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therapeutic determinants in PEG-IFN« and ribavirin
combination therapy, such as liver fibrosis, age, gender,
and ethnicity [Manesis et al., 1997; Poynard et al., 1998;
Jacobson et al., 2005]. It is accepted that initial changes
of serum HCV RNA titer from the beginning of the
therapy, i.e., HCV dynamics, correlates well with the
clinical outcomes of the treated patients [Davis et al.,
2003; Hayashi and Takehara, 2006]. In PEG-IFNu and
ribavirin therapy, an early virological response is
defined as a reduction in serum HCV RNA quantity by
at least 2 log; units or to an undetectable level by a
sensitive qualitative PCR after the first 12 weeks of
the treatment or negative serum HCV RNA at Week
24 of the therapy [Davis et al.,, 2003]. It has been
reported that the patients who fail to attain early
virological response at Week 12 or 24 are not likely to
gain sustained virological response after 48 weeks of
the combination therapy, suggesting that early virolo-
gical response can serve as a negative predictor of
sustained virological response [Ferenci, 2004; Ferenci
et al., 2005]. Prolongation of the duration of PEG-IFN«
and ribavirin eombination therapy from 4872 weeks is
likely to improve sustained virological response rate by
decreasing relapsers [Berg et al.,, 2006]. Therefore,
identifying potential relapsers during therapy and
providing additional weeks of treatment may be clini-
cally important, since it can offer them a better chance of
attaining sustained virological response. However, no
reliable marker is currently available for predicting
virological relapse in PEG-IFN« and ribavirin therapy.

In chronic hepatitis C, multifaceted immune dysfune-
tion may be implicated in the persistence of HCV
including dendritic cells, NK cells, and T cells [Kanto
et al., 1999; Auffermann-Gretzinger et al., 2001; Rosen
et al,, 2002; Nattermann et al., 20061. It is reported that
sustained viral responders maintained vigorous and
multispecific HCV-gpecific CD4* Thl responses, sug-
gesting that the restoration of CD4™ T cell responses
may be related to successful HCV eradication [Kamal
et al., 2002]. However, it is not known whether the
frequency or the function of other immune cells during
the combination therapy has any relationship to the
therapy outcome.

In the present study, in order to determine immuno-
logical markers correlated with the efficacy of the
treatment, the frequency of peripheral blood cell subsets
and their dynamics were studied during and after the
combination therapy. The function of dendritic cells
from the patients was examined to clarify whether it was
correlated with the therapeutic efficacy. This study
supports the view that the reactivity of the immune
system to the combination therapy is involved critically
in the outcome of the treatment.

MATERIALS AND METHODS

Patients

Among chronic hepatitis C patients who had been
followed at Osaka University Hospital, Osaka Kosei-
nenkin Hospital, and Osaka National Hospital,
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32 patients who received PEG-IFNe2b and ribavirin
combination therapy for 48 weeks were enrolled in the
present study. The study was approved by the ethical
committee of the Osaka University Graduate School of
Medicine, Written informed consent was obtained from
all patients. At enrollment, the patients were confirmed
to be positive for both serum anti-HCV antibody and
HCV RNA, but were negative for other viral infections,
including hepatitis B virus and human immunodefi-
ciency virus. All the patients were infected with HCV
genotype 1b with a serum HCV RNA quantity of more
than 100 kilocopies/ml, as determined by methods
described elsewhere [Pawlotsky et al., 2000]. All
patients had shown persistent or fluctuating serum
alanine aminotransferase abnormalities at enrollment.
The presence of other causes of liver disease, such as
autoimmune hepatitis, primary biliary ecirrhosis,
primary sclerosing cholangitis, alcohol abuse, and
metabolic disorders was excluded by laboratory and
imaging analyses. With all patients, a combination of
biochemical markers and ultrasonography or computed
tomography scan analyses ruled out the presence
of cirrhosis and tumeors in the liver. Histological
analyses of liver disease were performed with liver
tissue obtained by ultrasonography-guided biopsy. The
activity and stage of the disease were assessed by two
independent pathologists according to the classification
proposed by Desmet {Desmet et al., 1994].

Study Design

All patients were treated with PEG-IFNu2b subcuta-
neously at a dose of 75 pg/week (body weight>40 kg
and<60 kg or 105 pgiweek (body weight>60 kg
and < 80 kg) or 135 pg/week (body weight >80 kg and
< 100 kg) and oral ribavirin at a dose of 600 mg/day (body
weight > 40 kg and < 60 kg) or 800 mg/day (body weight
> 60 kg and < 80 kg) or 1000 mg/day (body weight > 80 kg
and < 100 kg). Ribavirin was administered divided into two
doses per day. All patients were treated for 48 weeks and
followed for 24 weeks after the cessation of therapy. The early
responders were defined as those who showed a reduction
in serum HCV RNA quantity to an undetectable level by
qualitative PCR at Week 12 of the therapy. Virological
response was estimated at 24 weeks after cessation of the
treatment. Sustained virological response was defined as
the maintenance of negative serum HCV RNA by PCR for
more than 6 months after completion of the therapy.
Transient response was defined as the reappearance of
serum HCV RNA within 6 months after cessation of therapy
in patients who had achieved negative serum HCV RNA at
the end of the treatment. No response meant that there was
persistently positive serum HCV RNA throughout the
therapy period. Non-sustained virological response group
is comprised of transient responders and no responders.

Analysis of Dendvritic Cell Subsets,
Helper T Cells, and NK Cells

For the numerical analyses of blood dendritic cells,
helper T cells, and NK cells, venous blood was drawn
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from patients before treatment and at Weeks 1, 4, 8, 12,
24, and 48 during the therapy. Peripheral blood mono-
nuclear cells (PBMCs) were collected by density-gradi-
ent centrifugation on a Ficoll-Hypaque cushion. After
viable PBMCs had been counted, the cells were stained
with combinations of various antibodies for phenotypic
markers.

The following monoclonal antibodies were purchased
from BD Biosciences (San Jose, CA): anti-lineagemarker
(Lin; CD3 (clone SK7), CD14 (clone M@P9), CD16 (clone
3G8), CD19 (clone SJ25C1), CD20 (clone L27), and
CD56 (clone NCAM16.2)), anti-CD4 (clone RPA-T4),
anti-CD11c (clone B-ly6), anti-CD123 (clone 7G3), anti-
CD3 (clone UCHT1), anti-CD45R0O (clone UCHLI),
anti-CD66 (clone B159), anti-HLA-DR (clone L243),
anti-CCR4 (clone 1G1). Anti-CXCR3 (clone 49801)
monoclonal antibody was purchased from R&D Systems
(Minneapolis, MN). Staining was performed with FITC,
PE, PerCP, and APC conjugated antibodies as described
previously. The acquisitions and analyses of data were
performed with FACSCalibur (BD Biosciences) and
CellQuest software.

