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Fig. 2 Comparison of mRNA expression of FOXP3 and
CTLA4 in CD4+CD25high+ T cells among the groups. The
expression of FOXP3 (a) and CTLA4 (b) in separated
CD4+CD25high+ T cells were analysed by real-time reverse
transcriptase-polymerase chain reaction as described in
Materials and methods. Boxes represent lower and upper
quartiles with the median value (solid line) between boxes,
while the whiskers represent the minimum and maximum
values. *, P < 0.05; , P < 0.01; +, P < 0.001. For defini-
tions of PNALT, CH and HS, see Fig. 1.
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production stimulated with antigen-pulsed DC. We com-
pared such responses between samples with or without
CD4+CD25+ T cells. In PNALT patients, HCV NS5-specific
T cell proliferation or IFN-y production of CD25-depleted
CD4+ T cells was significantly higher than those of the bulk
CD4+ T cells (Rig. 3a,b). In contrast, in CH patients, such
restoration did not occur significantly even when CD4+
CD25+ T cells had been depleted (Fig. 3a,b). There was no
difference in the production of IL-10 and TGF-§ between bulk
CD4+ T cells and CD25-depleted CD4+ T cells in both CH and
PNALT patients (Fig. 3c,d). These results suggest that
co-existing CD4+CD25+ T cells play an inhibitory role in the
HCV-specific CD4+ T cell response, in which suppression was
more potent in the PNALT than in the CH group.

CD127-FOXP3+ cells, regardless of their CD25
expression, are increased in patients with HCV infection

In the analyses of N-Treg, the frequency of CD4+CD25-
FOXP3+ T cells in HCV-infected patients was higher than
those in the healthy donors (Fig. 1d). These results suggest
that CD4+FOXP3+ T cells, regardless of the degree of CD25

Fig. 3 Changes of hepatitis C virus
(HCV)-specific CD4+ T cell responses
with or without depletion of CD25+
T cells. Bulk CD4+ T cells or those
depleted of CD25+ cells were cultured
with autologous monocyte-derived
dendritic cells in the presence of HCV-
NS5 protein for 5 days as described in
Materials and methods. (a) On day 4,
[3H]-thymidine was pulsed and the
thymidine incorporation was counted
with a f-counter, Before the pulsing,
the culture supernatants were har-
vested and subjected to enzyme-linked
immunosorbent assay for interferon-y
(b), interleukin-10 (c) and TGF-§ (d),
respectively. *, P < 0.05 by Mann-
Whitney U-test. For definitions of
PNALT and CH, see Fig. 1.
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Fig. 4 Gating of CD4+CD127-FOXP3+ cells with variable
CD25 expression under FACS analysis. After setting the gate
on CD4+FOXP3+ cells [rectangle in the dot plot (a)], were
displayed on the CD25 and CD127 axis (b). The presence of
CD25+ (bold rectangle) and of CD25- cells (dotted rectan-
gle) in CD4+FOXP3+ cells are shown in plot (b). The
frequencies of these cells were analysed.

expression, increase in chronic HCV infection. Alternatively,
it implies that higher expression of CD25 is not a universal
marker for identifying FOXP3+ cells with regulatory activity.
It has been reported that CD127 expression on CD4+ T cells
is inversely correlated with FOXP3 expression, suggesting
that CD127low/negative cells consist of those with regula-
tory activity. In order to analyse regulatory T cell subsets
more precisely, we first examined FOXP3 expression on
CD127- or CD127+ cells paired with CD25 expression in
patients with HCV infection (Fig. 4). As a result, the majority
of CD4+FOXP3+ T cells belonged to the CD127- population
irrespective of CD25 expression (Fig. 4). Next, we compared
the frequency of CD4+CD127-FOXP3+ cells, which consist
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of CD25+ and CD25- cells, among the subject groups
(Fig. 5a). The frequency of CD4+CD127-FOXP3+ cells was
similar in the CH and the PNALT groups, both of which were
significantly higher than those in the HS (Fig. 5a). Finally, in
order to estimate the profile of CD4+CD127-FOXP3+ cells
according to CD25 expression, we compared the percentage
of CD25+CD127-FOXP3+ or CD25-CD127-FOXP3+ cells
in CD4+ T cells among the groups. The percentage of
CD25+CD127-FOXP3+ T cells in CD4+ T cells was com-
parable for PNALT and CH (Fig. 5b). In clear contrast, the
percentage of CD25-CD127-FOXP3+ T cells in the PNALT
was lower than those in the CH (Fig. 5c). The frequencies of
these cells were higher in the HCV-infected patients than in
HS (Fig. 5b,c). When we set the focus on the proportion of
CD25+CD127~ or CD25-CD127- cells in the FOXP3+ cells
in the periphery as a whole, we found that the proportion of
CD25+CD127- cells in the PNALT was higher than that in
the CH group (Fig. 5d). On the other hand, the proportion of
CD25-CD127- cells in FOXP3+ cells was lower in the
PNALT than in the CH group (Fig. 5e). Therefore, the phe-
notypic profiles of FOXP3+ T cells are distinct between
PNALT and CH patients, with regard to the expression of
CD127 and CD25.

DISCUSSION

Approximately 30-40% of chronically HCV-infected patients
continue to display PNALT for decades. We previously
reported the possible contribution of certain human leuko-
cyte antigen haplotypes [23] or DC dysfunction in the
maintenance of the PNALT state [24]. However, the precise
mechanisms behind this important issue are yet to be
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established. Cumulative reports have shown that Th1/Tcl
type responses are instrumental in HCV-induced liver
inflammation [7,25,26]. We thus hypothesized that some
suppressor mechanisms exist in PNALT patients especially
against HCV-specific Th1 and/or CTL reactions.

The involvement of Treg cells in the pathogenesis of var-
ious diseases has been reported {9-13], Most of the studies
presented the possibility that N-Treg play substantial roles in
the induction of tolerance against aetiological self or nonself
antigens, thus leading to alleviation or exacerbation of the
disease severity, With regard to HCV infection, several
groups have shown that N-Treg are increased both in the
periphery and in the liver and are able to inhibit HCV-specific
CD4+ or CD8+ T cell responses in vitro [17,18,27]. In this
study, we showed that the frequency of N-Treg in HCV-
infected patients is higher than those in the controls, which
is consistent with the previous reports. However, the fre-
quencies of N-Treg are indistinguishable between the patient
groups with different disease activities. As for the functional
aspect, the deprivation of CD4+CD25+ cells enhanced the
HCV NS5-specific CD4+ T cell response in the PNALT than
in the CH group, suggesting that co-existing Treg in the
PNALT are more suppressive. In addition, the expression of
FOXP3 and CTLA4, which are key molecules of the
suppressor function, is higher in PNALT than in those with
active hepatitis. Venken et al. [28] demonstrated that the
degree of FOXP3 expression at the single-cell level of N-Treg
is well correlated with their suppressive ability, which is
supportive of our results, In contrast, Bolacchi et al. [29]
reported that the frequency of TGE-f+ N-Treg in the PNALT
was higher than in the hepatitis group. Furthermore, their
frequency was inversely correlated with the histological
inflammatory grade, suggesting that TGF-f+ Treg play
active roles in alleviating hepatitis. The reasons for the lack
of correlation between N-Treg and serum ALT or HCV RNA
quantity in the present study may be because of the differ-
ence in the target of analyses, such as either peripheral or
intra-hepatic Treg, or either TGF-f+ or bulk Treg. Further
analyses need to be performed on these important issues, as
CD4+FOXP3+ Treg are reported to accumulate more in the
portal tract of HCV-infected livers compared with those in
the periphery [20].

