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A Randomized Study of Extended Treatment With
Peginterferon o-2b Plus Ribavirin Based on Time
to HCV RNA Negative-Status in Patients With
Genotype 1b Chronic Hepatitis C

Tatsuya Ide, MD?, Teruko Hino, MD', Kei Ogata, MD*, Ichiro Miyajima, MD", Reiichiro Kuwahara, MD', Koichiro Kuhara, MD' and Michio Sata, MD!

The treatment of patients with hepatitis C virus (HCV) genotype 1 with peginterferon plus

ribavirin treatment for more than 48 weeks demonstrated high sustained virological response
(SVR) rates. Although many studies extended the duration of therapy from 48 weeks to 72 weeks,

A total of 113 genotype 1b patients with high viral load were randomized at baseline to the standard

(n=56) or extended (n=57) treatment group. The standard group patients received 48 weeks of
peginterferon plus ribavirin treatment. In the extended group, the treatment was performed for 44

OBJECTIVES:

the optimal duration has not yet been determined.
METHODS:

weeks after patients became negative for HCV RNA (total duration 48-68 weeks).
RESULTS:

The SVR rate of the standard and extended group was 36% (20 of 56) and 53% (30 of 57;

P=0.07). However, the extended group patients who became negative for HCV RNA between
weeks 16 and 24 had a significantly higher SVR rate (78%; 7 of 9) than that of standard group
(9%, 1 of 11; P=0.005). The predictive factors for the SVR were the treatment regimen (the
standard vs. extended treatment) and the time to HCV RNA negative-status.

CONCLUSIONS: The extended treatment significantly increased the SVR rate in patients who were HCV RNA

negative at 16-24 weeks.

Am ] Gastroenterol 2009; 104:70-75; doi:10.1038/2jg.2008.60

INTRODUCTION

The combination of peginterferon plus ribavirin is recognized
as a standard treatment for patients with chronic hepatitis C.
Specifically, a 48-week regimen of treatment is currently the
recommended therapy for hepatitis C virus (HCV) genotype
l-infected patients (1,2). However, there is only a 40-50%
likelihood of achieving a sustained virological response (SVR)
(3-6). Therefore, to increase the rate of SVR, trials extending
the duration of treatment have thus been conducted (7-12).
These studies indicated that the extension of treatment signifi-
cantly increased the rate of SVR in patients with slow virologi-
cal response. However, as these studies extended the treatment
uniformly, it is therefore desirable to tailor the treatment
regimen to achieve the SVR more efficiently.

HCV genotype 1-infected patients who become HCV RNA
negative after 4 weeks of treatment have been reported to achieve
an excellent SVR rate of almost 90% (3,13,14). This means that
these patients had 44 weeks of treatment with a disappearance
of HCV RNA. In addition, a recent analysis based on a mathe-
matic model suggested that the rate of SVR in patients infected
with HCV genotype 1 directly correlates with the duration of
treatment once HCV RNA has been cleared from serum (15).

Following this concept, an extended therapy regimen was
therefore designed to ensure the patients become HCV RNA
negative for 44 weeks. HCV genotype 1b patients with high
viral loads were randomized into two groups receiving the treat-
ment for 48 weeks (standard group) or 48-68 weeks (extended
group) and then the outcomes were evaluated.
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METHODS

Patients

Male and female patients aged 20-75 years with a compensated
chronic HCV genotype 1b infection were eligible for enroll-
ment. The eligible patients tested positive for HCV RNA by
a quantitative reverse-transcription polymerase chain reaction
(PCR; Amplicor Monitor HCV version 2.0 using the 10-fold
dilution method; Roche Diagnostics, Tokyo, Japan; lower limit
of detection 5KIU/ml) with a concentration >100KIU/ml,
and had at least one elevated serum alanine aminotransferase
level at the time of screening or entry into the trial. Patients
with an HCV genotype other than 1b infection, hepatitis B sur-
face antigen, autoimmune hepatitis, primary biliary cirrhosis,
sclerosing cholangitis, decompensated cirrhosis (Child-Pugh
class B or C), or with evidence of hepatocellular carcinoma
were excluded. The patients with platelet counts of 8x10* per
mm? or less, leukocyte counts of 2,500 per ml or less, or hemo-
globin levels of 12g/dl or less were also excluded from the
study. HCV genotyping was performed according to Okamo-
to's method (16), and the genotypes were classified according
to Simmonds’ classification system (17). Chronic hepatitis was
diagnosed based on the histological scoring system of Desmet
etal. (18).

Study design

This randomized controlled trial was carried out from Janu-
ary 2005 to November 2006. All patients provided their writ-
ten informed consent. The study was in accordance with the
principles of the 1975 Declaration of Helsinki.

A total of 113 protocol-eligible patients were assigned
randomly using sealed envelopes with a 1:1 randomization ratio.
All patients received both 1.5 ug/kg per week s.c. peginterferon
a-2b (Pegintron; Schering-Plough, Kenilworth, NJ) and oral

Extended IFN Therapy by Time to RNA-Negative Status

ribavirin (Rebetol; Schering-Plough) at 600 mg per day (body
weight <60kg), 800 mg per day (body weight between 60 and
80kg), or 1000 mg per day (body weight >80kg) according to
the manufacturer’s drug information for ribavirin. All patients
were monitored every 4 weeks. A total of 56 patients (stand-
ard group) received a 48-week course of peginterferon plus
ribavirin combination therapy. The other 57 patients (extended
group) received a 48-68 weeks of the combination therapy.
The extended treatment was performed for 44 weeks after
HCV RNA first became negative (e.g., if HCV RNA became
negative at week 16, total treatment duration was 60 weeks;
Figure 1). If the patient was HCV RNA positive at week 24,
the patient discontinued this trial design treatment. If a patient
wished to continue the treatment, the treatment could be given
for 48 weeks. Serum HCV RNA was determined using the stand-
ardized automated qualitative PCR (Cobas Amplicor Hepatitis
C Virus Test, version 2.0; Roche Diagnostics; detection limit:
501U/ml). Dose modification followed standard procedures in
principle. Therefore, according to the intensity of the adverse
event or when laboratory results showed hemoglobin <10g/dl
in subjects with no cardiac disease, the dose of ribavirin was
thus decreased by 200 mg per day. When the neutrophil count
was <750 per mm?® or the platelet count was <80,000 per mm?,
the dose of peginterferon was decreased by 50%. When the
hemoglobin was <8.5g/dl, the neutrophil count was <500 per
mm?, or the platelet count was <50,000 per mm?’, then both
drugs were discontinued.

After the end of the treatment protocol, patients from both
groups were followed up for a further 24 weeks. The primary
aim of this study was to assess the SVR, which was defined
as undetectable serum HCV RNA levels by qualitative PCR at
the end of the 24-week post-treatment follow-up period. The
others were classified as non-SVR.

