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Figure 1 Scoring data according to formula A and the SVR rate
in the 230 patients with chronic hepatitis C with high viral
loads and treated with PEG-IFN and RBV combination therapy
{(Group A). Patients were classified into a poorly responsive
group (score 0 to 1), a moderately responsive group (score 2 to
4) and a moderately to highly responsive group (score 5 to 7).

RNA load at baseline was 0.002 with the highest Odds
ratio (2.579), we set point 3 to HCV RNA load <1000
KIU. Similarly, because the P-value of gender was 0.004
with higher Odds ratio (2.277), we set point 2 to male
gender. The P-values of platelet counts and age were
not statistically significant. However, because the Odds
ratios of these two items were relatively high (1.624 and
1.510), we set point 1 to platelet counts 215 x 10* /mm?
and age <60. Based on these data, a simple formula was
constructed: male gender (point 2) + HCV RNA load
<1000 KIU (point 3) + platelet counts 215 x 10* /mm’
(point 1) + age <60 (point 1). This formula was referred
to as formula A.

For easy use of formula A in clinical practice, patients
in group A could be classified into three groups depend-
ing on their response to therapy, that is, poorly respon-
sive (point 0 to 1), moderately responsive (point 2 to 4)
and moderately to highly responsive (point 5 to 7)
groups (Fig. 1). The SVR rate in the poorly responsive
group was 23.8% (10/42), that in moderately respon-
sive group was 48.1% (63/131) and that in moderately
to highly responsive group was 70.2% (40/57). To
determine the efficacy of formula A, we applied it to
group B (Fig. 2). The poorly responsive group (point 0
to 1) showed an SVR rate of 7.1% (1/14), the moder-
ately responsive group {point 2 to 4) 38.6% (22/57)-and
the moderately to highly responsive group (point 5 to 7)
70.3% (26/37).
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Impact of information on amino acid
sequences in the ISDR and HCV core on the
accuracy of formula A _

Because amino acid mutations in the ISDR and substi-
tutions in core region of HCV affect the responsiveness
to Peg-IFN/RBV combination therapy,®'° we con-
structed another formula by adding this information,
but without liver histology. Because patients with 22
amino acid mutations in the ISDR and HCV core amino
acid 70 wild type have higher probability to attain

- SVR,*’% we performed multivariate logistic regression

analysis with six items (gender, HCV RNA load at base-
line, platelet counts, age, amino acid substitutions in
ISDR and HCV core amino acid 70) and the P-values
were calculated to be 0.009, 0.008, 0.143, 0.204, 0.051
and 0.023, respectively (Table 3).

Because the P-values of gender and HCV RNA load at
baseline were 0.009 and 0.008 with high Odds ratios
(3.357 and 3.471), we set point 3 to male gender and
HCV RNA load atbaseline <1000 KIU. Similarly, because
the P-values of ISDR mutation and Core 70 mutant/wild
type were 0.051 and 0.023 with relatively high Odds
ratios (2976 and 3.139), we set point 2 to 22 amino acid
substitutions in ISDR and HCV core amino acid 70 wild
type. The P-values of platelet counts and age were not
statistically significant. However, because the Odds ratios
of these two items were relatively high (2.021 and
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Figure 2 Scoring data according to formula A and the SVR rate
in the 108 patients with chronic hepatitis C with high viral
loads and treated with PEG-IFN and RBV combination therapy
{Group B). Score 0 to 1 represents a poorly responsive group,
score 2 to 4 a moderately responsive group and score 5t0 7 a
moderately to highly responsive group, which is similar to the
data presented in Figure 1.
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Table 3 Multivariate logistic regression analysis, based on SVR and non-SVR in the 108 patients with chronic hepatitis C with high
viral loads and treated with PEG-IFN and RBV combination therapy (Group B). Based on this result, formula B was constructed

Odds ratio (95% CI) P value

Gender (female/male) 3.357 (1.346-8.375) 0.009
HCV RNA

(1000 KIU/mL 2/<) 3.471 (1.390-8.666) 0.008

PLT (15 x 10°/uL 2/<) 2.021 (0.895-2.944) 0.143

Age (60 years old 2/<} 1.929 (0.700-5.316) 0.204

ISDR mutation (0.1/22) 2.976 (0.995-8.904) 0.051

Core 70 mutant/wild type 3.139 (1.172-8.406) 0.023

1.929), we set point 1 to platelet counts 215 x 10* /mm’
and age <60. Based on these data, formula B was con-
structed: male gender (point 3) + HCV RNA load at base-
line <1000 KIU (point 3)+ platelet counts 215 x 10*
/mm?® (point 1) +age <60 (point 1)+ 22 amino acid
substitutions in' ISDR (point 2) + HCV core amino acid
70 wild type (point 2). In group B, a total score of 0 to 3
could be categorized as the poorly responsive group (SVR
ratio: 4.8% [1/21]), that of 4 to 7 the moderately respon-
sive group (SVR ratio: 43.6% [27/62]) and that of 8to 12
the moderately to highly responsive group (SVR ratio:
84% [21/25]) (Fig. 3).

DISCUSSION

N THIS STUDY, we constructed a formula to predict
the efficacy of Peg-IFN/RBV combination therapy:

43.6% (27/62)

4.8% (1/21) 84% (21/25)
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Figure 3 Scoring data according to formula B and the SVR rate
in the 108 patients with chronic hepatitis C with high viral
loads and treated with PEG-IFN and RBV combination therapy
(Group B). Score 0 to 3 represents a poorly responsive group,
score 4 to 7 a moderately responsive group and score 8to 12 a
highly responsive group.

