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SUMMARY. Reducing the dose of drug aflects treatment
efficacy in pegylated interferon (Peg-IFN) and ribavirin com-
bination therapy for patients with hepatitis C virus (HCV)
genotype 1. The aim of this study was to investigate the im-
pact of drug exposure, as well as the baseline factors and the
virological response on the treatment efficacy for genotype 2
patients. Two-hundred and fifty patients with genotype 2 HCV
who were to undergo combination therapy for 24 weeks were
included in the study, and 213 completed the treatment.
Significantly more patients who achieved a rapid virological
response (RVR), defined as HCV RNA negativity at week 4,
achieved a sustained virological response (SVR) (92%, 122/
133) compared with patients who failed to achieve RVR (48%,
38/80) (P < 0.0001). Multivariate logistic-regression analy-
sis showed that only platelet counts [odds ratio (OR). 1.68;

confidence interval (CI), 1.002-1.139] and RVR (OR, 11.251;
CI, 5.184-24.419) were independently associated with
SVR, with no correlation being found for the mean dose of

" Peg-IPN and ribavirin for RVR and SVR. Furthermore, in the

stratification analysis of the timing of viral clearance, neither
mean dose of Peg-IFN (P = 0.795) nor ribavirin (P = 0.649)
affected SVR in each group. Among the patients with RVR,
the lowest dose group of Peg-IFN (0.77 + 0.10 pg/kg/weck)
and ribavirin (6.9 + 0.90 mg/kg/day) showed 100% and
94% of SVR. Hence, RVR served as an important treatment
predictor, and drug exposure had no impact on both SVR
and RVR in combination therapy for genotype 2 patients.

Keywords: chronic hepatitis C, drug exposure, genotype 2,
peginterferon and ribavirin combination therapy.

INTRODUCTION

The current standard of care for chronic hepatitis C (CHC)
patients consists of combination therapy using pegylated
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response: ETR, end of treatment response; y-GTP, y-glutamyl
transpeptidase; HCV, hepatitis C virus; [FN, interferon; NPV, nega-
tive predictive value: Peg-IFN, pegylated interferon; RVR, rapid
virological response; SVR, sustained virological response.
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interferon (Peg-IFN) and ribavirin [1-3]. Large, random-
ized clinical trials have demonstrated that 42-52% of
hepatitis C virus (HCV) genotype 1 ‘difficult-to-treat’
patients achieved sustained virological response (SVR),
whereas 76-84% of HCV genotype 2 or 3 infected patients
treated with Peg-IFN and ribavirin achieved SVR [4-6]. It
also has been shown that in HCV genotype 2 and 3
infected patients, 24-week treatment regimens are just as
effective as 48-week regimens [6,7]. Therefore, current
guidelines recommend a 24-week treatment for these
patients in contrast to 48 weeks for genotype 1 patients
[1-3]. However, as side eflects are common and treatment
is expensive for this therapy, it would be ideal to be able
to further reduce the total amount of drug medication
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without loss of treatment efficacy for genotype 2 and 3
patients.

In HCV genotype 1 patients, reducing drug doses aflects
treatment efficacy. In our investigation of HCV genotype 1
patients, the rate of complete early virological response
(c-EVR), defined as HICV RNA negativity at week 12, was
affected by the mean dose of Peg-IPN during the first
12 weeks dose-dependently (P < 0.0001) [8]. Purther-
more, we showed that only 4% relapse was found in
patients given 212 mg/kg/day of ribavirin among those
with c-EVR, and the relapse rate showed a decline in
relation to the increase in the dose of ribavirin
(P =0.0002) [9]. On the contrary, it remains to be
determined whether treatment efficacy can be preserved by
further reducing both drug doses in genotype 2 and 3
patients. Because lower doses are expected to cause fewer
adverse effects, it is important to find whether reduced
drug doses can be used while retaining efficacy.

In the present study, we retrospectively evaluated the
clficacy of Peg-IFN alpha-2b and ribavirin combination
therapy for 24 wecks in patients infected with HCV genotype
2 and analysed the factors that affected the treatment effi-
cacy, with particular interests in the drug impact of Peg-IFN
and ribavirin.

PATIENTS AND METHODS

Patient selection and study design

Patients considered to be eligible for this study were those
infected with HCV genotype 2 who underwent Peg-IFN
alpha-2b (Schering-Plough K.K., Tokyo, Japan) and ribavirin
(Schering-Plough K.K.) combination therapy from December
2005 to July 2007 at 29 medical institutions taking part in
the Osaka Liver Forum and had completed the 24-week
observation after a clinical course of 24 weeks. Patients with
the following criteria were excluded: hepatitis B virus or
human immunodeficiency virus coinfection, decompensated
liver disease, severe cardiac, renal, haematological or
chronic pulmonary disease, poorly controlled psychiatric
disease, poorly controlled diabetes and immunologically
mediated disease. Liver biopsy had been performed within
24 months prior to the treatment, and histological results
were classified according to the METAVIR scoring system
[10].

Written informed consent was obtained from each patient,
and the study protocol was reviewed and approved accord-
ing to the cthical guidelines of the 1975 Declaration of
Helsinki by institutional review boards at the respective sites.

Patients were treated with Peg-IPN alpha-2b plus ribavirin
for the duration of the study of 24 weeks. Peg-IFN alpha-2b
and ribavirin dosages were based on body weight according
to the manufacturer’s instructions: Peg-IFN alpha-2b was
given subcutaneously weekly (45 kg or less, 60 pg/dose;
46-60 kg, 80 pg/dose; 61-75 kg, 100 pg/dose; 76-90 kg,
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120 pg/dose; 91 kg or more, 150 pg/dose), and ribavirin
was given orally daily (60 kg or less, 600 mg/day;
61-80 kg. 800 mg/day; 81 kg or more, 1000 mg/day). The
drug doses were also modified based on the manufacturer’s
instructions according to the intensity of the haematologic
adverse effects.

Virological tests

Serum HCV RNA level was quantified by PCR assay (COBAS
Amplicor HCV Test v2.0, Chugai-Roche Diagnostics, Tokyo,
Japan), with a sensitivity limit of 5000 IU/mL and a
dynamic range from 5000 to 5 000 000 IU/mL [11].
Serum HCV RNA was assessed by qualitative PCR assay
(COBAS Amplicor HCV Monitor Test v2.0, Chugai-Roche
Diagnostics), with a detection limit of 50 IU/mL [12].

Assessment of efficacy

Serum HCV RNA (qualitatively or quantitatively) was mea-
sured at weeks 4, 8, 12 and 24 during treatment and after
24 weeks of follow-up without treatment. Patients were
classified as having a rapid virological response (RVR) if
serum HCV RNA was undetectable (<50 IU/mL) at week 4
and at the end of treatment response (ETR) at week 24 of
treatment. SVR was defined as undetectable HCV RNA at
week 24 alter treatment. Patients with an ETR who sero-
reverted to HCV RNA during follow-up were classified as
relapsers.

Drug exposure

The amounts of Peg-IFN alpha-2b and ribavirin actually
taken by each patient during the treatment period were
evaluated by reviewing the medical records. The mean doses
of both drugs were calculated individually as averages on the
basis of body weight at baseline; Peg-IFN alpha-2b expressed
as pg/kg/week and ribavirin as mg/kg/day.

Data collection

The medical records were retrospectively reviewed and the
factors necessary for this examination were extracted: age,
sex, body weight, body mass index (BMI), basic laboratory
assessments, liver histology, quantitative and qualitative
HCV RNA, dose ol Peg-IFN alpha-2b and ribavirin received
at each administration, and the response to treatment.

Statistical analysis

This study was a retrospective study and, for treatment
results and the analysis of related factors, analysis was car-
ried out only for cases in which the treatment had been
completed (per-protocol analysis). Continuous variables are
reported as the mean with standard deviation (SD) or
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median level, while categorical variables are shown as the
count and proportion. In univariate analysis, the Mann—
Whitney U-test was used to analyse continuous variables,
while chi-squared and Fisher’s exact tests were used for
analysis of categorical data. Variables with P < 0.05 at
univariate analysis were retained for the multivariate logis-
tic-regression analysis. Stepwise and multivariate logistic-
regression models were used to explore the independent
factors that could be used to predict a virological response.
The significance of trends in values was determined with the
Mantel-Haenszel chi-square test. For all tests, two-sided
P-values were calculated and the results were considered
statistically significant if P < 0.05. Statistical analysis was
performed using the SPSS program for Windows, version
15.0] (SPSS, Chicago, IL, USA).

RESULTS

The baseline characteristics for the total cohort are shown in
Table 1. Most of the patients were female (56%) with a mean
age of 54 years. Seventy per cent of the patients were
treatment naive. Of the 250 patients, liver biopsies were
performed for 174 patients, and 18 of them had advanced
fibrosis (F 3-4).

Of the total of 250 patients, 37 {15%) were withdrawn
from treatment because of adverse cvents: decreased
haemoglobin (n = 10), psychiatric problems including
depression (n = 9), fatigue (n= 3), thrombocytopenia,
neutropenia, pyrexia, rash, cerebral haemorrhage, bleeding
of ocular fundus, dyspnea, dizziness, jaundice, transaminase
rise, gastrointestinal symptoms (n = 1) and other adverse

events (n = 4). Eight of these patients who discontinued
treatment prematurely had SVR (8/37; 22%).

