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Fig. 3 Comparison of HCC rates in patients administered PegIFNo-
2a (n = 594) with respect to alpha-fetoprotein (AFP) levels in the
first 24 weeks after the start of therapy. Black line patients with AFP
>10 ng/mL at 24 weeks, gray line patients with AFP <10 ng/mL at
24 weeks

Study 2

We compared the incidence of HCC between 59 patients in
the control group and the same number of patients in the
PegIFNo-2a group using the matched-pair test. The back-
grounds of the patients are shown in Table 4. The Peg-
IFNo-2a group had higher rates of advanced fibrosis (F3
and F4) and active inflammation (A2 and A3). No other
differences were found between the two groups, except for
the white blood cell count (Table 4).

Development of HCC was observed in 2 patients in the
PeglFNx-2a group and 8 in the control group. The inci-
dence of HCC was compared between the two groups,
using the Kaplan-Meier method. The incidence of HCC in
the PeglFNo-2a group was significantly lower than that in
the control group (log-rank test, p = 0.0187; Fig. 4).
Among the patients with advanced fibrosis of the liver (F3
and F4), those in the PegIFNo-2a group had a lower inci-
dence of HCC than those in the control group. The inde-
pendent risk factors for the development of HCC were
analyzed using the stepwise Cox proportional hazard
model. Only PeglFNa-2a administration and age were
identified as independent risk factors for the development
of HCC (Table 5).

Discussion
The number of HCC cases resulting from HCV infection
continues to increase worldwide [19]. To date, IFN therapy

is the most effective preventive measure against HCC in
patients with chronic hepatitis C; furthermore, the
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Table 4 Backgrounds of the patients in the propensity-matched
control study (PegIlFNw-2a group, n = 59; control group, n = 59)

PeglFNo-2a Control group p value
group (n = 59)
(n =59)
Age (years) 60.5 + 13.0 63.3 £+ 105 n.s.
Gender (male/female) 24/35 25/34 n.s.
BMI 229 +36 229 +34 ns.
Genotype (1/2) 49/10 46/13 n.s.
History of excess alcohol 10/49 4/55 n.s.
consumption (60 g/day;
yes/no)
Fibrosis (FO, 1, 2/F3, 4) 37/22 43/16 <0.05
Development of HCC 171 177 n.s.
(F0-2/F3, 4)
Inflammatory activity 19/40 30/29 <0.05
(A0,1/A2, 3)
Diabetes mellitus (no/yes) 57/2 56/3 n.s.
LDL cholesterol (mg/dL) 95.3 + 238 1170 £ 42 n.s.
‘White blood cell 4,260 £ 1,239 5,193 £2,078 <0.05
count (/mm?)
Red blood cell count 430 £ 57.8 441 £+ 449 n.s.
(x107*/uL)
Hemoglobin (g/dL) 136 £ 1.5 13.6 £ 1.9 n.s.
Platelet count (><10_3/uL) 145 £ 5.7 158 £ 5.7 n.s.
Albumin (g/dL) 4.1 +05 41+ 04 n.s.
Total bilirubin (mg/dL) 0.7 £ 0.5 09 + 0.7 n.s.
AST (IU/L) 583 + 477 49.7 + 26.6 n.s.
ALT (IU/L) 63.6 + 68.7 58.0 + 39.2 n.s.
Gamma-GTP (IU/L) 78.3 £ 813 55.3 £ 75.1 n.s.
Baseline alpha-fetoprotein 7.2 (43-142) 7.7 (3.9-13.8) ns.
(AFP) (ng/L)
Baseline HCV RNA level 1,230 1,024 n.s.
(KIU/mL) (24-3,870) (38-3,110)

incidence of HCC is reduced in patients who achieve an
SVR to IFN [6-9] Therefore, achieving an SVR is the most
effective approach for reducing the risk of developing
HCC. In Japan, the incidence of HCC is elevated in older
patients with hepatitis C. Corroborating this finding, the
results of a Japanese study show a higher risk of HCC in
patients aged 65 years and more [10]. Therefore, preven-
tion of HCC in aged patients is an important challenge.
In the present multicenter, cooperative, retrospective
study conducted in Japan, the incidence of HCC was
reduced in patients who received 90 pg PegIFNo-2a
weekly or biweekly and had AFP values of <10 ng/mL and
ALT values of <40 IU/L 24 weeks after the start of the
treatment. The results of the matched case—control study of
the PegIFNa-2a group and the non-IFN control group show
that the incidence of HCC was significantly lower in the
PegIlFNa-2a group than in the control group, especially in
patients with advanced fibrosis of the liver (F3 and F4).
However, there could have been a selection bias between
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Fig. 4 Comparison of HCC rates between the long-term PegIFNw-2a
administration group (n = 59) and non-administration group
(n =59) in the propensity-matched control study (Kaplan-Meier
log-rank test, p = 0.019)

Table 5 Risk factors for HCC in the propensity-matched control
study (Cox proportional hazard model)

Variables Risk 95 % CI p value
ratio

PeglFN versus control 0.17 0.03-0.75 <0.05
Age (every 1 year) 1.12 1.02-1.25 <0.05
Fibrosis (F3, 4 vs. FO, 1, 2) 1.70 0.75-4.16 ns.
Platelet count (every 10 x 10%/uL) 0.89 .0.73-1.09  ns.
Albumin (every 1.0 g/dL) 0.80 0.10-6.68 n.s.
On-treatment AFP (<10 vs. 4.07 0.59-40.12 n.s.

>10 ng/L)

the PeglFNa-2a group and the control group (patients who
did not agree to receive IFN treatment), because this was a
retrospective and non-randomized study. However, con-
cordant with the findings of the HALT-C study [14], the
present results show that PeglFNw«-2a inhibits the devel-
opment of HCC in patients with advanced fibrosis of the
liver.

Recent studies show that polymorphisms in the host
IL28B gene are important factors in the response to Peg-
IFNa and ribavirin combination therapy [20, 21]. However,
the mechanism of IL.28B involvement in the response to
PeglFNa and ribavirin has not been elucidated completely.
A recent report has shown that IL28B is a significant factor
in the development of HCC as well as in the response to
IEN therapy [22]. Further studies are warranted to analyze
the relationship between IL28B and inhibition of the
development of HCC by PegIFNe« in chronic hepatitis C.

Risk factors for the development of HCC have been
discussed previously. Increased intrahepatic fat is involved
in the development of HCC in chronic hepatitis C patients
[23, 24]. In addition, diabetes-associated fat disorder [25,

26], hepatic iron overload [27], advanced fibrosis, older
age, and fatty deposits in the liver are risk factors for HCC
development [4]. Therefore, it is important to establish
strategies to mitigate these risk factors to prevent the
development of HCC and thus improve the outcomes of
hepatitis C patients.

IEN therapy after HCC treatment is reported to inhibit
the recurrence of tumors [28, 29], and a meta-analysis has
revealed a trend toward inhibition of the recurrence of
HCC [30, 31]. The prevention of HCC is an important issue
that needs to be addressed to improve the survival of
chronic hepatitis C patients. The findings of the present
study and the HALT-C trial [14] indicate the effectiveness
of long-term administration of maintenance IFN for pre-
venting the development of HCC in chronic hepatitis C
patients without an SVR. Improvement in ALT levels is
also known to be an important predictor for the prevention
of HCC [32]. A low AFP value during IFN administration
is also recognized as a significant indicator of a lower risk
of HCC [33, 34]. Recently, Osaki et al. [35] reported that a
decrease of serum AFP during treatment with IFN was
associated with a reduced incidence of HCC. Taking these
findings and our own together, we conclude that mainte-
nance administration of low-dose PegIFNa-2a weekly or
biweekly to non-SVR patients with chronic hepatitis C
decreases the incidence of HCC, especially in patients
whose serum ALT and AFP levels are within the normal
range 24 weeks after the start of treatment. The preventive
effects of IFN against the development of HCC without
elimination of the virus may be associated with its anti-
carcinogenic effects [16, 35]; however, the precise mech-
anism should be investigated.

The limitations of the present study are that it is retro-
spective and multicentric; therefore, potentially there may
have been a selection bias. However, the reduction of the
rate of development of HCC by maintenance administra-
tion of PeglFNa-2a in the patients in whom serum ALT
and AFP levels were within the normal ranges 24 weeks
after the start of treatment may be attributable to the
anticarcinogenic effects of IFN without elimination of the
virus.

