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Abstract

Objective: The aim of this study was to elucidate efficacy
after dose reduction in combination therapy of peginterfer-
on and ribavirin for chronic hepatitis C. Methods: Inclusion
criteria were hepatitis C virus (HCV) genotype 1b, serum HCV
RNA level of =100 KIU/m|, dose reduction of peginterferon
and/or ribavirin between the first 4 weeks and 20 weeks af-
ter the initiation of treatment. 164 patients were enrolled in
this retrospective cohort study. Predictive factors for sus-
tained viral response (SVR) after dose reduction were exam-
ined. Results: Out of the 146 patients treated with dose re-
duction, 57 had SVR. Multivariate analysis showed that SVR
occurred when serum HCV RNA at the time of dose reduc-
tion was negative (p < 0.001) and total ribavirin dose was
=100% of the anticipated total dose (p < 0.001). 57% (55/97)
of patients with undetectable serum HCV RNA at the time of
dose reduction had SVR. In contrast, only 4% (2/49) of pa-
tients with detectable serum HCV RNA at the time of dose
reduction had SVR. Conclusions: On dose reduction of com-

binationtherapy for chronic hepatitis C, undetectable serum
HCV RNA at the time of dose reduction and attainment of the
total ribavirin dose of =100% enhance SVR.

Copyright © 2008 5. Karger AG, Basel

Introduction

Combination therapy of peginterferon and ribavirin
for hepatitis C virus (HCV) induces sustained virological
response (SVR) in 50-60% of cases with genotype 1 and
in 80-90% of cases with genotype 2. These SVR rates in
patients treated with combination of peginterferon and
ribavirin were higher than those treated with interferon
(IFN) alone [1-6]. Thus, combination therapy of pegin-
terferon and ribavirin has been recommended as a first
choice for chronic hepatitis C. However, combination
therapy has been associated with various adverse events,
such as psychological disturbances, poor appetite, skin
rash, infection, anemia and leukopenia [1, 2, 5, 7]. Dose
reduction or even discontinuation of treatment often
becomes necessary in combination therapy for chronic
hepatitis C. In several studies, the reduction rate due to
severe side effects was reported to be about 25-40%.
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Some authors have reported that adherence to combi-
nation therapy enhanced sustained virological eradica-
tion in genotype 1 with chronic hepatitis C [8-12]. In the
present study, we evaluated the efficacy after dose reduc-
tion of combination therapy in Japanese patients. The
study design is non-randomized retrospective cohort
study.

Materials and Methods

Patients

Eligibility criteria for entry into the study included the follow-
ing: (1) HCV genotype 1b; (2) serum level of HCV RNA of =100
KIU/ml; (3) dose reduction of peginterferon and ribavirin be-
tween the first 4 weeks and 20 weeks after the initiation of com-
bination therapy; (4) no corticosteroid, immunosuppressive
agents, or antiviral agents used within 6 months; (5) no hepatitis
B surface antigens, antinuclear antibodies, or antimitochondrial
antibodies detectable in serum, determined by radioimmunoas-
say, and (6) leukocytes >2,000/mm?, platelet count >80,000/mm?®,
and bilirubin <2.0 mg/ml. We excluded from the study all the
patients with the following: (1) a history of alcohol abuse; (2) ad-
vanced liver cirrhosis of encephalopathy, bleeding esophageal
varices, or ascites. The Institutional Ethics Review Board of our
hospital approved our study. The physician in charge explained
the purpose and method of this clinical trial, as well as the poten-
tial adverse reactions, to each patient, who later gave his/her in-
formed consent for participation.

Combination Therapy of Pegylated-IFN and Ribavirin

For the treatment regimen, the peginterferon (Peg-intron;
Schering-Plough Pharmaceutical Co., Osaka, Japan) and ribavi-
rin (Rebetol; Schering-Plough Pharmaceutical Co.) were given
based on body weight. At the initiation of combination therapy,
patients received peginterferon at a median dose of 1.5 pg/kg
(range 1.2-1.6 pg/kg) subcutaneously each week and oral ribavi-
rin at a median dose of 11.9 mg/kg (range 10.0-16.3 mg/kg) daily.
The peginterferon dose wasadjusted according to body weight (60
g for =40 kg, 80 g for >40 and <60 kg, 100 pg for >60 and
<80 kg, and 120 pg for >80 and =100 kg). The ribavirin dose
was adjusted according to body weight (600 mg for =60 kg, 800
mg for >60 and <80 kg, and 1,000 mg for >80 kg).

The physician in charge reduced the dose of treatment when
the blood cell count decreased. Peginterferon was stepwise re-
duced 20 pg/week if the WBC declined to <1,500/mm?, leukocyte
count to <750/mm? or platelet count to <80,000/mm?. Ribavirin
was stepwise reduced 200 mg if the hemoglobin level declined to
=10 g/dl. The doses of peginterferon and ribavirin could be in-
creased back to starting doses if these adverse events resolved.
The amounts of both medications taken by each patient were ex-
pressed as a percentage of the anticipated total dose in the 48-
week treatment regimen based on body weight. The median dura-
tion of treatment was 48 weeks (range 8-96 weeks). A SVR to
therapy was defined as clearance of HCV RNA by commercial
amplicor HCV qualitative assay (Amplicor HCV, Version 2.0;
Roche Diagnostic Systems, Basel, Switzerland) at 6 months after
the cessation of combination therapy [13].

2 Intervirology 2008;51:1-6

Blood samples were obtained just before and 6 months after
combination therapy. The samples were stored at —80° until ana-
lyzed. Using these blood samples, the HCV RNA level before IFN
therapy was analyzed by quantitative PCR assay (Amplicor GT-
HCV Monitor Version 2.0; Roche Molecular Systems) [14). HCV
genotype was examined by polymerized chain reaction assay, us-
ing @ mixture of primers for the six subtypes known to exist in
Japan, as reported previously [15]. The start of the follow-up pe-
riod was defined as the first day of dose reduction in combination
therapy. Clinical evaluation and biochemical and hematological
tests were performed at 1- to 4-weekly intervals. We evaluated the
following: (1) SVR after dose reduction, and (2) predictive factors
for SVR after reduction based on combination therapy-related
side effects.

Liver Histology before IFN Therapy

Liver biopsy specimens were obtained percutaneously under
the observation by laparoscopy using a modified Vim Silverman
needle with an internal diameter of 2 mm (Tohoku University
style, Kakinuma Factory, Tokyo, Japan), fixed in 10% formalin,
and stained with hematoxylin and eosin, Masson's trichrome, sil-
ver impregnation, and periodic acid-Schiff after diastase diges-
tion. The biopsy specimens were scored according to the system
of Desmet et al. [16].

Statistical Analysis

A Cox proportional hazards model was used to analyze the
factors contributing to the stop of treatment and dose reduction
due to combination therapy: factors examined included age, sex,
body mass index, histological findings, HCV load, ALT, hemoglo-
bin, WBC, platelet count, HCV RNA at the time of dose reduc-
tion, total ribavirin dose and peginterferon dose. Significance of
trends in values was determined with a Cochran-Armitage Trend
Test. p < 0.05 was considered statistically significant. The SPS$
software package (SPSS 11.0 for Windows; SPSS Inc., Chicago, I11.,
USA) was used for analyses.

Results

Clinical Characteristics of the Patients

A total of 146 patients were enrolled in the present
study. The clinical characteristics of patients before com-
bination therapy are shown in table 1. In 15 patients, a
liver biopsy was not available because the patients de-
clined to have a biopsy taken. Reduction time after the
initiation of combination therapy was 12.0 £ 12.7 weeks
(mean * SD).

Predictors for SVR after Dose Reduction in

Combination Therapy

Out of the 146 patients treated with dose reduction, 57
had SVR. Univariate analysis showed that the following
seven factors significantly affected the SVR rate in all the
patients: HCV RNA at the time of dose reduction (p <
0.001), HCV RNA at week 12 (p < 0.001), peginterferon
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Table 1. Clinical characteristics before combination therapy
of peginterferon and ribavirin in chronic hepatitis C patients
(n = 146)

Characteristics Patients, n
or median (range)
Age, years 55 (20-69)
Male/female 81/65
Body weight, kg/height, cm 64.9 (36.7-96.6)/
163.2 (135.2-185.5)
Body mass index 23.1 (16.6-32.0)
History of interferon therapy (-/4) 79/67
Liver histology
(fibrosis, mild/moderate/severe) 61/47/23
HCV load, KIU/ml 1,500 (105-5,000)
AST/ALT, TU/ 55 (20-324)/76 (13-580)
Hemoglobin, g/dl 14.4 (10.4-17.9)

Platelets, x 10*/mm?
WBC, x 10%/mm?

14.1 (8.4-26.0)
4,200 (2,000-8,800)

ALT = Alanine aminotransferase; AST = aspartate amino-
transferase; WBC = white blood cells.

and/or ribavirin dose (p < 0.001), sex (p < 0.001), HCV
RNA level before treatment (p = 0.024), histopathological
staging (p = 0.031), and HCV RNA at week 24 (p = 0.042)
(table 2A). The variables were mutually correlated and
multivariate Cox regression analysis was performed with
the seven statistically significant variables in the model.
As shown in table 2B, multivariate analysis showed that
SVR occurred when serum HCV RNA at the time of dose
reduction after the initiation of combination therapy was
negative (p < 0.001) and total ribavirin dose was =100%
(p<0.001).

