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Table I Baseline characteristics of patients

Hactor TVR-2250 TVR-1500 p value

Muamber 41 40

Age (years old) 60.1 + 8.7 61.0 4+ 8.8 0.50

Gender (male/female) 23/18 23/17 1.00

Body weight (kg) 60.6 £ 113 604+ iizZ 0.98

BMI (kg/m’) 23.0 + 34 228432 0.81

Past history of IFN: naive/  15/20/5 15/17/8 0.63
relapse/non-response

HCV RNA (median, log)o 69 6.8 0.87
TU/mb)

Liver histology™ activity: 0/22/6/0 0/21/4/G 0.73
AD/1/2/3

Liver histology™ fibrosis: 1/12/8/5/2 2/9/9/4/1 0.89
FO0/1/2/3/4

White bleod cell (/ul) 4943 £ 1266 4980 + 1499 0.79

Neutrophils {(/ul) 2578 £ 919 2339 + 1131 0.85

Red blood cell (x 16%ul) 451 £ 53 447 + 65 6.65

Hemoglobin (g/dl) 145+ 14 43+12 0.46

Platelets (x 10%7ul) 165 + 44 173 £57 0.84

AST (TUMY) 55+ 68 42 £ 26 0.16

ALT (IUN) 63 + 87 30 £+ 39 0.15

Serum creatinine (mg/dl} 0.74 £ 0.19 0.72 £ 0.17 0.36

Uric acid (mg/fdl) 55+ 14 35+14 0.70

Estimated glomerular 754 + 158 779 4+ 146 0.36
filtration rate {mlfmin})

J1.28B SNP (:s8099917): 19/4/1 18/6/0 0.49
TT/TG/GG

TVR dose (mg/kg/day) 384 473 257 £ 5.0 <0.001

Peg-TFN dose (uglkg/week) 149 £ 0.12 147 +£0.13 044

RBV dose (mg/kg/day) 113+ 15 115+ 1.7 0.63

AST aspartate aminotransferase, ALT alanine aminotransferase, /L2885
SNP interleukin 28 B single nuclectide polymorphism, TVR telaprevir,
Peg-IFN pegylated interferon, RBV ribavirin
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2250 group and 3 partial-responders and all of the 4 null-
responders were included in the TYR-1500 group; the SVR
rates were 100 % (7/7) among all partial-responders and
50 % (2/43 among the null-responders in the TVR-1500
group. Thus, the adminisiration of TVR at 1500 mg/day is
considered appropriate for naive patients and relapsers,
although further analysis is needed for the patients with
non-response. This is supported by the report that the
antiviral effect was almost the same in both groups of TVR
at 750 mg every 8 or 12 h with Peg-IFN alfa-2b and RBY
Japanese patients with IL28B rs8099917 TT or relapse to
previous IFN therapy [15].

Regarding safety, the rates of discontinuation of all
drugs and the rates of discontinuation of TVR were almost
the same in both groups. These discontinuations resulted
from adjustment such as drug reduction or interruption of
TVR, Peg-IFN and RBY during ireatment by a physician in
patients in the TVR-2250 group. Indeed, the two-thirds of
patients decreased or discontinued TVR and the three-
fourths of patients reduced or discontinued Peg-IFN in the
TVR-2250 group. However, when adverse eifects occuired
early in treatment, missing the opportunity to reduce the
drug dose might lead to serious adverse effects. Regarding
serious adverse effects, the cumulative occurrence of rash
more than grade 2 and severe anemia more than grade 3
was significantly lower in the TVR-1500 group. Rash more
than grade 2 occurred in 30 % at week T and 35 % at week
2 in the TVR-2250 group compared with 8 and 8 % in the
TVR-1500 group. Although the differences in occurrence
of severe anemia were marked after 6 weeks of treatment,
the decreases of Hb from baseline were significantly
greater in the TVR-2250 group than in the TVR-1500
group at 4 weeks of treatment. Moreover, two patients
developed rash more than grade 3 and discontinued treat-
ment (day 10, day 30}, and both of them were in the TVR-

Fig. 2 The mean HCV RNA A 8 B s~
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Table 2 Dose reduction and discontinuation of TVR, Peg-1IFN and RBYV
TVR Peg-1EN RBV
TVR TVR TVR TVR TVR TVR
2250 1500 2250 1500 2250 1500
Completed treatment without dose reduction (%) 13 (32) 27%(68) 10 (24 19%% (48) 3 (7) 5(13)
Completed treatment with dose reduction or temporally 18 (44) 4.(9) 25 (61) 17 (42) 32 (78) 31 (78)
discoatinuation (%)
Discontinuation (%) 10 (24) 9 (23) 6 (15) 4 (10) 6 (15) 4 (10)
Total dose (median) 162.8 g 1253 ¢ 1840 ng 185D pg oG4 g 73 g

TVR telaprevir, Peg-IFN pegylated interferon, RBY ribavirin

# p = 0.001, TVR, Completed treatment without dose reduction, TVR-2250 group vs. TYR-1500 group
= (.03, Peg-IFN, Completed treatment without dose reduction, TVR-2250 group vs. TVR-1500 group

T p < 0.001, TVR-2250 group vs. TVR-1500 group

2250 group. As for renal dysfunction, the serum creatinine
levels were significantly lower and the eGFRs were sig-
nificantly higher in the TVR-1500 group than the TVR-
2250 group at the early treatment phase (weeks 1-4) (at
week 4: serum creatinine, 0.80 2= 0.16 vs. 0.97 &£ 0.26
mg/dl; eGFR, 69.3 = 13.1 vs. 55.8 &= 13.2 ml/min). The
tendencies were apparent among the older patients with
mherently poor renal function. It was reported that Cyouen
tended to be higher in the 750-mg dose group than in the
500-mg dose group after treatment weel 1 from phase 1
study in Japan comparing the two groups of TVR at 500 or
750 mg every 8 h with Peg-1FId alfa-2b and RBV (day 14,
2.64 + 0.56 vs. 1.91 &£ 0.72 ug/mi, day 85, 2.68 & 0.36
vs., 2.11 = 0.82 pg/ml) [13]. When TVR was given at
2250 mg/day, the high concentration of TVR ai early
treatment phase was thought to cause the adverse effects at
carly treatment phase. Thus, avoidance of such serious
adverse effects at the early treatment phase by the reduced
administration of TVR at 1500 mg/day can lead to an
improved SVR rate among older patients with high risk of
HCC and low tolerance for antiviral treatment.

We examined the efficacy and safety according to
median of total dose of each drugs in both the TVR-
2250 mg group and the TVR-1500 mg group (Supple-
mental table). Roughly, the SVR rates were higher in the
higher total-dose group of each drug than in the lower total-
dose group of each drug. On the other hand, the discon-
tinuation rates of all drugs and the discontinuation rates of
TVR were higher in the lower total-dose gioup of each
drug than in the higher total-dose group of each drug.
These results were thought to reflect that the lower total-
dose group included many patients who could not attain
SVR because of incompletion of the entire schedule of
treatment.

At present, triple therapy is available as simeprevir
(SMV) (a second-generation PI), Peg-IFN and RBV [16~
18]. The SVR rate among the naive patients and relapsers
was almost 90 %, and the adverse effects profile was
generally similar across the SMVY and placebo control
groups of Peg-IFN and RBY with the exception of mild
reversible hyperbilirubinemia, without serum aminotrans-
ferase abnormalities. Therefore, triple therapy with SMV,
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Peg-IFN and RBV is recommended as first-line therapy for
the naive patients and relapsers. However, the SVR rate
was insufficient at 34 % among the patients with non-
response in Japan {9] and at 38-59 % among the patients
with null-response in Europe [18]. Triple therapy with
1500 mg/day of TVR, Peg-IFN and RBV for the patents
with non-response may allow for more treatment options,
although the patients with non-response were too small to
conclude the relationship between TVR dose and SVR rate
in this study. Indeed, the treatment guideline from the
Japanese Society of Hepatology recommends triple therapy
with 1500 mg/day of TVR as well as triple therapy with
SMYV as a therapeutic option for the patients with non-
response. Further analysis using a larger-cohort is needed
to clarify the effect of 1500 mg/day of TVR in the patients
with non-response.