Conclusion

The incidence of HCC was lower in non-SVR patients with
chronic hepatitis C who were administered with mainte-
nance low-dose PeglFNo-2a; especially in those whose
serum ALT and AFP levels were within the normal ranges
24 weeks after the start of treatment.
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A multicenter survey of re-treatment with pegylated
interferon plus ribavirin combination therapy for patients
with chronic hepatitis C in Japan
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Aim: This study aimed to clarify the factors associated the
efficacy of re-treatment with pegylated interferon (PEG IFN)
plus ribavirin combination therapy for patients with chronic
hepatitis C who had failed to respond to previous treatment.

Methods: One hundred and forty-three patients who had
previously shown relapse (n = 79), non-response (n = 34) or
intolerance (n =30) to PEG IFN plus ribavirin were re-treated
with PEG IFN plus ribavirin.

Results: Twenty-five patients with intolerance to previous
treatment completed re-treatment and the sustained virologi-
cal response (SVR) rates were 55% and 80% for hepatitis C
virus (HCV) genotype 1 and 2, respectively. On re-treatment of
the 113 patients who completed the previous treatment, the
SVR rates were 48% and 63% for genotype 1 and 2, respec-
tively. Relapse after previous treatment and a low baseline
HCV RNA level on re-treatment were associated with SVR in
genotype 1 (P <0.001). Patients with the interleukin-28B
major genotype responded significantly better and earlier to

re-treatment, but the difference in the SVR rate did not reach
a significant level between the major and minor genotypes
(P=0.09). Extended treatment of 72 weeks raised the
SVR rate among the patients who attained complete early
virological response but not rapid virological response with
re-treatment (72 weeks, 73%, 16/22, vs 48 weeks, 38%, 5/13,
P < 0.05).

Conclusion: Relapse after previous treatment and a low
baseline HCV RNA level have predictive values for a favorable
response of PEG IFN plus ribavirin re-treatment for HCV geno-
type 1 patients. Re-treatment for 72 weeks may lead to clini-
cal improvement for genotype 1 patients with complete early
virological response and without rapid virological response
on re-treatment.

Key words: chronic hepatitis C, pegylated interferon and
ribavirin combination therapy, re-treatment

INTRODUCTION

EGYLATED INTERFERON (PEG IEN) plus ribavirin
combination therapy can show antiviral efficacy for
patients with chronic hepatitis C (CH-C). However, a
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sustained virological response (SVR), which is defined
as undetectable serum hepatitis C virus (HCV) RNA
at 24 weeks after the treatment, remains at 50% for
patients with HCV genotype 1 and 80% for those with
HCV genotype 2 treated with PEG IEN plus ribavirin.'-
The number of patients who fail to achieve a SVR
increases over time, requiring urgent action to eradicate
HCV in them.

Recently, addition of the first-wave protease inhibitor
telaprevir to PEG IFN plus ribavirin combination
therapy, which has been reported to improve antiviral
efficacy, has become commercially available, but this

35
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triple therapy increases side-effects, especially severe
anemia and skin rash.”'' Second-wave protease inhibi-
tors, such as TMC435, which not only improve antivi-
ral efficacy but also decrease side-effects, have been
developed and are undergoing clinical trials.’? Also,
IFN-free regimens, such as protease inhibitor and poly-
merase inhibitor combination therapy, have been
developed.’>" In Japan, HCV carriers are increasing in
an aging population, and large numbers of patients
are ineligible for triple therapy with telaprevir due to
potential anemia. That is why re-treatment with PEG
IFN plus ribavirin is a possible choice for patients who
failed to achieve SVR to previous antiviral therapy or
patients ineligible for triple therapy with telaprevir
who must wait until next-generation antiviral therapies,
such as triple therapy with second-wave protease
inhibitors or IFN-free regimens, become commercially
available.

As for re-treatment with PEG IFN plus ribavirin,
some studies have been reported but the subjects and
treatment protocols were varied.”>* According to past
reports, the previous treatment response is associated
with the efficacy of the re-treatment”?*° and the SVR
rates in re-treatment ranged 4-23%.'5'8 Recently, host
factors, such as single nucleotide polymorphisms (SNP)
located near the interleukin (IL)-28B gene, and virus
factors, such as the amino acid substitutions in the HCV
core region, were revealed to have a strong impact on
SVR in PEG IEN plus ribavirin combination therapy
for naive CH-C patients.?’~** Moreover, response-guided
therapy which extends treatment duration until
72 weeks for patients with a slow virological response
can raise the SVR rate for naive CH-C patients.?’-?
However, the value of IL-28B SNP has been uncertain in
re-treatment and the most appropriate treatment dura-
tion in re-treatment is still unclear. Although it remains
obscure which factors are associated with SVR in
re-treatment with standard PEG IFN plus ribavirin
therapy as pointed out above, some patients do respond
to re-treatment and it is very important to be able to
identify them. Such findings will be valuable for opti-
mizing the antiviral treatment for CH-C patients by
making it possible to decide which patients should be
considered for re-treatment with PEG IFN plus ribavirin
therapy and which should wait for next-generation anti-
viral treatment.

In the present study, we tried to determine which
patients could benefit from re-treatment and to iden-
tify the factors associated with SVR in re-treatment,
incduding the host genome SNP and treatment
duration.

© 2012 The Japan Society of Hepatology
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METHODS

Patients

HIS RETROSPECTIVE, MULTICENTER study was

conducted by the Study Group of Antiviral Therapy
for Difficult-to-Treat Chronic Hepatitis C supported
by the Ministry of Health, Labor and Welfare, Japan.
This study was conducted with 143 CH-C patients, 113
patients (genotype 1, n= 86; genotype 2, n=27) who
had previously completed PEG IFN-¢-2b plus ribavirin
combination therapy but had failed to attain SVR, and
30 patients (genotype 1, n=22; genotype 2, n=8) who
had previously discontinued this combination therapy
due to adverse events.

Treatment

For the previous treatment, patients had been treated
with PEG IFN-o-2b (PEGINTRON; MSD, Whitehouse
Station, NJ, USA) plus ribavirin (REBETOL; MSD). For
re-treatment with PEG IFN plus ribavirin, patients were
treated PEG IFN-0-2a (PEGASYS; Roche, Basel, Switzer-
land) plus ribavirin (COPEGUS; Roche) or PEG IFN-
o-2b plus ribavirin. In principle, as a starting dose, PEG
IFN was given once weekly at a dose of 180 pg of PEG
IFN-0-2a and 1.5 pg/kg of PEG IFN-o-2b and ribavirin
was given at a total dose of 600-1000 mg/day based on
bodyweight (bodyweight, <60 kg, 600 mg; 60-80 kg,
800 mg; =80 kg, 1000 mg), according to the standard
treatment protocol for Japanese patients and the deci-
sion of the investigator at the participating clinical
center. Dose modification followed, as a rule, the
manufacturer’s drug information on the intensity of the
hematological adverse effects.

Laboratory tests and virological assessment

Examination of peripheral blood, transaminase and the
serum HCV RNA level were tested at the start of treat-
ment, weeks 4, 12 and 24, end of treatment (EOT), and
24 weeks after the treatment. Sequences of the IFN-
sensitivity determining region (ISDR) and the core
region of HCV were determined at start of the previous
treatment, and the number of mutations in the ISDR,
the amino acid substitutions at core 70 and 91,
glutamine (GIn) or histidine (His) at core 70 and
methionine (Met) at core 91, were analyzed. Genetic
polymorphisms located mnear the IL-28B gene
(rs8099917) and ITPA gene (1s1127354) were deter-
mined. As for the IL-28B gene, homozygosity for the
major sequence (TT) was defined as having the IL-28B
major allele, whereas homozygosity (GG) or heterozy-
gosity (TG) of the minor sequence was defined as having
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the IL-28B minor allele. As for the ITPA gene, homozy-
gosity for the major sequence (CC) was defined as
having the ITPA major allele, whereas homozygosity
(AA) or heterozygosity (CA) of the minor sequence was
defined as having the ITPA minor allele. The serum HCV
RNA level was quantified using the COBAS AMPLICOR
HCV MONITOR test ver.2.0 (detection range,
6-5000 KIU/mL; Roche Diagnostics, Branchburg, NJ,
USA) or COBAS TagMan HCV test (detection range,
1.2-7.8 logio IU/mL) and qualitatively analyzed using
the COBAS AMPLICOR HCV test ver. 2.0 (lower limit
of detection, 50 IU/mL). When the serum HCV RNA
level quantified by the COBAS TagMan HCV test was
less than 1.7 log;e IU/ml, which was equivalent to
50 IU/mL of HCV RNA, that case was judged as HCV
RNA negativiation against the lower limit of detection of
the COBAS AMPLICOR HCYV test.