SVR Rate Based on Adherence of Combination

Therapy in Patients with Dose Reduction

The SVR rate based on adherence of combination
therapy in patients with dose reduction was evaluated.
Patients were divided into two groups based on the nega-
tivity or positivity of HCV RNA at the time of dose reduc-
tion after the initiation of combination therapy. Table 3A
shows the SVR rate based on adherence of combination

Table 2. Predictive factors for SVR after dose reduction, based on combination therapy-related side effects

A Univariate analysis

Factor Category Odds ratio 95% CI p value
HCV RNA at the time of reduction ~I+ 1/0.09 0.04-0.21 <0.001
HCV RNA at week 12 -I+ 1/0.09 0.04-0.22 <0.001
Total ribavirin dose, % <100/z100 1/8.58 3.99-18.47 <0.001
Total peginterferon dose, % <100/2100 1/3.37 1.672-7.04 <0.001
Sex male/female 1/0.20 0.10-0.42 <0.001
HCV RNA, M.quml <1,000/21,000 1/0.43 0.21-0.90 0.024
Liver histology, fibrosis mild/moderate or severe  1/0.46 0.23-093 0.031
HCV RNA at week 24 ~I+ 1/0.12 0.01-0.92 0.042
Hemoglobin, g/dl <13/213 1/2.29 0.87-5.98 0.092
Platelets, x 10*/mm? <10/210 1/2.55 0.86-7.61 0.092
WBC, mm® <3,000/23,000 1/1.14 0.40-1.27 0.062
ALT, TU/ 2100/<100 1/1.31 0.59-2.93 0.164
Body mass index <25/225 1/1.24 0.59-2.62 0.566
Age, years <55/255 1/1.13 0.35-3.69 0.838
B Multivariate analysis
Factor Category Odds ratio 95% CI p value
HCV RNA at the time of reduction -+ 1/0.10 0.04-0.28 <0.001
Total ribavirin dose, % <100/2100 1/6.90 2.54-19.05 <0.001
ALT = Alanine aminotransferase; WBC = white blood cells.
Dose Reduction in Combination Therapy Intervirology 2008;51:1-6 3
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Table 3. SVR rate based on adherence of combination therapy in patients with A negativity and B positivity of
serum HCV RNA at the time of dose reduction'

A

Total peginterferon Total ribavirin dose, % Total

fom X <60 61-80 81-100 101-130

<60 25 (1/4) 40 (2/5) 75 (2/4) none 38 (5/13)
61-80 0 (0/2) 50 (2/4) 60 (6/10) 100 (2/2) 56 (10/18)
81-100 33 (2/6) 36 (5/14) 50 (7/14) 82 (9/11) 52 (23/44)

101-130 none none 67 (6/9) 79(11/14) 77 (17/22)

Total 30(3/10) 39 (9/23) 57 (21/37) 81 (22/27) 57 (55/97)

B

Peginterferon Ribavirin dose, % Total

dose, % <60 61-80 81-100 101-130

<60 0(0/4) 0 (0/2) 0(0/2) none 0(0/8)
61-80 0(0/2) 0(0/7) 0(0/1) 0(0/4) 0(0/14)
81-100 0(0/2) 0(0/7) 0(0/2) 20(1/5) 6(1/16)

101-130 none none 0(0/7) 25(1/4) 9(1/11)

Total 0(0/8) 0(0/16) 0(0/12) 15(2/13) 4(2/49)

! p=0.08 for comparison of the 4 peginterferon groups and p < 0.001 for comparison of the 4 ribavirin groups

(Cochran-Armitage Trend Test).

therapy in patients with negativity of serum HCV RNA
at the time of dose reduction. 55 (57%) of 97 patients with
undetectable serum HCV RNA at the time of dose reduc-
tion had SVR. A stepwise increase in SVR was observed
when the dose of ribavirin was increased (p < 0.001, Co-
chran-Armitage Trend Test). SVR was 42.8% (27/63) in
patients who had negativity of serum HCV RNA at the
time of dose reduction and had adherence of <100% in
both peginterferon and ribavirin. Relapse rate after ter-
mination of combination therapy was 43% (42/97) in pa-
tients with negativity of serum HCV RNA at the time of
dose reduction.

Table 3B shows the SVR rate based on adherence of
combination therapy in patients with positivity of serum
HCV RNA at the time of dose reduction. Only 2 (2%) of
49 patients with positivity of serum HCV RNA at the
time of dose reduction had SVR.

Reasons for Dose Reduction

Of 146 patients with dose reduction, 40 had dose re-
duction of peginterferon only. 53 patients had dose reduc-
tion of ribavirin and 53 patients had both reduction of

4 Intervirology 2008;51:1-6

peginterferon and ribavirin. The cause of reduction ac-
counted for the following: anemia 87 (59.6%), leukopenia
39 (26.7%), thrombocytopenia 22 (15.19%) and other rea-
son, such as general fatigue, 46 (31.5%). 55 of 146 patients
with dose reduction had two causes for dose reduction.

We have described the efficacy in patients with dose
reduction after the initiation of combination therapy of
peginterferon and ribavirin for chronic hepatitis C. The
present study was limited to patients with genotype 1 and
HCV load of =100 KIU/ml because previous studies have
suggested that SVR in patients with genotype 2 or 3 is not
adversely affected by dose reduction [5, 6, 17]. Another
limitation of the study was that patients were treated for
different durations, This heterogeneity makes it slightly
difficult to interpret the results of the study.

However, several findings from the present study have
direct implications for dose reduction of the combination
therapy of chronic hepatitis C in the future. First, unde-
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tectable serum HCV RNA at the time of dose reduction
and attainment of total ribavirin dose of =100% en-
hanced SVR in patients with dose reduction. For now, the
gold standard of treatment for chronic hepatitis Cis a 48-
week regimen of combination therapy. Many studies have
suggested that reducing the ribavirin dose within the first
12-20 weeks of treatment in patients with genotype 1 was
associated with a decline in SVR [8, 9, 18]. The present
study indicated that the treatment for >48 weeks and the
total ribavirin dose of =100% enhanced SVR when pa-
tients with a dose reduction showed negativity of serum
HCV RNA at the time of dose reduction. Second, most
patients with detectable HCV RNA at the time of dose
reduction did not have SVR regardless of a peginterferon
and ribavirin dose of =100%. In patients with detectable
HCV RNA at the time of dose reduction, prolonged com-
bination therapy could not enhance SVR.

Several predictive factors of SVR to combination ther-
apy in patients without dose reduction have been identi-
fied, and these include amino acid (aa) substitutions in
HCV CR (double wild-type; arginine at aa 70/leucine at
aa 91), low-density lipoprotein cholesterol (=86 mg/dl),
male gender, y-glutamyl transpeptidase (<109 IU/l), in-
docyanine green retention test at 15 min (<10%), and ri-
bavirin dose (=11.0 mg/kg) [19]. The present study indi-
cates that HCV RNA at the time of dose reduction and
total ribavirin dose were good indicators for predicting
SVR in patients with dose reduction.

References

Manns MP, McHutchison ]G, Gordon SC,

4 Hadziyannis SJ, Sette H |r, Morgan TR, Ba-

Some studies have suggested that SVR is increased
when patients receive a higher dose of peginterferon and/
or ribavirin according to body weight [1, 20]. However, in
the present study, when the patients had detectable HCV
RNA at the time of dose reduction, they had a slight
chance of achieving a SVR regardless of prolonged com-
bination therapy with a total dose of =100%. Thus, the
suitable strategies of combination therapy for chronic
hepatitis C patients with dose reduction within the first
20 weeks of treatment are as follows: (1) When the pa-
tients show undetectable serum HCV RNA at the time of
dose reduction, they should be given combination thera-
py aimed at SVR; they should be treated with combina-
tion therapy of peginterferon and total ribavirin dose of
=100%. (2) When they show a detectable serum HCV
RNA at the time of dose reduction, they should not be
given combination therapy aimed at SVR.

In conclusion, on dose reduction of combination ther-
apy in patients with genotype 1b and high virus load, un-
detectable serum HCV RNA at the time of dose reduction
and attainment of the total ribavirin dose of =100% en-
hance SVR.

Acknowledgements
The present work was supported in part by grants-in-aid from

Okinaka Memorial Institute for Medical Research and Japanese
Ministry of Health, Labor and Welfare.

