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and 40 [U/L. Recently, Kumada et al.””* demonstrated
that the cumulative incidence of hepatocarcinogenesis
increased in parallel with the increase in ALT average
integration value in CH-C even in patients with normal
ALT levels. In a community-based study, an elevated
ALT level (>35 IU/1) was shown to be a significant risk
factor of HCC development.”

Recommendation 7: To prevent the occurrence of HCC,

levels of serum ALT should be controlled at below

30 IU/L (Level 3, Grade A.)

IFN administration

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

Indication of IFN therapy for CH-C

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

PEG-IFN AND RBV COMBINATION THERAPY

- Factors associated with virological response

to PEG-IFN and RBV combination therapy

REATMENT WITH PEG-IFN-o-2A or -2b together
with RBV has been evaluated in two nationwide

phase IIT registration trials in Japan.”” In one trial,
which determined efficacy of PEG-IFNw-2b and RBV,”
the SVR r1ate to 48-week combination therapy was 48%
(121/254) in patients with HCV genotype 1b and a high
viral load (2100 KIU/mL). Another trial using PEG-IFN-
o-2a and RBV demonstrated an SVR rate to 48-week
combination therapy of 59% (57/96) in patients with
HCV genotype 1b and a high viral load (2100 KIU/
mL).%* Based on these results, the currently recom-
mended standard therapy for the patients with CH-C in
Japan is the combination of a PEG-IFN together with
RBV, except for the treatment naive patients with a
low viral load for whom a PEG-IFN monotherapy is
recommended. v

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

Recommendation 10: Predictors associated with a non-

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

60 years, particularly older women; (ii) advanced fibro-
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Figure 2 Comparison of sustained virclogical response rate between 48-week (open column) and 72-week (closed column)
treatment with pegylated interferon and ribavirin in patients with partial early virological responder, which is defined as 22 log
reduction in hepatitis C virus (HCV) RNA level compared to baseline HCV RNA level but detectable HCV RNA at treatment week
12. *Statistical significance between two treatment groups. tComparison in patients with 280% adherence is shown.

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

Response-guided therapy for patients with
HCV genotype 1

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

Recommendation 11: Measuring the time of viral clear-

ance from serum is helpful in predicting the likelihood of

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

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

Grade A.)

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

patients achieved ALT normalization up to 2 years after
the completion of therapy (sustained biochemical
response).* Therefore, the proposal that recommends a
continuation of PEG-IFN and RBV therapy for 48 weeks
in biochemical responders at week 24 even without
HCV clearance has been accepted widely in Japan. This
proposal is in marked contrast to the AASLD practice
guideline,’ in which treatment discontinuation is
strongly recommended in patients whose HCV RNA
remains positive at week 24.

Recommendation 12: It is impossible to achieve SVR in

patients without HCV RNA clearance by week 24 mea-

sured by Amplicor HCV. (Level 1, Grade A.) However,

it is recommended to continue the therapy for 48 weeks

even in patients without HCV RNA clearance by week

24 if ALT normalizes at week 24, because a sustained

biochemical response can be obtained in these patients.

(Level 4, Grade C.)

The strategy of extending therapy in patients with
delayed virological responses, defined as clearance of
HCV RNA between weeks 12 and 24, was evaluated in
five studies.®** These results cannot be compared
directly with each other because of the heterogeneous
study populations, differences in the baseline character-
istics and the different regimens utilized amongst them.
Nevertheless, the results showed a trend toward a higher
SVR rate by extending therapy from 48 to 72 weeks in
patients with delayed virological response (Fig. 2).*-

In Japan, a randomized controlled trial was con-
ducted in 113 patients with HCV genotype 1b and a
high viral load, comparing a 48-week treatment group
and extended treatment group where patients were
treated for an additional 44 weeks after clearance of
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HCV RNA from serum. In this trial, the SVR rate was
36% in the 48-week treatment group and 53% in the
extended treatment group, and the SVR rate was signifi-
cantly higher in patients in the extended treatment

group who became HCV RNA-negative during the-

period week 16-24 (9% vs 78%, P =0.005).* In addi-
tion, in a case-control study matched for age, sex and
the timing of HCV RNA clearance from serum, the SVR
rate was high at 62% in the 72-week treatment group
(n=65) compared to 33% in the 48-week treatment
group (n=130), and the extended treatment was par-
ticularly effective in patients with HCV core mutations
ataa70 and aa91 as well as patients a with wild type of
ISDR sequence.” Accordingly, 72-week extended treat-
ment is recommended for patients who are slow to clear
of HGV RNA between weels 12 and 24,

Currently, HCV RNA clearance from serum is deter-
mined by real-time PCR detection, although most of
former studies utilized the Amplicor HCV method for
this purpose. Because real-time PCR is highly sensitive,
it should be reevaluated in terms of who gains benefit
from extended therapy. Currently, there is no sufficient
evidence to determine this. Nevertheless, substantial
number of community-based Japanese study using
real-time PCR detection suggested that SVR could be
obtained by 72-week treatment if HCV RNA became
undetectable by week 36. Accordingly, when determin-
ing the timing of HCV RNA clearance using real-time
PCR detection, 72-week treatment could be recom-
mended for patients who achieve HCV RNA clearance
between weeks 12 and 36.

Recommendation 13: 72-weelk extended therapy should

be considered for patients with HCV genotype 1 who

have delayed HCV RNA clearance from serum between

weeks 12 and 24.. (Level 2a, Grade B.)

Recommendation 14: When using a real-time detection -

PCR method for measurement of HCV RNA, SVR can

be obtained by 72-week extended treatment in patients

who have achieved HCV RNA clearance by week 36.

(Level 2b, Grade C.)

Response-guided therapy for patients with
HCV genotype 2

Six trials have evaluated a shortening of the duration of
therapy from 24 weeks to 1216 weeks for patients with
chronic HCV genotype 2 and 3.%°*-* Although the data
from some of these trials suggest that patients with
genotype 2 and 3 infection who achieve viral clearance
from serum by week 4 can shorten their treatment dura-

tion to 12-16 week,*** the benefit of a shortening the’

duration of therapy remains controversial.”® In a recent
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study by Mangia etal., the factors associated with
relapse after shorter duration of therapy are identified as
age over 45 years, pre-treatment platelet count of less
than 140 x 10°/L, and body mass index over 30 kg/
m?,'% suggesting shortening the duration of therapy can
be considered only in particular patients without pre-
dictors associated with relapse. Because most Japanese
patients have risk factors for relapse such as older age
and advanced fibrosis, shortening the duration of the
therapy is not generally recommended for Japanese
patients with genotype 2, even if they achieve viral clear-
ance by week4.