Definition of virological response

A rapid virological response (RVR) was defined as unde-
tectable serumm HCV RNA level at week 4, partial early
virological response (p-EVR) as a more than 2-log
decrease in the HCV RNA level at week 12 compared
with the baseline, complete EVR (c-EVR) as undetect-
able serum HCV RNA at week 12, late virological
response {LVR) as detectable serum HCV RNA at week
12 and undetectable at week 24, and SVR as undetect-
able serum HCV RNA at 24 weeks after the treatment.
Relapse was defined as undetectable serum HCV RNA at
the EOT but a detectable amount after the treatment.
Patients without p-EVR or without clearance of HCV
RNA at week 24 were considered to be showing non-
response (NR), and treatment was stopped in both the
previous treatment and this re-treatment. A patient
who attained HCV RNA negativiation during the
re-treatment continued to be treated for 48 weeks or
72 weeks according to response-guided therapy or the
decision of the investigator at the participating clinical
center.

Statistical analysis

Baseline data of the patients are expressed as
means * standard deviation or median values. In order
to analyze the difference between baseline data or the
factors associated with SVR, univariate analysis using the
Mann-Whitney U-test or x>-test and multivariate analy-
sis using logistic regression analysis were performed. A
two-tailed P-value of less than 0.05 was considered
significant. The analysis was conducted with SPSS
ver. 17.0] (IBM, Armonk, NY, USA).

PEG IEN plus ribavirin re-treatment for CH-C 37

RESULTS

HE PATIENT FLOW in this study is shown in

Figure 1. Among the patients who had previously
discontinued PEG IFN-0i-2b plus ribavirin combination
therapy, two patients underwent splenectomy to
increase platelet count prior to re-treatment, 25 com-
pleted re-treatment of PEG IFN plus ribavirin combina-
tion therapy and 15 achieved SVR (genotype 1, n=11;
genotype 2, n=4).

All of the patients who completed previous treatment
also completed re-treatment and the baseline character-
istics of those patients are shown in Table 1. Of the
86 genotype 1 patients, 54 were relapsers and 32 had
shown NR to previous treatment. Of the 27 patients
with genotype 2, 25 were relapsers and two had shown
NR to previous treatment. Thirty-seven patients with
genotype 1 and 14 patients with genotype 2 were
assessed as IL-28B genotype, and 27 patients with geno-
type 1 and 10 patients with genotype 2 were assessed as
ITPA genotype. There was no significant difference in
the baseline characteristics between the previous treat-
ment and the re-treatment with respect to peripheral
blood cell counts, amino transaminase level and serum
HCV RNA at the start of treatment (Table 1).

The baseline characteristics of patients with genotype
1 according to antiviral efficacy of the previous treat-
ment are shown in Table 2. Among those with NR in the
previous treatment, the rate of the minor allele of IL-28B
was significantly higher than those with relapse in the
previous treatment (P < 0.01). For genotype 1, the HCV
RNA negative rate on re-treatment was 20% (17/86) at
week 4, 61% (52/85) at week 12 and 76% (65/86) at
week 24, and the SVR rate was 48% (41/86). The factors
associated with SVR were assessed by univariate analysis
and the factors of relapse after previous treatment and
the serum HCV RNA level at the start of re-treatment
were selected as being significant (Table 3). The SVR

Enroll
n=143

Drop out Complete
n=30 n=113

Enroliment

Previous treatment

Complet
Re -treatment Complete Drop out omplete
n=25 n=5 n=113
Re-treatment Genotypel Genotype2 Genotypel Genotype2
SVR 55% (11/20) 80% (4/5) assa(at/se) | 63% (17/27)

Figure 1 Patient flow for this study. SVR, sustained virological
response.
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Table 1 Baseline characteristics of patients and treatment factors in previous treatment and re-treatment

Hepatology Research 2013; 43: 35-43

Factor Genotype 1 Genotype 2
No. 86 27

Sex: male/female 46/40 15/12
Effect of previous treatment: 54/32 25/2

relapse/NR

Previous treatment Re-treatment Previous treatment Re-treatment

PEG IFN type: o-2a/0-2b 0/86 41/45 0/27 6/21
Age (years) 58.1+£8.3 60.0+8.5 58.9+8.2 60.0x8.1
White blood cells (/mm?) 4779+ 1383 4610+ 1443 5195+ 1473 4724 + 1266
Neutrophils (/mm?) 2478 +930 2355 + 1071 2561 + 827 2389 + 941
Hemoglobin (g/dL) 13.74+1.2 135+1.7 144%13 140412
Platelets (x10*/mm?) 16.0+5.9 16.6+6.2 18.0+5.7 16.8+5.2
ALT (IU/L) 75+ 51 73+72 57+ 46 42432
Histology: activity, 0-1/2-3 29/29 11/7

Fibrosis, 0-2/3-4 45/14 17/1
Serum HCV RNA (KIU/mL) 1600 850 1500 700
IL-28B SNP: 1s8099917; TT/TG 26/11 10/4
ITPA SNP: 1s1127354; CC/CA 20/7 9/1
Core 70: wild/mutant 11/11
Core 91: wild/mutant 15/7
ISDR: 0-1/22 15/1

ALT, alanine aminotransferase; HCV, hepatitis C virus; IFN, interferon; IL, interleukin; ISDR, IFN-sensitivity determining region; NR,
non-response; PEG, pegylated; SNP, single nucleotide polymorphism.

rates of relapsers were significantly higher than those of
patients with NR in the previous treatment (relapse,
67%, 36/54 vs NR, 16%, 5/32, P < 0.0001). As for the
serum HCV RNA level at the start of re-treatment,
although the SVR rate of those patients with 5 logi,
IU/mL or more of HCV RNA was 38% (26/69), all
patients with less than 5logy, IU/mL of HCV RNA
attained SVR (11/11) (P=0.0001). As for the IL-28B
genotype, among the patients with the major allele,
the p-EVR rate was significantly higher and the EOT
response rate showed marginal significance compared
to that with the minor allele (p-EVR rate, 100%, 23/23
vs 30%, 3/10, P < 0.0001, EOT rate, 92%, 24/26 vs 64%,
7/11, P=0.05). There was no significant difference of
the SVR rate between major and minor alleles (major,
65%, 17/26 vs minor, 36%, 4/11, P=0.15).

Figure 2(a) shows the result of stratified analysis
according to the previous treatment response and HCV
RNA at the start of re-treatment. The significant differ-
ence in SVR observed between high (=5 log;, IU/mL)
and low (<5 loge IU/mL) baseline viral loads was still
found in both previous relapsers (P = 0.02) and previ-
ous non-responders (P = 0.02). In patients with a high
baseline viral load, previous relapsers achieved a higher

© 2012 The Japan Society of Hepatology

SVR rate than previous non-responders (P < 0.0001).
Next, the results of stratified analyses according to
IL-28B genotype and previous treatment response or
HCV RNA at the start of re-treatment showed no signifi-
cant difference in SVR rates between the IL-28B geno-
type in patients with relapse after previous treatment
(P=0.63) (Fig. 2b). All patients with less than 5 logso
IU/mL of HCV RNA achieved SVR despite their 11-28B
genotype and the SVR rates of patients with 5 logo
IU/mL or more of HCV RNA did not differ between
IL-28B genotypes (Fig. 2c). Multivariate analysis among
the factors of relapse to previous treatment response,
HCV RNA at the start of re-treatment and IL-28B geno-
type showed that relapse after previous treatment
response bore the most predictable relationship to SVR
in re-treatment (P = 0.074).

As for the efficacy of re-treatment according to treat-
ment duration among patients with HCV RNA negativ-
ity during re-treatment, the SVR rate of 72-week
treatment was significantly higher than that of 48-week
treatment (72 weeks, 73%, 29/40, vs 48 weeks, 52%,
12/25, P < 0.05). This significant difference was espe-
cially found in patients who attained c-EVR but not RVR
on re-treatment (72 weeks, 73%, 16/22, vs 48 weeks,
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Table 2 Baseline characteristics of patients and treatment factors according to the virological response in previous treatment among

patients with genotype 1

Factor Relapser in previous treatment NR in previous treatment
No. 54 32
Sex: male/female 28/26 18/14
Previous treatment Re-treatment Previous treatment Re-treatment

PEG IFN type: o-2a/a-2b 0/54 29/25 0/32 12/20
Age (years) 58.1+8.1 603+84 57.9x8.9 59.6+8.8
White blood cells (/mm?) 4917 £1290 4692 £ 1035 4546 + 1520 4462 1993
Neutrophils (/mm?) 2618 £ 846 2479 + 805 2225+1033 2105+ 1454
Hemoglobin (g/dL) 13.9+1.2 13716 135+1.3 13.1+1.9
Platelets (x10*/mm?) 17.1+6.3 17.7*6.1 14.1+4.7 14.7+£6.2
ALT (IU/L) 75457 70+76 75+ 39 78 + 64
Histology: activity, 0-1/2-3 20/18 9/11

Fibrosis, 0-2/3-4 31/8 14/6
Serum HCV RNA (KIU/mL) 1600 980 1550 800
IL-28B SNP: 1s8099917; TT/TG 24/5 2/6
ITPA SNP: 1s1127354; CC/CA 15/6 5/1
Core 70: wild/mutant 6/6 5/5
Core 91: wild/mutant 9/3 6/4
ISDR: 0-1/22 9/0 6/1

ALT, alanine aminotransferase; HCV, hepatitis C virus; IFN, interferon; IL, interleukin; ISDR, IFN-sensitivity determining region; NR,

non-response; PEG, pegylated; SNP, single nucleotide polymorphism.