Drug adherence

Seventy-nine of the 213 patients (37%) required dose
reduction of Peg-IFN alpha-2b, 99 (46%) of ribavirin
because of adverse events (not including patients who later
discontinued treatment because of adverse event)., Neutro-
penia (24/79; 30%) and thrombocytopenia(24/79; 30%)
were the most common adverse events for dose reduction of
Peg-IFN alpha-2b, and decreased haemoglobin (82/99;
83%) for that of ribavirin.

Virological response

Of the 213 patients who completed 24 weeks of treatment
and 24 weeks of follow-up, 160 (75%) patients were clear of
HCV RNA at week 4, 191 (90%) at week 8, 196 (92%) at
week 12, ETR was observed for 195 (92%), and SVR for 160
(75%). The relapse rate was 18% (35/195).

Virological response according to the timing of viral
clearance

Positive and negative prediction of sustained virological response
according to the timing of viral clearance

We examined SVR rates according to the timing of viral
clearance for the case in which HCV RNA was cleared
during the treatment (Fig. 1a). The SVR rate was 92% (122/
133) for patients clear of HCV RNA until week 4, 64% (37/
58) from week 5 until week 8, 20% (1/5) from week 9 until

Number of cases 250

Age (years)* 540+ 124
Sex (male/female) 110/140

Body weight (kg)* 60.3 +11.7
Body mass index (kg/m?)* 231432
Past IPN therapy (naive/experienced)! 175/70

HCV RNA (KIU/mL)* 1700

Fibrosis (0/1/2/31’4)§ 18/98/40/14/4
Activity (0/1/2/3)8 15/81/70/8

White blood cells (/mm?*)*
Neutrophils (/mm?*)*

5210 + 1,750
2700 £ 1,250

Red bload cells (x10%/mm*)* 436 + 48
Haemoglobin (g/dL)* 13914
Platelets (x10%/mm?*)* 18.3 + 6.4
ALT (IU/L)* 79+ 77
y-GTP (U/L)* 56 % 65
Creatinine(mg/dL)* 0.7 0.1

Table 1 Baseline demographic and viral

characteristics of patients
(22-76)

(39-99)
(16-35)

(4-5000 < )

(2100-13 870)
(590-9020)
(307-554)
(10-18)
(4-41)
(13-581)
(7-479)
(0.4-1.1)

IFN, interferon; HCV, hepatitis C virus; ALT, alanine aminotransferase: y-GTP,
y-glutamyl transpeptidase. *Values expressed as mean % SD (range), 'interferon
treatment history was not known for five patients, *values expressed as median

(range), Ydata for 76 patients are missing.
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Fig. 1 (a) SVR rates according to timing of viral clearance. The number above cach bar shows the percentage, and the
numbers inside parentheses show the number of patients showing responses over the total number in the subgroup. The
timing of viral clearance was time-dependently correlated with SVR (P < 0.0001). (b) Negative predictive values according to
time of HCV RNA positivity. The number above each bar shows the percentage, and the numbers inside parentheses show
the number of patients showing responses over the total number in the subgroup. The time of HCV RNA positivity was

time-dependently correlated with NPV (P < 0.0001).

week 12 and 0% (0/2) from week 13 until week 24, The
Mantel-Hacenszel chi-square test showed that SVR rates were
diminished with a delay in the timing of viral clearance
becoming late (P < 0.0001). Significantly, more patients
who attained RVR achieved final SVR (92%, 122/133)
than patients who failed to attain RVR (48%, 38/80;
P < 0.0001).

Next, we examined the negative predictive value (NPY) for
the proportion of patients with treatment failure among
those with HCV RNA persistence at week 4, 8 and 12
(Fig. 1b). NPV was 53% at week 4, 96% at week 8 and
100% at week 12. Only one of the 22 patients with positive
HCV RNA at week 8 reached SVR.

Predictors of sustained virological response

Both pretreatment and treatment factors that could be
associated with the response to Peg-IFN and ribavirin com-
bination therapy were compared between patients with and
without SVR in Table 2. This univariate analysis showed
that age (P = 0.029), baseline HCV RNA level (P = 0.033),
past IFN treatment history (P = 0.028), platelets counts
(P =0.020) and having RVR (P < 0.0001) contributed to
achievement of SVR. Factors that were significantly associ-
ated with SVR by univariate analysis were then analysed by
multivariate logistic regression analysis. SVR was attained
independent of high platelet counts [odds ratio (OR) 1.070,
95% confidence interval (CI) 1.003-1.140, P = 0.040] and
having RVR (OR 11.526. 95% CI 5.317-24.984,
P < 0.0001; Table 3). As for drug doses, the mean dose of
Peg-IFN alpha-2b was 1.32 £ 0.27 pg/kg/week in patients
with SVR and 1.27 + 0.29 pg/kg/week in those without

© 2009 Blackwell Publishing Ltd

SVR (P = 0.130), while that of ribavirin was 10.2 + 1.9
and 10.2 + 2.0 mg/kg/day (P = 0.949). respectively. Thus,
neither Peg-IFN nor ribavirin drug exposure during the full
treatment period affected attainment of SVR.

Predictors of rapid virological response

To delineate features that might help identily patients most
likely to reach RVR, we also analysed these factors because
having RVR turned out to be one of the most powerful
predictors of SVR attainment. By univariate and multivari-
ate logistic-regression analyses, RVR was attained indepen-
dent of younger age (OR 0.648, 95% CI 0.494-0.850,
P =0.002) and lower baseline HCV RNA level (OR 0.964,
95% CI 0.944-0.984, P < 0.0001; Tables 4 & 5). The
mean dose of Peg-IFN alpha-2b during the first 4 weeks
was 1.31 + 0.27 pg/kg/week in patients with RVR and
1.31 % 0.29 pg/kg/week in those without RVR (P = 0.259),
that of ribavirin was 10.1 £ 1.8 mg/kg/day and 10.3 +
2.1 mg/kg/day (P = 0.637), respectively. Thus, neither
Peg-IPN nor ribavirin drug exposure during the first 4 weeks
had an impact on attainment of RVR.

Virological response according to drug exposure and the
timing of viral clearance

Impact of drug exposure on sustained virological response

To more closely evaluate the impact of drug exposure on
virological response, we classified the average doses of both
drugs into four categories (Peg-IFN alpha-2b: up to 0.9 pg/
kg/week, from 0.9 to >1.2 pg/kg/week, from 1.2 to
>1.5 pg/kg/week, from 1.5 pg/kg/week; ribavirin: up to
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Table 2 Factors associated with SVR

Factor (S'YE 160) :j:’:'z‘;? Pevalite among patients who completed the
: treatment - univariate analysis
Age (years)* 524 +12.6 56.9 £ 10.2 0.029
Sex (male/female) 66/ 94 26/ 27 0.202
Body weight (kg)* 59.5 % 11.5 599 +125 0.896
Body mass index (kg/m?)* 228 + 3.1 228 +35 0.817
HCV RNA (KIU/mlL)" 1170 1600 0.033
Past IFN therapy 116/41 31/22 0.028
(naive/experienced)* g
Fibrosis (F 0-2/3—4)% 106/10 30/5 0.247
Activity (A 0-1/2-3)% 62/54 20/15 0.847
White blood cells (/mm?®)* 5260 + 1680 4720 £ 1500 0.078
Neutrophils (/mm?)* 2740+ 1270 2420 + 1020 0.186
Red blood cells (x10*/mm’*)* 435 + 44 437 + 55 0.820
Haemoglobin (g/dL)* 139+1.3 14.0 £ 1.5 0.441
Platelets (x10"/mm?)* 19.0 £ 6.0 16.5 + 6.2 0.020
ALT (IU/L)* 86 + 89 64 * 45 0.514
y-GTP (U/L)* 54 £ 67 58 £ 59 0.512
Creatinine (mg/dL)* 0.7 £ 0.1 0.7 £ 01 0.457

Mean Peg-IFN dose (png/kg/week)* 1.32 + 0.27
Mean ribavirin dose (mg/kg/day)* 10.2 + 1.9

RVR (yes/no) 122/11 38/42

1.27 £ 0.29 0.130
102+ 2.0 0.949

<0.0001

IFN, interferon; HCV, hepatitis C virus; ALT, alanine aminotransferase; y-GTP,
y-glutamyl transpeptidase; CI, confidence interval. *Values expressed as
mean * sd, 'values expressed as median, *interferon treatment history was not

known for three patients, *data for 62 patients are missing.

Table 3 Factors associated with SVR

Factor Category Odds ratio 95% CI P-value among patients who completed the
Age (years) By 10 _ _ NS treatment — multivariate analysis
HCV RNA (KIU/mL) By 100 KIU/mL - - NS

Platelets (x10%/mm®) By 1 x 10%mm®  1.068
Past IPN therapy Naive/experienced - -
RVR Yes/no 11.251

1.002-1.139 0.045

NS

5.184-24.419 <0.0001

IPN, interferon; HCV, hepatitis C virus; CI, confidence interval.