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

- In the early Western registration trials, patients with

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

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

Seven randomized controlled trials have been reported
so far that examine the efficacy of PEG-IFN and RBV

23



24

Hepatology Research 2010; 40: 347-368

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

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

Recommendation 16: Retreatment with PEG-IFN and

RBV can be considered for non-responders and relapsers

who were treated previously with IFN-based therapy

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

MONOTHERAPY WITH IFN OR PEG-IFN

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

Naive patients with low viral loads

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

Recommendation 17: Monotherapy with IFN or PEG-

IFN can be considered for naive patients with low viral

loads (<5.0 log copies/mL). (Level 2a, Grade B.)

Patients with chronic kidney .disease

Patients with chronic kidney disease (CKD) who
undergo hemodialysis have a high prevalence of HCV
infection. In Japan, one study reported that HCV RNA
was detected in 117 (22%) of 543 patients who under-
went maintenance hemodialysis.'* Hemodialysis
patients infected with HCV have a higher mortality rate
than uninfected hemodialysis patients.'”® This higher
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mortality is atuibuted to the frequent progression to
cirrhosis and/or HCC in HCV-infected patients who
receive hemodialysis.

Because RBV is excreted renally, it is currently con-
traindicated in patients with CKD who have a creatinine
clearance of less than 50 mL/min. In addition, pharma-
cokinetic studies have shown that the clearance of [EN is
lower in patients who undergo hemodialysis than in
patients who have normal renal function.!?s

Studies of antiviral therapy in patients who undergo
hemodialysis suggest that IFN monotherapy is generally
well tolerated and that SVR rates are higher than those in
patients with normal renal function.'?” The overall SVR
rate was reported to be 33-37% in ‘hemodialysis
patients."*® However, the number of subjects in these
tiials was too low to support confident conclusions.
Adverse events are common in this population, and
many patients discontinue therapy prematurely because
of such events. A recent RCT showed in EASL 2008 that
135 pg/week of PEG-IFN--2a for 48 weeks achieved an
SVR rate of 39% (23/38), whereas a dose of 90 pg/week
produced an SVR rate of 35% (16/43). In 74% of the
patients, treatment was completed as scheduled.

Another important point is when to initiate antiviral
therapy in hemodialysis patients. IFN might induce
allograft rejection and renal failure."”” Therefore, IFN
therapy should be considered before renal transplanta-
ton. The next issue to be resolved is the efficacy and
safety of low-dose RBV combmatlon therapy in hemo-
dialysis patients.

In 2008, KDIGO. proposed gmdehnes for the treat-
ment of patients with CKD."*® In Japan, a committee
including hepatologists and spedialists for CKD is plan-
ning a clinical trial for HCV-infected patients with CKD.

Recommendation 18: 3 MIU of IFN thrice weekly or 90

or 135 g of PEG-IFN-c-2a weekly is recommended for

patients with CKD. (Level 2a, Grade B.)

Patients with acute HCV infection

Acute HCV infection progresses to chronic infection in
approximately 70% of patients."' Antiviral treatment
should therefore be considered for this group of
patients. On the other hand, it is difficult to identify
patients with self-limited disease not requiring therapy.
The results of previous studies indicate that anti-HCV
treatment should be initiated if HCV RNA is detected
continuously for more than 12-16 weeks. If treatment is
initiated within this period, monotherapy with IFN or
PEG-IFN achieves an SVR rate of more than 80% in
patients with acute HCV infection.'* Reliable evidence
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showing that additional treatment with RBV improves,

the SVR rate in such patients is not available.
Recommendation 19: Patients with acute HCV infec-
tion should be considered as candidates for antiviral
therapy. If HCV RNA is detected continuously for 12 or
16 weeks from the onset, treatment with 6 MIU of IFN
or 180 ug of PEG-IFN monotherapy should be initiated.
(Level 2a, Grade B.)

Patients who receive curative treatment
for HCC

Hepatocellular carcinoma frequently recurs in HCV-
infected patients, even after curative therapy for HCC.
Prevention of the recurrence of HCC is essential in such
patients. Several RCT showed that the incidence of HCC
was low in an IFN-treated group, compared to a control
group (Table 4).7*313* For example, Kubo et al. reported
that 3 MIU IFN monotherapy thrice weekly for 96 weeks
inhibited the recurrence of HCC in patients who had
undergone a curative resection.** Furthermore, Shira-
tori et al. performed an RCT in 74 patients who had
received curative percutaneous ethanol injection
therapy for HCC. They reported that second and third
recurrences of HCC were less frequent in patients who
received [FN."** In an Italian study of 150 patients who
had undergone curative resection, the recurrence rate of

-HCC 2 years after operation was significantly lower

among patients who received IFN."¢
Japanese studies showed that the survival rate was
also improved by IFN treatment owing to the sup-
pression of HCC and/or the progression of hepatic
failure, 137138 “
Recommendation 20: IFN therapy should be considered
for patients after curative treatment for HCC. (Level 1,
Grade A.)

Maintenance therapy for patients with
advanced hepatic fibrosis

Previous studies of patients with advanced hepatic fibro-
sis, defined as a fibrosis score 3 or 4, showed that IFN
monotherapy inhibited the occurrence of HCC, com-
pared to patients who did not receive IFN.54132140 [p
Japanese studies, IFN was effective not only in SVR
patients, but also in non-SVR patients."**!*! On the other
hand, an Italian study showed that the incidence of
HCC decreased only in cirrhotic patients in whom HCV
was eradicated by IFN therapy.™

Case-control studies in patients older than 60 years
showed that a low dose of IEN reduced ALT and AFP
levels and decreased the incidence of HCC, compared to
a control group."**!*? RCT for IFN monotherapy non-

