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Table 1 Clinical backgrounds of subjects

HV (Cohort I)

CHC (Cohort I) CHC (Cohort II)

N 37
Male/female 20/17

Age (years)* 443 + 14.6°
ALT (IU/L)? ND

Plts (x 10%/uL)* ND
HCV-RNA® (Log copies/mL)* ND
METAVIR activity (A0/1/2/3) ND
METAVIR fibrosis (F0/1/2/3/4) ND

49 127

24/25 58/69

57.8 £ 12.6 56.5 & 109
55.8 £ 39.9 64.6 + 479
168 £ 64 173+ 6.1
61+10 6.6 + 0.6°
ND 10/78/35/4
ND 0/70/29/21/7

CHC chronic hepatitis C patients, HV healthy volunteers, ALT alanine aminotransferase, Plts platelets, ND not determined

* Values are expressed as means = SD

® Statistical significance was analyzed by the Mann-Whitney U-test (P < 0.05), compared with CHC group (Cohort I)
© Serum HCV-RNA titer was quantitated using the COBAS AmpliPrep™/COBAS TagMan™ HCV test (Roche)

Reagents and antibodies

Recombinant human interleukin-4 (IL-4) and granulocyte/
macrophage colony-stimulating factor (GM-CSF) were
purchased from PeproTech (Rocky Hill, NI, USA).
Recombinant human IFN-y was purchased from R&D
Systems (Minneapolis, MN, USA). Lipopolysaccharide
(LPS) from Escherichia coli, L-tryptophan, 1-kynurenine,
and 1-methyl-L-tryptophan (1-MT) were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Fluorescein mono-
clonal antibodies {mAbs) against human CD4 (clone, SK3),
CDllc (B-ly6), CD25 (M-A251), CD40 (5C3), CD80
(L307.4), CD86 (1T2.2), CD127 (HIL-7R-M21), CD274/
PD-L1 (MIH1), HLA-DR (L243), Foxp3 (259D/C7), and
isotype control Abs were purchased from BD Biosciences
{San Jose, CA, USA).

Generation of CD14+ monocyte-derived dendritic cells

Monocyte-derived DCs (MoDCs) were generated from
CD14+ cells as reported previously [27]. In brief, CD14+
cells were cultured for 7 days at 37 °Cand 5 % CO, in DC
culture medium [Iscove’s modified Dulbecco’s medium
(IMDM; Gibco Laboratories, Grand Island, NY, USA)
supplemented with 10 % fetal calf serum, 50 IU/mL of
penicillin, 50 mg/mL of streptomycin, 2 mM of L-gluta-
mine, 10 mM of Hepes buffer, and 10 mM of nonessential
amino acids] in the presence of 20 ng/mL of IL-4 and
50 ng/mL of GM-CSF. On day 5 of the culture, cells were
stimulated with 50 ng/mL of LPS and/or 50 ng/mL of IFN-
v to induce functional IDO, and cultured for 48 h. On day
7, cells were harvested and subjected to phenotypic and
functional analysis. At the same time, the supemnatant of
the culture was also collected and subjected to cytokine
assays. As controls, unstimulated MoDCs were also
prepared.

Flow cytometric analysis

For the analysis of cell surface markers, cells were stained
as reported previously [27]. In this study, Tregs were
defined as CD4-+CD254CD127-Foxp3+ cells, the fre-
quency of which in PBMCs was analyzed as reported
previously [11]. Flow cytometric analyses were performed
with the use of a FACSCantoll flow cytometer (BD Bio-
sciences). Analyses of data were done with FACSDiva 6.1
software (BD Biosciences).

Analysis of IDO activity by high-performance
liquid chromatography (HPLC)

For the measurement of Kyn and Trp, the HPLC analysis
was performed according to the procedure developed by
Takikawa et al. [28]. As an index of IDO activity in vivo,
the serum kynurenine-to-tryptophan ratio (KTR) was
determined by HPLC [26, 29], after deproteinization by the
addition of one-tenth volume 2.4 M perchloric acid and
centrifugation at 20000x g for 10 min. To assay the func-
tional IDO in MoDCs in vitro, the cells were harvested on
day 7 of the culture, washed, and resuspended in Hanks’
balanced salt solution (HBSS; Gibco Laboratories) con-
taining 100 pM 1-Trp. The cells were incubated for an
additional 24 h, and Kyn in the culture supernatants was
determined by HPLC. IDO activity in vitro was expressed
as the concentration of Kyn (pM) in the supernatant, con-
verted from 100 pM L-Trp by IDO.

T-cell stimulation and cytokine analyses
Naive CD4+ T cells were isolated from the allogeneic
healthy volunteer using a Naive CD4+- T Cell Isolation Kit

I (Miltenyi Biotec, Auburm, CA, USA) according to the
manufacturer’s instructions. After 7 days of the culture, the
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graded numbers of IDO-DCs (MoDCs stimulated with LPS
and IFN-y for 48 h) were co-cultured with 1 x 10° naive
CD4+ T cells in DC culture medium for 4 days. An IDO-
specific inhibitor, 1-MT, was used to confirm the specificity
of the IDO activity in the T-cell responses. On day 0 of the
co-culture, 1-MT was added to IDO-DCs and T-cell cul-
tures at a final concentration of 1 mM. On day 4, half of the
supernatants were collected to assess the Th1/Th2 polari-
zation, which was done by measuring the various cyto-
kines. Next, WST-8 reagent in the Cell Counting Kit-§
(Dojindo Laboratories, Kumamoto, Japan) was added to
the cultures, followed by incubation for 4 h. The T-cell
proliferation index was measured at the absorbance
450 nm of reduced WST-8 using the plate reader. Assays
were performed in triplicate wells.

Cytokine bead assay

To analyze the cytokine secretion of IDO-DCs and of naive
CD4+ T cells primed with IDO-DCs, the concentrations of
IL-2, IL-4, IL-6, IL-10, IL-12p70, IL-13, IFN-y, or tumor
necrosis factor-alpha (TNF-«) in the supernatants were
assayed using the Cytometric Bead Array System (BD
Biosciences) according to the manufacturer’s instructions.

Treg induction

To assess the potential effects of IDO on Treg induction
from naive CD4+4 T cells, the cells were primed with
allogeneic IDO-DCs at a 10:1 ratio in HBSS containing
100 pM 1-Trp. After 7 days, the primed T cells were
harvested and assessed for their surface phenotype and
intracellular Foxp3 expression. Phenotyping of the cells
after the co-culture was performed using anti-CD4-PerCP,
anti-CD25-APC, and anti-CD127-PE. To exclude dead
lymphocytes after the co-culture, Near-IR LIVE/DEAD
Fixable Dead Cell Stain (Invitrogen, Carlsbad, CA, USA)
was used, according to the manufacturer’s instructions.
Next, the cells were fixed, permeabilized, and stained with
anti-Foxp3-Alexa Fluor 488, using the Human FoxP3
Buffer Set (BD Biosciences) according to the manufac-
turer’s instructions. The frequency of CD4-+-CD25+
CD127-Foxp3+ Tregs generated from each priming cul-
ture condition was determined by flow cytometry. As
described above, 1 mM of 1-MT was added on day 0 to test
for IDO-dependent effects.