The limitations of this study are described below. In
order to prove non-inferiority of 1500 mg of TVR com-
pared to 2250 mg of TVR for SVR, 123 patients in both
group (total 246 patients) were required (expected SVR
rate, 70 % in 2250 mg of TVR, 75 % in 1500 mg of
TVR, o = 0.025, A = 0.10, power = 0.8). In the present
study, we reported the preliminary results of the antiviral
effect and the adverse effect among the TVR-2250 group
and the TVR-1500 group. The non-inferiority of 1500 mg
of TVR compared to 2250 mg of TVR for SVR could not
be revealed because the number of cases enrolied in this
study was too small. Second, in this randomized study,
the naive, relapse and non-response to previous treatment
patients were divided into two groups without bias.
However, among non-responders, the distribution of
patients with nuil-response was to some extent idiosyn-
cratic. Patients with null-response were too small in
number to examine the antiviral efficacy of 1500 mg/day
of TVR. A larger-cohoit study should be conducted to
clarify this. Third, a genetic polymorphism near the

@ Springer

IL.28B gene has been reported to be associated with SVR
in triple therapy with TVR, Peg-IFN and RBV [19]. In
this study, although the IL.28B genotype was examined in
approximately 60 % of patients, we could not obtain
patients’ consent for examination of IL28 SNP, which is
information about the human genome in the remaining
40 % of patients. However, we tried to examine more
closely the relationship between the IL28B genotype and
the SVR rates in the cases in whom the IL28B genotype
was obtained. According to IL28B single nucleotide
polymorphism, the SVR rate was 95 % (18/19) in the
TVR-2250 group and 83 % (15/18) in the TVR-1500
group among the patients with 1s8099917 TT (p = 0.34).
The patients with rs8099917 non-TT had small counts (5
cases with 80 % of SVR in the TVR-2250 group and 6
cases with 100 % of SVR in TVR-1500 group). As for
the SVR rates according to the previous IFN treatment
response and IL28B genotype, there were no significant
difference between the TVR-2250 mg group and the
TVR-1500 mg group among the same category of previ-
ous IFN treatment response and IL28B genotype (SVR
rates of TVR-2250 mg group and TVR-1500 mg group,
naive patients with TT, 100 % (7/7) vs, 83 % (5/6),
p = 046, naive patients with non-TT, no patients vs.
100 % (2.2); relapser with TT, 89 % (8/9) vs, 88 % (8/9),
p = 1.00, relapser with non-TT, 67 % (2/3) vs. 160 % (3/
3}, p = 1.00; NR patients with TT, 100 % (3/3) vs. 67 %
(2/3), p = 1.00, NR patients with non-TT, 100 % (1/1)
vs. 100 % (1/1), p = 1.00). Further analysis using a lar-
ger-cohort is needed to clarify the effect of IL28B status
on the TVR-15Q0 group. Fourth, the concentration of
TVR should be measured in order to examine the antiviral
effect more closely. However, the concentrations of TVR
measured, because the patients’ serum, was not preserved
in this study. This problem is also subject of future
investigation.
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Fig. 5 The mean serum creatinine level and estimated glomerular
filtration rates during the treatment. a—¢ The mean serum creatinine
level during the treatment. d-f The mean estimated glomerular
filtration rates during the treatment. a, d All patients. b, e Patients

In conclusion, the administration of a lower dose of
TVR (1500 mg/day) can result in similar efficacy and
fewer treatment-related adverse effects compared to the
higher dose of TVR (2250 mg/day) in triple therapy with
TVR, Peg-TFN and RBV.
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SUMMARY. Triple therapy with telaprevir, pegylated inter-
feron and ribavirin has been reported to improve antivi-
ral efficacy but have potentially severe adverse effects in
patients with chronic hepatitis C. To avoid the severe
effects of telaprevir, lowering the dose has been sug-
gested. However, impact of dosage changes on antiviral
and adverse effects remains unclear. One hundred and
sixty-six Japanese patients with HCV genotype 1 were
treated with triple therapy. The drug exposure of each
medication was calculated by averaging the dose actually
taken. The overall SVR rate was 82%. The telaprevir dis-
continuation rate was 26%. The factors associated with
discontinuation were an older age (=65 y.0.) and a
higher average dose during treatment. The telaprevir dis-
continuation rates were 42%, 25% and 14% in patients

at 235, 25-35 and <25 mg/kg/day of telaprevir and
58% in older patients at =35 mg/kg/day of TVR. The
factors associated with SVR were treatment-naive, relapse
to previous treatment, higher average telaprevir dose
during treatment and completion of treatment. The SVR
rate was higher, at 91%, in patients at 25-35 mg/kg/
day of telaprevir than the 71% and 78% observed in
those at <25 and =35 mg/kg/day of drug. In Japanese
patients, a mean telaprevir dose of 25-35 mg/kg/day
during freatment can augment ifs efficacy in triple ther-
apy for patients with HCV genotype 1.

Keywords: chronic hepatitis C, discontinuation rate, drug
adherence, older patients, telaprevir with pegylated inter-
feron and ribavirin.

INTRODUCTION

Antiviral therapy for patients with chronic hepatitis C
virus (HCV) genotype 1 infection has changed from inter-
feron (IFN) monotherapy to dual therapy with pegylated

Abbreviations: c-EVR, complete early virologic response; CH-C,
chronic hepatitis C; EOT, end of treatment; ETR, end of treatment
response; Hb, haemoglobin; HCV, hepatitis C virus; IFN, interferon;
Peg-IFN, pegylated interferon; PI, protease inhibitor; RBY, ribavi-
rin; RVR, rapid virologic response; SMV, simeprevir; SVR, sus-
tained virologic response; TVR, telaprevir; WBC, white blood cell.

Correspondence: Naoki Hiramatsu, MD, PhD, Department of Gas-
troenterology and Hepatology, Osaka University Graduate School
of Medicine, 2-2, Yamadaoka, Suita City, Osaka 565-0871, Japan.
E-mail: hiramatsu@gh.med.osaka-.acjp

interferon (Peg-JFN) and ribavirin (RBV) and even ftriple
therapy with protease inhibitor (PI), Peg-IFN and RBV [1].
Although clinical trials of triple therapy with telapreviv
(TVR), which is a first-generation PI, Peg-IFN and RBV
have reported that the addition of TVR leads to a substan-
tial improvement in sustained virologic response (SVR) [2—
9], adverse effects caused by TVR, such as the rapid
progression of anaemia, severe rash and renal dysfunction,
have also been reported [2,3,8~11]. Patients with a high
risk of hepatocellular carcinoma (HCC), such as older
patients and patients with advanced liver fibrosis, should
be treated with antiviral therapy as early as possible to
eliminate HCV.

A 2250 mg/day fixed-dose regimen was selected for TVR
worldwide [12,13], although the safety was inferior in
Japan compared with BEurope and the United States

© 2014 John Wiley & Sons Ltd
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{discontinuation rate of all drugs, 17% vs 7-10%; discon-
tinuation of only TVR, 19% vs 7-12%) in a phase-3 study
of triple therapy with TVR, Peg-IFN and RBY [5-9]. In
particular, severe adverse events such as rash and anaemia
were more freguent in Japan compared with Burcope and
the United States (rash, 12% vs <1%: anaemia, 11% vs
2%). Higher adverse events with triple therapy in Japanese
patients may result from an excessive dose of TVR due to
reduced body weight compared with Westerners. An initial
dose reduction of TVR was therefore recommended in Japa-
nese patients, especially for clder patients, and we have
reported similar SVR rates among two groups with the
introduction of TVR at 1500 and 2250 mg [14]. However,
the real impact of low-dose TVR on antiviral efficacy and
adverse effects remains unknown. The optimum dosage of
TVR should be examined for older patients in Japan
because Japanese patients infected with HCV tend to be
10-20 years older than those in the United States and
European countries.

In this study, we examined the antiviral efficacy and
adverse effects with a focus on TVR dosage in Japanese
patients with HCV genotype 1 treated with TVR, Peg-IFN
and RBV.