8 mg/kg/day, from 8 to >10 mg/kg/day, from 10
to >12 mg/kg/day, from 12 mg/kg/day). SVR rates relativé
to the mean drug doses during the full treatment period and
the timing of HCV RNA clearance are shown in Table 6. As
also shown in Fig. 1a, the respective rates for SVR according
to the timing of viral clearance were 92% in patients clear of
HCV RNA until week 4, 64% from week 5 until week 8 and
14% from week 9 until week 24. On the contrary, according
to mean drug doses, the respective rates for SVR were 8§9%
(24/27). 73% (11/15), 79% (85/107) and 82% (40/49) in
patients who received Peg-IFN up to 0.9 pg/kg/week, from
0.9 to >1.2 pg/kg/week, from 1.2 to >1.5 pg/kg/week and
from 1.5 pg/kg/week, respectively. and 80% (24/30), 80%
(40/50), 82% (68/83) and 79% (27/34) in patients who
received ribavirin up to 8 mg/kg/day, from 8 to >10 mg/kg/
day, from 10 to >12 mg/kg/day and from 12 mg/kg/day,

respectively. If the category of the timing of viral clearance
was the same, the respective rates for SVR attainment
according to the mean doses of both Peg-IFN and ribavirin
were similar. Furthermore, multivariate analysis by the
Mantel-Haenszel chi-square test showed that neither the
mean dose of Peg-IFN (P = (.795) nor ribavirin (P = 0.649)
affected SVR rates alter stratification of the timing of viral
clearance. Among the patients with RVR, SVR rates were as
high as 88-100% regardless of Peg-IFN alpha-2b medica-
tion, and the least medicated group (<0.9 pg/kg/week, the
mean dose with SD was 0.77 £ 0.10 pg/kg/week, 0.50-
0.89) showed 100% of SVR rate (19/19). Similarly, SVR
rates were as high as 91-94% regardless of ribavirin medi-
cation among the patients with RVR, and 17 of 18 patients
(94%) in the least medicated group (<8 mg/kg/day, the
mean dose with SD was 6.9 * 0.90 mg/kg/day, 5.0-7.9)
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Table 4 Factors associated with RVR
among patients who completed the
treatment — univariate analysis

RVR Non-RVR
Factor (n=133) (n = 80) P-value
Age (years)* 51.9 +12.3 563+ 11.3 0.010
Sex (male/female) 60/73 32/48 0.279
Body weight (kg)* 60.2 £ 11.6 586+ 11.9 0.276
Body mass index (kg/m?)* 229 +3.2 22.:6.1 31 0.369
HCV RNA (KIU/mL)t 1050 1800 0.001
Past IFN therapy 97/34 50/29 0.068
(naive/experienced)* .
Fibrosis (F 0-2/3—4)* 86/8 50/7 0.315
Activity (A 0-1/2-3)% 51/43 31726 1.000
White blood cells (per mm’)* 5300 + 1760 4850 £ 1400  0.205
Neutrophils (per mm?)* 2740 + 1290 2530 £ 1090 0.340
Red blood cells (x10*/mm?)* 440 45 432+ 49 0.628
Haemoglobin (g/dL)* 139 +1.4 139+ 1.4 0.975
Platelets (x10%/mm?)* 189 + 6.1 17.5:% 6,1 0.170
ALT (T0/L)* 87+ 93 69 + 52 0.630
y-GTP (U/L)* 57471 53 %53 0.658
Creatinine (mg/dL)* 0.7+ 0.1 0.7 £ 0.1 0.203
Mean Peg-IFN dose (pug/kg/week)*  1.31 £0.27 1.31 £ 0.29 0.259
Mean ribavirin dose (mg/kg/day)*  10.1 + 1.8 103 + 2.1 0.637

IFN, interferon; HCV, hepatitis C virus; ALT, alanine aminotransferase; y-GTP.
y-glutamyl transpeptidase; CI, confidence interval. *Values expressed as

mean # SD, Tvalues expressed as median, *interferon treatment history was not
known for three patients, *data for 62 patients are missing.

Table 5 Factors associated with RVR among patients who
completed the treatment — multivariate analysis

Odds
Factor Category ratio 95% CI P-value

Age (years) By 10 0.648 (.494-0.850  0.002
HCVRNA By 100 0964 0.944-0.984 <0.0001
(KIU/mL)  KIU/mL

HCV, hepatitis C virus; CI, confidence interval.

achieved SVR. In addition, we examined the drug impact on
SVR in the patients with the least medication of both drugs
(<0.9 pg/kg/week of Peg-IFN and <8 mg/kg/day of ribavi-
rin). Nine patients were categorized into this group and six of
these patients achieved SVR (67%); patients with RVR had a
significantly higher SVR rate (100%, 5/5) than patients
without RVR (25%, 1/4; P = 0.048). Thus, SVR attainment
was dependent on time, not on drug dose.

DISCUSSION

In the present study, we found that having RVR and high
platelet counts were statistically associated with reaching
SVR according to multivariate analysis. The timing of viral
clearance was closely related to the treatment eftect in

© 2009 Blackwell Publishing Ltd

patients with genotype 2, similar to the case for those with
genotype 1. Nincty-two per cent of SVR was observed for
patients with RVR and, conversely, 96% of the patients with
HCV RNA positivity at week 8 showed non-SVR. The pre-
dictability of SVR based on EVR, defined as a decline of at
least 2-log from the baseline of the HCV RNA level at week
12, has been assessed, and genotype 1 patients who have
failed to reach EVR are recommended to discontinue the
treatment after 12 weeks, because the likelihood of SVR is
0-3% in the absence of EVR [5,13]. On the basis of our
examination of patients with genotype 2, not EVR, but
8-week monitoring of the HCV RNA level can be used.

As a significant factor for SVR, not liver fibrosis, but the
platelet count was selected. Everson et al. [14] reported that
patients with low platelet counts (£12.5 x 10%/mm?)
achieved lower SVR rates than patients with normal platelet
counts (>12.5 x 10*/mm?) even in the case of patients with
the same category of liver fibrosis treated by Peg-IFN plus
ribavirin combination therapy. Thus, independent of liver
fibrosis, thrombocytopenia itsell secems to participate in
treatment  failure, although the mechanism remains
unknown.

Our study also demonstrated that younger age (OR 0.648,
95% CI 0.494-0.850, P = 0.002) and lower HCV RNA level
(OR 0.964, 95% CI 0.944-0.984, P < 0.0001) were statis-
tically associated with reaching an RVR. Zeuzem et al. [7]
previously reported that pretreatment viral load was not
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Table 6 SVR rates according to Peg-IFN alpha-2b and ribavirin exposure and the timing of viral clearance among patients with virological response during the treatment

Ribavirin dose (mg/kg/day)

Peg-IFN dose {pg/kg/week)

Timing of viral

Total

1

1.2-1.5 1.5< <8 8-10 10-12

0.9-1.2

<0.9

clearance (week)

92% (122/133)
64% (37/58)
14% (1/7)

92% (33/36)
54% (7/13)

91% (20/22)
60% (6/10)

91% (51/56)

1%

94% (17/18)
58% (7/12)

88% (28/32)
71% (12/17)

92% (65/71)

649
1

91% (10/11)

100% (19/19)
63% (5/8)

1-4

50% (1/2)
79% (27/34)

74% (17723)
0% (0/4)
82% (68/83)

0% (0/1)

(19/30)
(1/6)

I

~

33% (1/3)
0% (0/1)

81% (160/198)

73% (11/15)  79% (85/107) 82% (40/49) 80% (24/30)  80% (40/50)

89% (24/27)

Total

0.649 for comparison of the four ribavirin groups after

*P=0.7

95 for comparison of the four Peg-IFN groups after stratification of the timing of viral clearance. **P

stratification of the timing of viral clearance.

associated with reaching RVR in genotype 2 patients. In
contrast, Dalgard et al. [15] reported that independent pre-
dictors ol RVR in genotype 2 or 3 patients were male gender,
younger age (40 years) and low viral load (s400/KIU/mL).
The influence of viral load on reaching RVR remains con-
troversial in the Peg-IFN and ribavirin combination therapy
in genotype 2 patients, but patients with lower viral load
seem favoured to reach HCV RNA levels below the detection
limit, that is, to attain RVR, if the virological response is the
same.

Recently, because of substantial adverse effects and costs
associated with this therapy, studies have been carried out to
determine the possibility of further reducing the total
amount of drug medication without compromising antiviral
efficacy in HCV genotype 2 and 3 patients. There seem to be
two ways to achieve. One is by shortening the treatment
duration, and the other is by decreasing the doses of the
treatment drugs. With respect to the former, several studies
on genotype 2 patients have been reported. At first, some
studies of small numbers of subjects demonstrated that
cumulatively analysed genotype 2 and 3 patients had high
SVR rates up to 12 to 16 weeks of therapy (82-94%),
similar to patients‘subjecl.ed to 24-week therapy (76-95%
[16-19]. However, further prospective investigation of large
numbers of subjects revealed that shortening the treatment
duration was assoclated with an increase in the rate of
relapse and that significantly higher relapse rates led to
lower SVR rates (71-81.1%), even among those with RVR
[15,20,21]. The latest study by Mangia et al. [22] showed
that shortened therapy after RVR was acceptable only for
patients who had no signs of advanced liver fibrosis and low
BMI. Considering the results of these trials, shortened ther-
apy is regarded as optional treatment for selected patients
displaying favourable baseline characteristics. Therefore,
shortening treatment duration from 24 weeks should not be
generally recommended for patients who are infected geno-
type 2 or 3 and can tolerate 24-week Peg-IFN and ribavirin
combination therupy.