© 2011 The Japan Society of Hepatology

male gender (point 2)+ HCV RNA load at baseline
<1000 KIU (point 3) + platelet counts 215 x 10* /mm?
(point 1) +age <60 (1 point). This simple formula
(formula A) could distinguish a poorly responsive group
(score [0-1]), a moderately responsive group (score
[2-4]) and a moderately to highly responsive group
(score [5-7]) (Fig. 1). Thus, formula A may be used by
general physicians easily to roughly guess the probabil-
ity of response to Peg-IFN and RBV combination
therapy at the patient’s first visit. Another formula
{formula B) was constructed by adding the information
of amino acid substitutions in the HCV genome.
Although examination of amino acid substitutions in
the HCV genome is not covered by the public health
insurance in Japan, formula B distinguished a poorly
responsive group (score |0-3]), a moderately responsive
group (score [4-7]) and a highly responsive group
(score [8-12]) (Fig. 3).

In Peg-IFN and RBV combination therapy for CH-C
with a high viral load, the interval between the start of
therapy and disappearance of HCV RNA from the serum
is widely accepted as the most reliable marker to predict
outcome,’”? and response-guided therapy is recom-
mended. According to nationwide registration trials in
Japan, in patients with a rapid virological response

- (RVR), demonstrating disappearance of HCV RNA
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within the first four weeks, the SVR rate was expected to
be 76% to 100%, and in patients with an early virologi-
cal response (EVR), showing the disappearance of HCV
RNA in the first 5 to 12 weeks, the SVR rate was expected
to be 71% to 73%.'>** In contrast, in patients with a late
virological response (LVR), demonstrating clearance of
HCV RNA between weeks 13 to 24, the expected SVR
rate was as low as 29 to 36%. However, in clinical
practice, most patients are happy to know the probabil-
ity of SVR at the first or second visit, or at least before
starting therapy. In this regard, formula A we advocate
may be useful for a wide range of physicians.
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According to formula B which included the substitu-
tions of amino acids in the ISDR and HCV core, the
predicted SVR rate also was classified into three groups,
and with increased accuracy (Fig. 3). Recently, a strong
association between interleukin 28B (IL28B) gene poly-
morphism and the response to PEG-IFN and RBV com-
bination therapy was reported for CH-C patients.'™"
Because determination of IL28B gene polymorphism as
well as the amino acid sequences of the ISDR or HCV
core is not covered by the public health insurance in
Japan, it is difficult to" advocate a formula containing
these factors for a wide range of Japanese general
physicians.

In patients with CH-C, liver biopsy is recommended
to determine the treatment.’? Because liver biopsy is

not required for IFN-based antiviral therapy in Japa-

nese public health insurance, a proportion of the
patients refuse liver biopsy but are willing to be treated
by Peg-IFN and RBV combination therapy. In this
regard, formula A is useful in providing information
concerning the likely efficacy of treatment at the first or
second visit.

We constructed a simple formula to predict the
outcome of treatment of genotype 1 CH-C with high
viral load with Peg-IFN and RBV for 48 weeks. Recently,
response-guided therapy recommended prolonged
therapy up to 72 weeks for patients with LVR.**-*' A
larger study is required to establish a better formula to
be utilized readily by the general physicians.

ACKNOWLEDGEMENTS AND DISCLOSURE

WHIS WORK WAS supported by a Grant-in-Aid from
Ministry of Health Labour and Welfare of Japan.

REFERENCES

1 Manns MP, McHutchinson JG, Gordon SC etal
Peginterferon alfa-2b plus ribavirin compared with
interferon alfa-2b plus ribavirin for initial treatment of
chronic hepatitis C: a randomized trial. Lancet 2001; 358:
958-65.

alfa2a plus ribavirin for chronic hepatitis C virus infection.
N Engl ] Med 2002; 347: 975-82.

Chung H, Ueda T, Kudo M. Changing trends in hepatitis C
infection over the past 50 years in Japan. Intervirology 2010;
53:39-43. :

Izumi N, Nishiguchi §, Hino K et al. Management of hepa-
titis C: Consensus of Japan Society of Hepatology. Hepatol
Res 2010; 40: 347-68.

Fried MW, Schiffman ML, Reddy KR et al. Peginterferon

477

A formula to predict response to therapy for chronic hepatitis C 131

Iwasaki Y, Ikeda H, Araki Y et al. Limitations of combina-
tion therapy of interferon and ribavirin for older patients
with chronic hepatitis C. Hepatology 2006; 43: 54-63.
Shirakawa H, Matsumoto A, Joshita S et al. Pretreatment
prediction of virological response to peginterferon plus
ribavirin therapy in chronic hepatitis C patients using viral
and host factors. Hepatology 2008; 48: 1753-60.

Saito H, Ebinuma H, Ojiro K et al. On-treatment predic-
tions of success in peginterferon/ribavirin treatment using
a novel formula. World ] Gastroenterol 2010; 16: 89-97.
Akuta N, Suzuki F, Sezaki H et al. Association of amino
acid substitution pattern in core protein of hepatitis C virus
genotype 1b high viral load and non-virological response
in interferon-ribavirin combination therapy. Intervirology
2005; 48: 372-80. ‘
Akuta N, Suzuki F, Kawamura Y et al. Predictive factors of
early and sustained responses to peginterferon plus ribavi-
rin combination therapy in Japanese patients infected with
hepatitis C virus genotype la: amino acid substitutions in
the core region and low-density lipoprotein cholesterol

" level. ] Hepatol 2007; 46: 403-10.