PATIENTS AND METHODS

Patients

The current study was a retrospeciive, multicentre study
conducted by Osaka University Hospital and other institu-
tions participating in the Osaka Liver Forum. A total of
202 patients with chronic hepatitis C (CH-C) treated with
TVR, Peg-IFN and RBV combination therapy between
December 2011 and December 2012 were enrolled in this
study.

Bligible patients were those who were 20 years of age
and older, had chronic HCV genotype 1b infection with a
viral load of more than 10° IU/mL and did not have
co-infection with hepatitis B viras (HBV) or anti-human
immunodeficiency virus (HIV). The patients were excluded
if they had decompensated cirrhosis, HCC or other forms of
liver disease (alcohol liver disease, autoimmune hepatitis),
a history of splenectomy or partial spleen embolization
(PSE), chronic renal failure, depression or immunodefi-
ciency, Patients using erythropoietin were also excluded.
After enrolment, 42 patients (co-infection with HBV,
n = 3; co-infection with HIV, n = 2; splenectomy, n = 5;
PSE, n=2) were excluded, and a total of 166 CH-C
patients were assessed. This study was conducted accord-
ing to the ethics guidelines of the 1975 Declaration of Hel-
sinki amended in 2002 and approved by the ethics
commission of Osaka University Hospital and independent
or institutional review boards of all study centres. All
patients provided written informed consent before partici-
pating in the study.

© 2014 John Wiley & Sons Litd
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Study design

All patients received TVR (TELAVIC;, Mitsubishi Tanabe
Pharma, Osaka, Japan) with Peg-IFN alfa-2b (PEGIN-
TRON; MSD, Tokyo, Japan) and RBV (REBETOL: MSD).
TVR was administered orally at a dose of 500 or 750 mg
every 8 h after food. Peg-IFN alfa-2b was administered
subcutaneously once a week at a dose of 60-150 pg/kg
based on body weight (body weight 35-4.5 kg, 60 pg; 46—
60 kg, 80 pg; 61-75 kg, 100 ug; 76-90 kg, 120 pg; 91-
120 kg, 150 pg). RBV was administered orally twice a
day at a total dose of 600-1000 mg/day based on body
weight (body weight <60 kg, 600 mg; 60-80 kg,
800 mg; >80 kg, 1000 mg), according to a standard
treatment protocol for Japanese patients. In principle, the
patients were treated with TVR, Peg-IPN and RBV for
12 weeks, followed by Peg-IFN and RBV for 12 weeks, If
a patient had detectable HCV RNA at 12 weeks or any
time during weeks 13 through 20, that patient was not
permitted to complete the remainder of the assigned dura-
tion of therapy.

Dose modification

Dose modification followed, as a rule, the manufacturer’s
drug information in Japan. The initial dose of RBV was
reduced by 200 mg per day in case of the Hb level <13
g/dL at baseline. The dose of Peg-IFN alfa-2b was reduced
to 50% of the assigned dose if the white blood cell (WBC)
count declined to <1500/mm°, the neutrophil count to
<750/mm’ or the platelet count to <8 x 10%mm3. RBV
was also reduced from 1000 to 600 mg or 800 to 600 mg
or 600 to 400 mg if the Hb level decreased to <12 g/dl,
and was reduced by an additional 200 mg per day when
the Hb level was <10 g/dL. The dose of RBV was also
reduced by 200 mg per day if the Hb level dropped by
more than 1 g/dL within a week, and this level was
<13 g/dL. TVR, Psg-IFN alfa-2b and RBV were withdrawn
or interrupted if the WBC count declined to <1000/mm?,
the neutrophil count to <500/mm® or the platelet count to
<5 x 10%mm? or the Hb level decreased to <8.5 g/dL.
TVR was reduced according to adverse events related to
TVR by the physician’s decision. The use of erythropoietin
was not allowed for increasing the Hb level. In case of
drug interruption of TVR or Peg-IFN and RBV, resumption
of treatment was allowed if the peripheral blood findings or
adverse events were reversed.

Histological evaluation

Pretreatment liver biopsies were conducted within
6 months of the start of combination therapy. Histopatho-
logical interpretation of the specimens was performed by
experienced liver pathologists who had no clinical, bio-
chemical or virologic information of the patients. The
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histological appearance, activity and fibrosis were evahu-
ated according to the METAVIR histological score [15].

Virologic assessment and definition of viral response

The serum HCV RNA level was quantified with the COBAS
Tagman HCV test, version 2.0 (detection range 1.2-7.8
log 1U/mL; Roche Diagnostics, Branchburg, NJj, 1UUSA) and
was assessed before treatment, every 4 weeks during treat-
ment and 24 weeks after therapy. A rapid virologic
response (RVR) was defined as undetectable serum HCV
RNA at week 4, a complete early virologic response
(¢-EVR) as undetectable serum HCV RNA at week 12 and
an BOT response (ETR) as undetectable seruun HCV RNA
at the end of treatment (BOT). SVR was defined as an
undetectable serum HCV RNA level at 24 weeks after EOT.
Relapse was defined as an undetectable serum HCV RNA
level at BOT but a detectable amount alter EOT. Nonre-
sponse was defined as a defectable HCV RNA level during
therapy. Breakihrough was defined as quantifiable HCV
RNA after undetectable HCV RNA during therapy.

Safety assessment

Chemical and haematologic assessments and safety assess-
ment were performed every week during the start to first
12 weeks of treatment and every 4 weeks from week 12—
24 of treatment. At each visit, data on adverse events were
collected, and physical examinations were performed if
clinically indicated.

Assessment of drug exposure

The amounts of TVR, Peg-IFN alfa-2b and RBV actually
taken by each patient during freatment were evaluated by
reviewing the medical records. The mean doses of each
drug were calculated individually as averages based on
body weight at baseline: TVR was expressed as mg/kg/day,
Peg-IFN alfa-2b was expressed as pg/kg/week, and RBV
was expressed as mg/kg/day.

Statistical analysis

Baseline continuous variables were expressed as the
means - standard deviation or median and categorical vari-
ables as frequencies. The virologic response was evaluated in
an intention-to-treat (XT'T) set. Differences between the two
groups were assessed by a chi-square test or a Mann-Whit-
ney U-test in univariate analyses. The factors selected as sig-
nificant by the univariate analysis were evaluated by
multivariate logistic regression analyses. The cumulative
discontinuation of the drug was assessed by the Kaplan—Me-
ier method and the log-rank test. A P-value <0.05 was con-
sidered significant. The statistical analysis was conducted
using SPSS, version 19.0] (IBM, Armonk, NY, USA).

RESULTS

Progress of patients treated with TVR, Peg-IFN a-2b and
RBV

The baseline characteristics of the patients are samomarized
in Table 1. There were 59 {reatment-naive patients and
73 and 29 relapsers and nonresponders fo previous Peg-
IEN with RBV treatment. Of the 166 patients, 119 com-
pleted the 12 weeks of TVR and 24 weeks of Peg-IFN and
RBV, 42 discontinued TVR, and 22 discontinued Peg-IFN
and RBV. Among the patients who discontinued TVR or
Peg-IPN and RBV, 17 discontinued all drugs before treai-
ment week 12.

Virologic response

Five patients (four patients discontinued TVR, one patient
discontinued all drugs) were lost during follow-up and
were excluded for the analysis of SVR. The RVR, ¢EVR,
ETR and SVR rates were 82% (122/149), 96% (154/160),
93% (150/162) and 82% (132/161). The SVR rate was
85% (101/119) among the patients who completed the
entire treatment schedule, 70% (26/37) among those who
discontinued TVR, 57% (12/21) among those who discon-
tinued Peg-IFN and RBV and 44% (7/16) among those
who discontinued all drugs before treatment week 12.