25



Consensus of HCV in JSH 359

*ApMIS [ONUOD P2ZIOPUERI I ‘BWOURIed feM{[ad0ieday ‘DDH ‘uoIRpaul ‘Nd|

NAI pa1ejddad

$00°0 =d %95 $A %98 $0°0=d %IL S %95 09 (%s)t 10 eydie 99 sA 69 $8 5a g€p  Apmis [oNUEI-3SED ‘v 33 OpMY]
sz00=d
%T'ES 54 %TL ‘%88 L (wee) L1 elep OU g9 SA 09 66€ 58 €6 Apmis 2anpadsonay v 1@ nSjRWENY
LYO=d %TS SA%Y9  GF0=d %¥6 A %92 st (we) T eqdre 29 sa 69 BLSA 9L IOY v 77 OuRJezZZRN
ST0=d %¥6 54 %001 L1100 =d %EL S8 %¥I 9¢ (¥ 1 eydie 29 sA 69 €gsapg  Apms [onuod-ase) w17 1pnSees
Apmis
. - AObCOUIuwmu
SP0=d %88 SA%00T  £ST'0=d %08 SA %69 9¢  (w€) T eydre 89 sA 69 9154971 2a12ds01g ‘v 12 8u03(
$E0=d %EY S8 %EI LT EEpOU egdie GG sAT9 9sag 100 v 8 ur]
%8F 5A %89 %T6 SA %08 09 (%67) P1 egdie €9 5A 19 ST SA 6% Iou v 12 TIOJRIIYS
S0'0>d %EL SA%O0T 1000 > d %T8 SA %8T 09 (%gE) 9 eydre 79 sa 19 7T sA 81 Apmis 101g v 12 nong
1500 =d %06 SA %08 SS0'0 =d %L8 SA %09 ¥s  (%el) T eydre 09 sa 79 GIsAGT hio)l ‘v 72 0y
$000°0 =d %0L SA %0T [y 0 ®12q €9 SA 09 018401 104 v 32 epay]
(dno18
(dnoig Njj-uou - (syauour)  asuodsar Niruou (dnoid NJJ-uou
(dno1d ngj-uou sa dnoi8 NJJ)  woneinp [ediSojolla sa dnoid sa dnoi8 NJI)
sa dno18 pJg7) [RAIAING 2duaumda1 DDH  dn-mo[og  paureisng uorapau]  NiI) 28y siuaped jo oN u8sap Apmis 1oyqny

Hepatology Research 2010; 40: 347-368

BWOUDIEY Ie[n{[2201eday 10 JUdUIEN) ‘3aneind ye sjuaned 10 Aderalouow uoIIAIU] ¥ A[qEL

© 2010 The Japan Society of Hepatology

26



360 N. Izumi et al.

responders showed that histological fibrosis and activity
was improved in the assigned IFN-treated group. In con-
trast, in the untreated group, the fibrosis score did not
decline.'* In Japan, several studies support the effective-
ness of low-dose IFN maintenance therapy.'*-*" In the
USA, an RCT of 53 patients in whom a histological
response, but not a viral response was induced by 6 MIU
of IFN showed that 3 MIU of IFN for 24 months
improved the degree of hepatic fibrosis.

However, the Hepatitis C Antiviral Long-Term Treat-
ment against Cirrhosis (HALT-C) trial found no differ-
ence in the progression of liver disease between a
low-dose PEG-IFN group and a control group.!" The
large discrepancy in the effectiveness of IFN mainte-
nance therapy between the HALT-C trial and Japanese
trials might be attributed to several factors. First, the
study designs differed. One of the most important dif-
ferences was related to the patients’ clinical character-
istics. For example, patients enrolled in Japanese
studies were older than those in the HALT-C trial.
Elderly patients have a higher incidence of HCC than
younger patients. It is suggested that the tumor-
suppressive effect of IFN maintenance therapy might
be more clearly demonstrated in a high-risk group,
including elderly patients.”®

Until more data become available, the decision to
perform IFN maintenance therapy should be made on
an individual basis.

Recommendation 21: IFN maintenance therapy is a

treatment option that can inhibit the progression of liver

disease in patients with.advanced. hepatic fibrosis, espe-
cially in those who are elderly. However, the effect of
monotherapy with IFN or PEG-IFN remains uncertain
in non-responders to combination therapy with PEG-
IEN plus RBV. (Level 2a, Grade C.)

CONSENSUS ON THERAPEUTIC STRATEGY
FOR CH-C

Indication of antiviral therapy

KEDA ET AL. elucidated the necessities of antiviral

therapy for elderly patients with chronic HCV infec-
tion.”*? At 5 and 10 years, hepatocarcinogenesis rates in
the intermediate (100-140x 10°/L) and low platelet
(<100 % 10%/1) groups were 10.9% and 21.6% in
the TEN group (n=217) and 19.5% and 43.0% in the
untreated group (n=459), respectively (P =0.0005).
IEN independently decreased the risk of carcinogenesis
risk with a hazard ratio of 0.56 (P=0.035). On the
other hand, in the high platelet (2150 x 10°/L) group,
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no significant difference was found in 5- and 10-year
carcinogenesis rates -between the I[FN-treated group
(n=228) and the untreated group (n = 585) (P=0.69).
Furthermore, IFN treatment significantly increased
cumulative survival in the lower platelet subgroup
(P=0.0001) but did not affect the higher platelet sub-
group (P=0.08). Thus, the necessities of antiviral
therapy are shown to be greater in elderly patients with
advanced fibrosis, although adverse effects of IFN are
reported to be more frequent and the efficacy of IEN to
be lower in such patients.*#-1%°
Therefore, ‘the indication of antiviral therapy should
be considered in the following order: the necessity of
treatment, first; safety of treatment, second; and effi-
cacy of treatment for a patient, last. Antiviral therapy
should not be given up because the expected SVR rate
is low.
 Recommendation 22: Antiviral therapy should be
offered even to CH-C patients whose SVR rates are
expected to be low if type C chronic liver disease is the
prognostic determinant (prognosis is improved by HCV
elimination) for the individual patient, and the expected
adverse effects are tolerable to the patients. (Level 6,
Grade B/C.)

Effect of drug adherence of PEG-IFN and
RBV on virological response

The relationship between drug exposure and antiviral
effect of PEG-IFN plus RBV combination therapy has
been reported in several papers.'®*'-'*> McHutchison
et al. revealed that the SVR rate in patients who received
80% or more of their total planned doses of PEG-IFN-
o-2b and RBV for 80% or more of the scheduled dura-
tion of therapy was significantly higher than that of
patients who received less than 80% of one or both

drugs (51%.vs 34%) and also suggested that the impact

of dose reduction was greatest in patients for whom the
dose had to be decreased within the first 12 weeks of
treatment.’*

Recently, Oze etal. evaluated how reducing drug
doses affects complete early virological response
(c-EVR) defined as HCV RNA negativity at week 12,
using 984 patients with CH-C genotype 1."°¢ As a result,
the mean dose of PEG-IFEN-o.-2b, and not RBV, during

the first 12 weeks was the independent factor for c-EVR .