7 lIwasaki Y, lkeda H, Araki Y, Osawa T, Kita

Rustgi VK, Shiffman M, Reindollar R, Good-
man ZD, Koury K, Ling M, Albrecht JK: Peg-
interferon alfa-2b plus ribavirin compared
with interferon alfa-2b plus ribavirin for ini-
tial treatment of chronic hepatitis C: a ran-
domised trial. Lancet 2001;358:958-965.
Fried MW, Shiffman ML, Reddy KR, Smith
C, Marinos G, Goncales FL Jr, Haussinger D,
Diago M, Carosi G, Dhumeaux D, Craxi A,
Lin A, Hoffman |, Yu J: Peginterferon alfa-2a
plus ribavirin for chronic hepatitis C virus
infection. N Engl | Med 2002;347:975-982.
Bruno S, Camma C, Di Marco V, Rumi M,
Vinci M, Camozzi M, Rebucci C, Di Bona D,
Colombo M, Craxi A, Mondelli MU, Pinzel-
lo G: Peginterferon alfa-2b plus ribavirin for
naive patients with genotype 1 chronic hepa-
titis C: a randomized controlled trial. | Hep-
atol 2004;41:474-481,

Dose Reduction in Combination Therapy
for Chronic Hepatitis C

lan V, Diago M, Marcellin P, Ramadori G,
Bodenheimer H Jr, Bernstein D, Rizzetto M,
Zeuzem S, Pockros PJ, Lin A, Ackrill AM;
PEGASYS International Study Group: Peg-
interferon-alpha-2a and ribavirin combina-
tion therapy in chronic hepatitis C: a ran-
domized study of treatment duration and
ribavirin dose, Ann Intern Med 2004;140:
346-355,

Dalgard O, Bjero K, Hellum KB, Myrvang B,
Ritland S, Skaug K, Raknerud N, Bell H:
Treatment with pegylated interferon and
ribavarin in HCV infection with genotype 2
or 3 for 14 weeks: a pilot study. Hepatology
2004;40:1260-1265.

Mangia A, Santoro R, Minerva N, Ricci GL,
Carretta V, Persico M, Vinelli F, Scotte G,
Bacca D, Annese M, Romano M, Zechini F,
Sogari F, Spirito F, Andriulli A: Peginterfer-
on alfa-2b and ribavirin for 12 vs. 24 weeks
in HCV genotype 2 or 3. N Engl | Med 2005;
352:2609-2617.

w

o™

K, Ando M, Shimoe T, Takaguchi K, Hashi-
moto N, Kobatake T, Tomita M, Kawaguchi
M, Kobashi H, Sakaguchi K, Shiratori Y:
Limitation of combination therapy of inter-
feron and ribavirin for older patients with
chronic hepatitis C. Hepatology 2006;43:54—
63.

McHutchison JG, Manns M, Patel K, Poy-
nard T, Lindsay KL, Trepo C, Dienstag |, Lee
WM, Mak C, Garaud J], Albrecht JK; Inter-
national Hepatitis Interventional Therapy
Group; Adherence to combination therapy
enhances sustained response in genotype-1-
infected patients with chronic hepatitis C.
Gastroenterology 2002;123:1061-1069.

Intervirology 2008:51:1-6



9 Shiffman ML, Di Bisceglic AM, Lindsay KL,
Morishima C, Wright EC, Everson GT, Lok
AS, Morgan TR, Bonkovsky HL, Lee WM,
Dienstag JL, Ghany MG, Goodman ZD,
Everhart JE; Hepatitis C Antiviral Long-
Term Treatment Against Cirrhosis Trial
Group: Peginterferon alfa-2a and ribavirin
in patients with chronic hepatitis C who have
failed prior treatment Gastroenterology
2004;26:1015-1023,

10 Shiffman ML, Ghany MG, Morgan TR,
Wright EC, Everson GT, Lindsay KL, Lok AS,
Bonkovsky HL, Di Bisceglie AM, Lee WM,
Dienstag JL, Gretch DR: Impact of reducing
peginterferon alfa-2a and ribavirin dose
during retreatment in patients with chronic
hepatitis C. Gastroenterology 2007;132:103-
112,

11 Lindahl K, Stahle L, Bruchfeld A, Schvarcz
R: High-dose ribavirin in combination with
standard dose peginterferon for treatment of
patients with chronic hepatitis C. Hepatolo-
gy 2005;41:275-279,

12 Krawitt EL, Gordon SR, Grace ND, Ashikaga
T, Ray MA, Palmer M, Yarze JC, Moskowitz
S; for the New York New England Study
Team. A study of low-dose peginterferon al-
pha-2b with ribavirin for the initial treat-
ment of chronic hepatitis C. Am | Gastroen-
terol 2006;101:1268-1273.

13

14

15

17

Albadalejo ], Alonso R, Antinozzi R, Bogard
M. Bourgault AM, Colucci G, Fenner T, Pe-
tersen H, Sala E, Vincelette |, Young C: Mul-
ticenter evaluation of the Cobas Amplicor
HCV assay, an integrated PCR system for
rapid detection of hepatitis C virus RNA in
the diagnostic laboratory. ] Clin Microbiol
1998;36:862-865.

Doglio A, Laffont C, Caroli-Bosc FX, Rochet
P, Lefebvre J: Second generation of the auto-
mated Cobas Amplicor HCV assay improves
sensitivity of hepatitis C virus RNA detec-
tion and yields results that are more clini-
cally relevant. ] Clin Microbiol 1999;37:
1567-1569.

Dusheiko G, Schmilovitz-Weiss H, Brown D,
McOmish F, Ylpl'L.Shcrhr.kS Mcintyre N,
Simmonds P: Hepatitis C virus genotypes:
an investigation of type-specific differences
in geographic origin and disease. Hepatolo-
gy 1994;19:13-18.

Desmet V], Gerber M, Hoofnagle JH, Manns
M, Scheuer PJ: Classification of chronic hep-
atitis: diagnosis, grading and staging, Hepa-
tology 1994:19:1513-1520.

Von Wagner M, Huber M, Berg T, Hin-
richsen H, Rasenack ], Heintges T, Bergk A,
Bernsmeier C, Hiussinger D, Herrmann E,
Zeuzem §: Peginterferon-alpha-2a (40 kDa)
and ribavirin for 16 or 24 weeks in patients
with genotype 2 or 3 chronic hepatitis C.
Gastroenterology 2005;129:522-527,

Intervirology 2008;51:1-6

18

19

Davis GL, Wong B, McHutchison ]G, Manns
MP, Harvey ], Albrecht J: Early virologic re-
sponse to treatment with peginterferon alfa-
2b plus ribavirin in patients with chronic
hepatitis C. Hepatology 2003;38:645-652.
Akuta N, Suzuki F, Kawamura Y, Yatsuji H,
Sezaki H, Suzuki Y, Hosaka T, Kobayashi M,
Kobayashi M, Arase Y, Ikeda K, Kumada H:
Predictive factors of early and sustained re-
sponses to peginterferon plus ribavirin com-
bination therapy in Japanese patients infect-
ed with hepatitis C virus genotype 1b: amino
acid substitutions in the core region and low-
lipoprotein cholesterol levels, | Hep-
atol 2007;46:403-410,

20 Bronowicki JP, Ouzan D, Asselah T, Des-

morat H, Zarski JP, Foucher ], Bourliere M,
Renou C, Tran A, Melin P, Hezode C, Che-
valier M, Bouvier-Alias M, Chevaliez S,
Montestruc F, Lonjon-Domanec I, Pawlotsky
M: Effect of ribavirin in genotype 1 patients
with hcplﬁtil C responding to pegylated in-

alfa-2a plus ribavirin. Gastroenter-
olon 2006;131:1040-1048,

Arase etal.



Original Paper

Intervirology 2008;51:265-269
DOI: 10.1159/000160216

Received: February 12, 2008
Accepted after revision: July 1, 2008
Published online: October 7, 2008

The Efficacy of 24-Week Interferon Monotherapy
for Type C Liver Cirrhosis in Japanese Patients
with Genotype 1b and Low Virus Load

Yasuji Arase® Fumitaka Suzuki® Hitomi Sezaki®

Yusuke Kawamura®

Yoshiyuki Suzuki® Masahiro Kobayashi® Norio Akuta® Tetsuya Hosaka®
Hiromi Yatsuji® Miharu Hirakawa® Mariko Kobayashi® Kenji lkeda®

Hiromitsu Kumada?®

*Department of Hepatology and ®Hepatic Research Unit, Toranomon Hospital, Tokyo, Japan{

Key Words
Liver cirrhosis - Hepatitis C virus - Genotype 1b
Interferon - Virologic response, sustained

Abstract

Objectives: The aim of this study was to elucidate the effi-
cacy of interferon (IFN) therapy in liver cirrhosis Japanese pa-
tients with genotype 1b and low virus load. Methods: The
present study was a retrospective cohort study. Inclusion cri-
teria were liver cirrhosis, HCV genotype 1b, HCV RNA of <100
KIU/ml, and natural IFN-a monotherapy for 24 weeks. In 23
consecutive patients who satisfied the above criteria the ef-
ficacy and side effects of IFN were examined. Independent
factors that might have influenced a sustained virologic re-
sponse (SVR) were studied using logistic regression analysis,
Results: The clinical patient profiles were as follows: median
(range) age 52 (37-69) years; male/female 18/5, and median
(range) HCV RNA 52 (<5-92) KIU/ml. Eight of the 23 patients
(34.8%) had SVR by intention-to-treat analysis. Logistic anal-
ysis indicated that an HCV RNA level of <50 KIU/ml was as-
sociated with SVR (p = 0.049). The median (range) HCV RNA
levels were 28 (<5-68) KIU/ml in patients with SVR and 60

(6-92) KIU/mlin patients without SVR. Conclusions: 24-week
IFN monotherapy is a suitable therapy for type C cirrhotic
patients with genotype 1b and an HCV RNA level of <50 KIU/
ml. Copyright © 2008 5. Karger AG, Basel

Introduction

In patients with chronic hepatitis C, the clearance of
serum hepatitis C virus (HCV) RNA has been associated
with a good prognosis, including liver histology and liver
function improvement and even prolonged survival [1-3].
Interferon (IFN) or combination therapy with IFN and
ribavirin is the only evidence-based antiviral therapy
widely used for chronic hepatitis C. Recent studies report-
ed that combination therapy with peginterferon and riba-
virin was more effective in eradicating HCV compared to
IFN monotherapy [4-10]. However, combination therapy
with peginterferon and ribavirin has a number of serious
side effects compared to IFN monotherapy [11, 12]. Thus,
regarding the side effects of IFN therapy, several predic-
tive factors for discontinuing treatment based on IFN
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have been identified, and these include combination ther-
apy with ribavirin, aged patients, reduced blood cell count,
and diabetes mellitus complications. On the other hand,
clearance of HCV RNA has been reported to be associated
with HCV RNA levels, HCV genotype and a mutant type
of nonstructural 5A region [13-16].

