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Fig. 1. Risk of post-transfusion hepatitis in Japan. Post-transfu-
sion hepatitis occurred in more than half of transfused cases un-
til the start of the 1960s. However, the risk has decreased signifi-
cantly over the past 50 years because of the introduction of sev-
eral preventive measures.

O Genotype 1 [ Non-1 genotype

Transfusion | 0 . [ 3 |

IV drug abuse

Needle-stick injury 3 ]

Tattoo | 1]

Unknown 6 | 8 |
L T T T T T T 1

0 2 4 6 8 10 12 14
Number

Fig. 2. Differences in transmission routes of HCV infection be-
tween genotype 1 and non-1 genotypes among patients aged less
than 40 years. Intravenous drug abuse was the major route of
HCV transmission in the non-1 genotypes, while blood transfu-
sion was the major route in genotype 1.

When and How Did HCV First Spread in Japan?

Mizokami et al. [5] demonstrated based on molecular
clock analysis that HCV genotype 1b, which is the most
dominant genotype in Japan, started to spread in the
1930s. They also revealed that HCV genotype la started
to spread in the United States in the 1960s, at least 30
years later than the spread of HCV genotype 1b in Japan.
Furthermore, HCV infection is still increasing exponen-
tially in the United States whereas it has been decreasing
since approximately 1995 in Japan [5]. The main causes
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of HCV dissemination in Japan included intravenous
stimulant drug (methamphetamine) abuse among the
young generation during and after World War I, blood
transfusion from paid blood donors, and injections using
contaminated syringes and needles, particularly for the
treatment of schistosomiasis japonica. Schistosomiasis
japonica was previously an endemic disease in Japan be-
fore the introduction of intravenous antimony in 1921.
Interestingly, HCV infection is more prevalent in south-
western regions of Japan compared with north-eastern
regions [4], and areas endemic for schistosomiasis japon-
ica, such as Fukuoka and Hiroshima prefectures, are lo-
cated in south-west Japan. It seems likely that the geo-
graphical distribution of schistosomiasis japonica is at
least partly attributable to differences in the prevalence
of HCV infection.

Resolution of HCV Transmission

Tanaka et al. [4] investigated the age-specific preva-
lence of HCV infection among first-time blood donors in
Japan, and found that the prevalence of HCV infection is
closely correlated with age. The number of HCV carriers
increased with age and an exponential increase was seen
in blood donors aged more than 55 years, irrespective of
the area of Japan. On the other hand, the prevalence of
HCYV infection in blood donors younger than 30 years is
quite low: 0.13% at 16-19 years and 0.21% at 20-29 years
[4]. This suggests that the rate of HCV transmission has
decreased significantly and that the total number of pa-
tients with HCV is likely to decrease [6-8].

Paid blood donation was commonly performed in Ja-
panand post-transfusion hepatitis occurred in more than
half of transfused cases until the beginning of the 1960s
(fig. 1). After the introduction of voluntary blood dona-
tion in 1964 and HBsAg screening in 1972, the risk of
post-transfusion hepatitis dramatically decreased (to
around 10%). After the discovery of HCV RNA, screen-
ing tests for first- and second-generation HCV antibodies
were started in 1989 and 1992, respectively. These screen-
ing tests further decreased the risk of post-transfusion
hepatitis. Furthermore, nucleic acid amplification tests,
introduced in 1999, almost eliminated the risk [8]. Al-
though sporadic HCV transmission still occurs through
other routes, such as intravenous drug abuse and acci-
dental exposure in medical procedures (e.g. needlestick
injury), measures to prevent post-transfusion hepatitis
have significantly reduced the rate of HCV transmis-
sion.
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Features of Recent HCV Transmission in Japan

As described above, HCV transmission through blood
transfusion is now an extremely rare event. Instead, in-
travenous drug abuse has become the main cause of HCV
transmission in developed areas such as Europe and the
USA [9, 10]. The estimated prevalence of HCV infection
among injecting drug users (IDUs) is between 30 and
80% [11-13]. The number of IDUs in Japan is steadily in-
creasing, particularly among young people, according to
the data published by the Ministry of Health, Labour and
Welfare. Therefore, intravenous drug abuse has become
an important route of HCV transmission among young
people [8, 14]. Satoh et al. [15] investigated the HCV ge-
notypes that are spreading among Japanese IDUs and
found that non-1b genotypes of HCV, particularly geno-
type 2b, seemed to be most prevalent among IDUs. We
also examined the HCV genotypes in 42 young (less than
40 years old) chronic hepatitis patients with HCV who
were treated by peginterferon and ribavirin combination
therapy at the Kinki University Hospital between 2006
and 2008. Twenty-one patients (50%) were infected with
non-1 genotypes of HCV, 20 patients had genotype 2, and
1 patient had genotype 3. The proportion of non-1 geno-
types in these patients is higher than that in the whole
Japanese population with HCV infection, which is esti-
mated to be about 30%. Possible transmission routes that
were assessed by interviewing each patient were com-
pared between those with genotype 1 and those with
non-1 genotypes. As shown in figure 2, the major trans-
mission routes appeared to be different between the 2

Changing Trends in Hepatitis C Infection
over the Past 50 Years in Japan

types: intravenous drug abuse was the major route of
non-1 genotype HCV transmission, which is consistent
with the results of previous reports [15, 16]. The sustained
virological response rates in these patients, 72% for geno-
type 1 and 95% for non-1 genotype, are better than those
in previous reports, probably due to the shorter duration
of infection (associated with less advanced disease) and
younger age, both of which are factors associated with
favorable outcomes of IFN therapy [17, 18].

Accidental exposure to HCV during medical proce-
dures is another important route of transmission, al-
though the risk is believed to be very low (0.3-2.7%) [19-
21]. These cases are usually monitored carefully after the
accident and, even if they present with acute hepatitis,
most cases can be cured by IFN therapy during the early
phase of infection [22].

In summary, even though sporadic HCV infections
are still occurring, particularly among young people, it
seems that this population will not increase the total
population of HCV infection in Japan.

Future Perspectives on HCV-Related Diseases and
Mortality

In Japan, the number of HCC patients and their mor-
tality rate remain extremely high in comparison with
other developed countries [8]. Accordingly, a nationwide
health screening program for viral hepatitis was launched
to identify new patients with HCV or HBV infection who
were unaware of their diseases. The target population of
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this program included citizens aged over 40 years, and
the program was carried out between 2002 and 2006. A
total of 6,280,111 people (26% of the target population)
were tested in this program, and 99,950 patients with
HCV infection were newly detected, and some of them
have already been treated with IFN therapy. Therefore,
this program will provide a significant contribution to
decrease the number of patients who suffer from and die
of HCV-related liver diseases.

