reverse transcribed with
random primer and MMLV reverse transcriptase
(Takara Syuzo, Tokyo, Japan). Nucleic acids were
amplified by PCR using the following primers: (a)
Nucleotide sequences of the core region: The first-round

PCR was performed with CC11 (sense, 5-GCC ATA-

GTG GTC TGC GGA AC-3') and el4 (antisense, 5-GGA
GCA GTC CTT CGT GAC ATG-3') primers, and the
second-round PCR with CC9 (sense, 5'-GCT AGC CGA
GTA GTG TT-3') and el4 (antisense) primers. (b)
Nucleotide sequences of NS5A-ISDR: The first-round
PCR was performed with ISDR1 (sense, 5-ATG CCC
ATG CCA GGT TCC AG-3') and ISDR2 (antisense, 5
AGC TCC GCC AAG GCA GAA GA-3) primers, and
the second-round PCR with ISDR3 (sense, 5-ACC GGA
TGT GGC AGT GCT CA-3') and ISDR4 (antisense, 5'-
GTA ATC CGG GCG TGC CCA TA-3) primers. ([a];
hemi-nested PCR. [b]; nested PCR). All samples were
initially denatured at 95°C for 15 min. The 35 cycles of
amplification were set as follows: denaturation for 1 min
at 94°C, annealing of primers for 2 min at 55°C, and
extension for 8 min at 72°C with an additional 7 min for
extension. Then 1 pl of the first PCR product was trans-
ferred to the second PCR reaction. Other conditions for
the second PCR were the same as the first PCR, except
that the second PCR primers were used instead of the
first PCR primers. The amplified PCR products were
purified by the QIA quick PCR purification kit (Qiagen,
Tokyo, Japan) after agarose gel electrophoresis and then
used for direct sequencing. Dideoxynucleotide termina-
tion sequencing was performed with the Big Dye Deoxy
Terminator Cycle Sequencing kit (Perkin-Elmer, Tokyo,
Japan).

Statistical Analysis

Non-parametric tests were used to compare variables
between groups, including the Mann—Whitney U test,
chi-squared test, and Fisher’s exact probability test.
Univariate and multivariate logistic regression analy-
ses were used to determine the independent predictive
factors of IR. The odds ratios and 95% confidence
intervals (95%CI) were also calculated. All P-values
<0.05 by the two-tailed test were considered significant.
Variables that achieved statistical significance
(P <0.05) or marginal significance (P<0.10) on uni-
variate analysis were entered into multiple logistic
regression analysis to identify significant independent
factors. Potential predictive factors of IR included the
following pretreatment variables: sex, age, history of
blood transfusion, familial history of liver disease, body
mass index, aspartate aminotransferase (AST), ALT,
albumin, gamma-glutamyl transpeptidase (yGTP), leu-
kocyte count, hemoglobin, platelet, count, indocyanine
green retention rate at 15 min (ICG R15), serum iron,
serum ferritin, creatinine clearance, level of viremia,
alfa-fetoprotein, total cholesterol, high-density lipopro-
tein cholesterol, low-density lipoprotein cholesterol,
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triglycerides, uric acid, fasting plasma glucose, fasting
insulin, HOMA-IR values, stage of fibrosis, hepatocyte
steatosis, PEG-IFN dose/body weight, RBV dose/body
weight, and aa substitution in the core and ISDR of
NS5A. Statistical analyses were performed using the
SPSS software (SPSS, Inc., Chicago, IL).

RESULTS

HOMA-IR Values of Patients Infected With
HCV-1b Without Cirrhosis and Diabetes Mellitus

As a whole, 16.3% (20 of 123 patients), 32.5% (40 of
123), 23.6% (29 of 123), and 27.6% (34 of 123) indicated
HOMA-IR values of <1.4, 1.5-2.4, 2.5—3.4, and >3.5,
respectively (Fig. 1). Thus, patients with IR (HOMA-IR
>2.5) were present in 51.2% (63 of 123), and exceeded
50%. Furthermore, patients with severe IR (HOMA-IR
>38.5) were present in 27.6%. These results show that
patients, infected with HCV-1b without cirrhosis and
diabetes mellitus, might indicate IR frequently.