(P=0.02), not RBV.

Hiramatsu et al. reported on whether dose reduction
of RBV (or PEG-IFN) has an effect on virological relapse
in PEG-IFN plus RBV treatment for patients with CH-C
genotype 1."%" In the analysis of 472 patients responding
to PEG-IFN-0-2b plus RBV, stepwise reduction of the
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RBV dose was associated with a stepwise increase in
relapse rate from 11% to 60% (Fig. 3):
Improving the treatment tolerability for genotype 2 or.
3 patients has focused on dose reduction of treatment
drugs. Weiland et al. examined low-dose PEG-IFN-o-2a
(135 pg/week) with a weight-based standard dose of
RBV (11 mg/kg daily) for genotype 2 and 3 patients.'*®
Recently, Inoue et al. reported neither PEG-IEN nor RBV
drug exposure were critical in reaching rapid-virological
response and SVR.'*
Recommendation 23: In genotype 1 patients, PEG-IFN
is dose-dependently correlated with c-EVR, independent
of RBV dose. The administration over 80% of the sched-
uled dose of PEG-IFN-c-2a or over 1.2 igfkg per week
of PEG-IEN-0:-2b should be chosen as a starting dose: a
marked dose reduction of PEG-IFN should not be risked
at the start even for patients with disadvantage (e.g.
aged patients). (Level 2b/3, Grade B.)
Recommendation 24: In genotype 1 patients, RBYV
shows a dose-dependent correlation with the relapse
after treatment. Maintaining the RBV dose over 80% of
the scheduled dose or over 10 mg/kg per day (12 mg/kg
per day, if possible) during the complete treatment
period can lead to suppression of the relapse in HCV
genotype 1 patients responding to PEG-IFN-0-2b plus
RBV, especially in ¢-EVR patients. (Level 2b/3, Grade
B.) '
Recommendation 25: In genotype 2/3 patients, reducing
drug doses of PEG-IFN and RBV (down to 400 mg/day)
has no significant effect on virological responses. (Level
2a, Grade B.)

0 s T - T
<6 6-8 8-10 10-12 12<
Mean ribavirin dose (mgfkg/day)

Figure 3 Relapse rate according to pegylated interferon (PEG-
IFN)-c-2b and ribavirin doses during treatment of patients
who completed treatment, which was stratified with the mean
ribavirin doses (—4-). Group with the mean PEC-IFN dose
<1.4 pg kg/week (-®-). Group with the mean PEG-IFN dose
>1.4 g kg/week. There was no significant difference between
the two PEG-IFN-a-2b-dose groups (P=0.17).
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Treatment for patients without elimination

~of HCV

Tarao et al. showed the rate of HCC appearance was

significantly higher in HCV-related cirrhotic patients
with a high ALT value (280 IU/mL) than in those with
a lower ALT value (<80 IU/mL).” This suggested that
suppression of inflammation in the liver with HCV
infection is very important to prevent the hepatocar-
cinogenesis in patients with HCV-related cirrhosis.

Omata et al. assessed the effects of oral ursodeoxy-
cholic acid (UDCA) on serum biomarkers. CH-C
patients with elevated ALT were assigned randomly to
150 (n=199), 600 (n=200) or 900 mg/day (n=197)
UDCA intake for 24 weeks. As a result, the median
changes in serum ALT at the end of treatment were
shown to be —15.3, =29.2 and -36.2%, respectively,
although serum HCV RNA did not change in any
group.‘°°

A glycyrrhizin product, Stronger Neo-Minophagen C
(SNMC; Minophagen Pharmaceutical, Tokyo, Japan), is
used widely in Japan and has been reported to improve
ALT levels and liver inflammation.'®"'*? Furthermore,
Ikeda et al. reported liver carcinogenesis was suppressed
by long-term administration of glycyrrhizin, using a
cohort of 1249 patients, and its favorable effect on hepa-
tocellular carcinogenesis in those patients with IFN-
resistant CH-C.'¢31¢4

Repeated phlebotomy has been shown to be effective
for the improvement of serum ALT as well as progres-
sion of fibrosis,*> however, it remains controversial
whether the effects of IFN improve with extensive
phlebotomy.'65-16

In Japan, Yano etal showed the iron removal by
repeated phlebotomy improved serum ALT levels in
patients with CH-C."”® ;

Recommendation 26: Patients whose HCV RNA was

not eradicated by PEG-IFN plus RBV and whose ALT

andfor AFP levels were not improved by IFN mono-

therapy or those without indication for IFN therapy

should be treated with the liver-supporting therapy

(SNMC, UDCA), and if the effect of this medication is

inadequate, phlebotomy can be used in combination.

(Level 3/6, Grade B/C.)

Treatment of patients with
decompensated cirrhosis

The compensated patients who failed to eradicate HCV
by antiviral therapy and decompensated patients should
be referred for consideration of liver transplantation and
liver supporting therapy should be performed. Long-
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term nutritional supplementation with oral branched-

chain amino acid (BCAA) has been shown to be useful

to prevent progressive hepatic failure and to improve

surrogate markers.''”? Barly interventional with oral

BCAA was shown to prolong the liver transplant waiting

period by preserving hepatic reserve in cirrhosis.
Recommendation 27: Patients with compensated cirrho-
sis for the prevention of hepatocellular carcinogenesis,
should be treated by not only IFN but also with liver
supporting therapy (SNMC, UDCA) andor phlebotomy
andfor BCAA in order to improve the liver inflammation
and AFP levels. (Level 3, Grade C.)

Novel antiviral drugs

Telaprevir, a protease inhibitor specific to the HCV non-
structural 3/4A serine protease, reduced HCV RNA levels
rapidly in early studies. McHuthison et al. reported the
improved SVR rate with triple therapy for 12 weeks fol-
lowed by PEG-IFN-a-2a and RBV: for 12 weeks.

Thus, the treatment for CH-C is progressing. There-
fore, as a treatment strategy, PEG-IFN plus RBV combi-
nation therapy should be performed early for aged
patients and the patients with' the advanced fibrosis.
However, the novel antiviral drugs, such as protease
inhibitors and polymerase inhibitors, should be taken
into account as a candidate of treatment for the patients
who can wait for the oncoming drugs.

