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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)

T72-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 (JIU/L)
Serum albumin (g/dl)
Gamma-glutamyl transpeptidase (IU/L)
Leukocytes (/mm?®)
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/dD
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 o-2b dose (ng/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)

65 130

28/37 57/73 Matched

57 (22-70) 56 (25—68) Matched

17.4 (6.9-72.0) 19.7 (6.0~48.0) Matched
18 (27.7%) 42 (32.3%) NS
21 (82.3%) 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 (3.2-4.5) 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 (35-2569) 94 (356—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
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* which represent the median (range) values. ND: not determined.

than 2/3 of hepatocytes involved) [D’Alessandro et al.,
19911

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 (Gln70/His70)
and aa 91 of leucine (Leu91) or methionine (Met91)
[Akuta et al., 2005]. The sequence of 2209-2248 aa in
the NS5A of genotype 1b (I¥N-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 NSHA-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-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 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) after
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) were
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 SVR

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 38 of 130 patients (29.2%) and 6 of
65 (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 in
Multivariate Analysis

Univariate analysis identified 13 parameters that
influenced SVR either significantly or marginally:
gender (female sex; P=0.002), stage of fibrosis (Fy.g;
P=0.008), PEG-IFN dose/body weight (>1.4 ngkg;
P=0.001), RBV dose/body weight (>11.0 mg/kg;
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
1U/L; P=10.026), 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 and/or Leu91; 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
aa 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 II).

100
48-week group
. 72-week group
80

61.5%

60

40 r

Percentage of Patients (%)

20

Sustained virelogical response Non-virological response

Fig. 1. Comparison of treatment efficacy between the 48-week group
and 72-week group. The proportion of patients with sustamed
virological response in 72-week group was significantly higher than
1n 48-week group (P < 0.001). Furthermore, the proportion of patients
with non-virological response m 72-week group was significantly lower
than 1 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

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

0dds ratio (95% CI) P
1
5.46 (1.39-21.3) 0.015
3.51 (1‘%8—9.62) 0.014
2.42 (0.;9—-6.58) 0.084

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

Treatment Efficacy According to Amino Acid
Substitutions in Core Region

Figure 2 shows comparison of the treatment efficacy
according to 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 (52.9%) 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).

160
48-week group
. T2-week group

Rate (%)

68.0%

P

ined Virologi

I

GIn70 (His70) and Met91 Arg70 and/or Leu91

Fig. 2. Comparison of treatment efficacy according to amino acid
substitutions m 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 Leu91, the proportion of patients with
sustamed virological response 1n 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 o 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 rates in 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
48-week group
. T2-week group

80

Rate (%)

60.0 %

wild-type mutant-{ype

Fig. 3. Comparison of treatment efficacy according to amino acid
substitutions m NSHA-ISDR. In mutanttype, the proportion of
patients with sustained virological response in 72-week group was
not significantly different from that in 48-week group. However, 1n
wild-type, the proportion of patients with sustained virological
response 1n 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 Met91 of the core region. Multi-
variate analysis alsoidentified 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
unsuitable for PEG-IFN plus RBV, including LVR with
GIn70 (His70) and Met91 of the core region, low-dose
intermittent IFN monotherapy might be an efficacious
therapeuti¢ 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 TaqgMan
HCV Test (the lower limit of this assay; 15 1U/ml), which
has ahigher sensitivity than AMPLICOR HCV v2.0 (the
lower limit of this assay; 50 IU/ml) [Sizmann et al,
2007]. Rapid virological response (HCV RNA-negative
at 4 weeks after the start of treatment) and early
virologieal 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 factors, sex, and AFP) might be important
predictors of treatment response to 48-week PEG-IFN
plus RBV 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 911s
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 NS5A-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; Muiioz 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.
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Abstract

Aims: The long-term efficacy of adefovir dipivoxil in combi-
nation with lamivudine to chronic hepatitis B virus (HBV) in-
fection is still unclear. Methods: Virological response and
hepatocarcinogenesis during lamivudine + adefovir were
investigated in 183 lamivudine-resistant Japanese patients
with chronic genotype C-dominant HBV infection. As the
predictors of virological response, an assessment of clinical
parameters and a nucleotide (nt) sequence analysis of the
negative regulatory element to core gene (nt 1611-2450)
were performed at the start of adefovir. Results: The cumu-
lative HBV-DNA non-detectable and ALT normalization rates
were 93.6 and 97.6% at the end of 3 years, respectively. Mul-
tivariate analysis identified total bilirubin, AST, and nt sub-
stitutions (nt 1762, 1768, 1846, 1896, 2134, 2288, 2441) as
determinants of early non-detectable HBV-DNA. The yearly
incidence of hepatocellular carcinoma (HCC) during the first

3 years was 2.7%. At the diagnosis of HCC, ALT normalization,
HBV-DNA non-detectable, and HBeAg-seronegative conver-
sion rates were 75.0, 83.3, and 57.1%, respectively. Further-
more, the cumulative HBV-DNA non-detectable and ALT
normalization rates were not significantly differentaccord-
ing to the development of HCC or.not. Conclusions: Lamivu-
dine-resistant patients treated with lamivudine + adefovir
could achieve the excellent virological response and bio-
chemical response, but the low hepatitis activity was not
enough to suppress hepatocarcinogenesis.