Peginterferon and ribavirin combination therapy is
the current standard treatment for chronic hepatitis C
infection and improves the sustained virological response
rate even in patients infected with HCV genotype 1 and
who have high viral load [23]. In addition, several new-
generation drugs, such as protease inhibitors and poly-
merase inhibitors, further enhance the efficacy of IFN
therapy and will be available soon [24, 25]. The improved
efficacy of antiviral therapy for HCV will inevitably con-
tribute to decrease the HCV-related mortality rate.

Although the number of patients who die of HCC has
steadily increased over the past 50 years, as shown in fig-
ure 3, the incidence of HCC has recently started to de-
crease in Japan, mainly because of the decrease in rates of
HCV-related HCC [26, 27]. In addition, the age at diag-
nosis of HCC has increased in parallel with the increased
proportion of older patients with HCV infection [27, 28].
These trends can be explained by an estimation of the
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Abstract

Double-filtration plasmapheresis (DFPP) was approvedin Ja-
pan in April 2008 for the retreatment of chronic hepatitis C
patients with genotype 1b and high viral loads, whose hepa-
titis C virus was not eradicated by earlier IFN therapy or by
pegylated IFN plus ribavirin (PEG-IFN/RBV) combination
therapy. In this study, we assessed the early viral dynamics of
9 patients with non-sustained virological response to the
combination therapy. The overall viral dynamics of DFPP
plus IFN treatment with or without RBV for 4 weeks showed
areduction of =1login the viral load in 22% (2 of 9 patients),
55.6% (5/9), 77.8% (7/9) and 77.8% (7/9) at 24 h, 1, 2 and 4
weeks after the start of treatment. By contrast, DFPP plus

consecutive intravenous IFN-B for 4 weeks reduced the viral
load by =1login 33% (2/6), 50% (3/6), 83.3% (5/6) and 83.3%
(5/6) at 24 h, 1, 2 and 4 weeks. The viral load declined by =2
log in 50% (3/6) at 4 weeks after the start of treatment. DFPP
plus consecutive intravenous IFN-B for 4 weeks is a prom-
ising treatment for non-sustained virolgical response pa-

tients. Copyright © 2010 S. Karger AG, Basel

Introduction

Hepatitis C virus (HCV) infection is the major cause
of chronic hepatitis, liver cirrhosis, and hepatocellular
carcinoma (HCC) in industrialized countries. HCV in-
fection is manageable, however, and its complications can
be prevented by antiviral therapy [1, 2]. Currently, the
most effective treatment for chronic HCV infection is
based on pegylated interferon plus ribavirin (PEG-IFN/
RBV) combination therapy [3]. Nonetheless, sustained

KARGER © 2010 S. Karger AG, Basel
0300-5526/10/0531-0044$26.00/0
Fax +41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

Accessible online at:
www.karger.com/int

Soo Ryang Kim, MD

Department of Gastroenterology

Kobe Asahi Hospital

3-5-25 Bououji-cho, Nagata-ku, Kobe 653-0801 (Japan)

Tel. +81 78 612 5151, Fax +81 78 612 5152, E-Mail asahi-hp @arion.ocn.ne.jp

- 444 -



virological response (SVR) rates for those infected with
the most resistant genotypes (HCV-1a and HCV-1b) still
hover around 50% [3, 4].

To surmount this SVR rate with combination therapy,
several trials have been undertaken, two of which are: (1)
retreatment with combination therapy and (2) double-
filtration plasmapheresis (DFPP). By the protocol-de-
fined primary analysis of the former, the SVR rate has
been 16% at most, even for a 72-week induction group

[5].

The use of DFPP [approved in Japan in April 2008 for
the retreatment of chronic hepatitis C (CHC) patients
with genotype 1b and high viral loads] together with IFN
administration has produced a substantial reduction in
the viral load during the early stages of treatment and has
effected a high SVR [6], suggesting that this treatment
is a new modality for CHC patients in difficult-to-treat
states. In this study, we used DFPP plus IFN to enhance
the efficacy of the treatment of CHC patients whose HCV
was not eradicated by earlier PEG-IFN/RBV combina-
tion therapy, and we assessed early viral dynamics associ-
ated with SVR.

Patients and Methods

Patients

Nine patients (aged 43-66 years) whose HCV had not been
eradicated by earlier PEG-IFNa-2b plus RBV combination ther-
apy carried out between 2008 and 2009 were enrolled in this
study. The patients were divided into 2 groups: partial responders
(PR; relapse after the end of therapy) and non-responders (NR; no
disappearance of HCV RNA during therapy). All the patients
were confirmed to be HCV RNA positive with high transaminase
levels persisting for 6 months or longer, and with HCV RNA ge-
notype 1b at levels exceeding 10° log IU/ml in blood (as deter-
mined before the start of therapy by real-time PCR). Also, the
patients were negative for hepatitis B surface antigen. Patients
with platelet counts of <10 X 10%pul, leukocyte counts of
=<3,000/p1, or hemoglobin levels of <12 g/d] were excluded from
the study.

Each patient gave written informed consent and agreed to re-
ceive concomitant DFPP, and the study was approved by the re-
view board of the Kobe Asahi Hospital.

DFPP and Blood Collection

Blood collected from the peripheral vein for DFPP by a Plas-
maflo™ OP-18W filter (Asahi Kasei Medical, Tokyo, Japan) was
separated into plasma and cell components. The virus was then
removed from the plasma by a second filter (Cascadeflo™ EC-
50W; Asahi Kasei Medical) of an average pore size of 30 nm. For
each session, the final volume of treated plasma was 50 ml/kg;
the number of sessions was 5 over 2 weeks, and the time of DFPP,
based on the reduced plasma fibrinogen levels during DFPP, was
decided by the physicians and as required by the patients.

Plasmapheresis plus IFN for
Non-Responders to Previous Therapy

Types of IFN for 4 Weeks with DFPP

During DEPP, the patients were treated with different kinds of
IFN: patient 1 with PEG-IFNa-2b plus RBV for 4 weeks; patients
2 and 3 with IFN-B 3 MU twice daily for 2 weeks and PEG-IFNa-
2a plus RBV for 2 weeks; patients 4 and 9 with IFN- 3 MU twice
daily for 2 weeksand IFN- 6 MU daily for 2 weeks; patient 5 with
IFN-B 3 MU twice daily for 10 days and IFN-B 6 MU daily for 18
days, and patients 6, 7 and 8 with IFN-f 3 MU twice daily for 4
weeks. The dose of PEG-IFN«-2b was 1.5 pg/kg and 180 pg of a-
2a per week. The RBV dose was 800 mg/day with a-2b and 600~
800 mg/day with «-2a. After DFPP plus IFN treatment for 4
weeks, all patients were scheduled to receive PEG-IFN/RBV com-
bination therapy (patient 1: PEG-IFNa-2b 1.5 pg/kg per week
plus RBV 800 mg/day; patients 2-9: PEG-IFNa-2a 180 g per
week plus RBV 600-800 mg/day).