10

11

12

13

14

16

17

18

Enomoto N, Sakuma I, Asdhina Y et al. Mutations in the
nonstructural protein 5 A gene and response to interferon
in patients with chronic hepatitis C virus 1b infection. N
Engl ] Med 1996; 334: 77-81.

Kato N, Hijikata M, Ootsuyama Y et al. Molecular cloning
of the human hepatitis C virus genome from Japanese
patients with non-A, non-B hepatitis. Proc Natl Acad Sci U
S A 1990; 87: 9524-8.

[zumi N, Nishiguchi S, Hino K et al. Management of Hepa-
titis C: Consensus of Japan Society of Hepatology 2010.
Hepatol Res 2010; 40: 347-68. ' _
lino S, Okita K, Omata M et al. Clinical efficacy of PEG-
Interferon alfa-2b and ribavirin combination therapy for
48 weeks in chronic hepatitis C patients with genotype 1
and high viral load —retrospective compariscn with Inter-
feron alfa-2b and ribavirin combination therapy for
24 weeks. Kantansui 2004; 49: 1099-121.

Yamada G, Iino 8, Okuno T et al. Virological response in
patients with hepatitis C virus genotype 1b and a high viral
load: impact of peginterferon- alpha-2a plus ribavirin
dose reductions and host-related factors. Clin Drug Investig
2008; 28: 9-16. )

Ge D, Fellay J, Thompson Aj et al. Genetic variation in
IL28B predict hepatitis C treatment-induced viral clear-
ance. Nature 2009; 461: 399-401.

Tanaka Y, Nishida N, Sugiyama M et al. Genome-wide
association of IL28B with response to pegylated interferon-
alpha and ribavirin therapy for chronic hepatitis C. Nat
Genet 2009; 41: 1105-11-9.

Suppiah V, Moldovan M, Ahlenstiel G et al. IL28B is asso-
ciated with response to chronic hepatitis C interferon-
alpha and ribavirin therapy. Nat Genet 2009; 41: 1100-4.
Berg T, von Wagner M, Nasser S et al. Extended treatment
duration for hepatitis C virus type 1: comparing 48 versus

© 2011 The Japan Society of Hepatology



19 Sanchez-Tapies

132 Y. lItoh et al.

72 weeks of peginterferon-alfa-2a plus ribavirin. Gastroen-
terology 2006; 130: 1086-97.

JM, Diago M, Escartin P etal
Peginterferon-alfa2a plus ribavirin for 48 versus 72 weeks
in patients with detectable hepatitis C virus RNA at week 4
of treatment. Gastroenterology 2006; 131: 451-60.

20 Pearlman BL, Ehleben C, Saifee § et al. Treatment extension

to 72 weeks of peginterferon and ribavirin in hepatitis C

© 2011 The Japan Society of Hepatology

478

Hepatology Research 2011; 41: 126-132

genotype 1-infected slow responders. Hepatology 2007; 46:
1688-94. )

21 Ide T, Hino T, Ogata K etal. A randomized study of

extended treatment with peginterferon alpha-2b plus rib-
avirin based on time to HCV RNA negative-status in
patients with genotype 1b chronic hepatitis C. Am ] Gas-
troenterol 2009; 104: 70-5.



Journal of Viral Hepatitis, 2010, 17, 185-191

doi:10.1111/.1365-2893.2009.01163.x

Reduced risk of hepatocellular carcinoma after interferon
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SUMMARY. This study was undertaken to investigate the
effect of interferon (IFN) monotherapy on the risk of hepa-
tocellular carcinoma (HCC) in aged-patients with chronic
hepatitis C. Seven hundred and twenty-five patients with
histologically proven chronic hepatitis C were enrolled in
this retrospective cohort study; 531 received IFN mono-
therapy for 6 months between 1992 and 1995, and 157
were collected as a historical control. The effect of IFN
therapy on the development of HCC was compared between
the patients with chronic hepatitis C under 60 years old
(non-aged group, n = 531) and those 60 and over (aged
group, n = 194). A stepwise Cox proportional-hazards
regression analysis in the non-aged group revealed that
IFN therapy (risk ratio 0.52, 95% CI 0.33-0.81, P=
0.004), older age (P = 0.001), and higher histological stage

(P < 0.001) were independent factors associated with the
development of HCC. In the aged-group, only higher histo-
logical stage (P = 0.002) and male gender (P = 0.011), but
not IFN therapy (risk ratio 0.77, 95% CI 0.42-1.40,
P = 0.386), were identified as independent risk factors for
HCC, although HCC was significantly reduced when sus-
tained virological response (SVR) was obtained (risk ratio
0.23, 95% CI 0.08-0.64,. P = 0.005). In conclusion, inhib-
itory effect of IFN on development of HCC in the patients
with chronic hepatitis C aged 60 and over was limited to the
patients achieving SVR when treated with 6 months-IFN
monotherapy.

Keywords: aged patients, chronic hepatitis C, hepatbceﬂular
carcinoma, interferon, sustained virological response.