Factors Associated With Insulin Resistance in
Univariate and Multivariate Analyses

The whole population sample of 123 patients were
analyzed to determine factors that could be associated
with IR. IR (HOMA-IR >2.5) was detected in 63 of 123
(51.2%) patients. Univariate analysis identified six
parameters that tended to or significantly influenced
IR. Theseincluded age (>55 years, P =0.072), body mass
index (>25kg/m? P < 0.001), serum ferritin (>200 pg/L,
P=0.071), family history of liver disease (Absent,
P=0.077), hepatocyte steatosis (Present (>5%),
P=0.002), and aa substitutions of the core region
(GIn70 (His70) and/or Met91, P=0.092). Multivariate
analysis identified two parameters that independently
influenced IR, including body mass index (>25 kg/m?,
P=0.001) and hepatocyte steatosis (Present (>5%),
P=0.028).

Severe IR (HOMA-IR >3.5) was detected in 34 of 123
(27.6%) patients. Univariate analysis identified five

HOMA-IR<1.4
16.3%

HOMA-IR 23.5
27.6%

/ HOMA-IR 1.5-2.4
32.5%

HOMA-IR 2.5-3.4
23.6%

Fig. 1. HOMA-IR values of patients infected with HCV genotype 1b
without cirrhosis and diabetes mellitus. As a whole, 16.3%, 32.5%,
23.6%, and 27.6% indicated HOMA-IR valuesof <1.4,1.5-2.4,2.5-3 .4,
and >3.5, respectively. These results show that patients, infected with
HCV genotype 1b without cirrhosis and diabetes mellitus, might
indicate IR frequently.

J. Med. Virol. DOI 10.1002/jmv

- 623 -



1036 -

Akuta et al.

TABLE II. Factors Associated With Severe IR (HOMA-IR >3.5) in Patients Infected With
HCV Genotype 1b, Identified by Multivariate Analysis

Factor Category Odds ratio (95% CI) P
Hepatocyte steatosis 1: Absent (<5%) 1
2: Present (>5%) 4.170 (1.235-14.08) 0.021
Substitution of aa 70 and 91 1: Arg70 and Leu91 1
2: GIn70 (His70) 3.654 (1.215-10.99) 0.021
and/or Met91
Age (years) 1: <55 1
2: >55 3.015 (1.071-8.488) 0.037

parameters that tended to or significantly influenced
severe IR. These included age (>55 years, P=0.015),
body mass index (>25 kg/m?® P=0.025), hepatocyte
steatosis (Present (>5%), P =0.003), triglycerides
(>100 mg/dl, P=0.060), and aa substitutions of the
core region (GIn70 (His70) and/or Met91, P=0.020).
Multivariate analysis identified three parameters
that independently influenced severe IR, including
hepatocyte steatosis (Present (>5%), P=0.021), aa
substitutions of the core region (GIn70 (His70) and/or
Met91, P=0.021), and age (>55 years, P=0.037)
(Table II).

aa Substitutions of Core Region and
HOMA-IR Values

The entire population sample was alsc analyzed to
determine the relationship between aa substitutions of
the core region and HOMA-IR values. HOMA-IR values
of 81 patients with GIn70 (His70) and/or Met91 (median;
2.9) indicated the higher levels than those of 42 patients
with Arg70 and Leu9l (median; 2.3), significantly
(P=0.022) (Fig. 2).

Furthermore, the proportions of patients with GIn70
(His70) and/or Met91 among thoss with HOMA-IR
valuesof <1.4,1.5-2.4,25-3.4,3.5-3.9, and >4.0 were
60.0% (12 of 20 patients), 57.5% (23 of 40), 62.1% (18 of
29), 83.3% (5 of 6), and 82.1% (23 of 28), respectively

P=0.022 ®

*

@0

1

Median 2.9

*
‘ m
$
Median 2.3 !
0

Arg70 and Leu9i
(n=42)

Gin70¢ (His70) and/or Met91
(n=81)

Fig. 2. aa substitutions of HCV core region and HOMA-IR values.
HOMA-IR values of 81 patients with GIn70 (His70) and/or Met91
indicated the higher levels than those of 42 patients with Arg70 and
Leu91, significantly (P =0.022).
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(Fig. 3). Thus, the higher the proportion of patients with
GIn70 (His70) and/or Met91, the higher HOMA-IR
values, and significantly lower proportions of patients
with GIn70 (His70) and/or Met91 were noted among
those without severe IR (59.6% (53 of 89)) than those
with severe IR (82.4% (28 of 34)) (P =0.020).