Total
) o duration
Peginterferon+Ribavirin (weeks)
Standard
group 48 48
RNA negative
Extended [ 4Weeks |4 44 —I . 48
group _ —
8weeks | g 44 52
Time of HEV J 12 weeks :12: : 4:} - I : 56
RNA negative — —
16 weeks 16 44 | 60
20 weeks 20 44 ] es
24 weeks 24 44 l 68

0 4 8 1216 20 24 28 32 36 40 44 48 52 56 60 64 68

Weeks

Figure 1. Trial design. The standard group received 44 weeks of treatment. The duration of the extended treatment was determined based on the time to

hepatitis C virus (HCV) RNA negative—status.

© 2009 by the American College of Gastroenterology
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Statistical analysis

At the time of conceiving this study plan no published reports
were available for efficacy of extended treatment for patients
with genotype 1. The sample size calculation was based on the
assumption that SVR rate of late viral responder (HCV RNA
of the patients become negative between weeks 12 and 24) was
30% in the standard group and 60% in the extended group. On
the basis of two-sided tests with a significance level of 0.05 and
a statistical power of 80%, recruiting of 90 patients in the two
arms was planned. To compensate for dropped out patients,
we planned to enroll 110 patients.

Frequency was compared between the groups using the
y-test with Yates’ correction, or Fisher’s exact test. The group
means, presented as the mean valuestthe standard deviations,
were compared using the Mann-Whitney U-test. All reported
P values were two sided, and P values of <0.05 were considered
to be significant. A multivariate analysis was carried out using
a multiple logistic regression analysis. Statistical analyses were
performed using the JMP software (SAS, Cary, NC).

RESULTS

Patient profiles

Patients were enrolled between January 2005 and June 2006.
A total of 113 patients (mean age: 54.9+10.2-year old, men/
women: 56/57) were included in this study. The patients in
the two treatment groups were well matched for the baseline
characteristics (Table 1). The trial profile is shown in Figure 2.
Seven patients in the standard group and six in the extended
group discontinued treatment because of adverse events.
Thirteen patients in the standard group and twelve in the
extended group discontinued this trial design treatment due
to positive HCV RNA at week 24. There were two patients
(one in the standard and the other in the extended group) who
became HCV RNA negative after 25 weeks and completed the
48-week treatment. However, the HCV RNA of these patients
was relapsed after the treatment. In total, 32 patients in the
standard group and 36 patients in the extended group became
HCV RNA negative within 24 weeks and thus completed
the treatment. The mean duration of the total treatment in the
extended group was 56.1+5.0 weeks.

The on-treatment virological response rates (intention-to-
treat analysis) between the standard and the extended group
were not significantly different at week 12 (26 of 56 (46%)
patients vs. 29 of 57 (51%) patients, respectively) or at the end
of treatment (39 of 56 (70%) patients vs. 40 of 57 (70%) patients,
respectively).

SVR rates

On the basis of an intention-to-treat analysis, the SVR rate
of standard group and extended group were 36% (20 of 56)
and 53% (30 of 57; P=0.07). Figure 3 shows the SVR rates
in patients in the standard and extended groups whose
HCV RNA became negative within 24 weeks and the planned
therapy was completed. In the patients who became HCV

The American Journal of GASTROENTEROLOGY

Table 1. Characteristics of patients at baseline

Pvalue

Standard Extended
group group
Age (years) | 316 saem7 | 06
Sex (M:F) 26:30 3027 051
Body mass index (kg/m?)  23.1:3.1  234s34 072
ALT (1UM) 6084453  7LLi346 037
Plaeletcount  16.1¢44  158:47 053
(xlO"/mm3) ‘ .
Grade of activity’
2.3 32 28 076
Fibrosisstage -
12 : 38 o
=
HCV RNA level (KIU/ml) 205641482 2211:1461 051

Initial received dose 1461017 147011
of peginterferon . .
(ug/kgiweek) .
Initial received dose of 11.5+1.1 11.1+19 0.31
ribavirin (mg/kg/day) ‘ '

M, male; F, female; ALT, alanine aminotransferase; HCV, hepatitis C virus.
Note: Continuous variables are presented as the meants.d. *Data were
unavailable from 23 patients, including 7 and 16 from the standard and
extended groups, respectively.

RNA negative within week 8, more than 90% of the patients
achieved an SVR in both groups. In the standard group, as the
time of HCV RNA negative was later, the SVR rate was lower.
However, in the extended group, the patients who became
HCV RNA negative after 16 also had high SVR rates. The SVR
rates of the patients who became HCV RNA negative at 16,
20, and 24 weeks were 33% (1 of 3), 0% (0 of 0), 0% (0 of 2) in
the standard group and 100% (5 of 5), 0% (0 of 1), and 67%
(2 of 3) in the extended group, respectively. Therefore, the
extended group patients who became HCV RNA negative
from week 16 to 24 demonstrated a significantly higher SVR
rate (78%, 7 of 9) than those of the standard group (9%, 1 of 11;
P=0.005, 95% CI: 0.002-0.38) (Figure 3).

As the number of patients who became HCV RNA negative
from week 16 to 24 was small, we performed a multiple regres-
sion analysis of the patients who became HCV RNA negative
from week 12 to 24. The independent predictive value of the
treatment regimen (standard vs. extended group), age, sex,
body mass index, pretreatment levels of alanine aminotrans-
ferase, platelet, HCV RNA, grade of activity, fibrosis stage,
received daily doses of ribavirin and weekly dose of peginter-
feron, the time of first HCV RNA negative, and duration of the
treatment was determined using a multiple logistical regression
analysis. The independent predictors of SVR were the treatment

VOLUME 104 | JANUARY 2009 www.amjgasiro.com
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113 patients enrolled

1:1 | Randomization

Figure 2. Study participant flow.

% Standard group [ Extended group |

Standard group vs extended group
Toce P=0.005

M

80 78

@
(=]
1

SVR rate (%)
S

4w 8w 12w
Time to HCV RNA—negative status

16—-24w

Figure 3. The SVR rate in patients who became hepatitis C virus (HCV)
RNA negative within 24 weeks and the planned therapy was completed.

regimen (odds ratio, 4.8; 95% CI, 0.4-3.4, P=0.031) and the
time of HCV RNA negative (odds ratio, 1.4; 95% CI, 0.04-0.7,
P=0.0495).

Adherence

Peginterferon plus ribavirin combination therapy was discon-
tinued in 7 of 56 (12.5%) patients of the standard group and 6
of 57 (10.5%) patients of the extended group because of side
effects (Figure 2). The growth factors were not used in any
patients. There were no differences in the discontinuation rate
between the standard group and the extended group (P=0.78).

© 2009 by the American College of Gastroenterology

Discontinued treatment, n=9
Adverse events: 6
(fatigue (n=4), pneumonia, neutropenia)
Lost to follow-up: 0
Voluntary withdrawal: 1

Other reason: 2
{economic reason, hypermenorrhea)

]

Detectable HCV RNA at 24 weeks
n=12

Table ‘2.&Out‘come of treatment

Standard
group

Extended

n (%)
»'On fu
Wxth any dose reduction®

14 (29)
 *Patients who completed the planned therapy. "Patzenis who had dose reductlon
“of pegnnterferon ribavirin, or both are 1ncluded .