Patients with liver cirrhosis have a high risk of devel-
oping hepatocellular carcinoma (HCC) and progression
to a decompensated state. Thus, patients in a liver cir-
rhotic stage should be treated to protect them from pro-
gression to decompensated liver cirrhosis and/or HCC.
Although patients with genotype 1 are resistant to IFN
therapy, in patients with low HCV RNA levels it might be
possible to eradicate HCV RNA with IFN monotherapy
eveniftheyareinaliver cirrhotic stage. However, we have
no evidence on the optimal schedule of IFN monotherapy
for liver cirrhotic patients with genotype 1b and low HCV
RNA load. Thus, in this study we tried to elucidate the
efficacy of IFN monotherapy in liver cirrhosis patients
with genotype 1b and low virus load.

Patients and Methods

A total of 23 consecutive liver cirrhosis type C patients treated
with IFN-a for HCV RNA clearance at Toranomon Hospital in
Tokyo, Japan, between 2000 and 2006 were enrolled in this study.
This study was a retrospective cohort study. Enrollment criteria
were: repeated ALT elevation greater than the upper normal lim-
its (ALT normal range 12-50 IU/1) for more than 6 months; labo-
ratory evidence of liver cirrhosis at the time of entry into the trial
by the use of a distinction equation between chronic hepatitis and
liver cirrhosis in patients with HCV infection [17]; positive serum
HCV RNA; genotype 1b, and 24-week treatment with IFN., We
excluded from the study all patients with: (1) concurrent hepatitis
B virus; (2) a history of IFN therapy, and (3) leukocytes <3,000/
mm?’, platelets <80,000/mm? and bilirubin >1.5 mg/ml before
IFN therapy.

Twenty-three patients received IFN at a dose of 3 or 6 million
units (MU) of natural IFN-a (Sumitomo Pharmaceutical Co.,
Osaka, Japan) for 24 weeks. In 16 patients, daily natural IFN was
administered for 2-4 weeks, followed by IFN three times a week
for 20-22 weeks. In another 7 patients, natural IFN was adminis-
tered three times a week for 24 weeks. We regarded a sustained
virologic response (SVR) to therapy as clearance of HCV RNA by
the Amplicor method [18] for more than 6 months after cessation
of therapy. Our study was approved by the institutional ethics re-
view board of our hospital. The physician in charge explained the
purpose and method of the clinical trial as well as potential ad-
verse reactions to each patient, who later gave his/her informed
consent for participation.

Blood Testing
Blood samples were obtained just before IFN therapy and
stored at -80°, Using these blood samples, HCV-RNA levels be-

266 Interviralogy 2008;51:265-269

Table 1. Clinical characteristics before 24-week interferon mono-
therapy in type Cliver cirrhosis patients with genotype 1band low
virus load

Characteristics n=23

Age, years 52 (37-69)

Male/female 18/5

IFN therapy (2- to 4-week continuous +
intermittent/intermittent) 14/9

Total dose of IFN, MU 480 (216-516)

Patients on 3 or 6 MU IFN at initiation 6/17

HCV load, KIU/ml 52 (<5-92)

AST, U/ 96 (33-348)

ALT, 1UAN 101 (33-399)

Hemoglobin, g/dl 14.7 (10.6-16.1)

Platelet count, % 10%/mm? 13.4 (8.0-188)

WBC count, X 10%/mm? 52 (3.1-8.5)

Data are expressed either as the median with ranges in paren-
theses or are the number of patients.

ALT = Alanine aminotransferase; AST = aspartate amino-
transferase; HCV = hepatitis C virus; IFN = interferon; MU =
million units.

fore IFN therapy were analyzed by quantitative PCR assay (Am-
plicor GT-HCV Monitor Version 2.0, Roche Molecular Systems)
[19].

On the other hand, serum HCV-RNA 6 months after termina-
tion of IFN therapy was analyzed by the qualitative PCR assay.
The lower detection limit of the qualitative assay is 100 copies/ml.
The HCV genotype was examined by PCR assay using a mixture
of primers for the six subtypes known to exist in Japan as report-
ed previously [20].

Statistical Analysis

Independent factors that might have influenced SVR were
studied using multiple logistic regression analysis, and the follow-
ing variables were evaluated as prognostic factors: sex; age; HCV
RNA level; biochemical factors (AST, ALT); blood cell count be-
fore IFN therapy, and methods of IFN administration. The SPSS
software package (SPSS Inc., Chicago, I1l., USA) was used to per-
form statistical analysis. A p value of <0.05 was considered to in-
dicate a significant difference.

Results

Patients’ Characteristics

Table 1 shows the characteristics of the 23 patients
who received short-term IFN therapy. Clinical profiles
were as follows: median (range) age 52 (<5-92) years;
male/female = 18/5, and median (range) HCV-RNA 52
(<5-92) KIU/ml. In the 23 patients originally included in
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Table 2. Predictive factors for SVR in

24-week interferon therapy in type C Factor Category Odds ratio  95% Cl p value

:’;ﬁ’lz":'f{f,":j o withgenotype b 11~y RNA, KIU/ml <50/250 1/0.10 001-099  0.049
AST, IU/ 276/<76 1/0.60 0.07-5.06 0.639
Age, years <60/260 1/1.20 0.20-7.18 0.842
Platelet count, x 10%/mm? <10/z210 1/1.91 0.33-11.01 0.472
WBC count, X 10°/mm? <4/>4 1/1.11 0.19-6.49 0.907
Sex male/female  1/0.40 0.04-4.28 0.443
ALT, U/ <100/2100 1/0.59 0.09-3.98 0.590
Total dose of IFN, 1U/1 <400/2400 1/150 0.22-10.30 0.680
Period of IFN therapy, weeks 1/C+1 1/2.63 0.40-17.46 0.318

ALT = Alanine aminotransferase; AST = aspartate aminotransferase; CI = confi-
dence interval; HCV = hepatitis C virus; IFN = interferon; WBC = white blood cell;
1/C+] = intermittent/continuous intermittent.

p value calculated by logistic regression analysis.

Table 3. The difference of clinical

backgrounds between patients SVR Non-SVR p value

with SVR and those without SVR A vas 54 (43-61) 54 (37-69) v
Sex, male/female 7/1 11/4 0.591
Period of IFN therapy, C+1/1 6/2 8/7 0.428
Total dose of IFN, MU (<400/2400) 3/5 8/7 0.548
HCV load, KIU/ml 28 (<5-78) 60 (6-92) 0.065
AST, 1U/1 96 (33-131) 106 (59-348) 0.328
ALT, IU/ 122 (33-171) 144 (26-399) 0.102
Hemoglobin, g/dl 147 (13.0-16.1)  14.7 (106-16.1) 0.876
Platelet count, X 10%/mm? 13.2 (8.0-18.5) 13.6(9.5-18.8)  0.530
WBC count, X 10°/mm? 5.3 (3.2-8.5) 5.2 (3.1-8.3) 0.876

Data are given as either the median with ranges in parentheses or as the number of
patients. p value was calculated by the Mann-Whitney U test.

ALT = Alanine aminotransferase; AST = aspartate aminotransferase; HCV = hepa-
titis C virus; IFN = interferon; MU = million unit; SVR = sustained virologic response;
WBC = white blood cell; C+1/I = continuous + intermittent/intermittent.

this study, the median (range) total dose of IFN was 480
(216-524) MU.

Efficacy of Treatment

Of the 23 patients enrolled in the present study, 8 pa-
tients (34.8%) had SVR by intention-to-treat analysis. Ta-
ble 2 shows the predictive factors for SVR during 24-week
IFN monotherapy in type C liver cirrhosis patients with
genotype 1b and low virus load by using logistic regres-
sion analysis. Univariate analysis showed that the HCV
RNA level of <50 KIU/ml was significantly associated
with the SVR (p = 0.049). Table 3 shows the difference in
clinical backgrounds between patients with SVR and

IFN Monotherapy in Japanese Patients
with Liver Cirrhosis
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those without SVR. The median (range) HCV RNA levels
were 28 (<5-68) KIU/ml in patients with SVR and 60
(6-92) KIU/ml in patients without SVR.