During the observation period, about 30-40% of PNALT
patients began to show elevated or fluctuating ALT abnor-
malities. What crucial factor triggers HCV-induced liver
inflammation remains unknown. One of the: plausible
explanations is an antigenic shift accompanied by the
occurrence of mutations in the HCV genome. In other words,
hepatitis may flare up if the mutation raises HCV immuno-
genicity. Comprehensive analyses of HCV epitopes for CTL
using overlapping peptides have shown that the HCV core
and NS3 are more immunogenic than the remaining
regions; however, the presence of an epitope hierarchy in
Treg induction has been controversial. Li et al. [30] reported
the possibility that Treg are expandable in response to

certain epitopes in HCV proteins. In two patients in whom
we observed flare-up of hepatitis in this study, we were able
to find that the expression of FOXP3 in N-Treg was high in
the PNALT status, but declined in the active hepatitis stage
(data not shown). Although it is difficult to state whether
such phenotypic changes in N-Treg are the cause or the
consequence of disease progression, these results suggest the
involvement of N-Treg in the degree. of HCV-mediated
hepatitis. Further detailed study is needed to examine
whether or not such changes in N-Treg are related to the
sequence evolution in HCV genomes.

Recent research has disclosed that distinct types of Treg
are present in humans. Currently, it is generally accepted
that CD25+F0OXP3+ is the most reliable marker for Treg,
which is induced in parallel with the acquisition of sup-
pressor ability. However, owing to the lack of phenotypic

. markers for specifically identifying adaptive Treg, their roles

in clinical settings have been unclear. In this study,
CD4+FOXP3+ cells increased in HCV-infected patients, who
were either positive or negative for CD25. In contrast to
thymus-derived N-Treg expressing a greater degree of CD25,
adaptive Treg are presumed to be induced in the periphery
with a lesser degree of CD25 expression. Thus, it is likely that
CD4+CD25-FOXP3+ T cells in HCV infection contain some
part of adaptive Treg.

Treg have been reported to express low levels of CD127 at
their cell surface {31]. FPurthermore, the expression of CD127
is inversely correlated with FOXP3 expression and with the
suppressive function of CD25high+ Treg. Liu et al [22]
pointed out the possibility that adaptive Treg are grouped
into CD127- cells, which also include FOXP3-negative Trl
or Th3 cells. Alternatively, You et al. [32] reported that
murine CD4+CD25lowFOXP3+ T cells might be adaptive
Treg, which exert a TGFf-dependent suppressive function.
Taking these reports into consideration, and in order to
exclude activated CD25+ T cells, we examined CD4+
CD127-CD25-FOXP3+ cells tentatively determined as part
of adaptive Treg. In order to confirm that CD4+CD127- cells
possess suppressive capacity, we co-cultured sorted
CD4+CD127-CD25- or CD4+CD127-CD25+ cells with

- allogeneic CD4+ T cells stimulated with anti-CD3 and anti-

CD28 antibodies. As a result, we found that CD4+CD127~
cells, regardless of CD25 expression, significantly suppressed
the proliferation of responder CD4+ T cells (manuscript in
preparation). Of note is the finding that the frequency of
CD127-CD25-FOXP3+ cells is higher in patients with active
hepatitis than those in the PNALT group. One of the plau-
sible explanations for such an increase of Treg is the
compensatory mechanisms for the aggravation of liver
inflammation. In support of this possibility, Bonelli et al. [33]
reported that CD4+CD127-CD25~ cells are increased in
patients with systemic lupus erythematosus (SLE), the
numbers of which are well correlated with disease activity.
With regard to the ability of Treg in SLE patients,
CD4+CD127-CD25~ cells were potent in the inhibition of T
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cell proliferation but not in IFN-y release. Such a defective
suppressor capacity may result in the continuation of tissue
inflammation regardless of the presence of abundant Treg.
The other conceivable role of CD4+CD25-CD127-FOXP3+
cells in active hepatitis may be a peripheral reservoir of
CD4+CD25+F0OXP3+ cells in case of flare-up of liver
inflammation. In mice, it has been reported that
CD25-FOXP3+ cells revert to CD25+FOXP3+ cells upon
activation signals, thus leading to the expansion of the Treg
pool [34]. In order to reach a definite conclusion on the role
of CD127-CD25~-FOXP3+ cells, further analyses are needed
to elucidate whether these cells are inhibitory to either HCV-
specific or HCV-nonspecific T cell responses.

Large-scale studies with HCV-infected patients demon-
strated that the cumulative incidence of HCC in the PNALT
group is extremely low compared with that in patients with
apparent hepatitis and liver cirrhosis [35]. The lesser HCC
incidence is also evident in patients who attained a lasting
biochemical response to IFN-based therapy; even if they had
failed to achieve sustained virological response [36]. These
results clearly indicate that the maintenance of the PNALT
state is one of the surrogate therapeutic goals in chronic
HCV infection, Therefore, it is necessary to clarify the
mechanisms of Treg induction in HCV infection, whether
they are naturally or adaptively introduced, and to establish
a feasible modality for controlling Treg. Our study has
shown the importance of subset-oriented analyses of Treg for
gaining access to that goal.
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Effect of interferon o-2b plus ribavirin therapy on
incidence of hepatocellular carcinoma in patients
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Aim: The objective of this study was to elucidate the long-
term effects of interferon (IFN)o-2b plus ribavirin combination
therapy and to clarify whether this therapy can reduce the
incidence of hepatocellular carcinoma {HCC) in patients with
chronic hepatitis C.

Methods: A total of 403 patients infected with hepatitis C
virus {(HCV) were enrolled in a multicenter trial. All patients
were treated with a combination of IFN-o-2b plus ribavirin
therapy. We examined the incidence of HCC after combination
therapy and analyzed the risk factors for liver carcinogenesis.

Results: A sustained virological response (SVR) was
achieved by 139 (34%) of the patients. The cumulative rate of
incidence of HCC was significantly lower in SVR patients than
in non-SVR patients (P = 0.03), while there was no difference
in the cumulative incidence of HCC between the transient
response (TR) group and the no response (NR) group. Cox’s

regression analysis indicated the following risk factors as
independently significant in relation to the development of
HCC: age being > 60 years (P = 0.006), advanced histological
staging (P = 0.033), non-SVR to IFN therapy (P = 0.044). The
cumulative incidence rate of HCC was significantly lower in
patients who had average serum alanine aminotransferase
(ALT) levels of < 40 IU/L than in those who showed average
serum ALT levels of = 40 |U/L after the combination therapy
(P =0.021).

Conclusions: These results suggest that the attainment of

SVR or continuous normalization of ALT levels after IFN
therapy can affect patients apart from HCC development.

Key words: chronic hepatitis C, continuous normalization of
ALT, hepatocellular carcinoma, interferon plus ribavirin
combination therapy, sustained virological response

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is one of
the most common malignancies in Japan and its
incidence has been increasing over the last 30 years.
Recently, various treatments such as transcatheter
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arterial embolization/chemoembolization, radio fre-
quency ablation and hepatic resection have been
reported to yield significant improvements in overall
patient survival,'* but HCC relapse has thus far been
observed in a majority of treated patients due to the
highly malignant potential of the liver. In general,
approximately 70-80% of Japanese HCC patients are
also diagnosed with type C chronic hepatitis or cirtho-
sis.* It has also been shown that the chronic hepatitis C
(CHC) liver slowly but steadily progresses to cirrhosis™®
and the risk of HCC increases according to the degree of
liver fibrosis.”® In this regard, the success of treatment
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for chronic hepatitis C virus (HCV) infection is expected
to prevent the patient’s liver from progressing to cirrho-
sis and to reduce the risk of development of HCC. Inter-
feron (IFN) has been proven to be effective in reducing
and in eliminating HCV from the circulation; in decreas-
ing serum alanine aminotransferase (ALT) levels; and in
improving the histological appearance of the liver in
patients with CHC.>"'' Moreover, it has been demon-
strated that IFN monotherapy in CHC patients is asso-
ciated with reducing the incidence of HCC, especially
in those patients who achieved a sustained virological
response {SVR).?*" Recently, many investigators have
reported that combination therapy using IFN-0-2b or
pegylated IEN (Peg-IFN) N plus ribavirin is more effec-
tive for eradicating HCV than IFN monotherapy.”"
However, it has not been accurately evaluated whether
or not the combination therapy using Peg-IFN plus rib-
avirin could reduce HCC development in patients
infected with HCV.