All therapy discontinuation occurred within 48 weeks; none of
the therapy discontinuation in the extended group occurred
between 48 and 68 weeks.

The dose of peginterferon and/or ribavirin was reduced in
14 of 56 (29%) patients of the standard group and 15 of 57
(26%) patients of the extended group (Table 2).

DISCUSSION

A 48-week regimen of peginterferon ribavirin combination
therapy is the main therapeutic regimen for chronic hepati-
tis C patients with genotype 1 with a high viral load. In 48-
week regimen of this therapy, the efficacy of treatment varies
according to the time when HCV RNA first became negative.
Specifically, in clinical trials that have been conducted in Japan,
patients who became HCV RNA negative within 4 weeks
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exhibited SVR rates of almost 100%, patients who became
negative within 5-12 weeks exhibited SVR rates of approxi-
mately 70%, and patients who became negative within 13-24
weeks exhibited SVR rates of approximately 30%. Therefore,
there have been attempts to increase the efficacy of treatment
by extending the duration of treatment. Previous reports
have shown that the efficacy of treatment can be increased by
extending administration to 72 weeks for late viral responder
that become RNA negative between weeks 12 and 24 (7-10).
From these reports, it is believed that extended administra-
tion to late viral responder can assure increases in treatment
efficacy. However, considering the physical and financial
burdens to the patients, we believe that it would be important
to establish the shortest possible treatment duration that exerts
maximum efficacy (19). We thus believe that it is necessary
to establish more detailed individualized treatment duration
rather than extending treatment from 48 to 72 weeks. On the
other hand, Drusano ef al. (15) have reported that in previously
untreated genotype 1 patients at least 32-36 weeks of undetec-
table HCV RNA by quantitative PCR is needed to attain the
sustained clearance of HCV. We established the duration of
our treatment so that the administration would be performed
for 44 weeks after HCV RNA became negative, because the
SVR rate of patients who became HCV RNA negative at week
4 was almost 100%. HCV RNA was only measured at weeks 4,
12, and 24 in the previous reports, but in Japan, HCV RNA is
often measured every 4 weeks, and treatment is administered
while checking the treatment efficacy, so we believe that it is
possible to establish shorter periods of durations.

Among the patients in the present study, almost all patients
in the standard group that became HCV RNA negative at weeks
4 and 8 exhibited SVR, so we therefore considered 48 weeks
of administration to be sufficient. It is reported that high SVR
rates have been obtained even with 24 weeks of administration
in patients who became RNA negative at week 4 (20,21), 48
weeks may be too long. In the extended group, the patients who
became HCV RNA negative at weeks 12 showed response rates
of 79%, which were almost the same as those in the standard
group (71%). As a comparatively sufficiently high response rate
has been obtained in the standard group, our extended therapy
may not benefit these patients.

On the other hand, the SVR rate of patients who became
negative from weeks 16 to 24 was 9% in the standard group and
78% in the extended group.

Our extended therapy had maximal benefit in these patients.
However, as the SVR rate of patients who became HCV RNA
negative from weeks 20 and 24 was low (50%), a slightly higher
response rate may be obtained through an extended adminis-
tration of over 68 weeks in such patients, and this will be the
subject of future study.

In terms of factors that contribute to SVR, the duration of
administration and the time of HCV RNA negative were
extracted as the most important factors according to the
results of multivariable analysis. As there were no differences
in the amount of ribavirin that was administered per day or

The American Journal of GASTROENTEROLOGY

the amount of peginterferon that was administered per week
between the SVR and non-SVR groups, we believe that the
duration of administration is important.

We believe that, in the future, it will be important to
analyze patients who do not exhibit SVR despite extended
administration. In the present study, one of the patients
who became HCV RNA negative at week 12 was administered
very small dosages because of the occurrence of side effects,
but many patients were given full doses of both drugs, and the
number of non-SVR patients was small, so the characteristics
of the non-SVR patients could not be elucidated (data not
shown).

The side effects were the same as those reported in previous
reports. Moreover, regarding the time of discontinuation due
to side effects, in all patients discontinuation occurred within
48 weeks from the start of administration, and no patients were
discontinued during the extended period after 48 weeks. There-
fore, we believe that extending administration to 48 weeks
or longer would not cause any significant problems in terms
of safety.

In conclusion, we believe that our extended administration
method is a unique and economical treatment method that is
able to achieve a high treatment efficacy.
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Study Highlights

WHAT IS CURRENT KNOWLEDGE .

Forty«e&ght week feglmen of pegmterferon/nbavmn
_treatment is cufrently recommended therapy for HCV
genotype 1- infected patients. However, there is only a
_ 40-50% !lkelmaod of a ‘h'evmg a sustamed v;rolog:ca!
- response (SVR). : .

; / The efficacy of treatment can be mcreased by extendmgz}}
“administration to 72 weeks for late viral responder that
become RNA negative between weeks 13 and 24. ‘

\/ It is desirable to tailor the treatment reglmen ta achaeve‘ .
the SVR more efficiently.

. WHAT I 1S NEW HERE

1/ The extended therapy reg;men, vas demgned to ensure .
the patients become HCV RNA negatwe for 44 weeks.
This treatment sngmﬁcantly increased the SVR rate in
patients who were HCV RNA negative at 16-24 weeks. -

/ This treatment i is a umq ue and econom;cal treaiment
method ' .
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Type 2 diabetes mellitus is a common metabolic abnorm-
ality worldwide and is associated with various complica-
tions. For example, cardio-vascular complications are
well known for diabetes mellitus (1), while recent epide-
miological studies have shown that patients with type 2
diabetes mellitus are highly predisposed to cancer (2).
Type 2 diabetes mellitus has been implicated in the
development of cancer of the pharynx, oesophagus,
colorectum, pancreas, cervix uteri, breast and prostate
(2-5). In addition, type 2 diabetes mellitus is also known
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Abstract

Background: Diabetes mellitus is frequently seen in hepatitis C patients and is
often treated with antidiabetic agents that increase serum insulin levels.
Because insulin is a growth-promoting hormone, antidiabetic agents could
pose a risk for hepatocellular carcinoma (HCC). Aim: The aim of this study
was to investigate an association between antidiabetic therapies and the
incidence of HCC in hepatitis C patients with diabetes mellitus. Methods: A
nested case—control study was conducted. Participants were recruited from a
cohort study, in which patients with hepatitis C were consecutively registered.
Participants were assigned to an HCC group (n=138) or a non-HCC group
(n=103). To identify independent factors, variables including use of antidia-
betic agents were analysed by logistic regression analysis. Results: Besides
ageing, being male, cirrhosis and hypoalbuminaemia, use of exogenous insulin
and a second-generation sulphonylurea were significant independent factors
associated with an incidence of HCC [odds ratio (OR) 2.969, 95% confidence
interval (CI) 1.293-6.819, P < 0.0103 and OR 6.831, 95% CI 1.954-23.881,
P < 0.0026 respectively). In stratified analyses, the impact of these antidiabetic
agents was more evident in patients who were non-cirrhotic than in those who
were cirrhotic. Conclusions: Exogenous insulin and a second-generation
sulphonylurea were independent variables associated with an incidence of
HCC in hepatitis C patients with diabetes mellitus. This association was
evident in patients who were non-cirrhotic. To verify a causal relationship
between these antidiabetic agents and the development of HCC, a prospective
cohort study is required.

to be associated with the development of hepatocellular
carcinoma (HCC) (6-8).