Amino Acid Substitutions in the Core Region (aa 30 and

aa 91) and Number of IFN Sensitivity-Determining Region

Mutations

We measured pre-treatment factors such as prediction of clin-
ical outcome of therapy, amino acid sequence variation in the
NS5A region (referred to as IFN sensitivity-determining regions)
and in the core protein regions (aa 70 and aa 91) of HCV with a
given genotype, and the viral load.

HCV RNA Measurement

The quantity of HCV RNA was measured by real-time PCR
(detection limit 1.2 log IU/ml), by HCV core antigen (detection
limit 20 fmol/1), and by RT-PCR (Amplicor HCV monitor v 2.0;
Roche; detection limit 50 IU/ml).

Virus Removal at Second Filter Inlet and Outlet

Plasma was collected twice from the inlet and outlet of the
second filter during 1 session of DFPP: once when the treated
plasma volume reached half of the target quantity, and once when
DFPP was completed. The change in the quantity of HCV RNA
was evaluated through the plasma samples collected.

Viral Reduction and Viral Response Rate

The quantity of HCV RNA was converted to a log value at the
beginning of the treatment (A) and at each of the virus measure-
ment points (B). Alog was then calculated: Alog = logA ~ logB =
log (A/B).

Evaluation of DFPP Safety

The subjective and objective adverse events of DFPP were ob-
served, and five clinical factors were measured (platelet and lym-
phocyte counts, and hemoglobin, albumin and fibrinogen levels)
before the first session of DFPP, before successive sessions on the
second, third, fourth, fifth and sixth days, and 2 weeks after the
last session.

Statistical Analysis

Statistical analysis consisted of analysis of variance for patient
background factors, and the paired t test for quantities of HCV
RNA at the second filter inlet during DFPP. The t test was used
for viral load reductions and Fisher’s exact test for viral response
rates among the groups. The t test was 2-tailed, and differences of
P <0.05 were considered significant.
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Table 1. Early viral dynamics with DFPP plus IFN treatment

Viral mutation

Viral dynamics of previous

Viral dynamics after DFPP+IFN

Type of IFN for 4 weeks with DFPP

Case Age/

treatment (PEG-IEN/RBV)

sex

ISDR

out- aa 70 aa 9l

unit

log
drop

before
treat-

unit

log drop

before
treat-

come

4 wks

ment

24h 1wk 2wks 4wks

ment

0
0
1
1
mutant 1
0
1
1
0

wild

mutant wild

wild
wild

wild
wild
wild
mutant mutant
mutant
wild

wild
wild
wild
wild
wild

PR

log IU/ml NR
KIU/ml

fmol/l
fmol/l
fmol/1

NR

NR
NR
NR
NR
N

NR

KIU/ml
KIU/ml
fmol/1

KIU/ml

ND

6
2.6

11,500 0.8
0.1

0.7
0.2
0.3
0.1

52
2,800
74
426

ml

/
U/

g e ]

fmol/l

log 1U/ml

log IU/m

log IU/m
U/m

log
log
log
fmo
log

1.0
+0.2
0.4

RN
- o

2.9

1.1

6
1.6

0.6
0.4
1.2
5.0
1.2

3
2.5

0.6
3
0

0.2

14

06 03
14 1.
2

0.0 038

uy

0
0.4
0.4
0
0.6

3,460
7.2

v N
~

5.8
6.8
5.5
6

5.3

IFN-B (3 MU 2/day) 2 wks = PEG-IFNa-2a/RBV 2 wks
IFN-B (3 MU 2/day) 2 wks = PEG-IFN«-2a/RBV 2 wks
IFN-B (3 MU 2/day) 2 wks = IFN- (6 MU 1/day) 2 wks
IFN-B (3 MU 2/day) 10 days = IFN-B (6 MU 1/day) 18 days
IFN-B (3 MU 2/day) 4 wks

IFN-B (3 MU 2/day) 4 wks

IFN-B (3 MU 2/day) 4 wks
43/M IFN-B (3 MU 2/day) 2 wks — TFN-B (6 MU 1/day) 2 wks

66/M  PEG-1IFNa-2b/RBV 4 wks

65/F
52/F
47/F
52/F
61/F
66/F
43/F

1
3
4
5
6
7
8
9

PEG-IFN/RBV: PEG-IFNa-2a (180 p.g per week) plus RBV (600-800 mg/day) or PEG-IFNa-2b (1.5 pug/kg per week) plus RBV (800 mg/day). IFN-B: 3 MU twice daily or 6 MU daily.

interferon sensitivity-determining region.

amino acid; ISDR

Not done; aa

ND
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Results

Of the 9 patients, 1 was PR and 8 were NR. Virus mu-
tation in the core region was as follows: wild type (7 pa-
tients) and mutant type (2 patients) at aa 70; wild type (6
patients) and mutant type (3 patients) at aa 91. IFN sensi-
tivity-determining regions demonstrated mutation 1 (5
patients) and mutation 0 (4 patients), while mutation 2
was not seen in any patient. The overall viral dynamics
of DFPP plus IFN treatment with or without RBV for 4
weeks showed a reduction in the viral load of =1 log in
22% (2 of 9 patients), 55.6% (5/9), 77.8% (7/9) and 77.8%
(7/9) at 24 h, 1, 2 and 4 weeks after the start of treatment,
respectively. The early viral dynamics after DFPP plus
consecutive intravenous IFN-B treatment for 4 weeks
showed a reduction in the viral load of =1 log in 33% (2
of 6 patients), 50% (3/6), 83.3% (5/6) and 83.3% (5/6) at
24 h, 1, 2 and 4 weeks after the start of treatment, respec-
tively. The reduction of the viral load by =2 log was ob-
served in 50% (3 of 6 patients) at 4 weeks after the start of
treatment (table 1).