Copyright © 2009 S. Karger AG, Basel

Introduction

Hepatitis B virus (HBV) is a small, enveloped DNA
virus known to cause chronic hepatitis and often leads to
liver cirrhosis and hepatocellular carcinoma (HCC) [1, 2].
To date, interferon and five nucleoside and nucleotide an-
alogs (lamivudine, adefovir dipivoxil, entecavir, telbivu-
dine, and tenofovir) have been approved for the treatment
of chronic HBV infection. Nucleoside and nucleotide an-
alogues suppress HBV replication in most patients and

KARG ER © 2009 S. Karger AG, Basel
0300+-5526/08/0516-0393$24.50/0

Fax +41 61 306.1234

E-Mail karger@karger.ch Accessible online at:

wiww.karger.com www.karger.com/int

Norio Akuta; MD

Department of Hepatology; Toranomon Hospital
2-2-2 Toranomon, Minato-ku, Tokyo 105-0001 (Japan)
Tel. +81 44 877 5111, Fax +81 44 860 1623

E-Mail akuta-gr@umin.acjp

=537~



improve transaminase levels and liver histology [3-7].
Especially lamivudine monotherapy to naive patients for
nucleoside analogues suppresses hepatocarcinogenesis
(8, 9], but prolonged therapy results in the emergence of
drug-resistant mutants.

Most lamivudine-resistant strains show amino acid
substitutions in the YMDD (tyrosine-methionine-aspar-
tate-aspartate) motifin the C domain of HBV polymerase
[10, 11]. Both experimental and clinical studies have
shown recently that adefovir and entecavir could sup-
press not only wild-type but also lamivudine-resistant
strains and were confirmed as salvage therapy for lami-
vudine-refractory patients {12, 13]. Recently, Hosaka et
al. [14] reported the efficacy of adefovir + lamivudine
combination therapy in patients with lamivudine-resis-
tant chronic HBV infection. However, the number of pa-
tients was limited and follow-up time was a short dura-
tion. Thus, the long-term efficacy in respect to viral re-
sponse and suppression of hepatocarcinogenesis with
lamivudine + adefovir is still unclear.

Virological predictors of viral response during the
treatment of lamivudine + adefovir are insufficiently in-
vestigated. Negative regulatory element (NRE; nt 1611~
1634), core upstream regulatory sequences (CURS; nt
1643-1742), basic core promoter (BCP; nt 1742-1849) are
located mainly in the HBV X gene and play an important
role in replication and hepatitis B core antigen/HBeAg
formation {15-20]. Furthermore, in respect to the viral
response to interferon, Erhardt et al. [21] reported that
good response in HBeAg-positive patients was associated
with a high number of mutations in the BCP and nt 1753~
1766 as well as mutations at nt 1764, and that good re-
sponse in HBeAg-negative patients correlated with a low
number of mutations in the BCP and nt 1753-1766 and
wild-type sequence at nt 1764, However, the significance
of substitutions in NRE, CURS, BCP, precore, and core
gene for viral response during the treatment of lamivu-
dine + adefovir is still unknown.

The present study based on the long follow-up time in-
cluded 183 lamivudine-resistant consecutive patients with
chronic genotype C-dominant HBV infection treated with
lamivudine + adefovir. The aims of the study were the fol-
lowing: (1) to evaluate the cumulative HBV-DNA non-de-
tectable, alanine aminotransferase (ALT) normalization,
and hepatocarcinogenesis rates during the treatment of la-
mivudine + adefovir, and (2) to analyze the predictive fac-
tors, including clinical parameters and a sequence analysis
of the complete NRE, CURS, BCP, precore; and core gene,
associated with early non-detectable HBV-DNA during
the treatment of lamivudine + adefovir.
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Table 1. Patient characteristics at the start of treatment with la-
mivudine + adefovir dipivoxil

Number 183
Male/female 150/33
Age, years® 47 (26-75)
Prior lamivudine therapy duration, years® 2.9 (0.6-10.8)
Lamivudine + adefovir treatment duration

years? 2.2 (0.5-4.5)
HBeAg, number positive 109 (59.6%)
HBV-DNA, log copies/mI* 7.3 (3.3 to >7.6)
HBV genotype, number of A/B/C/D 717/168/1
Presence of cirrhosis 56 (30.6%)
Total bilirubin, mg/dI 0.8(0.2-6.0)

Aspartate aminotransferase, [U/I®
Alanme aminotransferase, IU/I?