INTRODUCTION

In Japan, based on the epidemiological surveillance as well
as the study on molecular tracing of hepatitis C virus (HCV),
HCV infection is considered to spread from the 1920s and to
expand more after World War II [1-5], The data of first-time
blood donor candidates in Osaka demonstrated that the
prevalence of anti-HCV antibodies among the candidates
born in 1925-1935 was 7-10%, which was much higher

Abbreviations: IFN, interferon; HCC, hepamceﬂul'ar carcinoma;
SVR, sustained virological response; HCV, hepatitis C virus;
non-SVR, nonsustained virological response.
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than the prevalence of anti-HCV antibodies among the
younger population [6]. Accordingly, chronic hepatitis C
patients have become aged in Japan and HCV-related
hepatocellular carcinoma (HCC) patients have also been
shown to be old with a peak around age 70 and tended to
decrease [1,3,5]. More importantly, the main cause of death
in the patients with chronic hepatitis C has been reported to
be HCC [7-10].

In the 1990s, interferon (IFN) therapy was used for the
treatment of the patients with chronic hepatitis C worldwide
and it has been shown by many studies including our reports
that IFN therapy reduced the risk of HCC in patients with
chronic hepatitis C [7,11~17]. This inhibitory effect of IFN
therapy on hepatocarcinogenesis is notable when sustained
virological response (SVR) was obtained, although SVR rate
of IFN monotherapy was not very high. It has been also
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reported that HCC development was significantly reduced in
the patient achieving SVR as compared with those without
SVR in chronic hepatitis C patients treated with IFN and
ribavirin [18].

For the treatment of the patients with chronic hepatitis C,
a combination of peginterferon and ribavirin has become a
standard therapy, which has a high SVR rate [19-21].
However, the combination treatment has several adverse
effects such as haemolytic anaemia which may not be tol-
erable for aged patients with chronic hepatitis C. On the
other hand, aging is a significant risk factor for HCC in
chronic hepatitis C patients. Accordingly, it is an important
issue whether IFN monotherapy could reduce incidence of
HCC in aged patients with chronic hepatitis C. Recently,
Arase et al. [22] reported that long-term IFN monotherapy
using low-dose of natural IFN-a was effective in preventing
hepatocarcinogenesis in aged patients with chronic hepatitis
C. In contrast, the hepatitis C antiviral long-term treatment
against cirrhosis (HALT-C) Trial has shown that mainte-
nance peginterferon therapy for 3.5 years did not reduce the
incidence of HCC and the rate of disease progression in
chronic hepatitis C patients with bridging fibrosis or cirrhosis
who failed to respond to the combination therapy of pegin-
terfeon-e:2a and ribavirin [23,24].

We conducted a long-term multicenter retrospective
cohort study to clarify the effect of 6-month IFN mono-
therapy on the incidence of HCC in aged patients with
chronic hepatitis C.

MATERIAL AND METHODS

Patients

This study was conducted at Osaka University Hospital and
six university-affiliated hospitals. IFN-treated patients con-
sisted of 568 consecutive patients with chronic hepatitis C

who had undergone liver biopsy 1 week to 2 months before

IFN therapy and received either human lymphoblastoid IFN,
recombinant IFN-x2a or recombinant IFN-x2b for 6 months
between 1992 and 1995. The control group consisted of
158 consecutive patients with chronic hepatitis or cirrhosis
who had undergone liver biopsy between January 1986 and
December 1989, when IFN therapy had not been available
in Japan. All the patients were positive for anti-HCV. The
inclusion criteria in this study were as follows: (1} histo-
logical diagnosis of chronic hepatitis or cirrhosis; (2) no
history of clinical signs at entry into the study of complica-
tions of cirrhosis, i.e. ascites, jaundice, encephalopathy, or
variceal bleeding; (3) no previous IFN therapy; (4) no
evidence of HCC at entry into the study as assessed by
ultrasonography and/or computed tomography; (5) absence
of serum hepatitis B surface antigen; (6) absence of
co-existing liver diseases such as autoimmune hepatitis or
primary biliary cirrhosis and (7) absence of excessive alcohol
consumption (>80 g/day).
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Sustained virological response ‘was defined as persistent
HCV RNA negativity during IFN therapy and follow-up.
Patients showing positive HCV RNA after IFN therapy were .
classified as nonsustained virological response (non-SVR). In
the patients with non-SVR, patients whose ALT levels
decreased to the normal range and remained normal during
[FN therapy were classified as transient biochemical
response and patients without a decrease of ALT levels of the
normal range during the therapy were classified as
zbiochemical nonresponse.

Hepatitis C virus antibody was measured by first-, second-,
or third-generation enzyme-linked immunosorbent assays
(Ortho Diagnostics, Tokyo, Japan). Serum HCV RNA was
measured by reverse transcription polymerase chain reac-
tion or complementary DNA assay [25].

Follow-up

The starting date of follow-up of the paﬁems was defined as
the date of liver biopsy. Abdominal ultrasonography or
computed tomography and biochemical examinations
including o-fetoprotein were performed every 3-6 months
during follow-up equally in the IFN-treated and control
patients. The diagnosis of HCC was confirmed by needle
biopsy, by surgically resected tumour specimens, or by typ-
ical radiological findings on hepatic angiography or dynamic
computed tomography. In the patients residing in Osaka
whose follow-up data were not obtained, the Osaka Cancer
Registry was used to determine whether HCC had occurred
and the data were available until the end of 2002 in this
study [13,26]. Accordingly, we decided to use the date of the
development of HCC or the end of 2002 as the end of follow-
up. As the longest observation period of the patients in the
IFN group was 11 years, only the follow-up data for the first
11 years were considered in the control group. The study
protocol was in accordance with the Helsinki Declaration of
1975 (revised in 1983) and approved by the Ethical
Committee of the Ikeda Municipal Hospital.