Discussion

New drugs to replace IFN as well as drugs that can be
used in combination with IFN are being actively devel-
oped. Also, attempts are being made to find ways to phys-
ically remove HCV particles from the blood. Granulo-
cyte apheresis, plasma exchange and hemofiltration have
been applied to HCV-infected patients for the treatment
of cryoglobulinemia and vasculitis, modalities which
have been shown to reduce HCV RNA in the blood dur-
ing treatment [6-11]. The mechanisms of the clinical re-
sults of plasmapheresis have been described, whereby
HCV in the blood is related to the effects of IFN thera-
py that could be enhanced by removing the virus from
blood [12-14]. Low-densitylipoprotein-cholesterol apher-
esis and plasma exchange in hypercholesteremic patients
with HCV infection reduces the quantity of HCV RNA
in the blood of some patients [15]. Hemodialysis, hemo-
filtration and peritoneal dialysis in chronic dialysis pa-
tients infected with HCV significantly lower HCV RNA
levels in the blood [16]. Combined granulocyte apheresis
with IFN therapy for CHC [17-19] and the prerequisite
for early reduction of the virus in the treatment of CHC
[20, 21] are essential. Thus, the potential effectiveness of
IFN therapy combined with early physical removal of the
virus is of particular interest.

Kim et al.
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Asahina et al. [22] studied HCV dynamics in both se-
rum and peripheral blood mononuclear cells in 44 pa-
tients, with HCV genotype 1b and high viral loads, ran-
domly assigned to 4 treatment groups: (1) combination
therapy with 6 MU daily of IFNa-2b plus 800 mg of RBV;
(2) monotherapy with 6 MU daily of IFNa-2b; (3) mono-
therapy with twice-daily intravenous administration of 3
MU of IFN-B, and (4) monotherapy with daily intrave-
nous administration of 6 MU of IFN-B. HCV RNA levels
measured serially by highly sensitive real-time PCR and
HCV dynamics in both serum and peripheral blood
mononuclear cells have demonstrated a ‘biphasic” pat-
tern. The exponential decay slopes of the second phase
have been significantly higher in the combination or the
twice-daily dose regimen groups than in group 2 or 4
(0.10 £ 0.08 vs. 0.02 * 0.09 or 0.16 = 0.09 vs. 0.02 *+
0.04 day™’; p < 0.05 and p < 0.0005, respectively) [22].
Kim et al. [23] observed that a daily dose of IFN- 6 MU
for 4 weeks effects a 2 log decrease in the HCV RNA load
in 7 patients with genotype 1b and high viral loads.

In this study, early viral dynamics were assessed in the
9 patients non-SVR to the combination therapy. The
overall viral dynamics of DFPP plus IFN treatment with
or without RBV for 4 weeks reduced the viral load by =1
log in 22% (2 of 9 patients), 55.6% (5/9), 77.8% (7/9), and
77.8% (7/9) at 24 h, 1, 2 and 4 weeks after the start of treat-
ment, respectively. DFPP plus consecutive intravenous
IFN-B treatment for 4 weeks reduced the viral load by >1
log in 33% (2/6), 50% (3/6), 83.3% (5/6) and 83.3% (5/6) at
24 h, 1, 2 and 4 weeks after the start of treatment, respec-
tively.

The prerequisite for early virological response (EVR;
indicating negative HCV RNA at 12 weeks) has been em-
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Abstract

We investigated whether sustained virological response
(SVR)and non-SVR by chronic hepatitis C patients to pegylat-
ed interferon plus ribavirin (PEG-IFN/RBV) combination ther-
apy are distinguishable by viral factors such as the IFN/RBV
resistance-determining region (IRRDR) and by on-treatment
factors through new indices such as the rebound index (RI).
Thefirst RI (RI-1st; the viral load at week 1 divided by the viral
load at 24 h) and the second RI (RI-2nd; the viral load at week
2 divided by the viral load at 24 h) were calculated. The sub-
ject patients were divided into 3 groups based on RI-1st and
RI-2nd:an RI-A group (RI-1st <1.0), an RI-B group (RI-1st >1.0
and RI-2nd <0.7) and an RI-C group (RI-1st >1.0 and RI-2nd
=0.7). The SVR rate was 71.4% (10/14) in the RI-A group,

46.2% (6/13) in the RI-B group and 20.0% (3/15) in the RI-C
group (p=0.005 between the RI-A group and the RI-C group).
In IRRDR =6 and IRRDR =<5 the SVR rate was 81.3% (13/16)
and 23.1% (6/26) (p = 0.0002), respectively. By combining Rl
and IRRDR as a predicting factor, the SVR rate was 87.5% (7/8)
intheRI-Agroup (=6 mutationsin the IRRDR) and 7.7% (1/13)
in the RI-C group (<5 IRRDR mutations) (p = 0.0003).
Copyright © 2010 S. Karger AG, Basel

Introduction

Recently, global consensus has obtained that a combi-
nation of IFN or pegylated IFN plus ribavirin (PEG-IFN/
RBV) is the treatment of choice for chronic hepatitis C
(CHC). Notwithstanding this treatment regimen, sus-
tained virological response (SVR) rates of those infected
with the most resistant genotypes [hepatitis C virus
(HCV)-laand -1b] still hover at ~50% [1, 2]. Itis therefore
worthwhile to identify the predictive factors that allow
the selection of patients who would achieve eradication
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of HCV RNA either before or during therapy, especially
since IFN/RBV combination therapy is costly and has
several side effects [3].

Predictors of the effectiveness of IFN-based therapy
can be classified into pretreatment and on-treatment fac-
tors. Pretreatment factors comprise: (1) host factors such
as age, gender, obesity, alcohol consumption, hepatic iron
overload, fibrosis, immune responses and co-infection
with other viruses, and (2) viral factors that mainly in-
clude viral genotypes and loads, particular amino acid
sequence variations in the NS5A region [4, 5] and in the
core protein region of HCV [6] within a given genotype.
Moreover, the mean number of mutations in variable re-
gion 3 (V3) plus its upstream flanking region of NS5A
[amino acid 2334-2379, referred to as IFN/RBV resis-
tance-determining region (IRRDR)] is significantly high-
er in HCV isolates obtained from patients who later
achieve SVR by PEG-IFN/RBV than in those from non-
SVR patients. On-treatment factors are mainly related to
viral kinetics within the first few weeks of treatment [7].

In the current study, with the aim of investigating
whether SVR and non-SVR can be distinguished by viral
factors such as IRRDR and by on-treatment factors
through new indices such as the rebound index (RI), we
calculated the first RI (RI-1st; the viral load at week 1 di-
vided by the viralload at 24 h) and the second RI (RI-2nd;
the viral load at week 2 divided by the viral load at 24 h),
as proposed by Nomura et al. [8].