Safety and Tolerance of IFN

Of the 23 patients included in this study, 1 discontin-
ued IFN therapy because of IFN-related thrombocytope-
nia. The onset of IFN-related side effects occurred 3
weeks after initiation of IFN therapy. This side effect dis-
appeared 1 month after cessation of IFN therapy.

Next, 3 of 14 patients treated with a dose of 6 MU at
the initiation of treatment had a dose reduction to 3 MU
because of side effects: 2 cases of thrombocytopenia, and
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1 case of general fatigue. The onset of dose reduction due
to IFN-related side effects ranged from 2 to 9 weeks after
initiation of IFN therapy.

Discussion

This study was performed to elucidate the efficacy of
IFN monotherapy in liver cirrhosis patients with geno-
type 1b and low virus load of <100 KIU/ml. The present
study was limited because it was a non-randomized con-
trolled trial. Another limitation to the study was that pa-
tients were treated with different doses of IFN (3 or 6
MU) at different frequencies (3 times weekly or daily) for
the initiation period. This heterogeneity makes it slightly
difficult to interpret the results of the study. However,
several findings from the present study have direct impli-
cations for IFN treatment of liver cirrhosis patients with
genotype 1b and low virus load.

First, in about 30% of the patients treated with IFN
monotherapy for 24 weeks, HCV RNA cleared during the
6 months after the termination of IFN therapy. This in-
dicates that the 24-week regimen of IFN therapy could be
a suitable therapy to eradicate HCV RNA in liver cirrho-
sis patients with genotype 1b and low virus load. Second,
patients with a HCV RNA level of <50 KIU/ml tend to
have high SVR compared to those with a HCV RNA lev-
el of =50 KIU/ml. Thus, a 24-week regimen of IFN ther-
apy at a dose of 6 MU could be suitable to eradicate HCV
RNA in liver cirrhosis patients with genotype 1b and a
low virus load of <50 KIU/ml.

Regarding the side effects of IFN monotherapy, 1 pa-
tient stopped treatment and 3 patients had to reduce the
IFN dose due to IFN-related thrombocytopenia. Okan-
oue et al. [21] reported that side effects occurred when the
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standard for chronic hepatitis C patients with a high load
of HCV RNA. However, combination therapy with IFN
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Substitution of Amino Acid 70 in the Hepatitis C
Virus Core Region of Genotype 1b Is an Important
Predictor of Elevated Alpha-Fetoprotein in
Patients Without Hepatocellular Carcinoma
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Previous studies identified amino acid (aa) sub-
stitutions of the hepatitis C virus core region of
genotype 1b (HCV-1b core region) and elevated
serum alpha-fetoprotein {AFP) levels as pre-
dictors of poor virologic response to pegylated
interferon (PEG-IFN) plus ribavirin (RBV), and
also as risk factors for hepatocarcinogenesis.
The present study evaluated the impact of aa
substitutions of HCV-1b core region on AFP, as a
surrogate marker of hepatocarcinogenesis, on
AFP levels in 569 Japanese patients with HCV-1b
but without HCC, and investigated the predictive
factors of elevated AFP (>11 pg/L). High AFP
levels were detected in 27.4% of the patients.
The rate of hepatocarcinogenesis in a group of
109 patients who received IFN monotherapy
and followed-up for 15 years, was significantly
higher in patients with abnormal than normal
AFP. Multivariate analysis of 569 patients identi-
fied fibrosis stage (F3,4), aspartate aminotrans-
ferase (>761U/L), substitution of aa 70 (glutamine
or histidine), and platelet count {<15.0 x 10%ul)
as significant determinants of elevated AFP.
In 49 patients with abnormal AFP levels and
substitutions at aa 70 who were treated with
PEG-IFN +RBV, the rate of normalization of
AFP was significantly lower in non-virological
responders (28.6%) than in transient (71.4%) and
sustained (100%) virological responders. The
results indicated that substitution of aa 70 of
HCV-1b core region is an important predictor
of elevated AFP in non-HCC patients, and
that eradication of the mutant virus normalizes
AFP. The results highlight the importance
of eradication of mutant type virus of aa
70 for reducing the risk of hepatocarcinogenesis.
J. Med. Virol. 80:1354~ 1362, 2008.
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INTRODUCTION

Hepatitis C virus (HCV) usually causes chronic
infection that can result in chronic hepatitis, liver
cirrhosis, and hepatocellular carcinoma (HCC) [Dush-
eiko, 1998; Tkeda et al., 1998; Niederau et al., 1998;
Kenny-Walsh, 1999; Akuta et al., 2001]. In patients with
HCV-chronic hepatitis, treatment with interferon (IFN)
can induce viral clearance and marked biochemical and
histological improvement [Davis et al., 1989; Di Bisceglie
et al., 1989]. Especially, pegylated interferon (PEG-IFN)
plus ribavirin (RBV) combination therapy can achieve
a high sustained virological response, although patients
with non-virological response who remain HCV-RNA-
positive at the completion of treatment are also encoun-
tered [Akuta et al., 2005, 2006, 2007ab,c]l. Previous
studies indicated that amino acid (aa) substitutions at
position 70 and/or 91 in the HCV core region of genotype
1b (HCV-1b core region) and elevated alpha-fetoprotein
(AFP) levels were predictors of poor virological response
to PEG-IFN plus RBV therapy [Akuta et al., 2005, 20086,
2007a,b,c; Donlin et al., 2007], and also risk factors and
surrogate markers of hepatocarcinogenesis [Ikeda et al.,
2006; Akuta et al., 2007d].
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The use of elevated AFP as a predictor of early
hepatocarcinogenesis in non-HCC patients might be
clinically useful. AFP is a fetal glycoprotein produced by
the yolk sac and fetal liver [Bergstrand and Czar, 1956),
and has been used widely as a serum marker for the
diagnosis of HCC [Sato et al., 1993; Johnson, 2001].
Furthermore, elevated serum AFP is also associated
with various chronic liver diseases and hepatic regen-
eration [Kew et al., 1973; Silver et al., 1974; Elftherious
et al., 1977; Alpert and Feller, 1978]. Although a mild
rise in serum AFP is commonly seen in chronic HCV-
infected patients, its clinicopathological significance
remains to be defined. Previous studies indicated that
high serum AFP levels correlated with fibrosis stages 3
and 4 [Bayati et al., 1998; Chu et al., 2001; Hu et al,,
2002, 2004], levels of aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) [Chu
et al,, 2001; Stein and Myaing, 2002; Hu et al., 2004],
prothrombin time [Hu et al., 2004], and HCV-1b [Chu
etal., 2001], in chronic HCV-infected patients. However,
it is not clear whether mild elevation of AFP in the
absence of HCC is associated with eventual develop-
ment of HCC in HCV-infected patients. Furthermore,
the impact of viral factors, such as aa substitutions of
HCV-1b core region, on elevated AFP is still unclear.

The aims of the present study conducted in HCC-
free Japanese patients infected with HCV-1b, were the
following. (1) To evaluate the impact of elevated AFP,
especially mild elevation of AFP, on hepatocarcino-
genesis in IFN-treated patients without HCC during a
long-term (15 years) follow-up period. (2) To identify the
impact of aa substitutions in the core region on AFP
levels in such patients, and determine the predictive
factors for elevated AFP. (3) To investigate the nor-
malization rates of AFP levels after eradication of
HCV-RNA by PEG-IFN plus RBV combination therapy.