Blood dendritic cells were defined as Lin™ and HLA-
DR™ cells. Myeloid dendritic cells are Lin~, HLA-DR*,
CD1lc*, CD123"Y cells, and plasmacytoid dendritic
cells are Lin~, HLA-DR*, CD11c~, and CD123™&" cells,
respectively. Helper T cell subpopulations were defined
by the pattern of CXCR3 and CCR4; Th1 cells are CD4™,
CD45RO*, CXCR3%, and Th2 cells are CD4%, CD45RO™,
and CCRAY, respectively. NK cells were defined as
CD3~, CD56* cells. The percentages of dendritic cell
subsets and NK cells in PBMCs or Thl and Th2 cells
in CD4* T cells were determined by FACS. In order to
examine the dynamics of dendritic cell subsets after
initiation of the treatment, we used the ratio of
frequencies at each time point to those before the
therapy.

Allogeneic Mixed Leukocyte Reaction
With Dendritic Cells

In some patients, we examined whether the allosti-
mulatory ability of dendritic cells was related to
the clinical outcomes. At the end of treatment and at
Week 4 after completion of the treatment, monocyte-
derived dendritic cells were generated from PBMC
obtained from the patients according to methods
reported previously [Romani et al., 1994]. As controls,
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monocyte-derived dendritic cells were generated simul-
taneously from healthy donors. As responder cells in
mixed leukocyte reaction (MLR), naive CD4* T cells
were isolated from PBMC of irrelevant healthy donors
by using a naive CD4™ T cell enrichment kit (Stemcell
Technologies, Vancouver, BC). Allogeneic MLR with
monocyte-derived dendritic cells was performed as
reported previously [Kanto et al.,, 1999]. In order to
compare the ability of monocyte-derived dendritic cells
among patients, we determined the MLR ratio between
patients and controls as counts per minute (cpm) of *°H-
thymidine incorporated into CD4™" T cells at the T cell/
dendritic cell ratio of 10/1.

Statistical Analyses

For statistical analysis, the non-parametric Mann—
Whitney U-test was used between the groups. To
analyze paired data, we used Wilcoxon’s signed rank
test. Differences of continuous variables between groups
were compared by two-way ANOVA. P-values of less
than 0.05 were considered to be statistically significant.
These statistical analyses were performed with Stat-
View software (Cary, NC).

RESULTS
Outcome of the PEG-IFNa and Ribavirin Therapy

Amongthe 32 patients who received PEG-IFNa2b and
ribavirin combination therapy, 25 completed the ther-
apy while 7 patients dropped out due to various adverse
effects. Among the 25 patients who completed the
therapy, 11 (44%) achieved sustained virological
response, 11 (44%) showed transient response, and
3 (12%) showed no response (Table I). There was no
difference in the baseline clinical parameters among
these groups (Table I). With regard to HCV RNA at
Week 12 in patients who completed the therapy, 11 were
negative for HCV RNA (early responders), while the
remaining 14 were not. Among 11 patients with early
response, 7 were sustained virological responders and
4 were transient responders. Among 14 patients who
were positive for serum HCV RNA at Week 12, 4 patients
achieved sustained virological response, 7 showed
transient response, and 3 showed no response. Details
of the therapeutic response in the current study are
shown in Figure 1.

TABLE 1. Baseline Clinical Characteristics of the Patients

All patients SVR TR NR
Age® 500109 46.7+124 54.1+89 46.7+9.3
Sex (M/F) 20/5 9/2 8/3 3/0
ALT qU/* 99.3+478 97.5+509 103 +51.3 94.0+34.6
HCV RNA (kilo copies/ml1)? 3146 £ 2675 3685+3023 274312338 264713163
Activity (minimal/mild/moderate) 71711 5/8/3 1/4/6 1/0/2
Fibrosis (mild/moderate/severe) 11/12/2 6/5/0 8/7/1 2/0/1

ALT, alanine aminotransferase.

Histological activity and fibrosis were assessed according to the classification proposed by Desmet.

®Mean + SD.
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Fig. 1. Detailed outcomes of chronic hepatitis C patients treated
with 48-week PEG-IFN«2b and ribavirin combination therapy. Thirty-
two patientsreceived the therapy, but seven dropped out due to various
adverse effects. Among the 25 who completed the therapy, 11 achieved
sustained virological response, 11 were transient responders, and 3
were non-responders. The early responders were defined as those
who showed a reduction in HCV RNA quantity to an undetectable level

Non-Sustained Virological Responders
Had a Lower MLR Ratio Than Sustained
Virological Responders

In order to clarify whether the frequency and function
of immune cells are involved in the outcomes of the
combination therapy, these parameters were compared
between sustained virological responders and non-
sustained virological responders, including transient
responders and no responders. The pretreatment per-
centages of myeloid dendritic cells, plasmacytoid den-
dritic cells, NK cells, Thl, and Th2 were not different
between the sustained virological responders and non-
sustained virological responders (Fig. 2A). As for the
changes of dendritic cell subsets during the therapy,
frequencies of both plasmaecytoid dendritic cells and
myeloid dendritic cells at each time point did not differ
between sustained virological responders and non-
sustained virological responders (Fig. 2B,C). The per-
centages of NK cells in non-sustained virological

t

by qualitative PCR at Week 12 of the therapy. According to this
criterion, 11 patients were early responders and were further
categorized into 7 sustained virological response (sustained virological
responders with early response) and 4 transient response (transient
responders with early response). Of the other 14 patients who were not
early responders, 4 were sustained virological responders, 7 were
transient responders, and 3 were non-responders.

responders tended to be higher than those in sustained
virological responders from Weeks 4—48, which did not
reach statistical significance (P=0.0533 ANOQOVA)
(Fig. 2F). The frequencies of Th1 and Th2 did not differ
between these two groups (Fig. 2G,H). As for dendritic
cell function, dendritic cells from the non-sustained
virological responders showed a lower MLR ratio than
those from the sustained virological responders at the
end (P <0.01) and at 4 weeks after the completion of
therapy (P<0.005) (Fig. 3). These results show that
lesser ability of dendritic cells at the end of treatment
may be related to non-sustained virological response.

Transient Responders Had a Lower MLR Ratio
in Dendritic Cell Function Than Sustained
Virological Responders in the Course of
Combination Therapy

In order to elucidate if the above-mentioned immuno-
logical markers are related to virological relapse, a

Fig, 2. Pretreatment frequency of blood cells and its changes during
48-week PEG-IFNu2b and ribavirin therapy in sustained virological
responders and non-sustained virological responders. Frequencies of
myeloid dendritic cells, plasmacytoid dendritic cells, NK cells, Thl
cells, and Th2 cells in the patients before the treatment (A), during the
combination therapy (B, C, F-H) and the ratios of myeloid dendritic
cell or plasmacytoid dendritic cell frequency (D, E) were determined as
described in Materials and Methods, which were compared between

J. Med. Virol. DOI 10.1002/jmv

sustained virological responders and non-sustained virological respon-
ders. Black bars (A) or closed triangles (B—H) depict sustained
virological responders and white bars (A) or closed circles (B—H) depict
non-sustained virological responders. The results are expressed as the
mean £ SEM of 11 sustained virological responders and 14 non-
sustained virological responders. PBMC, peripheral blood mononuc-
lear cells; NK, natural killer.
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Fig. 3. Allostimulatory activity of dendritic cells in patients who
underwent 48-week PEG-IFN«2b and ribavirin therapy in sustained
virological responders and non-sustained virological responders.
At the end of treatment (Week 48) and at Week 4 after completion
ofthe treatment, monocyte-derived dendritic cells were generated from
the patients or healthy donors and their allostimulatory capacity was
evaluated as described in Materials and Methods. The MLR ratio
between patients and controls was determined from the counts per
minute (cpm) of *H-thymidine incorporated into CD4" T ¢cells at T cell/
dendritic cell ratio of 10/1. The results are expressed as the mean +
SEM of 11 sustained virological responders and 14 non-sustained viro-
logical responders. Black bars indicate sustained virological respon-
ders and white bars indicate non-sustained virological responders.
*P < 0.01, **P < 0.005.

comparison was undertaken between sustained virolo-
gical responders and transient responders. The pre-
treatment percentages of myeloid dendritic cells,
plasmacytoid dendritic cells, NK cells, Thl, and Th2
were not different between the sustained virological
responders and transient responders (Fig. 4A).