38%, 5/13, P < 0.05) but not in patients who attained
RVR or LVR (Fig. 3).

In genotype 2, the HCV RNA negative rate on
re-treatment was 59% (16/27) at week 4, 85% (23/27)
at week 12 and 93% (25/27) at week 24, and the SVR
rate was 63% (17/27). The two patients with NR in
previous treatment did not attain SVR with re-treatment.
The factors associated with SVR were assessed by
univariate analysis and only the factor of younger age at
the start of re-treatment showed marginal significance
(P=0.06) (Table 4). Among the patients with RVR on
re-treatment, the SVR rates were similar at 75% (6/8) to
those with 24-week and 48-week treatment.

DISCUSSION

AST STUDIES HAVE revealed that the factors of age,

sex, progression of liver fibrosis, value of HCV RNA,
number of mutations in the ISDR, amino acid substitu-
tions in the core region, drug adherence and treatment
duration show association with HCV eradication in PEG
IFN plus ribavirin combination for naive patients with
CH-C.35%-33 Recently, the IL-28B genotype has been
reported to be the most powerful factor associated with
the antiviral effect of this combination therapy.”*

While the predictive factors for SVR in PEG IFN plus
ribavirin combination therapy for naive patients have
been actively analyzed, those factors for patients who
had already experienced this therapy are still unclear.
Especially needing assessment is the correlation
between IL-28B SNP or the previous treatment response
and the antiviral effect in re-treatment. In this study, we
tried to determine which factors could most effectively
predict the antiviral effect in re-treatment.

In the present study, patients with relapse after the
previous treatment and patients with a low serum HCV
RNA level at the start of re-treatment showed signifi-
cantly different results in this study of re-treatment of
CH-C patients who had previously failed to attain SVR
with PEG IEN plus ribavirin therapy. This result was
similar to those of the EPIC’® study on relapse and NR"
and the SYREN trial of NR.?® On the other hand, there
was no significant difference between the influence of
the IL-28B genotype and SVR. More specifically, if the
previous treatment response was the same, there was no
difference regardless of the IL-28B genotype. Consider-
ing this result, in re-treatment, the previous treatment
response was a more effective predictive factor than
IL-28B genotype. However, further investigation is
needed to clarify the association between IL-28B

© 2012 The Japan Society of Hepatology
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Table 3 Factors associated with a sustained virological response in re-treatment with PEG IFN plus ribavirin in patients with

genotype 1
Factor SVR Non-SVR P-value
No. of patients 41 45
Age (years) 60.2+7.1 59.9+9.6 0.71
Sex: male/female 24/17 22/23 0.40
Serum HCV RNA (log IU/mL) 58+14 6.4%0.6 0.11
Serum HCV RNA: <5 log/25 log 11/28 0/43 <0.001
White blood cells (/mm?) 4656 £1029 4566 + 1763 0.42
Neutrophils (/mm?) 2443 + 804 2259 1301 0.16
Hemoglobin (g/dL) 135+£1.6 134+1.8 0.80
Platelets (x10*/mm?) 16.9%£5.7 163 6.7 0.36
ALT (IU/L) 68 £69 78+ 75 0.43
IL-28B SNP: TT/TG 17/4 9/7 0.15
ITPA SNP: CC/CA 13/3 7/4 0.39
Core 70: wild/mutant 5/4 6/7 1.00
Core 91: wild/mutant 7/3 8/5 1.00
ISDR: 0-1/22 9/0 6/1 0.44
PEG IEN: a-2a/o-2b 16/25 25/20 0.14
PEG IFN dose (ug/kg per week) o-2a 291+£0.77 2.74 £0.69 0.61
o-2b 1.25+0.39 1.20+0.32 0.59
Ribavirin dose (mg/kg per day) 9.34%+2.72 9.64+£3.20 0.51
1st treatment virological response Relapse/NR 36/5 18/27 <0.001

ALT, alanine aminotransferase; HCV, hepatitis C virus; IFN, interferon; IL, interleukin; ISDR, IFN-sensitivity determining region; NR,
non-response; PEG, pegylated; SNP, single nucleotide polymorphism; SVR, sustained virological response.
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Figure 2 Sustained virological response (SVR) rates according to previous virological response, hepatitis C virus (HCV) RNA at start
of re-treatment and genotype of interleukin (IL)-28B single nucleotide polymorphism (SNP) in patients with genotype 1. (a)
Stratified analysis of previous virological response and HCV RNA at start of re-treatment. [, HCV RNA <5 log IU/mL at start of
re-treatment; M, HCV RNA 25 log IU/mL at start of re-treatment. (b) Stratified analysis of previous virological response and
genotype of IL-28B SNP. [J, Patients with major allele of IL-28B SNP; M, patients with minor allele of IL-28B SNP. (c) Stratified
analysis of HCV RNA at start of re-treatment and genotype of IL-28B SNP. [J, Patients with major allele of IL28B SNP; B, patients

with minor allele of IL-28B SNP.
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Figure 3 Sustained virological response (SVR) rates according
to virological response in re-treatment and treatment duration
in patients with genotype 1. [, Patients treated for 48 weeks;
patients treated for 72 weeks. RVR, rapid virological response;
cEVR, complete early virological response; LVR, late virological
response. *P < 0.05; compared to 48 weeks of treatment.

genotype and antiviral effect of re-treatment because of
their small number in this study. In this study, only one
patient with the minor allele of IL-28B and NR in pre-
vious treatment could start and continue with the
increased dose of PEG IFN (from 1.37 pg/kg in the pre-
vious treatment to 1.79 ug/kg in re-treatment) and
ribavirin {from 10.3 mg/kg per day in the previous
treatment to 11.1 mg/kg per day in re-treatment) and
attained SVR by extended treatment. If the drug
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adherence does not improve, patients with the minor
allele of IL-28B who show NR in the previous treatment
should be treated with new drugs.

The next question is how the patients should be
re-treated in order to attain SVR on re-treatment. In this
study, the patients with a low serum HCV RNA level
(<5 logiec IU/mL) at the start of re-treatment showed
a significant rate of cure on re-treatment, and this is
almost the same result as that previously reported.’**” In
this study, the two patients with NR in the previous
treatment and with less than 5 log;, IU/mL of HCV RNA
level (20 KIU/mL and 52 KIU/mL of HCV RNA) at the
start of re-treatment attained SVR. On the other hand,
even if the previous treatment response was a relapse,
the SVR rates were 58% (25/43) among the patients
with 5 logie IU/mL or more of HCV RNA. Because the
HCV RNA level changed after the antiviral treatment, it
is important to not miss the timing of when the HCV
RNA level is low.