" Histological evaluation

The sections were stained with haematoxylin—eosin and
Azan-Mallory and histology of liver biopsy specimens was
scored by two authors in a blinded manner using two scoring
methods as described before [13]. Briefly, fibrosis score of
Desmet et al. was used for the assessment of histological
staging and a total score of histological activity (components
1-3) using the Knodell histological activity index was used
for the assessment of histological grading [13,27,28].

Statistical analysis

Patients who did not complete the treatment protocol were
included for the analysis on an intention-to-treat basis. The
chi-square test and Student’s t-test were used to compare the

© 2009 Blackwell Publishing Ltd



baseline characteristics. The Kaplan-Meier method was used
to calculate the cumulative incidence of HCC, and the log-
rank test was used to compare the cumulative incidence of

. HCC between the groups. To estimate independent risk
factors for the development of HCC, a stepwise Cox propor-
tional-hazards regression analysis was used. For the analy-
sis, [FN therapy, agc. gender, and histological staging and
activity scores were used as variables. A P value <0.05 was
considered statistically significant. Data are presented as the
mean + SD and were analysed using SPSS ‘version 11.0
(SPSS Inc., Chicago, IL, USA).

RESULTS

Table 1 shows the baseline characteristics of the aged
(60 years old and over) and non-aged (under 60 years old)
groups. Both the histologicaiA stage and activity were signif-
icantly higher in the aged group than in the non-aged
group. The proportion of male patients of the non-aged
group was significantly higher than that of the aged group.
In Table 2, baseline characteristics of controls and IFN-
treated patients in the aged and non-age groupé were com-
pared. In the non-aged group, age at entry, proportion of
male gender, histological activity score, serum ALT level and
platelet count did not differ between the control and IFN-
treated patients. However, histological stage of IFN-treated
patients was less advanced as compared with that of the
control patients. In the age-group, age at entry, proportion
of male gender, histological stage and activity, serum ALT
level and platelet count did not differ between the control
and IFN-treated patients.

During the follow-up period, HCC was found in 35 con-
trols and 44 IFN-treated patients among the non-aged group
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and in 14 controls and 48 IFN-treated patients among the
aged group. The median tumour sizes of HCC in controls and
IFN-treated patients at the time of discovery on ultrasonog-
raphy or computed tomography were 22 mm (range,
10-55 mm) and 19 mm (range, 8-52 mm) respectively
(P 2 0.2). In the non-aged group, the cumulative incidence
of HCC estimated by the Kaplan—-Meier Method of IFN-trea-
ted patients was significantly lower than that of control

‘patients (log-rank test, P < 0.001, Fig. 1a), whereas there

was no difference in the cumulative incidence of HCC
between controls and IFN-treated patients in the aged group
(log-rank test, P = 0.498, Fig. 1b). The cumulative inci-
dence of HCC of SVR and non-SVR patients and controls of
the aged and non-aged groups are shown in Fig. 2. The
10-year incidences of HCC for controls, non-SVR and SVR
patients in the non-aged group were 30.1%, 15.8%, 4.5%
respectively (log-rank test, P < 0.001, Fig. 2a). Also, the
10-year incidences of HCC for controls, non-SVR and SVR
patients in the aged group were 39.1%, 38.9%, 12.7%
respectively (log-rank test, P = 0.015, Fig. 2b).

In Table 3, risk ratios for the development of HCC calcu-
lated by a stepwise Cox regression analysis in the aged and
non-aged patients with chronic hepatitis C according to
virological and biochemical responses to IFN are summa-
rized. In the 410 IFN-treated patients of non-aged group,
134 patients (32.7%) achieved SVR and the remaining 276
showed non-SVR (Table 3). Of this 276 patients showing
non-SVR, 163 showed transient biochemical response and
113 showed biochemical nonresponse during the IFN
treatment. On the other hand, 41 (25.9%) of 158
IFN-treated patients of the aged group obtained SVR and the
other 117 did not obtain SVR (Table 3). Of the 117 non-SVR
patients, 57 showed transient biochemical response and 60

Table 1 Baseline characteristics of aged

and non-aged patients with chronic Non-aged group  Aged group .
hepatitis c (n=531) (n=194) P value
Control group (n)/IFN group (n) 1217410 36/158 0.262
Age 48.1 £ 9.7 63.7 £33 <0.001
Gender
Male 353 108 0.009
Female 178 86
Histological stage*
FO, 1 186 37 0.001
F2 157 69
F3 141 69
F4 47 19
Histological activity! ’
<10 329 104 0.049
=10 202 90
ALT (TU/L) 117 £ 86 104 + 60 0.053
‘Platelete count (10%/uL) 154 %56 144 £ 5.6 0.040

*According to Desmet et al?’” 'Based on components 1-3 of the Knodell histo-

logical activity.

© 2009 Blackwell Publishing Ltd
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Table 2 Baseline characteristics of controls and IFN-treated patients in aged and non-aged groups

Non-aged group Aged group
Controls IFN-treated P value Controls IFN-treated P value

n 121 410 36 158
Age 48.4 + 10.5 480+ 94 0.736 64.6 £ 3.6 63.5+ 3.2 0.059
Gender

Male 75 278 0.273 22 86 0.579

Female 46 86 14 72
Histologic stage*

FO,1 - 27 159 <0.001 8 29 0.933

F2 28 129 12 57

F3 47 94 12 57

F4 19 28 4 ) 15
Histologic a\ctivityT

<10 ‘ 72 257 0.525 20 84 0.854

>10 49 153 16 74 .
ALT (I0/L) 127 + 80 114 + 88 0.132 110 £ 85 103 £ 53 0.523
Platelete count (10%/uL) 152 + 6.1 154+ 54 0.766 150+ 5.4 14.3 + 5.7 0.486
HCV RNA load .