92 (18-1,413)
130 (18-1,563)

v-Glutamyl transpeptidase, IU/I* 58 (12-446)
Albumin, g/dl® 4.1(2.3-4.7)
a-Fetoprotein, pg/l? 6 (2-282)

Creatinine, mg/d? 0.8 (0.4-1.3)

Platelets, X 10%/mm?3?
Mutant type of YMDD motif
(YIDD/YVDD/YIDD+YVDD)

15.0(3.1-38.8)

85/42/56

2 Data are expressed as median (range).

Patients and Methods

Study Population

A total of 183 consecutive adult Japanese patients with chron-
1ic HBV mfection were treated with adefovir at Toranomon Hos-
pital, Tokyo, Japan, m addition to ongoing lamivudine treatment,
for more than 24 weeks since 2002. Serum HBV-DNA and ALT
levels re-increased despite the continuation of lamivudine, indi-
cating breakthrough hepatitis, i all patients who then received
adefovir along with the lamivudine. Enrolment in this study and
the start of adefovir treatment were determined by the following
criteria: (1) Increase in serum HBV DNA levels of =1 log copies/
ml during lamivudine treatment on at least two consecutive
occasions, compared with the nadir of nitial antiviral efficacy.
(2) Detection of mutations of the YMDD motif before the start of
adefovir treatment by the PCR-based method described later and/
or direct sequence analysis. (3) No history of treatment with oth-
er nucleoside analogues such as fameiclovir and entecavir. The
exclusion criteria were as follows: (1) patients with HCC; (2) se-
rum creatinine levels 1.5 mg/dl; (3) patients coinfected with
hepatitis C, hepatitis delta virus, or HIV, and (4) history of other
liver diseases, such as autormmune hepatitis, alcoholic liver dis-
ease, or metabolic liver disease.

This study was conducted 1n accordance with the guidelines
of the Declaration of Helsinki and its subsequent amendments,
and nformed consent was' obtained from every patient. This
study wasapproved by the Local Ethics Committee of Toranomon
Hospital.

Table 1'summarizes the profiles of the patients. They 1niclud-
ed 150 men and 33 women. The median duration of treatment
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with lamivudine + adefovir was 2.2 years (range 0.5-4.5). Pa-
tients recerved a 10-mg once-daily dose of oral adefovir, 1n addi-
tion to ongoing lamivudine treatment (100 mg/day). Blood sam-
ples were obtained at least once every month before, during, and
after treatment with lamivudine + adefovir, and analyzed for vi-
rological markers, biochemical markers associated with liver
function and renal function, and complete blood cell counts ev-
ery visit. The diagnosis of cirrhosis was based on liver biopsy
histology and/or on clinical criteria, including 1maging studies
and signs of portal hypertension. As the indicators of low hepa-
tits activity, non-detectable HBV-DNA level by PCR assay and
normalization of ALT level were evaluated. Adverse reactions
were monitored clinically by careful interview and medical ex-
amination at least once every month. Patient compliance with
treatment was evaluated by questionnaire. Follow-up time repre-
sented the time from the start of the treatment with lamrvudine
+ adefovir until the last visit.

Laboratory Tests

HBsAg, HBeAg and antibody against HBeAg (anti-HBe) were
determined by commercially available radioimmunoassay sys-
tems (Abbott Japan, Tokyo, Japan). HBV DNA serum level was
determined by using the Amplicor HBV monitor test (Roche Di-
agnostics, Tokyo, Japan). The measurement range of the assay 1s
10262107 copres/ml (2.6-7.6 log copies/ml). The HBV genotype
was determined by enzyme-linked immunosorbent assay (ELI-
SA) (HBV Genotype EIA, Institute of Immunology, Tokyo, Japan)
based oni the method of Usuda et al. [22]. Substitution at rtM204
of the YMDD motif was 1dentified at baseline by using the En-
zyme-Linked Minr-Sequence Assay with a commercial assay kit
(PCR-ELMA; Genome Science, Tokyo, Japan).

Nucleotide Sequencing of Negative Regulatory Element,

Core Upstream Regulatory Sequences; Basic Core Promoter,

Precore, and Core Gene

The sequences of nt 1611-2450, including the complete NRE
(nt 1611-1634), CURS (nt 1643-1742), BCP (nt 1742-1849), pre-
core (nt 1814-1901), and core gene (nt 1901~-2450), were deter-
mined by the direct sequencing method using sera at the start of
adefovir treatment. Nucleotide sequences of HBV were compared
with the prototype sequences of the HBV genotype C (accession
No: AB033550) [23]. In the present study, the PCR genotyping
could be performed in 148 patients; the remaining 35 patients
could not be analyzed due to the lack of adequate serum samples
obtained at the start of adefovir treatment.