Another attempt to improve the treatment tolerability for
genotype 2 or 3 patients has focused on dose reduction of
treatment drugs. Weiland et al. [23] examined low-dose Peg-
IFN alpha-2a (135 pg weekly) with a weight-based stan-
dard-dose of ribavirin (11 mg/kg daily) for genotype 2 and 3
patients. They demonstrated that SVR rates of 86% were
achieved, which is equal to those in previous representative
randomized controlled studies of standard dose Peg-IFN
therapy (76-84%) [4-6]. In contrast, Perenci et al. [24]
examined the efficacy of standard-dose Peg-IFN alpha-2a
(180 pg weekly) with low-dose ribavirin (400 mg daily) in
comparison with standard-dose Peg-IFN alpha-2a (180 pg
weekly) and ribavirin (800 mg daily) for genotype 2 and 3
patients, and demonstrated that there was no diflerence
between the two treatment groups with respect to SVR rates
(64% with 400 mg/day compared with 69% with 800 mg/
day) and relapse rates (20% with 400 mg/day compared

© 2009 Blackwell Publishing Ltd



with 17% with 800 mg/day). These studies showed that
either drug dose can be reduced for genotype 2 and 3
patients without compromising antiviral efficacy. In the
present study, neither Peg-IFN nor ribavirin drug exposure
participated in reaching RVR and SVR. In particular, more
than 90% of patients having RVR achieved SVR regardless of
the drug exposure level, as long as the mean Peg-IFN dose
was over 0.5 pg/kg/week and ribavirin was over 5.0 mg/kg/
day. The results of our study suggested that genotype 2
patients may receive reduced levels of both drug doses on the
condition that they can complete the full 24-week course of
combination therapy. Randomized, prospective trials that
reduced both Peg-IFN and ribavirin should be conducted for
CHC patients to clarify this.

In the present study, while the treatment outcome was
independent of the individual ribavirin exposure in patients
who had completed the 24-week treatment, the most com-
mon reason to withdraw the treatment was decreased hae-
moglobin because of ribavirin medication. Based on the
results of randemized controlled trials [6], using a ribavirin
dose of 800 mg/day is recommended for genotype 2/3
patients [1-3]. However, several studies have shown that
some patients cannot tolerate even this suboptimal ribavirin
dose. This is a serious problem for patients with the risk of
anaemia, especially elderly patients. The ageing of patients is
progressing around the world, requiring improvement in
treatment tolerability. Recently, Andriulli et al. [25] exam-
ined the effect of ribavirin in a 12-week course of therapy on
CHC genotype 2 patients with RVR in two groups, one
continuing with ribavirin and the other receiving Peg-IFN
alpha-2a alone after week 6. The relapse rates were higher
(46% vs 17%; P < 0.001) and overall SVR rates were lower
(54 vs 82%; P < 0.001) in patients who stopped receiving
ribavirin at week 6. Thus, ribavirin medication throughout
the treatment period is necessary to raise the SVR rate even
in genotype 2 or 3 patients with RVR. In the present study,
the ribavirin dose could be reduced without loss of efficacy
for genotype 2 patients, as long as the patients were treated
for 24 weeks. Therefore, in the patients with the risk of
anaemia, it would be better to reduce the dose of ribavirin
before anaemia arises rather than being forced to discon-
tinue the combination therapy because of anaemia caused
by ribavirin medication. We previously reported that in CHC
patients treated by IFN or Peg-IFN in ribavirin combination
therapy, a decline of haemoglobin concentration by 2 g/dL
at the end of 2 weeks from the start of the treatment can be
used to identify patients likely to develop severe anaemia
[26,27]. This kind of predictive factor for the progression to
severe anaemia can be of much help in reducing ribavirin
with appropriate timing.

Our study has some limitations. First, it is a retrospective
study, and we could not obtain complete information for all
patients. However, this is the first study of Peg-IFN and
ribavirin combination therapy in which the drug dose of
Peg-IFN and ribavirin taken by each patient was assessed

© 2009 Blackwell Publishing Ltd
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independently for HCV genotype 2 patients. Our results can
be taken as an evidence offering suggestions for the treat-
ment of CHC genotype 2 patients. Second, this cohort
included patients with different histories of past IFN treat-
ment. Patients who had failed to recover with previous IFN-
based treatment were likely to experience treatment failure
again [28]. Therefore, we examined the predictors of treat-
ment response separately according to treatment history,
and confirmed that in both naive and treatment-experienced
patients, the mean dose of Peg-IFN and ribavirin showed no
correlation with SVR or RVR in both groups. '

In conclusion, our study demonstrates that RVR is an
important treatment predictor and more than 90% of
patients having RVR achieve SVR with combination therapy
of Peg-IFN and ribavirin for genotype 2 infected CHC
patients regardless of the drug exposure. Further prospective,
randomized studies are necessary to assess whether the
standard or a reduced dose of cach drug can produce
equivalent outcomes.
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The consensus meeting for the diagnosis, management and
treatment for hepatitis C was held in 45" annual meeting
for the Japan Society of Hepatology (JSH) in June 2009 where
the recommendations and informative statements were
discussed including organizers and presenters. The Several
impartant informative statements and recommendations
have been shown. This was the fourth JSH consensus meeting
of hepatitis C, however, the recommendations have not been
published in English previously. Thus, this is the first report of
JSH consensus of hepatitis C. The rate of development of
hepatocellular carcinoma (HCC) in HCV-infected patients in
Japan is higher than in the USA, because the average age

of the HCV-infected patients is greater and there are more
patients with severe fibrosis of the liver than in the USA. In
Japan, more than 60% of HCV-infected patients are genotype
1b infection, and they show lower response to perinterferon
and ribavirin combination treatment. To improve the
response rate is also an important issue in our country. To
establish the original recommendations and informative
statements to prevent the development of HCC is a very
important issue in Japan.

Key words: chronic hepatitis C, peginterferon, ribavirin,
fibrosis of the liver, hepatocellular carcinoma, HCV mutation

INTRODUCTION

EPATITIS C VIRUS (HCV) infection is a major
public health problem and a leading course of
death from liver disease in Japan. Two million people are
infected, and more than 30 000 patients die from hepa-
tocellular carcinoma (HCC) and/or liver cirrhosis every
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year. HCC is the fourth leading cause of death from
malignant neoplastic disease, and prevention of the
development of HCC is an urgent issue in Japan. The
purpose of this consensus is to provide clinicians with
consensus-based approaches to diagnosis and treatment
of HCV infection.

The consensus meeting for the diagnosis, management
and treatment for hepatitis C was held during the 45th
annual meeting of the Japan Society of Hepatology (JSH)
in June 2009 (Congress President: M. Kudo), where the
recommendations and informative statements were dis-
cussed and compared with AASLD practice guidelines
which has been published in Hepatology.! This was the
fourth JSH consensus meeting of hepatitis C, however,
the recommendations have not been published in
English previously. This is the first report of the JSH
consensus of hepatitis C. Established information regard-
ing the pathogenesis and contributing factors for disease
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Table 1 Grading system for recommendations

Description

Classification
Class 1 Conditions for which there is evidence
and/or general agreement that a given
diagnostic evaluation procedure or
treatment is beneficial, useful and
effective
Class 11 Conditions for which there is conflicting
evidence and/or a divergence of
opinion about the usefulness/efficacy
of a diagnostic evaluation, procedure
or treatment
Class 1la Weight of evidence/opinion is in favor of
usefulness/efficacy
Usefulness/efficacy is less well established
by evidence/opinion
Class 11 Conditions for which there is no
evidence and/or general agreement that
a diagnostic evaluation, procedure/
treatment is not useful/effective and in
some cases may be harmful

Class 11b

Level of evidence

Level A Data derived from multiple randomized
clinical trials or meta-analysis

Level B Data derived from a single randomized
trial, or non-randomized studies

Level C Only consensus opinion of experts, case

studies or standard of care

progression which were agreed by the o;’ganizé.rs and
presenters are shown as informative statements, and
clinically useful consensuses are shown as “Recommen-
dations”. The rate of development of HCC in HCV-
infected patients in Japan is higher than that in the USA,
because the average age of the patient is greater and
there are more patients with severe fibrosis of the liver
than in the USA. To establish original recommendations
and informative statements to prevent the development
of HCC is a very important issue in our country. The
quality of recommendations or informative statements
is required to show a “class” (reflecting benefit vs risk)
and “level” (assessing strength or certainty) of evidence
according to AASLD practice guidelines (T able 1).12

PATHOGENESIS OF HEPATITIS C

EPATITIS C VIRUS infection causes acute and
chronic hepatitis (CH), cirrhosis and HCC. The
severity and rate of progression of the disease are highly
variable and may reflect both host and viral factors, but

© 2010 The Japan Society of Hepatology
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the mechanisms of pathogenesis are incompletely
understood. Thus, understanding the mechanisms of
HCV  pathogenesis is an important goal of HCV
research.

Entry pathway of HCV

For the virus, the first step in propagation is enter into
hepatocytes. A decade ago, the HCV envelop protein
E2 was shown to bind human CD81, a tetraspanin
expressed on various cell types including hepatocytes
and B lymphocytes.® Next, two other essential proteins,
scavenger receptor class B type | (SR-B1)* and claudin-1
(CLDN1),* and potentially additional accessory factors
such as glycosaminoglycans and low-density protein
receptors® were identified as receptors involved in HCV
entry. Finally, the crucial factor was identified as the
tight junction protein occludin (OCLN).7 Interestingly,
both CLDN1 and OCLN are components of tight junc-
tions which are structures forming firm seals between
adjacent cells. The initial adhesion of HCV to hepato-
cytes may be mediated by accessory factors and/or direct
interaction with SR-B1 and CD81 proteins. On transfer
to a tight junction complex, HCV may interact directly
with CLDN1 and/or OCLN, allowing viral uptake into
the cell.

Hepatitis C virus infects only humans and chimpan-
zees. Once these HCV entry factors were identified, the
next concern was to determine which factors dictate
species-specific tropism. CD81 proteins from other
mammals, such as the mouse, are used inefficiently by
HCV?* Although HCV does not discriminate between
human and mouse SR-B1 and CLDN1, mouse OCIN
like CD81 cannot substitute for the related human
protein in aiding viral entry. These findings indicate that
CD81 and OCLN represent minimal human-specific
entry factors.