In this study, we evaluated the long-term effect of
IFN-0-2b plus ribavirin therapy on the incidence of
HCC in HCV-infected patients treated with the combi-
nation therapy by retrospective examination of the clini-
cal outcomes.

METHODS

Patients

HIS STUDY WAS a multicenter trial conducted by

Osaka University Hospital and other institutions
participating in the Osaka Liver Forum in Japan. A total
of 459 patients with HCV infection were treated with a
combination of IFN-0-2b (Intron; Schering-Plough Cor-
poration, Kenilworth, NJ, USA)} plus ribavirin (Rebetol;
Schering-Plough, Auxerre, France) between June 2002
and March 2005. All patients were treated with 6 MU of
IFN-0-2b subcutaneously thrice a week and with oral
ribavirin daily. Ribavirin was given at a total daily dose
of 600 mg for patients who weighed <60kg and
800 mg for patients who weighed = 60 kg, Patients who
were positive for hepatitis B surface antigen, anti-human
immunodeficiency virus antibody or those with other
liver diseases (alcoholic liver disease, autoimmune liver
disease, etc) were excluded from this study. Also
excluded were patients with a history of HCC and those
who developed HCC within the first 6 months of the
follow-up period after the end of IFN therapy, because
of the possibility that microscopic HCC had been
present before initiation of the treatment. The remain-
ing 403 patients infected with HCV were enrolled and
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followed in this study. The observation term was termi-
nated upon the start of the next IFN therapy, such as
Peg-IFN plus ribavirin after a combination of IFN-0,-2b
plus ribavirin therapy. Responses to IFN therapy were
divided into the following three groups based on the
viral load: sustained virological response (SVR) was
defined as the absence of detectable serum HCV-RNA at
24 weeks after completion of IFN therapy. Transient
response {TR) was defined as the absence of HCV-RNA
from the serum at the end of treatment but detectable at
24 weeks after completion of therapy. Those categorized
as having no response (NR) did not meet these criteria.

This study protocol followed the ethical guidelines of
the 1975 Declaration of Helsinki, and informed consent
was obtained from each patient.

Blood tests

Serum samples were stored frozen at —80°C. HCV-RNA
levels were analyzed by quantitative reverse transcrip-
tion (RT)-PCR assay {(Amplicor-HCV version 2.0; Roche
Diagnostic Systems, Tokyo, Japan). The lowest detection
limit of this assay was 50 IU/mL. All patients were exam-
ined for serum HCV-RNA level and underwent hemato-
logical and biochemical tests just before therapy, every
4 weeks during treatment and every 12 weeks thereafter
until the end of treatment.

Normal serum ALT is defined as < 40 IU/L. In addi-
tion, the biological response to IFN therapy was defined
based on “the average serum ALT level”, which was
calculated from all data of ALT levels after completion of
IFN therapy.

Histological evaluation

The patients underwent liver biopsies within 6 months
before the start of therapy. Histopathological interpre-
tation of specimens was done by experienced liver
pathologists who had no dinical information. The his-
tological appearance of the liver sample sections was
evaluated according to METAVIR's histological score.'®
Fibrosis stage was evaluated on a scale from 0 to 4.

Diagnosis and follow up of HCC

Ultrasonography was carried out before IFN therapy and
every 3 to 6 months during the follow-up period. New
space-occupying lesions detected or suspected at the
time of ultrasonography were further examined by com-
puted tomography (CT) or hepatic angiography. HCC
was diagnosed by the presence of typical hypervascular
characteristics on angiography, in addition to the find-
ings from CT. If no typical image of HCC was observed,
fine-needle aspiration biopsy was carried out with the
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patient’s consent, or the patient was carefully followed
until a diagnosis was possible with a definite observa-
tion by CT or angiography.

Statistical analysis

Quantitative variables were expressed as mean £ SD.
The Kaplan-Meier method was used to calculate the
cumulative incidence of HCC. The prognostic relevance
of clinical variables and HCC incidence was evaluated
by univariate analysis with log-rank test and by multi-
variate Cox's regression analysis. A value of P <0.05
(two-tailed) was considered to indicate significance, All
calculations were performed with SPSS version 15.0]
(SPSS, Chicago, IL, USA).

RESULTS

Baseline characteristics in patients treated
with interferon therapy

HE BASELINE CLINICAL features of the enrolled

patients are shown in Table 1. The mean age of the
patients was 55.8 = 10.9 years, and 64% of the total
cases were male. Two hundred and sixty-one patients
(73%) were infected with HCV genotype 1 and had a
viral load of more than 10° IU/ml. Liver biopsy was
done for 320 cases and the ratio of patients with severe
fibrosis (F3-4) diagnosed by the HAI score was more
than 31%. The mean platelet count was 14.8£5.1 X
10%/ul, and the ALT level was 96.0 + 62.6 IU/L. A sus-
tained virological response (SVR) was achieved by 139
patients (34%) by combination therapy of IFN-o-2b

Table 1 Baseline characteristics in patients treated with
interferon therapy

All cases
Number of patients 403
Age 55.8 +10.9
Gender (male/female) 257/145
Genotype and viral load (1H/non-1H) 261/97
Fibrosis (FO/1/2/3/4) 15/149/56/92/8
WBC (/ul) 5113 + 1487
Platelet (x 10%/ul) 14.8+£5.1
ALT (1U/1) 96.0 + 62.6
IEN effect (SVR/TR/NR/cessation) 139/109/110/45

Data are number of patients, mean * standard deviation. Fibrosis
stage is evaluated on a scale from 0 to 4 according to METAVIR's
histological score. 1H, Genotype 1 and high viral load; non-1H,
all except for 1H; ALT, alanine aminotransferase; IFN, interferon;
NR, no response; SVR, sustained virological response; TR,
transient response; WBC, white blood cells.
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Figure 1 Cumulative incidence of development of hepatocel-
lular carcinoma (HCC) according to treatment effect: (—) sus-
tained virological response; (......) non-sustained virological
Tesponse.

plus ribavirin. According to an intent-to-treat analysis,
20% (51/261) of patients with HCV genotype 1 and a
high viral load (2 100KIU/mL) achieved SVR by the
combination therapy, whereas 75% (73/97) of the
patients with HCV genotype 2 or a low load showed
SVR. The median observation period for all patients was
36.5 + 14.8 months with a range of 6 to 62 months
from the end-point of IFN treatment.

Cumulative incidence of development of
HCC according to the treatment effect
(SVR vs. non-SVR)

Figure 1 shows the Kaplan-Meier estimates of the
cumulative HCC incidence according to the treatment
effect (SVR vs. non-SVR). Twenty-five (6%) of the 403
enrolled patients developed HCC; four {2.9%) of the
SVR group and 21 (8.0%) of the non-SVR group. The
cumulative incidence rate of HCC was significantly
lower in patients of the SVR group than in those of the
non-SVR group (P = 0.03).

Cumulative incidence of HCC development
according to the treatment effect (SVR vs.
TR vs. NR vs. cessation)

Figure 2 shows the Kaplan-Meijer estimates of the
cumulative HCC incidence according to the treatment
effect (SVR vs. TR vs. NR vs. cessation). Five patients
(4.6%) of the TR group, nine (8.2%) of the NR group
and seven (15.6 %) of the cessation group developed
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Figure 2 Cumulative incidence of hepatocellular carcinoma
(HCC) development according to treatment effect: (—) sus-
tained virological response; (......) transient response group;
(- ) no response; (- ) cessation.