HBV DNA was extracted with a Smitest EX-R&D kit (Genome
Science). Nucleic acids were amplified by PCR using the following
primers: (a) Sequences of it 1588-2130: the single-round PCR was
performed with HBVPCCPseqFO1L (sense; 5-GCT TCA CCT
CTG CAC GTIC GCA TG-3" [nt 1588-1610]) and HBVPCCP-
seqRO3 (antisense, 5-TCC AAA TTA CIT CCC ACC CAG GT-
3% [nt 2130-2108]) primers. (b) Sequences of nt 2022-2529: the sin-
gle-round PCR was performed with HBVCOREseqFO1 (sense,
5%-CCTTAGAGTCTCCGGAACATT G-3' [nt2022-2043]) and
HBVCOREseqR02 (antisense, 5'-GCCACT CAGGATTAA AGA
CAG G-3" [nt 2529-2508]) primers. All samples were mitially de-
natured at 95° for 2 min. 45 cycles of amplification were set as fol-
lows: denaturation for 30 s at 94°, annealing of primers for 30 s at
60°, and extension for 30 s at 68° with an additional 7 min for ex-
tension. The amplified PCR products were purified by the QIA

Virological Response and Hepatocarcino-
genesis during Lamivudine plus Adefovir

Quick PCR purification kit (Qiagen, Tokyo, Japan) after agarose
gel electrophoresis and then used for direct sequencing. Dideoxy-
nucleotide termination sequencing was performed with the Big
Dye Deoxy Termunator Cycle Sequencing kit (PerkinElmer, To-
kyo, Japan). To avoid false-positive results, the procedures recom-
mended by Kwok and Higuch1 [24] to prevent contamination were
strictly applied to these PCR assays. No false-positive results were
observed 1n this study.

Liver Histopathological Examination

Liver biopsy specimens were obtained percutaneously or at
peritoneoscopy using a modified Vim Silverman needle with an
nternal diameter of 2 mm (Tohoku University style, Kakinuma
Factory, Tokyo, Japan), fixed 1n 10% formalin, and stained with
hematoxylin and eosin, Masson’s trichrome, silver impregnation,
and periodic acid-Schiff after diastase digestion. All specimens
for examination contained 6 or more portal areas. Histopatho-
logical diagnosis was made by an experienced 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. {25].

Diagnosts of Hepatocellular Carcinoma

Patients were examined for HCC by abdomiinal ultrasonogra-
phy every 3-6 months. If HCC was suspected based on ultraso-
nographic results, additional procedures, such as computed to-
mography, magnetic resonance mmaging, abdominal angiogra-
phy; and ultrasonography-guided tumor biopsy if necessary, were
used to confirm the diagnosis.

Statistical Analysts

The cumulative rates of non-detectable HBV-DNA and hepa-
tocarcinogenesis were calculated using the Kaplan-Meter method
and differences between the curves were tested using thelog-rank
test. Statistical analyses of non-detectable HBV-DNA and hepa-
tocarcinogenesis were calculated using the period from start of
treatment with lamivudine + adefovir. Stepwise Cox regression
analysis was used to determine independent predictive factors
that were associated with non-detectable HBV-DNA. The odds
ratiosand 95% confidence intervals (95% CI) were also calculated.
Potential predictive factors associated with early HBV-DNA neg-
ativity 1ncluded. the following variables: age, sex, histological
stage; HBV genotype, HBeAg; viremia level, mutant type of
YMDD motif; total bilirubin, aspartate aminotransferase (AST),
ALT, albumin, y-glutamyl transpeptidase (GGT), a-fetoprotein
(AFP), creatinine, platelets, nt substitutionsin CURS to core gene.
Each variable was transformed into categorical data consisting of
two simple ordinal numbers for uni- and multivariate analyses.
Variables that achieved statistical significance (p < 0.05) or mar-
ginal significance (p < 0.10) on univariate Cox proportional haz-
ards model were tested by multivariate Cox proportional hazards
model to'identify significant independent factors. Statistical com-
parisons were performed using the SPSS software (SPSS Inc.; Chi-
cago, 1L, USA). All p values <0.05 by the two-tailed test were
considered significant.

Intervirology 2008;51:385-393 387
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Fig. 1. Cumulative HBV-DNA non-detectable and ALT normal-
1zation rates. Patients treated lamivudine + adefovir dipvoxil
could achieve the excellent virological response (non-detectable
HBV-DNA) and biochemical response (ALT normalization) as an
mdicator of low hepatitis activity.