“Recommendation-28: Novel-antiviral -drugs; such as a

protease inhibitor or a polymerase inhibitor, in combi-

nation with PEG-IFN plus RBV, can improve the SVR

rates in genotype 1 CH-C patients. (Level 2a, Grade A.)
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Phase 1/l study of a fine-powder formulation of cisplatin
for transcatheter arterial chemoembolization in

hepatocellular carcinoma

Masamichi Moriguchi, Tadatoshi Takayama, Masahiko Nakamura, Osamu Aramaki,
Tokio Higaki, Hisashi Nakayama, Takao Ohkubo and Masashi Fuijii .

Department of Digestive Surgery, Nihon University School of Medicine, Tokyo, Japan

Aim: The clinical feasibility of transcatheter arterial chemo-
embalization (TACE) with fine-powder cisplatin. (CDDP) in
patients with hepatocellular carcinoma (HCC) has not been
investigated. A phase I/ll study was conducted to investigate
the safety and tolerability of fine-powder CDDP when it was
used with lipiodol and gelatin sponge particles for TACE.

Methods: Fine-powder CDDP emulsified in lipiodol was
injected into tumor arteries. Embolization was subsequently
performed with gelatin sponge particles. The CDDP dose was
started at 45 mg/m?® (level 1) and increased to 65 mg/m? in
10 mg/m? increments. )

‘Results: Thirteen patients were enrolled in phase | study
since no dose limiting toxicity was observed in any patients,
even in seven patients at level 3 (65 mg/im?), the recom-
mended dose was 65 mg/m® The major adverse event was
grade 3 thrombocytopenia, which occurred in 8% of

patients. The incidence of hematological toxicities was 15%
for leukocytopenia, 84% for thrombocytopenia, and 84% for
anemia. Increased serum total bilirubin was observed in 54%
and increased aspartate aminotransferase or alanine ami-
notransferase in all patients. All digestive tract symptoms
(nausea 77%, anorexia 84%, vomiting 31%) were grade 2 or
lower. Total adverse events were grade 3 or higher in 44%. The
response rate in 19 patients who received the recommended
dose was 21%.

Conclusions: TACE with a fine-powder formulation of CDDP

at a dose of 65 mg/m? is well tolerated in patients with unre-
sectable HCC.

Key words: cisplatin, hepatocellular carcinoma,
transcatheter arterial chemoembolization

INTRODUCTION

RANSCATHETER ARTERIAL CHEMOEMBOLIZA-
TION (TACE) is a widely used treatment for unre-
sectable hepatocellular carcinoma (HCC).! Gelatin
sponge particles are mainly used for embolization, and
almost always in conjunction with lipiodol.? Doxorubi-
cin (DXR), epirubicin (EPI), mitomycin C, cisplatin
(CDDP), and others, have been used as anticancer
agents, and response rates range from 15% to 73%.>*
The response rate to TACE with CDDP varies
(15-73%).27 The standard concentration of CDDP

Correspondence: Dr Tadatoshi Takayamia, Department of Digestive
Surgery, Nihon University School of Medicine, 30-1
Oyaguchikami-machi, Itabashi-ku, Tokye 173-8610, Japan. Email:
tadtak@med.mhon-u.ac.jp

Received 21 May 2009, revision 18 August 2009; accepted G
September 2009. ' )
[Corrections added after online publication 17 February 2010.]

© 2010 The Japan Society of Hepatology

solution in Japan (0.5 mg/mL) cannot be mixed with
an appropriate dose of lipiodol. A fine-powder formu-
lation of CDDP (IA-call®, Nippon Kayaku, Tokyo) has
recently been developed, making possible the prepara-
tion of high-concentration aqueous solutions. The
response rate was 33.8% against HCC by hepatic arte-
rial infusion with high-concentration CDDP solutions
(1.43 mg/mL). Moreover, unlike conventional prepara-
tions, fine-powder CDDP is readily miscible when
mixed with lipiodol and thereby easy to.use for TACE.
However, the safety and tolerability of using fine-
powder CDDP for TACE is unknown in patients with
HCC.

We conducted a phase I/II study of fine-powder
CDDP for TACE using lipiodol and gelatin sponge par-
ticles in HCC patients. The primary objectives of this
study were to evaluate the safety and tolerability of fine-
powder CDDP, and to determine the recommended
dose (RD). The secondary objective was to evaluate the
tumor response. .
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Pre-treatment prediction of response to pegylated-interferon
plus ribavirin for chronic hepatitis C using genetic polymorphism in
IL28B and viral factors

Masayuki Kurosakl Yasuhito Tanaka Nao Nishida®, Naoya Sakamoto?, Nobuyukl Enomoto®,
Masao Honda®, Masaya Sugiyama?, Kentaro Matsuura?, Fummaka Sugauchl Yasuhiro Asahma
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'Division of Gastroenterology and Hepatology, Musashino Red Cross Hospital, Tokyo, Japan; Department of Virology, Liver Unit, Nagoya
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Graduate School of Medicine, Kanazawa, Japan; "Research Center for Hepatitis and Immunology, International Medical Center of Japan,
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Background & Aims: Pegylated interferon and ribavirin (PEG-
IFN/RBV) therapy for chronic hepatitis C virus (HCV) genotype 1
infection is effective in 50% of patients. Recent studies revealed
an association between the IL28B genotype and treatment
response. We aimed to develop a model for the pre-treatment
prediction of response using host and viral factors.

Methods: Data were collected from 496 patients with HCV geno-
type 1 treated with PEG-IFN/RBV at five hospitals and universities
in Japan. IL28B genotype and mutations in the core and IFN sen-
sitivity determining region (ISDR) of HCV were analyzed to pre-
dict response to therapy. The decision model was generated by
data mining analysis.

Results: The IL28B polymorphism correlated with early virologi-
cal response and predicted null virological response (NVR) (odds
ratio = 20.83, p <0.0001) and sustained virological response (SVR)
(odds ratio = 7.41, p <0.0001) independent of other covariates.
Mutations in the ISDR predicted relapse and SVR independent
of IL28B. The decision model revealed that patients with the
minor /1288 allele and low platelet counts had the highest NVR
(84%) and lowest SVR (7%), whereas those with the major /L2838
allele and mutations in the ISDR or high platelet counts had the
lowest NVR (0-17%) and highest SVR (61-90%). The model had
high reproducibility and predicted SVR with 78% specificity and
70% sensitivity.

Keywords: [L28B; ISDR; Peg-interferon; Ribavirin: Data mining; Decision tree.
Received 14 March 2010; received in revised form 22 June 2010; accepted 7 July 2010
« Corresponding author, Address: Division of Gastroenterology and Hepatology,
Musashino Red Cross Hospital, 1-26-1 Kyonan-cho, Musashino-shi, Tokyo 180-
8610, Japan. Tel.: +81 422 32 3111; fax: +81 422 32 9551,

E-mail address: nizumi@musashino,jrc.orjp (N. lzumi).