HCC. There was no significant difference in the cumu-
lative incidence of HCC between the TR and NR groups
(P=0.394). In contrast, the cumulative incidence rate
of HCC was significantly lower in patients of the SVR
group than in those of the NR group (P = 0.05). These
results indicate that treatment of the TR group with
IFN-0.-2b plus ribavirin therapy did not reduce HCC
development when compared to the NR group.

Risk factors for cumulative incidence of
HCC development

Univariate analysis with the log-rank test showed that
the following were significant risk factors for the devel-
opment of HCC; older age (> 65 years) (P=0.01),
severe fibrosis (P=0.006), high platelet count
(> 14 x 10%ul) (P=0.017) and non-SVR (P=0.03).

Hepatology Research 2009

Stepwise multivariate analyses of these four variables
were performed for all patients treated with combina-
tion therapy of IEN-0.-2b plus ribavirin by Cox’s regres-
sion analysis, as shown in Table2. The analysis
indicated the following factors as independent signifi-
cant risk factors related to the development of HCC:
older age (risk ratio, 3.23; 95% CI, 1.37-8.56;
P =0.006), fibrosis staging (risk ratio, 1.69; 95% CI,
1.04~2.67; P=0.033) and non-SVR to IFN therapy (risk
ratio, 3.57; 95% Cl, 1.04-12.36; P =0.044).

Cumulative incidence of HCC development
according to average serum ALT levels after
combination therapy

The average serum ALT levels in 134 patients (96.4%) of
the SVR group were < 40 IU/L after completion of the
combination therapy, while 63 patients (24.4%) of the
non-SVR group showed serum ALT levels of = 40 IU/L.
Figure 3 shows Kaplan-Meier estimates of the cumula-
tive HCC incidence according to the average serum ALT
levels after combination therapy. The cumulative inci-
dence rate of HCC was significantly lower in patients
with average serum ALT levels of < 40 IU/L than with
average serum ALT levels of = 40 IU/L (P=0.021).

Cumulative incidence of HCC development
according to the treatment effect (SVR vs.
non-SVR) in patients showing less than

40 IU/L average ALT levels after the
combination therapy

Figure 4 shows Kaplan-Meier estimates of the cumula-
tive HCC incidence according to the treatment effect
(SVR vs. non-SVR) in patients who showed less than
40 TU/L average ALT levels after the combination
therapy. There was no significant difference in the
cumulative incidence rate of HCC between the SVR and
non-SVR groups (P = 0.37).

Table 2 Risk factors for cumulative incidence of HCC development

Variable Category Risk ratio P value 95% CI
Gender male 1

female 0.34 0.053 0.11-1.01
Age (years) 65< 1

652 3.23 0.006 1.37-8.56
Fibrosis FO/1/2/3/4 1.69 0.033 1.04-2.67
IEN therapy Non-SVR 1

SVR 0.28 0.044 1.04-12.36

Cl, confidence interval; IEN, interferon; SVR, sustained virological response.
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Figure 3 Cumulative incidence of HCC development accord-
ing to average alanine aminotransferase (ALT) levels after the
combination therapy. (—) ALT < 40 IU/ml; (.....) ALT > 40 1U/
ml.

DISCUSSION

OMBINATION THERAPIES USING IFN-o-2b or
Peg-IFN plus ribavirin have been proven to be
more effective in treating for HCV infection than IFN
monotherapy.”"” However, it has not been accurately
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Figure 4 Cumulative incidence of hepatocellular carcinoma
(HCC) development according to the treatment effect in
patients who showed less than 40 IU/L average alanine ami-
notransferase (ALT) levels after the combination therapy. (—)
Sustained virological response; {.....) non-sustained virological
response.
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evaluated whether the combination therapies using IFN-
o-2b or Peg-IEN plus ribavirin could reduce the devel-
opment of HCC, and what the risk factors of HCC
incidence were in patients infected with HCV, In this
study, we retrospectively examined the incidence of
HCC with IFN-a-2b plus ribavirin therapy to clarify the
indicators of combination therapy for reducing HCC in
patients infected with HCV. We also evaluated whether
or not SVR or continuous normalization of ALT levels
could reduce the risk of development of HCC.

Previous studies have demonstrated that IFN mono-
therapy has a preventive effect on the development of
HCC, especially in patients with SVR.'*"* In this study,
using the combination of IFN-a-2b plus ribavirin, we
obtained almost the same result for the SVR group
treated with IFN-o-2b plus ribavirin therapy, which
showed a significantly lower possibility of HCC devel-
opment over a long-term period when compared with
the non-SVR group. In contrast, we found no difference
in the cumulative incidence of HCC between the TR and
NR groups, while Kasahara et al. reported that the cumu-
lative incidence of HCC in patients who achieved TR by
IFN monotherapy was significantly lower than those
with NR.** Recent reports have demonstrated that the
combination therapy of IFN-¢-2b plus ribavirin is able
to induce a SVR in a significant proportion of patients
with IFN monotherapy-resistant chronic hepatitis C,'**
suggesting that a viral relapse after IFN therapy is effi-
ciently suppressed by combination with ribavirin. Since
the combination therapy was a more effective treatment
for HCV infection than IFN monotherapy®~"” and there
are fewer TR patients with combination therapy than
with monotherapy, we speculate that not all, but quite a
few patients of the TR group given IFN monotherapy
corresponded to the SVR group given the combination
therapy, and that the TR group given the combination
therapy might have been included in the NR group of
IFN monotherapy. This would mean that the “TR group
given combination therapy” should be distinguished
from the “TR group given IFN monotherapy”, and might
explain why the results of this study were inconsistent
with previous reports of the cumulative incidence of
HCC in the TR group given IFN monotherapy being
significantly lower than those with NR.?

The Kaplan-Meier method showed that older age
(> 65 years), severe fibrosis (F2-4), high platelet count
(> 14 x 10*) and non-SVR were significantly associated
with the development of HCC. The Cox’s regression
analysis indicated that older age, fibrosis staging and
non-SVR to IFN therapy were significant risk factors
related to the development of HCC. These results were
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almost comparable with those of previous reports using
IEN monotherapy'?'**' and IFN plus ribavirin combi-
nation therapy,?*? suggesting that the factors associated
with the development of HCC are common among
these treatments and that patients of older age, with
advanced fibrosis and showing non-SVR to IFN therapy
should be followed up carefully for longer periods, even
if IFN therapy could be performed completely. In addi-
tion, four of the SVR group patients developed HCC at
more than 6 months after the treatment, which means
these patients need careful follow-up even if SVR has
been achieved.”