With respect to treatment duration among patients
with HCV RNA negativiation during re-treatment,
72 weeks of treatment significantly increased the SVR
rate compared to 48 weeks. This result was almost the
same as that of the REPEAT study.'® In our present study,
the SVR rate among the patients with c-EVR but not RVR
in re-treatment was significantly high by 72 weeks of
treatment. On the other hand, the SVR rates among the

Table 4 Factors associated with a sustained virological response in re-treatment with PEG IFN plus ribavirin in patients with

genotype 2
Factor SVR Non-SVR P-value
No. of patients 17 10
Age (years) 57.7+88 63.7+5.1 0.06
Sex: male/female 7/10 8/2 0.11
Serum HCV RNA (log IU/mL) 54+1.4 6.1£0.8 0.15
Serum HCV RNA: <5 log/>5 log 5/11 1/9 0.35
White blood cells (/mm?) 5049 + 1355 4171+910 0.10
Neutrophils (/mm?) 2556 + 1064 1999 + 404 0.24
Hemoglobin (g/dL) 141+13 13.8%1.6 0.51
Platelets (x10%/mm?) 17.9+54 14.8+43 0.17
ALT (IU/L) 38+19 48+47 0.71
IL-28B SNP: TT/TG 6/2 42 1.00
ITPA SNP: CC/CA 5/1 4/0 1.00
PEG IFN: o-2a/0-2b 4/13 2/8 1.00
PEG IFN dose (ug/kg per week) o-2a 3.231£0.34 2.24+2.25 1.00
o-2b 1.32+0.28 1.18+0.23 0.21
Ribavirin dose (mg/kg per day) 104 +2.21 10.1+1.31 0.44
1st treatment virological response RVR/non-RVR 4/13 3/7 1.00

ALT, alanine aminotransferase; HCV, hepatitis C virus; [FN, interferon; IL, interleukin; ISDR, IFN-sensitivity determining region; PEG,
pegylated; RVR, rapid virological response; SNP, single nucleotide polymorphism; SVR, sustained virological response.
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patients with RVR in re-treatment were similar between
the patients with 48 weeks and 72 weeks of treatment.
Thus, patients with c-EVR but not RVR in re-treatment
should be re-treated for a longer period. In order to
attain better SVR, extended treatment duration is gener-
ally recommended for patients with on-treatment LVR,
whereas standard treatment duration is considered
to be sufficient for patients with on-treatment c-EVR.
However, the present study revealed that, even if patients
achieved c-EVR on re-treatment, 72 weeks of treatment
seems to be better than 48 weeks for treatment-
experienced patients. The majority of naive patients
showing on-treatment c-EVR could eradicate HCV with
48 weeks of treatment while some could not. In a
treatment-experienced setting, patients who are able to
respond early but not eradicate HCV would be selected,
and therefore extended treatment may be needed.

With genotype 2, the SVR rate was relatively high
(63%). The patients who could not attain SVR in
re-treatment (two patients) showed NR in the previous
treatment. Thus, the patients with genotype 2 and
showing NR in previous treatment seemed to be difficult
to treat and could be treated with other drugs. Among
the patients with RVR in re-treatment, the SVR rates were
similar among those with RVR in re-treatment between
24 weeks and 48 weeks of treatment. The effectiveness
of extended treatment for the patients with genotype 2
in re-treatment could not be demonstrated because of
their small number in this study. Further investigation is
needed to clarify this.

In conclusion, this study shows that the efficacy of
re-treatment for genotype 1 patients who failed to show
SVR to previous treatment with PEG IFN plus ribavirin
could be predicted from the previous treatment
response and a low HCV RNA level at the start of
re-treatment. Re-treatment for 72 weeks led to clinical
improvement for genotype 1 patients with c-EVR and
without RVR on re-treatment.
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SUMMARY. The FIB-4 index is a simple formula to predict
liver fibrosis based on the standard biochemical values (AST,
ALT and platelet count) and age. We here investigated the
utility of the index for noninvasive prediction of progression
in liver fibrosis. The time-course alteration in the liver
fibrosis stage between paired liver biopsies and the FIB-4
index was examined in 314 patients with chronic hepatitis
C. The average interval between liver biopsies was 4.9 years.
The cases that showed a time-course improvement in the
fibrosis stage exhibited a decrease in the FIB-4 index, and
those that showed deterioration in the fibrosis stage exhib-
ited an increase in the FIB-4 index with a significant corre-
lation (P < 0.001). Increase in the AFIB-4 index per year
was an independent predictive factor for the progression in

liver fibrosis with an odds ratio of 3.90 (P = 0.03). The area
under the receiver operating characteristic curve of the
AFIB-4 index/year for the prediction of advancement to
cirrhosis was 0.910. Using a cut-off value of the AFIB-4
index/year <0.4 or 20.4, the cumulative incidence of fibrosis
progression to cirrhosis at 5 and 10 years was 34% and
59%, respectively in patients with the AFIB-4 index/year
20.4, whereas it was 0% and 3% in those with the AFIB-4
index/year <0.4 (P < 0.001). In conclusion, measurement
of the time-course changes in the FIB-4 index is useful for
the noninvasive and real-time estimation of the progression
in liver fibrosis.

Keywords: FIB-4, fibrosis, HCV, noninvasive.

INTRODUCTION

Advanced stage of liver fibrosis in chronic hepatitis C is
associated with failure of interferon therapy or development
of major concomitant disease such as variceal bleeding, liver
failure and hepatocellular carcinoma [1-3]. Therefore,
evaluation of the stage of liver fibrosis is essential in clinical
practice. Liver biopsy is the gold standard for diagnosis of
liver fibrosis [4,5], but inaccuracy in evaluation of fibrosis
because of sampling errors [6-8] or by the inter-observer
variation has been reported [9]. Real-time assessment of liver
fibrosis may be clinically useful, but the invasiveness of liver
biopsy precludes repeated examinations.

A variety of noninvasive methods to diagnose liver fibrosis
have been proposed. Recently, transient elastography [10-13]
and real-time tissue elastography [14] using ultrasonography

Abbreviations: ALT, alanine aminotransferase; AST, aspirate ami-
notransferase; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV,
human immunodeficiency virus.
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have been developed, but these modalities are not widely
available. For blood tests, the aspartate aminotransferase
(AST)/alanine aminotransferase (ALT) ratio [15], the AST/
platelet ratio index (APRI) [16,17] and the Fibrotest [18,19]
have been reported to be useful. The FIB-4 index is another
prediction value of liver fibrosis in chronic hepatitis C based on
the standard biochemical values and age. The FIB-4 index has
been reported to be markedly useful for the prediction of
advanced liver fibrosis [20,21]. Given its noninvasiveness and
simplicity, the FIB-4 index has the advantage of an easy follow-
up of the time-course changes by repeated measurements.

In the present study, we investigated the utility of the real-
time assessment of the FIB-4 index for the prediction of time-
course progression in liver fibrosis.

PATIENTS AND METHODS

Patients

A total of 421 patients with chronic hepatitis C who had
repeated liver biopsies between 1991 and 2010 at the
Musashino Red Cross hospital were consecutively investi-
gated. All patients received interferon therapy after the first
biopsy and had nonsustained virological response. A second

© 2012 Blackwell Publishing Ltd



biopsy was performed at least 6 months after the completion
of interferon therapy. Exclusion criteria were as follows: (i)
co-infection with HBV or HIV (n = 1), (ii) alcohol abuse
(intake of alcohol equivalent to pure alcohol 40 g/day or
more) (n = 8), (iii) the presence of nonalcoholic steatohep-
atitis (n = 14), (iv) the presence of hepatocellular carcinoma
(n=15), (v) interval between paired biopsies was
<1.5 years (n=41) and (vi) length of biopsy sample
<15 mm (n = 28). The demographic characteristics of the
314 patients enrolled are shown in Table 1.

Assessment of liver fibrosis stage

Liver biopsy was carried out under laparoscopic or ultraso-
nographic guidance. A sample 15 mm or larger was col-
lected and evaluated. The fibrosis stage was categorized
according to the METAVIR score: FO, no fibrosis; F1, portal
fibrosis without septa; F2, portal fibrosis with few septa; F3,
numerous septa without cirrhosis; and F4, cirrhosis. Two
pathologists examined all samples and determined the
fibrosis stage. When staging was inconsistent between the
two pathologists, an appropriate stage was determined by
discussion between the two.

Calculation of FIB-4 index

The FIB-4 index at the time of each liver biopsy was calcu-
lated based on the blood test results within 1 month before

Table 1 Clinical background of patients

First biopsy Second biopsy

Age (years) 53.7+ 9.8 58.7 £ 9.4
Gender (male/female) 149/165

AST (IU/L) 64.5 + 36.7  58.5 * 37.7
ALT (IU/L) 87.7 £ 58.9 69.9 + 53.9
Platelet counts (x 10°/L) 165 + 48 159 + 48

Histological findings
Activity: 0/1/2/3 38/143/117/16 10/147/131/26
Fibrosis: 0-1/2/3/4  139/107/61/7 134/101/63/16
Interval of between 49+29 -
biopsies (years)

AST, aspartate aminotransferase; ALT, alanine amino-
transferase.

Table 2 Changes of fibrosis stage over time

FIB-4 and fibrosis progression 73

liver biopsy according to the following formula: The FIB-4
index = (age [years] x AST [IU/L])/(platelet count [10°/L]
x (ALT [IU/L])Y?). Change in the FIB-4 index per year
(AFIB-4 index/year) was calculated by the following for-
mula: AFIB-4 index/year = (the FIB-4 index at the second
liver biopsy — the FIB-4 index at the first liver biopsy)/
interval between paired biopsies (years). Change in AST,
ALT, platelet counts per year (AAST/year, AALT/year,
APlatelet counts/year) and the degree of changes in the
fibrosis stage per year were calculated similarly.