Informative statement: CLDN1 and OCLN in addition

to CD81 and SR-B1 are required for entering of HCV

into hepatocytes, and especially CD81 and OCLN rep-

resent minimal human-specific entry factors. (Grade A.)

Evasion of intracellular host defense by HCV

One of the mechanisms by which HCV infection is
likely to lead to be persistent is evasion of intracellular
host defense through a complex combination of pro-
cesses that include interference of interferon (IFN) sig-
naling, modulation of its effectors and continual viral
genetic variation. The HCV genome contains pathogen-
associated molecular pattern (PAMP) signatures which
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are recognized by the retinoic-inducible gene | (RIG-I)
and specific Toll-like receptors when introduced into
naive cells.”"" Viral signaling through RIG-I and its
adaptor protein, IFN. promoter-stimulator 1 (IPS-1),
activates [FN regulatory factor-3 (IRF-3) and the host
[FN-0/B response that limits virus infection.'>”* HCV
NS3/4A protease cleaves IPS-1, releasing [PS-1 from the
mitochondrial membrane.* Cleavage results in subcel-
lular redistribution of IPS-1 and loss of interaction with
RIG-I, thereby preventing downstream activation of
IRF-3 and induction of IFN." :

Secreted IFNB engages the local tissue through the
autocrine and paracrine processes of binding the IFN-
/B receptors. This results in activation of the Jak-signal
transducer and activator of transcription (STAT)
pathway, in which the receptor-associated Jak and Tyk1
protein kinases catalyze the phosphorylation of STAT
proteins. The resulting IFN-stimulated gene factor-3
(ISGF3) transcription factor complex localizes in the cell
nucleus, where it binds to the IFN-stimulated response
element (ISRE) within the promoter/enhancer region of
[EN-stimulated genes (ISG). Jak-STAT signaling leads to
a second wave of transcriptional activity stimulating ISG
expression in the infected cells. Expression of the HCV
core protein has been associated with increased expres-
sion levels of suppressor of cytokine signaling (SOCS)-
3.'" The SOCS proteins are known for their role as
negative regulators and inhibitors of Jak-STAT signaling,
where they mediate a classic negative feedback loop on
IFN-0/B receptor signaling events."” The HCV NS5A
protein has been shown to induce interleukin (IL)-8
production leading to partial inhibition of the IEN-
induced antiviral response, probably through the alter-
ation of ISG expression.' The HCV NS5A and E2
proteins also bind double-strand RNA-activated protein
kinase (PKR) and inhibit its catalytic activity,'>® which
allows HCV to evade in part the translational-
suppressive actions of IFN. Thus, HCV evasion of the
host response includes various strategies directed by
viral proteins to control IFN signaling, ISG expression or
function.

Informative statement: HCV evades intracellular host

defenses through a complex combination of processes

that include IFN signaling, modulation of its effectors
and continual viral genetic variation. These necha-
nistns include cleavage of IPS-1 by the NS3/4A pro-
tease, inhibition of Jak-STAT signaling by HCV-
induced SOCS3, inhibition of the IFN-induced
antiviral response by NS5A-induced IL-8, and/or inhi-
bition of catalytic activity of PKR by the NS5A and E2
proteins. (Grade A.)
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Oxidative stress induced by HCV

Oxidative stress is well known to be present in CH-C
to a greater degree than in other inflammatory liver
diseases. Although the mechanisms underlying oxida-
tive stress induced by HCV have not been elucidated
fully, there are several lines of evidence suggesting that
HCV directly generates reactive oxygen species (ROS)
in vitro and in vivo. Hepatic ROS production is signifi-
cantly higher in HCV core transgenic mice than in
normal control mice in the absence of hepatic inflam-
mation.” HCV core protein also produces ROS in
human hepatoma Huh-7 cells and Hela cells.”” Analy-
sis of the interaction of HCV core protein with mito-

chondria in transgenic mice and direct interaction of .

recombinant core protein and isolated mitochondria
indicated oxidation of the mitochondrial glutathione
pool and an increase in ROS production by the mito-
chondrial electron transport complex I, suggesting that
direct interaction of core protein with mitochondria is
an important cause of the oxidative stress seen in
CH-C*

Informative  statement: ~ Mitochondrial  dysfunction

induced by HCV leads to ROS generation that causes

the oxidative stress seen in CH-C. (Grade A.)

Metabolic disorders caused by HCV

Epidemiological studies have suggested a link between

,type 2 diabetes and chronic HCV infection, which
implies HCV-induced insulin resistance. A high level
of tumor necrosis factor (INF)-o. and disturbance of
tyrosine phosphorylation of the insulin receptor sub-
strate (IRS)1 by TNF-o. has been demonstrated in HCV
core transgenic mice.” Another possible mechanism is
that HCV core-induced SOCS3 promotes proteosomal
degradation of IRS1 and IRS2 through ubiquitination.?®
Hepatic steatosis is one of the histopathological features
in CH-C. HCV core protein inhibits microsomal triglyc-
eride transfer protein activity and secretion of very low
density lipoprotein.* HCV core protein also upregulates
the sterol regulatory element binding protein (SREBP)1¢
promoter activity through the enhanced binding of the
LXRoy/RXRo. to LXR-response element,” which leads to
an increase in transcription of genes involved in hepatic
fatty acid synthesis. Hepatic iron accumulation is also a
histopathological feature of CH-C, even though its
levels are not extremely high. HCV-induced ROS down-
regulates the transcriptional activity of hepcidin, a nega-
tive regulator in iron homeostasis, in transgenic mice
expressing the HCV polyprotein®® and in HCV replicon
cells® (Fig. 1).

© 2010 The Japan Society of Hepatology
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Figure 1 Schematic diagram depicting the mechanisms underlying the hepatic iron accumulation induced by HCV. HCV-induced
ROS reduces hepcidin transcription through the inhibited binding of CHOP and/or STAt3 to the hepcidin promoter, and/or
stabilization of HIF that is negative hepcidin regulator. C/EBP, CCAAT/enhancer-binding protein; CHOP, C/EBP homology
protein; FPN, ferroportin; HCV, hepatitis C virus; HDAC, histone deacetylase; HIF, hypoxia inducible factor; ROS, reactive oxygen
species; STAT, signal transducer and activation of transcription.

Metabolic disorders caused by HCV such as insulin
resistance, hepatic steatosis and iron accumulation are
clinically important in terms of amplification of oxida-
tive stress and involvement in hepatocarcinogenesis in
CH-C3*% In addition, these metabolic disorders are
related to the response to antiviral therapy. Insulin resis-
tance™ and hepatic steatosis* seem to be negatively cor-
related with response to antiviral therapy in CH-C.

Informative statement: HCV induces insulin resistance,

hepatic steatosis, andfor hepatic iron accumulation,

which is associated with hepatocarcinogenesis in CH-C.

(Grade A.) )

Recommendation 1: Insulin resistance and hepatic ste-

atosis seem to be negatively correlated with response to

© 2010 The Japan Society of Hepatology

antiviral therapy in CH-C, whereas it remains contro-
versial whether hepatic iron accumulation is related to a
paor response to therapy. (Level 2a, Grade C.)

Liver biopsy for evaluating pathogenesis

of hepatitis C

Assessment of the extent of liver fibrosis is still of great
importance in terms of predicting the response to.
antiviral therapy and hepatocarcinogenesis in CH-C. It
is also apparent that as many as a quarter of CH-C
patients with persistently normal aminotransferase
values have significant fibrosis.* The recently developed
transient elastography that uses ultrasound and low-
frequency elastic waves to measure liver elasticity has
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Table 2 Definitions of virological responses to interferon

therapy

RVR (rapid virological
response)

cEVR (complete early
virological response)

PEVR (partial early
virological response)

LVR (late virological
response)

NVR (null virological
response)
Relapse

Undetectable HCV RNA
at week 4

Undetectable HCV RNA
at week 12

Two log drop of HCV
RNA without
undetectable level at
week 12

Undetectable HCV RNA
between week 13 and
24 week

Positive HCV RNA
during treatment

Undetectable HCV RNA

at end of treatment
followed by detectable
level after treatment

Undetectable HCV RNA
at 24 weeks after
treatment

SVR (sustained
virological response)

improved the ability to define the extent of fibrosis
without a liver biopsy, particularly when combined with
other non-invasive markers,*” but it is not yet ready to
replace liver biopsy. Among the pathological features,
steatosis and excess hepatocellular iron that affect
disease progression and possibly impede treatment
response are difficult to diagnose without liver biopsy.
Thus, a liver biopsy should be considered if it is desir-
able to determine the stage of fibrosis or presence of
steatosis or excess hepatocellular iron for prognostic
purposes or making a decision regarding treatment.
Recommendation 2: A liver biopsy should be considered
if it is desirable to determine the stage of fibrosis or
presence of steatosis or excess hepatocellular iron for
prognostic purpases or making a decision regarding
treatment. (Level 1, Grade C.)

VIRAL LOAD, GENOTYPE, VIRAL MUTATIONS

EFINITIONS OF VIROLOGICAL responses to IFN
therapy are summarized in Table 2.