Statistical analysis
The values were analyzed by nonparametric tests—the
Mann-Whitney U-test, the Wilcoxon signed rank test, or

Spearman’s rank correlation test—or by linear regression
analysis, using GraphPad Prism software, version 5.04
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(Graph Pad Software, San Diego, CA, USA). A P value of
<0.05 was considered to be statistically significant.

Results

Systemic IDO activity is enhanced in chronic hepatitis
C patients

To examine whether or not IDO activity is up-regulated in
chronically HCV-infected patients, we compared the serum
Kyn and Trp levels between the groups in Cohort I. The
serum KTR was significantly higher in the CHC group than
that in the HV group (Fig. 1a). Furthermore, we found that
the concentration of Kyn in the CHC group was signifi-
cantly higher than that in the HV group, whereas the levels
of Trp were comparable in the two groups (Fig. 1a). These
results show that the KTR level in serum, as a surrogate for
systemic IDO activity, was higher in chronic hepatitis C
patients than in uninfected controls. Furthermore, as the
KTR and Kyn levels were correlated (data not shown), the
serum Kyn level can be regarded as a surrogate marker for
systemic IDO activity.

Next, in order to examine whether or not the enhanced
systemic IDO activity was specific for chronically HCV-

-infected patients, we compared serum Kyn concentrations

among chronic hepatitis B patients, chronic hepatitis C
patients (Cohort II), and healthy subjects. The serum Kyn
concentration in chronic hepatitis B patients was signifi-
cantly higher than those in the healthy subjects and the
patients with chronic hepatitis C (chronic hepatitis B
patients: 2.42 4+ 0.11 pM, healthy subjects, 1.12 -+ 0.09
uM, chronic hepatitis C patients in Cohort I 2.04 &
0.06 uM), suggesting that systemic IDO activity is enhanced
in chronic HBV infection as well.

Systemic IDO activity correlates with activity grade
and fibrosis stage in the liver

Next, to investigate the underlying mechanisms of
enhanced IDO activity in chronically HCV-infected
patients, we assessed whether or not serum Kyn levels in
Cohort II were correlated with various clinical parameters
and the METAVIR scores. A significant positive correla-
tion was observed between serum Kyn levels and the his-
tological activity or fibrosis scores (Fig. 1b). However,
there was no correlation between the Kyn level and age,
ALT level, or HCV-RNA quantity (Fig. 1b). These results
show that the more advanced the inflammation and fibrosis
of the liver, the higher the serum Kyn, and vice versa. The
inverse correlation between serum Kyn and platelet counts
was consistent with the correlation between Kyn and the
fibrosis score (Fig. 1b).
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Fig. 1 Systemic indoleamine 2,3-dioxygenase (IDO) activity is
enhanced in chronic hepatitis C patients. a Serum kynurenine (Kyn)
and tryptophan (7rp) were assayed by HPLC as described in
“Subjects, materials, and methods”, and the kynurenine-to-trypto-
phan ratio (KTR) was calculated from their concentrations. Scatter
plots of 30 chronic hepatitis C patients (CHC) and 24 healthy
volunteers (HV) are shown. Horizontal bars depict mean == SEM.
Statistical analyses were performed using the nonparametric Mann—

Plts {* 1041

Whitney U-test. b Correlation analyses were performed between the
serum Kyn concentration and histological scores in the liver, and
clinical parameters (age, alanine aminotransferase [ALT], hepatitis C
virus [HCV]-RNA titers, and platelet counts [Pl#s]) in 127 chronic
hepatitis C patients. Spearman’s correlation or simple linear regres-
sion analyses were performed. »; Spearman’s correlation coefficient,
7* linear regression coefficient. N.§ not significant
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Lipopolysaccharide and IFN-y induce
functional IDO in DCs

DCs have been reported to be the most prominent IDO
inducer in blood cells in response to inflammatory stimuli
[13]. We first assayed the IDO activity (i.e., production of
Kyn) of unstimulated MoDCs from chronic hepatitis C
patients and found that they did not induce functional IDO
(Fig. 2a). In order to simulate the inflammatory condition
of DCs in vivo, we examined whether or not IDO was
inducible in MoDCs with different combinations of
cytokines for various incubation times. In this context, we
examined the IDO activity of MoDCs stimulated with LPS
alone, IFN-y alone, or LPS plus IFN-y for 48 h. The Kyn
concentration in media from MoDCs stimulated with LPS
alone did not differ from that in unstimulated MoDCs,
whereas Kyn concentrations in media from MoDCs stim-
ulated with IFN-y alone or LPS plus IFN-y were elevated
(Fig. 2a). These results show that the combination of LPS
and IFN-y for 48 h significantly induces functional IDO in
MoDCs. Therefore, in the following experiments, we used
a combination of LPS and IFN-y to induce functional
IDO.

DCs from chronic hepatitis C patients induce more IDO
in response to LPS and IFN-y than those from healthy
volunteers

First, we compared the phenotype of IDO-DCs and
unstimulated MoDCs from each group. The expressions of
CD40, CD80, CD86, HLA-DR, and CD274/PD-L1 on
IDO-DCs were significantly up-regulated compared with
those on unstimulated MoDCs, and their expression levels
were not different between the CHC and HV groups
(Fig. 2b).

Next, we examined the concentration of Kyn in the
culture supernatants. In the CHC group, Kyn levels from
MoDC culture were significantly enhanced by the stimu-
lation with LPS and IFN-y (Fig. 2¢). Moreover, the Kyn
levels in the IDO-DC culture from the CHC group were
significantly higher than those in the HV group, whereas
those in unstimulated MoDCs did not differ between the
groups (Fig. 2c). This increase of Kyn was blocked by the
addition of 1-MT, showing that the production of Kyn is
specifically dependent on IDO activity (Fig. 2c). These
results show that IDO activity is enhanced more in DCs
from chronic hepatitis C patients than in DCs from healthy
subjects.