Statistical analysis

The SPSS software package 15.0 (SPSS Inc, Chicago, IL,
USA) was used for statistical analysis. Categorical data were
analysed using Fisher’s exact test. Continuous variables were
compared with Student’s t-test. Factors associated with the
progression in liver fibrosis were analysed by multivariate
logistic regression analysis. Association between progression
in fibrosis stage and changes in the FIB-4 was analysed by
Spearman’s rank correlation test. Kaplan—-Meier method and
log-rank test were used to analyse time to occurrence of
fibrosis progression to cirrhosis. A P-value of < 0.05 was
considered statistically significant.

RESULTS

Changes in liver fibrosis stage overtime

The clinical backgrounds of patients at the first and second
biopsies are shown in Table 1. The average interval was
4.9 years between the two liver biopsies. The fibrosis stage
progressed over time in 23%, regressed in 17% and remained
unchanged in 60%. Changes of fibrosis stage stratified by the
fibrosis stage at the first liver biopsy are shown in Table 2.

Comparison of FIB-4 index and liver fibrosis stage

For the prediction of advanced liver fibrosis (F3-4), a FIB-4
index <1.45 had a negative predictive value of 97%,
whereas a FIB-4 > 3.25 had a positive predictive value of
49% at first biopsy. Similarly, a FIB-4 < 1.45 had a negative
predictive value of 98%, and a FIB-4 > 3.25 had a positive
predictive value of 54% at second biopsy (Fig. 1).

Fibrosis stage at second biopsy

Fibrosis stage at first biopsy FO-1 (%) F2 (%) F3 (%) F4 (%) Total
FO-1 98 (71) 33 (24) 8 (5) - 139
F2 33 (31) 50 (47) 21 (20) 3(2) 107
F3 3(5) 18 (29) 33 (55) 7 (11) 61
P4 _ - 1(14) 6 (86) 7

© 2012 Blackwell Publishing Ltd
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Fig. 1 Comparison of the FIB-4 index and liver fibrosis
stage. Patients were categorized into three groups according
to the FIB-4 index using cut-off values of < 1.45, 1.45~
3.25, > 3.25 at liver biopsy. The lower bar chart (dark
grey) indicates patients with FO-2, while the upper bar
chart (light grey) indicates patients with F3—4, (a) com-
parison of the FIB-4 index and liver fibrosis stage at first
biopsy and (b) at second biopsy.

Predictive factors for the progression of fibrosis

Higher level of AAST/year, lower level of AALT/year, lower
level of APlatelet counts/year and higher level of the AFIB-4/
year were significantly associated with the progression of
fibrosis overtime (Table 3). Multivariate analysis demon-
strated that only the AFIB-4 index/year was an independent

predictive factor for the progression of fibrosis stage
(P = 0.03) with an odds ratio of 3.70 (95% CI:1.07-12.5).

Correlation between the degree of changes in the fibrosis
stage and the AFIB-4 index per year

When the patients were categorized into five groups
according to the degree of changes in the fibrosis stage per
year (< -0.2, 0.2 - < 0, 0, > 0 — 0.2 and > 0.2), median
value of the AFIB-4 index/year was —0.29, —0.02, 0.04,
0.16 and 0.47, respectively. The FIB-4 index reduced along
the regression of the fibrosis stage, while the FIB-4 index
increased along the progression of the fibrosis stage, which
showed a significant correlation (P < 0.001) (Fig. 2).

Prediction of progression to cirrhosis by the changes in the
FIB-4 index per year

The area under the receiver operating characteristic curve of
the AFIB-4 index/year for the prediction of advancement to
cirrhosis was 0.910. By the AFIB-4 index/year of 0.4, the
sensitivity and specificity for the prediction of advancement
to cirrhosis was 80% and 91%. The cumulative incidence of
fibrosis progression to cirrhosis, at 5 and 10 years, was 34%
and 59%, respectively, in patients with the AFIB-4 index/
year =0.4, whereas it was 0% and 3% in those with the
AFIB-4 index/year <0.4 (P < 0.001) (Fig. 3).

DISCUSSION

Recently, noninvasive markers of liver fibrosis have been
used as a predictive factor of liver-related outcome such as

Table 3 Factors associated with the progression of liver fibrosis

Progression of

Nonprogression of

Liver fibrosis Liver fibrosis P-value
Gender (male/female) 31/42 118/123 0.33
Age at first biopsy (years) 54.4 + 8.7 53.5 +10.2 0.50
AST at first biopsy (IU/L) 63.9 + 35.0 64.8 = 37.3 0.85
ALT at first biopsy (IU/L) 86.5 + 58.4 88.1 £ 59.2 0.84
Platelet counts at first biopsy (10°/L) 15.8 £ 4.6 16.7 £ 4.8 0.16
Change between biopsies
AAST (IU/L)/year 3.8 +19.5 —-4.1 +14.8 <0.001
AALT (IU/L)/year -19 + 284 7.2+226 0.005
APlatelet counts (10%/L)/year -4.1+9.5 -0.002 £ 9.5 0.001
AFIB-4 index/year 0.31 £ 0.52 -0.005 £ 0.37 <0.001

AAST/year: (AST at the second liver biopsy — AST at the first liver biopsy) /interval between paired biopsies (years); AALT/year:
(ALT at the second liver biopsy — ALT at the first liver biopsy) /interval between paired biopsies (years); APlatelet counts/year:
(platelet counts at the second liver biopsy —platelet counts at the first liver biopsy) /interval between paired biopsies (years);
AFIB-4 index /year: (the FIB-4 index at the second liver biopsy — the FIB-4 index at the first liver biopsy) /interval between

paired biopsies (years).
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fibrosis stage and the AFIB-4 index per year. Boxplot of the
AFIB-4 index/year is shown according to the degree of
changes in the fibrosis stage per year. The bottom and top of
each box represent the 25 and 75th percentiles, giving the
interquartile range. The line through the box indicates the
median value, and the error bar indicates the 5 and 95th
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Fig. 3 Cumulative incidence of fibrosis progression to
cirrhosis. Patients were categorized into two groups
according to the AFIB-4 index/year using cut-off value
of < 0.4 or 2 0.4.

mortality [22-24] or HCC development [24-26] in patients
with chronic liver disease. There have been few studies that
investigated the association between changes of noninvasive
markers and liver-related outcome [27-29]. However, it is
still unclear whether there is a relation between the time-
course changes in the value of noninvasive markers and
progression of liver fibrosis.

The aim of the study was to evaluate the utility of the real-
time assessment of the FIB-4 index for the prediction of time-
course progression in liver fibrosis. We have shown that the
FIB-4 index reduced along the regression of the fibrosis
stage, while the FIB-4 index increased along the progression
of the fibrosis stage. These results indicate that the mea-
surement of the time-course changes in the FIB-4 index may

© 2012 Blackwell Publishing Ltd
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be useful for the noninvasive and real-time estimation of the
progression in liver fibrosis overtime.

Although the gold standard for diagnosis of liver fibrosis is
liver biopsy, there are a variety of problems including inva-
siveness and sampling errors [6]. Diagnostic methods of liver
fibrosis by measurement of elasticity of the liver by ultraso-
nography [10-14] have been developed, but these modalities
are not widely available.

The FIB-4 index has an advantage among these noninva-
sive liver fibrosis diagnostic methods. Firstly, it is quite easily
calculated. The parameters required for calculation are only
age, AST, ALT and platelet counts, which are measured at the
routine examination of patients with liver disease. Therefore,
additional blood collection is unnecessary, and the index can
be calculated at no cost. Secondly, because of its simple cal-
culation, it is possible to evaluate the clinical conditions in a
real-time manner. Repeated measurements of the FIB-4 index
make it possible to predict deterioration in liver fibrosis con-
tinuously over time. Because no special equipment or system is
necessary, and objective data on the clinical conditions are
provided in a real-time manner, the FIB-4 index is simple and
convenient compared with other noninvasive liver fibrosis
diagnostic methods.

It is widely known that a decrease in platelet counts is
useful for the prediction of the progression of fibrosis stage
[30]. We have reported that elevated AST or ALT is also
associated with the progression of liver fibrosis [31]. How-
ever, the results of this study showed that a change in the
FIB-4 index over time was a more useful factor for the pre-
diction of the progression of fibrosis stage than AST, ALT and
changes in platelet counts.