The percentages of myeloid dendritic cells and
plasmacytoid dendritic cells were not different between
the sustained virological responders and transient
responders at each time point (Fig. 4B,C). The transient
responders tended to show a lower plasmacytoid
dendritic cell ratio than sustained virological respon-
ders from Weeks 1-12 (P =0.0553, ANOVA) (Fig. 4E),
suggesting that plasmacytoid dendritic cell is likely to
decrease in the early phase in transient responders
whereas those in sustained virological responders tend
to be maintained. By contrast, no difference was
observed in the myeloid dendritic cell ratio between
the groups (Fig. 4D). The percentages of NK cells
in transient responders were significantly higher
than those in sustained virological responders from

Itose et al.

Weeks 8-48 (P < 0.05) (Fig. 4F). The frequencies of Th1
or Th2 at each point during therapy did not differ
between the sustained virological responders and
transient responders (Fig. 4G,H).

With regard to the dendritic cell function, the
transient responders showed a lower MLR ratio
than the sustained virological responders from Weeks
4—-48 after the end of the therapy (P <0.05) (Fig. 5).
These results suggest that sustained impairment of
dendritic cell function at the end and after the treatment
may be related to the virological relapse after cessation
of the therapy.

Early-Phase Decline of Plasmacytoid Dendvritic
Cell Frequency and Sustained Impairment
of Dendritic Cell Ability Are Related to
Transient Response in the Combination
Therapy Even in Patients Who Lost Serum
HCV RNA at Week 12 of the Treatment

Inorder to estimate more precisely the involvement of
immunological markers in the outcomes of the combina-
tion therapy, we examined the above-mentioned para-
meters in patients who attained negative serum HCV
RNA at Week 12 (early response group), as they were
considered to be comparable with respect to the
virological response to the therapy. Among 11 patients
who were clear of serum HCV at Week 12, 7 were
categorized into sustained virclogical response (sus-
tained virological responders with early response) and
the remaining 4 into transient response (transient
responders with early response) (Fig. 1). Among
patients with early response, the pretreatment percen-
tages of myeloid dendritic cells, plasmacytoid dendritic
cells, Thl, Th2, and NK cells (Fig. 6A) and those at
any points during the therapy did not differ between
sustained virological responders and transient respon-
ders (Fig. 6B,C,F—H). The plasmacytoid dendritic cell
ratios in transient responders were lower than those
in sustained virological responders from Weeks 1-12
(P<0.05, ANOVA) (Fig. 6E), whereas the myeloid
dendritic cell ratio did not differ between the groups
(Fig. 6D).

As for MLR, dendritic cells from the transient
responders showed a lower MLR ratio than those from
the sustained virological responders at the end and at
4 weeks after the completion of therapy (Fig. 7)
(P <0.001).

DISCUSSION X

In the PEG-IFNa and ribavirin therapy for chronic
hepatitis C, viral and host factors are critically involved
in the efficacy of treatment. As for viral factors, HCV

Fig. 4. Pretreatment frequency of blood cells and its changes during
48-week PEG-IFNu2b and ribavirin therapy in sustained virological
responders and transient responders. Frequencies of myeloid dendritic
cells, plasmacytoid dendritic cells, NK cells, Th1 cells, and Th2 cells in
the patients before the treatment (A), during the combination therapy
(B, C, F-H), and the ratios of myeloid dendritic cell or plasmacytoid
dendritic cell frequency (D, E) were determined as described in
Materials and Methods, which were compared between sustained

J. Med. Virol. DOI 10.1002/jmv

virological responders and transient responders ones. Black bars (A} or
closed triangles (B—H) depict sustained virological responders and
white bars (A) or closed circles (B~-H) depict transient responders.
The results are expressed as the mean+SEM of 11 sustained
virological responders and 11 transient responders. PBMC, NK are
shown in Figure 2, *P < 0.05 (sustained virological responders vs.
transient responders).
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Fig. 5. Allostimulatory activity of dendritic cells in patients who
underwent 48-week PEG-IFN22b and ribavirin therapy in sustained
virological responders and transient responders. Af the end of
treatment (Week 48) and at Week 4 after completion of the treatment,
monocyte-derived dendritic cells were generated from the patients or
healthy donors and their allostimulatory capacity was evaluated as
described in Materials and Methods. The MLR ratio between
patients and controls was determined as the same as Figure 3. The
results are expressed as the mean + SEM of 11 sustained virological
responders and 11 transient responders. Black bars indicate sustained
virological responders and white bars indicate transient responders.
*P<0.05.
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genotypes and baseline HCV RNA titers are major
determinants dictating therapeutic outcomes. In addi-
tion, failure of rapid decline in serum HCV RNA from
the beginning of the treatment, i.e., non-early viro-
logical response, has been used as a negative predictor
for sustained virological response. Alternatively, the
enhancement of immunity has been implicated to play a
key role in the successful responses in PEG-IFN« and
ribavirin therapy. However, it is yet to be determined
which parameters are practically feasible for the
assessment of freatment-induced immune responses
correlating with therapeutic efficacy.

In the present study, it was determined whether the
frequencies of dendritic cells, NK cells, Thl and Th2
cells, as well as dendritic cell function in patients are
related to the outcome of the PEG-IFN« and ribavirin
therapy. By comparing these markers in the course of
the treatment between sustained virological responders
and non-sustained virological responders, it was demon-
strated that non-sustained virological responders
showed impaired dendritic cell function in MLR
than sustained virological responders. When the ana-
lyses were extended to comparison between sustained

Itose et al.

virological responders and transient responders,
transient responders exhibited (1) lower plasmacytoid
dendritic cell ratio, (2) higher NK cell frequency, and
(3) impaired dendritic cell function than sustained
virological responders. Of particular interest were the
findings of a lower plasmacytoid dendritic cell ratio as
well as lower MLR even in transient responders with
early response compared to sustained virological
responders with early response. Since patients with
early response are defined as those who showed negative
serum HCV RNA at Week 12, they are considered to be
similar in virological response to the combination
therapy. Thus, such parameters could serve as immu-
nological markers for virological relapse, presumably
being independent of the early virological response.