Finally, we compared the ability of IDO-DCs to produce
various cytokines. The levels of IL-6, IL-10, IL-12p70, and
TNF-a from IDO-DCs were not different between the
hepatitis C patients and healthy controls (Fig. 2d).
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Fig. 2 Enhanced induction of IDO in dendritic cells (DCs) from -
chronic hepatitis C patients in response to a combination of
lipopolysaccharide (LPS) and interferon-y (IFN-y). a The levels of
Kyn in the culture supernatants of monocyte-derived DCs (MoDCs)
in the presence of LPS (50 ng/mL) and/or IFN-y (50 ng/mL) were
determined by HPLC, as described in “Subjects, materials, and
methods”. The results are expressed as the mean = SEM from 4
chronic hepatitis C patients. *P < 0.05 by nonparametric Wilcoxon
signed rank test. Controls, unstimulated MoDCs. b Phenotype
analysis of IDO-DCs was performed as described in “Subjects,
materials, and methods”. The values are expressed as mean fluores-
cence intensity (MFI). The MFI of each marker is represented as the
mean + SEM from 9 patients and 7 healthy volunteers. *P < 0.05 by
nonparametric Wilcoxon signed rank test. IDO-DCs, MoDCs stim-
ulated with LPS and IFN-y for 48 h. ¢ The levels of Kyn in the culture
supernatants were assayed by HPLC as described in “Subjects,

‘materials, and methods”. The samples were obtained from MoDCs in

the presence (IDO-DCs) or absence (controls) of a combination of
LPS and IFN-y. In parallel, the same experiments were performed in
the presence or the absence of 1 mM of Il-methyl-1-tryptophan
(I-MT). The resuits are expressed as the mean = SEM from 12 chronic
bepatitis C patients and 10 healthy controls. *P < 0.05 by Wilcoxon
signed rank test, **P < 0.05 by Mann-~Whitney U-test. d The levels of
cytokines in the culture supernatants from IDO-DCs were assayed with
the Cytometric Bead Array System, as described in “Subjects,
materials, and methods”. Bars depict the mean concentration of each
cytokine == SEM from 10 healthy volunteers and 10 chronic hepatitis C
patients. IL interlenkin, TNF-¢ tumor necrosis factor-a

IDO is not involved in allogeneic T-cell proliferation
and Th1/Th2 differentiation with DCs from chronic
hepatitis C patients

With regard to the allogeneic CD4+ T-cell response, IDO-
DCs from the CHC group tended to have a lower stimu-
latory capacity than those from the HV group (Fig. 3a). To
examine whether this phenomenon was dependent on IDO
activity, we compared T-cell proliferation with IDO-DCs
in the presence and absence of 1-MT. The CD4+ T-cell
responses with JDO-DCs were not restored by the addition
of 1-MT, regardless of HCV infection (Fig. 3a).

In order to examine whether functional IDO in DCs is
involved in Th1/Th2 differentiation, we quantified cyto-
kines in the supernatants obtained from the co-culture of
IDO-DCs and CD4+ T cells. In samples from chronic
hepatitis C patients, the levels of Th1 cytokines (IL-2, IFN-
y) and Th2 cytokines (IL-4, IL-10, IL-13) tended to be
higher than the levels in samples from healthy volunteers,
though the difference was not significant. The levels of all
cytokines, except for IL-4, tended to decrease with the
addition of 1-MT (Fig. 3b). Thus, IDO in DCs is not
actively involved in Th1/Th2 differentiation.

IDO is involved in the induction of regulatory T cells

We examined whether or not IDO in DCs was involved in
the generation of Tregs. With IDO-DCs from the CHC
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group, the frequency of Tregs after the co-culture was
significantly higher than that with IDO-DCs from the HV
group (Fig. 4a). Such Treg frequency from the culture of
the CHC group was significantly reduced in the presence of
1-MT (Fig. 4a). These results show that functional IDO in
DCs is partially involved in the generation of Tregs in
vitro.
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A significant correlation exists between peripheral Treg
frequency and serum IDO activity

Finally, we examined whether or not the frequency of Tregs
in PBMCs and serum Kyn levels were correlated in our
subjects. In the chronic hepatitis C patients, a positive cor-
relation was observed between these parameters (Fig. 4b).
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Fig. 3 IDO is not involved in lower allogeneic T-cell response and
Th1/Th2 differentiation with DCs from chronic hepatitis C patients.
a Allogeneic mixed lymphocyte reaction (MLR) with IDO-DCs was
performed as described in “Subjects, materials, and methods”. Closed
circles are the 450-nm absorbance obtained with IDO-DCs from the
CHC group, and open circles are that obtained with IDO-DCs from
the HV group. Dotted lines are the 450-nm absorbance obtained with

However, no significant correlation was observed between
peripheral Treg frequency and clinical parameters (i.e., age,
ALT, HCV-RNA titers, or platelet counts) (data not shown).
These results suggest that an increase in serum Kyn, or
enhanced IDO activity, is involved in the increased fre-
quency of Tregs in the PBMCs of HCV-infected patients.

Discussion

In comparison with healthy subjects, we have shown that in
chronic hepatitis C patients: (1) systemic IDO activity is

@ Springer

IDO-DCs from both groups with the addition of 1-MT. Vertical bars
indicate the mean == SEM from 5 chronic hepatitis C patients and 5
healthy volunteers. b The levels of cytokines in the supernatants of
co-culture of IDO-DCs and naive CD4+ T cells in the presence or
absence of 1-MT were assayed with the Cytometric Bead Array
System. Results are expressed as the mean &= SEM from 5 patients
and 5 healthy controls. IDO-DCs; see Fig. 2 legend

enhanced; (2) DCs from these patients exhibit enhanced
IDO activity in response to LPS and IFN-y; (3) IDO-DCs
from these patients are more capable than IDO-DCs from
healthy volunteers of inducing Tregs in vitro; and (4) the
frequency of Tregs in PBMCs is positively correlated with
the serum Kyn concentration. Based on these data, it seems
that enhanced IDO activity in chronic HCV infection may
be one of the mechanisms of Treg induction.

Mammals have two enzymes that catabolize the first and
rate-limiting step in the degradation of Trp, resulting in the
production of downstream metabolites collectively known
as Kyn. The first enzyme is tryptophan 2,3-dioxygenase
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Fig. 4 IDO is involved in the induction of regulatory T cells. a After
IDO-DCs were generated from the CHC or HV group, naive CD4+ T
cells were co-cultured for 7 days with IDO-DCs in the presence or
absence of 1-MT. The cultured T cells were stained with relevant
antibodies (Abs) and analyzed with a FACSCantoll flow cytometer.
The percentage of regulatory T cells was determined by the positive
ratio of CD4+CD25+CD127-Foxp3+- cells to CD4+CD25+ T cells,
as described in “Subjects, materials, and methods”. Results are
expressed as the mean == SEM from 9 chronic hepatitis C patients
and 5 healthy controls. *P < 0.05 by Mann—Whitney U-test,
**P < 0.05 by the Wilcoxon signed rank test. /IDO-DCs; see Fig. 2
legend. b The correlation between the serum Kyn level and the
frequency of regulatory T cells was analyzed in 30 chronic hepatitis C
patients. The frequency of regulatory T cells was expressed as the
percentage of CD4-+CD25+CD127-Foxp3+ T cells in CD4+ T cells
assessed by FACS. r; Spearman’s correlation coefficient

(TDO), which is expressed primarily in the liver and
catabolizes excess dietary Trp to maintain its serum con-
centration. The second one is IDO, which is expressed in a
wider range of tissues, but by a limited range of cell types.
In general, TDO is constitutively expressed and is not
regulated by inflammatory mediators, while IDO expres-
sion is inducible by antigen-presenting cells and is subject
to complex regulation by various immunological signals.
For the analysis of IDO activity, several modalities have
been used, including HPLC and colorimetric and mass
spectrometric assays [29, 30]. In the present study, to
measure Trp and Kyn, we utilized HPLC owing to its
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reproducibility, as well as its high-throughput feature. By
measuring large numbers of samples, we demonstrated that
systemic IDO activity (as expressed by serum KTR) in
chronic hepatitis C patients was enhanced compared with
that in healthy controls. In addition, we found that
increases in KTR were dependent on increased serum Kyn,
but not on Trp. Thus, we used Kyn levels as a surrogate for
IDO activity.