Treatment Efficacy of PEG-IFN Plus RBV
Combination Therapy According to
HOMA-IR Values

Of the 123 patients, 72 could be evaluated as 48-week
regimen of PEG-IFN plus RBV combination therapy.
Seventy-two patients received PEG-IFN«-2b combina-
tion therapy at a median dose of 1.5 pg/kg (range, 0.8—
1.8 ug/kg) subcutaneously each week plus oral RBV at a
median dose of 11.3 mg/kg (range, 9.7-14.2 mg/kg) daily
for 48 weeks. 51.4% (37 of 72 patients) could achieve
SVR, and 25.0% (18 of 72) had NVR.

In each groups with IR or without IR, SVR was
achieved by 19 of 38 patients (50.0%) and 18 of 34
(52.9%), respectively. The proportions of SVR in group
with IR was not significantly different from those in
group without IR. Furthermore, in each groups with IR
or without IR, NVR was identified in 11 of 38 patients
(28.9%) and 7 of 34 (20.6%), respectively. The propor-
tions of NVR in group with IR was not significantly
different from those in group without IR.

-
=
>

833% 82.1%

|

35-39 4.0

]
=]

62.1%

L I L

2.5-34
HOMA-IR

§0.0% 57.5%

0 L I

15-24

& N
< <

o
<

Frcduenvy of GIn70 (His70) and/or Met91 (%)

Fig. 3. The proportions of patients with GIn70 (His70) and/or Met91
and HOMA-IR values. Higher frequencies of GIn70 (His70) and/or
Met91 correlated with higher HOMA-IR values. Significantly lower
proportions of patients with GIn70 (His70) and/or Met91 were noted
among those without severe IR (HOMA-IR <3.5) (59.6%) than those
with severe IR (HHOMA-IR >3.5) (82.4%) (P = 0.020).
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In each groups with severe IR or without severe IR,
SVR was achieved by 11 of 20 patients (55.0%) and 26 of
52 (50.0%), respectively. The proportions of SVR in
group with severe IR was not significantly different from
those in group without severe IR. Furthermore, in each
groups with severe IR or without severe IR, NVR was
identified in 6 of 20 patients (30.0%) and 12 of 52 (23.1%),

respectively. The proportions of NVR in group with .

severe IR was not significantly different from those in
group without severe IR.

In this study, HOMA-IR values were not useful as
pretreatment predictors of 48-week PEG-IFN plus RBV
combination therapy in HCV-1b patients without
cirrhosis and diabetes mellitus.

DISCUSSION

Shintani et al. [2004] reported that HCV core
protein induced IR in transgenic mice, and provided a
direct experimental evidence for the contribution of
HCV core protein in the development of IR in human
HCV infection. The results of the present study
showed that higher frequencies of GIn70 (His70) and/
or Met91 in HCV-1b core region might correlated
with higher HOMA-IR values. Thus, the present
results supported the potential of core region in the
development of IR, and clinically linked substitutions
of aa 70 and/or 91 in HCV-1b core region to IR.
Especially, these findings without diabetes mellitus
and cirrhosis suggest that the real connection between
IR and HCV-1b infection is initiated at early stages of
liver disease. The limitations of the present study were
that it could not investigate an improvement of IR in
patients who developed the viral eradication after
antiviral treatment [Kawaguchi et al., 2007; Arase
et al., 2008], as a direct evidence for the contribution of
aa substitutions in HCV-1b core region. Further studies
that examine the structural and functional impact of aa
substitutions should be conducted to confirm the above
finding.

To our knowledge, the present study is first report to
identify the factors associated with IR of patients
without diabetes mellitus and cirrhosis infected with
HCV-1b. Especially, multivariate analysis identified
age (>55 years), body mass index (>25 kg/m?), hepato-
cyte steatosis (Present (>5%)), and aa substitutions
of the core region (GIn70 (His70) and/or Met91) as
significant determinants of IR (HOMA-IR >2.5) and/or
severe IR (HOMA-IR >3.5). However, this study
identified aa substitutions of the core region as signifi-
cant determinants of severe IR, and did not identify as
determinants of IR, The discrepant results may be due to
one or more factors. The first reason for this is probably
the small number of patients in the present study (e.g.,
possible type II error). Univariate analysis really
identified aa substitutions of the core region that tended
to influence IR. Furthermore, even if HOMA-IR values
were also divided into two groups of >3.0 and <2.9,
multivariate analysis identified aa substitutions of the
core region as significant determinants of >3.0 (data not
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shown). Hence, further studies based on the large
number of patients should be performed in the future.
The second reason is probably the difference of objects,
based on HCV-1b patients without diabetes mellitus and
cirrhosis. Previous report indicated that HCV-related
diabetes mellitus might occur in association with IR,
hepatocyte steatosis, and high levels of both tumor-
necrosis factor and CXCL10 [Antonelli et al., 2009], so
patients with severe IR do not always have diabetes
mellitus. However, IR develops type 2 diabetes mellitus
as its major late feature, and is also associated with
advanced fibrosis [Petrides et al., 1994; Petta et al.,
2008]. Hence, the biological mechanisms underlying
the association between HCV core region and IR are
probably multifactorial, and the present study based
on patients without diabetes mellitus and cirrhosis as
confounding factors, that might affect IR, are very
important for estimating the true relationship between
HCV coreregion and IR. The present study is first report
to identified aa substitutions of the core region (GIn70
(His70) and/or Met91) as significant determinants of
severe IR, in HCV-1b patients without cirrhosis and
diabetes mellitus.