PATIENTS AND METHODS
Study Population

At Toranomon Hospital, Tokyo, Japan, 2,841 HCV-
infected Japanese patients were recruited consecutively
into the study protocol of IFN monotherapy between
February 1987 and August 2007, and 929 HCV-infected
Japanese patients were consecutively recruited into the
study protocol of the combination therapy with PEG-
IFNa-2b plus RBV between December 2001 and August
2007. Among these, 569 patients were selected in the
present retrospective study based on the following
criteria. (1) They were negative for hepatitis B surface
antigen (radioimmunoassay, Dainabot, Tokyo), positive
for anti-HCV (third-generation enzyme immunoassay,
Chiron Corp., Emerville, CA), and positive for HCV-
RNA qualitative analysis with PCR (nested PCR or
Amplicor™, Roche Diagnostics, Indianapolis, IN).
(2) They were naive to antiviral treatment. (3) They
were infected with HCV-1b alone. (4) AFP levels were
measured frequently, and substitutions of aa 70 or 91 in
the HCV core region (HCV mutant-70 and HCV mutant-
91, respectively) were determined at the commencement
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of the first course of antiviral treatment. (5) They were
free of HCC based on clinical examination, laboratory
tests, and imaging studies at baseline. (6) None was
an aleoholic; lifetime cumulative alcohol intake was
<500 kg (mild to moderate alcohol intake). (7) All were
free of coinfection with human immunodeficiency virus.
(8) None had other forms of hepatitis, such as hemo-
chromatosis, Wilson disease, primary biliary cirrhosis,
alcoholic liver disease, and autoimmune liver disease.
(9) Each signed a consent form of the study protocol that
had been approved by the Human Ethics Review
Committee of Toranomon Hospital. Table I summarizes
the profiles and lahoratory data of the 569 patients at the
commencement of antiviral treatment. They included
347 males and 222 females, aged 1877 years (median,
55 years). Of the total group of 569 patients, 229 received
IFN monotherapy, while 340 were treated with PEG-
IFN plus RBV combination therapy. Among the patients
who received IFN monotherapy, 109 patients started
the monotherapy between February 1987 and August
1992, received at least two courses of such therapy, and
were followed-up for 15 years. They were evaluated for
the rate of development of HCC, associated with a rise in
AFP level relative to that measured before the first
course IFN monotherapy (baseline). At baseline, the
latter group consisted of 80 males and 29 females, aged
22-69 with a median age of 46 years. The numbers of
patients with fibrosis stages 1, 2, 3, and 4 were 57, 37, 14,
and 1, respectively. The median AST and ALT levels
were 85 IU/L (range, 27—-400 IU/L) and 138 IU/L (range,
50-594 IU/L), respectively. The median platelet count
was 17.0 x 10%ul (range, 9.8 x 10* to 31.2 x 10%ul).
The median viremia level was 5.8 Mequiv./ml (range,
<0.5—-46.5 Mequiv./ml). The median AFP level was
5 pg/L (range, 2—239 pg/L). The median follow-up time
was 16.0 years (range, 0.1-20.3 years). With regard to

TABLE L Profile and Laboratory Data of 569 Patients

Infected with HCV Genotype 1b

Number of patients 569
Sex (male/female) 347/222
Age (years)* 55 (18-77)
Serum aspartate aminotransferase (IU/L)* 59 (17-400)
Serum alanine aminotransferase (IU/L)* 84 (15-594)
Platelet count (x10%/ul)* 16.1 (3.8-40.2)
Serum alpha-fetoprotein (ug/L)* 6 (2-459)
Fibrogis stage (FL/F2F3/F4/ND) 227/132/76/17117
Level of viremia (high titer/low titer)** 522/47
Amino acid substitutions in core region***

aa 70 (wild/mutant) 340/229

aa 91 (wild/mutant) 341/228
Treatment

IFN monotherapy/PEG-IFN plus RBV 220/340

Data are number of patients, except those denoted by ®, which
represent the median (range) values. (**) Level of viremia was
evaluated as high titer (>1.0 Meg/ml, or 2100 KIU/ml) and low titer
{<1.0 Meqg/ml, or <100 KIU/ml), (***) The presence of arginine st aa 70
was evaluated as wild type, while other patterns (glutamine/histidine)
as type. The pr of leucine at aa 91 was evaluated as wild
type, while other patterns (methionine) as mutant type.

Normal reference ranges: 11-38 IU/L for aspartate aminotransferase;
6-50 TU/L for alanine aminotransferase (IU/L); <10 pg/L for alpha-
fetoprotein. NI: not done; IFN: interferon; PEG-IFN: pegylated
interferon; RBV: ribavirin.
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the protocol of IFN monotherapy, 68 (62.4%) patients
received IFN-o alone; 36 (33.0%) patients received
IFN-f alone; while the remaining 5 (4.6%) patients
received a combination of IFN-2 and IFN-p. The median
IFN dose per day of 6 million units (MU, range; 1—
10 MU) was administered. IFN monotherapy included
initial aggressive induction therapy, consisting of
every day within the first 8 weeks of commencement of
therapy, followed subsequently by three times per week.

On the other hand, 340 patients received PEG-IFNx-
2b combination therapy at a median dose of 1.5 ngkg
(range, 0.8-1.8 pgkg subcutaneously each week
plus oral RBV at a median dose of 11.0 mg/kg (range,
3.4-14 2 mg/kg) daily for a median duration of 48 weeks
(range, 9-112 weeks).

In this study, patients who were HCV-RNA-negative
by qualitative PCR analysis at 24 weeks after the
completion of therapy, were defined as sustained
virological responders. On the other hand, patients
who were HCV-RNA-negative by qualitative PCR
analysis at the completion of 24-week treatment but
became HCV-RNA-positive after the 24-week therapy,
were defined as transient virological responders.
Patients who remained HCV-RNA-positive by quanti-
tative and/or qualitative PCR analyses at the comple-
tion and after treatment, were defined as non-virological
responders.

Laboratory Investigations

Blood samples were obtained at least once
every month before, during, and after treatment, and
were analyzed for AST, ALT, and HCV-RNA levels. The
serum samples were frozen at —80°C within 4 hr of
collection and then thawed at the time of measurement.
HCV genotype was determined by PCR using a mixed
primer set derived from nucleotide sequences of NS5
region [Chayama et al., 1993]. HCV-RNA levels were
measured by branched DNA assay version 2.0 (Chiron
Corp., Emeryville, CA) or quantitative PCR assay
(Cobas Amplicor HCV monitor v 2.0 using the 10-fold
dilution method, Roche) before, during, and after the
antiviral ﬂle:ra%y The lower limits of these assays were
0.5 Meg/ml (10 genomic equivalents per milliliter) by
branched DNA assay, or 5 KIU/ml by quantitative PCR
assay. Samples with undetectable levels by these
quantitative assays (<0.5 Meqg/ml, or <5 KIU/ml) were
checked also by HCV-RNA qua.htahve analysis with
PCR (nested PCR or Amplicor™, Roche) during and
after treatment especially, a.nd the results were
expressed as positive or negative, The lower limit of
the assay was 50 IU/ml. In this study, levels of viremia
were evaluated as high titer (1.0 Meg/ml, or
>100 KIU/ml) and low titer (<1.0 Meg/ml, or
<100 KIU/ml).

Histopathological Examination of Liver Biopsies

Liver biopsy specimens were obtained percutaneously
or at peritoneoscopy using a modified Vim Silverman
needle with an internal diameter of 2 mm (Tohoku
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University style, Kakinuma Factory, Tokyo). The biopsy
material was fixed in 10% formalin, and stained with
hematoxylin and eosin, Masson's trichrome, silver
impregnation, and periodic acid—Schiff after diastase
digestion. All specimens for examination contained six
or more portal areas. Histopathological diagnosis was
confirmed by an experienced liver pathologist (H.K.)
who was blinded to the clinical data. Chronic hepatitis
and liver cirrhosis were diagnosed based on histological
assessment according to the scoring system of Desmet
et al. [1994].

Detection of Amino Acid Substitutions
in Core Region

Okamoto et al. [2007] developed a simple PCR method
for detecting substitutions of aa 70 or aa 91 in HCV-1b
core region using mutation-specific primer, as an
alternative to the direct sequencing method. The major
protein type was determined based on the relative
intensity of the bands for wild (aa 70: arginine, aa 91:
leucine) and mutant HCV-1b (aa 70: glutamine/histi-
dine, aa 91: methionine) in agarose gel electrophoresis.
If the intensities of the bands were similar, the case was
regarded as competitive. The detection rate was 94.4%,
the sensitivity was 10 KIU/ml using quantitative assay
with PCR (Cobas Amplicor HCV monitor v 2.0 using the
10-fold dilution method, Roche), the repraducihihty
was high, and consistency with direct sequencing was
97.1% in positive cases. Mutation in this study refers
to substitution from consensus sequence. In previous
studies, HCV-J (accession no. D90208) was considered a
prototype and the aa substitution was evaluated by
comparison with the consensus sequence prepared from
50 clinical trial samples [Kato et al., 1990; Akuta et al.,
2005]. In the present study, PCR using primers specific
for substitutions of aa 70 or aa 91 was performed in
samples collected from 454 patients [Okamoto et al.,
2007]; the remaining 115 patients were analyzed by
direct sequencing [Akuta et al., 2005, 2006].

Diagnosis of Hepatocellular Carcinoma

Patients were examined for HCC by abdominal ultra-
sonography every 3—6 months. If HCC was suspected
based on ultrasonographic results, additional procedures,
such as computed tomography, magnetic resonance
imaging, abdominal angiography, and ultrasonography-
guided tumor biopsy, were used to confirm the diagnosis.

Statistical Analysis

Non-parametric tests were used to compare variables
between groups, including the Mann—-Whitney U-test,
chi-squared test and Fisher's exact probability test.
Multiple comparisons were conducted by the Bonferroni
test. The cumulative rate of hepatocarcinogenesis
was calculated using the Kaplan-Meier technique;
differences between carcinogenesis curves between
groups were tested using the log-rank test. Statistical
analyses of the rate of hepatocarcinogenesis according to
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groups were calculated using the period from start of
the first course of IFN monotherapy. Univariate and
multivariate logistic regression analyses were used
to determine the independent predictive factors of
elevated AFP. The odds ratios and 95% confidence
intervals (95% CI) were also calculated. All P values less
than 0.05 by the two-tailed test were considered
significant. Variables that achieved statistical signi-
ficance (P < 0.05) or marginal significance (P < 0.10) on
univariate analysis were entered into multiple logistic
regression analysis to identify significant independent
factors. Potential predictive factors associated with
elevated AFP included the following pretreatment
variables: sex, age, AST, ALT, platelets, pathological
staging, viremia level, and aa substitutions in the core
region, Statistical analyses were performed using the
SPSS software (SPSS Inc., Chicago, IL).