Patients and Methods

The 42 patients included in this study, who all demonstrated
high viral loads (>100 KIU/ml) of serum HCV RNA of genotype
1b, had been diagnosed with CHC on the basis of abnormal serum
alanine aminotransferase persisting for at least 6 months, and of
positive HCV RNA assessed by RT-PCR. None of the patients was
positive for hepatitis B surface antigen or other liver diseases (au-
toimmune hepatitis, alcoholic liver disease). All the patients re-
ceived a regimen of PEG-IFNa-2b (peginterferon alpha-2b; Peg-
Intron; Schering-Plough, Kenilworth, N.J., USA) (1.5 pug/kg/week,
subcutaneously) in combination with RBV (ribavirin; Rebetol;
Schering-Plough) 600-1,000 mg/day for 48 weeks. RBV was ad-
ministered at a dose of 600 mg/day (3 capsules) to patients weigh-
ing <60 kg, 800 mg/day (4 capsules) to those weighing <80 kgand
1,000 mg/day (5 capsules) to those weighing =80 kg.

The efficacy of the combination therapy was evaluated by
HCV RNA negativity determined by qualitative RT-PCR analysis
at the end of therapy (end of therapy response) and 6 months after
the completion of therapy (SVR). The amount of HCV RNA was
also measured quantitatively by RT-PCR (Amplicor HCV moni-
tor v. 2.0; Roche) before therapy. The lower detection limit of the
assay was 5 KIU/ml. Samples collected during and after therapy

50 Intervirology 2010;53:49-54

were also determined by qualitative RT-PCR (Amplicor; Roche),
which has a higher sensitivity than quantitative analysis, and the
results were labeled as positive or negative. The lower limit of the
assay was 50 IU/ml.

SVR was defined as undetectable serum HCV RNA at 24
weeks after the cessation of treatment, and non-SVR as detectable
HCV RNA at 24 weeks after the discontinuation of treatment.
Informed consent was obtained from all patients enrolled in the
study after thoroughly explaining the aims, risks and benefits of
the therapy.

The amount of HCV core antigen was assessed by the IRM as-
say (Ortho Clinical Diagnostics, Tokyo, Japan), which provides a
good correlation between the amount of HCV core antigen and
the amount of HCV RNA, as shown in our previous study [9]. The
HCV core antigen was measured on days 0, 1 (24 h), 7 (1 week)
and 14 (2 weeks) according to the detection limit of 20 fmol/l es-
tablished by the manufacturer.

RI-1st was defined as the coefficient derived by dividing the
viral load of HCV core antigen at week 1 by that at 24 h, and RI-
2nd was defined as the coefficient derived by dividing the viral
load at week 2 by that at 24 h [8].

The patients were divided into 3 groups based on RI-1st and
RI-2nd: group A (RI-1st <1.0), group B (RI-1st >1.0 and RI-2nd
<0.7) and group C (RI-1st >1.0 and RI-2nd =0.7).

NS5A sequence analysis (IRRDR) was performed as described
[4]. Briefly, the sequences of the amplified fragments were deter-
mined by direct sequencing without subcloning with the use of a
Big Dye Deoxy Terminator cycle sequencing kit and an ABI 337
DNA sequencer (Applied Biosystems, Japan). The aa sequences
were deduced and aligned with Genetyx Win software v. 7.0 (Ge-
netyx Corp., Tokyo, Japan). Numbering of aa throughout the
manuscript is according to the polyprotein of HCV genotype 1b
prototype HCV-].

Statistical Analysis

Differences between the groups were assessed by the x” test,
Fisher’s exact test or Student’s t test, the Mann-Whitney test and
the Kruskal-Wallis test. p < 0.05 was considered statistically sig-
nificant.

Results

Of the 42 patients treated with combination therapy,
19 (45.2%) achieved SVR and 23 (54.8%) were still HCV
RNA positive (non-SVR) 6 months after therapy. No sig-
nificant differences were observed in patient characteris-
tics between SVR and non-SVR, except in platelet counts
and the degree of fibrosis (table 1), or among the RI-A, -B
and -C groups (table 2).

The SVR rate was 71.4% (10/14), 46.2% (6/13) and
20.0% (3/15) in the RI-A, -B and -C groups, respectively,
with a significant difference between the RI-A and -C
groups (p = 0.005), but not significant between the RI-A
and -B groups and the RI-B and -C groups (fig. 1). In the
14 patients of the RI-A group, HCV RNA turned negative
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Table 1. Host-dependent, virus-related profile by response (SVR and non-SVR)

SVR Non-SVR p value
Gender (M/F), n 11/8 13/10 NS
Age, years 56.7+8.8 59.3+10.5 NS
HCV RNA level, KIU/ml 1,685 11,477 1,660 £1,363 NS
HCYV core antigen, fmol/l 7,044 6,763 9,343 + 12,563 NS
Body weight, kg 599+11.5 59.8+13.6 NS
Treatment history (retreatment/naive) 6/13 13/10 NS
Platelet count ( X 10*/mm?) 18.7+44 14.8+54 0.02
FO, 1/F2, 3 12/2 5/10 0.004
Table 2. Host-dependent, virus-related profile by response (RI-A, -B and -C groups)
RI-A RI-B RI-C p value

Gender (M/F), n 717 9/4 8/7 NS
Age, years 60.0£5.9 58.5%9.4 56.1%12.8 NS
HCV RNA level, KIU/ml 1,401 £1,014 2,053+ 1,286 1,593 £1,772 NS
HCV core antigen, fmol/l 6,084 5,106 7,674 15,038 11,000+15,837 NS
Body weight, kg 6211166 59.5+10.4 5824101 NS
Treatment history (retreatment/naive) 3/11 716 9/6 NS
Platelet count ( X 10%/mm?) 153%35 18.3%59 16.3+6.0 NS
FO, 1/F2, 3 7/3 5/4 5/5 NS
Table 3. SVR rate between IRRDR <5 and IRRDR <6 in RI-A, -B and -C groups

RI-A RI-B RI-C

IRRDR IRRDR IRRDR IRRDR IRRDR IRRDR

<5 =6 =5 =6 <5 =6
SVR 3 7 2 4 1 2
Non-SVR 3 1 5 2 12 0
SVR rate, % 50.0 87.5 28.6 66.7 7.7 100

L ] o
p value NS NS 0.0Q24
0.0003

by week 4 in 3 patients, week 8 in 5 patients, week 12 in 5
patients and was positive in 1 patient throughout the
treatment. In the 13 patients of the RI-B group, HCV
RNA was negative by week 4 in 1 patient, week 8 in 2 pa-
tients, week 12 in 4 patients, at and after week 16 in 5
patients and remained positive throughout the treatment
in 1 patient. In the 15 patients of the RI-C group, HCV
RNA was negative by week 12 in 1 patient, on and after
week 16 in 6 patients and remained positive throughout
the treatment in 8 patients (fig. 2).