Conclusions: The /288 polymorphism and mutations in the ISDR
of HCV were significant pre-treatment predictors of response to
PEG-IFN/RBV. The decision model, including these host and viral
factors may support selection of optimum treatment strategy for
individual patients.

© 2010 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Hepatitis C virus (HCV) infection is the leading cause of cirrhosis
and hepatocellular carcinoma worldwide [1]. The successful
eradication of HCV, defined as a sustained virological response
(SVR), is associated with a reduced risk of developing hepatocel-
lular carcinoma. Currently, pegylated interferon (PEG-IFN) plus
ribavirin (RBV) is the most effective standard of care for chronic
hepatitis C but the rate of SVR is around 50% in patients with
HCV genotype 1 [2,3], the most common genotype in Japan,
Europe, the United States, and many other countries. Moreover,
20-30% of patients with HCV genotype 1 have a null virological
response (NVR) to PEG-IFN/RBV therapy [4]. The most reliable
method for predicting the response is to monitor the early
decline of serum HCV-RNA levels during treatment [5] but there
is no established method for prediction before treatment.
Because PEG-IFN/RBV therapy is costly and often accompanied
by adverse effects such as flu-like symptoms, depression and
hematological abnormalities, pre-treatment predictions of those
patients who are unlikely to benefit from this regimen enables
ineffective treatment to be avoided.

Recently, it has been reported through a genome-wide associ-
ation study (GWAS) of patients with genotype 1 HCV that single
nucleotide polymorphisms (SNPs) located near the 1L.28B gene are
strongly associated with a response to PEG-IFN/RBV therapy in
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Table 1. Baseline characteristics of all patients, and patients assigned to the model building or validation groups.

All patients Model group Validation group
n =496 n=331 n=165
Gender: male 250 (50%) 170 (51%) 80 (48%)
Age (years) 57.1+99 56.8+9.7 57.5+10.2
ALT (ULL) 786+ 60.8 781614 79.7 £ 59.8
GGT (IUlL) 593+ 63.6 58.9+62.0 60.2 £+ 66.9
Platelets (10%L) 154 £53 153 £ 52 154 £ 56
Fibrosis: F3-4 121 (24%) 80 (24%) 41 (25%)
HCV-RNA: >600,000 1U/ml 400 (82%) 273 (82%) 136 (82%)
ISDR mutation: $1 220 (88%) 290 (88%) 145 (88%)
Core 70 (Arg/GIn or His) 293 (59%)/203 (41%) 197 (60%)/134 (40%) 96 (58%)/69 (42%)
Core 91 (Leu/Met) 299 (60%)/197 (40%) 200 (60%)/131 (40%) 99 (60%)766 (40%)
IL28B: Minor allele 151 (30%) 101 (31%) 50 (30%)
SVR 194 (39%) 129 (39%) 65 (39%)
Relapse 152 (31%) 103 (31%) 49 (30%)
NVR 150 (30%) 99 (30%) 51 (31%)
ALT, alanine aminot GGT. gan ISDR, interfe region; Arg, arginine; Gln, His, histidine: Leu, leucine;

Met, methionine; Minor, lutemzygutz or hunnzyguxe of minor allele; SVR, sustained vlrologlcil response NVR, null virological response.

Japanese [6], European [7), and a multi-ethnic population [8,9].
The last three studies focused on the association of SNPs in the
IL28B region with SVR [7-9] but we found a stronger association
with NVR [6]. In addition to these host genetic factors, we have
reported that mutations within a stretch of 40 amino acids in
the NS5A region of HCV, designated as the IFN sensitivity deter-
mining region (ISDR), are closely associated with the virological
response to IFN therapy: a lower number of mutations is associ-
ated with treatment failure [10-13]. Amino acid substitutions at
positions 70 and 91 of the HCV core region (Core70, Cored1) also
have been reported to be associated with response to PEG-IFN/
RBV therapy: glutamine (GIn) or histidine (His) at Core70 and
methionine (Met) at Core91 are associated with treatment resis-
tance [4,14]. The importance of substitutions in the HCV core and
ISDR was confirmed recently by a Japanese multicenter study
[15]. How these viral factors contribute to response to therapy
is yet to be determined. For general application in clinical prac-
tice, host genetic factors and viral factors should be considered
together.

Data mining analysis is a family of non-parametric regression
methods for predictive modeling. Software is used to automati-
cally explore the data to search for optimal split variables and
to build a decision tree structure [16]. The major advantage of
decision tree analysis over logistic regression analysis is that
the results of the analysis are presented in the form of flow chart,
which can be interpreted intuitively and readily made available
for use in clinical practice [17). The decision tree analysis has
been utilized to define prognostic factors in various diseases
[18-25). We have reported recently its usefulness for the predic-
tion of an early virological response (undetectable HCV-RNA
within 12 weeks of therapy) to PEG-IFN/RBV therapy in chronic
hepatitis C [26].

This study aimed to define the pre-treatment prediction of
response to PEG-IFN/RBV therapy through the integrated analysis
of host factors, such as the IL28B genetic polymorphism and var-
ious clinical covariates, as well as viral factors, such as mutations
in the HCV core and ISDR and serum HCV-RNA load. In addition,

for the general application of these results in clinical practice,
decision models for the pre-treatment prediction of response
were determined by data mining analysis.

Materials and methods
Patients
This was a Te ive study supported by the Ministry of

Health, Labor and Welfare, Data were collected from a total of 496 chronic hep-
atitis C patients who were treated with PEG-IFN alpha and RBV at five hospitals
and universities throughout Japan. Of these, 98 patients also were included in
the original GWAS analysis [6], The inclusion criteria in this study were as follows
(1) infection by genotype 1b, (2) lack of co-infection with hepatitis B virus or
human immunodeficiency virus, (3) lack of other causes of liver disease, such
as autoimmune hepatitis, and primary biliary cirrhosis, (4) completion of at least
24 weeks of therapy, (5) adherence of more than 80% to the planned dose of PEG-
IFN and RBV for the NVR patients, (6) availability of DNA for the analysis of the
genetic polymorphism of /L28B, and (7) availability of serum for the determina-
tion of mutations in the ISDR and substitutions of Core70 and Core91 of HCV.
Patients received PEG-IFN alpha-2a (180 pg) or 2b (1.5 pg/kg) subcutaneously
every week and were admini d a weight adjusted dose of RBV (600 mg
for <60 kg, 800 mg for 60-80 kg, and 1000 mg for >80 kg daily) which is the rec-
ommended dosage in Japan. Written informed consent was obtained from each
patient and the study protocol conformed to the ethical guidelines of the Decla-
ration of Helsinki and was approved by the institutional ethics review committee.
The baseline characteristics are listed in Table 1. For the data mining analysis, 67%
of the patients (331 patients) were assigned randomly to the model building
group and 33% (165 patients) to the validation group. There were no significant
differences in the clinical backgrounds between these two groups.