In general, homeostasis of blood cell number is
regulated by their life span and their recruitment from
the bone marrow to circulating bleod. A reduction of
blood cell numbers is frequently observed in patients
who are treated with PEG-IFN#~ and ribavirin combina-
tion therapy, which may be due to bone marrow
suppression, enhancement of cellular apoptosis, or
alteration of localization. However, the dynamics of
dendritic cell subsets or NK cells under combination
therapy is yet to be clarified. Some investigators have
reported that the frequency or the absolute number of
blood dendritic cell is dynamically changed by various
stresses, such as infection [Hotchkiss et al., 2002] or
surgery [Ho et al., 2001]. The present study showed that
reduction of plasmacytoid dendritic cells after the
introduction of combination therapy is much greater in
the transient responders than in the sustained viro-
logical responders. IFNuz is reported to act as a
regulatory factor on CD11c™ dendritic cells to sustain
their viability and to inhibit gaining the ability to
stimulate Th2 development [Ito et al., 2001]. Thus,
patients who respond well to IFNv, as demonstrated by
better plasmacytoid dendritic cell survival during the
treatment, are likely to have better chances to eradicate
HCV. Limited information is available about the factors
influencing the number of NK cells. In chronic HCV
infection, it has been reported that the progression of
liver disease is associated with a decrease of peripheral
as well as liver-residing NK cells [Kawarabayashi et al.,
2000]. It is plausible that the lower frequency of
peripheral NK cells in the sustained virological respon-
ders compared to the transient responders, as shown in
this study, may be related to the accumulation of NK
cells in the liver, where they presumably produce IFNy
to suppress HCV replication. Further study is needed to
disclose the reasons for the dynamics of these cells being
related to the virological response in the combination
therapy.

Fig. 6. Pretreatment frequency of blood cells and changes during 48-
week PEG-IFN#2b and ribavirin therapy in patients who showed
negative serum HCV RNA at Week 12 of the therapy. Frequencies of
myeloid dendritic cells, plasmacytoid dendritic cells, NK cells, Thi
cells, and Th2 cells in the patients before the treatment (A), during the
combination therapy (B, C, F~H) and the ratios of myeloid dendritic
cell or plasmacytoid dendritic cell frequency (D, E) were determined as
described in Materials and Methods, which were compared between

J. Med. Virol. DOI 10.1002/jmv

sustained virological responders and transient responders ones. Black
bars (A) or closed triangles (B~H) depict sustained virclogical
responders and white bars (A) or closed circles (B—H) depict transient
responders. The results are expressed as the mean+SEM of seven
sustained virological responders with early response and four transient
responders with early response. PBMC, NK are shown in Figure 2.
*P < 0.05 (sustained virological responders vs. transient responders).
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Fig. 7. Allostimulatory activity of dendritic cells in the patients who
underwent 48-week PEG-IFNa2b and ribavirin therapy in patients
who showed negative serum HCV RNA at Week 12 of the therapy. At
the end of treatment (Week 48) and at Week 4 after the completion of
the treatment, monocyte-derived dendritic cells were generated from
the patients or healthy donors and their allostimulatory capacity was
evaluated as described in Materials and Methods. The MLR ratio
between patients and controls was determined as the same as Figure 3.
The results are expressed as the mean+ SEM of seven sustained
virological responders with early response and four transient respon-
ders with early response. Black bars indicate sustained virological
responders and white bars indicate transient responders, respectively.
#*P < 0.05.

In the present study, non-sustained virological
responders or transient responders showed a lesser
capacity for dendritic cell function than sustained
virological responders at the end and after cessation of
the therapy. Even in the patients who lost serum HCV
RNA at Week 12, the dendritic cell function was lower in
transient responders than sustained virological respon-
ders. One of the mechanisms of impaired dendritic cell
function in non-sustained virological responders or
transient responders may be residual HCV both in
serum and in cells. It is reported that the relapse rate
was higher in the patients who were positive for HCV
RNA by sensitive transcription-mediated amplification
(TMA) at the end of combination therapy than those who
were negative for it, even when they were negative for
HCV RNA by conventional PCR [Gerotto et al., 2006].
Other investigators have shown that residual HCV is
detectable by means of sensitive PCR in blood cells from
patients who cleared HCV from the serum by IFNo and
ribavirin combination therapy [Pham et al., 2004],
supporting the possibility that blood cells are reservoirs
of HCV replication. Taking these findings into consid-
eration, it is conceivable that a small quantity of HCV
might exist in the blood cells in some transient
responders. Since direct HCV infection of monocytes or
blood dendritic cells is considered to he one of the
mechanisms of the functional impairment of dendritic
cell [Navas et al,, 2002; Goutagny et al., 2003; Ducou-
lombier et al., 2004], persistent HCV may delay the
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restoration of dendritic cell function in non-sustained
virological responders or transient responders com-
pared to sustained virological responders.

In summary, it was shown that the frequencies of
plasmacytoid dendritic cells or NK cells and dendritic
cell function might be related to the outcomes of the
combination therapy. Since the present study was
performed with a relatively small number of patients,
a greater number of patients should be examined in
order to validate the feasibility of using these as
immunological markers of relapse. The prediction of
virological non-response or relapse during therapy can
help improve the clinical outcomes of treated patients,
as prolongation of combination therapy offers poten-
tial relapsers a better chance of sustained virological
response by suppressing HCV reappearance.
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Efficacy of low dose long-term interferon monotherapy in
aged patients with chronic hepatitis C genotype 1 and its
relation to alpha-fetoprotein: A pilot study
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Aim: The objective of this study was to examine the efficacy
and safety of low dose long-term interferon (IFN} therapy in
aged patients with chronic hepatitis C genotype 1.

Methods: The IFN therapy was performed in Shin-Kokura
Hospital on 44 patients aged 60 or older with chronic hepati-
tis C. All patients had high viral loads of genotype 1. Three
million units of natural IFN-o. was administered intramuscu-
larly or intrasubcutaneously, three times a week for three
years. A control group of 44 subjects not treated with IFN,
matched for age, gender and hepatic histalogy, was formed.

Results: Two of the 44 patients showed a sustained virolog-
ical response. Alanine aminotransferase was below the upper
limit of normal in 59% (23/39) of the patients and alpha-
fetoprotein was less than 40 ng/imL in 97% (38/39) on the com-
pletion of treatment. Sustained biochemical response was
observed in 53% {19/36) of the patients. in the liver cirrhosis

group, serum albumin values and platelet counts increased in
38% (6/16) and 33% (6/18) of patients, respectively. Hepato-
cellular carcinoma (HCC) appeared in three patients by
13 months after the start of treatment, but no cases were
reported thereafter. The cumulative non-carcinogenesis rate
of HCC in the liver cirrhosis group was significantly higher
in the IFN treatment group compared to the control group
(log-rank test, P = 0.046).

Conclusion: Low dose long-term interferon monotherapy to
prevent carcinogenesis of HCC was considered useful in aged
patients for whom peg-interferon and ribavirin combination
therapy is difficult.

Key words: aged patients, alpha-fetoprotein, chronic
hepatitis C, interferon, long-term treatment

INTRODUCTION

URATIVE TREATMENT OF chronic hepatitis C cur-

rently depends mainly on peg-interferon (peg-1FN)
and ribavirin combination therapy.'? It is the treatment
of choice and shows greater therapeutic effects than
interferon (IFN) monotherapy, especially in patients
with high viral loads. However, many patients, espe-
cially aged patients, often discontinue ribavirin combi-

nation therapy because of adverse reactions such as

anemia.’ In patients with high viral loads of genotype
1, the rate of sustained virological response (SVR) is
about 50% for peg-IFN and ribavirin combination
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therapy, but the SVR rate drops in patients who are
elderly or have obesity and/or steatosis.*® In aged
patients, peg-IFN and ribavirin combination therapy is
also often difficult because of morbid conditions such
as diabetes or hypertension.