The incidence of HCC has been reported to be lower
in patients with normal ALT levels, even if serum
HCV-RNA was positive 6 or 12 months after IFN
monotherapy, when compared to those without a bio-
chemical response,*26%7 suggesting that the aim of IFN
therapy for patients infected with HCV should be not
only HCV eradication, but also the achievement of a
biochemical response in order to reduce the incidence
of HCC. In this study, we divided the patients into two
groups, one with persistently normal serum ALT levels
and the other with elevated serum ALT levels based on
“the average serum ALT levels” after completion of IFN
therapy. We then evaluated the cumulative HCC inci-
dence of each group using the Kaplan-Meier estimation.
Our data showed that patients with continuous normal-
ization of ALT levels have a lower possibility of HCC
development than those showing elevated ALT after the
combination therapy, suggesting that continuous nor-
malization of ALT levels after the combination therapy
is an important factor for reducing HCC development.
Interestingly, based on the Kaplan—~Meier estimates of
the cumulative HCC incidence according to the treat-
ment effect in patients who showed less than 40 IU/L
average ALT levels after the combination therapy, we
found no difference in HCC incidence rates between the
SVR group and non-SVR group. Figure 1 shows that
the combination therapy is strongly associated with a
reduced incidence of HCC in the patients who attain
SVR, which seems to be a means for achieving normal-
ization of serum ALT levels in HCV patients. However,
it was also shown that, even in the non-SVR group,
patients with persistently normal serum ALT levels
achieved a reduced risk of HCC development. Taken
together, our aim of treatment for patients infected with
HCYV is to primarily completely eradicate HCV. Next, for
the non-SVR group patients, we would speculate that
maintaining normalization of ALT levels by some other
treatments may prevent HCC development in HCV-
infected patients with abnormal serum ALT levels even if

© 2009 The Japan Society of Hepatology
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SVR is not achieved. Other treatments should be used to
decrease serum ALT levels to below the upper limit of
the normal range. Hopefully, the new treatments such as
those with protease inhibitors can be helpful for these
patients.”

Although IFN monotherapy in CHC patients has been
demonstrated to be associated with reducing the inci-
dence of HCC, especially in patients who attain SVR,'>""*
what actually occurs in IFN plus ribavirin combination
therapy has not been clarified and the indicator for
reducing HCC in patients infected with HCV has not
been defined. We showed that this combination therapy
could reduce the incidence of HCC and that older age,
severe fibrosis and non-SVR were risk factors for HCC
development. This therapy can increase the SVR patient
ratio, and SVR or continuous normalization of ALT
levels after combination therapy using IFN-o-2b plus
ribavirin reduce the incidence of HCC in patients with
HCV infection. Therefore, this therapy can not only
avert the advance of the disease toward liver cirrhosis,
but also decrease the risk of HCC. IFN plus ribavirin
combination therapy is beneficial for HCV patients from
both aspects. In conclusion, the present study shows
that the attainment of SVR or continuous normalization
of serum ALT levels induced by the combination
therapy has a significantly beneficial effect on the clini-
cal course of HCV patients by decreasing the incidence
of HCC.
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Pegylated interferon alpha-2b (Peg-IFN «-2b) affects early
virologic response dose-dependently in patients with chronic
hepatitis C genotype 1 during treatment with Peg-IFN «-2b
plus ribavirin
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SUMMARY. Chronic hepatitis C (CH-C) genotype 1 patients
who achieved early virologic response have a high proba-
bility of sustained virologic response (SVR) following pegy-
lated interferon (Peg-IFN) plus ribavirin therapy. This study
was conducted to evaluate how reducing drug doses affects
complete early virologic response (c-EVR) defined as hepatitis
C virus (HCV) RNA negativity at week 12. Nine hundred
eighty-four patients with CH-C genotype 1 were enrolled.
Drug doses were evaluated independently on a body weight
base from doses actually taken. From multivariate analysis,
the mean dose of Peg-IFN a-2b during the first 12 weeks was
the independent factor for ¢-EVR (P = 0.02), not ribavirin.
The c-EVR rate was 55% in patients receiving 21.2 ug/kg/
week of Peg-IFN, and declined to 38% at 0.9-1.2 pg/kg/
week, and 22% in patients given <0.9 ug/kg/week
(P < 0.0001). Even with stratified analysis according to

ribavirin dose, the dose-dependent effect of Peg-IFN on ¢-EVR
was observed, and similar ¢-EVR rates were obtained if the
dose categories of Peg-IFN were the same. Furthermore, the
mean dose of Peg-IFN during the first 12 weeks affected HCV
RNA negativity at week 24 (P <0.0001) and SVR
(P <0.0001) in a dose-dependent manner, Our results
suggest that Peg-IFN was dose-dependently correlated with
c-EVR, independently of ribavirin dose. Thus, maintaining
the Peg-IFN dose as high as possible during the first
12 weeks can yield HCV RNA negativity and higher ¢-EVR
rates, leading to better SVR rates in patients with CH-C
genotype 1.

Keywords: chronic hepatitis C, drug dose, early virologic
response, HCV RNA negativity, pegylated interferon plus
ribavirin, sustained virologic response.

Abbreviations: ¢-EVR, complete EVR; CH-C, chronic hepatitis C;
EVR, early virologic response; G-CSF, granulocyte-macrophage
colony stimulating factor; Hb, haemoglobin; HCV, hepatitis C virus;
Peg-IFN, pegylated interferon; Plt, platelet; SVR, sustained virologic
response; WBC, white blood cell.
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INTRODUCTION

Pegylated interferon (Peg-IFN) plus ribavirin therapy can
improve anti-viral efficacy for patients with chronic hepatitis
C [1-5], and the prognosis of patients in whom hepatitis C
virus (HCV) is successfully eradicated improves markedly
[6-10]. However, HCV still persists in approximately half of
genotype 1 patients treated with Peg-IFN plus ribavirin
[2-4]. Therefore, the treatment method needs to be well
managed in order to maximize the virologic response in
these patients with HCV genotype 1.
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In order to achieve sustained virologic response (SVR),
earlier virologic response is very important for patients with
chronic hepatitis C (CH-C) genotype 1. A high SVR rate (65—
72%) was found in patients who achieved early virologic
response (EVR) defined as a 2-log decrease in HCV RNA level
at week 12, but only 0-3% SVR was seen in patients without
EVR [3,11]. Additionally, complete EVR {(c-EVR), which
means HCV RNA negativity at week 12, is more strongly
related to SVR [3].

The relationship between drug exposure and anti-viral
effect has been reported in several papers [2,11-15].
McHutchison et al. {12] demonstrated that the SVR rate in
patients who received 280% of their total planned doses of
Peg-IEN and ribavirin for 280% of the scheduled duration of
therapy was significantly higher than that of patients who
received <80% of one or both drugs (51% vs 34%) and also
suggested that the impact of dose reduction was greatest in
patients for whom the dose had to be decreased within the
first 12 weeks of treatment. In a subsequent analysis,
reducing the dose of Peg-IFN and ribavirin to <80% of the
full planned dose within the first 12 weeks was reported to
reduce EVR rate from 80 to 33% [11]. Thus, drug adherence
during the first 12 weeks has been shown to be very
important for attaining EVR and SVR, but it remains obscure
whether either drug can be reduced to a certain degree
without adversely affecting the treatment efficacy.

In the present study, we examined the correlation between
¢c-EVR and drug doses which are evaluated on a body weight
basis from drug doses actually taken, in order to clarify the
necessary drug exposure of Peg-IFN and ribavirin for achiev-
ing a higher c-EVR rate in patients with CH-C genotype 1.

PATIENTS AND METHODS

Patients

The current study was a retrospective, multicenter trial
conducted by Osaka University Hospital and other institu-
tions participating in the Osaka Liver Forum. A total of 984
patients with CH-C treated with a combination of Peg-IFN
o-2b plus ribavirin were enrolled in this study between
December 2004 and September 2006. The baseline char-
acteristics of the patients are summarized in Table 1. All
patients were Japanese, their mean age was
56.3 + 10.1 years, and 56% were males. The mean serum
alanine aminotransferase level was 79 + 61 IU/L.