HCV RNA assay and genotype

In clinical practice, the usual approach is to test ini-
tially for antibodies to HCV (anti-HCV), then to use
HCV RNA to document viremia. The quantity of HCV
RNA is useful to know before providing and monitor-
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ing HCV treatment. For HCV RNA determination,
quantitative tests based on target amplification (reverse
transcriptase polymerase chain reaction [RT-PCR]) and
signal amplification (branched DNA [bDNA]) tech-
niques with differing sensitivity and linear measuring
ranges are commercially available. The COBAS Ampli-
cor HCV Monitor Test v2.0 (Roche Molecular Systems,
Branchburg, NJ, USA), however, requires sample dilu-
tions for accurate quantification of high-titer speci-
mens. In addition, the assay displays relatively low
sensitivities of approximately 600 IU/mL. Recently, the
COBAS AmpliPrep/COBAS TagMan HCV test (Roche
Molecular Systems) and AccuGene m-HCV (Abbott
Molecular, Des Plaines, 1L, USA) have become avail-
able. These meet the requirements for highly sensitive
detection and reliable quantification of HCV in clinical
samples.

There are six major HCV genotypes. Genotype speci-
ficity predicts the likelihood of treatment response and
determines the duration of treatment. Therefore, HCV
genotype should be determined in all HCV-infected
persons prior to treatment in order to determine the
duration of therapy and likelihood of response.**

Many reports showed that sustained virological
response (SVR) rates in IFN monotherapy and IFN plus
ribavirin (RBV) combination therapy were higher in
patients who had lower pretreatment RNA levels and
genotype 2 infections.**!

Recommendation 3: HCV RNA level and genotype

should be determined in all HCV-infected persons prior

to treatment in order to predict the efficacy of response of
therapy. SVR rate in IFN therapy are higher in patients

who had lower pretreatment RNA levels and genotype 2

HCV infections in IPN therapy. (Level 1, Grade A.)

HCV. mutation

IFN sensitivity determining region (ISDR)

Enomoto et al. were able to demonstrate a strong cor-
relation between the number of mutations within the
carboxy terminal region of the NS5A gene, the ISDR
spanning codons 2209-2248, and response to IFN
therapy.*” Thus, no patient infected with HCV with a
wild-type ISDR sequence (identical to the prototype
Japanese HCV strain |[HCV-]|) responded to IFN
therapy whereas all patients infected with the “mutant
type”, defined by four or more amino acid substitu-
tions in this region, showed an SVR.** These initial
findings have been confirmed by other Japanese
studies but controversial data were reported from other
parts of the world, particularly from Europe and the
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USA. This may indicate that geographical factors
account for different sensitivities of HCV genotype 1b
infection to antiviral therapy. Pascu et al. reported that
the distribution of wild-, intermediate- and mutant-
type ISDR sequences differed significantly between
Japanese (n=655) (44.1%, 37.6% and 18.3%, respec-
tively) and European patients (1 = 525) (24.8%, 63.4%
and 11.8%, respectively; P= 0.001). However, there
was a significant positive correlation between the
number of ISDR mutations and SVR rate, irrespective
of geographical region.”

Moreover, Shirakawa et al. reported that a logistic
regression model that includes the sequence of ISDR
of HCV, and other factors (T-helper cell [Th]1/Th2
ratio, bodyweight and neutrophil count) can be
useful for accurately predicting accurately the SVR rate
before pegylated (PEG)-IFN and RBV combination
therapy.**

Recommendation 4: The ISDR should be evaluated

before IFN treatment in order to predict the response to

treatment. (Level 2b, Grade B.)

IFN/RBV resistance-determining region (IRRDR)

El-Shamy et al. have reported recently that a high degree
of sequence variation in the V3 and the pre-V3 regions
(amino acid [aa|2334-2355) of NS5A, which they refer
to collectively as the IRRDR (aa2334-2379), was closely
correlated with virological response in HCV-1b-infected
patients treated with PEG-IEN and RBV." A high degree
(>6 aa substitutions) of sequence variation in the IRRDR

Hepatology Research 2010; 40: 347-368

should be a useful marker for predicting SVR, whereas a
less diverse (<5) IRRDR sequence predicts non-SVR.

Amino acid substitutions in the HCV core region

Akuta et al. identified pretreatment substitutions of aa70
and aa91 in the core region as independent and signifi-
cant pretreatment factors associated with virclogical
non-response, based on 48-week combination therapy
of IFN plus RBV.*” Moreover, they identified aa70 and
aa91 substitutions in the core region as predictors of
response to PEG-IEN-RBV therapy in Japanese patients
infected with HCV genotype 1b* (Table 3). Donlin et al.
reported sequencing the complete pretreatment geno-
type 1 HCV open reading frame using samples from 94
participants in the Virahep-C study to assess the effects
of viral diversity on response to therapy.” Genotype 1b
sequences from patients with more than 3.5 log declines
in viral RNA levels by day 28 (marked responders) were
more variable than those from patients with declines of
less than 1.4 log (poor responders) in core and NS§3.
Moreover, arginine (R) at aa70 in the core region was
related to a marked response.

Recently evaluations were made of the impact of aa
substitutions in HCV core region on hepatocarcinogen-
esis. Akuta et al. reported that cumulative hepatocar-
cinogenesis rates in double wild-type (arginine at
aa70/leucine at aa91) of the HCV core region were sig-
nificantly lower than those in the non-double wild
type in CH-C patients.”® Mareover, another report
showed that a logistic regression model developed

Table 3 Factors associated with sustained virological response to 48-week pegylated interferon plus ribavirin combination therapy
in patients infected with hepatitis C virus genotype 1b, identified by multivariate analysis (n=114) 52)

Factor Category Risk ratio P
(95% confidence
interval)
Amino acid substitution 1: double wild 1
in core region 2: non-double wild 0.102 (0.022-0.474) 0.004
Low-density lipoprotein 1: <86 1
cholesterol (mg/dL) 2: 286 12.87 (2.177-76.09) 0.005
Sex 1: male 1
2: female 0.091 (0.017-0.480) 0.005
ICG R15 (%) 1: <10 1
2: 210 0.107 (0.017-0.678) 0.018
7-Glutamyltransferase 1: <109 1
2: 2109 0.096 (0.0011-0.819) 0.032
Ribavirin dose (mg/kg) 1:<11.0 1
2:211.0 5.173 (1.152-23.22) 0.032
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through analysis of full-length core gene sequences

identified seven polymorphisms significantly associ-

ated with increased HCC risk (36G/C |aaK12N], 209A

[aaR70Q], 271U/C [aal91M], 309A/C, 435A/C, 481A

and 546A/C).”" HCV core gene sequence data might

provide useful information about HCC risk.
Recommendation 5: Amino acid substitutions in the
HCV core region (aa70 and aa91) should be deter-
mined before IFN treatment in order to predict the
response to treatment. (Level 2b, Grade B.)

NS3 protein secondary structure

Recently, Ogata etal. reported that HCV-1b strains
can be classified into different groups based on the
secondary structure of an amino-terminal portion of
the NS3 protein and that specific strains are more
prevalent among patients with HCC.** Moreover, the
cumulative incidence of HCC was highest among
patients infected with specific group HCV-1b, in whom
the risk of HCC significantly increased compared
with that among patients infected with another group
(hazard ratio = 4.95 [95% confidence interval = 1.43-
17.11]) after adjustment for age and histological
stage.”

Informative statement: NS3 protein secondary structure

may be related to hepatocarcinogenesis. (Grade B.)

NATURAL HISTORY OF CH-C

Progression to cirrhosis and HCC

REVIOUS  PUBLICATIONS  REPORTED that
approximately 60-80% of patients with acute hepa-
titis C develop chronic infection in the natural
course.***” Because it is difficult to ascertain precisely
when the HCV infection occurred except for patients
who had blood transfusions, and because chronic infec-
tion progresses slowly and asymptomatically, the
natural entity of the disease has not been elucidated
fully. Seeff et al. compared the long-term prognosis of
HCV antibody-positive and -negative young men and
reported that liver disease-related death was very rare
in HCV antibody-positive patients.®** Kenny-Walsh
studied the liver histology of 363 young women
17 years after HCV infection and showed that 83% had
no or mild hepatic fibrosis whilst 2% had liver cirrho-
sis.®® These results demonstrate that progression to
serious liver disease is a rare event two decades after
infection of young people with HCV.
On the other hand, in blood transfusion-associated
CH-C patients the mean interval to liver cirrhosis is

.
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estimated to be approximately 20-30 years and that to
HCC approximately 30-40 years.®"* Because HCC is
the most serious complication of HCV-infected people,
it is desirable to predict the overall incidence of HCC
in each patient. Up to now, many investigators have
reported a close relationship between the stage of
hepatic fibrosis and incidence of HCC. According to
reports from Japan, the annual incidence of new HCC
in liver cirrhosis is estimated to be approximately
5-8%.0‘-{‘5
Informative statement: The natural history of CH-C is
highly variable. HCV infection does not have much
impact on the overall mortality of all the infected people,
whereas progression to liver cirrhesis is observed
20-30 years and to HCC 30-40 years after infection.
In Japan, the annual incidence of HCC in lver cirrhosis
is estimated to be 5-8%. (Level 2b, Grade B.)
Recommendation 6: Treatment of HCV-infected people
should be detenmined in consideration of the higher
annual incidence of HCC in patients with liver cirrhosis
in Japan as compared to Western countries. (Level 2b/3,
Grade B.)