In Japan, with the aging of patients with hepatitis C,
the number of patients over 60 years is increasing, but
in such aged patients, the incidence of hepatocellular
carcinoma (HCC) is high” and IEN therapy is required
to prevent the development of HCC. Few reports are
available on the effects of long-term IFN therapy in aged
patients. Alpha-fetoprotein (AFP) is a tumor marker for
HCC and cases of high blood levels of AFP are often
found among patients with chronic hepatitis C or liver
cirrthosis.® It is known that AFP values decrease
when effects are obtained from IFN therapy. However,
several reports have called attention to AFP values as an
effect of IFN therapy, independent of SVR.® In the
present study, we performed low dose long-term IEN
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monotherapy in aged patients (60 years or older) with
hepatitis C to prevent carcinogenesis of HCC, and exam-
ined the efficacy and changes in AFP values.

METHODS

Patients

HE SUBJECTS WERE 44 patients (22 males and 22

females), aged 60 years or above with hepatitis C
who started low dose IEN monotherapy in Shin-Kokura
Hospital between 1994 and 2002 (Table 1). The age at
the start of treatment ranged from 61 to 76, with a
median age of 67.2. Twenty-six patients had chronic
hepatitis (CH) and 18 had liver cirthosis (LC). The
virus was genotype 1 with levels of 100 KIU/mL or
1.0 Meg/mL or higher. The subjects included 11 patients
taking a glycyrrhizin preparation for at least one year
before IFN administration and all 11 patients had
alanine aminotransferase (ALT) levels of 60IU/L or
higher at registration. The glycyrrhizin preparation was
discontinued at least one month before registration.

A group of 44 patients receiving IFN therapy and a
control group of 44 subjects not treated with IEN,
matched for age, gender and hepatic histology were
formed. The control group was observed for at least
seven years. This study was not randomized.

Chronic hepatitis (CH) patients were F1-F3 based on
liver biopsies. Liver cirrhosis was diagnosed by liver
biopsy or clinically. All subjects were Child’s A. The 88
subjects were divided into the following four groups
and the incidence of HCC was examined. CH-T group
(n=26): CH patients receiving IFN therapy; LC-T
group (n=18): LC patients receiving IFN therapy; CH-
c group (n = 26): CH controls and LC-c group (n = 18):
LC controls.

Table 1 Baseline characteristics of patients

Hepatology Research 2007; 37: 490-497

Within one month before the start of treatment, all
subjects were subjected to abdominal ultrasonography
(US) and dynamic computed tomography (CT) to check
for HCC.

Low dose long-term IFN monotherapy

IEN therapy was performed using 3 million units of
IEN-¢. (human lymphoblastoid interferon (HLBI), Sum-
iferon; Dainippon Sumitomo Pharma, Osaka, Japan)
administered intramuscularly or intrasubcutaneously
2-3 times per week for three years. The patients were
observed for at least two years thereafter.

Blood testing

A serum hepatitis C virus (HCV) qualitative test was per-
formed using an Amplicor-HCV kit, version 2.0 (Roche
Molecular Diagnostics Co, Tokyo, Japan)." Serum
HCV-RNA levels were quantified using branched DNA
(bDNA) probe assay (version 2; Chiron, Dai-ichi Kagaku,
Tokyo)'™'* or combined PCR assay {Amplicor-HCV
monitor assay, Roche Molecular Diagnostics Co., Tokyo,
Japan).!* In this study, a high viral load was designated
as a serum HCV-RNA level of higher than 10° equiva-
lents/mL using bDNA assay, or higher than 10° I[U/mL
serum using Amplicor-HCV monitor assay. The white
blood cell count, red blood cell count, hemoglobin con-
centration, platelet count, serum ALT levels, serum
albumin levels and serum AFP levels were measured
before treatment and once every four weeks. The upper
limit of the normal range (ULN) for ALT was 40 IU/L.
The efficacy of treatment was assessed based on
HCV-RNA negativity and sustained control of ALT
below the ULN. Patients who tested as HCV-RNA-
negative at 24 weeks after completion of the IFN treat-
ment were considered to be in SVR. Patients who tested

IFN therapy group

Control group

CH-Ttn=26 LCTin=18 Totaln=44 CH-ct n=26 LC-cin=18 Totaln=44
Mean age (years) (range)  66.1 (61-74)  68.7 (61-76)  67.2 (61-76)  65.8 (60-71}  67.9 (61-73)  67.3 (60-73)
Sex (M : F) 12:14 10:8 22:22 12:14 10:8 22:22
ALT (IU/L) 80 a7 82 48 68
Plat (/uL) 165 000 72 000 127 0G0 179 000 87 000 141 000
AFP (ng/mL) 65 54 67 60 64

tNo significant difference between CH-T group and CH-c group; $No significant difference between LC-T group and LC-c group.
ALT, alanine aminotransferase; AFP, alpha-fetoprotein; CH-¢, chronic hepatitis contro} group; CH-T, chronic hepatitis IFN therapy
group; LC-¢, liver cirrhosis control group; LC-T, liver cirrhosis IEN therapy group.

© 2007 The Japan Society of Hepatology
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as HCV-RNA positive but showed sustained control of
ALT below ULN at six months after the completion of
the IFN treatment were considered to have a sustained
biochemical response (SBR). The remainder of the
patients were considered to be non-responders.

Abdominal ultrasonography was performed once
every three months and CT once a year. HCV-RNA was
measured once every six months. Treatment was dis-
continued when serious adverse reactions appeared,
when the platelet count fell below 25 000/uL, when
HCC occurred, or when the patient desired discontinu-
ation.

Informed consent

The study protocol was approved by the institutional
ethics committee of Shin-Kokura Hospital and all
patients gave their informed consent to participate in
this study. The study was conducted in accordance with
the ethical guidelines of the Declaration of Helsinki and
the International Conference on Harmonization Guide-
lines for Good Clinical Practice.

Statistical analysis

Differences between the groups were analyzed using
Fisher's exact test. Continuous variables were compared
using the Mann-Whitney test. The cumulative non-
carcinogenesis rates in the IFN treatment and control
groups were compared using the log-rank test. All tests
were two-sided, and P-values less than 0.05 were con-
sidered to be significant.

Low dose long-term interferon monotherapy 492

RESULTS

The negativity of HCV-RNA

CV-RNA STATUS became negative during IFN
Htreatment in six patients in the CH-T group and
two patients in the LC-T group. At six months after
completion of IFN treatment, HCV-RNA negativity was
maintained and SVR was obtained in only two patients
of the CH-T group. In these two patients, HCV-RNA
became negative within one year after the start of IEN
treatment and negativity was maintained thereafter. No
patients with SVR were observed in the LC-T group.