Moriya et al. [1998] reported that HCV core protein
induced HCC in transgenic mice, and provided a direct
experimental evidence for the contribution of HCV core
protein in the development of HCC in human HCV
infection. Previous reports supported the oncogenic
potential of the HCV. core region and clinically
linked substitutions of aa 70 and/or 91 in HCV-1b core
region to HCC [Akuta et al,, 2007d, 2008]. IR and
glucose metabolism impairment are associated with
HCC [El-Serag et al., 2001; Lai et al., 2006; Veldt
et al., 2008]. The present study suggested the presence of
IR-dependent pathway as a mechanism of HCV-1b core
region-associated hepatocarcinogenesis, and the impor-
tance of eradication of the virus with GIn70 (His70) and/
or Met91 in reducing the development of HCC through
this pathway.

Treatment efficacy of 48-week PEG-IFN plus RBV
combination therapy according to HOMA-IR values is
controversial. Chu et al. [2008] reported that IR was a
major determinant of SVR in HCV-1 patients receiving
PEG-IFN plus RBV, but treatment duration was
24 weeks. Georgescu et al. [2008] reported that high
HOMA-IR values could not affect treatment efficacy of
48-week PEG-IFN plus RBV therapy in HCV-1 patients,
after excluding the patients of metabolic syndrome
criteria. The present study based on HCV-1b patients
without cirrhosis and diabetes mellitus also showed that
HOMA-IR values might be not useful as predictors of 48-
week PEG-IFN plus RBV therapy. This reason is
probably related to exclude patients of diabetes mellitus
as one of metabolic syndrome criteria, and the results
might support the previous report of Georgescu et al.
[2008]. To our knowledge, the present study is first
report to investigate the relation between HOMA-IR
values and treatment efficacy of HCV-1b patients,
especially without cirrhosis and diabetes mellitus,
receiving 48-week PEG-IFN plus RBV combination
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therapy. Further studies based on the large number of
patients should be performed in the future.

In conclusion, the resulis of the present study
indicated that substitutions of HCV-1b core region were
the important predictor of severe IR in patients without
cirrhosis and diabetes mellitus. This finding highlights
the importance of eradication of the virus with GIn70
(His70) and/or Met91 in reducing the development of
severe IR. The limitations of the present study were
that it did not investigate other genotypes apart from
HCV-1b, the geographic diversities of HCV-1b core
region (distribution of Arg70 or Gln70 (His70), and
Leu91 or Met91), and the study of other races apart from
Asians in Japan. Furthsr prospective studies, matched
for HCV genotype, aa substitutions of the core region,
and race, of a large group of patients are required to
determine the meaning of higher HOMA-IR values in
HCV infection.
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esponse Reduces Incidence of

ic Hepatitis

Sustained Virclogical
iset of Type 2 Diabetes in Chron

Hitom Sezaki, Tetsuya Hosaka, Miharn Hirskawa, Kenji Tkeda, and Hiromitsu Kumada

Diiabetes is present in patients with chronic hepatitis C virus infection. The aim of this
retrospective cohort study was to assess the cumulative development incidence and predic-
tive faciors for type 2 diabetes after the termination of interferon therapy in Japanese
patients pasitive for hepatitis C virus (HCV). A total of 2,842 HCV-positive patients treated
with interferon (IFN) monotherapy or combination therapy with IFN and ribavirin were
enrolled. The mean observation period was 6.4 years. An overnight (12-hour) fasting blood
sample or a casual blood sample was taken for routine analyses during follow-up. The
primary goal was the onset of type 2 diabetes. Evaluation was performed by using the
Kaplan-Meier method and Cox proportional hazard amalysis. Of 2,842 HCV patients, 143