High ND¥ 166 ND* . 54

Low ND* 116 ND* 30
HCV RNA serotype

1 ND* - 231 ND* 90

2 ND? 102 , ND* 32

*According to Desmet et al. >’ "Based on components 1-3 of the Knodell histologic activity. *Not done.
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~ Fig. 1 Cumulative incidence of hepatocellular carcinoma in IFN-treated (dotted line) and control (solid line) patients of
the non-aged group (a) and the aged group (b). A log-rank test of the two curves showed a significant difference in the
non-aged group (P < 0.001), whereas no significant difference was observed in the aged group (P = 0.498).
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(b) 60

aged group

i
(=3

S
<>
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Follow-up (year)

Patients at risk
Control 36 34 33 33 31 28 26 25 21 18 17 15
Non-SVR 117 115 115 103 100 93 82 67 60 50 26 1

SVR 41 40 40 40 38 36 33 31 31 27 17 0

_ Fig. 2 (a) Cumulative incidence of hepatocellular carcinoma categorized by sustained virological response (dashed line),
nonsustained virological response (dotted line), and controls (solid line) of the non-aged group (a) and the aged group (b). A
log-rank test of the three curves showed a significant difference between these groups (non-aged group, P < 0.001; aged

group, P = 0.015).

showed biochemical nonresponse. In the non-aged .group,
stepwise Cox regression analysis identified [FN thérapy (risk
ratio 0.52, 95% CI 0.33-0.81, P = 0.004), older age (risk
ratio 1.07, 95% CI 1.03-1.10, P = 0.001), and higher his-
tological stage (score 3 or 4) (risk ratio 4.03, 95% CI 2.41-
6.76, P < 0.001) as independent risk factors associated with
the development of HCC. In the non-aged group, the devel-
opment of HCC was strongly suppressed when SVR was
achieved (risk ratio 0.20, 95% CI 0.08-0.50, P < 0.001)
(Table 3). In the patients with transient. biochemical
response of the non-SVR group among the non-aged group,

HCC development was also significantly reduced (risk ratio
0.47, 95% CI 0.26-0.86, P = 0.015). In the aged group,
stepwise Cox regression analysis revealed that only higher
histological stage (score 3 or 4) (risk ratip 2.27, 95% CI
1.36-3.78, P = 0.002) -and male gender (risk ratio 2.00,
95% CI 1.17-3.41, P = 0.011) were independent factors
responsible for the development of HCC (Table 3). Although
IFN therapy was not identified as an independent variable for
HCC, the risk of HCC was significantly decreased in the
patients with SVR in the aged group as shown in the Table 3
(risk ratio 0.23, 95% CI 0.08-0.64, P = 0.005). In the

Table 3 Risk ratios for hepatocellular carcinoma in aged and non-aged patients with chronic hepatitis C according to

- virological and biochemical responses to interferon*

Non-aged group (n = 531)

Aged group (n = 194)

n Risk ratio 95% CI Pvalue n Risk ratio  95% CI P value
Control group 121 1.00 36 1.00
IFN group 410 0.52 0.33-0.81 0.004 158 0.77 0.42-1.40 0.388
Sustained virological response 134 0.20. 0.08-0.50 0.001 41 0.23 0.08-0.64 0.005
Nonsustained virological response 276  0.65 '0.41-1.03 0.068 117  1.07 0.58-1.97 0.821
Transient biochemical response* 163  0.47 0.26-0.86 0.015 57 0.67 0.32-1.43 0.303
Biochemical nonresponse! 113 0.86 0.51-1.47 0.584 60 1.46 0.77-2.78 0.245

*A stepwise Cox regression analysis was carried out by using interferon therapy, age, gender, and histologic stage and
histologic activity scores as variables. "Nonsustained virological response was classified into transient biochemical response
and biochemical nonresponse according to the ALT response during the interferon treatment. -

© 2009 Blackwell Publishing Ltd

~ 483 -



190 Y. Imai et al.

patients with transient biochemical response of the non-SVR
group of aged patients, HCC development was not reduced
(risk ratio 0.67, 95% CI 0.32-1.43, P = 0.303, Table 3) in
contrast to the patients showing transient biochemical
response in the non-aged group.

As the cumulative incidence of HCC calculated by the
Kaplan-Meier Method of the patients with SVR in the aged
group was much higher than that in the non-aged group, we
also carried out Cox proportional-hazards regression analysis
to estimate risk factors responsible for HCC development in
the 175 patients achieving SVR. As a result, older age (risk
ratio 1.09, 95% CI 1.01-1.18, P = 0.025) and higher his-
tological activity before IFN therapy started (10 or more of
the total score of components 1-3 in Knodell’s histological
activity index) (risk ratio 4.16, 95% CI 1.07-16.25,
P = 0.040) were identified as risk factors associated with
HCC among the patients with SVR.