It is yet to be clarified which type of cell is the source of
Kyn in chronic hepatitis C patients. Two possibilities exist
for its origin; one is the liver and the other is DCs. We
observed positive correlations between serum Kyn levels
and the degree of liver inflammation or fibrosis in the
present study, suggesting that IDO in the liver may play
some role in Kyn production. In support of this possibility,
up-regulation of IDO in the liver and increased serum KTR
have been reported in patients with chronic HCV infection
[26]. Tt is well known that the inflamed liver is infiltrated
by numerous activated immune cells, such as T cells,
natural killer (NK) cells, macrophages, and DCs. Thus, it is
likely that activated T cells or NK cells release IFN-y or
other cytokines and subsequently induce IDO in hepato-
cytes or co-existing DCs.

Several investigators have reported that some of the
critical stimuli for inducing IDO are inflammatory cytokines
or Toll-like receptor (TLR) agonists [14-16, 30-34]. Among
them, IFN-y is reported to play a prominent role in inducing
IDO in cancer cells, and the origin of the IJFN-y is presumed
to be infiltrated lymphocytes [31]. Furthermore, LPS is
regarded as a potent stimulant that induces and sustains IDO
in DCs. Therefore, we hypothesized that DCs exposed to
some inflammation or fibrosis-related factors express IDO,
thereby regulating the immune response in chronic hepatitis
C patients. In this study, we used MoDCs for functional
assays of IDO in DCs. In order to simulate the inflammatory
condition in vivo, we stimulated MoDCs with various
combinations of factors, as described above. We found that a
combination of IFN-y and LPS strongly enhanced IDO
activity in MoDCs, with this activity being more signifi-
cantly enhanced in the MoDCs from chronically HCV-
infected patients than in those from the healthy controls
(Fig. 2a, c). However, the other cytokines failed to enhance
IDO activity in MoDCs. Moreover, we confirmed that IDO
activity was also enhanced in myeloid dendritic cells
(MDCs), stimulated with a combination of IFN-y and LPS,
from the healthy volunteers (Supplementary Figure 1).
Because blood MDCs and plasmacytoid DCs (PDCs) are
scarce in PBMCs, we used MoDCs asrepresentative cells for
the functional analysis of IDO. Thus, in this study, we used a
combination of LPS and IFN-y for MoDCs to induce func-
tional IDO and termed these cells ‘IDO-DCs’.

It is intriguing that MoDCs from chronic hepatitis C
patients expressed more functional IDO in response to
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IFN-y and LPS than the MoDCs from the healthy controls.
The simplest reason for this finding would be that such a
difference occurs owing to a difference in receptor
expressions on DCs. However, this is unlikely, because our
previous work showed that TLR4 transcripts in immature
MoDCs did not differ between patients with chronic hep-
atitis C and healthy controls {27]. In addition, in the present
study, flow cytometric analysis revealed that the expression
of CD119 (IFN-y receptor o chain) on MoDCs did not
differ between the two groups (data not shown). The next
possible explanation of the finding that MoDCs from
chronic hepatitis C patients expressed more functional IDO
in response to IFN-y and LPS than those from the healthy
controls is that there was an influence of other cytokines
produced from the stimulated MoDCs in an autocrine
fashion. It has been reported that a balance between Thl
and Th2 cytokines has some impact on IDO expression
[31]. Finally, the signaling pathways downstream of IFN-y
and LPS may differ between the groups. Jung et al. [32]
reported that LPS-induced IDO expression was mediated
by IFN-y-independent mechanisms, including phosphati-
dylinositol-3-kinase (PI3K) and Jun-N-terminal kinase
(INK) pathways, in murine bone marrow-derived DCs,
while IFN-y-induced IDO expression was regulated by the
Janus kinase-signal transducer and activator of transcrip-
tion (JAK-STAT) signaling pathways. As shown in the
present study (Fig. 2a), the levels of IDO activity in
MoDCs were additively enhanced with LPS and IFN-y,
suggesting the presence of some cross-talk between these
signals. Further investigation focusing on the signaling
pathway of functional IDO induction is needed to clarify
this issue.

Numerous reports have shown that IDO is involved in
immune tolerance. As for the mechanisms underlying its
involvement, the starvation of Trp could inhibit T-cell
proliferation by way of the general control nonrepressed 2
(GCN2) kinase and eukaryotic initiation factor 2« (eIF2c)
pathway [35] or the mammalian target of rapamycin
(mTOR) and PI3K pathway [36]. Accumulation of Kyn
and its metabolites could exert an immune-modulating
effect. In the present study, serum Kyn levels were higher
in HCV-infected patients than in the healthy controls,
whereas Trp levels were comparable in the two groups,
suggesting that an increase of Kyn derivatives contributes
to immune modulation.

In chronic HCV infection, the mechanisms of IDO-
mediated immune tolerance remain unclear. In the present
study, we have shown that IDO-DCs are involved in the
generation of Tregs in vitro, and the specificity of this
involvement was confirmed by the effect of 1-MT. In order
to exclude the possibility that 1-MT is cytotoxic to DCs
and naive CD4+ T cells, we performed a dye exclusion test
or WST-8 assay. Even at the highest concentration of
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1-MT, the percentages of viable DCs and the proliferation
of T cells were not decreased compared with the findings at
the lower concentrations, suggesting that 1-MT was not
cytotoxic to cells (Supplementary Figure 2A,B). A possible
link between enhanced IDO activity and an increase in
Treg frequency was observed in the chronic hepatitis C
patients in this study. Thus, it is possible that IDO activity
may be partially involved in Treg induction. ,

Several research groups, including ours, have reported
that the frequency and the suppressor function of Tregs are
higher in chronic hepatitis C patients than in controls [10,
11]. However, the mechanisms of Treg induction or acti-
vation are still largely unknown. Various molecules in
DCs, including IL-10, transforming growth factor-beta
(TGE-f), programmed cell death 1 ligand 1 (PD-L1), and
IDO, are key differentiation molecules for Tregs in various
clinical settings. Although the level of TGF-§ from DCs
was not evaluated in the present study, the levels of IL-10
production and PD-L1 expression did not differ between
the HCV-infected patients and the healthy controls
(Fig. 2b, d). In this study, the addition of 1-MT did not
completely suppress Treg induction by IDO-DCs in vitro.
Thus, it is suggested that other factors, such as IL-10, TGF-
B, and PD-L1, are also involved in Treg induction. Cyto-
toxic T-lymphocyte antigen 4 (CTLA-4), which is capable
of inducing functional IDO in DCs, has been reported as
one of the key molecules for Treg induction [37]. In the
present study, the induction of Tregs with IDO-DCs was
not altered in the presence of masking anti-CTLA-4 anti-
body (data not shown), suggesting that CTLA-4 is not
involved in this setting.