RESULTS

Cumulative Rate of Hepatocarcinogenesis
According to AFP Levels

Of the 229 patients who received IFN monotherapy,
109 could be evaluated for the rate of development of
HCC based on AFP levels measured at the start of
the first course IFN monotherapy (baseline), during a
follow-up period of 15 years. All 109 patients received
two or more courses of IFN monotherapy; 66 patients
received two courses of IFN (including 16 patients
who achieved sustained virological response), 35
patients received three courses (including 4 patients
who achieved sustained virological response), 7 patients
received four courses (including 1 patient who achieved
sustained virological response), and one patient re-
ceived six courses (did not achieve sustained virological
response). Thus, 21 of 109 patients achieved sustained
virological response after multicourses of IFN mono-
therapy. For those who received 1, 2, 3, 4, 5, and
6 courses of IFN monotherapy, the median total
duration of IFN therapy was 23.9 weeks (range, 0.9-
134.7 weeks), 24.0 (range, 1.3-313.7), 25.1 (range, 3.1—
193.1), 40.3 (range, 21.0—86.3), 23.6, and 67.9, respec-
tively, and the median total dose of IFN was 526 MU
(range, 22-1393 MU), 589 (range, 57—4005), 501
(range, 28-3477), 536 (range, 363-15563), 708, and
1200, respectively. The median cumulative total dura-
tion and cumulative total dose, which represented
the cumulative total duration and total dose of every
course of every patient were 57.7 weeks (range, 14.0-
467.6 weeks) and 1380 MU (range, 521-4805 MU),
respectively. The median period during which no IFN
was administered was 3.7 years (range, 0.1-7.0 years).
Finally, the median dose of IFN per week was 22.5 MU
(range, 3.7-43.9).

During the follow-up, 8.6% (7 of 81 patients), 20.0% (3
of 15), and 38.5% (5 of 13) developed HCC in patients
with AFP levels below 1 (<10 pg/L), from 1 to 2 (11—
20 pg/L), and above twice (=21 pg/L) the upper limit of
normal (ULN), respectively. In patients with AFP levels
below 1, from 1 to 2, and above 2 times the ULN, the
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cumulative hepatocarcinogenesis rates were 0, 7.1, 0%
at the end of 5 years; 3.1, 23.4, 37.5% at the end of
10 years; and 14.5, 23.4, 58.3% at the end of 15 years,
respectively. The rates were significantly different
among the three groups (P<0.001; log-rank test)
(Fig. 1). Especially, the rate of hepatocarcinogenesis in
patients with normal AFP levels was significantly lower
than in those with AFP levels above twice ULN
(P < 0.001), and tended to be lower than in those with
AFP levels from 1 to 2 times ULN (P = 0.070). The rate
of hepatocarcinogenesis in patients with AFP levels
above twice ULN was not significantly higher than in
those with AFP levels from 1 to 2 times ULN. Thus, the
rate of hepatocarcinogenesis was significantly higher in
patients with abnormal AFP levels than in those with
normal AFP levels (P <0.001).

Predictive Factors of Elevated AFP in
Univariate and Multivariate Analyses

The virological, clinical, and biochemical features of
the whole population sample of 569 patients were
analyzed to determine factors that could predict ele-
vated AFP (>11 pg/L). Elevated AFP was detected
in 156 of 569 (27.4%) patients. Univariate analysis
identified seven parameters that influenced sig-
nificantly high AFP level. These included age
(>45 years, P=0.001), AST (>76 IU/L, P < 0.001), ALT
(>100 IU/L, P<0.001), platelets (<15.0x 10%pul,
P <0.001), stage of fibrosis (F3,4, P<0.001), and aa
substitutions of the core region (mutant type of aa 70,
P <0.001, and aa 91, P=0.035). Multivariate analyms
identified four parameters that independently influ-
enced high AFP level, including stage of fibrosis (F3,4,
P < 0.001), AST (>76 IU/L, P < 0.001), substitution of aa
70 (mutant type, P<0.001), and platelet count
(<15.0 x 10*/ul, P=0.019) (Table ITA).

F100
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Log runk test; P<0.001
L AFP 221 (4 /L)
®
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Fig. 1. Cumulsative rate of hepatocarci: ling to AFP
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TABLE IIA. Factors Associated with Elevated Serum AFP Levels (>11 pg/L) in Patients
Infected with HCV Genotype 1b, Identified by Multivariate Analysis

Factor Category 0Odds ratio (95% CI) P
Fibrosis stage 1: F1,2 1

2: F3 4 5.014 (2.746-9.153) <0.001
Aspartate aminotransferase (IU/L) 1: <76 1

2: 276 4.592 (2.707-7.789) <0.001
Substitution of aa 70 1: wild type 1

2: mutant type 2,618 (1.561-4.391) <0.001
Platelet count (x10%/ul) 1: 215.0 1

2: <15.0 1.912 (1.111-3.289) 0.019
*“The of arginine at an 70 was evaluated as wild whileut_tmpanarm(sluumhw'hhﬁdim)u

presence
mutant type. Normal reference ranges: <10 pg/L for al

The entire population sample was also analyzed to
determine factors that could predict elevated AFP above
twice ULN (>21 pg/L); which was noted in 75 of
569 (13.2%) patients. Univariate analysis identified
seven parameters that significantly influenced elevated
AFP above twice ULN., These included age (>45 years,
P=0.015), AST (>76 IU/L, P < 0.001), ALT (>100 IU/L,
P <0.001), platelet count (<15.0 x 10%/ul, P<0.001),
stage of fibrosis (F3,4, P <0.001), and aa substitutions
of the core region (mutant type of aa 70, P < 0.001, and
aa 91, P =0.008). Multivariate analysis identified four
parameters that influenced independently elevated
AFP above twice ULN, including stage of fibrosis
(F3,4, P <0.001), AST (=76 IU/L, P<0.001), and aa
substitutions of the core region (HCV mutant-91,
P=10.029, and -70, P = 0.056) (Table IIB).

AFP Levels and aa Substitutions of Core Region

The entire population sample was also analyzed to
determine the relationship between aa substitutions of
the core region and AFP levels. The proportions of
patients with HCV mutant-70 among those with AFP
levels below 1, from 1 to 2, from 2 to 4, from 4 to 8, and
above 8 times ULN were 33.4% (138 of 413 patients),
53.1% (43 of 81), 60.0% (24 of 40), 66.7% (8 of 12), and
69.6% (16 of 23) (Fig. 2A). Thus, the higher the
proportion of patients with HCV mutant-70, the higher
the AFP level, and significantly. lower proportions of
patients with HCV mutant-70 were noted among those

TABLE IIB. Factors Associated with Elevated

fi )

with normal AFP levels (33.4%) than those with AFP
levels from 1 to 2 times (53.1%) (P =0.001) and above
twice ULN (64.0%) (P < 0.001).

The proportions of patients with HCV mutant-91
among those with AFP levels below 1, from 1 to 2, from
2 to 4, from 4 to 8, and above 8 times ULN were 37.3%
(154 of 413 patients), 40.7% (33 of 81), 67.5% (27 of 40),
25.0% (8 of 12), and 47.8% (11 of 23) (Fig. 2B). Thus, a
higher frequency of HCV mutant-91 did not correlate
with high AFP levels. In particular, significantly higher
proportion of patients with HCV mutant-91 were noted
among those with AFP levels from 2 to 4 times ULN
(67.5%) than in those with AFP levels below 2 times
(37.9%, P < 0.001) and above 4 times (40.0%, P = 0.021).