Patients eligible for this study were those who were
infected with HCV genotype 1 and had a viral load of more
than 10° IU/mL, but were negative for hepatitis B surface
antigen or anti-human immunodeficiency virus. Patients
were excluded from this study if they had decompensated
cirrhosis or other forms of liver disease (alcohol liver disease,
autoimmune hepatitis). Informed consent was obtained from
each patient included in this study. This study was con-
ducted according to the ethical guidelines of the 1975 Dec-
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Table 1 Baseline characteristics of patients

Mean £ SD
Factor or number
n 984
Age (year) 56.3 £ 10.1
Sex: male/female 555/429
Body weight (kg) 61.8 +11.5
History of interferon treatment
Naive/experienced 575/409(160/182)
(relapser/nonresponder)*
White blood cells (per mm?) 5052 + 1550
Neutrophils (per mm?) 2577 + 1092
Red blood cells (x10%/mm?) 442 + 47
Haemoglobin (g/dL) 141+ 14
Platelets (x10*/mm?) 15.9 £ 5.5
AST (IU/L) 66 t 45
ALT (IU/L) 79 £ 61
Serum HCV RNA (kIU/mL)! 1600
Histology (METAVIR)
Fibrosis; 0/1/2/3/4 49/314/197/105/18
Activity; 0/1/2/3 23/329/304/27

AST, aspartate aminotransferase; ALT, alanine amino-
transferase; HCV, hepatitis C virus.

*Viral response to previous treatment was unknown in 57
patients, and 10 patients had discontinued treatment. 'Data
shown are median values. ¥301 missing.

laration of Helsinki and informed consent was obtained from
each patient.

Treatment

All patients received Peg-IFN a-2b (PEGINTRON; Schering-
Plough, Kenilworth, NJ, USA) plus ribavirin (REBETOL;
Schering-Plough) for the duration of the study of 48 weeks.
Peg-IFN o-2b was given subcutaneously once weekly at a
dosage of 60-150 pg/kg based on body weight (body weight
35-45 kg, 60 ug; 46-60 kg, 80 ug: 61-75 kg, 100 ug:
76-90 kg, 120 ug; 91-120 kg, 150 pg) and ribavirin was
given orally twice a day at a total dose of 600-1000 mg/day
based on body weight (body weight <60 kg, 600 mg; 60—~
80 kg, 800 mg; >80 kg, 1000 mg), according to a standard
treatment protocol for Japanese patients.

Dose reduction

Dose modification followed, as a rule, the manufacturer’s
drug information according to the intensity of the haema-
tological adverse effects. The dose of Peg-IFN «-2b was
reduced to 50% of the assigned dose if the white blood cell
(WBC) count declined to <1500/mm?, the neutrophil count
to <750/mm> or the platelet (Plt) count to <8 x 10%/mm?>,
and was discontinued if the WBC count declined to <1000/
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mm?, the neutrophil count to <500/mm? or the Plt count to
<5 x 10%mm?>. Ribavirin was also reduced from 1000 to
600 mg, or 800 to 600 mg, or 600 to 400 mg if the
haemoglobin (Hb) level decreased to <10 g/dL, and was
discontinued if the Hb level decreased to <8.5 g/dL. Both
Peg-IFN «-2b and ribavirin had to be discontinued if there
was a need to discontinue one of the drugs. During this
therapy, ferric medicine or haematopoetic growth factors,
such as erythropoietin alpha, or granulocyte-macrophage
colony stimulating factor (G-CSF), were not administered.

Virologic assessment and definition of virologic response

Serurn HCV RNA level was quantified using the COBAS
AMPLICOR HCV MONITOR test, version 2.0 (detection range
6-5000 kIU/mL; Roche Diagnotics, Branchburg, NJ, USA)
and qualitatively analysed using the COBAS AMPLICOR HCV
test, version 2.0 (lower limit of detection 50 IU/mL). The
c-EVR was defined as the absence of detectable serum HCV
RNA at treatment week 12, and SVR was defined as the
absence of detectable serum HCV RNA at week 72. Patients
with less than a 2-log decrease in HCV RNA level at
treatment week 12 compared with the baseline had to stop
treatment and were regarded as nonresponders. All patients
with detectable serum HCV RNA at treatment week 24
were also considered nonresponders and excluded from
further treatment.

Assessment of drug exposure

The amounts of Peg-IFN o-2b and ribavirin actually taken
by each patient during the first 12 weeks of the treatment
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 ¢-2b
expressed as ug/kg/week, and ribavirin expressed as mg/kg/
day.

Evaluation of impact of drug exposure on ¢-EVR

We evaluated the relationship between the drug exposure of
both drugs and ¢-EVR by univariate and multivariate anal-
ysis for ¢-EVR, using the factors of mean administration
doses of both drugs during the first 12 weeks and the factors
at baseline. Furthermore, Peg-IFN o-2b dose (average dose
per body weight and per week) was classified into five cat-
egories (up to 0.6 pg/kg: from 0.6 to <0.9 pg/kg; from 0.9
to <1.2 pg/kg; from 1.2 to <1.5 pg/kg; from 1.5 pg/kg and
above). Ribavirin exposure was classified into four categories
(up to 8 mg/kg; from 8 to <10 mg/kg; from 10 to <12 mg/
kg: from 12 mg/kg and above), in order to examine the
impact of Peg-IFN dose exposure on c-EVR. This impact was
also evaluated based on the percentage of the total pre-
scribed dose and compared with that based on the mean dose
per body weight.

Statistical analysis

Baseline data for various demographic, biochemical and
virologic characteristics of the patients are expressed as
mean + SD or median values. To analyse the relationship
between baseline data including drug exposure and c-EVR,
univariate analysis using the Mann-Whitney U-test or
chi-squared test and multivariate analysis using logistic
regression analysis were performed. The significance of
trends in values was determined with the Mantel-Haenszel
chi-square test. A two-tailed P-value < 0.05 was considered
significant. Statistical analysis was conducted with spss
version 15.0] (SPSS Inc., Chicago, IL, USA).

RESULTS

Progress of patients treated with Peg-IFN o-2b and
ribavirin

Of the 984 patients, 81 discontinued treatment because of
adverse events (n = 74) or voluntary withdrawal (n = 7) by
treatment week 12. The 903 patients who completed
12 weeks of treatment were assessed for c-EVR. During
12-48 weeks oftreatment, 331 of the nonresponders and nine
of breakthrough discontinued treatment, as did 91 patients
(adverse events, n = 71; voluntary withdrawal, n = 20).
A total of 472 patients completed 48 weeks of treatment.

Drug reduction and virologic response

Peg-IFN ¢-2b was reduced without discontinuation in 29%
(n = 266) and ribavirin was reduced without discontinua-
tion in 40% (n = 359) of the 903 patients who completed
12 weeks of treatment. The c-EVR rate was 49% (445/903)
and HCV RNA was negative at week 24 in 60% (542/903)
of patients who completed 12 weeks of treatment. Of the
445 patients with c-EVR, 327 patients achieved SVR (73%).
Only 7% of the 458 patients without c-EVR did so.

Impact of dose exposure of Peg-IFN a-2b and ribavirin on
¢-EVR

The mean dose of Peg-IFN ¢-2b actually taken during the
first 12 weeks by each patient was 1.33 pg/kg/week (range
0.41-2.16 pg/kg/week; median 1.40 pg/kg/week) and that
of ribavirin was 10.4 mg/kg/day (range 2.9-16.2 mg/kg/
day; median 10.6 mg/kg/day).