Laboratory and histological tests

Blood samples were obtained before therapy and were analyzed for hematologic
tests and for blood chemistry and HCV-RNA. Sequences of ISDR and the core
region of HCV were d ined by direct ig after amplification by
reverse-transcription and polymerase chain reaction as reported previously
{4,11). Genetic polymorphism in one tagging SNP located near the IL28B gene
(rs8099917) was determined by the GWAS or DigiTag2 assay [27]. Homozygosity
(GG) or heterozygosity (TG) of the minor sequence was defined as having the
IL288 minor allele, whereas homozygosity for the major sequence (TT) was
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Fig. 1. Association between the 1L.28B genotype (rs8099917) and The rates of resp to are shown for each rs8099917 genotype. The

rate of null virological response (NVR), relapse, and sustained virological response (SVR) is shown. The p values are from Fisher’s exact test. The rate of NVR was significantly
higher (p <0,0001) and the rate of SVR was significantly lower (p <0.0001) in patients with the iL28B minor allele compared to those with the major allele. [This figure
appears in colour on the web.|

defined as having the [L28B major allele. In this study, NVR was defined as a less Ejfec[ oj the 1L.28B pafymorphism_ substitutions in the ISDR, Core?70,

than 2 log reduction of HCV-RNA at week 12 and detectable HCV-RNA by quali- and Col e
tative PCR with a lower detection limit of 50 1U/ml (Amplicor, Roche Diagnostic redt Of HCV on time-dependent clearance o! HCv

systems, CA) at week 24 during therapy. RVR (rapid virological response) and

complete early virclogical response (cEVR) were defined as undetectable HCV- Patients were stratified according to their IL28B allele type, the
RNA at 4 weeks and 12 weeks during therapy and SVR was defined as undetect- number of mutations in the ISDR, the amino acid substitutions
able HCV-RNA 24 weeks after the completion of therapy. Relapse was defined as in Core70 and Core91, and the rate of undetectable HCV-RNA at

reappearance of HCV-RNA after the completion of therapy. The stage of liver
fbrosis was scored aceording tw the METAVIR scoring systet: PO (o fibrosis) 4, 8,12, 24, and 48 weeks after the start of therapy was analyzed

F1 (mild fibrosis: portal fibrosis without septa), F2 (moderate fibrosis: few septa), (Fig. 2A-D). The rate of undetectable HCV-RNA was significantly
F3 (severe fibrosis: numerous septa without cirrhosis) and F4 (cirrhosis). Percent- higher in patients with the IL28B major allele than the minor
age of steatosis was quantified in 111 patients by determining the average pro- allele, in patients with two or more mutations in the ISDR com-
portion of hepatocytes affected by steatosis. pared to none or only one mutation, in patients with arginine
(Arg) at Core70 rather than Gin/His, and in patients with leucine

Stutistical onalysls (Leu) at Core91 rather than Met. The difference was most signif-
Aisociatioie varlables aid —— icant when _str?tiﬁed by the IL28B allele type..The rat_e of RVR and
lyzed by univariate a:\d multivariate logistic regression analy;is. Associations cEVR was significantly more frequent in patients with the /L28B
between the IL28B pol hism and seq of HCV were analyzed by Fish- major allele compared with those with the /L28B minor allele:
er's exact test, SPSS software v,15.0 (SPSS Inc,, Chicago, IL) was used for these 9% vs. 3% for RVR (p<0.005) and 57% vs. 11% for cEVR
analyses. For the data mining analysis, IBM-SPSS Modeler version 13.0 (IBM-SPSS » <0,0001). These findings suggest that 1L28B has the greatest

Inc., Chicago, IL) software was utilized as reported previously [26]. The patients
used for model building were divided into two groups at each step of the analysis
based on split variables. Each value of each variable was considered as a potential
split, The opdmum variables and cut-off values were determined by a statistical

impact on early virological response to therapy.

Association between substitutions in the ISDR and relapse after the

search to the most signi division into two prognostic .

subgroups that were as homogeneous as possible for the probability of SVR. comp letion of thempy

Thereafter, each subgroup was evaluated again and divided further into sub-

groups. This procedure was repeated until no additional significant variable Patients were stratified according to the IL28B allele, number of
was detected or the sample size was below 15, To avoid over-fitting, 10-fold cross mutations in the ISDR, and amino acid substitutions of Core70

validation was used in the tree building process, The reproducibility of the result-

ing miodel wat tesved iith the dara frosy the valkdation padents and Core91, and the rate of relapse was analyzed (Fig. 3A and

B). Among patients who achieved cEVR, the rate of relapse was

Results significantly lower in patients with two or more mutations in

the ISDR compared to those with only one or no mutations
Association between the IL28B (rs8099917) geno and the PEG- (15% vs. 31%, p <0.005) (Fig. 3 B). On the other hand, the relapse
IFN?RIBV response ( ) genotype rate was not different between the IL28B major and minor alleles

within patients who achieved RVR (3% vs. 0%) or cEVR (28% vs.