Table 1 Baseline characteristics of patients

Factor

Number 166

Age (y.0.) 60.3 & 8.8

Gender: male/female 85/81

Past history of [FN": naive/relapse/ 59/73/29
nonresponse

HCV RNA (median, log IU/mL) 6.7

Liver histology’, %

Activity: AO/1/2/3 1/63/25/0

Fibrosis: FO/1/2/3/4 7/41/20/17/4

White blood cell (/ul) 4808 £ 1306

Haemoglobin (g/dL) 14.2 + 1.4

Platelets (x 10%/pL) 16.4 4 5.1

ALT (TU/L) 57 4+ 55

IL.28B SNP(rs8099917)% 56/19/1
TT/TG/GG

TVR dose at stat (mg/kg/day): 31.6 £ 7.9,
2250 mg/1500 mg 83/83

Peg-IFN dose at start (ng/kg/ 1.48 + 0.16
week)

RBYV dose at start (mg/kg/day) 11.3 &£ 1.7

“Five patients missing.
TMETAVIR.

177 patients missing.
S99 patients missing.

© 2014 John Wiley & Sons Ltd
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Discontinuation of treatment by adverse events

The discontinuance rate of all drugs was 11% (18/166),
and the discontinuance rate of TVR was 26% (43/166).
The discontinuance rates and the reasons for all drugs and
TVR according to age are shown in Table 2. The discon-
tinuance rate of TVR was significantly higher in patients
>65 y.o. than that in those <65 y.o. (P = 0.015).

Factors associated with TVR discontinuance

The factors associated with TVR discontinuance were
assessed among demographic, haematological, biochemical
and virologic factors and drug adherence by a univariate
analysis (Table 3A). Next, the factors selected as significant
by the univariate analysis were evaluated by a multivari-
ate analysis (Table 3B), and older age (=65 y.0.) and
higher TVR dose during treatment (=35 mg/kg/day) were
extracted as the factors associated with the discontinuance
of TVR. Figure 1 shows the cumulative discontinuance of
TVR according to age and TVR dose. The cumulative dis-
continuance rates were significantly higher in patients at
>35 mg/kg/day of TVR than in those at <25 mg/kg/day of
TVR among the patients <65 y.o. (Fig. la) and =65 y.o.
(Fig. 1b). The cumulative discontinuance rate of TVR was
highest in patients >65 y.o. at >35 mg/kg/day of TVR
(58%). Among this group, 25% of the patients discontin-
ued TVR during treatment week 1.

Factors associated with SVR

In a per protocol (PP) analysis including the patients who
completed the entire treatment schedule, the SVR rate was
very high in the patients at >25 mg/kg/day of TVR (25—
35 mg/kg/day of TVR, 93%: =35 mg/kg/day of TVR, 95%)
compared with 67% in those at <25 mg/kg/day (Fig. 2a).

Table 2 Adverse events leading to drug discontinuation

TVR adherence on antiviral and side effect 257
However, in an I'TT analysis including the patients who
discontinued any drugs as well as those who completed
the entire treatment schedule, the SVR rate was higher at
91% in the patients at 25-35 mg/kg/day of TVR compared
with 78% in those at >335 mg/kg/day and 71% in those at
<25 mg/kg/day (Fig. 2b). According to previous [FN treat-
ment response and TVR dose, the highest SVR rates (ITT
analysis) were obtained at a dose of 25-35 mg/kg/day of
TVR among naive patients and prior relapsers; the SVR
rate at >35 mg/kg/day of TVR was not less than that at
25-35 mg/kg/day among the nonresponders (80% vs
73%) (Fig. 2c¢).

The factors associated with SVR were assessed among
demographic, haematological, biochemical and virologic
factors, drug adherence and treatment discontinuance by a
univariate analysis (Table 4A). Next, the factors selected as
significant by the univariate analysis were evaluated by a
multivariate analysis (Table 4B). The favourable factors
associated with SVR were treatment-naive, relapse to pre-
vious treatment, TVR dose during treatment (25-35 mg/
kg/day) and completion of treatment,

DISCUSSION

Baseline factors such as the virclogic response to previous
IEN therapy, the degree of liver fibrosis progression and

" genetic polymorphism near the IL28B gene have been

reported to be associated with SVR in triple therapy with
TVR, Peg-IFN and RBV [7,16,17]. The setting of an opti-
mum dosage of TVR that can increase the antiviral effect
and decrease adverse effects is necessary because such
baseline factors do not change. Regarding the TVR dosage,
a phase 1b, placebo-controlled, double-blinded study con-
ducted in Europe indicated that HCV RNA reduction was
greatest at 750 mg of TVR every 8 h than at 450 mg of
TVR every 8 h or 1250 mg of TVR every 12 h; as a result,

All drug discontinuation

TVR discontinuation

Factor Age <65 v.0. Age >65 v.0. Age <65 y.o. Age >65 y.o.
Rash 4 4 7 8

Anaemia 2 1 8 5
Gastrointestinal disorder 1 1 3 5

Fatigue 1 1 2 1
Hyperbilirubinaemia 1 2
Thrombopenia 1 1

Renal dysfunction 1

Unlknown 1

Discontinuance rate 8% (9/110) 16%* (9/56) 20% (22/110) 38%t (21/56)

*P={0.12, Age <65 y.0. Age 265 y.0.
TP = 0.015, Age <65 y.o. Age 265 y.o.

© 2014 John Wiley & Sons Ltd
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Table 3 Factors associated with TVR discontinnation

A. Univariate analysis

Factor

No (n=123) Yes {n = 4.3) P-value
Age (v.0) 59.1 £ 9.2 63.9 £ 5.9 0.002
Gender: male/female 67/56 18/25 0.15
Past history of IFN: naive/relapse/nonresponse 44/52/24 15/21/5 0.48
HCV RNA (median, log 10/mL) 6,65 6.7 0.48
Liver histology: Activity: AG-1/2-3 45/21 1974 0.28
Fibrosis: FO-2/3-4 49/17 1974 0.57
White blood cell (/pl) 4928 4 1357 4469 + 1093 0.07
Haemoglobin (g/dL) 14.2 &£ 1.4 14.0 £ 1.2 0.10
Platelets (x 10%/uL) 16.5 £ 5.3 16.2 £ 4.6 0.91
ALT (TU/L) 54 4 38 64 4 86 0.94
TVR dose (mg/kg/day): <25/25-35/35% 42/59/22 7/20/16 0.013
Peg-IFIN dose (pg/kg/week): <1.2/1.2-1.5/1.5< 26/61/36 7/14/21 0.049
BBV dose (mg/kg/day): <6/6-10/10< 35/59/29 12/21/9 0.96
B. Multivariate analysis
Factor Category Odds ratio 95% CI P-value
Age 0: <65 y.0
1: 265 y.o. 2.266 1.062-4.835 0.034
TVR dose 0: <25 mglkg/day
10 25-35 mg/kg/day 2.062 0.778-5.469 0.146
2: 235 mg/kg/day 3.877 1.323-11.362 0.014
Peg-1FN dose 0: <1.2 pg/kg/week
1: 1.2-1.5 pg/kg/week 792 0.275-2.279 0.666
2: =1.5 nglkg/week 1.701 0.598-4.839 0.319
100§ (a) o o 100?— (b)
:g 80} % 304
g ool £ sol
2 40p 2 40r
2 2
L ol 2
3 5]
v D=

Treatmeni week

Treatment weel

Fig. 1 The cumulative discontinuance rate of TVR according to the mean TVR dose. (a) age <65 y.o. (b) age =65 y.o.
Dashed line, mean TVR dose <25 mg/kg/day. Grey line, mean TVR dose of 25-35 mg/kg/day. Black line, mean TVR dose
>35 mg/lkg/day. P = 0.025, mean TVR dose >35 mg/kg/day vs mean TVR dose <25 mg/kg/day among patients <65 y.o.
P = 0.023, mean TVR dose >35 mg/kg/day vs mean TVR dose <25 mg/kg/day ameng patients >65 y.o.

the regimen of 750 mg of TVR every 8 h (total 2250 mg/
day) was selected [12]. However, HCV RNA was reduced
similarly with TVR at 500 or 750 mg every 8 h in a phase
1, open-label, two-arm study of TVR with Peg-IFN alfa-2b
and RBV conducted in Japan using 20 patients with CH-C
[13]. Recently, in Japanese CH-C patients limited with

1L28B rs8099917 TT or relapse to previous IFN therapy, a
similar antiviral effect was reported at 750 mg TVR every
8 or 12 h with Peg-IFN alfa-2b and RBV [18]. Purther-
more, in a prospective study, we have reported that similar
antiviral efficacies and fewer treatment-related adverse
effects were obtained with initial TVR at 500 mg every

© 2014 john Wiley & Sons Ltd
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Fig. 2 The SVR rate according to the mean TVR dose. (a) Per protocol analysis. (b) Intention-to-treat analysis. (c)
According to past history of IFN in intention-to-treat analysis. White bar, mean TVR dose <25 mg/kg/day. Grey bar, mean
TVR dose of 25-35 mg/kg/day. Black bar, mean TYR dose >35 mg/kg/day.