Changes in ALT (Table 2)

The mean values of ALT in the IFN treatment group were
67 IU/L before treatment, 46 IU/L after six months,
44 TU/L on completion and 48 IU/L two years after
completion of treatment. The mean ALT values at
six months, three years and five years after registration
in the control group were 72 IU/L, 78 IU/L and 70 IU/L,
respectively. The ALT values in the IFN therapy group
were significantly lower at all times compared to the
control group (P <0.05). The mean ALT levels in the
CH-T and LC-T groups before treatment were 80 IU/L
and 47 IU/L, decreasing to 51 IU/L and 39 IU/L, respec-
tively, after six months (P <0.05). Thereafter, no
changes occurred during or after treatment. The rate of
ALT levels of ULN or lower in the CH-T and LC-T groups
were 58% and 50% after six months, 54% and 56%
on completion of IFN treatment and 52% and 53%
two years after completion of treatment, respectively. In
both the CH-T and LC-T groups, a significantly higher

Table 2 Efficacy of the low dose, long-term interferon monotherapy (serum ALT and AFP levels)

Before After 6 months On completion After 2 years
The rate of decrease to less than 40 IU/L of ALT
CH-T 0/26 15/26*** 14/23*%** 11/21%**
(%) 0 58 61 52
LCT 2/18 9/18* : 9/16** 8/15*
(%) 11 50 56 53
Total 2/44 24/44%*+ 23/39%** 19/36%**
(%) 5 " 55 59 53
The rate of decrease to less than 40 ng/mL of AFP
AFP: >40 ng/mL 0/18 14/18*** 14/15%** 13/14%**
(%) 0 78 93 93
Total 26/44 40/44*** 38/39%** 35/36%**
(%) 59 91 97 - 97

*P<0.05; **P<0.01; ***P<0.001.

ALT, alanine aminotransferase; AFP, alpha-fetoprotein; CH-T, chronic hepatitis IFN therapy group; LC-T, liver cirthosis IEN therapy

group.

© 2007 The Japan Society of Hepatology
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rate of ALT levels of ULN or lower was found at all times,
when compared with before treatment (P < 0.05). The
rate of decrease to ULN or lower of ALT during and after
IFN treatment ranged from 50% to 56%. In 11 patients
who used a glycyrrhizin preparation before IFN therapy,
eight patients showed ALT of less than 60 IU/L and
seven patients were at ULN or lower at six months after
the start of IEN therapy. SBR was achieved in 19 patients
in total (53%), 11 in the CH-T group and eight in the
LC-T group.

Changes in AFP (Figs 1,2 and Table 2)

The mean AFP value before treatment was 61 ng/mL.
The mean AFP values were 46 ng/ml after three months
of treatment, 31 ng/mL after six months of treatment,
21 ng/mL on completion of treatment and 25 ng/mL
two years after completion of treatment. The values were
all significantly lower than before treatment (P < 0.001).
The mean AFP values at three months, six months,
three years and five years after registration in the
control group were 67 ng/mL, 66 ng/mL, 82 ng/mL and
74 ng/fml, respectively. The AFP values in the IFN
therapy group were significantly lower at all times com-
pared to the control group (P < 0.001}. The AFP value
before treatment was 40 ng/mL or higher in 18 patients.

HLBI (3M-3/W) |

80
70 b —e—Total
~O— Before; >40ng/mL

60 |
50
£

240t

AFP (

30+
20 +

Before After After On 2 years
3 months 6 months completion  after
of therapy completion

Time

Figure 1 Efficacy of low dose long-term interferon monother-
apy (serum AFP levels). Changes in mean alpha-fetoprotein
(AFP) levels in the third and sixth months of therapy, on com-
pletion and two years after completion of therapy. (@) Total,
{O) before start of treatment >40 ng/mL. *P < 0.001 (before
therapy vs. third month, sixth month, on completion and
two years after completion). :
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Figure 2 Efficacy of low dose interferon monotherapy (serum
AFP levels). Changes in mean alpha-fetoprotein (AFP) values
in the third and sixth months in 18 patients with AFP values
before treatment of 40 ng/mL or higher. (@) AFP decreased
cases, (O) AFP unchanged or increased cases.

Figure 2 shows the courses of these 18 patients at
three months and six months after the start of treat-
ment. The mean AFP values were 75.9 ng/mL before
treatment, 49.4 ng/mL after three months, 37.1 ng/mL
after six months, 26.2 ng/mL on completion and
31.4 ng/mL two years after completion of treatment. The
AFP value after three months and thereafter was signif-
icantly lower than that before treatment (P < 0.001).
After six months of treatment, the AFP value had
decreased to less than 40 ng/mL in 14 out of 18 patients.
AFP values did not change in three of the four remain-
ing patients and increased in one patient (Fig. 2). HCC
appeared in three out of four patients with no decreases
in AFP. In the 18 patients with AFP values of 40 ng/mL
or higher before treatment, the rates of decrease to less
than 40 ng/mL were 78% (14/18) after six months, 93%
(14/15) on completion and 93% (13/14) two years
after completion of treatment. The values were all
significantly higher than before treatment (P < 0.001)
(Table 2).

Changes in serum albumin values and
platelet counts

Among the 16 patients showing serum albumin values
of less than 3.9 g/dL before treatment, six patients
(38%) showed increases of at least 0.3 g/dL on com-
pletion of treatment when compared to before treat-
ment. The mean value of 3.8 g/dL for serum albumin
after completion of treatment was higher than the
3.5 g/dL value before treatment. :
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The platelet count in the CH-T group decreased up to
three months after the start of [FN therapy, but increased
to the value before treatment thereafter. In the LC-T
group, the platelet count increased in six patients (33%)
on completion of treatment.

incidence of HCC (Fig. 3)

Figure 3 shows the incidence of HCC in each group.
HCC appeared during IFN treatment in three patients
in the CH-T and LC-T groups. The time of discovery of
HCC in these three patients was at eight months, at nine
months and at 13 months after the start of treatment.
The three HCC patients were all male and they were 68,
73 and 70 years of age. The maximum diameters of HCC
were 11 mm, 18 mm and 14 mm, and HCC was limited
to one tumor in each case. HCC occurred in one patient
in the CH-T group and two patients in the LC-T group.
The liver tissue of the three patients showed F3 chronic
hepatitis in one patient and F4 liver cirrhosis in the
other two patients. No new cases of HCC appeared until
the completion of IFN treatment thereafter. One patient
in the LC-T group had HCC at three years and
.three months after the completion of treatment. The
AFP value for this patient was 58 ng/mL before treat-
ment, dropping to 22 ng/mL after six months of treat-
ment. Thereafter, the value remained at less than
30 ng/mL until the completion of treatment. The value
at the time of carcinogenesis was 36 ng/mL. HCC was
observed at four years after the completion of treatment
in the CH-T group. The annual incidences of HCC in
the CH-c and LC-c control groups were 3.5% and 8.7%,
respectively. The incidence was lowest in the CH-T
group and highest in the LC-c group. The incidences
were the same in the LC-T group treated with IFN and

Low dose long-term interferon monotherapy 494

in the CH-c control group (Fig. 3). The cumulative non-
carcinogenesis rate of HCC in the chronic hepatitis
group showed no significant difference when compared
between the IFN treatment and control groups.
However, the cumulative non-carcinogenesis rate of
HCC in the liver cirrhosis group was significantly higher
in the IFN treatment group compared to the control
group (log-rank test, P = 0.046).