In conclusion, we have demonstrated that systemic IDO
activity is enhanced in chronic hepatitis C patients, and this
activity is influenced by histological activity and fibrosis.
DCs express functional IDO in response to inflammatory
stimuli and, presumably, induce Tregs. Targeting IDO with
its specific inhibitor 1-MT could serve as a potential
modality to improve the immune response to HCV.
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Abstract

Background This study was conducted to evaluate Japa-
nese treatment guidelines for patients with chronic hepatitis
C virus (HCV) infection and normal alanine aminotrans-
ferase (N-ALT) levels from the viewpoint of the incidence
of hepatocellular carcinoma (HCC).

Methods TFour groups of patients with chronic HCV
infection treated with pegylated interferon (Peg-IFN) plus
ribavirin, and classified according to the N-ALT guide-
lines, were examined for HCC incidence: group A (n =
353), ALT <30 IU/L and platelet (PLT) =15 x 104/mm3;
group B (n = 123), ALT <30 IU/L and PLT <15 x 10%
mm?; group C (n = 233), 30 < ALT < 40 IU/L and PLT
>15 x 10*/mm®; and group D (n = 100), 30 < ALT <
40 TU/L and PLT <15 x 10*/mm®. The mean observation
period was 36.2 + 16.5 months
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Results” In groups A and C, the HCC incidence was low
even in patients with non-response (NR) (curmulative rates
at 3 years, 0.0 and 2.9 %, respectively). In groups B and D,
14.5 and 5.3 % of NR patients had developed HCC at
3 years, but none of the patients with sustained virologic
response (SVR) or relapse had developed HCC. In group B,
no patients with mild fibrosis developed HCC irrespective
of the antiviral effect of the treatment. Among patients with
PLT <15 x 10*mm® (group B plus group D), the HCC
incidence was significantly Jower in patients with SVR
and relapse than in NR patients (p < 0.001, p = 0.021,
respectively).

Conclusion These results suggest that N-ALT patients
with PLT <15 x 10%mm® could be candidates for early
antiviral therapy.
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Introduction

Continuous hepatitis C virus (HCV) infection causes liver
inflammation and can lead to liver fibrosis, which may
progress to cirrhosis and hepatocellular carcinoma (HCC)
[1-4]. Because HCV carriers with persistent normal ala-
nine aminotransferase (PNALT) levels have minimal liver
inflammation and the progression of liver fibrosis in such
patients is slow, they are generally considered to be at low
risk for carcinogenesis [5-7]. Moreover, patients with
PNALT had not been considered as candidates for antjviral
therapy in the era of interferon (IFN) monotherapy because
of reports of ALT flare-up owing to antiviral therapy in
some cases (47-67 %) [8-10].

However, in recent years, the antiviral efficacy of
pegylated IFN (Peg-IFN) plus ribavirin combination ther-
apy for patients with chronic HCV infection has been
reported to be equivalent for patients with normal alanine
aminotransferase (N-ALT) levels and those with elevated
ALT levels [11-15]. In addition, for patients with PNALT,
there have been fewer cases of ALT flare-up caused by
Peg-IFN plus ribavirin combination therapy than with IFN
monotherapy [12, 15]. Thus, patients with chronic HCV
infection and N-ALT have come to be treated with Peg-
IFN plus ribavirin combination therapy.

Treatment guidelines for patients with chronic HCV
infection and N-ALT levels have been prepared by a
Japanese group conducting “Research on Hepatitis” sup-
ported by Health and Labour Sciences Research Grants
from the Japanese Government. In these guidelines, HCV
carriers with N-ALT (<40 IU/L) are categorized into four
groups according to their ALT levels (<30 or >31 IU/L)
and platelet (PLT) counts (>15 or <15 x 10%/mm?).
Briefly, the therapeutic strategies are as follows: patients
with ALT levels of more than 31 JU/L are candidates for
antiviral treatment, but observation is recommended for
patients with ALT levels of <30 IU/L. However, the goal
of antiviral treatment is to improve the long-term pro-
gnosis, including inhibition of HCC. Therefore, the indi-
cation of antiviral therapy for patients with chronic HCV
infection and N-ALT should be decided based on whether
or not Peg-IFN plus ribavirin combination therapy can
suppress the cumulative rate of HCC incidence and
improve prognosis. It is thus very important to examine
the effect of inhibition of HCC induced by antiviral
therapy in patients with chronic HCV infection and
N-ALT. '
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In the present study, we evaluated the treatment guide-
lines for patients with chronic HCV infection and N-ALT
from the viewpoint of HCC inhibition by analyzing the
differences in the cumulative rates of HCC incidence
among the above four groups. The treatment guidelines
also recommend that if patients with ALT <30 IU/L and
PLT <15 x 10%/mm? have moderate to severe liver fibro-
sis (F2-4), they should receive antiviral therapy. We also
evaluated the effect of Peg-IFN plus ribavirin on HCC
incidence according to the degree of fibrosis in this group.

Patients and methods

This retrospective study was conducted by Osaka Univer-
sity and institutions participating in the Osaka Liver
Forum. Among patients with chronic HCV infection who
had received Peg-IFN plus ribavirin combination therapy
from December 2004 to December 2009, four groups of
patients, classified according to the N-ALT guidelines, who
had not suffered from HCC, were examined for their HCC
incidence: group A (n = 353), ALT <30 IU/L and PLT
>15 x 10%mm?; group B (n = 123), ALT <30 IU/L and
PLT <15 x 104/mm3; group C (n=233), 30 < ALT
<40IU/L and PLT >15 x 10%mm®, and group D
(n = 100), 30 < ALT <40 IU/L and PLT <15 x 10%
mm®. The Kaplan—Meier method was used to examine the
cumulative rates of HCC incidence in the four groups.
Excluded from this study were patients who developed
HCC within 12 months from the start of Peg-IFN plus
ribavirin combination therapy, patients with co-infection
with hepatitis B or human immunodeficiency virus,
patients with drug-induced or alcoholic liver disorders, and
patients with autoimmune hepatitis. The protocol was
performed after obtaining informed consent from each
patient before treatment in accordance with the ethical
guidelines of the Declaration of Helsinki amended in 2008.
This study was approved by the Institutional Review Board
and registered in the Universal Hospital Medical Infor-
mation Network (UMIN) Clinical Trials Registry (UMIN
unique trial number, C0O00000197).