Efficacy and Viral Dynamics with Viral
Mutation in Combination Therapy

The SVR rate was 81.3% (13/16) in the group with =6
mutations in IRRDR, and 23.1% (6/26) in those with <5
(fig. 3), with a significant difference between the 2 groups
(p = 0.0002).

By combining RI and IRRDR, the SVR rate was 87.5%
(7/8) in the RI-A group (IRRDR =6) and 7.7% (1/13) in
the RI-C group (IRRDR <5) (table 3), with a significant
difference between the 2 groups (p = 0.0003).
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Fig. 1. SVR rate in RI-A, -B and -C groups. The overall SVR rate
was 71.4, 46.2 and 20.0%, respectively. Significant difference in
SVR rate is indicated.
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Fig. 2. Relation between response time and virus dynamics. In the
14 patients of the RI-A group, HCV RNA turned negative by week
4 in 3 patients, week 8 in 5 patients, week 12 in 5 patients and re-
mained positive throughout the treatment in 1 patient. In the 13
patients of the RI-B group, HCV RNA was negative by week 4 in
1 patient, week 8 in 2 patients, week 12 in 4 patients, at and after
week 16 in 5 patients and remained positive throughout the treat-
ment in 1 patient. In the 15 patients of the RI-C group, HCV RNA
was negative by week 12 in 1 patient, at and after week 16 in 6 pa-
tients and remained positive throughout the treatment in 8 pa-
tients.
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Fig. 3. SVR rate and IRRDR number. The SVR rate was 23.1% in
IRRDR <5 and 81.3% in IRRDR =6, which was significantly dif-
ferent.

Discussion

The importance of early virological response (EVR;
signifying HCV RNA negative at 12 weeks) has been em-
phasized in predicting SVR and non-SVR in CHC pa-
tients undergoing IFN treatment; those not reaching
EVR do not respond to further therapy. Discontinuation
of treatment in patients not reaching EVR would reduce
drug costs by more than 20%; consequently, early confir-
mation of viral reduction after initiating antiviral thera-
py for CHC is worth investigating [10].

Treatment with IFN induces a decline in HCV RNA
levels that can be mathematically measured in 2 phases.
The decline in the first phase, usually measured at 24 or
48 h, probably reflects direct inhibition of intracellular
production and release of HCV [11], with IFN efficacy
ranging from about 70% (approx. 0.7 log units) for stan-
dard IFN (given 3 times a week) to more than 90% (1 log
unit) for high daily doses of standard IFN or PEG-IFN
(given once a week) [12, 13]. The decline in the second
phase, beginning after 24-48 h, is slower and more vari-
able than that in the first phase, and is thought to reflect
continued inhibition of replication and the gradual elim-
ination of virus-infected cells [11]. The decay in the first
phase has little correlation with the IFN dose, but is more
rapid with PEG-IFN than with standard IFN prepara-
tions [10].
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Lowering HCV RNA during the first phase is essential
for efficient elimination of HCV during the second phase.
Decreases in HCV RNA titers within the first 24-48 h
after the start of IFN would, therefore, be a dependable
estimate of antiviral efficacy [12, 13].

Early viral kinetics, determined up to week 2, are be-
lieved to express the therapeutic effect of PEG-IFN. The
concentration of PEG-IFNa-2b in serum peaks after
24 h, then declines gradually [14, 15]. The viral load is
thus reduced by 24 h but increases in week 1 [16, 17]; with
a large dose of PEG-IFN at each administration, it de-
creases markedly at 24 h but then increases in week 1 re-
gardless of the dose. In the responder group, however, the
viral load continues to decline each week thereafter [17].

In this study, we used new indices proposed by No-
mura et al. [8]: RI-1st and RI-2nd calculated from early
viral kinetics. RI-1st was defined as the coefficient de-
rived by dividing the viral load of HCV core antigen at
week 1 by that at 24 h, and the RI-2nd was defined as the
coefficient derived by dividing the viral load at week 2 by
that at 24 h. In the SVR group, a number of patients dem-
onstrated no increase in the viral load at week 1. Patients
with a high RI-2nd were regarded as poor responders or
non-responders to PEG-IFN. The RI-2nd of those other
than non-responders was below 0.7; therefore, 0.7 was
adopted as the reference value for RI-2nd, and the pa-
tients were divided into 3 groups based on RI-1st and RI-
2nd: the RI-A group (RI-1st <1.0), the RI-B group (RI-1st
>1.0 and RI-2nd <0.7) and the RI-C group (RI-1st >1.0
and RI-2nd =0.7). The SVR rate of the RI-A, RI-B and
RI-C groups was 71.4% (10/14), 46.2% (6/13) and 20%
(2/10), respectively (p = 0.005 between the RI-A group
and the RI-C group). RIs are also associated with the ear-
ly clearance of HCV RNA that is related to SVR.

In the RI-A group 21.4% (3/14), 35.7% (5/14) and 35.7%
(5/14) became HCV RNA negative by weeks 4, 8 and 12,
respectively. In the RI-B group 7.7% (1/13), 15.4% (2/13),
30.8% (4/13) and 38.5% (5/13) became HCV RNA nega-
tive by weeks 4, 8, 12, and at and after week 16, respec-
tively. In the RI-C group 6.7% (1/15) and 40.0% (6/15)
became HCV RNA negative by week 12, and at and after
week 16, respectively. It is believed that the simplified RI-
Ist and RI-2nd are evidential indices for determining the
therapeutic efficacy of PEG-IFN/RBV treatment.

We have previously reported that the high degree of
sequence variation in IRRDR (IRRDR =6) significantly
correlates with SVR, whereas the low degree of sequence
variation in this region (IRRDR <5) correlates with non-
SVR [4]. A significant correlation between the rapid re-
duction of HCV core antigen titers and the degree of se-

Efficacy and Viral Dynamics with Viral
Mutation in Combination Therapy

quence variation in IRRDR has been observed. This, in
particular, suggests a possible influence of IRRDR =6 on
HCV replication kinetics during IFN-based therapy, es-
pecially that the direct effect of IFN begins a few hours
after the first dose.