8 h compared with initial 750 mg every 8 h with Peg-IFN
alfa-2b and RBV. However, these reports have not shown
how the dosage of TVR increases or decreases the antiviral
effect and adverse effects in patients treated with TVR,
Peg-IFN and RBV [14]. The usual dose for individuals orig-
inally differed on the basis of body weight, with an initial
TVR dosage ranging from 22.5 to 45 mg/kg/day at
2250 mg/day and 15 to 30 mg/kg/day at 1500 mg/day
among patienis weighing 50-100 kg. In the present study,
we examined the antiviral effect and prevalence of side
effects with a focus on a weight-based TVR dosage.

The SVR rate was significantly higher, at §5%, in patients
who completed the entire freatment schedule of all three
drugs than the 70% found for those who discontinued TVR.
Because the discontinuance rate of TVR was high at 25%,
avoiding the discontinuance of TVR and completing treat-
ment have the potential to increase the SVR rate. As a result
of a multivariate analysis for TVR discontinuation, the fac-
tors of age and TVR dose were found to be significantly asso-
ciated. Although it has been reported that there is no

© 2014 John Wiley & Sons Lid

difference in the TVR discontinuance rate between patients
<60 y.o. and those >60 v.0, [17], the TVR discontinuance
rates in this study were significantly higher with advanced
age (<60 y.o., 14%, 8/56; 60-64 y.0., 26%, 14/54;
>65 y.0., 38%, 21/56, P = 0.02). Because the haematopoi-
etic capacity and renal fanction are generally low in older
patients, TVR tolerability can be poor. Moreover, the discon-
tinuance of TVR occurred dose dependenily, regardless of
age. Remarkably, 58% of the patients >65 y.0. at =35 mg/
kg/day of TVR discontinued TVR treatment. Therefore, older
patients should be treated with caution to prevent the
administration of a higher dose of TVR (>35 mg/kg/day) to
avoid its discontinuation. In contrast, even in the patients
>65 y.0., none discontinued TVR before treatment week 8 if
given <25 mg/kg/day.

The SVR reflecis the result that increases according to
the antiviral effect of the drug and is countered by the dis-
continuation of the drug. To examine the real impact of
TVR dosage on antiviral effect, a PP analysis among the
patients who completed the entire treatment schedule was
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Table 4 The factors associated with SVR

A. Univariate analysis

Factor SVR {n=132) Non-8VR (i = 29) P-value
Age (7.0) 60.0 £ 9.1 61.3 £ 7.0 0.90
Gender: male/female 72160 1G/19 0.05
Past history of IFN: naive/relapse/nonvesponse 46/64/18 9/9/11 0.01
HCV RNA (median, log 11/mL) 6.7 6.5 0.35
Liver histology: Activity: A0-1/2-3 53/17 917 0.12
Fibrosis: F0-2/3-4 55/15 10/6 0.18
White blood cell (/pL) 4869 4+ 1409 4467 4 725 0.15
Haemoglobin (g/dL) 14.2 + 1.4 13.9 + 1.3 0.30
Platelets (3 10%/ul) 16.8 £ 5.1 14.5 4+ 4.9 0.01
ALT (T0/1) 54 4 57 73 & 44 0.002
IL28B SNP(rs8099917): TT/non-TT 45/14 10/6 0.27
TVR dose (mg/kg/day): <25/25-35/35< 35/69/28 14/778 0.02
Peg-IPN dose (ng/kg/week): <1.2/1.2-1.5/1.5< 25/63/44 7/9/12 0.32
RBV dose (mg/kg/day): <6/6-10/10< 40/62/30 5/15/8 040
TVR discontinuation: no/yes 105/27 18/11 0.045
PEG/RBV discontinuation: no/yes 120/12 20/9 0.001
RVR: yes/no 105/15 16/12 <0.001
B. Multivariate analysis
Factor Category Odds ratio 95% CI P-value
Past history of IFN 0: Naive

1: Relapse ©1.183 0.320-4.371 0.801

2: NR 0.185 0.046-0.702 0.013
Platelets By 1 x 10% /uL 1.087 0.962-1.228 0.180
ALT By 1 10/L 0.995 0.988-1.002 0.133
TVR dose 0: <25 mg/kg/day

1: 25-35 mg/kg/day 4,537 1.348-15.266 0.015

2: =35 mg/kg/day 2.602 0.651--10.398 0.176
TVR discontinuation 0: no

1: yes 0.563 0.148-2.143 0.399
PEG/RBYV discontinuation 0: no

1: yes 0.154 0.034-0.703 0.016
RVR 0: RVR

1: Non-RVR 0.442 0.129-1.514 0.194

performed. In the PP analysis, TVR was dose dependently
correlated with SVR, and the SVR rate was higher in
patients at >25 mg/kg/day of TVR than that in those at
<25 mg/kg/day. In addition, TVR was also dose depen-
dently correlated with the discontinuance of TVR, and the
discontinuance rate of TVR was lower in patients at
<25 mg/kg/day of TVR and higher in patients at 235 mg/
kg/day. As a result, according to an ITT analysis, among
the patients at <25 mg/kg/day of TVR, the discontinuance
rate of TVR decreased, but the SVR rate also decreased due
to a poor antiviral effect; among the patients at =35 mg/
kg/day of TVR, the SVR rate decreased because the discon-
tinuance rate of TVR increased. Finally, based on the ITT
analysis, the highest SVR rate was obtained in the patients

at 25-35 mg/lkg/day of TVR. Therefore, a TVR dose of 25—
35 mg/kg/day can be optimal. As for the resulis of the
multivariate analysis for SVR in the ITT analysis for all
patients including those who discontinued any drugs as
well as those who completed the entive treatment schedule,
the factors of treatment-naive, relapse to previous treat-
ment, TVR dose during treatment and completion of treat-
ment were found to be the significant factors. Regarding
the response to previous treatment and TVR dose during
treatment, similar results that the highest SVR rate was
obtained in patients at 25-35 mg/kg/day of TVR in the
ITT analysis were obtained in the naive patients and
relapsers. However, because the patient group with nonre-
sponse to previous Peg-IPN and RBV was too small to

© 2014 John Wiley & Sons Ltd
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exainine the relationship between the SVR rate and TVR
dose, there was no significant difference between the SVR
rate and TVR dose. However, the SVR rate among patients
with nonresponse to previous Peg-IFN and RBV was
insufficient in triple therapy with simeprevir (SMV), a sec-
ond-genieration PI, Peg-IFN and RBV; the SVR rates were
calculated to be 51.7% (46/89) from a phase-2 study of
triple therapy with SMV, Peg-IFN and RBV [19]. Moreover,
because SMV is one tablet (100 mg of 150 mg), dose
adjustment is jmpossible. In contrast, TVR doses are adapt-
able, and higher doses of TVR might have the potential to
increase SVR in nonresponse patients. Further analysis
using a larger cohort is needed to clarify the optimal dose
of TVR in patients with nonresponse.