Progression of fibrosis

The rate of progression of fibrosis varies among patients
with CH-C. Poynard et al.*® calculated the average pro-
gression rate of hepatic fibrosis in CH-C to be 0.133
fibrosis units/year. In Japan, Shiratori et al. reported
this to be 0.10 fibrosis units/year. In HCV carriers with
persistently normal aminotransferase levels (PNALT),
progression of hepatic fibrosis is slower. Persico et al.®
reported that median histological scores did not differ
after 5 years of follow up in PNALT and Okanoue et al.®
calculated the average progression rate of hepatic fibro-
sis in PNALT to be 0.05 fibrosis units/year.
Informative statement: On average, progression of
hepatic fibrosis in CH-C is 0.10-0.13 fibrosis score
units/year. The hepatic stage/grade score of HCV carri-
ers with PNALT are generally low and the progression of
hepatic fibrosis is slow. Excessive alcohol intake, insulin
resistance and hepatic steatosis are the major factors
which induce the progression of hepatic fibrosis. (Level
2b, Grade B.)

Alanine éminotransferase (ALT) levels

Alanine aminotransferase is an easy tool to evaluate
hepatocellular damage in liver diseases. In the past, a
higher incidence of HCC was reported in liver cirrhotic
patients with elevated AL levels.” The normal range of
serum ALT level varies according to the institutions or
hospitals, but it is likely to be located between 30 IU/L
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and 40 [U/L. Recently, Kumada et al ™ demonstrated
that the cumulative incidence of hepatocarcinogenesis
increased in parallel with the increase in ALT average
integration value in CH-C even in patients with normal
ALT levels. In a community-based study, an elevated
ALT level (>35 1U/1) was shown to be a 51gn1ﬁcam risk
factor of HCC development.”

Recommendation 7: To prevent the occurrence of HCC,

levels of serum ALT should be controlled at below

30 1UJI. (Level 3, Grade A.)

IFN administration

More than two decades have passed since [FN began to
be used to treat CH-C patients. Nowadays, more than
70% of HCV-infected people can be cured by the com-
bination therapy of PEG-IFN plus RBV. However, even
in patients who were cured of HCV infection and
attained an SVR, the occurrence of HCC may be reported
long after completion of IFN therapy. The risk factor of
HCC occurrence after [FN therapy is a combination of
advanced hepatic fibrosis score before therapy, older age
and male sex.”*7® Bruno et al.” reported that annual
incidence of HCC occurrence in liver cirrhosis after
attaining SVR was 0.66%, which was one-third of the
incidence of HCC in liver cirrhosis without a virological
response (non-SVR).
Recommendation 8: Surveillance is required for the
occurrence of HCC in patients with CH-C and liver
cirrhosis. Even if IFN-based therapy is successful in
attaining SVR, screening for the detection of HCC by
computed tomography (CT), agnetic resonance
imaging or ultrasonography and measurement of the
serum tumor markers should be carried out routinely,
especially for patients with advanced hepatic fibrosis,
older age and male sex, because they are at high risk for
the occurrence of HCC. (Level 2b, Grade A.)

Indication of IFN therapy for CH-C

Interferon-based therapy is used to treat chronic HCV-
infected patients worldwide and PEG-IEN plus RBV is
the first choice indication for CH-C patients. Because
IFN and RBV have a variety of adverse effects including
depression and thyroid dysfunction, “who and how” to
treat should be determined with caution. The AALSD
practice guideline advocates that treatment decision
should be individualized based on the severity of liver
disease, the potential for serious side-effects, the likeli-
hood of treatment response, the presence of comorbid
condition and the patient’s readiness for treatment.’
Recommendation 9: Treatment decision of IFN therapy
for CH-C should be individualized based on the body/
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mental condition, probability of successful therapy and
prolonged survival, and likelihood of provoking serious
adverse effects. Scores of hepatic stage/grade should be
considered as well. For aged patients, in whom HCV
infection is regarded as the major determinant of sur-
vival, IFN-based therapy should be considered with
caution. (Level 3, Grade A.)

PEG-IFN AND RBV COMBINATION THERAPY

Factors associated with virological response
to PEG-IFN and RBV combination therapy

REATMENT WITH PEG-IEN-0-2A or -2b together

with RBV has been evaluated in two nationwide
phase III registration trials in Japan.””’* In one trial,
which determined efficacy of PEG-IFNo-2b and RBV,”
the SVR rate to 48-week combination therapy was 48%
(121/254) in patients with HCV genotype 1b and a high
viral load (2100 KIU/mL). Another trial using PEG-IFN-
0-2a and RBV demonstrated an SVR rate to 48-week
combination therapy of 59% (57/96) in patients with
HCV genotype 1b and a high viral load (=100 KIU/
mL).* Based on these results, the currently recom-
mended standard therapy for the patients with CH-C in
Japan is the combination of a PEG-IFN together with
RBV, except for the treatment naive patients with a
low viral load for whom a PEG-IFN monotherapy is
recommended.

These clinical trials identified the following factors
that are associated with non-SVR in patients with HCV
genotype 1b and a high viral load: (i) older patients; (ii)
non-responders to previous IFN therapy; (iii) advanced
fibrosis; (iv) female sex; and (v) poor adherence below
80%. In marked contrast to the data from Europe and
the USA, the SVR rate in Japanese female patients
is lower than that in the male patients. Several
community-based retrospective studies in Japan also
demonstrated that female patients, especially older
female patients, are more difficult to treat compared
with other patients.®'#? Other factors associated with
virological response reported from Japan include
the low-density lipoprotein cholesterol level ®
o-fetoprotein (AFP) level,* whole-body insulin sensitiv-
ity index,** single nucleotide polymorphisms of MAP-
KAPK3 ** RIG-I/IPS-1 ratio,®® Th1/Th2 ratio® and PKR
response.” Association between viral mutations and
treatment response is discussed in depth above.

Recommendation 10: Predictors associated with a non-

SVR to PEG-IFN and RBV include: (i) age older than

60 years, particularly older women; (ii) advanced fibro-



Hepatology Research 2010; 40: 347-368

Consensus of HCV in JSH: 355

n=46 n=46 n=31n=25

® 100

© .

< 8o .
§ . o3 69 l
%_ 60 52 . 57
£ 46 44 a4
E 4 g &

>

E 20 Sl 18

2

=

n

n=25n=16 n=49n=52 n=86n=73
Berg et al. Sanchez-Tapias etal. Ferencietal. Pearman etal.

Buti etal!

Figure 2 Comparison of sustained virological response rate between 48-week (open column) and 72-week (closed column)
treatment with pegylated interferon and ribavirin in patients with partial early virological responder, which is defined as 2 log
reduction in hepatitis C virus (HCV) RNA level compared to baseline HCV RNA level but detectable HCV RNA at treatment week
12. *Statistical significance between two treatment groups. +Comparison in patients with 280% adherence is shown.

sis; (iii) non-responder to previous IEN therapy; and
(iv) poor adherence below 80%. (Level 2a, Grade B.)

Response-guided therapy for patients with
HCV genotype 1

Measuring the rate of viral clearance from serum is
helpful in predicting the likelihood of a response to
PEG-IFN and RBV, and useful for determining the
optimal duration of therapy. In two nationwide regis-
tration trials conducted in Japan,”””* the SVR rate was
high, from 76-100% in patients whose HCV RNA was
cleared rapidly from serum by week 4, and 71-73% in
patients who achieved undetectable HCV RNA from
week 5 to week 12. In contrast, the SVR rate in patients
with late clearance of HCV RNA from week 13 to week
24 was low at 29-36%. No patients without clearance of
HCV RNA by week 24 achieved SVR. It should be noted
that time point of HCV clearance was determined by
measurement of serum HCV RNA utilizing the Ampricor
HCV method in these trials.

Recommendation 11: Measuring the time of viral clear-

ance from serum is helpful in predicting the likelihood of

a response to PEG-IFN and RBV. Measurement of HCV

RNA is recommended at weeks 4, 12 and 24. (Level 1,

Grade A.)

As mentioned abaove, patients whose HCV RNA mea-
sured by Amplicor HCV had not cleared by week 24
were unable to achieve SVR with 48-week standard PEG-
[FN and RBV therapy. However, in a retrospective study
conducted in 52 patients without HCV RNA clearance
from serum by week 24, the rate of ALT normalization
6 months after the completion of therapy (so-called bio-
chemical response) was 56% (5/9) and 62% (8/13) of

patients achieved ALT normalization up to 2 years after
the completion of therapy (sustained biochemical
response).® Therefore, the proposal that recommends a
continuation of PEG-IFN and RBV therapy for 48 weeks
in biochemical responders at week 24 even without
HCV clearance has been accepted widely in Japan. This
proposal is in marked contrast to the AASLD practice
guideline,’ - in which treatment discontinuation is
strongly recommended in patients whose HCV RNA
remains positive at week 24,
Recommendation 12: It is impossible to achieve SVR in
patients without HCV RNA clearance by week 24 mea-
sured by Amplicor HCV. (Level 1, Grade A.) However,
it is recommended to continue the therapy for 48 weeks
even in patients without HCV RNA clearance by week
24 if ALT normalizes at week 24, because a sustained
biochemical response can be obtained in these patients.
(Level 4, Grade. C.) y
The strategy of extending therapy in patients with
delayed virological responses, defined as clearance of
HCV RNA between weeks 12 and 24, was evaluated in
five studies.®** These results cannot be compared
directly with each other because of the heterogeneous
study populations, differences in the baseline character-
istics and the different regimens utilized amongst them.
Nevertheless, the results showed a trend toward a higher
SVR rate by extending therapy from 48 to 72 weeks in
patients with delayed virological response (Fig. 2).%-
In Japan, a randomized controlled trial was con-
ducted in 113 patients with HCV genotype 1b and a
high viral load, comparing a 48-week treatment group
and extended treatment group where patients were
treated for an additional 44 weeks after clearance of
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HCV RNA from serum. In this trial, the SVR rate was
36% in the 48-week treatment group and 53% in the
extended treatment group, and the SVR rate was signifi-
cantly higher in patients in the extended treatment
group who became HCV RNA-negative during the
period week 16-24 (9% vs 78%, P= 0.005).” In addi-
tion, in a case-control study matched for age, sex and
the timing of HCV RNA clearance from serum, the SVR
rate was high at 62% in the 72-week treatment group
(n=165) compared to 33% in the 48-week treatment
group (n=130), and the extended treatment was par-
ticularly effective in patients with HCV core mutations
ataa70 and aa91 as well as patients a with wild type of
ISDR sequence.”” Accordingly, 72-week extended treat-
ment is recommended for patients who are slow to clear
of HCV RNA between weeks 12 and 24.