Safety

IFN treatment was discontinued in two patients, one
with stomach cancer and one with lung cancer in the
CH-T and LC-T groups. Three other patients developed
HCC and so treatment was discontinued in a total of
five patients. One patient dropped out because of a cere-
bral hemorrhage during observation after treatment.
This patient was a 68-year-old male who had been
treated for diabetes before IEN treatment. The diabetes
was not aggravated in observations during or after treat-
ment. Two other patients did not come to the hospital
and dropped out. Treatment was not discontinued in
any patients due to adverse reactions to IFN.

DISCUSSION

T HAS BEEN 15 years since IFN treatment of chronic

hepatitis C started in 1992. The mortality of HCC has
tended to increase every year. Patients with chronic hep-
atitis C are getting older every year. For conventional IFN
monotherapy for six months, the SVR rate (sustained
negativity of HCV-RNA) was low, at about 20%.'**¢ The
SVR rate was increased to about 50% when peg-IFN
and ribavirin combination therapy was used. It is well
known that the incidence of HCC drops when

| HLBI(3M-3W) |
100~‘—-—-—;33__-3_._¢ — - -
Rttt b
80+ ooree 6’--‘~'~‘§§ 5
A S . e-lopgsm  {——CH-T
60+ ': . —;_IC‘;C!_;;(’; Figure 3 Course of non-carcinogenesis
R EI . e LC-C rate using interferon therapy. CH-c,
40+ Sy s chronic hepatitis control group; CH-T,
chronic hepatitis IFN therapy group;
20+ 1.C-c, liver cirrhosis control group; LC-
T, liver cirthosis IFN therapy group.
0 ~ T r P=0.134 (CH-T vs. CH-c wusing
0 2 4 6 8 log~rank test), P=0.046 (LC-T vs. LC-c
Years using log-rank test).
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negativity of the HCV is maintained.'” However, even if
HCV-RNA is not negative, the incidence of HCC has
been found to decrease when hepatic function becomes
normal.'®" The primary goal of IFN treatment is to
eradicate the HCV, but in aged patients, combination
therapy with ribavirin is quite often difficult’ and it is
important to improve hepatic function using low dose
IFN monotherapy and prevent onset of HCC.

In the present study, ALT was decreased significantly
three months after the start of treatment. After six
months, ALT was at the ULN or lower in 55% of patients
and no change occurred thereafter. The same results
were obtained in both the CH-T and LC-T groups, that
is the rate of decrease of ALT to ULN or lower using low
dose IFN treatment was about 50-60%. The results of
IEN therapy are assessed by HCV-RNA negativity, but
the present patients were aged patients with high viral
loads of genotype 1 and the SVR rate was low. There-
fore, the ALT normalization rate was lower than that in
previous reports. However, in this study, the SBR rate
was 53%. Even if HCV-RNA does not become negative,
prevention of onset of HCC can be expected with
normalization of hepatic function, and low dose IFN
therapy is considered useful.

Patients who did not show a decrease in ALT after
long-term administration of a glycyrrhizin preparation
were treated with IFN and ALT decreased in about 60%
of cases. This result suggests that treatment with small
doses of IFN is useful in improving ALT in patients with
chronic hepatitis C or chronic liver cirrhosis showing no
decrease in ALT after administration of a glycyrrhizin
preparation.

AFP is a tumor marker of HCC and it becomes posi-
tive in about 65% of HCC patients. AFP is also useful
as a parameter for the early diagnosis of HCC and
observation of its course after treatment.”®?* AFP is not
only secreted by HCC, but is also produced in regener-
ated liver after it is injured.”® Even if HCC is not con-
firmed by US and CT, high levels of AFP are seen in some
patients. Many reports have cited elevated AFP baselines
as an independent HCC risk factor.*’ In the present
study, AFP was significantly decreased at three months
after the start of treatment. In 14 of the 18 patients
(78%) with AFP levels of 40 ng/mL or higher before
treatment, the value had dropped to less than 40 ng/mL
after six months (Fig. 2). HCC appeared during treat-
ment in three of the four patients with no decrease in
AFP. The three HCC patients developed the disease
between eight and 13 months after the start of treatment
and no cases appeared during treatment thereafter.
These results indicate that a high AFP value is a useful
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factor in determining onset of HCC. In these three
patients, HCC was not discovered using US or CT before
the start of IFN treatment, but they appeared to be in a
precancerous condition for HCC.

The remaining patients did not develop HCC during
treatment and no HCC was found for three years after
the completion of treatment. The onset of HCC seems
to be delayed for six years by IFN treatment for
three years, and the HCC onset rate was the same as that
in the chronic hepatitis control group (CH-c group) in
observation of the course for seven or eight years.

Murashima et al. reported that IFN therapy universally
reduced the AFP baseline.” In this study AFP levels were
reduced by IFN therapy in patients who did not develop
HCC. However, even in patients whose ALT values did
not become normal, decreases in AFP were observed.
The mechanism of the decrease of AFP by IEN therapy
was unclear. AFP is considered to be a good marker
for estimating the effects of long-term IFN therapy to
prevent carcinogenesis of HCC, in the same way as ALT.

In a study by Arase et al., IFN monotherapy was found
to show greater effects by long-term administration for
one year and six months.* In order to reduce adverse
reactions such as pancytopenia, a low dose of IEN was
given and thus it was possible to perform the treatment
for a longer period. It has been reported that long-term
administration for two years or longer is effective.”” It
was also reported that even when HCV-RNA did not
become negative after discontinuation of administra-
tion for three years, normal hepatic function was main-
tained for long periods.”® No discontinuations due to
adverse reactions, such as pancytopenia, were men-
tioned in any of these reports. Therefore, an adminis-
tration period of two-three years is considered
necessary. IFN treatment appears to be relatively safe as
long as the dose is low. In our study, a total of five
patients discontinued treatment during the three-year
long-term treatment, one with stomach cancer, one with
lung cancer and three with HCC. Treatment was not dis-
continued in any patients because of direct adverse
reactions to IEN. Low dose long-term IFN therapy is
considered safe and useful in the prevention of the onset
of HCC.

The rate of change of HCV-RNA to negative is high
during IFN and ribavirin combination therapy, but
many recurrences occur after the completion of therapy.
Sustained negativity of HCV-RNA can be achieved
during treatment by continuing IFN monotherapy.”
In the present study, two out of eight patients in
whom HCV-RNA became negative during IFN therapy
remained negative thereafter and were classified as SVR.
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It is important to continue low dose treatment for a long
time to maintain HCV-RNA negativity.

Prevention of onset of HCC during treatment has
been confirmed, but HCC occurred again from
three years after the completion of therapy. The treat-
ment period for IFN is a topic for future study. The
present study was a pilot study with no randomization
and a small number of patients. A large-scale random-
ized clinical trial will be necessary in the future to deter-
mine if IFN low dose therapy is effective or not in
prevention of the onset of HCC.