Treatment protocol

All patients received Peg-IFN alpha-2b (PEGINTRON;
Merck & Co., Whitehouse Station, NJ, USA) plus ribavirin
(REBETOL; MSD) for the duration of the study. Peg-IFN
alpha-2b was given subcutaneously once weekly at a dos-
age of 60-150 pg/kg based on body weight (body weight
35-45 kg, 60 pg; 46-60 kg, 80 ng; 61-75 kg, 100 pg;
76-90 kg, 120 pg; 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;
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60-80 kg, 800 mg; >80 kg, 1000 mg), according to the
standard treatment protocol for Japanese patients. Dose
modification according to the intensity of the hematologi-
cal adverse effects followed, as a rule, the manufacturer’s
drug information. The dose of Peg-IFN alpha-2b was
reduced to 50 % of the assigned dose if the white blood cell
(WBC) count declined to <1500/mm?, the neutrophil count
declined to <750/mm>, or the PLT count declined to

<8 x 10%mm>, and was discontinued if the WBC count
declined to <1000/mm°, the neutrophil count declined to
<500/mm3, or the PLT count declined 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 hemoglobin (Hb) level
decreased to <10 g/dL, and was discontinued if the Hb
level decreased to <8.5 g/dL. Both Peg-IFN alpha-2b and
ribavirin had to be discontinued if there was a need to
discontinue one of the drugs. During this therapy, no
medicine containing iron or hematopoetic growth factors,
such as erythropoietin alpha, or granulocyte—macrophage
colony-stimulating factor, was administered. The serum
HCV RNA levels were qualitatively analyzed using the
COBAS AMPLICOR HCV Test, version 2.0 (lower limit
of detection 50 IU/mL; Roche Diagnostics, Branchburg,
NJ, USA), and the COBAS AMPLICOR HCV MONITOR
test, version 2.0 (detection range 6-5000 KIU/ml). In the
patients with HCV genotype 1, as a rule, treatment duration
was 48 weeks, but the patients with detectable HCV RNA
(=50 IU/mL) at week 12 and undetectable HCV RNA
(<50 IU/mL) at week 24 were treated for 72 weeks.
Patients with HCV genotype 2 were treated for 24 weeks.

Definition of virologic response

A sustained virologic response (SVR) was defined as
undetectable HCV RNA at the end of treatment and at
24 weeks after completion of treatment. A relapse was
defined as undetectable HCV RNA at the end of treatment
but detectable HCV RNA at 24 weeks after completion of
treatment. A non-response (NR) was defined as detectable
HCV RNA at the end of treatment.

Histological evaluation

Liver biopsy was performed immediately before initiation
of the Peg-IFN plus ribavirin combination therapy. Liver
biopsy specimens were scored using the METAVIR sys-
tem, and the grade of activity and stage of fibrosis were
evaluated [16]. :

HCC surveillance

Ultrasonography or computed tomography (CT) was car-
ried out before the initiation of the Peg-IFN plus ribavirin

combination therapy and every 3-6 months during the
follow-up period. New space-occupying lesions detected or
suspected at the time of ultrasonography were further
examined by CT or hepatic angiography. HCC was diag-
nosed by the presence of typical hypervascular character-
istics on angiography, in addition to the findings from CT.
If no typical image of HCC was observed, fine-needle aspi-
ration biopsy was carried out, with the patient’s consent, or the
patient was carefully followed until a diagnosis was possible
with a definite observation by CT or angiography.

End point

The observation period was defined as the period from the
start of Peg-IFN plus ribavirin combination therapy.
Patients who developed HCC and patients whose treat-
ments were switched to other types of IFN therapy were
defined as censored cases at that point in time.

Statistical analysis

Baseline data for various demographic, biochemical, and
virologic characteristics of the patients were expressed as
means & SD. To analyze differences between baseline data
among the four groups, analysis of variance orthe x* test was
performed. 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 the log-rank test. A value of p < 0.05
(two-tailed) was considered to indicate significance. The
statistical software used for this analysis was IBM SPSS for
Windows v. 19.0.0 (SPSS, Armonk, NY, USA).

Results

Baseline characteristics of patients categorized
by the treatment guidelines

The baseline clinical features of the patients are shown in
Table 1. There were significant differences in age; sex;
body mass index (BMI); HCV genotype; past history of
IFN therapy; grade and stage of liver histology; WBC,
neutrophil, and PLT counts; Hb levels; and virologic
response among the four groups. The mean ages of the
patients in groups B and D were significantly higher than
those of the patients in groups A and C. The proportion of
males was lowest in group A (26 %) and highest in group
C (41 %). The proportion of patients with progression of
liver fibrosis (F3-4) diagnosed by the METAVIR score
was 7.8 % among all patients tested and highest in group D

(22.5 %). In groups B and D, peripheral blood cell counts

(WBC, neutrophils, Hb, PLT) were significantly lower and the
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Table 1 Baseline characteristics of the patients with chronic HCV infection and normal ALT levels

Group A Group B Group C Group D p value

ALT <30 TU/L ALT <30 IU/L 30 <ALT <40 JUL 30<ALT <40IUL

PLT count >15 x  PLT count <15 x  PLT count >15 x PLT count <15 x

10%/mm’ 10*/mm’ 10*mm> 10*mm’®
Number of patients 353 123 233 100
Age (years) 55.6 £11.3 603 £ 84 546 £ 11.8 60.7 + 8.6 <0.001
Sex: male/female 95/258 44/79 95/138 35/65 0.005
BMI (kg/m?) 226 £33 22.1 £ 3.0 232 +£34 223+ 26 0.029
HCV genotype: 172 203/144 86/35 180/52 81/16 <0.001
HCV RNA (KIU/mL), mean + SD 2333 + 1664 2276 + 1478 2261 + 1599 2354 + 1644 0.998
Past IFN therapy: naive/experienced®  266/81 79/41 173/52 63/33 0.018
Histology®: activity: AO/A1/A2/A3 32/179/48/1 6/64/23/0 20/105/36/1 0/46/24/1 0.026
Fibrosis: FO/F1/F2/F3/F4 41/169/40/9/1 4/49/29/715 16/107/31/7/1 0/34/21/13/3 <0.001
White blood cell count (/mm>) 5543 £ 1606 4405 £ 1211 5601 =+ 1638 4677 = 1337 <0.001
Neutrophil count (/mm>) 3008 £ 1213 2332 4 948 2999 + 1243 2578 + 1026 <0.001
Hemoglobin (g/dL) 133+ 13 13314 139+14 1334+ 13 <0.001
Platelet count (x 10%/mm®) 21.1 £ 4.7 122 +£21 213+ 438 121+ 22 <0.001
ALT (TUL) 228 +52 235 £54 354 £29 358 £2.9 <0.001
Virologic response: SVR/relapse/NR ~ 218/82/53 59/32/32 133/51/49 44/26/30 0.005