In this study, the SVR rate was 81.2% (13/16) with
IRRDR =6and 23.1% (6/26) withIRRDR <5 (p=0.0002),
strongly suggesting that IRRDR =6 would be a useful
marker for the prediction of SVR.

By combining RI and IRRDR as a predicting factor,
the SVR rate was 87.5% (7/8) in the RI-A group (RI-1st
<1.0) with IRRDR =6, signifying that about 90% of
these patients turned SVR and were, thus, believed to be
very good responders. An SVR rate of 7.7% (1/13) was ob-
tained in the RI-C group with IRRDR =<5 (p = 0.0003).

In conclusion, we propose that IRRDR combined with
RIs is the most sensitive predictive factor for SVR and
non-SVR. With the aid of RIs and IRRDR, a more effec-
tive PEG-IFN/RBV treatment could be within reach. A
more detailed investigation with a larger number of sub-
jects is needed to confirm the current results in patients
given PEG-IFN/RBV combination therapy.
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Abstract

Objective: The extension of treatment duration has been
proposed in late virological responders with hepatitis C virus
(HCV) genotype 1 and high viral load. However, the effec-
tiveness of extended treatment in patients whose serum
HCV RNA become undetectable later than 24 weeks of treat-
ment (ultra-late virological responder; ULVR) has not yet
been determined. Methods: A total of 130 patients infected
with HCV genotype 1 and who had high viral load were treat-
ed with pegylated interferon (PEG-IFN) and ribavirin (RBV)
combination therapy. We retrospectively analyzed 10 ULVR
who received extended combination treatment beyond 48
weeks. Results: The duration of the combination treatment
for ULVR ranged between 59 and 119 weeks, and the mean
duration was 80 weeks. Although the majority of ULVR were
older female patients (=60 years) with factors related to
poor therapeutic response, 8 patients (80%) achieved sus-

tained virological response (SVR). The SVR rate correlated
well with the duration of the treatment. Five ULVR achieved
SVR when treatment was continued until serum HCV RNA
remained undetectable for longer than 48 weeks. Conclu-
sion: The extended duration of PEG-IFN and RBV combina-
tion treatment is a possible strategy to improve treatment
response in HCV genotype 1 infection, even for ULVR.
Copyright © 2010 S. Karger AG, Basel

Introduction

Peginterferon (PEG-IFN) and ribavirin (RBV) combi-
nation treatment is the standard treatment for chronic
hepatitis C infection that results in improved sustained
virological response (SVR), even in patients with hepati-
tis C virus (HCV) genotype 1 and high viral load [1, 2].
Recently, an extension of the treatment duration to 72
weeks has been proposed for late virological responders
who have a 2-log decrement in HCV RNA from baseline
at 12 weeks of the treatment and undetectable serum
HCV RNA after 13-24 weeks of the treatment [3, 4].
However, the benefit of the extended combination treat-
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ment in patients whose serum HCV RNA become unde-
tectable later than 24 weeks of the treatment (ultra-late
virological responder; ULVR) has not yet been deter-
mined.

In the present study, we addressed the effectiveness
and feasible duration of the extended PEG-IFN and RBV
combination treatment in ULVR infected with HCV ge-
notype 1 and who had a high viral load.

Patients and Methods

A total of 130 patients infected with HCV genotype 1 and
who had a high viral load were treated with PEG-IFNa-2b (Peg-
Intron; Schering-Plough, Kenilworth, N.J., USA) and RBV (Re-
betol; Schering-Plough) combination treatment between Janu-
ary 2005 and August 2008 at the Kinki University Hospital.
PEG-IFNa-2b was administered at 1.5 pg/kg subcutaneously
each week and RBV was administered orally at a dose of 600 mg
to patients weighing <60 kg, 800 mg to those weighing 60-80 kg,
and 1,000 mg to those weighing =80 kg daily. The dose reduc-
tion and discontinuation of the combination treatment was de-
termined according to standard protocols. The total duration of
the treatment was determined by the attending physicians or by
patient request. The serum HCV RNA was measured before
commencement of treatment and every month during the treat-
ment by quantitative Amplicor HCV monitor assay (version 2.0,
Roche Diagnostics; detection limit 500 IU/ml). When the quan-
titative assay showed undetectablelevels of HCV RNA, a qualita-
tive Amplicor HCV assay (version 2.0, Roche Diagnostics; detec-
tion limit 50 IU/ml) was applied. We defined patients that had
undetectable HCV RNA at later than 24 weeks of treatment as
ULVR.

Patient characteristics assessed at baseline included age, sex,
body mass index (BMI), histological results of pre-treatment liver
biopsy (Metavir scoring: FO = no fibrosis; F1 = portal fibrosis;
F2 = few septa; F3 = many septa without cirrhosis; F4 = cirrhosis),
platelet count, serum HCV RNA before treatment, viral amino
acid (aa) substitutions, and 2-log decrement in serum HCV RNA
from baseline at 12 and 24 weeks of the treatment. Viral aa sub-
stitutions were determined for the IFN sensitivity-determining
region (ISDR) in the HCV NS5A and substitutions at positions 70
and 91 in the HCV core region, as previously described [5-7]. The
ISDR was defined as wild type when there were 1 or no aa substi-
tutions, and defined as mutant type when there were 2 or more.

Results

Overall Response in Patients with HCV Genotype 1

and High Viral Load

The SVR rate for combination treatment in all the pa-
tients with genotype 1 and high viral load was 41.5%
(54/130) by intention-to-treat analysis, and 54.3% (51/94)
by per-protocol-study analysis.
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Fig. 1. The duration of maintaining undetectable HCV RNA
while undergoing PEG-IFN/RBV combination treatment (main-
tenance treatment) was correlated with SVR rate. The horizontal
axis represents the duration between the time serum HCV RNA
was undetectable and the termination of the treatment.

Efficacy and Side Effects of Extended Treatment in

ULVR

Among 10 ULVR, 8 patients achieved SVR by the
extended treatment. The characteristics for ULVR are
shown in table 1. Eight patients (80%) were older than 60
years of age and 7 (70%) were female. Four of the 8 pa-
tients with SVR showed severe fibrosis (F3) or cirrhosis
(F4). Among 5 patients with SVR who were assessed for
aa substitutions in HCV RNA, 3 patients showed a mu-
tant type at ISDR and 4 showed wild type at both aa 70
and aa 91 in the HCV core region, while 2 patients with
non-SVR showed substitutions at either aa 70 or aa 91. Six
of 10 (60%) ULVR patients achieved a 2-log decrement of
serum HCV RNA from baseline at 12 weeks and 8 pa-
tients (80%) at 24 weeks. Eight patients (80%) had unde-
tectable HCV RNA within 36 weeks of treatment and the
remaining 2 patients (1 each of the non-SVR and SVR
groups) had undetectable HCV RNA at 48 and 60 weeks,
respectively. The total duration of the combination treat-
ment ranged from 59 to 119 weeks, with a mean duration
of 80 weeks. All patients with SVR received extended
treatment beyond 72 weeks with the exception of 1 pa-
tient, while treatment was stopped before 72 weeks for 2
patients with non-SVR.