Liver biopsy is still an important examination as the
gold standard for diagnosis of liver fibrosis, but time-course
changes cannot be readily observed by repeated biopsies
because of its invasiveness. On the other hand, it is pos-
sible to estimate the progression of liver fibrosis by
repeated measurement of the FIB-4 index. Therefore, two
examinations should be combined: liver biopsy may be
utilized to determine the baseline of fibrosis stage, and the
serial measurement of the FIB-4 index may be utilized to
predict changes of fibrosis stages overtime in a real-time
manner.

In conclusion, we believe that measurement of the time-
course changes in the FIB-4 index is useful for the nonin-
vasive and real-time estimation of the progression in liver
fibrosis.

ACKNOWLEDGEMENTS

This study was supported by a grant-in-aid from Ministry of
Health, Labor and Welfare, Japan.

CONFLICT OF INTEREST

No conflicts of interest exist for all authors.

-513 -



76 N. Tamaki et al.

REFERENCES

1

10

11

12

Dienstag JL. The role of liver biopsy
in chronic hepatitis C. Hepatology
2002; 5(Suppl 1): $152-8160.
Benvegnu L, Gios M, Boccato S, Al-
berti A. Natural history of compen-
sated viral cirrhosis: a prospective
study on the incidence and hierarchy
of major complications. Gut 2004;
53(5): 744-749.

Serfaty L, Aumaitre H, Chazouilleres
O et al. Determinants of outcome of
compensated hepatitis C virus-
related cirrhosis. Hepatology 1998;
27(5): 1435-1440.

Gebo KA, Herlong HF, Torbenson MS
et al. Role of liver biopsy in man-
agement of chronic hepatitis C: a
systematic review. Hepatology 2002;
5(Suppl 1): S161-S172.

Saadeh S, Cammell G, Carey WD,
Younossi Z, Barnes D, Easley K. The
role of liver biopsy in chronic hepatitis
C. Hepatology 2001; 33(1): 196-200.
Bravo AA, Sheth SG, Chopra S. Liver
biopsy. N Engl ] Med 2001; 344(7):
495-500.

Bedossa P, Dargere D, Paradis V.
Sampling variability of liver fibrosis
in chronic hepatitis C. Hepatology
2003; 38(6): 1449-1457.
Colloredo G, Guido M, Sonzogni A,
Leandro G. Impact of liver biopsy size
on histological evaluation of chronic
viral hepatitis: the smaller the sam-
ple, the milder the disease. ] Hepatol
2003; 39(2): 239-244.

The French METAVIR Cooperative
Study Group. Intracbserver and inte-
robserver variations in liver biopsy
interpretation in patients with chronic
hepatitis C. Hepatology 1994; 20(1 Pt
1): 15-20.

Sandrin L, Fourquet B, Hasquenoph
JM et al. Transient elastography: a
new noninvasive method for assess-
ment of hepatic fibrosis. Ultrasound
Med Biol 2003; 29(12): 1705-1713.
Ganne-Carrie N, Ziol M, de Leding-
hen V et al. Accuracy of liver stiffness
measurement for the diagnosis of
cirrhosis in patients with chronic li-
ver diseases. Hepatology 2006; 44(6):
1511-1517.

Foucher J, Chanteloup E, Vergniol J
et al. Diagnosis of cirrhosis by tran-
sient elastography (FibroScan): a
prospective study. Gut 2006; 55(3):
403-408.

13

14

15

16

17

18

19

21

22

Castera L, Vergniol J, Foucher J et al.
Prospective comparison of transient
elastography, Fibrotest, APRI, and li-
ver biopsy for the assessment of fibrosis
in chronic hepatitis C. Gastroenterology
2005; 128(2): 343-350.

Tatsumi C, Kudo M, Ueshima K et al.
Noninvasive evaluation of hepatic
fibrosis using serum fibrotic markers,
transient elastography (FibroScan)
and real-time tissue elastography. In-
tervirology 2008; 51(Suppl 1): 27-33.
Williams AL, Hoofnagle JH. Ratio of
serum aspartate to alanine amino-
transferase in chronic hepatitis.
Relationship to cirrhosis. Gastroen-
terology 1988; 95(3): 734-739.
Wai CT, Greenson JK, Fontana R]
et al. A simple noninvasive index can
predict both significant fibrosis and
cirrhosis in patients with chronic
hepatitis C. Hepatology 2003; 38(2):
518-526.

Lin ZH, Xin YN, Dong QJ et al. Per-
formance of the aspartate amino-
transferase-to-platelet ratio index for
the staging of hepatitis C-related
fibrosis: an updated meta-analysis.
Hepatology 2011; 53(3): 726-736.
Imbert-Bismut F, Ratziu V, Pieroni L,
Charlotte F, Benhamou Y, Poynard
T. Biochemical markers of liver
fibrosis in patients with hepatitis C
virus infection: a prospective study.
Lancet 2001; 357(9262): 1069-
1075.

Sebastiani G, Vario A, Guido M et al.
Stepwise combination algorithms of
non-invasive markers to diagnose
significant fibrosis in chronic hepatitis
C. ] Hepatol 2006; 44(4): 686—693.
Sterling RK, Lissen E, Clumeck N
et al. Development of a simple non-
invasive index to predict significant
fibrosis in patients with HIV/HCV
coinfection. Hepatology 2006; 43(6):
1317-1325.

Vallet-Pichard A, Mallet V, Nalpas B
et al. FIB-4: An inexpensive and
accurate marker of fibrosis in HCV
infection. Comparison with liver
biopsy and fibrotest. Hepatology
2007; 46(1): 32-36.

Vergniol J, Foucher J, Terrebonne E
et al. Noninvasive tests for fibrosis
and liver stiffness predict 5-year
outcomes of patients with chronic
hepatitis C. Gastroenterology 2011;

-514-

23

24

25

26

27

28

29

30

31

140(7): 1970-1979. 1979 el1971-
1973.

Nunes D, Fleming C, Offner G et al.
Noninvasive markers of liver fibrosis
are highly predictive of liver-related
death in a cohort of HCV-infected
individuals with and without HIV
infection. Am ] Gastroenterol 2010;
105(6): 1346-1353.

Fung J, Lai CL, Seto WK, Wong DK,
Yuen MF. Prognostic significance of
liver stiffness for hepatocellular car-
cinoma and mortality in HBeAg-
negative chronic hepatitis B. ] Viral
Hepat 2011; 18(10): 738-744.
Masuzaki R, Tateishi R, Yoshida H
et al. Prospective risk assessment for
hepatocellular carcinoma develop-
ment in patients with chronic hepa-
titis C by transient elastography.
Hepatology 2009; 49(6): 1954-1961.
Jung KS, Kim SU, Ahn SH et al. Risk
assessment of hepatitis B virus-
related hepatocellular carcinoma
development using liver stiffness
measurement (FibroScan). Hepatology
2011; 53(3): 885-894.

Vergniol J, Foucher J, Castera L et al.
Changes of non-invasive markers
and FibroScan values during HCV
treatment. | Viral Hepat 2009; 16(2):
132-140.

Mummadi RR, Petersen JR, Xiao SY,
Snyder N. Role of simple biomarkers
in predicting fibrosis progression in
HCV infection. World ] Gastroenterol
2010; 16(45): 5710-5715.

Jain MK, Seremba E, Bhore R et al.
Change in fibrosis score as a predictor
of mortality among HIV-infected
patients with viral hepatitis. AIDS
Patient Care STDS 2012; 26(2): 73-80.
Poynard T, Bedossa P. Age and
platelet count: a simple index for
predicting the presence of histolog-
ical lesions in patients with anti-
bodies to hepatitis C virus.
METAVIR and CLINIVIR Coopera-
tive Study Groups. ] Viral Hepat
1997; 4(3): 199-208.

Kurosaki M, Matsunaga K, Hiray-
ama I et al. The presence of steatosis
and elevation of alanine amino-
transferase levels are associated with
fibrosis progression in chronic hepa-
titis C with non-response to inter-
feron therapy. | Hepatol 2008; 48(5):
736-742.

© 2012 Blackwell Publishing Ltd



Digestive
Disecases

Dig Dis 2012;30:554-560
DOI: 10.1158/000343064

Retreatment with Peginterferon «-2a + Ribavirin
in Patients Who Failed Previous Peginterferon
o-2b + Ribavirin Combination Therapy

Taisuke Ueda® Kaoru Tsuchiya® Satoru Hashimoto® Taisuke Inoue® Nobuyuki Enomotod
Mie Inao® AtsushiTanaka® Masahiko Kaito$ Fumio Imazeki” Shuhei Nishiguchi

Satoshi Mochida® Osamu Yokosuka”
for the RETRY Study Group

Hiroshi Yatsuhashi®

Namiki lzumi® Masatoshi Kudo?