BMI body mass index, ALT alanine aminotransferase, HCV hepatitis C virus, IFN interferon, SVR sustained virologic response, NR non-response,
PLT platelet

* Virologic response to previous treatment was unknown for 22 patients
® Fibrosis stages are evaluated on a scale of 0-4 and activity grades are evaluated on a scale of 0-3 according to the METAVIR histological

score. Fibrosis data were not available for 222 patients. Activity data were not available for 223 patients

numbers of patients with progression of liver fibrosis were
significantly higher than in groups A and C. The mean dura-
tion of the observation period was 36.2 £ 16.5 months.

Antiviral efficacy of Peg-IFN plus ribavirin
combination therapy

In genotype 1 patients, the rates of SVR, relapse, and NR
were 50.7, 25.1, and 24.1 %, respectively, in group A;
39.5, 24.4, and 36.0 % in group B; 52.2, 23.9, and 23.9 %
in group C; and 39.5, 25.1, and 352 % in group D.
Although there was no significant difference in the treat-
ment effect among the four groups, the SVR rate was
significantly higher in groups A and C than that in groups B
and D (groups A and C: SYR 51.4 %, relapse 24.5 %, NR
24.0 %; groups B and D: SVR 39.5 %, relapse 25.1 %, NR
352 %, p = 0.012). In genotype 2 patients, the rates of
SVR, relapse, and NR were 77.8, 20.1, and 2.1 %,
respectively, in group A; 65.7, 31.4, and 2.9 % in group B;
75.0,15.4, and 9.6 % in group C; and 62.5, 31.3, and 6.3 %
in group D. Although there was no significant difference in
the treatment effect among the four groups, the SVR rate
tended to be higher in groups A and C than that in groups B
and D (groups A and C: SVR 77.0 %, relapse 18.9 %, NR
4.1 %; groups B and D: SVR 64.7 %, relapse 31.4 %, NR
89 %, p = 0.152).
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Cumulative rate of HCC incidence according
to the treatment effect of Peg-IFN plus ribavirin
combination therapy

Eleven patients developed HCC during the observation
period, and all were infected with HCV genotype 1. Fig-
ure 1 shows the cumulative rates of HCC incidence
according to the treatment effect in the four groups.

In group A, no patients developed HCC during the
3 years of observation, regardless of the effect of Peg-IFN
plus ribavirin combination therapy. Moreover, among those
with SVR and relapse, no patients developed HCC during
the 3-year observation period, while in NR patients the
cumulative rate of HCC incidence at 5 years was 4.0 %.
No significant difference in HCC incidence was found
among the patients with SVR, relapse, and NR (p = 0.071)
(Fig. 1a). In group C, no significant difference in HCC
incidence was found among the patients with SVR, relapse,
and NR (cumulative rates of HCC at 3 years, 2.2, 0.0, and
2.9 %, respectively; at 5 years, 3.7, 0.0, and 2.9 %,
respectively, p = 0.631) (Fig. lc). In group B, a margin-
ally significant difference was found in HCC incidence
among patients with SVR, relapse, and NR (p = 0.054),
and patients with SVR had a significantly lower rate of
HCC incidence than that of patients with NR (SVR vs.
relapse, p = 0.346, SVR vs. NR, p = 0.013, relapse vs.
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Fig. 1 Cumulative rates of hepatocellular carcinoma (HCC) inci-
dence in groups A, B, C, and D, categorized according to the
treatment effect of pegylated interferon (Peg-IFN) plus ribavirin
combination therapy. a Group A (patients with alanine aminotrans-
ferase [ALT] level <30 IU/L and platelet [PLT] count >15 x 10%
mm’), b group B (patients with ALT <30 IU/L and PLT <15 x 10

NR, p = 0.250). Of the NR patients, 14.5 % had developed
HCC at 3 years, while none of the SVR or relapse patients
had developed HCC at 3 years (Fig. 1b). In group D, there
was a significant difference in HCC incidence among
patients with SVR, relapse, and NR (p = 0.006), and
patients with SVR or relapse had a significantly lower rate
of HCC incidence than patients with NR (SVR vs. NR,
p = 0.012, relapse vs. NR, p = 0.047). In the NR patients,
5.3 % had developed HCC at 3 years and 25.0 % had
developed HCC at 5 years, but none of the SVR or relapse
patients had developed HCC at 3 years (Fig. 1d).
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mm?®), ¢ group C (patients with 30 < ALT < 40 [U/L, and PLT
>15 x 10%mm?>), d group D (patients with 30 < ALT < 40 [U/L
and PLT < 15 x 10%mm>). Blue line patients with sustained viro-
logic response (SVR), green line patients with relapse, red line
patients with non-response (NR)

In the analysis of the differences in the cumulative rates of
HCC incidence in the patients with 30 < ALT < 40 TU/L
(group C plus group D), the p value for a significant difference
was 0.059 among the patients with SVR, relapse, and NR
(Fig. 2). In the analysis of the differences in the cumulative
rates of HCC incidence among the patients with PLT counts of
less than 15 x 10*mm? (group B plus group D), there was a
significant difference in HCC incidence among patients with
SVR, relapse, and NR (p < 0.001), and patients with SVR or
relapse had a significantly Iower rate of HCC incidence than
patients with NR (cumulative rates of HCC incidence at
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Fig. 2 Cumulative rates of HCC incidence according to ALT levels.
Cumulative rates of HCC incidence in patients with ALT levels of
30 < ALT < 40 IU/L (group C plus group D). Blue line patients with
sustained virologic response, green line patients with relapse, red line
patients with non-response

3 years, 0.0, 0.0, and 9.3 %, respectively; at5 years,0.0,11.1,
and 20.8 %, respectively; SVR vs.NR, p < 0.001, relapse vs.
NR, p = 0.021) (Fig. 3).

Cumulative rate of HCC incidence in group B
according to the stage of liver fibrosis

Based on the pattern of the Japanese treatment guidelines,
we categorized the patients in group B into two groups
according to the stage of liver fibrosis (FO-1 or F2-4) and
compared the cumulative rates of HCC incidence. Patients
with no fibrosis or mild fibrosis (FO-1) showed no HCC
development regardless of the virologic response (SVR,
relapse, or NR). Of note, in those with moderate to severe
fibrosis (F2-4) in group B, there was no significant difference
in HCC incidence among patients with SVR, relapse, and NR
(p = 0.174), although SVR patients tended have a lower rate
of HCC incidence than NR patients (SVR vs. relapse,
p = 0414, SVR vs. NR, p = 0.071, relapse vs. NR,
p = 0.383). No patient in the SVR or relapse groups devel-
oped HCC, while the cumulative rate of HCC incidence at
3 years for the NR group was 25.0 % (Fig. 4).