Type 2 diabetes mellitus is also frequently seen in
patients with chronic hepatitis C virus (HCV) infection
(9-11). Factors that are involved in the development of
type 2 diabetes mellitus include not only life-style choices
such as diet and exercise but also hepatic inflammation,
fibrosis, steatosis, iron deposition and HCV core protein
(10, 12—15). A high prevalence of HCC is seen in patients
with HCV infection compared with patients with other
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chronic liver diseases. Although the mechanism for
HCV-related hepatocarcinogenesis is unclear, an associa-
tion between type 2 diabetes mellitus and HCV infection
could be responsible for the high prevalence of HCC in
patients with HCV infection.

Hyperglycaemia is a common feature of type 2 dia-
betes mellitus. Hyperglycaemia increases oxidative stress,
which causes oxidative DNA damage, an initial step in
carcinogenesis (16). Moreover, hyperglycaemia is a factor
leading to carcinogenesis because of immune suppression
through the regulation of T-cell function (17). Thus,
hyperglycaemia itself might stimulate hepatocarcinogenesis.

Hyperinsulinaemia combined with insulin resistance is
another common feature of type 2 diabetes mellitus.
Insulin is a growth-promoting hormone with mitogenic
effects (18), and therefore could stimulate hepatocarci-
nogenesis. An increase in circulating insulin levels is also
seen in diabetic patients treated with sulphonylureas or
exogenous insulin. Indeed, exogenous insulin injection
promotes colonic carcinogenesis in rats (19) and use of
exogenous insulin significantly increases the risk of
colorectal cancer among diabetic patients (20). Similarly,
patients with type 2 diabetes exposed to sulphonylureas
and exogenous insulin have a significantly increased risk
of cancer-related mortality compared with patients ex-
posed to metformin, a insulin sensitizer (21). Moreover,
metformin reduces the risk of cancer in patients with
type 2 diabetes (22). These findings suggest that pharma-
cologic effects of antidiabetic agents on circulating in-
sulin levels play an important role in carcinogenesis.
Despite the recognition of this potential link between
type 2 diabetes mellitus and hepatocellular carcinoma, a
role for antidiabetic agents in hepatocarcinogenesis has
not been established.

Accordingly, in this study, we examined a possible
association between antidiabetic therapies and an inci-
dence of HCC in patients with HCV infection.

Methods
Study design and participants

A nested case—control study was conducted. Hepatitis C
patients with diabetes mellitus were culled from the
HCV-related diabetes mellitus study (HDMS), a hospi-
tal-based, prospective, multi-centre cohort. Patients with
hepatitis C were consecutively recruited from three
Japanese hospitals specialized for liver diseases (Kurume
University Hospital, Nagata Hospital, and Chikugo City
Hospital) from January 2004 to December 2008. Eligible
participants were identified from all patients who were
aged >40 years old, and had both a positive result
for anti-HCV antibodies and a diagnosis of type 2
diabetes mellitus. The diagnosis of type 2 diabetes
mellitus was based on the 2004 American Diabetes
Association criteria (23) or use of any anti-diabetic
agent. Participants in whom diabetes was diagnosed
before age 30 with a positive result for pancreatic beta-
cell autoantibodies (antiglutamic acid decarboxylase,
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anti-insulinoma-associated protein-2 or anti-islet-cell
antibodies) were categorized as having type 1 diabetes
mellitus and were excluded.

A total of 265 participants provided baseline data.
The analysis was performed on the data of 241 partici-
pants, after excluding 24 participants because of unavail-
ability of data on glucose metabolism, coincidence with
other causes of liver disease such as chronic hepatitis B,
autoimmune hepatitis, a metastatic liver tumour, or
cholangiocellular carcinoma, taking corticosteroids or a
history of pancreatitis or a pancreatic tumour. HCC was
diagnosed by ultrasonic-guided biopsy, the non-invasive
European Society of Study of the Liver criteria for
the diagnosis of HCC or superparamagnetic iron .
oxide-enhanced magnetic resonance imaging (24, 25).
All patients were classified into an HCC or a non-HCC
group according to the incidence of HCC.

Informed consent for participation in this study was
obtained from each participant. The study protocol
conformed to the ethical guidelines of the 1975 Declara-
tion of Helsinki as reflected in prior approval by the
Ethics Committee of the Kurume University School of
Medicine. None of the participants was institutionalized.

Measurements

Clinical data including age, sex and alcohol intake were
collected at the first medical examination. Body mass
index (BMI) was calculated as body weight in kilograms
divided by the square of the height in metres (kg/m?).

The diagnosis of cirrhosis was based on a liver biopsy
or the aspartate aminotransferase (AST) to platelet ratio
index (APRI); serum AST level (U/L)/upper limit of
normal AST (33 U/L) x 100/platelet count (x 10*/ml)
(26). APRI is one of the models for predicting the stage
of liver fibrosis. Patients with APRI values higher than 2.0
were diagnosed as having cirrhosis (26). In stratification
analysis, the severity of liver disease was classified into
non-cirrhosis or cirrhosis.

Venous blood samples were taken in the morning
after a 12-h overnight fast. The following were measured
using standard clinical methods: platelet count, plasma
glucose, haemoglobin Alc (HbAlc), serum AST, alanine
aminotransferase (ALT), lactate dehydrogenase (LDH),
alkaline phosphatase (ALP), y-glutamyl transpeptidase
(y-GTP), albumin and total bilirubin levels (Department
of Clinical Laboratory, Kurume University Hospital,
Nagata Hospital and Chikugo City Hospital).

Classification of antidiabetic agents

Antidiabetic agents were classified into exogenous insulin
(any type of insulin preparation), second-generation
sulphonylurea (gliclazide or glybenclamide), third-
generation sulphonylurea (glimepiride), o-glucosidase
inhibitor (acarbose, voglibose or miglitol), glinide
(nateglinide or mitiglinide), biguanide (metformin) or
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thiazolidine (pioglitazone) according to each character-
istic of these agents.