Normalization Rates of AFP Levels Based on
Eradication of HCV-RNA With PEG-IFN Plus
RBV Combination Therapy

Finally, the proportion of patients who showed
normalization of AFP after commencement of PEG-
IFN-2b plus RBV combination therapy was determined
in those at high risk for hepatocarcinogenesis, who had
abnormal AFP levels (>10 IU/L) and HCV mutant-70 at
baseline. Of the 340 patients, 49 had both abnormal AFP
level and HCV mutant-70 at baseline. Of these, 14.3%
(7 of 49 patients) could achieve sustained virological
response, 28.6% (14 of 49) showed transient virological
response, and 57.1% (28 of 49) had non-virological
response. Table III summarizes the characteristics of

Serum AFP Above Twice the Upper Limit of

Normal (>21 pg/L) in Patients Infected with HCV Genotype 1b, Identified by Multivariate

Factor Category 0Odds ratio (95% CI) P
Fibrosis stage 1: F1,2 1
: Fa 4 6.875 (3.485-13.66) <0.001
Aspartate aminotransferase (IU/L) 1: <76 1
2: =76 6.144 (3.088-12.23) <0.001
Substitution of aa 91 1: wild type 1
2: mutant type 2.101 (1.077-4.099)  0.029
Substitution of aa 70 1: wild type 1
2: mutant type 1.914 (0.984-3.722) 0.056

*The presence of arginine at aa 70 was evaluated as wild type, and other patterns (glutamine/histidine) as

mutant type. The presence of leucine at aa 91 was evaluated as wild

,and other pattern (methionine) as

mutant type. Normal reference ranges: <10 ug/L for alpha-fetoprotein.
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Fig. 2. A: Frequency of mutation in aa at wﬁiﬁun 70 of the HCV-1b
core region according to serum AFP levels. Higher frequencies of the
mutation correlated with higher serum AFP levels. Significantly lower

ies of the mutant type were noted in patients with normal AFP
levels (<10 ug/L) than in those with levels from 1to 2 times (11-20 ug/L,
P=0.001) and abc‘rrvde t;'ice the upper limit of normal (>21 ug/L,
P < 0.001), respectively. B: Frequency of mutation in aa at position 91 of
the HCV-1b core region according to serum AFP levels. Higher
frequencies of the mutation did not correlate with higher AFP levels.
Significantly higher frequencies of the mutant type were noted in
patients with AFP levels from 2 to 4 times the upper limit of normal
(21-40 pg/l) than in those with levels below 2 times (<20 pg/L,
P <0.001) and above 4 times (>41 ug/L, P=0.021).

these 49 patients at the commencement of combination
therapy, according to treatment efficacy. The duration
of treatment of non-virological responders was signi-
ficantly shorter than that of sustained- (P<0.001;
Bonferroni test) and transient-virological responders
(P=0.011; Bonferroni test). Furthermore, AST levels
of non-virological responders were significantly lower
than those of sustained virological responders (P=
0.049; Bonferroni test). However, there were no signi-
ficant differences in other patient characteristics at the
commencement of treatment among the three groups.
The proportions of patients who showed normal-
ization of AFP at the completion of treatment were
71.4% (5 of 7), 71.4% (10 of 14), and 53.6% (15 of 28) for
the sustained-, transient-, and non-virological respond-
ers, respectively. There were no significant differences
in the normalization rates at the completion of
treatment among the three groups (Bonferroni test).
However, the proportions of patients who showed
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normalization of AFP at 24 weeks after completion
of treatment were 100% (7 of 7), 71.4% (10 of 14), and
28.6% (8 of 28) in the sustained-, transient-, and non-
virological responders, respectively. The normalization
rate in non-virological responders was significantly
lower than in sustained- (P=0.001; Bonferroni test)
and transient virological responders (P=0.012; Bon-
ferroni test) (Fig. 3).

DISCUSSION

Elevated AFP in HCV-infected patients without HCC
might be useful early predictor of hepatocarcinogenesis,
but there is little evidence that mild elevation of AFP in
such patients is associated with eventual development
of HCC. Ikeda et al. [2006] reported that AFP level above
twice ULN was an independent and significant deter-
minant of hepatocarcinogenesis in patients with HCV-
related cirrhosis. The present study of HCV-infected
patients treated with IFN and followed for up to 15 years
also showed that the rate of hepatocarcinogenesis was
significantly higher in patients with abnormal AFP
levels than in those with normal levels. In particular,
the rate of hepatocarcinogenesis in patients with normal
AFP levels was significantly lower than in those with
levels above twice the ULN, and tended to be lower than
in those with levels from 1 to 2 times ULN (i.e., mild
elevation of AFP). To our knowledge, the present study
is the first to report the hepatocarcinogenesis rates
according to AFP levels in HCV-infected patients
followed over a 15-year period, including mild elevation
of AFP in patients without HCC.

Despite numerous epidemiologic studies linking HCV
infection and the development of HCC, it remains
controversial whether HCV itself plays direct or indirect
role in the pathogenesis of HCC [Koike, 2005]. Studies
using transgenic mice concluded that the HCV core
region can potentially cause HCC [Moriya et al., 1998],
but the clinical impact of HCV core region on hepato-
carcinogenesis is still not clear. Previous studies
identified substitutions in aa 70 and/or 91 in the HCV-
1b core region and elevated AFP levels as predictors of
poor virological response to PEG-IFN plus RBV [Akuta
etal., 2005, 2006, 2007a,b,c; Donlin et al., 2007], and also
as risk factors for hepatocarcinogenesis [lkeda et al.,
2006; Akuta et al., 2007d]. It is speculated that cases
resistant to treatment might ultimately develop HCC.
The present study indicated that mutation in aa 70 in
the core region predicted elevation of AFP in HCV-
infected non-HCC patients. These results support the
oncogenic potential of the HCV core region and clinically
link mutations in this region to HCC.

Previous reports identified PA28y-dependent path-
way as a mechanism of HCV-associated hepatocarcino-
genesis. Moriishi et al. demonstrated that knockout
of the PA28y gene induced accumulation of HCV core
protein in nuclei of hepatocytes of HCV core gene
transgenic mice and disrupted the development of both
hepatic steatosis and HCC [Moriishi et al., 2003, 2007].
Furthermore, HCV core protein also enhanced the
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TABLE II1. Patient Characteristics at Commencement of Combination Therapy of
Pegylated Interferon =-2b Plus Ribavirin, of 49 Patients with Abnormal AFP Levels and
Mutant Type of aa 70
SVR(n=7) TVR(n=14) NVR(n=28)
Sex (male/female) 3/4 9/6 12/16
Age (years)* 58 (43-64) 56 (34—63) 57 (43-66)
Serum aspartate aminotransferase (TU/L)* 83 (387-324)" 84 (34-266) 76 (28-135)
Serum alanine aminotransferase (IU/L)* 99 (41-8344) 126 (42-504) B2 (37-218)
Platelet count (x10%ul)* 11.6 (8.0-19.3) 14.1 (7.5-20.6) 12.4 (6.6-27.3)
Serum -fetoprotein (ug/L)* 17 (11-161) 21(11-38) 22 (11-427)
Fibrosis (F1/F2/F3/F4/ND) 0/3/2/0/2 2/0/5/0/7 6/3/7/2/10
Level of viremia (high titer/low titer)** 7/0 14/0 271
Amino acid substitutions in core region***
aa 70 (wild/mutant) 07 0/14 0/28
aa 91 (wild/mutant) 5/2 6/8 16/12
Treatment duration (weeks) 75 (60-85)" 53 (46-T7)°  47(12-112)

Data are number of patients, except those denoted by *, which represent the median (range) values.

(**) Level of viremia was evaluated as high titer (>1.0 Meg/ml, or >100 KIU/ml) and low titer (<1.0 Meq/ml,

or <100 KIU/ml). (***) The presence of arginine at aa 70 was evaluated as wild type, and other patterns
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binding of liver X receptor « (LXRa)/retinoid X receptor «
(RXRa) to the LXR-response element in the presence of
PA28y [Moriishi et al., 2007]. Thus, PA28y could play a
crucial role in the development of HCV-associated
steatogenesis and hepatocarcinogenesis. Further stud-
ies are necessary to link the results of animal studies
and the clinical impact of aa substitutions in HCV core
region on hepatocarcinogenesis.

Chu et al. [2001] indicated that elevation of AFP in the
absence of HCC might be associated with HCV-1b
infection, and that such rise could corrélate with more
severe hepatic necroinflammation and fibrosis/cirrhosis
and higher viremia levels. The results of the present
study indicated that patients infected with HCV
mutation-70 had elevated serum AFP levels, although
therelation between HCV mutation-91 and AFP was not
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Fig. 8. Normalization rates of AFP levels at and 24 weeks after
completion of treatment in sustained virological responders (SVR),
WMt virological responders (TVR), and non—vtmlogiml responders
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very clear. On the one hand, multivariate analysis
identified HCV mutation-91 as an independent and
significant determinant of elevated AFP levels above
twice the ULN. On the other; however, a significantly
higher proportion of patients infected with HCV
mutant-91 had AFP levels from 2 to 4 times ULN
compared to those with levels below 2 times and levels
ahove 4 times, i.e., there was no relation between the
frequency of HCV mutant-91 and serum AFP levels,
Further large-scale studies should be performed to
investigate the relationship between HCV mutant-91
and elevated AFP.

Previous studies reported that IFN monotherapy
[Arase et al., 2007] and IFN plus RBV combination
therapy [Yu et al., 2006; Chen et al., 2007] results in
reduction of AFP levels and the likelihood of hepato-
carcinogenesis. In the present study, viral eradication
(sustained virological response) in patients who
received PEG-IFN plus RBV combination therapy was
associated with normalization of AFP in patients at high
risk for hepatocarcinogenesis (i.e., those with abnormal
AFP levels and HCV mutant-70). These results empha-
size that the risk of hepatocarcinogenesis could be
reduced by eradication of HCV mutant-70. The results
also showed that the proportion of patients with
normalization of AFP levels was significantly higher in
transient virological responders than in non-virological
responders, suggesting that transient virological res-
ponse could also result in the suppression of hepatocar-
cinogenesis, even when a sustained virological response
is not achieved. In Japan, only 3 years had elapsed since
the introduction of PEG-IFNu-2b plus RBV combination
therapy into the Japanese Government Health Insu-
rance system, and accordingly, the long-term effects of
this combination therapy on hepatocarcinogenesis could
not be evaluated in the present study. Further studies