DISCUSSION

In this long-term retrospective cohort study, an inhibitory
effect of 6 months-IFN monotherapy in early 1990s on the
cumulative incidence of HCC were compared between the
patients with histologically proven chronic hepatitis C un-
der 60 years old (non-aged group) and those 60 years old
and over (aged group). Because of retrospective analysis,
there were some differences in baseline characteristics
between the two groups. In the aged group, the histological
stage and activity as well as the proportion of male patients
were significantly higher than in the non-aged group. Also,
SVR rate in the aged group was lower than that in the
non-aged group. To avoid the influence of these biases, we
performed Cox proportional-hazards regression analysis to
see whether IFN monotherapy reduced the risk of HCC in
the aged and non-aged groups. Then, we found that IFN
therapy for 6 months significantly reduced the risk of HCC
(risk ratio 0.52) in the nom-aged group, whereas this
inhibitory effect of [FN monotherapy on HCC development
was recognized only in the patients achieving SVR among
the aged-patients. ‘

It is difficult to explain why IFN had no inhibitory eflect on

HCC development in the aged patients, whereas IFN had -

significant inhibitory effect in the non-aged patients of this
study. Many clinical studies have demonstrated that aging
was an independent risk factor associated with HCV-related
HCC other than advanced histological staging and male
gender [7,11-17,29]. However, molecular mechanism of the
impact of aging on haepetocarcinogenesis has not been
elucidated. Moriya et al. repofted that lipid hydroperoxide
products accumulated in the liver without inflammation and
may play a role in the development of HCC in HCV core gene
transgenic mice [30,31]. A long-term infection of HCV may
lead to HCC through some molecular alterations.

Recently, there have been two controversial reports from
the United States and Japan as to the long-term effect of
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low-dose IFN therapy on the incidence of HCC in chronic
hepatitis C [22,24]. The report from Japan was a non-
randomized retrospective study and observed beneficial effect
of long-term natural IFN-x therapy on hepatocarcinogenesis
in aged chronic hepatitis C patients [22]. The HALT-C Trial
from the United States, a large prospective randomized
study, reported that treatment with peginterfeon-z2a at a
dose of 90 ug weekly for 3.5 years did not prevent HCC
development in the patients with bridging fibrosis or cir-
rhosis who did not obtain SVR by combination therapy of
peginterferon and ribavirin [24]. The result was consistent
with our data in the aged patients. However, the annual
incidence of HCC of the HALT-C Trial, about 1%, was much
lower than that in the aged gl:oup in this study, about 4%.
Accordingly, a randomized prospective study to determine
the effect of long-term IFN or peginterferon therapy on the
incidence of HCC in chronic hepatitis C, especially in the
aged patients, may be needed in Japan.

This study has a limitation, because we used historical
controls as control patients. A lead-time bias may have
occurred. Detection of HCC by the screening program could
be less effective in controls than IFN-treated patients. In that
case, we might underestimate the effect of IFN on the
cumulative incidence of HCC. However, such underestima-
tion may be unlikely as the tumour sizes at the time of
detection were not different between the control and IFN-
treated patients. .

The 10-year incidence of HCC for SVR patients of the aged
group (12.7%) was much higher than that of non-aged
group (4.5%) in our study. Makiyama et al. [32] studied the
risk factors for developing HCC after obtaining sustained
biochemical response to IFN therapy in chronic hepatitis C
and reported that older age, male gender and advanced
fibrosis were associated with HCC. Consistent with their
results, we found that older age was an independent risk
factor for HCC in the patients with SVR, suggesting a high
potential of developing HCC even after eradication of HCV
RNA in the aged patients. Another possibility is that
malignant foci, which could not be detected by imaging
modalities, had already existed before IFN therapy. Our
finding indicates that even in the patients showing SVR, a
follow-up examination to investigate HCC should be carried
out for at least 10 years, particularly in the aged patients.

In conclusion, IFN monotherapy reduced the risk of HCC in
the patients with chronic hepatitis C under 60 years old. In:
contrast, this inhibitory eflect of IFN on hepatocacinogenesis
was limited to patients showing SVR in the aged-patients
when treated with 6 months-IFN monotherapy. These results

" suggest that combination therapy of peghiterferon and riba-

virin is recommended even in the aged patients with chronic
hepatitis C to obtain better preventive effect of IFN on HCC
development. For reasons of relatively high cumulative inci-
dence of HCC in the aged chronic hepatitis C patients with SVR
to IFN therapy, they should be followed carefully even after

eradication of HCV by IFN therapy. '

© 2009 Blackwell Publishing Ltd
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cEVR: complete early virologic response; {&#Fa A 12 & #F D HCV-RNA k&1L
ETR: end-of-treatment virologic response; {&##& T 1D HCV-RNA &1L
SVR_12: sustained virologic response at 12 weeks after the treatment; IR T

#% 1258850 HCV-RNA BB ML

frEh, KPIZHY ZERABRSRE T

e® Cyclosporins

!

HCVO A LZEHEZDED TR EL, U
ANZAELBEEADOHEEBEOHESL 5,
BEEAENE L-ZFOBERLTHLR
TH D, CypBHER I, nvitroll T
Cyclosporin 2 HCVE B HEERHAF 5 &
WO RRICK DR BN [BFEEH
IR L U22RERRIE, T4 L 2AEHEEN
ELURRBREICHAN, HOVY A L AER %
FRLICKVWEWSHRZREL R, £/
CypbHZ i, Cyclosporin @ B B i FH A% Bk
BHBZEs, WERHNREIHRETEST
RS h, A HCVIE®REL LT
HEHEH T3,