In conclusion, in Japanese patients, the administration of
25-35 mg/kg/day of TVR can result in the highest SVR
rate in TVR, Peg-IFN and RBV triple therapy. Although it
is important to avoid adverse effects by reducing TVR dos-
age and to complete treatment, when TVR is reduced, spe-
cial attention is needed not to reduce it to <25 mg/kg/day.
These data have important implications for clinicians freat-
ing Japanese patients — whether similar dosing changes are
appropriate for light weight elderly patients from other
countries remains to be determined.
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Suppression of hepatocellular carcinoma development in
hepatitis C patients given interferon-based antiviral therapy

Magki Hiramatsu, Tsugiko Oze and Tetsuo Takehara

Bepartment of Gastroenterology and Hepuotology, Osoka University Graduate School of Medicine, Osaka, Japan

The advance of antiviral treatment for chronic hepatitis € has
brought a high sustained virological response (SVR) rate. In
this review article, tha suppressive effect of interferon (IFN}-
based therapy on the development of hepatocellular carci-
noma (HCC), visk faciors for developing HCC and the
characteristics of HCC development after SVR among chronic
hepatitis C patienis given IFN-based therapy were studied.
The HCC incidence has been revealed to decrease with IFN-
based antiviral therapy, especially in SVR, and the risk factors
for developing HCC were older age, advanced liver fibrosis
and male sex. o-Fetoprotein levels at 24 weeks after the end
of iFN-based treatment was associated strongly with HCC inci-
dence irrespecitive of virological response. In patients with

SVR, other risk faciors were glucose metabolism disorders,
lipid metabolism disorders and alcohol intake. Extra attention
o the possibility of HCC incidence should be required for
these SYR patients. Antiviral therapy with a combination of
HCV-specific direct-acting antivirals (DAA) is expected to be
utilized in the future. Howevey, it is not known whether DAA-
based treatment can suppress HCC to the level of IFN-based
treatment. Further research is required to clarify this.

Key words: hepatoceliular carcinoma, interferon therapy,
sustained virological rasponse

INTRODUCTION

N ANTIVIRAL TREATMENT of chronic hepatitis C, a

high sustained virological response (SVR) rate can be
achieved by changing the treatment course from inter-
feron ({IFN)} monotherapy to combination therapy with
pegylated interferon (PEG IFN) and ribavirin {RBV), or
combination therapy with protease inhibitor, PEG IEN
and RBV. This has led to successful viral clearance even
in elderly patients and patients with advanced liver
fibrosis, for whom SVR was considered difficult. How-
ever, an increase in the proportion of elderly patients
and patients with advanced liver fibrosis with SVR has
given rise to concerns of a future increase in the rate of
carcinogenesis following SVR.

This review describes the suppressive effect of
IFN-based therapy on the development of hepatocellu-
lar carcinoma (HCC), risk factors for developing
HCC and the characteristics of HCC development
after SVR.
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SUPPRESSIVE EFFECT OF IFN TREATMENT
ON HCC DEVELOPMENT

Chronic liver disease with hepatitis C virus
{HCV) infection

LARGE NUMBER of articles have been published,

primarily in Japan, suggesting that IFN-based
therapy is associated with the decrease of HCC develop-
ment (Table 1). Regarding IFN monotherapy, Ikeda
et al.! retrospectively analyzed 1643 patients with HCV-
related chronic liver disease and reported that the 3-, 5-
and 10-year cumulative carcinogenic rates were 2.8%,
4.8% and 12.49% for patients not treated with IFN and
1.1%, 2.1% and 7.6% for those treated with IFN, respec-
tively. A study by Kasahara et al.” of 1022 patients treated
with IFN reported 3-, 5- and 7-year cumuilative carcino-
genic rates of 1.6%, 4.3% and 4.3% for the sustained
biochemical response {SBR} group {alanine aminotrans-
ferase [ALT] <40 IU/L at 24 weeks after the end of treat-
ment) and 6.3%, 21.4% and 26.1% for the non-SBR
group, respectively; the carcinogenic rate significantly
decreased in the SBR group. Comparable results were
obtained in other studies conducted by Yoshida et al.,®
Imai etal® and Okanoue etal® According to these
reports,' the risk factors for HCC development were
indicated to be older age, male sex, advanced liver fibro-
sis, lack of IEN treatment and non-response (NR).

© 2014 The Japan Society of Hepatology
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Table 1 Cumulative HCC incidence and risk factors for HCC in patients treated by interfesron therapy

Author (reference) Patients (1) Severity HCV Country Observation IFN Risk factor for HCC Cumulative incidence of HCC
genotype period {mean, treatrnent
{proportion) years)
Tkeda et al. 19991 ALL: 1643 CH Type 1: 72% Japan 5.4 IFN Age (250 years}, I Controls
IFN: 1191 Type 2: 28% fibrosis, male, v-GT 3 years 1.1% 2.8%
control: 452 (250 TU/L), NR 5 years 2.1% 4.8%
10 vears 7.0% 12.4%
SVR SBR NI
3 yeass 0.7% 0.7% 1.5%
5 years 1.4%6 1.9%% 2.9%
7 years 1.4% 1.9% 7.6%
10 years 1.49% 1.9% 17.5%
Kasahara et al. 19982 1022 CH Type 1: 77% Japan 3 IFN Age (255 years}, male, SBR Relapse NR
Type 2: 23% NR 3 years 1.6% 3.4% 5.5%
S years 4.3% 4.7% 21.4%
7 years 4£.3% 4.7% 26.1%
Yoshida et al. 1999° ALL: 2890 CH, LC Type 1: 70% Japan 4.3 IEN Age, fibrosis, male,
IEN: 2400 Type 2: 30% non-TFAN
control: 490
Imai ef al. 1998* ALL: 563 CH, LC Japan 1N, 4 IEN Age (260 yeais), 1PN Controls
IEN: 419 controls, 3.9 fibrosis, non-1EN 4 years 6.6% 12.2%
confrol: 144 SBR Relapse NR
4 years 0.99% 65.1% 12.8%
Okanoue et al. 1999° 1148 CH, LC Japan F1, 3.5; F2, IFN Age, fibrosls, male, NR
3.3; F3, 3.4;
¥4, 3.8
Sexfaty et al. 1998° ALL: 103 c Type 1: 71% France 3.3 IFN Non-IFN IEN Cantrols
IFN: 59 Type 2: 7% 2 years 1.6% 5%
control: 44 Type 3: 22% 4 years 4.4% 23%
Shiratoni et al. 20057 ALL: 345 LC Type 1: 73% Japan 5.8 IEN Age, non-1FN, Alb
IFN: 271 Type 2: 27% (<40 g/1)
control: 74
Gramenzi ef al. ALL: 144 LC tialy IFN, 4.6; 1PN Non-IFN, AFP (220 ng/ IFN Controls
2001° IFN: 72 controls, 4.8 mL); size of varices, 2 years 1.5% 119
control: 72 absent/F1/F2-3 5 years 11% 27%
Bruno et al. 2007%; 920 LC Type 1: 72% tialy 3 IFN Age (>54 years), male,
(Multicenter wrial) Type 2: 23% non-SVR, platelets
Type 3: 3% (<109x10%/L)
Type 4: 2%
Nishiguchi et al. ALL: 90 CH, LC Japan BN, 9.2; FN Non-1FEN
200110 IFN: 45 conuols, 8.2
control: 45
Bruno etal. 1997 ALL: 163 LC Type 1: 67% Italy 5.7 IFN Genotype 1b, male, age
IEN: 82 Type 2: 32% (>60 years)
control: 81 Type 3: 1%
Hamada et al, ALL: 469 CH Japan 28 IEN Age (256 years),
200217 IFN: 145 fibrosis, alcohol,
control: 324 duration from HCV
infection
Kurokawa et al. 403 CH, LC Type 1H: 73% Japan 3 IFN/RBY Age (265 years), SVR Relapse MNR
200913 Non-1H: 27% fibrosis, non-SVR 3 years 2.0% 5.5% 9.5%
5 years 7.5% 8.0% 12.0%
{Continues)
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Table 1 (Continued)