The rs8099917 allele frequency was 70% for TT (n = 345), 29% for 29%) (Fig. 3A). .Amino.acid substitutions of Core70 and Core91
TG (n = 146), and 1% for GG (n = 5). We defined the /L28B major were not associated with the rate of relapse (data not shown).
allele as homozygous for the major sequence (TT) and the I/L28B

minor allele as homozygous (GG) or heterozygous (TG) for the Factors associated with response by multivariate logistic regression
minor sequence. The rate of NVR was significantly higher (72% analysis

vs. 12%, p <0.0001) and the rate of SVR was significantly lower

(14% vs. 50%, p <0.0001) in patients with the 1L288 minor allele By univariate analysis, the minor allele of IL28B (p <0.0001), one
compared to those with the major allele (Fig. 1). or no mutations in the ISDR (p=0.03), high serum level of
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Fig. 2. Effect of JL28B mutations in the ISDR, Core70 and Core91 of HCV on time-dependent clearance of HCV, The rate of undetectable HCV-RNA was plotted for serial
time points after the start of therapy (4, 8, 12, 24, and 48 weeks) and for 24 weeks after the completion of therapy. Patients were stratified according to (A) the IL28B allele

(minor allele vs. major allele), (B) the number of mutations in the ISDR (0~1 mutation vs. 2 or more

(D) Core31 (Met vs, Leu). The p values are from Fisher's exact test,

HCV-RNA (p = 0.035), Gln or His at Core70 (p <0.0001), low plate-
let counts (p=0.009), and advanced fibrosis (p = 0.0002) were
associated with NVR. By multivariate analysis, the minor allele
of 11.28B (OR = 20.83, 95%CI = 11.63-37.04, p <0.0001) was associ-
ated with NVR independent of other covariates (Table 2). Notably,
mutations in the ISDR (p=0.707) and at amino acid Core70
(p=0.207) were not significant in multivariate analysis due to
the positive correlation with the IL28B polymorphism (p = 0.004
for ISDR and p <0.0001 for Core70, Fig. 4).

Genetic polymorphism of /L28B also was associated with SVR
(OR = 7.41, 95% Cl = 4.05-13.57, p <0.0001) independent of other
covariates, such as platelet counts, fibrosis, and serum levels of
HCV-RNA. Mutation in the ISDR was an independent predictor
of SVR (OR = 2.11, 95% Cl = 1.06-4.18, p = 0.033) but the amino
acid at Core70 was not (Table 3).

Factors associated with the IL28B polymorphism

Patients with the IL28B minor allele had significantly higher
serum level of gamma-glutamyltransferase (GGT) and a higher

). amino acid substi of (C) Core70 (GIn/His vs, Arg), and

frequency of hepatic steatosis (Table 4). When the association
between the IL28B polymorphism and HCV sequences was ana-
lyzed, Gln or His at Core70, that is linked to resistance to PEG-
IFN and RBV therapy [4,14,15], was significantly more frequent
in patients with the minor /L28B allele than in those with the
major allele (67% vs. 30%, p<0.0001) (Fig. 4). Other HCV
sequences with an IFN resistant phenotype also were more pre-
valent in patients with the minor IL28B allele than those with
the major allele: Met at Core91 (46% vs. 37%, p = 0.047) and one
or no mutations in the ISDR (94% vs. 85%, p = 0.004) (Fig. 4).

Data mining analysis

Data mining analysis was performed to build a model for the pre-
diction of SVR and the result is shown in Fig. 5. The analysis
selected four predictive variables, resulting in six subgroups of
patients. Genetic polymorphism of IL28B was selected as the best
predictor of SVR. Patients with the minor IL28B allele had a lower
probability of SVR and a higher probability of NVR than those
with the major 1.28B allele (SVR: 14% vs. 50%, NVR: 72% vs.
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Fig. 3. Association between relapse and the JL28B allele or mutations in the
ISDR. The rate of relapse was calculated for patients who had undetectable HCV-
RNA at serial time points after the start of therapy (4, 8, 12, 24, and 48 weeks).
Patients were stratified according to (A) the IL28B allele (minor allele vs. major
allele) and (B) the number of mutations in the ISDR (0-1 mutation vs. 2 or more
mutations). The p values are from Fisher's exact test. |This figure appears in
colour on the web.|

12%). After stratification by the IL28B allele, patients with low
platelet counts (<140 x 10°/L) had a lower probability of SVR
and higher probability of NVR than those with high platelet
counts (3140 x 10°/L): for the minor IL28B allele, SVR was 7%
vs. 19%, and NVR was 84% vs. 62%, and for the major [L28B allele,
SVR was 32% vs. 66% and NVR was 16% vs. 8%. Among patients
with the major /L.28B allele and low platelet counts, those with
two or more mutations in the ISDR had a higher probability of
SVR and lower probability of relapse than those with one or no
mutations in the ISDR (SVR: 75% vs. 27%, and relapse: 8% vs.
57%). Among patients with the major [L28B allele and high plate-
let counts, those with a low HCV-RNA titer (<600,000 IU/ml) had
a higher probability of SVR and lower probability of NVR and
relapse than those with a high HCV-RNA titer (SVR: 90% vs.
61%, NVR: 0% vs. 10%, and relapse: 10% vs. 29%). The sensitivity
and specificity of the decision tree were 78% and 70%, respec-
tively. The area under the receiver operating characteristic
(ROC) curve of the model was 0.782 (data not shown). The pro-
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Fig. 4. Associations between the I[28B allele and HCV sequences. The
prevalence of HCV sequences predicting a resistant phenotype to IFN was higher
in patients with the minor /L28B allele than those with major allele, (A) 0 or 1
mutation in the ISDR of NS5A, (B) Gin or His at Core70, and (C) Met at Core91. p
values are from Fisher’s exact test. [This figure appears in colour on the web.]

portion of patients with advanced fibrosis (F3-4) was 39% (84/
217) in patients with low platelet counts (<140 x 10°/L) com-
pared to 13% (37/279) in those with high platelet counts
(=140 x 10°/L).

Validation of the data mining analysis

The results of the data mining analysis were validated with 165
patients who differed from those used for model building. Each
patient was allocated to one of the six subgroups for the valida-
tion using the flow-chart form of the decision tree. The rate of
SVR and NVR in each subgroup was calculated. The rates of SVR
and NVR for each subgroup of patients were closely correlated
between the model building and the validation patients
(r* = 0.99 and 0.98) (Fig. 6).

Discussion

The rate of NVR after 48 weeks of PEG-IFN/RBV therapy among
patients infected with HCV of genotype 1 is around 20-30%. Pre-
viously, there have been no reliable baseline predictors of NVR or
SVR. Because more potent therapies, such as protease and poly-
merase inhibitor of HCV [28,29] and nitazoxianide [30]. are in
clinical trials and may become available in the near future, a
pre-treatment prediction of the likelihood of response may be
helpful for patients and physicians, to support clinical decisions
about whether to begin the current standard of care or whether
to wait for emerging therapies. This study revealed that the
1L28B polymorphism was the overwhelming predictor of NVR
and is independent of host factors and viral sequences reported
previously. The IL28B encodes a protein also known as IFN-
lambda 3, which is thought to suppress the replication of various
viruses including HCV [31,32]. The results of the current study
and the findings of the GWAS studies [6-9] may provide the
rationale for developing diagnostic testing or an IFN-lambda
based therapy for chronic hepatitis C in the future.
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