Currently, HCV RNA clearance from serum is deter-
mined by real-time PCR detection, although most of
former studies utilized the Amplicor HCV method for
this purpose. Because real-time PCR is highly sensitive,
it should be reevaluated in terms of who gains benefit
from extended therapy. Currently, there is no sufficient
evidence to determine this. Nevertheless, substantial

_number of community-based Japanese study using

real-time PCR detection suggested that SVR could be
obtained by 72-week treatment if HCY RNA became
undetectable by week 36. Accordingly, when determin-
ing the timing of HCV RNA clearance using real-time
PCR detection, 72-week treatment could be recom-
mended for patients who achieve HCV RNA clearance
between weeks 12 and 36.
Recomimendation 13: 72-week extended therapy should
be considered for patients with HCV genotype 1 who
have delayed HCV RNA clearance from serum between
weeks 12 and 24. (Level 2a, Grade B.)
Recommendation 14: When using a real-time detection
PCR method for measurement of HCV RNA, SVR can
be obtained by 72-week extended treatment in patients
wha have achieved HCV RNA clearance by week 36.
(Level 2b, Grade C.)

Response-guided therapy for patients with
HCV genotype 2

Six trials have evaluated a shortening of the duration of
therapy from 24 weeks to 12-16 weeks for patients with
chronic HCV genotype 2 and 3.%°%°%? Although the data
from some of these trials suggest that patients with
genotype 2 and 3 infection who achieve viral clearance
from serum by week 4 can shorten their treatment dura-
tion to 12-16 week,**?*** the benefit of a shortening the
duration of therapy remains controversial,” In a recent
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study by Mangia etal., the factors associated with
relapse after shorter duration of therapy are identified as
age over 45 years, pre-treatment platelet count of less
than 140 x 10°/L, and body mass index over 30 kg/
m?'® suggesting shortening the duration of therapy can
be considered only in particular patients without pre-
dictors associated with relapse. Because most Japanese
patients have risk factors for relapse such as older age
and advanced fibrosis, shortening the duration of the
therapy is not generally recommended for Japanese
patients with genotype 2, even if they achieve viral clear-
ance by week 4.

PEG-IFN and RBV combination therapy in
patients with compensated cirrhosis

In the early Western registration trials, patients with
HCV-related compensated cirrhosis did achieve SVR but
at lower rates than-did those without cirrhosis.'?!-10*
Subsequently, there was one treatment study that
focused exclusively on patients with compensated cir-
thosis.” In this study, 124 patients with compensated
cirrhosis were assigned randomly to an RBV 1000/
1200-mg (standard dose) group and 600/800-mg (low
dose) group to determine the efficacy of PEG-IFN and
RBV combination therapy. The SVR was achieved in
52% of patients who received the standard RBV dose
and in 38% of those treated with the low dose. Serious
adverse events developed in 14% and 18% of recipients
of the standard and low RBV doses, respectively, while
dose reduction was necessary in 78% and 57% of the
two groups, respectively. HCV genotype 2/3 and platelet
count over 150 % 10%/1. were identified as factors
contributing to SVR. Thus, patients with HCV-related
compensated cirrhosis can be treated successfully with
PEG-IFN and RBV but careful observation is needed
because of an anticipated higher rate of adverse effects.
Although PEG-IFN and RBV for patients with compen-
sated cirrhosis has not been approved yet in Japan, the
following recommendation is reasonable.
Recommendation 15: Patients with HCV-related com-
pensated cirrhosis can be treated successfully with PEG-
IFN and RBV but careful observation is needed because
of an anticipated higher rate of adverse effects. (Level 3,
Grade B.)

Retreatment with PEG-IFN and RBV
combination therapy for patients who failed
to respond to previous IFN treatment

Seven randomized controlled trials have been reported
so far that examine the efficacy of PEG-IFN and RBV
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combination therapy in patients who failed to respond
to previous standard IEN therapy with or without
RBV.'%-11' The SVR rate varies among these trials ranging
(6-45%, and was lower among non-responders to previ-
ous IEN therapy compared with relapsers. In a study
using PEG-IFNa-2b and RBV at two different doses
(1.5 pg/kg per week of PEG-IFNa-2b together with
800 mg/day of RBV or 1.0 pg/kg per week of PEG-IEN
together with 1000-1200 mg/day of RBV), the SVR rate
was low at 10% and 6% in non-responders ta previous
treatment, but was high at 50% and 32% in relapsers,
respectively.'™ In a phase Ill clinical trial in Japan, the
SVR rate was also low in non-responders but sufficiently
high in relapsers.”” Accordingly, PEG-IFN and RBV com-
bination therapy is well indicated for patients who
relapse after standard IFN therapy with or without
RBV.

Data on retreatment of patients who failed to respond
to previous PEG-IEN plus RBV therapy have been evalu-
ated in two trials.""*'" |n a randomized controlled trial
that used two different doses of PEG-IFN-a-2a (360 or
180 pg/week) with two different durations of therapy
(72- or 48-week),'” an SVR was achieved in 7-14% of
patients. It should be noted, however, that the SVR was
favorable at 52% in patients who achieved HCV RNA
clearance from serum by week 12 in the 72-week treat-
ment arm.'"? In the other trial that used PEG-1EN-a-2b
and RBV in 2333 patients who failed to respond to
previous PEG or standard IFN together with RBV, an
SVR was achieved in 56% of patients whose HCV RNA
was cleared from serum by week 12 and in 48% of those
with genotype 1."* Accordingly, it is reasonable to
propose that SVR could be obtained by retreatment with
PEG-IFN and RBV in patients who achieve HCV RNA
clearance by week 12 of retreatment, even if they failed
to respond to previous PEG-IFN and RBV combination
therapy.''>'"* In contrast, in the AASLD practice guide-
line, retreatment with PEG-IFN and RBV is not recom-
mended for patients who did not achieve an SVR after a
prior full course of PEG-IFN and RBV. Because it is still
unclear who is more likely to respond to retreatment
with PEG-IFN and RBY, and new drugs such as protease
inhibitors may be indicated in the near future for
patients who failed to respond to previous PEG-IFN and
RBV therapy, data with retreatment of PEG-IFN and
RBV should be accumulated to enable a conclusive
recommendation.

Recommendation 16: Retreatment with PEG-IFN and

RBYV can be considered for non-responders and relapsers

who were treated previously with IFN-based therapy

with or without RBV. An SVR could be obtained in these
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patients whose HCV RNA is cleared from serum by week
12 of retreatment with PEG-IFN and RBV. (Level 2b,
Grade B.)

MONOTHERAPY WITH IFN OR PEG-IFN

N JAPAN, IEN monotherapy has been used to treat

HCV infection since 1992. Today, IEN monotherapy
is used only in patients with specific characteristics
because combination therapy with PEG-IFN and RBV
has achieved a high rate of SVR. Recently, a large ran-
domized control trial (RCT) of maintenance therapy
with a low dose of PEG-IFN was reported.'* There were
no differences in progression of liver disease between a
PEG-IEN group and a control group. However, Japanese
studies of elderly patients or patients who received
maintenance therapy for longer periods showed that
IEN can improve outcomes in advanced hepatic fibrosis.

Naive patients with low viral loads

Previous studies showed that 3 MIU of IFN mono-
therapy achieved SVR rates of 15-45% in patients with
fewer than 2 x 10° copies of HCV.'*"''* Monotherapy
with 180 pg/week of PEG-IFN-o-2a or 1.5 pg/kg per
week of PEG-IEN-o-2b produced SVR rates of 16-46%
in patients with fewer than 2 x 10° copies.'”*"'*! In Japa-
nese patients with fewer than 1 x 10° copies of HCV,
6 MIU of IFN treatment for 24 weeks achieved an SVR
rate of 86% (127/148)." PEG-IFN monotherapy for
48 weeks similarly achieved an SVR rate of 86% (106/
123). A recent RCT showed that PEG-1FN monotherapy
for 24 weeks produced the same SVR rate as similar
treatment for 48 weeks in patients with fewer than
1% 10° copies of HCV. On the basis of these results,
monotherapy with 1FN or PEG-IEN is considered to be
an effective treatment for naive patients with fewer than
5.0 log copies/mL of HCV.'*

Recommendation 17: Monotherapy with IFN or PEG-

PN can be considered for naive patients with low viral

loads (<5.0 log copiesfml). (Level 2a, Grade B.)

Patients with chronic kidney disease

Patients with chronic kidney disease (CKD) who
undergo hemodialysis have a high prevalence of HCV
infection. In Japan, one study reported that HCV RNA
was detected in 117 (22%) of 543 patients who under-
went maintenance hemodialysis.' Hemodialysis
patients infected with HCV have a higher mortality rate
than uninfected hemodialysis patients.'” This higher
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