Statistical analysis

All data are expressed as mean =+ standard deviation.
Comparisons between the two groups were performed
using the Mann—Whitney U-test for continuous variables
and univariate analysis for discrete variables. In order
to evaluate the possible importance of variables, a
univariate analysis was performed initially. The relevant
variables with univariate P values < 0.1 were selected
for inclusion in the initial step of logistic analysis. Then,
logistic regression analysis was used to identify any
independent variable that was related to the incidence
of HCC. The variables analysed were age (=60 years
old), sex, BMI ( > 25 kg/m?), alcohol intake (> 50 g/day),
the incidence of cirrhosis, use of exogenous insulin, use
of a second-generation sulphonylurea, use of biguanide,
total bilirubin (>2 mg/dl), albumin (< 3.5g/dl), AST
(>40U/L), ALT (>40U/L), LDH (>230U/L), ALP
(=360 U/L), y-GTP (=50U/L), platelet count (< 10
x 10*/ul), fasting plasma glucose (>126mg/dl) and
HbAlc (>5.9%). Stratification analysis was conducted
to examine the impact of use of exogenous insulin and a
second-generation sulphonylurea on the incidence of HCC.
Stratification factors were severity of liver disease (non-
cirrhotic patients, cirrhotic patients), hypoalbuminaemia
(=3.5g/dlor < 3.5g/dl) and sex (male or female). All the
statistical tests were two-sided, and a P value of < 0.05 was
considered to be statistically significant.

Results

Comparison of the characteristics and use of antidiabetic
agents between hepatocellular carcinoma and
non-hepatocellular carcinoma groups in hepatitis C
patients with diabetes mellitus

Age, prevalence of males, the incidence of cirrhosis and
fasting plasma glucose were significantly higher in the
HCC group compared with those in the non-HCC group
(Table 1).

There were no significant differences in the HbAlc
levels between two groups. However, use of anti-diabetic
agents was more frequent in the HCC group than that in
the non-HCC group (P=0.0030; Table 1). In order to
investigate an association between HCC and the phar-
macologic effects of anti-diabetic agents, anti-diabetic
agents were classified into seven subgroups according to
the characteristics of each agent: exogenous insulin,
second-generation sulphonylurea, third-generation sul-
phonylurea, a-glucosidase inhibitor, glinide, bignanide
or thiazolidine. There were no significant differences in the
use of a third-generation sulphonylurea, o-glucosidase
inhibitor, glinide, biguanide or thiazolidine between
HCC and non-HCC groups. However, use of exogenous
insulin and a second-generation sulphonylurea were
significantly more frequent in the HCC group than those
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Table 1. Comparison of characteristics and use of anti-diabetic
agents between hepatocellular carcinoma and non-hepatocellular
carcinoma groups in hepatitis C patients with diabetes mellitus

HCC Non-HCC
(n=138) (n=103) Pvalue

Age (year) 68.8+80 6474103  0.0032
Male 103 60 0.0083
BMI (kg/m?) 229432 22.8435 0.4595
Excess alcohol intake 29 12 0.0590
(=50 g/day)
Cirrhosis 101 34 < 0.0001
Total bilirubin (mg/dl) 1.37+1.96 1.09+1.46 0.1171
Albumin (g/dl) 3.39+0.53 3.82+0.56 < 0.0001
AST (UL 65.44+£33.0 55.4+32.8 0.0027
ALT (U/L) 56.9+32.6 56.4+40.5 0.3534
LDH (U/L) 229.6+70.1 214.7+65.9 0.0286
ALP (UL) 392.04+213.3 343.0+161.3 0.0547
y-GTP (U/L) 130.6+239.5 7481804 0.0046
Platelet count ( x 10%ul) 10.5+5.2 12.9+5.2 0.0002
Fasting plasma glucose 163.4+70.1 146.1 £60.5 0.0230
(mag/dl)
HbA1c (%) 6.6+1.1 7.1+£1.7 0.0905
Use of antidiabetic 98 53 0.0030
agents

Exogenous insulin 43 14 0.0020

Second-generation 26 0.0003

sulphonylurea

Third-generation 22 20 0.4969

sulphonylurea

a-glucosidase inhibitor 25 15 0.4898

Glinide 8 1M 0.2266

Biguanide 4 5 0.5024

Thiazolidine 1 4 0.1670

All data are expressed as mean = standard deviation.

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BMI, body mass index; GTP, glutamyl transpeptidase;
HCC, hepatocellular carcinoma; LDH, lactate dehydrogenase.

in the non-HCC group (P=0.0020 and P=0.0003,
respectively; Table 1).

Variables associated with the incidence of hepatocellular
carcinoma in hepatitis C patients with diabetes mellitus

In the univariate analysis, age (=60 years old), being
male, cirrhosis, albumin (< 3.5g/dl), AST (=40 U/L),
LDH (>230U/L), ALP (>360U/L), platelet count
(< 10 x 10%/ul) and HbAlc (>5.9%) were significant
variables associated with the incidence of HCC (Table 2).
In addition, use of exogenous insulin and a second-
generation sulphonylurea were significant variables
associated with the incidence of HCC [odds ratio (OR)
2.877, 95% confidence interval (CI) 1.474-5.617,
P < 0.0020 and OR 5.746, 95% CI 1.938-17.038 respec-
tively: Table 2).

In the logistic regression analysis, age (=60 years old),
being male, cirrhosis and albumin (< 3.5g/dl) were
independent factors associated with a greater incidence
of HCC (Table 2). Moreover, use of exogenous insulin
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Table 2. Univariate and logistic regression analyses for the incidence of hepatocellular carcinoma in all patients (n =241)

Univariate analysis

Logistic regression analysis

Variable HR 95% Cl Pvalue HR 95% Cl Pvalue
Age (=60 years) 2.270 1.221-4.222 0.0096 2.781 1.231-6.283 0.0139
Male 2.109 1.219-3.649 0.0076 3.075 1.511-6.258 0.0019
BMI (=25 kg/m?) 1.085 0.559-2.105 0.8092
Excess alcohol intake (> 50 g/day) 2.018 0.974-4.179 0.0588
Cirrhosis 5.540 3.173-9.672 < 0.0001 3.366 1.465-7.731 0.0042
Total bilirubin (=2 mg/dl) 2.537 0.801-8.028 0.1133
Albumin (< 3.5 g/dl) 5.078 2.843-9.070 < 0.0001 3.008 1.373-6.591 0.0059
AST(=40U/L) 2.447 1.403-4.267 0.0016 1.690 0.797-3.582 0.1709
ALT (=40 U/L) 1.441 0.856-2.427 0.1694
LDH (=230U/L) 1.919 1.099-3.350 0.0220 0.936 0.436-2.008 0.8650
ALP (=360 U/L) 1.912 1.100-3.325 0.0216 1.044 0.499-2.187 0.9084
v-GTP (=50 U/L) 1.565 0.929-2.637 0.0926
Platelet count (< 10 x 104/pl) 2.000 1.177-3.398 0.0104 0.913 0.401-2.079 0.8285
Fasting plasma glucose (> 126 mg/dl) 1.559 0.9296-2.624 0.0945
HbA1c (>5.9%) 0.451 0.219-0.929 0.0308 0.654 0.268-1.596 0.3511
Use of exogenous insulin 2.877 1.474-5.617 0.0020 2.969 1.293-6.819 0.0103
Use of second-generation sulphonylurea 5.746 1.938-17.037 0.0016 6.831 1.954-23.881 0.0026
Use of third-generation sulphonylurea 0.787 0.404-1.535 0.4823
Use of a-glucosidase inhibitor 1.298 0.646-2.609 0.4641
Use of glinide 0.515 0.199-1.330 0.1702
Use of biguanide 0.585 0.153-2.235 0.4332
Use of thiazolidine 0.181 0.020-1.641 0.1285

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; Cl, confidence interval; GTP, glutamyl

transpeptidase; HR, hazard ratio; LDH, lactate dehydrogenase.

and a second-generation sulphonylurea were also identi-
fied as independent variables associated with an inci-
dence of HCC (OR 2.969, 95% CI 1.293-6.819,
P=0.0103, OR 6.831, 95% CI 1.954-23.881, P=0.0026
respectively; Table 2). Use of a second-generation sul-
phonylurea showed the highest OR among all the vari-
ables (Table 2).

