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F3 #EETFOThIEE2ABMNOALTE LR ICES ¢ 2 BEFORKRE

BLEAHY (N=15) FHLEHZLLN=21) Pvalue
R (8 %) 8:7 15:6 0.310%
HBV genotype(B : C : ND) 0:14:1 1:19:1 1.000%*
AE i (%) 40(25~59) 46(22~66) 0.446%*
1B R
MR (X 104/ W) 15.9(8.9~28.7) 13.7(7.1~20.6) 0.298%:
T. Bil (mg/di) 0.8(0.3~1.3) 0.6(0.4~1.1) 0.312%+
AST(IU/1) 24(16~42) 26(19~49) 0.559%
ALT(IU/D) 31(12~54) 23(11~67) 0,804
HBeHL R (+ : —) 8:7 3:18 0.020%
HBsHUE & (IU/ml) 3,521(481~11,607)  1,054(0.5~20,488)  0.161**
HB = 7 B8 #4705 & (LogU/ml) 5.4(3.6~8.2) 4.4(3.0~6.6) 0.099%
HBV DNA (Log copies/mi) 4.0(2.1~9.2) 3.3(1.8~6.1) 0.440%*
HBV DNA+RNA (Log copies/ml) 4.4(3.1~8.7) 3.5(2.3~5.7) 0.017%*
HBV RNA+DNA/HBV DNAH, 0.8(—1.0~2.8) —0.1(—1.6~14) 0.100%*
Sequential therapy D BEF (+ : —) 11:4 16:5 1.000%
WHERARE (weeks) 29(24~221) 31(19~304) 0.568%

# Chi-square test or Fisher’s test, ** Mann-Whitney U test
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EIV(NTE5, ADV), TVFH NG 7 —
R®, ETV) &\ o 725 8R 7 F 1 7 SEI D YRR
&7, BEEBHEFAGEOHLRER L 2o
TWwh., BEe7Fu7s#E0E, BEFEY /v
A (HBV) OHEIEBZICB T, 7AWV AKRY X
T —EIZE Y AE N, chainterminator& LT~
A F AEE R OWERE N 7T A A R
DHERICTHET L Z LT, M7V
AR EET A, LaLeds, kit
A IWARIROE, BT 1 7 BEIC & 5
Zefiifinr SHBVE PR IZE DO THETH
0, %< OERT, BEIKEAERT Fa 7R
BATHON TV EOPHRTH L. ZORKE,
—ERDFERFITIE, HBVRY 2 7 — ¥ BEFRTHE
BT I BERNEL, R AEE L
HBVASEEGES 5 = & 12 & o Tviral breakthrough
*breakthrough hepatitis¥ & E L THB Y, FH
it EHBVIC A T 2 G EE DML SR S %iRE &
2o T\nALY,

WIFFEE T, invitroB & Win vivolZ BT 5
HBVAHL - BRYET VAR L, R AT —¥
T DRI ) HBVICH T 5 MR 7 0
TEENOFY A VAR EFHMEL, HEL TS
72289 KFRTIE, #Din vitroB & Win vivo®
EAEIFR A T, R AT — CEBDER
BRICHT 57 2 R E WV (TDF) OFLT 4 )V AR HR
REHME L oD TEHRET 5.

In vitro HBVEEI R £ LV /-
ERNRRM R DIBEE

B BUEMERFJRER I Zxt U OB 7 - 1 7 8 &
FEMMERT A &, HBVRY X 5 —HEEFORT
T TE LT IV BEEICHE, HBVIZSEAIR
PEAFEET 5. BRIRTHEBIC & A YMDD motif (RT
FEIR203~206% T I /TR) DA FF = (M) H/S
Nyt val N BRSTL L, BE
RIMVIFHE % R4 507, 22T, $F &8k
HRIMEERIIOWTHIMT T 4725, HBVEGE
EDOMEDBHBVY L% L, 14EEOHBY
T LNy — A L/-HBVREIR T A 3 F
(B BEBL L. 3512, ThbnF I3
N ORTHEBICHBVOEFIM AR 2Nz, A
MEHBVRI 75 A 3 PR L7z, {8 7-
HBVZ u—>id, B IZRT L9112, FEKIC
mz, LMVIFHZERETH 5 rtL180M/rtM204VZE
EANNZ 72rtL180M/rtM204VAEk, LMV/AD Vi

* Anti-viral effects of tenofovir for HBV mutants.

** Masataka TSUGE, M.D., Ph.D., Nobuhiko HIRAGA, M.D., Ph.D. & Kazuaki CHAYAMA, M.D., Ph.D.: [LZ B K&
Wb e - fCHE(@734-8551 L BIRL BT A X #1-2-3) ; Department of Medicine and Molecular Science,
Graduate School of Biomedical Sciences, Hiroshima University, Hiroshima 734-8551, JAPAN
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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, hepatocellular
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 11 [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, hepatocellular 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 [FN monotherapy
using low-dose of natural IFN-« 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-«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-«2a or recombinant IFN-«2b 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).

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
IFN 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 patients 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 Tkeda 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
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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, IFN therapy, age, 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 histological 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 groups 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 [FN 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) 121/410 36/158 0.262
Age 48.1 £ 9.7 63.7 £ 3.3 <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 (IU/L) 117 £ 86 104 + 60 0.053
Platelete count (1()4/,uL) 154 £ 5.6 144 £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 [FN-treated P value Controls IFN-treated P value

n 121 410 36 158
Age 48.4 + 10.5 48.0 £ 9.4 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 activity'

<10 72 257 0.525 20 84 0.854

=10 49 153 16 74
ALT (IU/L) 127 £ 80 114 + 88 0.132 110 £ 85 103 £ 53 0.523
Platelete count (104/#L) 152 £ 6.1 154 + 54 0.766 150+ 54 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. 27 "Based on components 1-3 of the Knodell histologic activity. *Not done.

(a) 60 (b) 60
non-aged group aged group
o o
o O
= 40 = 40
o b Control o--
3 g
= 5 _;-~‘"l
5 30 Control =] 30 i
.s >
£ £ IFN
g 2
g 20 g 2
= 3
E E
= =]
Q10 C 1o
0 - - —— 0 -
1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 10 11
Follow-up (year) Follow-up (year)
Patients at risk Patients at risk
Control 121 120 116 110 101 94 90 86 82 81 74 71 Control 36 34 33 33 31 28 26 25 21 18 17 15
[EN 410 408 403 398 390 388 358 319 301 266 134 2 IEN 158 155 149 143 138 129 115 98 91 77 43 1

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
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S
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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 IFN therapy (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 ratio 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 P value 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.
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