CONCLUSION

OW DOSE LONG-TERM IFN therapy was performed
]_Jin aged patients. Improvement of hepatic function
disorders was seen in about 60% of patients and the AFP
values decreased in about 90% of patients. In three years
of treatment, no discontinuations took place because of
adverse reactions, such as pancytopenia. Onset of HCC
occurred in three patients by 13 months after the start
of treatment, but no cases appeared thereafter. In aged
patients in whom peg-IFN and ribavirin combination
therapy is difficult, low dose long-term IFN monother-
apy appears to be useful in the prevention of onset of
HCC.
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Abstract Chronic hepatitis C is a disease that is difficult to
treat. At present, interferon might be the only drug, which
can cure this kind of disease, but its efficacy is limited and
patients face the risk of side effects and high expense, so
doctors considering interferon must make a serious choice.
The purpose of this study is to establish a simple model
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and use the clinical data to predict the interferon efficacy.
This model is a combination of Feature Subset Selection and
the Classifier using a Support Vector Machine (SYM). The
study indicates that when five features have been selected, the
identification by the SVM is as follows: the identification rate
for the effective group is 85%, and the ineffective group 83%.
Analysis of selected features show that HCV-RNA level,
hepatobiopsy, HCV genotype, ALP and CHE are the most
significant features. The results thus serve for the doctors’
reference when they make decisions regarding interferon
treatment.

Keywords Chronic Hepatitis C (CHC) - Interferon (IFN) -
Support Vector Machine (SVM) - Feature Subset Selection
(FSS) - Predict

Introduction

Patients with Chronic Hepatitis C (CHC) are at high risk of
developing liver cirrhosis and/or liver cancer, and prevention
of disease progress is very important. It was first reported
in 1986 that interferon was used to treat chronic hepatitis
C and showed ALT normalization {1]. After that, some
studies [2—4] showed the effects of improvement of liver
function and liver histology image, and serum HCV-RNA
proved negative after interferon treatment. Now interferon
therapy is the treatment of choice for chronic hepatitis C.
Combination therapy with pegylated interferon alpha (PEG)
and ribavirin is currently the standard treatment for patients
with CHC. However, there are numerous side effects such
as fatigue, a flu-like syndrome and others. Furthermore, a
cost-effectiveness analysis in Japan estimates that the health
care costs per patient for standard treatment with interferon
ranged from $10,500 to $35,000. On the other hand,

a) Springer
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Table1 Main features of patients *Mean =+ SD

Effective group Ineffective group
Patient features (n = 66) (n = 46) Total (n = 112)
Age (years)* 49,73 + 13.76 5293 & 11.86 51.04 & 1275
Sex (Male/Female) 49/17 31/15 80/32
HCV RNA level (kiu/ml)* 380.98 & 298.12 735.83 4 281.29 526.72 £ 33433
Hepatobiopsy FO(3); F1(27); F2(21); F1(11); F2(11); F3(14);  FO(3); F1(38); F2(32);
F3(10); F4(5) F4(10) F3(24); F4(15)
HCV genotype 1b(33); 2a(16); 2b(10); 1b(37); 2a(3); 2b(5); 1b(70); 2a(19); 2b(15);
type2(6); 3a(l) type2(1) type2(7), 3a(1)
GOT (JU/L)* 68.82 + 43,93 184,98 + 51.24 75.46 L 47.52
GPT (IU/L)* 114,09 4 92.44 128.57 + 87.44 120.04 £+ 90.30
ALP (JU/L)* 266.48 1 80.09 331.89 + 150.44 293.35 + 120.67
CHE (IUu/Ly* 0.95 £ 0.21 0.86 + 0.26 0.91 £ 0.23
Treatment interval (weeks)* 30.09 + 10.20 27.98 £ 9.76 29.22 + 10.03
y-GTP (IU/L)* 79.18 &4 99.45 .82.22 + 7849 8043 £ 91.06
Ribavirin . 35(+)/31(-) 27(+)19(=) 62(+)/50(-)
LDH (IU/L)* 181 &+ 38.15 193.07 + 37.82 186.18 + 32.28
LAP (qU/LY 62.86 + 16.00 63.72 £ 19.06 63.21 + 17.25

combination therapy with interferon alpha and ribavirin
for CHC shows a sustained response rate of only about
40% after 24-48 weeks of treatment, and the rate increased
to 54-56% even though PEG was used instead [5-8].
Obviously, interferon treatment is expensive and has limited
efficacy.

Therefore, predicting the efficacy of interferon is crucial
before attempting treatment for CHC patients. Some fac-
tors such as HCV genotype and HCV-RNA level have been
identified to predict the efficacy of interferon therapy [18,
26]. Recently, a genetic model based on patient genotypes
was proposed for the prediction of combination treatment of
interferon-alpha and ribavirin [27]. However, the efficacy of
interferon is affected not only by the genetic factors of virus,
but also by dosage of interferon, treatment Interval and the
patient’s age, gender, pretreatment histology, baseline ALT,
gamma-GTP, iron serum level, and so on. Most of these fac-
tors were induced in a multivariate analysis to predict roughly
the efficacy of interferon, but the outcome was unsatisfac-
tory [28]. In this study, a simple model was established to
predict the efficacy of interferon therapy for CHC patients.
The first step for the model is the selection of clinical mark-
ers (feature subset) that are the key to the classification task
and then assessed by Fisher Criterion to determine the fea-

ture significance. The second step is to classify and identify -

the two (effectivefineffective) groups by means of the Sup-
port Vector Machine (SVM) using selected clinical markers.
SVM is a linear machine that is trained to find the optimal
discrimination hyperplane of a given data set, Basically it
works with two groups of problems. In this study, we used
30 kinds of clinical markers to analyse and gained better
outcome.

a Springer

Patient and clinical database

The clinical data of all 112 CHC patients (80 male and 32
female, aged 17 to 72 years, with an average of 51 years
old) undergoing therapy with interferon were collected
in Nagoya University Hospital, Japan during the period
from August 1997 to March 2005. Based on the details
of the individual patients, 30 kinds of clinical markers
were chosen: Sex, Age, HCV-RAN level, HCV genotype,
Hepatobiopsy, Total Protein, albumin/globulin (A/G), glu-
tamic oxalacetic transaminase (GOT), glutamic pyruvic
transaminase (GPT), lactate dehydrogenase (LDH), alka-
line phosphatase (ALP), gamma glutamy! transpeptidase (y -
GTP), leucine aminopeptidase (LLAP), cholinesterase (CHE),
GOT/GPT, Total Cholesterol, Total Bilirubin, hepaplastin
test (HPT) (%), hepaplastin test (HPT) (hours), prothrom-
bin time (PT) (%), prothrombin time (PT) (hours), activated
partial thromboplastin time (APTT) (%), activated partial
thromboplastin time (APTT) (hours), red blood cell (RBC),
white blood cell (WBC), hemoglobin (Hb), Lymphocyte,
Platelet, Treatment Interval (weeks) and Ribavirin. The main
features of patients are summarized in Table 1.

A few biomarkers such as thymol turbidity test (TTT)
and zinc sulfate turbidity test (ZTT) were not adopted in this
model because they were not tested in some patients during
the monitoring period.

Part of the database was missing (no observation). To deal
with this problem, we imputed these missing data by value 0.

Some attributes in the database were nominal data: HCV
genotype and hepatobiopsy. A common approach to deal
with nominal data is using *“1-of-c coding” (c is the num-
ber of category) [25]. However, most of the genotype were
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