Results

Cumulative HBV-DNA Non-Detectable and ALT

Normalization Rates

The cumulative HBV-DNA non-detectable rates were
48.4,66.8,79.4,and 93.6 at the end 0f 0.5, 1, 2, and 3 years,
respectively. The cumulative ALT normalization rates
were 72.4,84.0,97.6,and 97.6 at the end 0f 0.5, 1, 2,and 3
years, respectively. Thus, patients treated with lamivu-
dine + adefovir could achieve the excellent virological re-
sponse (non-detectable HBV-DNA) and biochemical re-
sponse (ALT normalization) as an indicator of low hepa-
titis activity (fig. 1).

Predictive Factors:Associated with Early

Non-Deftectable HBV-DNA by Uni- and Multivariate

Analysis

The data for the whole population sample were ana-
lyzed to determine those factors that could predict early
non-detectable HBV-DNA. Univariate analysis identified
21 parameters that tended to or significantly correlated
with early non-detectable HBV-DNA. These included total
bilirubin (p = 0.027), AST (p = 0.004), ALT (p = 0.072),
HBV DNA (p <0.001), HBeAg (p <0.001); and nt substitu-
tions [nt 1659 (p = 0.073), nt 1762 (p = 0.040), nt 1768 (p =

388 Intervirology 2008;51:385-393
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Fig. 2. Cumulative hepatocarcinogenesis rates during the treat-
ment of lamivudine + adefovir dipivoxil. The yearly incidence of
HCC during the first 3 years was.2.7%:

0.084), nt 1792 (p = 0.077), nt 1846 (p < 0.001); nt 1896
{p<0.001), nt 1899 (p = 0.031), nt 1938 (p =0.019), nt 2005
(p = 0.058), nt 2009 (p < 0.001), nt 2134 (p = 0.074), nt 2189
{(p=0.017); nt 2201 (p = 0.031); nt 2288 (p = 0.038), nt 2429
(p=0.042), nt 2441 (p < 0.001)]. These factors were entered
into multivariate analysis, which then identified 9 param-
eters that tended to or significantly influenced early non-
detectable HBV-DNA independently; total bilirubin (p =
0.002), aspartate aminotransferase (p = 0.077), and nt sub-
stitutions [nt 1762 (p = 0.092), nt 1768 (p = 0.001), nt 1846
(p=0.034), nt 1896 (p = 0.001), nt 2134 (p = 0.034), nt 2288
(p = 0.016), nt 2441 (p = 0.019)] (table 2).

Cumulative Hepatocarcinogenesis Rates and the

Profiles of Patients Who Developed HCC

The cumulative hepatocarcinogenesis rates were 2.2,
5.9, and 8.1% at the end of 1, 2, and 3 years, respectively
(fig. 2). The yearly incidence of HCC during the first 3
years was 2.7%. Table 3 summarizes the profiles of 12 pa-
tients who developed HCC during treatment with lami-
vudine + adefovir. They included 9 men and 3 women.
The median age at the start of adefovir was 51 years (range
35-75). The median duration from the start of lamivu-
dine to the diagnosis of HCC was 4.9 years (range 1.9-
7.5), and the median duration from the start of adefovir
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Table 2. Factors assoctated with early non-detectable HBV-DNA during the treatment with lamivudine + adefovir dipivoxil, identified
by uni- and multivariate analysis