Variables associated with the incidence of hepatocellular
carcinoma in stratification analysis by severity of liver disease

All patients were stratified into two subgroups: a non-
cirrhosis or a cirrhosis group. In patients with cirrhosis,
age (=60 years old) and albumin (< 3.5g/dl) were
identified as independent factors associated with the
incidence of HCC in the logistic regression analysis
(Table 3). However, use of any antidiabetic agent was
not an independent factor associated with the incidence
of HCC in patients with cirrhosis (Table 3).

In non-cirrhotic patients, not only being male but also
use of exogenous insulin and a second-generation sul-
phonylurea were determined to be independent variables
associated with a greater incidence of HCC (Table 3).

Variables associated with the incidence of hepatocellular
carcinoma in stratification analysis by hypoalbuminaemia

All patients were stratified into two subgroups: > 3.5 g/dl
of albumin or < 3.5g/dl of albumin group. In patients
with < 3.5 g/dl of the albumin, being male and age (> 60

482

Table 3. Logistic regression analysis for the incidence of hepatocel-
lular carcinoma by stratification according to severity of liver disease

Logistic regression analysis

Variables OR 95% Cl Pvalue
Chronic hepatitis (n=107)
Male 6.150  1.705-22.185  0.0055
Use of exogenous insulin 4.142  1.072-16.007  0.0393
Use of second-generation ~ 4.822  0.963-24.144  0.0556
sulphonylurea
AST (=40 U/L) 1.506  0.530-4.285 0.4423
v-GTP (=50 U/L) 2.234  0.759-6.578 0.1444
Albumin (< 3.5 g/dl) 3.632 0.940-14.031 0.0614
Cirrhosis (n=134)
Age (=60 years) 3.357  1.335-8.440 0.0100
Albumin (< 3.5g/dl) 2402  1.061-5.436 0.0355

AST, aspartate aminotransferase; Cl, confidence interval; GTP, glutamyl
transpeptidase, OR, odds ratio.

years old) were associated with the incidence of HCC in
the logistic regression analysis (Table 4). Use of exogen-
ous insulin or a second-generation sulphonylurea was
not determined to be an independent variable, while use
of biguanide was negatively associated with the incidence
of HCC (Table 4).

In patients with >3.5 g/dl of albumin, not only being
male and cirrhosis but also use of a second-generation
sulphonylurea were determined to be independent vari-
ables associated with a greater incidence of HCC (Table
4). Use of a second-generation sulphonylurea showed the
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Table 4. Logistic regression analysis for the incidence of hepatocel-
lular carcinoma by stratification according to hypoalbuminaemia

Anti-diabetic agents and hepatoma

Table 5. Logistic regression analysis for the incidence of hepatocel-
lular carcinoma by stratification according to sex

Logistic regression analysis

Logistic regression analysis

Variable OR 95% ClI Pvalue Variable OR 95% ClI Pvalue
>3.5g/dl of albumin (n=139) Male (n=163)
Male 2.536 1.066-6.034  0.0353 Age (=60 years) 2.807 1.114-7.073 0.0286
Cirrhosis 2.830 1.096-7.308 0.0317 Cirrhosis 2.298 0.805-6.564 0.1201
Use of exogenous insulin 2.557 0.973-6.718 0.0567 Use of exogenous insulin 2.195 0.827-5.825 0.1143
Use of second-generation 5.195 1.338-20.171 0.0173 Use of second-generation 4267 1.046-17.412  0.0431
sulphonylurea sulphonylurea
AST (=40 U/L) 1.602 0.696-3.691 0.2682 AST (=40U/N) 1.665 0.678-4.087 0.2656
LDH (=230U/L) 1.777  0.696-4.535 0.2289 LDH (=230U/) 1.094 0.434-2.756 0.8486
Platelet count (< 10 x 104/u|) 1.200 0.445-3.237 0.7183 ALP (=360 U/L) 1.482 0.605-3.630 0.3890
< 3.5g/dl of albumin (n=102) Platelet count 0.717  0.249-2.067 0.5383
Male 4922 1.562-15.502 0.0065 (< 10 x 10%l)
Age (=60 years) 3.357 2.178-28.454 0.0016 Albumin (< 3.5 g/dl) 3.516 1.299-9.518 0.0133
Use of biguanide 0.060 0.004-0.846 0.0371 Total bilirubin (=2 mg/dl) 0.986 0.095-10.199 0.9905
Female (n=78)
AST, aspartate aminotransferase; Cl, confidence interval; LDH, lactate Cirrhosis 16.710 2.743-101.785 0.0023
dehydrogenase; OR, odds ratio. Use of exogenous insulin 4985 0.868-28.618 0.0716
Use of second-generation  50.993 3.011-863.633 0.0065
sulphonylurea
>5.99 X .083-2. X
highest OR in patients with >3.5 g/dl of albumin (OR Tgﬁ};(;}o S/f)) g?;g 8?2;_;222 83?8?
5.195, 95% CI 1.338-20.171, P=0.0173; Table 4). Platelet count 1.800 0.393-8.247 0.4491
(< 10 x 10%l)
Albumin (< 3.5 g/dl) 1.740 0.348-8.700 0.4998

Variables associated with the incidence of hepatocellular
carcinoma in stratification analysis by sex

All patients were stratified into two subgroups: a male or
a female group. In male patients, age ( > 60 years old) and
albumin (< 3.5g/dl) were identified as independent
factors associated with the incidence of HCC in the
logistic regression analysis (Table 5). Moreover, use of a
second-generation sulphonylurea was also identified as
an independent variable associated with a greater inci-
dence of HCC (OR 4.267, 95% CI 1.046-17.412,
P =0.0431; Table 5).

In female patients, cirrhosis was identified as an
independent factor associated with an incidence of HCC
in the logistic regression analysis (Table 5). Use of a
second-generation sulphonylurea was also identified as
an independent variable associated with a higher inci-
dence of HCC in female patients and its OR was higher
than that in male patients (Table 5).