- patients developed type 2 diabetes. The cumulative development rate of type 2 diabetes was
3.6% at 5 years, 8.0% at 10 yeass, and 17.0% at 15 years. Multivariate Cox proportional
hazard analysis revealed that type 2 diabetes development after the termination of IFN
therapy occurred when histological staging was advanced (hazard ratio 3.305 95% confi-
dence interval [CI] 2.06-5.28; P < 0.001), sustained virological response was not achieved
(hazard ratio 2.73; 95% CI 1.77-4.205 P < 0.001), the patient had pre-diabetes (hazard ratio
2.19; 95% CI 1.43-3.37; P < 0.001), and age was =50 years (hazard ratio 2.105 95% CI
1.38-3.18; P < 0.001). Conclusion: Our results indicate sustained virological response causes
a two-thirds reduction in the risk of type 2 diabetes development in HCV-positive patients
treated with IFN. (HepaTOLOGY 2009;49:739-744.)

i~ epatitis C virus (HCV) is one of the more com-
mon causes of chronic liver disease in world.
Chronic hepatitis Cis an insidiously progressive
form of liver disease that relentlessly but silently
progresses to cirrhosis in 20% to 50% of cases over a
period of 10 to 30 years.'* In addition, HCV is a major
risk for hepatocellular carcinoma (HCC).#® Moreover,
chronic HCV infection has been associated with a variety
of exirahepatic complications such as essential mixed
cryoglobulinemia, porphyria cutanea rarda, membiano-
proliferative glomerulonephitis, autoimmune thyroid-

Abbreviations: CI, confidence interval; FPG, fasiing plasina glucose; HCG, hep-
atocellular carcinoma; HCY, hepatitis C viresy IFN, interferon; SVR, susiained
virological respornse; T2DM, type 2 dinberes mellitus.
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itis, sialadenitis, and cardiomyopathy.®'? Lately, dara
supporting 2 link between type 2 diabetes mellitus
(T2DM) and chronic hepatitis C infection have been re-
ported.' %15

Although there is growing evidence to support the con-
cept that HCV infection is a risk factor for developing
T2DM, there have been a few interventional studies con-
firming this issue. This issue needs te be confirmed with a
long-terrn follow-up of patients with high risk of developing
diabetes. Thus, prospective studies including metabolic eval-
uations are clearly needed o clasify these issues.

With this background in mind, the cohort study was ini-
riated to investigate the cumulative incidence and risk factors
of T2DM after prolonged follow-up in HCV-infected pa-
rients treated with interferon (IFIN) monctherapy or combi-
nation therapy with IFN and ribavirin. The strengths of the
urrent siudy are the large numbers of patients included and
the long-term follow-up of patients.
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therapy or combination IFN + sibavirin therapy between
September 1990 and Maich 2007 in the Department of
Hepatology, Toranomon Hospital, Tokyo, Japan. Of these,

2,842 patients satisfied the following criteria: (1) no evidence
of diabetes mellitus for 3 months after the termination of
IFM (plasma glucose concentration <126 mg/dL [6.9
mmol/L] in the fasting state, <200 mg/dL [11.0 mmol/L] in
casual state and/or 2 hours after a 75-g oral glucose load); (2)
features of chronic hepatitis or cirrhosis diagnosed via lapa-

roscopy and/or liver biopsy before the initiation of IFN ther-

apy; (3) positivity for serum HCV RINA before the initiation
of TFN therapy; (4) period of =1 year of IFN therapy; (5)
negativity for hepatids B surface antigen (HBsAg), antinu-
clear antibodies, or antimitochondrial antibodies in serum,
as determined via radioimmunoassay or spot hybridizaticn;
(6) no evidence of HCC nodules as shown on ultrasonogra-
phy and/or computed tomography; and (7) no undetlying
systemic disease, such as systemic lupus erythmatosus or
rheumatic arthritis.