Factor Category Univariate Cox proportional Multivariate Cox proportional
hazards model hazards model
odds ratio (95% CI) P odds ratio (95% CI) P
Total bilirubin, mg/dl 1:<1.0 1 1
2:21.0 1.503 (1.047-2.159) 0.027 2.055 (1.289-3.279) 0.002
Aspartate aminotransferase, IU/1 1: <80 1 1
2: 280 1.695 (1.181-2.434) 0.004 1.506 (0.956~2.371) 0.077
Alanine aminotransferase, 1U/1 1: <100 1 ' - -
2: 2100 1.407 (0.970-2.041) 0.072 - -
HBV DNA, log copies/ml 1:<7.0 1 - -
2:27.0 0.488 (0.342-0.695) <0.001 - -
HBeAg 1: negative 1 - -
2: positive 0.428 (0.299-0.613) <0.001 - -
nt 1659 1I:A 1 - -
2:not A 2.135(0.931-4.895) 0.073 - -
nt 1762 1A 1 1
2:not A 1.988 (1.032-3.829) -~ 0.040 1.987 (0.893-4.421) 0.092
nt 1768 1T 1 1
2inotT 1.892/(0.917-3.903) 0.084 5.584 (2.096-14.88) 0.001
nt 1792 1:A 1 - -
2:not A 0.168 (0.023-1.211) 0.077 - -
nt 1846 1A 1 1
2:not A 2.080 (1.382-3.131) <0.001 1.740 (1.043-2.902) 0.034
nt 1896 1:G 1 1
2inotG 2.207 (1.500-3.247) <0.001 2.323(1:430=3.775) 0.001
nt 1899 1: G 1 - =
2:notG 1,711 (1.049-2.789) 0.031 = -
nt'1938 1:T 1 - -
2:not T 1.859 (1.107-3.124) 0.019 = =
nt 2005 T 1 - -
2:notT 0.661 (0.431-1.014) 0.058 - -
nt 2009 1:C 1 - -
| 2:notC 4.678(2.191-9.986) <0.001 = -
| nt 2134 1:C 1 1
j 2:notC 1.566 (0.957-2.561) 0.074 1.781 (1.044-3.038) 0.034
nt 2189 1A 1 = -
2:notA 1.611 (1.087-2.385) 0.017 - -
nt 2201 1T 1 - =
2:notT 0.596 (0.373-0.953) 0.031 - -
nt 2288 1:C 1 1
2:notC 1.518 (1.024-2.252) 0.038 1.733°(1.108-2.711) 0.016
nt 2429 1: C 1 = =
2:notC 2.573(1.033-6.408) 0.042 = =
nt 2441 1:T 1 1
2:notT 2.815 (1.656-4.783) <0.001 2.001 (1.122-3.568) 0.019

Only variables that achieved statistical significance (p < 0.05) or marginal significance (p < 0.10) on unr- and multivariate Cox
proportional hazards model are shown.
95% CI = 95% confidence mterval.
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Fig. 3. Comparison of non-detectable HBV-DNA and ALT normalization in patients who developed HCC or
not. The cumulative HBV-DNA non-detectable and ALT normalization rates were not significantly different
according to the development of HCC or not. Low hepatitis activity during the treatment of lamivudine +
adefovir dipivoxil was not enough to suppress hepatocarcinogenesis.

Table 3. Characteristics of 12 patients who developed HCC during treatment with lamivudine (LAM) + adefovir dipivoxil (ADV)

Case Sex Age LAM ADV At the start of ADV At the diagnosis of HCC
years: WHCC ©HUC e air HBV-DNA HBeAg ALT  HBV-DNA
years years 1U/1 log copies/ml 1/ log copies/ml
1 male 50 6.6 45 - 576 6.9 - 27 <26
2 male 40 4.9 3.8 = 124 6.3 -~ 24 <2.6
3 male 48 6.3 33 + 99 7.6 + 35 <2.6
4 female 58 74 33 + 214 4.4 - 13 <2.6
5 male 58 4.8 2.2 - 216 6.5 - 28 <2.6
6 male 35 7.5 1.6 + 164 7.5 - 35 <2.6
7 male 47 2.3 1.3 + 138 7.6 + 29 <2.6
8 male 50 2.5 1.1 + 272 7.6 - 72 <2.6
9 male 75 3.4 1.1 + 209 7.6 - 125 <2.6
10 female 51 1.9 0.9 - 130 53 = 73 <2.6
11 male 53 4.7 0.5 + 97 7.6 + 35 4.2
12 female 59 59 0.1 - 132 7.6 = 41 3.6

2 Age at the start of adefovir dipivoxil.

b Duration from the start of lamivudine to the diagnosis of HCC.
¢ Duration from the start of adefovir dipivoxil to the diagnosis of HCC.

to the diagnosis of HCC was 1.5 years (range 0.1-4.5). At
the diagnosis of HCC, 75.0% (9/12 patients) could achieve
ALT normalization, and 83:3% (10/12) could achieve
HBV-DNA non-detectable. 57.1% (4/7) of HBeAg-posi-

390 Intervirology 2008;51:385-393

tive at the start of adefovir could achieve HBeAg-sero-
negative conversion at the diagnosis of HCC. Thus, they
developed HCC in spite of the excellent virological re-
sponse and biochemical response.
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Comparison of Non-Detectable HBV-DNA and

ALT Normalization in Patients Who Developed

HCC or Not

The cumulative HBV-DNA non-detectable and ALT
normalization rates were not significantly different ac-
cording to the development of HCC or not (fig. 3). Thus,
some of the patients during treatment with lamivudine +
adefovir developed HCC in spite of the early non-detect-
able HBV-DNA and ALT normalization, and low hepati-
tis activity during treatment with lamivudine + adefovir
was not enough to suppress hepatocarcinogenesis.