Discussion

We conducted a hospital-based nested case—control ana-
lysis in order to identify variables associated with an
increasing incidence of HCC. Besides known variables
such as ageing, being male, cirrhosis, and hypoalbumi-
naemia, we found that use of exogenous insulin and a
second-generation sulphonylurea that increase circulat-
ing insulin levels were independent variables associated
with a greater incidence of HCC. In addition, the impact
of the use of exogenous insulin and a second-generation
sulphonylurea was more evident in patients who did not
have cirrhosis or showed > 3.5 g/dl of albumin.
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ALP, alkaline phosphatase; AST, aspartate aminotransferase; Cl, confi-
dence interval; GTP, glutamyl transpeptidase; LDH, lactate dehydrogen-
ase; OR, odds ratio.

Use of antidiabetic agents was a variable associated
with a greater incidence of HCC in this study. Thus, we
found a possible association between antidiabetic agents
and the risk of HCC. Among antidiabetic agents, use
of exogenous insulin and a second-generation sulphony-
lurea were significant variables associated with the
incidence of HCC. Hyperinsulinaemia combined with
insulin resistance is considered as a promoter for hepa-
tocarcinogenesis and tumour growth (27, 28). Because
exogenous insulin and a second-generation sulphonylur-
ea increase circulating insulin levels, we hypothesize that
the use of these antidiabetic agents accelerates the devel-
opment of HCC in patients with HCV infection. Use of a
third-generation sulphonylurea or an a-glucosidase in-
hibitor was not a variable associated with the incidence
of HCC in this study. A third-generation sulphonylurea
is categorized as a sulphonylurea because it contains
a sulphonylurea structure. However, a third-generation
sulphonylurea is known to improve hyperinsulinaemia
through extra-pancreatic effects (29). In fact, a prelimin-
ary study in our HDMS cohort showed that treatment of
the third generation sulphonylurea causes a reduction of
serum insulin levels in hepatitis C patients with diabetes
mellitus (data not shown). a-glucosidase inhibitors re-
duce post-prandial glucose elevation by delaying the
release of glucose from disaccharides and complexes of
carbohydrates and do not promote insulin secretion
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(30). In addition, use of biganide, an insulin sensitizer,
was negatively associated with the incidence of HCC in
hepatitis C patients with < 3.5 g/dl of albumin. Further-
more, subanalysis of our database showed that serum
fasting insulin levels and the homeostasis model assess-
ment of insulin resistance (HOMA-IR) value, an index
for insulin resistance, were significantly higher in the
HCC group compared with that in the non-HCC group
[fasting insulin levels; HCC group 16.1+ 16.8 ulU/ml
(n=90); non-HCC group 12.3 +11.9 pIU/ml (n=88);
P=0.0036, HOMA-IR value; HCC group 4.72 +4.95;
non-HCC group 3.94+4.35; P=0.0404; data not
shown], although serum insulin levels were not routinely
measured in all patients. In good agreement with our
findings, the significance of hyperinsulinaemia or the use
of exogenous insulin has been associated with the devel-
opment of colon cancer (20, 31). Thus, the characteristics
of antidiabetic agents, subanalysis for serum fasting
insulin levels and previously reported facts support our
hypothesis.

Recently, in patients with type 2 diabetes mellitus, a
direct association of HCC with insulin and sulphonylur-
ea treatment has been reported by Donadon et al. (32,
33). Our results were in good agreement with the
previous report and further provided new information
for the impact of the use of exogenous insulin and a
second-generation sulphonylurea. By focusing on hepa-
titis C patients with diabetes mellitus, a more homo-
genous group, we found that the use of exogenous insulin
and a second-generation sulphonylurea were more
strongly associated with an incidence of HCC in patients
who were not cirrhotic or showed >3.5 g/dl of albumin
than in patients who were cirrhotic or showed < 3.5 g/dl
of albumin. Severity of liver disease is also one of the
strongest factors of hepatocarcinogenesis. Therefore, in
cirrhotic patients, carcinogenic activity of exogenous
insulin and a second-generation sulphonylurea may be
drowned out by the carcinogenic activities of cirrhosis.
Similar findings were obtained in patients with hypoal-
buminaemia (< 3.5g/dl of albumin), a parameter for
severity of liver disease. On the other hand, risk for
developing HCC is decreased in patients with non-
cirrhotic liver disease (34, 35) and > 3.5 g/dl of albumin
(36). Thus, we assume that hepatocarcinogenic activities
of exogenous insulin and a second-generation sulphony-
lurea stand out in patients who have such negative factors
for the development of HCC. Although sex affects the
development of HCC and females are less prone to HCC
than males (34, 37), the numbers of the female subset
were small and the confidence intervals were large in this
study. Therefore, we have to be cautious when interpret-
ing the data and further elucidation is required for sex
differences in an association between antidiabetic agents
and an increased incidence of HCC.

Kath et al. (38) examined an association between the
incidence of malignancy and the use of exogenous insulin
and reported that insulin treatment is not a risk factor for
developing malignancy. Although the reason for this
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discrepancy is unclear, it might be explained by the fact
that only 28 patients developed cancers from 2720
patients in their study. A relatively small number of
patients with cancers is one possible reason. More
recently, Colhoun and the Scottish Diabetes Research
Network (SDRN) Epidemiology Group reported that
exogenous insulin use is not associated with an increased
risk of site-specific cancers (39). The reason for this
discrepancy is also unclear. However, a possible explana-
tion is that the surveyed cancers are different from HCC.
In their study, breast, prostate, colorectal, lung and
pancreatic cancers were examined. Accordingly, use of
exogenous insulin and a second-generation sulphonylur-
ea may only have a significant role in the development of
cancer when patients have carcinogenic factors such as an
HCYV infection. In support of this hypothesis, Donadon
et al. (32, 33) recently reported a direct association of
HCC with insulin and sulfonylurea treatment.

Mechanisms underlying the association of use of
exogenous insulin and a second-generation sulphonylur-
ea with HCC risk are uncertain. However, several possi-
bilities exist. Firstly, insulin is an important mitogen and
stimulates cell proliferation (18). Insulin directly upre-
gulates intracellular molecules involved in cell prolifera-
tion such as mitogen-activated protein kinase by binding
to insulin receptors (40). In addition, suppressors of
intracellular insulin signalling such as tensin homology
deleted on chromosome 10 (41) and SH2 domain-
containing inositol phosphatase-2 (7) are downregulated
in HCC and therefore insulin effects are considered to be
potentiated in HCC. Secondly, insulin also binds insulin-
like growth factor (IGF)-1 receptor (42), resulting in the
activation of tyrosine kinase and a cascade of intracellular
responses. Moreover, insulin inhibits the binding of IGF-1
to IGF-binding proteins and the subsequent increase in
IGF-1 levels. The IGF system is a potent growth regulator
closely associated with carcinogenesis (43).