Patients who were taking medicaiions known to alter glu-
cose tolerance or had illnesses that could seriously reduce
their life expectancy or their ability to participate in the trial
were excluded from the study. Patients were classified as hav-
ing normal glucose or pre-diabetes based on fasting plasma
glucose (FPG), casual plasma glucose, or 2-hour plasima glu-
cose. The normal glucose group was regarded as having an
FPG of <100 mg/dL, casual plasma glucose of <140 mg/
dL, and/or 2-hour plasma glucose of <140 mg/dL. The
pre-diabetes group was regarded as having an FPG of 100-
125 mg/dL, casual plasma glucose of 140-200 mg/dL,
and/or 2-hour plasma glucose of 140-200 mg/dL.1¢

Next, we assessed predictive factors for T2DM in
chronic hepatitis C patients treated with IFN. The phy-
sicians in charge explained the purpose and method of this
clinical trial to each patient and/or the patient’s family.
Informed consent was obtained from all living patients
included in the present cchort study. The =tur’1y was ap-
proved by the Institutional Review Board of our hospital.

Ouzcome Measures. The 3rm':ory ouicome  was

T2DM, diagnosed by the use of the 2003 criteria of the
Armerican Diabetes Association.’s These criteria include
(1) casual plasma glucose =200 mg/dL; (2) FPG =126
mg/dL; (3) 2-hour post-glucose (oral glucose tolerance
test) =200 mg/dL.

Laborasory Invesiigation. Anti-HCV was detecred
using 2 seco-zd—generaflon enzyme-linked immunosor-
bent assay (ELISA II; Abbott Laboraiories, Nov Cé i-
cago, IL). HCV-RMNA was determined by the }unphcor
mﬂhoa (Cokas Amplicor HCY Monitor Test,

2.9; Roche, Tokyo, Japan). Hepatitis B surface antigen
was tested via radicimmunoassay (Abbott Laboratories,
Detroit, MI). The used serum samples were stored at

Versicn
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—80°C a the first consultation. Diagnosis of HGV infec-
tion was based on detection of serum HCV antibody and
positive RINA. Height and weight were recorded at base-
line, and the body mass index was calculated as weight (in
kg)/height (in m?).

Evaluation af Liver Cirrbosis. Liver status of the
2,842 patients was mainly determined via peritoneoscopy
and/or liver biopsy. Liver biopsy specimens were obtained
using a modified Vim Silverman needle with an internal
diameter of 2 mm (Tohoku University, Kakintima Fac-
tory, Tokyo, Japan), fixed in 10% formalin, and stained
with hematoxylin-eosin, Masson’s trichrome, silver im-
pregnation, and periodic acid-Schiff after diastase diges-
tion. The size of specimens for examination was more
than six porial areas.’”

Follow-up. The starting time of follow-up was 3
months after the termination of IFN therapy. After that,
patients were followed up monthly to tri-monthly in our
hospital. Physical examination and biochemical tests were
conducted at each examination together with regular
checlk-up. An overnight (12-hour) fasting blood sample
or a casual blood sample was taken for routine analyses.
These included aminotransferase activities, total choles-
terol, platelet counts, and serum HCV RINA level. Three
hundred twenty-four patients were lost to follow-up; be-
cause the appearance of T2DM and death was not iden-
tified in these patients, they were considered as censored
data in the statistical analysis.'® Moreover, patients re-
treated with antiviral agents were regarded as withdrawals
at the time of starting the retreatment of antiviral agents.

Statistical Analysis. The cumulative appearance rate
of T2DM was calculated from 3 months after the termi-
nation of IFN treatment to the appearance of T2DM
using the Kaplan-Meier method. Differences in the devel-
opment of T2DM were tested using the log rank test.
Independent factors associated with the incidence raie of
T2DM were analyzed by the Cox proportional hazard
model. The following 11 variables were analyzed for po-
tential covariates for incidence of T2ZDM ar the time of
termination of IFN therapy at our hospiral: age, sex, state
of liver disease (chronic hepaiitis or iiver cirrhosis), body
mass index, glLCf\se level, aspartatca
alanine aminotransferase level, type of IFN, total dose of

efficacy of IFN therapy, hypertension, triglyceride
and total cholesterol level. A Pvalue ofless than 0.05
was considered signiﬁca_n‘: Dara ﬁmaiysis was performed
using SPSS 11.5 for Windows (SPSS, U::cacm, L.

notransferase level,

Paiient Chavacseristics. Table 1 shows the chara
of the 2,842 HCV-positive paiients treated v
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Table 1. Patlent Characteristics