The mean doses of both drugs and the factors at baseline
correlated with the c-EVR were assessed by univariate and
multivariate logistic regression analyses. Univariate analysis
showed that factors significantly associated with c-EVR were
age, sex, WBC, neutrophils, red blood cells, Hb, Plt, aspartate
aminotransferase, the degree of liver fibrosis and the mean
doses of Peg-IEN a-2b and ribavirin during the first 12 weeks
(Table 2). The factors selected as significant by the univari-
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Table 2 Univariate analysis for c-EVR
among patients who completed
12 weeks treatment
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Factor c-EVR (+) c-EVR (-) P-value
n 445 458

Age (year) 544 £ 104 57.5+9.6 <0.001
Sex: male/female 267/178 237/221 0.01
Serum HCV RNA (kIU/mL)* 1500 1600 0.28
White blood cells (per mm?>) 5336 £ 1536 4818 + 1547 <0.001
Neutrophils (per mm?) 2789 + 1133 2398 + 1038 <0.001
Red blood cells (x10%*/mm?) 450 + 46 435 % 49 <0.001
Haemoglobin (g/dL) 143 + 1.4 1391t 1.4 <0.001
Platelets (x10%/mm?3) 173 +52 150 + 5.6 <0.001
AST (IU/L) 62 + 44 69 £ 44 <0.001
ALT (IU/L) 77 64 80 £ 57 0.07
Histology (METAVIR)

Fibrosis: 0-2/3-4 273/37 247174 <0.001
Activity: 0-1/2--3 171/139 159/162 0.16
Peg-IEN dose (ug/kg/week)? 1.39 £ 0.22 1.28 £ 0.30 <0.001

Ribavirin dose (mg/kg/day)? 106 £ 1.7 101 £ 2.1 0.002

c-EVR, complete early virologic response; HCV, hepatitis C virus; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; Peg-IEN, pegylated interferon.
*Data shown are median values. 7272 missing. *Mean doses during 0-12 weeks.

Table 3 Multivariate analysis for c-EVR among patients who completed 12 weeks treatment

Factor Category Odds ratio 95% CI P-value
Age by 1 year 0.982 0.966-0.999 0.04
Sex male/female - - NS
Neutrophils by 100/mm? 1.017 1.002-1.033 0.03
Red blood cells by 1 x 10%mm* - - NS
Haemoglobin by 1 g/dL - - NS
Platelets by 1 % 10%/mm3 1.051 1.014-1.088 <0.01
AST by 1 TU/L - - NS
Fibrosis* 0-2/34 - - NS
Peg-IFN dose’ by 0.1 ug/kg/week 1.079 1.011-1.151 0.02
Ribavirin dose’ by 1 mg/kg/day - - NS

95% CI, 95% confidence interval; Peg-IFN, ¢-EVR, complete early virologic response; pegylated interferon; N.S., No Significant

difference; AST, aspartate aminotransferase.
*METAVIR fibrosis score. "Mean doses during 0-12 weeks.

ate analysis were evaluated by multivariate logistic regres-
sion analysis. The mean dose of Peg-IFN o-2b during the first
12 weeks was the independent factor for c-EVR (P = 0.02),
apart from the neutrophils (P = 0.03) and Plt value at
baseline (P < 0.01) and age (P = 0.04) (Table 3). In con-
trast, the mean dose of ribavirin during the first 12 weeks
showed no correlation with c-EVR.

The c-EVR rates were 54% (137/253) and 56% (246/
443) for patients who received 21.5 and 1.2-1.5 ug/kg/
week of Peg-IFN «-2b on average during the first 12 weeks,
and declined to an average rate of 38% (40/105) in patients
given 0.9-1.2 ug/kg/week of Peg-IFN «-2b, and an average
rate of 22% (22/102) in patients given <0.9 pg/kg/week
(P < 0.0001) (Table 4). The ¢-EVR rate among the patients
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with 21.2 pg/kg/week of Peg-IPN «-2b was significantly
higher than that of the patients with <1.2 pg/kg/week
[21.2 pgl/kg/week, 55% (383/696) vs <1.2 pglkg/week,
30% (62/207), P < 0.0001}.

Next, we analysed the impact of Peg-IEN a-2b on c-EVR in
stratified analysis according to ribavirin dose. Figure 1
shows the relationship of ¢c-EVR and the degree of Peg-IFN
o-2b exposure for two groups of ribavirin doses: the group
with 210.6 mg/kg/day of ribavirin and that with <10.6 mg/
kg/day (10.6 mg/kg/day was the median value). In either
group, the mean dose of Peg-IFN o-2b was dose-dependently
correlated with ¢-EVR (P < 0.0001), and c-EVR rates were
very similar in both groups if the dose categories of Peg-IFN
0-2b were the same.
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Table 4 The ¢-EVR rate according to Peg-IFN and ribavirin doses during weeks 0-12 for patients who completed 12 weeks

freatment

L Peg-IEN «-2b dose (ug/kg/week),*
Ribavirin dose

(mg/kg/day)** 21.5 1.2-1.5 0.9-1.2 <0.9 Total
212 57% (60/105) 61% (22/36) 38% (6/16) 22% (2/9) 54% (90/166)
10-12 54% (46/85) 58% (154/267) 36% (14/39) 23% (11/47) 51% (225/438)

8-10 50% (25/50)
<8 46% (6/13)
Total 54% (137/253)

53% (52/99)
44% (18/41)
56% (246/443)

52% (15/29)
24% (5/21)
38% (40/105)

18% (4/22)
21% (5/24)
22% (22/102)

48% (96/200)
34% (34/99)
49% (445/903)

c-EVR, complete early virologic response; Peg-IFN, pegylated interferon.
*P < 0.0001 for comparison of the four Peg-IFN groups. **P = 0.05 for comparison of the four ribavirin groups.

60 58 (12;2./_2351)~5§(~88“50)
7’ d
50 53
< (124/234)  (49/93)
~ 40
2
£ 30
g
w 20
(&)
104

<06 06-09 09-12 1.2-15 155
Mean Peg-iFN dose (ng/kg/week)

Fig. 1 Complete-EVR rate according to pegylated interferon
alpha-2b (Peg-IFN «-2b) and ribavirin doses during weeks
0~12 for patients who completed 12 weeks of treatment.
{(-&-) Group with the mean ribavirin dose <10.6 mg/kg/
day. (-m-) Group with the mean ribavirin dose 210.6 mg/
kg/day. The Peg-IFN ¢-2b dose was dose-dependently
correlated with ¢-EVR in both groups (P < 0.0001). There
was no significant difference between the two ribavirin-dose
groups (P = 0.19).

¢-EVR rates according to Peg-IFN a-2b drug exposure
using a percentage cut off and mean dose cut off

Table 5 shows the c-EVR rates according to the category of
Peg-IFN o-2b doses during the first 12 weeks based on the

percentage of the total prescribed dose and the mean doses.
The whole c-EVR rate was 54% (377/698) for patients who
received more than 80% of the prescribed dose, and 43%
(47/109) in patients given 60-80% of the prescribed dose,
and 21% (21/96) in patients given <60% of the prescribed
dose of Peg-IFN «-2b. Among patients given >80% of the
prescribed dose of Peg-IFN o-2b, the c-EVR rate was
significantly lower in patients given <1.2 ug/kg/week of
Peg-IFN «-2b than those given 21.2 pg/kg/week (32% vs
55%, P < 0.05). On the other hand, even in patients given
60-80% of the prescribed dose of Peg-IFN «-2b, if they were
given >21.2 pg/kg/week of Peg-IFN «-2b, a higher c-EVR rate
was attained in comparison with those given <1.2 ug/kg/
week (71% vs 38%, P = 0.01); the c-EVR rate in patients
given 60-80% of the prescribed dose and 21.2 ug/kg/week of
Peg-IFN o-2b was not inferior to that in patients given 280%
of the prescribed dose and 21.2 ug/kg/week of Peg-IFN o-2b.