Use of a second-generation sulphonylurea was more
associated with the incidence of HCC than use of
exogenous insulin in all analyses of this study. The reason
for the difference in the incidence of HCC between these
antidiabetic agents is uncertain. However, one would
think that the route of insulin delivery (portal vein or
subcutaneous tissue) is a possible reason, because insulin
actions in the liver depend on the insulin concentration
in the portal vein rather than that in the peripheral vein.
Alternatively, sulphonylurea increases not only endogen-
ous insulin secretion but also its precursors which might
have mitogenic effects by themselves (44). Similarly,
Donadon et al. (33) reported that the prevalence of
sulphonylurea treatment is higher than that of insulin
treatment in patients with HCC.

The main limitation of this study is the study design.
A nested case—control analysis is not ideally suited to
examine the causal relationship between anti-diabetic
agents and the development of HCC. However, the
incidence of HCC has rapidly increased over the past 20
years, making HCC one of the fastest-growing causes of
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cancer-related death (34). Thus, possible factors asso-
ciated with the incidence of HCC should be urgently
determined. A nested case—control analysis has the
advantages of prompt elucidation for association be-
tween antidiabetic agents and the development of HCC,
and we used a nested case—control analysis in this study.
However, some confounding factors including a selection
bias may exist in this study and prospective long-term
cohort studies are needed. Another limitation of this
study is that we did not clarify the types of exogenous
insulin. The mitogenic potency of insulin glargine (21%-
Gly-30%a-1-Arg-30°b-L-Arg-human insulin) is eight-fold
higher than that of human insulin (45). Insulin glargine
has recently been reported to increase the incidence rate
of cancer (39, 46, 47). However, the carcinogenic activity
of glargine is still controversial (48-50) and further study
should be focused on an association between types of
insulin analogues and the incidence of HCC.

In conclusion, we found that the use of exogenous
insulin and a second-generation sulphonylurea was an
independent variable associated with an incidence of
HCC using a hospital-based nested case—control analysis.
In addition, an association between the use of these
antidiabetic agents and the incidence of HCC was more
evident in patients who were non-cirrhotic or showed
>3.5g/dl of albumin.
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Abstract: Recent clinical studies have shown that patients with chronic liver disease are insulin resistant. Of all etiologies
of chronic liver disease including non-alcoholic fatty liver disease, the one that causes the most sever insulin resistance is
hepatitis C virus (HCV) infection. Since insulin resistance promotes inflammatory and fibrogenic reactions in the liver,
thus leading to the development of liver cirrhosis and hepatocellular carcinoma (HCC) in patients with HCV infection,
amelioration of insulin sensitivity may inhibit the progression of HC V-associated liver disease, and could improve the
survival of these patients. HCV directly causes insulin resistance through HCV core protein-elicited proteasomal degrada-
tion of insulin receptor substrates and subsequent inactivation of intracellular insulin signaling molecules such as Akt.
Furthermore, tumor necrosis factor-alpha (TNF-o) and/or triglyceride accumulation-induced nuclear factor-kB (NF-xB)
activation in the liver is shown to play a role in insulin resistance in patients with HCV-related chronic liver disease as
well. We, along with others, have recently found that branched-chain amino acids (BCAAs) and pigment epithelium-
derived factor (PEDF) could improve the HC V-associated insulin resistance via suppression of NF-kB and preservation of
insulin signaling pathway. In this review, we discuss the mechanisms for the actions of BCAAs and PEDF, and their clini-
cal implications in insulin resistance of chronic liver disease in patients with HCV infection. We also discuss here which

chemical structures could contribute to insulin-sensitization in patients with HCV infection.

Keywords: Hepatitis C virus, insulin resistance, branched-chain amino acids, pigment epithelium-derived factor, insulin recep-
tor substrate, suppressor of cytokine signaling, nuclear factor-kappaB, peroxisome proliferator-activated receptor.

INTRODUCTION

Worldwide, more than 170 million people are infected
with hepatitis C virus (HCV) [1-3]. HCV infection causes
chronic liver diseases such as liver cirrhosis and hepatocellu-
lar carcinoma (HCC), and HCV-associated liver disease is
currently one of the most common reasons for receiving liver
transplantation [4]. Therapeutic options, including a combi-
nation therapy with pegylated interferon and ribavirin, are far
from satisfactory. They lead to a successful outcome in only
about 50% of patients with chronic HCV infection because
of severe adverse effects [5, 6]. In addition, patients with
HCV infection are not always candidates for interferon-
based therapies [7]. Thus, HCV is still a main cause of death
in chronic liver disease patients [8, 9] and, therefore, the
development of new therapeutic approaches is urgently de-
sired.

Recent clinical studies have shown that patients with
chronic liver disease are insulin resistant. Of all etiologies of
chronic liver disease including non-alcoholic fatty liver dis-
ease, the one that causes the most sever insulin resistance is
HCYV infection [10-17]. Insulin resistance decreases response
to antiviral treatment [18-21], promotes progression of he-
patic fibrosis [22-24] and esophageal varices [25], increases
the risk for the development of HCC [26-29], and is also a
sign for poor prognosis in patients with HCV infection [30].
Furthermore, insulin resistance is associated with extrahe-
patic manifestations of HCV infection such as lichen planus,

*Address correspondence to this author at the Department of Digestive
Disease Information & Research, Kurume University School of Medicine.
67 Asahi-machi, Kurume 830-0011, Japan; Tel: +81-942-31-7902;

Fax: +81-942-31-7820; E-mail: takumi@med kurume-u.ac jp

0929-8673/09 $55.00+.00

abnormal thyroid function, and rheumatoid arthritis as well
[31, 32]. These observations suggest that insulin resistance
plays a pathological role in various intrahepatic and extrahe-
patic derangements in patients with HCV infection and is a
novel therapeutic target for improving the survival and qual-
ity of life in these patients.

Although awareness of the health risk of insulin resis-
tance and the development of diabetes has increased, no
common pharmaceutical agents are yet available for treating
HCV-associated insulin resistance. Exogenous insulin injec-
tion and oral hypoglycemic agents such as sulfonylureas are
not suitable remedies for the treatment of HCV-associated
insulin resistance because (1) most of the patients with HCV
infection are hyperinsulinemic, rather than hypoinsulinemic
[10, 15-21, 24, 25, 31-37], and (2) insulin is a growth—
promoting hormone [38, 39] and use of exogenous insulin or
sulfonylureas may be associated with an increased incidence
of HCC [35, 40-43]. Although biguanides and thiazolidin-
ediones could improve insulin resistance, and a recent clini-
cal trial shows that metformin improves rapid viral response
rate of patients with HCV infection treated by combination
therapy with peginterferon and ribavirin [44], they are not
always recommended for patients with HCV infection. In-
deed, biguanides could predispose to lactic acidosis in pa-
tients with severe liver dysfunction [45]. Thiazolidinedione
may cause overproduction of hydrogen peroxide and subse-
quent severe hepatotoxicity in some patients [46]. Lactic
acidosis and severe hepatotoxicity are rare adverse effects,
however, they sometimes become life-threatening complica-
tions in patients with chronic liver diseases.

HCV directly causes insulin resistance through HCV core
protein-elicited proteasomal degradation of insulin receptor
substrates and subsequent inactivation of intracellular insulin
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