1. HCVAEELE L TOME - EABF

CEUEMIFABEIZH VT, IFNa & CyA
EZPFRET 52 L&D, IFNe BHE S (2

HUEBIZREDRSAET 5 Z L ARE
XN 7=17. Cyclosporin DHi ™ 4 )L ZAFh5IC
DWT, HCVEBEEFEEHPHCVY 7Y
O v MERERR & Bl TRRET 1, Cyclosporin
AHCVLY 7Y a v Oiils HERFNIZHE
EEFT LI ENERI B, —F, Cyp
i, CyclosporinDfilENZBREHTH
D, EHBEOBRBEEDHERIZEVWTER
7 % &) % 8 5 PPlase (Peptidyl-prolyl cis-trans
isomerase) iEE A A L T35 5%, Cyclosporin
HCypt BALBEAKREZERTAZLT
PPlasei& 4 # BHZE ¥ 3. HCVIZ B W T3,
CypD BT 5PPlaseVfi Mt #BHLET 5 Z &
Ik, EELZHCVE FOERKSHE X
h, RNABEISMEIEL, o4 0 2854+ W
HT 3LV BEIEE IR T B00,
DEBIO-02513 Cyclosporin & & & IZA& B & 1
7z, REHHIERO W CypHERITH D,
in vitro 12 B\ THCVIEFEHI RIS R S &
N2, mrivo TEHCVF X T2 7 ZlZkW

212 FFIERE  61&38TIS - 201047 A

— 489



A. Genotype 1/4

i

N

-<DEBIO-025 1000mg & I

~Peg-IFNa2aBiih

- 1. Treatment

E

36

_?25' 5 -

<4 —-DEBIO-025 200mgff A
; - -= DEBIO-025 600mg it
z -+ DEBIO-025 1000mg it F
%

o

<

B

s

1 - HEEBRR
 (451Ufml, 1.65 logyo 1U/mi)
1 8 15 22 29 50
Time (day)
B. Genotype 2/3
7 |
<4 -~-DEBIO-025 200mg i A
g ; - DEBIO-025 600mgfif A
5 ~+DEBIO-025 1000mg#f Fi
g2 N ~ ~-DEBIO-025 1000mg B 34
§ 1  mEmR e i -~ Peg-IFNa2aBi%
§ {451U/ml, 1.65 log,q IU/mi)
0 J
1 8 15 22 29 50

Time (day)
4 DEBIO-025/Peg-IFN a-2a fff FHEE DR FSIF Gk 25 & D E)

€ : DEBIO-025 200mg + Peg-IFN ¢-2a
M : DEBIO-025 600mg + Peg-IFN o-2a
A : DEBIO-025 1,000mg + Peg-IFN a-2a
X : DEBIO-025 1,000mg

% : Peg-lFN a-2a

T, PeglFNa-2a & OHtFIC K S HFESIRH L TUThhZ®. ZO/R, DEBIO-025

WEIh/®, (L,200mg) 14H B # 5 1 & b, F13364
2. CEEMHREBECHT EFRAR log,, copies/ml, # k4.37 log,, copies/m] D

DEBIO-025 ® B ## 5-1%, HCV/HIV &% HCV-RNA® A 28 5 h, 9 3% THCV-
Yy (DEBIO-025%F : 16/, placebo®f : 3ff) RNAREMALZZBD - BEX RT3,
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COMRBERZT T, YIEEESOCESMT
HF % 1= & ¥ % DEBIO-025/Peg-IFN a-2a fif
HEEOSITHRABRLITHLI D, IR
%, placebo/PegIFNa-2a (180 g/ ) #F
& DEBIO-025BL #(1,000 mg/ H #f, Peg-IFN
a-2alz Bf A 3 % DEBIO-025 %200 mg/ H,
600 mg/ H, 1,000mg/ H D3%, ZF5#(18
FFoN A, 4EBRSEITo /R, &
5.4#% T B O HCV-RNAR A #°, genotype 1/4
A T, DEBIO-025600 mgfif Fi #f:4.61+
1.88 log,, IU/ml, DEBIO-025 1,000 mgff Fi
475+ 2.19 log,, IU/ml, genotype 2/3%4
<, DEBIO-025600mgfif A #f:5.91+1.11
log,, IU/mi, DEBIO-025 1,000 mgff F #¥:
5.89+ 043 log,, IU/ml &, Bk o4
2R BREN=(K4). %72, DEBIO-025
1,000 mg B4 #| # T & genotype 1/45U T2.20
+ 2.40 log,, IU/ml, genotype 2/3%1 T4.22+
1.33log,, IU/ml &, PegIFNa-2a#f & [FE D
HCVRNARAD BB/ o hTnb. REHIZD
V2T, DEBIO-025200 mg, 600 mgfif FA# T
i3 placebo #f & (ZIXF%E TH D, DEBIO-025
1,000 mg 5 IZH T, 36% A3FD ICF
EULE VIATEERD N, BRETELEY
B L, ZOMEELEERIZRD T, -
7=. 41, DEBIO-025/Peg-IFN @ % Il #H Eg
K ER %, PegIFN/RBVHf HEEIZH T
HWNTH - 75ER, BIERTBE L 72REG] 7%
o KRR L, KRR EERK
BOBRNEF-NS.

—

CEMSMERFRIZHAT A HD 4 L ZABEEE,
H7E D Peg IFN/RBV fif 1L 2 5, HCVE
ROBEREERCAREMAOTRIZKD,
- sBEERAL LTS, BERT
BRI E UEERIE, AL AL

124K, £7IFNE 3 RE S HF TOHCV
T A ANAEEAB LS, [Tk
91213, PegIFN®°RBV : OHFH AT Tidk
{, FHBOMIANLZAELOPFHICK S
IFN free D 7 7 7 Vi, FFREHIERE L
Fx X hBRICHADRENE S MifF S h,
S OEFRISAIZOWTORENF-h 5.
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