Author (reference) Patients (n) Severity HCY Country Observation IEN Risk factor for HCC Gumulative incidence of HCC
genotype period {mean, treatment
{proportion)} years)
Ogawa et al. 2013 1013 CH, LC Type 1: 70% Japan 3.6 PEG IFN/RBV Age (260 years), male,
Type 2: 30% platelet count SVR Relapse NR
{<150x10%/L}; AFP 5 years {(CH) 1.7% 3.2% 7.6%
(210 ng/mL), LC, NR 5 years (LC) 18.9% 20.8% 39.4%
Watanabe ¢t al. 1865 CH, LC Type 1. 80% Japan 4.3 PEG IEN/RBV Age {260 years), male, SVR Relapse NR
2011 Type 2: 20% NR, platelet count 2 years 0.6% 1.2% 2.8%
(<10x10%/mm?), ALT 3 years 0.9% 2.9% 4.5%
at 24 weeks after 4 years 0.5% 4.8% 6.1%
end of treatment 5 years 1.1% 5.2% 8.5%
) (>40 TU/L)
Cardoso et al. 2010'¢ 307 CH, LC Type 1: 60% France 3.5 PEG [FN/RBV Age (260 years), Bil
Type 2: 8% (217 pmol/L), Alb
Type 3: 16% (<40 g/L), non-SVR;
Type 4: 13% platelet count
(<150 Giga/L)
Oze gt al, 20147 2600 CH, LC Type 1: 78% Japan 33 PEG IFN/RBY Age (255 years), male, SVR Relapse NR
Type 2: 22% non-SVR, platelet 3 years 1.8% 2.9% 6.1%
(<15%10%/mm?), 5 yeas 2.6% 7.3% 15.8%
AFP24 (25 ngfml)
Hung et al. 2011 1470 CH, LC Type 1: 49% Taiwan 4.3 IFN/RBY, PEG Age, male, 1.C, SVR Non-SVR
Non-1: 31% IEN/RBY non-SVR, platelet 2 years 1.0% 2.0%
(<15%10%/uL), 4 years 2.8% 8.7%
pre-IEN AFP (220 ng/ 6 yeais 4.5% 17.0%
mL) 8 years 6.1% 23.7%
Tateyama ¢t al. ALL: 707 CH, LC Type 1. 72% Japan 8.2 IEN, IFN/RBV; Age (257 years), SVR non-SVR controls
2011 IEN: 373 Type 2: 28% PEG IFN, fibrosis, non-SVR, 5 yeass 0.8% 5.7% 11.8%
control: 334 PEG IFN/ AFP (26 ng/mL) 10 years 5.1% 14.6% 29.5%
RBV 15 years 3.1% 36.1% 48.0%
Arase Y et al. 20137 4302 CH, LC Type 1: 65% Japan 8.1 IFN, IEN/RBV Age, male, LC, SVR non-SVR
Type 2: 35% non-SVR, DM, 10 years 2.6% 14.5%
alcohol
Kawamura et al. 2058 CH Type 1: 64% Japan 6.7 IEN, IEN/RBV Age (260 yeais), male, SVR non-§VR
2010 Type 2: 36% AST {250 IU/L), AFP 4 years 0.7% 2.1%
(220 mg/L), DM, 8 years 1.0% 4.4%
non-8VR, platelet 12 years 1.6% 11.6%
count {<17x10%/mL)
Asahina et al. 2010% 2166 CH, LC Type 1. 71% Japan 7.5 IFN, IEN/RBV; Age, male, fibrosis, liver Age <65 years
Type 2: 29% PEG IFN, steatosis, T-chol, FBS, SVR non-SVR
PEG IFN/ non-SVR, pre-IFN 5 years 1.2% 3.6%
RBY AFP, post-IEN, AFP 10 years 3.3% 10.9%
15 years 3.3% 15.5%
Age >65 years
SVR non-SVR
5 years 6.0% 14.1%
10 years 11.0% 25.5%
15 years 11.0% 31.1%

AFP, alpha-fetoprotein; Alb, albumin; CH, chronic hepatitis; DM, diabetes mellitus; FBS, fasting blood sugar; HCC, hepatocellular carcinoma; IFN, interferon; LG, liver cirrhosis; NR, non-response; PEG IFN,
pegylated interferon; RBY, ribavirin; SBR, sustained biochemical response; SVR, sustained virological response; type 111, genotype 1 with high viral load.
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There have been some studies conducted on patients
with cirrhosis. Of 103 patients with HCV-related cirrho-
sis who received IFN monotherapy in a study by Serfaty
et al.,’ the 2- and 4-year cumulative carcinogenic rates
were 1.8% and 4.4% for the IFN treated group com-
pared with 5% and 23% for the group without IFN
freatment, respectively; fewer patients developed HCC
in the IFN treatment group. Comparable results were
obtained from other studies reported by Shiratori et al.”
and Gramenzi et al;® these studies reported that risk
factors for HCC development were older age, albumin
value, lack of PN treatment, a high o-fetoprotein (AFP)
level (220 ng/mL) and varix size. Brano et al.” retrospec-
tively examined the data of 883 patients with HCV-
related cirthosis according to IFN treatment efficacy in a
multicenter trial and reported that the carcinogenic rate
was 0.66/100 person-years in the SVR group compared
with 2.10/100 person-years in the non-SVR group; the
carcinogenic rate of the SVR group was significandy low.
Nishiguchi et al.'® conducted a randomized controtled
trial (RCT} with 90 patients with chronic hepatitis and
compensated cirrhosis and reported that HCC develop-
ment was less frequent in the IFN treatment group. Only
one report pointed to genotype 1b as the most impor-
tant risk factor for HCC development in 163 patients
with HCV-related cirthosis.!!

As for IFN or PEG IFN with RBV combination therapy,
the cumulative carcinogenic rate was shown to decrease
in the SYR group and in the SBR group. Independent risk
factors for developing HCC were older age, advanced
liver fibrosis and non-SVR® A study conducted by
Cardoso et al.'® with 307 patients who received PEC [FN
phis RBV combination therapy (~60% had cirrhosis)
reported a carcinogenic rate of 1.24/100 person-years for
the SVR group compared with 5.85/100 person-years for
the non-SVR group; the carcinogenic rate of the SVR
group was significantly low. Ogawa et al." reported that,
of 1013 patients with HCV-related chronic liver disease
{863 patients with chronic hepatitis; 150 patienis with
cirrhosis) who received PEG IFN plus RBV combination
therapy, the 5-year cumulative carcinogenic rates of
patients with chronic hepatitis were 1.7% and 7.6% for
the SVR group and non-SVR group, respectively, while
that with cirthosis was 18.9% and 39.4%; risk factors
were older age, male sex, low platelet levels (<150 x 10°/
L}, high AFP levels (210 ng/ml), cirthosis and NR.

In summary, with HCV-related chronic liver disease,
the HCC incidence has been shown to decrease with
IFN-based antiviral therapy, especially in SVR, and the
risk factors for developing HCC were older age,
advanced liver fibrosis and male sex.

N. Hiramaisu et al. 155

Suppressive effect of IFN on recurrence
after HCC cure

Regarding the suppressive effect of IFN on HCC devel-
opment in patients who had been cured of HCC, tkeda
et al?® conducted an RCT that compared 10 patients
who received IFN monotherapy with 10 untreated
patients and reported that the recurrence rate was sig-
nificantly lower in the treatinent group than in the
untreated group. Meta-analyses™® also indicated that
IEN significantly inhibits HCC recurrence. However,
there have been few reports of the suppressive effect of
PEG IFN plus RBV combination therapy on HCC recur-
rence. Tanimoto et al.”® and Hagihara et al.”” examined
the prognosis of patients who received PEG IFN plus
RBV combination therapy and reported that no signifi-
cant difference was found between the IFN treatment
group and the untreated group although the survival
rate was higher in the IFN treatment group. Recently,
Hsu et al.®® conducted a study with a large sample of
patients; among 2237 antiviral-naive HCV-infected
patients with curatively resected HCC, 213 patients
recelving antiviral treatment with PEG N plus RBV
were matched 1:4 with 852 untreated controls with
HCV infection. As a result, the recurrence rate of HCC
was reported to be significantly lower in the treated than
the untreated cohott, at 52.1% and 63.9% after 5 years
of follow up, respectively. Age, liver cirthosis and diabe-
tes mellitus were suggested to modify this association.