Impact of dose exposure of Peg-IFN o-2b during the first
12 weeks of the treatment on HCV RNA negativity at
week 24 and SVR

Patients positive for HCV RNA at week 24 week during Peg-
IFN «-2b and ribavirin treatment were regarded as non-
responders and stopped treatment [11]. We analysed the

Table 5 The c-EVR rate according to Peg-IFN dose during weeks 0-12 based on the percentage of the planned dose and the

mean doses

Peg-IFN «-2b dose

(ug/kg/week) 280% 60-80% <60% Total

>1.2 S5%* (371/679) 71%** (12/17) - 55% (383/696)
<1.2 32% (6/19) 38% (35/92) 22% (21/96) 30% (62/207)
Total 54% (377/698) 43% (47/109) 21% (21/96) 49% (445/903)

c-EVR, complete early virologic response; Peg-IFN, pegylated interferon.
*P < 0.05; patients with 1.2 ug/kg/week vs <1.2 pg/kg/week among the patients with more than 80% of the total prescribed
dose of Peg-IFN a-2b. **P = 0.01; patients with 1.2 ug/kg/week vs <1.2 pg/kg/week among the patients with more than

60-80% of the total prescribed dose of Peg-IFN a-2b.
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relationship between the dose exposure to Peg-IFN o-2b
during the first 12 weeks and HCV RNA negative rates at
week 24 or SVR in 903 patients completing 12 weeks of
treatment. As a result, HCV RNA negative rates at week 24
and SVR rates declined according to the decrease in the dose
of Peg-IFN «-2b during the 12 weeks of treatment; patients
given 21.5, 1.2-1.5, 0.9-1.2 and <0.9 ug/kg/week of Peg-
IFN ¢-2b during the first 12 weeks of the treatment showed
HCV RNA negativity of 63%, 66%, 48% and 39%,. respec-
tively (P < 0.0001), and SVR of 46%, 43%, 30% and 20%,
respectively (P < 0.0001).

DISCUSSION

Adherence to ribavirin was reported to be the important
factor for EVR as well as that to Peg-IFN in most previous
studies [2,11,12], However, the drug exposure of Peg-IFN
u-2b and ribavirin had not been analysed independently
with respect to their individual influence on the anti-viral
effect in these studies. Adherence to both drugs may be re-
lated factors, i.e. most patients who can tolerate a high dose
of Peg-IFN are in good condition and thus can also receive a
high dose of ribavirin. In the present study, the impact of the
dose of Peg-IFN «-2b and ribavirin on the anti-viral effect
was evaluated by multivariate logistic regression analysis,
using the mean administration doses of both drugs during
the first 12 weeks and baseline factors. As a result, the dose
exposure of Peg-IFN ¢-2b was found to be the significant
factor affecting c-EVR as well as baseline factors such as age,
neutrophils and Plt values, but not ribavirin. This suggests
that the c-EVR rate can be raised by maintaining the dose of
Peg-IFN «-2b during the first 12 weeks in patients with
disadvantageous factors at baseline. In fact, the c-EVR rate
was higher in those who received 21.2 pg/kg of Peg-IEN
o-2b than in those given <1.2 ug/kg of Peg-IFN ¢-2b for
aged patients over 60 years of age (21.2 ug/kg; 46% vs
<1.2 ug/kg; 28%, P < 0.01) or for patients with a low Plt
value (<12 x 10%/mm>)(21.2 pg/kg; 45% vs <1.2 pg/kg;
22%, P < 0.001). Therefore, a marked dose reduction of
Peg-IEN «-2b should not be risked at the start even for aged
patients or patients with lower Plt value, which is indicative
of advanced fibrosis. The administration of 21.2 ug/kg/week
of Peg-IFN «-2b is desirable as a starting dose for achieving
c-EVR even in these patients: that of <1.2 ug/kg/week can
lead to a non-viral response or a late viral response. Inde-
pendent evaluation of the c-EVR rate according to the degree
of the ribavirin dose showed a stepwise decline as the total
cumulative dose of Peg-IFN ¢-2b decreased. Therefore, the
dose of Peg-IFN o-2b should be maintained as high as pos-
sible even in patients who have to reduce Peg-IFN a-2b to
<1.2 ug/kg/week. Using G-CSF for patients who develop
severe neutropenia and are forced to decrease Peg-IFN can
be beneficial, especially in the first 12 weeks.

The goal of 80% of the planned drug dosage for 80% of the
assigned duration was derived from an adherence criterion
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that had been adopted previously for assessment of the efficacy
of other pharmaceutical agents, such as drugs to treat cancer
and human immunodeficiency virus [16]. However, in Peg-
IFN plus ribavirin therapy for patients with CH-C, the planned
administration dose [17,18] differs on a body weight basis by
27% for Peg-IFN «-2b and 40% for ribavirin among patients of
50-100 kg of body weight, which would be equivalent to the
same rate differences for 80% of the planned drug dosage. In
detail, the target dose of Peg-IFN «-2b scheduled to be
administered is 1.5 ug/kg, but the usual dose for the individ-
ual patient is from 1.28 to 1.76 ug/kg/week based on body
weight among patients weighing 50-100 kg according to the
practice guidelines of the American Association for the Study
of Liver Diseases and the manufacturer’s drug information in
the USA and Europe [17,18]. The range of ribavirin dose per
kg of body weight is from 12 to 20 mg/kg/day. Therefore, in
this study, the drug exposure was assessed from the average
dose per kg of body weight.

In the evaluation of ¢-EVR rates according to Peg-IFN
0-2b drug exposure using a percentage cut off and mean
dose cut off in this study, the c-EVR rate of patients given
<1.2 pgl/kg/week of Peg-IFN o-2b was low (32%) even in
those who received 280% of the total planned doses of Pe-
g-IFN o-2b. If given 1.2 ug/kg/week of Peg-IFN o-2b, the
¢-EVR rate (71%) in patients who received 60-80% of the
total doses was not inferior to that in patients given 280% of
the total dose of Peg-IFN ¢-2b (54%). This means that
patients whose starting dose of Peg-IFN «-2b is <1.5 pug/kg/
week should not have their dosage reduced to 80% of the
planned dose (<1.2 pg/kg/week) in order to have a higher
probability of c-EVR, while those given 21.5 ug/kg/week of
Peg-IFN o-2b at the start can have their dosage reduced to
80% (21.2 ug/kg/week) without lowering the c-EVR rate.
Thus, the drug dose on a body weight basis itself should be
examined as an index of the drug exposure in order to
evaluate the anti-viral effect of both drugs accurately for
patients with CH-C.

As for the impact of the drug exposure to ribavirin on
¢-EVR, the drug dose of ribavirin during the first 12 weeks
was shown to have no relationship with the c-EVR rate,
although it was precisely evaluated in this study, using doses
actually taken on body weight. However, ribavirin can be
more effective for decreasing the viral relapse after interferon
or Peg-IFN ¢-2b and ribavirin combination therapy in pa-
tients with CH-C genotype 1 [2,3,19-24]. Recently, Shiff-
man et al. [15] have reported that a higher starting dose of
ribavirin (1000-1600 mg/day) plus a regular dose of Peg-
IFEN ¢-2b with epoetin was associated with a lower relapse
rate in treatment with CH-C genotype 1. Considering the
viral relapse after treatment, it is thought that the ribavirin
dose should not be reduced quickly in patients with mild side
effects, even though it does not affect c-EVR. In fact, among
the patients who attained c-EVR, a higher rate of viral
relapse was found in the patients given <10 mg/kg/day of
the mean ribavirin dose during 48 weeks in comparison
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with those given 210 mg/kg/day of the mean ribavirin dose
in this study {[26.9% (49/182) vs 12.4% (26/209),
P < 0.001] (data not shown). It seems possible to start
ribavirin at a lower dose and increase it by degrees with
monitoring of Hb level during treatment of patients with
mild anaemia or ischemic heart disease, because the riba-
virin dose appears to affect the viral relapse as the total dose
over 48 weeks, not during the first 12 weeks.

In conclusion, our results have demonstrated that Peg-IFN
o-2b is dose-dependently correlated with ¢-EVR and main-
taining as high a drug dose of Peg-IFN «-2b as possible
(21.2 ug/kg/week) during the first 12 weeks can yield
higher c-EVR rates, leading to better treatment outcomes for
patients with CH-C genotype 1.
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