Figure 1 shows the SVR rates according to the duration
of maintaining undetectable serum HCV RNA while un-
dergoing treatment (maintenance treatment). The SVR
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RNA (-) at 28-48 weeks RNA (+) RNA (-) at 36, 60 weeks RNA (+)
8 patients 5 patients 2 patients 7 patients
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Fig. 2. Outcomes of the extended combi- SVR Relapse SVR
nation treatment in 22 patients who had 6patients || 2 patients 2 patients
detectable HCV RNA at 24 weeks of treat-
ment. wks = Weeks.
Table 1. Patient characteristics of ULVR
Case Age Gen- BMI F Platelet HCV RNA ISDR HCV core HCV RNA 2-log RNA Total SVR
No. years der stage count/ KIU/ml mutation decrease negative treatment
pl weeks duration
aa70 aa9l 12 weeks 24 weeks Weks

1 56 F 22,5 2 16.2 975 M w W yes yes 28 77 yes

2 64 F 267 3 18.9 2,400 A w w yes yes 28 83 yes

3 71 F 18.5 1 9.9 1,380 M W w yes yes 28 83 yes

4 77 M 237 4 7.8 166 ND ND  ND yes yes 32 59 yes

5 62 F 196 1 23.6 252 M \% w - yes 32 85 yes

6 63 F 19.9 3 8.9 895 ND ND ND - yes 32 119 yes

7 65 F 21.2 1 232 445 W M A\ - - 26 82 yes

8 60 F 22.1 3 13.6 1,350 ND ND ND - - 60 81 yes

9 73 M 202 1 8.2 943 M M w yes yes 48 62 4
10 64 M 26.6 1 16.8 1,750 W W M yes yes 32 68 -

M = mutant type; W = wild type; ND = not determined.

rate correlated well with the duration of the maintenance
treatment. All 5 ULVR achieved SVR when maintenance
treatment was continued for longer than 48 weeks.

The PEG-IFN dose was reduced in 4 of 10 (40%) ULVR
within 8 weeks of the treatment, and RBV dose was re-
duced in 3 of 10 ULVR within 28 weeks of the treatment.
Dose reduction of both PEG-IFN and RBV was required
for 2 patients. Dose reduction was not required during
the extended treatment duration and none of the treat-
ments were terminated because of side effects.

Prolonged PEG-IFN/RBYV Is Effective in
Late-Responding HCV-1 Patients

Response to the Extended Treatment in Patients with

Detectable HCV RNA at 24 Weeks

The outcomes of the extended combination treatment
for 22 patients, including 10 ULVR, who had detectable
HCV RNA at 24 weeks, are shown in figure 2. Among 13
patients who achieved a 2-log decrement in serum HCV
RNA at 24 weeks, eight patients achieved undetectable
HCV RNA between 28 and 48 weeks, including 6 with
SVR. Five patients remained positive for serum HCV
RNA despite extended treatment for 55-105 weeks with
a mean duration of 88 weeks. Even in 9 patients who did
not achieve a 2-log decrement in HCV RNA at 24 weeks,
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- 457 -



2 patients (22%) achieved SVR as a result of extended
treatment beyond 72 weeks, while the remaining 7 pa-
tients did not.

Discussion

For the treatment of patients infected with HCV geno-
type 1 and who have high viral load, a 72-week course of
PEG-IFN and RBV treatment has become a standard
treatment regimen for late virological responders [3, 4].
However, the benefit of extended treatment in patients
who had undetectable serum HCV RNA later than 24
weeks of the treatment remains to be elucidated. In the
present study, the extended combination treatment at-
tained 80% (8/10) SVR in ULVR and 46% (6/13) SVR in
patients who achieved 2-log decrement in HCV RNA
from baseline at 24 weeks but still had detectable HCV
RNA. Furthermore, here we describe 2 cases with SVR
that failed to achieve a 2-log decrement in serum HCV
RNA from baseline at 24 weeks.

Several host and viral factors contribute to SVR in
PEG-IFN and RBV combination treatment for Japanese
patients infected with HCV genotype 1 and who have
high viral load. The host factors include younger age,
male gender, mild liver fibrosis, platelet count, LDL cho-
lesterol values and +y-glutamyl transpeptidase values.
The viral factors include aa substitutions in the ISDR of
HCV NS5A and aa substitutions in the HCV core region
[5-9]. In addition, the total dose of PEG-IFN or RBV is
another important factor that can affect the treatment
outcome [8, 9]. In the present study, most ULVR were dif-
ficult-to-treat patients with respect to host factors, 8 pa-
tients (80%) were older than 60 years of age and 7 patients
(70%) were female. Furthermore, 4 of 8 patients with SVR
(50%) showed severe fibrosis (F3) or cirrhosis (F4) which

References

isanother well-known refractory factor to IFN treatment.
These patient characteristics were significantly different
from those of patients who achieved early virological re-
sponse, having undetectable HCV RNA within 12 weeks
of the treatment (data not shown). On the other hand,
ULVR with SVR had positive viral factors regarding the
aa substitutions in the ISDR and HCV core regions. Al-
though we cannot exclude the possibility that these viral
factors contributed to SVR rate even in ULVR, an extend-
ed combination treatment regimen is still considered a
feasible treatment strategy for ULVR.

There are several limitations to this study. First, the
Amplicor HCV assay method was used to measure serum
HCV RNA in this study. The results presented here are
likely to be different if patients were monitored by Taq-
Man gPCR, a state-of-the-art method with higher sensi-
tivity. Second, this study is retrospective and the duration
and dose of the treatment varied considerably. Further
prospective studies are necessary to confirm an optimal
treatment regimen for ULVR.

In conclusion, the extended duration of PEG-IFN and
RBV combination treatment is beneficial in terms of vi-
rological response, even for ULVR. The extension of the
treatment does not seem to increase side effects or the
rate of dose reductions, and treatment should be contin-
ued until the serum HCV RNA remains undetectable for
at least 24 weeks and, if possible, for longer than 48 weeks
during the course of treatment.
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