Discussion

This is the first report that investigates virological re-
sponse and hepatocarcinogenesis during the treatment of
lamivudine + adefovir in lamivudine-resistant patients
with chronic genotype C-dominant HBV infection. Mul-
tivariate analysis identified total bilirubin, aspartate ami-
notransaminase, and nt substitutions (nt 1762, 1768,
1846, 1896, 2134, 2288, 2441) as determinants of early
non-detectable HBV-DNA. Erhardt et al. [21] reported
that the viral response to interferon was associated with
a number of mutations in the BCP and nt 1753-1766 as
well as mutation at nt 1764. As determinants of early non-
detectable HBV-DNA, this study did not only identify nt
substitutions in BCP (nt'1762, 1768), but also identified nt
substitutions in precore (nt 1846, 1896), and core (nt 2134,
2288, 2441). This discrepancy between this results and
previous findings may be explamed by the difference of
antiviral treatment, and design of this cohort study based
on the only lamivudine-resistant patients during the
treatment of lamivudine + adefovir. To our knowledge,
the present study is the first to report that the precore,
and core gene might influence viral response during la-
mivudine + adefovir. One limitation of the present study
based on the small number of patients was that nt substi-
tutions in areas other than the NRE, CURS, BCP, pre-
core, and core gene of HBV genome, could not be exam-
ined. Further prospective studies based on thelarge num-
bers of patients, that examine the clinical impact of nt

_substitutions during lamivudine + adefovir (e.g., virolog-

ical response and hepatocarcinogenesis) and the underly-
ing mechanisms, should be conducted to confirm the
above finding.

Lampertico et al. [26] recently reported the hepatocar-
cinogenesis during the treatment of lamivudine + adefo-
vir in lamivudine-resistant patients with chronic geno-
type D-dominant HBV infection for a long-term follow-

Virological Response and Hepatocarcino-
genesis during Lamivudine plus Adefovir

up period. To our knowledge, the present study is the first
to report the hepatocarcinogenesis rates in patients with
chronic genotype C-dominant HBV infection. Lamivu-
dine-resistant patients treated with lamivudine + adefo-
vir could achieve the excellent virological response and
biochemical response, but the low hepatitis activity was
not enough to suppress hepatocarcinogenesis. Kobayashi
etal. [27] reported that the yearly incidence of HCC dur-
ing the first 10 years was 3.3% in natural histories of pa-
tients with HBV genotype C-related-compensated cir-
rhosis without antiviral treatment, who have the higher
risk for HCC development. This result showed that the
yearly incidence of HCC during the first 3 years was 2.7%
during the treatment of lamivudine + adefovir. Treat-
ment of lamivudine + adefovir did not worsen natural
histories of chronic HBV infection, but indicated the al-
most similar hepatocarcinogenesis rates in comparison
to cirrhosis patients without antiviral therapy (namely,
high-risk group for HCC development). Thus, lamivu-
dine monotherapy to naive patients for nucleoside ana-
logues without lamivudine-resistant HBV infection sup-
presses hepatocarcinogenesis [8, 9], but lamivudine-re-
sistant chronic HBV patients might be also one of the
high-risk groups for hepatocarcinogenesis. This study in-
dicated the high cumulative hepatocarcinogenesis rates
of 46.4% at the end of 4 years, and this reason is probably
related to the small number of patients, in whom more
than 4 years had elapsed since the induction of adefovir
(data not shown). Further studies of a large group of pa-
tients for the longer-term follow-up period are required
to clarify the true cumulative hepatocarcinogenesis rates
during the treatment of lamivudine + adefovir.

Low hepatitis activity by suppression of viral replica-
tion was not enough to suppress hepatocarcinogenesis
during the treatment of lamivudine + adefovir to lamivu-
dine-refractory patients, in contrast to the suppression of
hepatocarcinogenesis by lamivudine monotherapy to na-
ive patients without lamivudine-resistant HBV infection
[8, 9]. HBV DNA is often integrated into host chromo-
some in liver tumor tissue, possibly causing chromosom-
al instability [28-31]. Previous studies reported that anti-
viral treatment (e.g., lamivudine, adefovir, entecavir, peg-
interferon) also diminished the amount of intrahepatic
covalently closed circular DNA (cccDNA) as an impor-
tant intermediate in the life cycle of HBV [32, 33]. How-
ever, it is possible that any residual cccDNA in the hepa-
tocytes may still have had integrative capacity at the
HBV-DNA non-detectable state during lamivudine +
adefovir, and that those may induce hepatocarcinogene-
sis. Further investigations should be performed whether
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cccDNA could influence hepatocarcinogenesis. In this
study, it is regrettable that the associations of nt substitu-
tions with the development of HCC could not be present-
ed. This reason is related to the small number of HCC
patients, who might provide misleading results (e.g., pos-
sible type II error). Further studies should be also con-
ducted to investigate nt substitutions, which might affect
the development of HCC during lamivudine + adefovir.
The hepatocarcinogenesis in many patients of this
study might have started before the suppression of HBV
replication under adefovir, since carcinogenesis begins
several months or even years before HCC diagnosis. HCC
was diagnosed from 0.1 to 1.6 years in 7 of 12 patients, so
the potential beneficial effect of viral suppression might
be expected to be seen after the first 2 years of adefovir
therapy and only in patients who achieve HBV DNA non-
detectable. Further studies should be performed to evalu-
ate the HCC risk in patients who have remained at least
1 year in remission under adefovir to evaluate beneficial