Discussion

Patients with chronic HCV infection and N-ALT have been
reported to show the possibility of ALT flare-up during the
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Fig. 3 Cumulative rates of HCC incidence according to PLT counts.
Cumnulative rates of HCC incidence in patients with PLT counts of
<15 x 10%mm’® (group B plus group D). Blue line patients with
sustained virologic response, green line patients with relapse, red line
patients with non-response

natural course of the disease (2227 %) [17, 18] and to
develop moderate to severe progression of liver fibrosis
(5-30 %) [18-21]. However, very low cumulative inci-
dences of HCC have been reported among patients with
average ALT integration values less than or equal to 20 TU/
L (5-year, 0.0 %, 10-year, 3.6 %) [22]. Therefore, it
remains controversial whether HCV eradication by antivi-
ral therapy can reduce the incidence of HCC in patients
with chronic HCV infection and N-ALT [23-26].

The definition of N-ALT remains unclear because its
cutoff value is still under consideration [22, 27, 28]. In
Japan, treatment guidelines for patients with chronic HCV
infection and N-ALT define N-ALT as serum ALT levels
of <40 U/L, and the therapeutic strategy is decided after
categorizing patients into four groups according to ALT
levels and PLT counts. However, the indication of antiviral
therapy should be based on whether or not HCC incidence
can be suppressed by the antiviral therapy. Therefore, we
examined the treatment guidelines from the viewpoint of
inhibiting HCC in patients with chronic HCV infection and
N-ALT.

In the present study, the antiviral efficacy of Peg-IFN
plus ribavirin combination therapy for patients with
chronic HCV infection and N-ALT was almost equivalent
to the efficacy in those with elevated ALT levels, as pre-
viously reported [11-15]. The SVR rate was significantly
higher in groups A and C than in groups B and D for
patients with genotype 1, and the same tendency was found
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Fig. 4 Cumulative rates of HCC incidence in group B patients
(ALT <30 TU/L and PLT <15 x 10%mm’) with moderate to
severe liver fibrosis (F2—4), according to the treatment effect of

Peg-IFN plus ribavirin combination therapy. Blue line patients with.

sustained virologic response, green line patients with relapse, red line
patients with non-response

for those with genotype 2. The reason for this was con-
sidered to be that groups B and D included many patients
with moderate to severe liver fibrosis (F3-4, 17.0 %),
which can lead to a lower SVR rate [23, 29, 30].

The present study revealed the cumulative rates of HCC
incidence according to the treatment effect in the four
groups. In group D, the cumulative rate of HCC incidence
in the SVR and relapse patients was significantly lower
than that for the NR patients. This result supports the
recommendation by the treatment guidelines that patients
in group D be managed in the same way as patients with
chronic hepatitis C (CH-C) and elevated ALT levels.

In group B patients, the treatment guidelines recom-
mend antiviral therapy for those who have moderate to
severe liver fibrosis (F2-4). In our present study, patients
with no fibrosis to mild fibrosis (FO-1) did not develop
HCC, and in the patients with moderate to severe fibrosis
(F2-4), the cumulative rate of HCC incidence tended to be
lower in the SVR group than that in the NR group
(p = 0.071). These results also indicate the appropriateness
of the Japanese treatment guidelines. However, further
study is needed because of the small number of cases
studied here.

It appears that group A patients have time to wait for
therapy with the next generation of direct antiviral agents
(DAAs), such as Peg-IFN plus ribavirin plus a second-
generation protease inhibitor, becanse none of the patients

had developed HCC at 3 years. Even in group C, for which
the treatment guidelines recommend antiviral therapy,
there was no significant difference in the cumulative rate of
HCC incidence among the SVR, relapse, and NR patients,
with the incidence being below 5 % at 3 years. Accord-
ingly, patients with PLT counts of more than 15 x 10%
mm’ (groups A or C) have time to wait until the next
generation of DAAs becomes available, because patients
with PLT counts of more than 15 x 10%/mm° have a low
3-year carcinogenesis rate.

The Japanese treatment guidelines recommend antiviral
therapy for patients with 30 < ALT < 40 IU/L levels.
However, in the present study, in the patients with
30 < ALT < 40 IU/L levels, the p value for a significant
difference in the cumulative rate of HCC incidence among
the patients with SVR, relapse, and NR was 0.059. This
result indicates that the patients with 30 < ALT < 40 IU/L
levels have the potential to be candidates for antiviral
therapy, and further study is needed to clarify this. How-
ever, these patients may not be candidates for immediate
antiviral therapy because the cumulative rates of HCC
incidence at 3 years in the patients with SVR, relapse, and
NR were low (cumulative rates of HCC at 3 years: 1.6, 0.0,
and 3.7 %). On the other hand, as mentioned above, in the
patients with PLT counts of <15 x 10%mm®, the cumu-
lative rate of HCC incidence was significantly lower in the
SVR and relapse patients than that in the NR patients
(cumulative rates of HCC at 3 years: 0.0, 0.0, and 9.3 %; at
5 years: 0.0, 11.1, and 20.8 %; p < 0.001). This result
suggests that patients with PLT counts of <15 x 10*/mm®
may be candidates for antiviral therapy.

A limitation of this study was that the incidence of HCC
was not compared between a treatment group and a non-
treatment group. This study showed the suppressive effect
of antiviral therapy on HCC incidence by comparing
patients according to the treatment’s antiviral effect. Peg-
IFN plus ribavirin combination therapy has become
acceptable for patients with chronic HCV infection and
N-ALT levels. However, if there were no difference in
HCC incidence between patients with SVR and non-SVR
in the group receiving Peg-IFN plus ribavirin combination
therapy, it would not be necessary for patients with chronic
HCYV infection and N-ALT to receive this therapy. In this
study, we compared the incidence of HCC according to the
treatment effect in HCV-infected patients with N-ALT
levels categorized by the Japanese treatment guidelines.
Indeed, although our results did not demonstrate that
N-ALT patients should be treated, they indicated that it
could be appropriate to treat N-ALT patients, because the
incidence of HCC in these patients with SVR was sup-
pressed compared with that in the NR patients. -

In conclusion, in patients with N-ALT and PLT counts
of <15 x 10*/mm® who received Peg-IFN plus ribavirin
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combination therapy, the cumulative rate of HCC inci-
dence was significantly lower in those with SVR or relapse
than in those with NR. Therefore, HCV-infected patients
with N-ALT and PLT counts of <15 x 10%/mm’ could be
candidates for early antiviral therapy for the purpose of
reducing the risk of developing HCC.
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