?Department of Gastroenterology and Hepatology, Kinki University School of Medicine, Osaka, °Department of
Gastroenterology and Hepatology, Musashino Red Cross Hospital, Tokyo, *Clinical Research Center, National Hospital
Organization, Nagasaki Medical Center, Nagasaki, dFirst Department of Internal Medicine, Faculty of Medicine,

!

University of Yamanashi, Yamanashi, *Department of Gastroenterology and Hepatology, Faculty of Medicine, Saitama
Medical University, Saitama, ‘Department of Medicine, Teikyo University School of Medicine, Tokyo,

¢Mie Gastroenterological Clinic, Mie, "Department of Medicine and Clinical Oncology, Graduate School of Medicine,
Chiba University, Chiba, and 'Division of Hepatobiliary and Pancreatic Disease, Department of Internal Medicine,

Hyogo College of Medicine, Hyogo, Japan

Key Words
Hepatitis C - Interleukin-28B - Peginterferon - Retreatment -
Sustained viral response

Abstract

Background/Aims: Peginterferon (PEG-IFN) + ribavirin (RBV)
combination therapyis the current standard of care for chron-
ic hepatitis C. However, more than half of the patients cannot
achieve sustained viral response (SVR). In Japan, the clinical
benefit of retreatment with PEG-IFN + RBV combination re-
treatment is still unknown. Methods: We collected clinical
data in 106 chronic hepatitis C patients who failed to achieve
SVR with PEG-IFNa-2b + RBY combination therapy and were
retreated with PEG-IFNa-2a + RBV. This retrospective study
examined the efficacy of retreatment with PEG-IFNo-2a +
RBV by evaluating the time to eradication of hepatitis C virus
RNA, early virological response (EVR), and SVR. We compared
the results of the previous therapy and retreatment in terms
of efficacy and analyzed the factors influencing SVR. Resulits:

The SVR rates in the non-responders and relapsers were 11
and 53%, respectively. EVR and prolonged treatment dura-
tion were associated with SVR. We also found that a prior re-
sponse to PEG-IFN + RBV therapy was more important than
the Interleukin-28B genotype for predicting the response to
retreatment. Conclusions: Retreatment with PEG-IFN«-2a +
RBV should be considered for relapsers and partial respond-
ers. Our results suggest that prolonged administration is also
favorable for EVR cases to attain a higher SVR.

Copyright © 2012 S. Karger AG, Basel

Introduction

he development of a combination therapy consisting
of peginterferon (PEG-IFN) and ribavirin (RBV) has in-
creased the hepatitis C virus (HCV) RNA response rate
t0 65-69% at the end of therapy with a sustained HCV
RNA response (sustained viral response, SVR) in 54-56%
of chronic hepatitis C (CHC) patients. Conversely, this

KARGER

01

Accessible on
wiw kargers.

F
=
A

agy

Oﬁ

no-Hicashi

-515-



indicates that PEG-IFN + RBV therapy does not induce a
response in 31-35% of such patients either because HCV
RNA is not eliminated during therapy or the therapy is
not completed. Furthermore, HCV RNA reappearsin 11-
13% of patients after the end of therapy [1, 2].

Retreatment with PEG-IFN + RBV for non-respond-
ing or relapse patients has been studied in Western coun-
tries [3, 4], but no large-scale studies have been performed
in Japan. The AASLD guidelines [5] do not recommend
retreatment with PEG-IFN + RBV. However, the Japanese
guidelines [6] state that ‘after examining cases with no
effect in previous treatment, a treatment for SVR or for
maintenance should be selected’; thus, retreatment with
PEG-IFN + RBYV is not completely excluded according to
the Japanese guidelines.

A high SVR rate is observed after the addition of tela-
previr to PEG-IFN + RBV [7-10]. However, some patients
in Japan have not benefited from the launch of telaprevir,

ecause CHC patients in Japan are older than those in
Western countries [11, 12] and are often anemic. Thus, we
retrospectively analyzed the results of retreatment with
PEG-IFN + RBV in Japanese relapse and non-responding
patients who previously received therapy with PEG-IFN
+ RBV. Core amino acid substitutions at position 70 [13]
and host genome single-nucleotide polymorphism (SNP)
genotyping of rs8099917, an interleukin-288 (I1.28B)
SNP [14, 15], are related to the efficacy of PEG-IFN + RBV
therapy. Therefore, these factors were also examined in
the study.

Materials and Methods

A total of 106 patients received combination therapy with
PEG-IFNa-2a + RBV at 12 medical facilities in Japan from 2007
to 2009. We retrospectively evaluated the data of CHC patients
who failed to achieve SVR (i.e. non-responders) or became HCV
RNA negativeon PEG-IFNw-2b + RBV therapy but relapsed again
after the end of treatment (i.e. relapsers). The non-responders
were divided into two groups according to the maximum decrease
in HCV RNA titer during the initial treatment. Retreatment with

PEG-IFN-2a + RBV was performed to examine the relationships

between SVR and patient background factors, timing of the HCV
RNA response, and treatment duration.

For the previous treatment, PEG-IFNa-2b (Pegintron; MSD,
Tokyo, Japan) at a dose of 1.5 pg kg™ per week subcutaneously
and RBV (Rebetol; MSD) were used. PEG-IFN«-2a (Pegasys;
Chugai Pharmaceutical Co., Ltd, Tokyo, Japan) + RBV (Copegus;
Chugai Pharmaceutical Co., Ltd) was started between 2007 and
2009. In principle, as a starting dose, PEG-IFN was given once
weekly at 180 g PEG-1FNe-2a while RBV was given at 600-1,000
mg/day based on body weight (body weight <60 kg, 600 mg; 60~
80 kg, 800 mg; >80 kg, 1,000 mg), according to the standard treat-
ment protocol in Japan.

Retreatment with Peginterferon

Serum HCV RNA after PEG-IFNa-2b + RBV treatment was
assessed by quantification using a Cobas Amplicor HCV monitor
test (high range method: detection range, 5-5,000 KIU ml™!, or
version 2.0: limit of quantitation, 500 IU ml™'; Roche Diagnostics
Co. Ltd, Tokyo, Japan).

HCV RNA in retreatment was measured using a Cobas Tag-
Man HCV test (Roche Diagnostics Co. Ltd) at 4-week intervals;
the linear dynamic range was 1.2-7.8 log IU ml™. Samples with
undetectable HCV RNA levels were reported as <1.2 log [U ml™
{i.e. no detectable HCV RNA). Patients were judged to have at-
tained SVR status if HCV RNA was not detected for 24 weeks af-
ter the end of treatment. Rapid viral response (RVR) was defined
when HCV RNA was not detected at week 4; early virological re-
sponse (EVR) was defined when HCV RNA was not detected at
week 12 of treatment.

Univariate analysis was performed using a x? test and Fisher’s
exact test. Multivariate analysis was performed using logistic re-
gression using the stepwise method.

Asarule, dose modification followed the manufacturer's drug
information on the intensity of potential adverse hematologic ef-
tects. The PEG-IEN doses were reduced to 50% of the original
dose if the neutrophil count fell below 750/mm” and discontinued
if the neutrophil count fell below 500/mm? or the platelet count
(PLT) fell below 50,000/mm>. RBV was also reduced from 1,000
to 600, 860 to 600, or 600 to 400 mg when hemoglobin (Hb) was
below 10 g dI! and was discontinued when the Hb was below 8.5
g dl"'. Both PEG-IFN and RBV were discontinued if there was a
need to discontinue one of the drugs.

The baseline data of the patients are expressed as median val-
ues and ranges. In order to analyze the differences between base-
line data and the factors associated with SVR, univariate analysis
using the Mann-Whitney U test or a x° test was performed; mul-
tivariate analysis was performed using stepwise and multiple lo-
gistic-regression models. p values <0.05 were considered signifi-
cant.

This study was conducted in accordance with the ethical
guidelines of the Declaration of Helsinki amended in 2008, and
informed consent was obtained from each patient.

Results

Characteristics

The median age of the 106 subjects was 60 years. There
were 63 non-responders and 43 relapsers who received
previous treatment. Non-responders were divided into
two groups according to their virological response to the
previous treatment: partial responders, maximum HCV
RNA decrease of >2 log; null responders, maximum HCV
RNA decrease <2 log. HCV RNA genotypes 1 and 2 were
detected in 101 and 5 subjects, respectively. The baseline
characteristics of the study patients are shown in table 1.

Efficacy
Retreatment of the 106 subjects with PEG-IFNw-2a +
RBV therapy resulted in an SVR rate of 28% (30/106). The
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