N 2,842
Sex {male/female) 1,778/1,064

Age (years) 51.8 9.0
Height (cm) 163.8 = 9.1
Body weight (kg) 627 =117
Body raass index 233 =32
Blood pressure (systolic/diastolie, mm Hg) 128 = 18/77 £ 12
HCV genotype (1h/2a/2b/other) T44/752/290/58
HCY RNA level (KiU/mL) 593 = 540
Staging (non-LC/LC) 2,649/193
Blood glucoss level (normal/prediabetes) 2,601/24%
Fasting plasma glucose {mg/dL) 87 + 24

. Triglyceride (mg/dl) 166 & 31
Total bilirubin (g/dl) 102 + 56
AST (IU/L) 74 = 83
ALT (1U/L) 116 = 102
IFN monotherapy* /combination therapyt 2,417/425
Efficacy of treatmani (SVR/non-SVR) 1,175/1,667
Follow-up period (years) 6.4 %50

Data are expressed as the number of patients or mean == standard deviation.

Abbreviations: ALT, alanine aminotransfetase; AST, aspariate aminotransferase;
LG, liver cirthosis; SVR, sustained virological response.

*Outbreak of IFN monotherapy: recombinant IFN-c:2a, 304 cases; recombinant
IFN-a:2b, 235 cases; natural IFN-bey, 1,355 cases; natural IFN-3, 522 cases; total
dose of IFN = 598 = 170 MU.

TOutbreak of combination therapy: recombinant IFN-a2b + ribavirin, 175
cases; total dose of IFN = 537 = 196 MU; total dose of ribavirin = 182 = 69 g;
pegylated IFN-a2b -+ ribavirin, 250 cases; iotal dose of pegylated IFN = 4.28 =
1.17 mg; total dose of ribavirin = 232 + 60 g.

IFN monotherapy or combination therapy with IFN and
tibavirin. The sustained virological response (SYR) rate
was 36.7% (886/2417) in IFN monotherapy and 68%
(289/425) in IFN + ribavirin therapy. Thus, the number
of patients with SYR was 1,175. The mean period after
the termination of antiviral drugs was 6.4 years.
Fucidence of T2DM in Patients with HCV. A total
of 143 patients (102 men and 41 women) developed
T2DM during a mean obsesvation period of 6.4 years. Of
these, 26 were SVR and 117 were non-SVR. The cumu-
nent rate of T2DM was determined o be
3.6% ax 5 yeass, 8.0% at 10y ems ann 1/ 0% at 15 years
the i- 3 ~Meier me :
ted with dle incidence of TZDM in aﬁ 2,842 patients
treated with IFN therapy are shown in Table 2.
I\éuitwamarcé 0X oeromo 11 azz_rd, analysis revealed

Iawre develop ; i

\J.Sh"i =)

2.06.5 28, P<mox)
achiev

PR, kR,
tients treated with

iver cirrhosis, and pre-diabetes contribute to 2 high
nsk developing diabetes. The cumulative deve‘opnwm

ates of T2DM based on difference of age, efficacy of the
IPN he_rapy, histological diagnosis, and glucose level ar
the starting time of follow-up are shown in Fig. 2.

Fig. 3 shows the impact of reduction due to SYR on
the incidence of TZDM in patients with =50 years, liver
cirrhosis, or pre-diabetes. When patients with age =56
years, liver clrrhosxs, and pre-diabetes have SVR after IFIN
therapy, SYR could ¢tatisticaﬂy reduce the onset of
T2DM compared with those without SVE.

s, live
(

Discussion

We have described the dev elop“&ept incidence of dia-
betes after the termination of antiviral therapy in HCV-
positive patients treated with IFN dncrapy in the present
study. Diabetes has been reported in less than 0.08% of
patients treated with IFIN1920; thus, to exclude diabetes
originating from IFN-related side effects, patients with-
out dlabeLCS for 3 months after the termination of IFIN
were enrolled in the present study. The present study
indicates that the annual incidence of T2DM for a pro-
longed follow-up after the termination of IFN therapy
among HCV patients is 0.8% to 1.0%. The present study
was limited by a rewrospective cohort trial. We started the
present study in 1991 based on the diabetes mellitus cri-

terig published by Fajans.2! However, after that, diabetes

mellitus criteria were revised. We thus rechecked the di-
agnosis of T2DM based on the diabetes mellitus criteria
of 2003 in patients seen prior to 2003.1¢ Because of re-
checking the diagnosis of T2DM on the basis of diabetes
mellitus criteria in 2003, the present study was regarded as
a retrospective cohort study. However, the patients were
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Table 2. Predictive Factors for T2DM Develepment
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WVaviables