HCC DEVELOPMENT AFTER SVR TO IFN

HCC incidence after achieving SVR

ABLE 2 SHOWS the HCC incidence after SVR to

IFN-based antiviral therapy. The rates of HCC devel-
opment after SVR differed according to patient charac-
teristics and types of antiviral therapy. Among patients
who received IFN monotherapy, Hayashi et al. reported
that the 3-, 5- and 10-year cumulative carcinogenic rates
were 0.9%, 2.0% and 5.9%, respectively, for 2295
patients who achieved SVR (mean age, 50 years; F3-4,
14%,; mean observation period, 6.1 years), based on
nationwide data {(Inuyama Symposium 2007). In a
cohort study at a single institute, Ikeda et al.” reported
that the 3-, 5- and 10-year cumulative carcinogenic rates
were 0.5%, 3.3% and 11.1%, respectively, for 1056
patients who achieved SVR {median age, 50 years), and
the carcinogenic rate was 0.56/100 person-years. Simi-
latly, Arase ef al.® reported that the 5-year cumulative
carcinogenic rate was 2.8% for 1900 patients who
achieved SVR, while the carcinogenic rate in patients

© 2014 The Japan Society of Hepatology
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Table 2 Cumulative HCC incidence in patients with sustained virological response

Author (reference) SVR Age Liver HCV IEN treatment Observation HCC Cumulative
patients  (mean, years) fibrosis genotype 1 period development incidence of HCC
(mean, rate per
years) 100 person-years Syear  S-year 10-year
Yoshida et al. 1999° 789 IEN 43 0.38
ikeda et al. 2005% 1056 501 44% IEN 4.7% 0.56 0.5% 3.3% 11.1%
Tokita et al. 2005%° 126 53 F3-4, 25% 35% IEN 5.5 - 0.9% 4.7% 7.5%
Bruno et al. 2007° 124 53 F4 37% IEN 8 0.66
Kurokawa et 4l. 2009 139 53 F3-4, 25% 52% IFN/RBV 3 - 1.0% 7.2%
Cardoso et al. 2010 103 55 B3, 42% 60% IEN/RBV 3.5t 1.24 2.0% 8.8% 8.8%
F4, 58% PEG IFN, PEG
IEN/RBV
Hung et al. 2011%° 1027 IEN 4.3% - 1% (2y) 2.8% (4y)  6.1% (8y)
IFN/RBY 4.5% (6y)
Tateyama et al. 2011 139 IEN, IEN/RBV 8.2 - 3.1%
PEG IEN, PEG
[FN/RBV
Arase et al. 2013%° 1900 IFN, IFN/RBV 8.1 CH, 0.16, 1LC, 1.82 2.8%
Asahina et al. 20133 913 IEN, IFN/RBV 6.1 - 2.3% 5.5%
PEG IEN, PEG
IFN/RBV
Ogawa et al. 2013" CH, 503 CH, 5471 F4, 10% CH, 57%  PEG IFN/RBV 3.6% - CH, 1.7%
1C, 53 LG, 611 1C, 45% LC, 18.9%
Aleman et al. 2013 110 50 F4 24% PEG IFN/RBY 5.3 1.00
Oze et al. 2014 1425 55 F3-4, 12% 68% PEG IEN/RBV 3.3 - 1.8% 2.6%

tMedian.

CH, chronic hepatitis; HCC, hepatocellular carcinoma; IFN, interferon; LC, liver cirrhosis; PEG IFN, pegylated interferon; RBV, ribavirin; SVR, sustained virological response.
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with cirrhosis (1.82/100 person-years) was significantly
higher than for those with chronic hepatitis {0.16/
100 person-years).

Among patients who received PEG IPN plus RBV com-
bination therapy, Cardoso et al.*® reported that the 3-
and S-year curnulative carcinogenic rates were 2.0% and
B8.8%, respectively, and the carcinogenic rate was 1.24/
100 person-years for 103 patients with advanced liver
fibrosis (METAVIR, F3/4; mean age, 55 years). Ogawa
et al.™ reporied that the 5-year cumulative carcinogenic
rate was 18.9% for 53 patients with cirthosis who
achieved SVR {mean age, 61 years). Oze ef al.”” analyzed
the data for 1425 patients who achieved SVR by PEG
IFN plus RBY combination therapy and reported that
the 3- and 5-year cumulative carcinogenic rates were
1.8% and 2.6%, respectively {mean age, 55 years).

The retrogpective analysis was performed for the
cutcome of susiained virological responders with
histologically advanced chronic hepatitis C among
patients who participated in the Hepatitis C Antiviral
Long-Term Treatment Against Cirrhosis (HALT-C)
trial.* However, that study was mainly studied for the
outcome of the rate of death or liver transplantation,
and of liver-related morbidity and mortality after anti-
viral therapy. Their results for HCC incidence of S8VR
patients may be an underestimate because 23% of SVR
patients did not pasticipate in the amended HALT-C
trial.

In summary, the 3- and 5-year HCC incidences after
SVR to IFN-based antiviral therapy for HCV-related
chronic hepatitis C and cirthosis with HCV infection
were 0.5~2.0% and 2.3-8.8%, respectively.

xcept for the studies among patients with cirrhosis,
the 3- and 5-year cumulative carcinogenic rates were
reported to be 0.5-0.9% and 2.3-4.7% among SVR
patients treated with [FN monotherapy,”*® and 1.0-
2.0% and 2.6-8.8% among those with IFN {PEG IEN)
plus RBY combination therapy, respectively;’®'%!" the
higher carcinogenic rates were found among SVR
patients ftreated with IFN plus BBV combination
therapy. This can be due to an increase in the proportion
of eldedy patients and patients with advanced liver
fibrosis among SVR patients treated with IFN plus RBV
combination therapy. Purther study is needed to clarify
this.

Risk factors for HCC after achieving SVR

Table 3 shows the risk factors for developing cancer after
SVR to IFN-based antiviral therapy. A number of studies
have reported that elderly patients and patients with

M. Hiramatsu et al. 157

advanced liver fibrosis are at high risk of developing
HOC.

Recent reports have analyzed pretreatment and post-
wreatmoent factors of antiviral treatment as predictors
for HCC development »9131016-2029-52809 Oyze gt gl per-
formed a prospective study, collecting data from 2659
patients with chronic hepatitis C without a history of
HCC who had been treated with PEG IEN plus RBV and
examined potential associated factors using a Cox pro-
portional hazards model for 1425 patients who had
achieved SVR.' As a result, among patients with SVR,
multivariate analysis showed that the significant factors
were older age (265 years; hazard ratio [HR], 5.814) and
higher levels of AFP at 24 weels after the end of treat-
ment (AFP24). The patients with post-treatment ATP24
levels of 5 ng/mL or more were at higher risk of devel-
oping cancer than the group with AFP24 levels of less
than 5 ng/mi (FR, 8.096). In addition, the 5-year
cumulative carcinogenic rate after wreatment, based on
AFP24, was 1.0% in the group with AFP24 levels of less
than 5 ng/ml, which was significanty lower than that in
the group with AFP24 levels of 5-10 mg/mL (5.8%) and
the group with AFP24 levels of 10 ng/mL or more
(10.3%). When comparing the ability of pre- and post-
comparison AFP24 levels to predict HCC development
using a likelibood ratio test, the post-treatment AFP24
fevel was a beiter predictor of cancer development.
Asahina et al.®* also reported that higher post-treatment
AFP and ALT levels increased the risk of developing
HCC and these were considered to be important
markers for the prediction of HCC development.

Akuta et al*® reported a high risk of developing HCC
after SVR with the following faciors: older age (255
years; HR, 3.1), advanced liver fibrosis {(2F3; HR, 9.0),
HCV genotype 1, and amino acid alterations in core
region 70 (Arg to Gln or His; HR, 10.5). Other risk
factors reported for the development of HCC are diabe-
tes, 820 fatey liver® and alcohol intake.**® Thus, coun-
seling on daily lifestyle habits is considered important.

Characteristics of liver HCC development
after achieving SYR

Next, the characteristics of patients who developed liver
cancer after achieving SVR to antiviral therapy are sum-
marized in Table 4. Reporis'*33537* showed that the
mean age of the patients was 60 years or more (range,
38-87 years), indicating that the majority of patients
who developed cancer were elderly. More male patients
developed HCC (220 men) than female patients (45
women).

© 2014 The japan Society of Hepatology
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