Previous studies reported that interferon monotherpy
and lamivudine monotherapy to naive patients for nucle-
oside analogues without lamivudine-resistant HBV in-
fection suppressed HBV-related hepatocarcinogenesis [8,
9, 34, 35). In conclusion, lamivudine-resistant patients
treated with lamivudine + adefovir could achieve the ex-
cellent virological response and biochemical response,
but the low hepatitis activity by suppression of viral rep-
lication was not enough to suppress hepatocarcinogen-
esis. Further understanding including viral predictors
should facilitate the development of more effective thera-
peutic regimens to reduce risk of hepatocarcinogenesis.
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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
notclear. 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 IR (HOMA-IR >3.5) were 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 {R. 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
(562.9%). 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 incereased 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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HCV Core Region of Genotype 1b and IR

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 virclogical
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-
Gémez 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, thereis
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 infeéted 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 (8) 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. Among these, 123 patients were selectedin
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, alcoholic 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-virological
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
orice every month before, during, and after therapy. The
dynamiic range of the assay was 5.0 x 10%t05.0 x 106 TU/
ml. Samples collected during and after therapy that
showed undetectable levels of HGV-RNA (<5.0 x 10% U/
ml) were also checked by qualitative PCR (AMPLICOR
HCV v2.0, Roche Molecular Systems, Inc.), which hasa
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

. Med. Virol. DOI 10.1002/jmv

=547 ~



1034

Akuta et al.

TABLE 1. Profile and Laboratory Data of 123 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/dD)
Gamma-glutamyl transpeptidase (IU/L)
Leukocytes (fmm?)
Hemoglobin (g/dl)
Platelet count (x 10%/mm?)

Indocyanine green retention rate at 15 min (%)

Serum iron (ug/dh

Serum ferritin (ug/L)
Creatinine clearance (ml/min)
Level of viremia (KTU/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/mD
HOMA-IR
Treatment™®
PEG-IFNa-2b dose (pg/kg)
Ribavirin dose (ing/kg)
Histological findings
Stage of fibrosis (F1/F2/F3/ND)

Hepatocyte steatosis (<5% (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

69/54
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 presenceof
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

.. Med. Virol. DOT:10.1002/jmv

[Matthews et al., 19851, using the following equation:
HOMA-IR =fasting plasma glucose (mg/dl) x fasting
insulin (WU/m1)/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'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 (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')y 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. ([al];
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 3 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
>3.5) 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 (>55years, P = 0.072), body mass
index (>25 kg/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 independentlg
influenced IR, including body mass index (>25 kg/m?,
P=0.001) and hepatocyte steatosis (Present (>5%),
P=0.028).

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

HOMA-IR <14
16.3%

HOMA-IR 23.5
27.6%

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: DO1'10.1002/jmv
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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 - (55%), P=0.008), " 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 ID).

aa Substitutions of Core Region and
HOMA-IR Values

The entire population sample was also 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 those with HOMA-IR
valuesof <1.4,1.5-2.4,2.5-3.4,3.56-3.9, 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

15
P=0.022 *
10 *
&
P *
<
= . ‘
=
=~
5 * _~__*_-.__
3
Median 2.9 ‘
Median23 !
0 S
Arg70 and Leu91 Gin70 (His70) and/or Met91
(n=42) =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
Leu9l, significantly (P =0.022).

J: Med. Virol. DOI 10.1002fimv

{Fig. 8). 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-IFNa-2b combina-
tion therapy at a median dose of 1.5'ug/kg (range; 0.8—
1.8 ng/kg) subcutaneously each week plusoral RBV ata
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 TR 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.

83.3% 82.1%

|

3.5-39 4.0<

62.8%

25-34

60.0%

Frequency.of Gin70.(His70) and/or Mcet91 (%)

l IJS%
L4 L5-24

Fig. 8. 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

HOMA:IR

among those without severe IR (HOMA-IR <3.5) (59.6%) than those
with severe IR (HOMA-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 niot 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 Ttesults 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 maybe 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 1I 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 (datanot
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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
HCYV coreregion and IR. The present study is first report
to identified aa substitutions of the core region (Gln70
(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
HEC [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 aceording 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 resulfs
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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