Univariate Aralysis

HR (85% o8

P VYalue

San Regressien

HR (25% CI}

P Yalue

Age, years (=50/<50)

Sex (female/male)

Body mass index (=25/<25)

HCV load (KIU/mL,
=1,000/<1,000)

Genotype (1/2)

ALT (IU/L, =50/<50)

Glucose level (prediabetes/normal)

Triglyceride {mg/dL, =150/<150)

Cholesterol (mg/dl, =220/<220)

Histological diagnosis (LC/non-LC)

Combination of ribavitin (—/-+)

Type of IFN (a/B)

Total dose of IFN (MU, =500/
<500)

Efficacy (non-SVR/SVR)

2.55(1.74-3.73)
0.84(0.59-1.19)
1.44 (0.98-2.08)

0.67 {0.43-1.03)
0.73 (0.50-1.08)
1,83 (1.14-2.94)
2.25 (1.53-3.33)
1.66 (0.93-2.98)
1.56 (0.62-3.95)
4.03 (2.55-6.36) .
1.53 (0.99-2.38)
0.88 (0.57-1.35)

0.91 (0.58-1.40)
2.73(1.77-4.20)

<0.001
0.318
0.057

0.069
0.098
0.012
'<0.0001"
0.088
0.346
<0.0001
0.058
0.882

0.672
<0.0001

2,10 (1.38-3.18)

2.19 (1.43-3.37)

3.30 (2.06-5.28)

2.78 (1.75-4.41)

<0.001

-<0.001

<0.001

<0.001

Data are expressed as the median (range).

Abbreviations: ALT, alanine aminotransferase; HR, hazard ratio; LG, liver cirthosis.

prospectively followed. Another limitation of the study
was that patients were treated with different types of an-
tiviral therapy (IFN monotherapy or combination IFN +
ribavirin therapy) for different duration (4 to 52 weeks).

This heterogeneity makes it difficult to interpret the re-
sults of the study. On the other hand, the strength of the
present study is the long-term follow-up in the large num-
bers of patients included.
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The presentstudy shows several findings with regard to
development of TZDM afier the termination of antivirus
agents for HCV positive patients. First, the T2DM devel-
opment rate in the non-SVR group was higher than that
in the SVR group. The SYR caused a rwo-thirds reduc-
tion in the onset of T2ZDM in the course of postureatment
fo HOW—LP. That SVR reduced the onset of diabetes mel-
litus in HCV patients is in accordance with the darta re-
ported by Simé et 21?2 and Romero-Gémez et al.??

“Though the role of HCV in the pathogenesis of diabetes

mellitus remains speculative, the Foilowing possible

mechanismas have been reponcc. U) pati en‘s with HCVY
have a tendency to attain insulin resistance?; (2) in trans-
gcp mice, the cﬁpressw f F CV core protein is associ-

ated with insulin resistance and T2DM i development?%;

and (3) SVR in HCV patients reduces insulin resistance
<md onset of the incidence of abnormal glucese value.®
Thus, it is accepted that clearance of H (_ V reduices the
onset of T2DM.

Second, in addition to persistence of HCV, the present
study suggests that aging, histological progression, and
pre-diabetes enhanced the onset of T2DM in patients
with HCV infection. However, when HCV was eradi-
cated even in patients with age =50 years, pre-diabetes, or
liver cirrhosis, the cumulative development rate of T2DM
decreased.

T2DM is increasing dramatically in many Asian na-
tions, including Japan, over the past decades.?” [t is widely
accepted that 7 to 8 million people are affected by diabetes
mellitus in Japan. Approximately 8% to 10% of adults in
Japan have T2DM. In general, T2DM is associated with
a genetic predisposition, but it is also strongly influenced
by lifestyle-related factors, such as eating habits and/or
physical activity.?$?> The risk factors associated with
T2DM include family history, age, sex, obesity, smoking,
and physical activity. TZDM occurred in elderly patients
compared to young patients. Life expectancies are long in
Japan; thus, in the near futire, a large number of pat
‘/\flth HC V WLH bF >60 ye s of age. Therefore, it is ap-

!'D

positive pa‘tients
TZDM is a sericus

tions, but “does ot usui-y restore uolmoalycemza or

eliminate all the adverse cc»nsequefzces.zsr” Moreover,

HCVY patients with T2DM are ar major risk for HCC.34

Cin the CfﬁCaC‘/ of IFIN ¢! it | :
pABI

reduces ri J‘\,
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