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Abstract

AIM: To analyzed the association between inosine
triphosphatase (/7P4) (rs1127354) genotypes and sus-
tained virological response (SVR) rates in peginterferon
(Peg-IFN)qa + ribavirin (RBV) treatment.
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METHODS: Patients who underwent Peg-IFNg + RBV
combination therapy were enrolled (7 = 120) and they
had no histary of other IFN-basaed treatments. Variation
in hemoglobin levels during therapy, cumulative reduc-
tion of RBV dose, frequency of treatment withdrawal,
and SVR rates were investigated in each /774 genotype.

RESULTS: In patients with /7P4 CC genotype, he-
moglobin decline was significantly greater and the
percentage of patients in whom fotal RBV dose was <
60% of standard and/or treatment was withdrawn was
significantly higher compared with CA/AA genotype.
However, SVR rates were equivalent between CC and
CA/AA genotypes, and within a subset of patients with
Interleukin 28B (JL288) (rs8099917) TT genotype, SVR
rates tended to be higher in patients with 7724 CC
genotype, although the difference was not significant.

CONCLUSION: /7P4 CC genotype was a disadvanta-
geous factor for Peg-IFNo. + RBV treatment in rela-
tion to completion rates and RBV dose. However, CC
genotype was not inferior to CA/AA genotype for SVR
rates. When full-length treatment is accomplished, it
is plausible that more SVR is achieved in patients with
ITFA CC variant, especially in a background of L2858 TT
genotype.

© 2013 Baishideng. All rights reserved.
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Core tip: Inosine triphosphatase (/774) polymorphism
at rs1127354 is significantly associated with hemo-
globin decline and reduction of ribavirin (RBV) during
peginterferon-o + RBV therapy. However, the effect
of the 77P4 gene single-nucleotide polymorphism on
treatment outcome is still unclear. In this study, 7774
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CC genotype (rs1127354) was not inferior to CA/AA
genotype for sustained virological response rates al-
though CC genotype was a disadvantageous factor for
the treatment in relation to completion rates and RBV
dose. When full-length treatment is accomplished, the
SVR rate tended to be higher in patients with the CC
genotype, especially in a subset of patients with the fa-
vorable TT genotype (rs8099917) of Interleukin 28B.
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INTRODUCTION
Hepatitis C virus (HCV) genotype 1b accounts for around
70% of chronic hepatitis C in Japan™?. A sustained vi-
rological response (SVR) in eliminating HCV RNA by
peginterferon (Peg-IFN)o. + ribavitin (RBV) combina-
tion therapy is attained in 40%-50% of individuals with
HCV-1b"7. Triple therapy using Peg-IFNo + RBV +
telaprevir is anticipated to be effective for SVR in ap-
proximately 75% of patients with HCV-16"%. 1t is known
that polymorphisms located upstream of the Interleukin
28B (I1.28B) gene, encoding for A or type I interferon
(IFN-%), are major predictors of SVR in the Peg-IFNa-
based combination therapies”'?. Two single-nucleotide
polymorphisms (SNPs), 158099917 TT genotype and
12979860 CC genotype, have been independently as-
sociated with a higher rate of SVR following Peg-IFNa-
based combination therapies in individuals with HCV-
1b infection. TFN-% is believed to upregulate the JAK-
STAT (Janus kinase-signal transducer and activator of
transcription) pathway through interaction with a cellular
transmembrane receptot, resulting in antiviral activity.
In Japanese individuals, strong linkage disequilibrium is
recognized between the two JL.28B SNPs, 158099917 and
1512979860, and 99% coincidence has been reported” ™.
The most important adverse events of Peg-IFNa-
based combination therapies include RBV-induced he-
molytic anemia, which is severe enough to require dose
reduction of RBV in 10%-20% of patents, and which
may affect overall efficacy”. RBV-induced ATP depletion
in red blood cells is believed to be a primary mechanism
for RBV-induced hemolytic anemia. A genome-wide as-
sociation study has shown a strong association between
SNPs of the inosine tiphosphatase (ITPA) gene in chro-
mosome 20 and RBV-induced anemia in patients infected
with HCV-1b"". Two functional SNPs, a missense variant
in exon 2 (rs1127354) and a splicing altering variant in in-
tron 2 (rs7270101), independently reduce the expression
of ITPA, leading to inosine deficiency and protection
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against RBV-induced ATP depletion™"™. Accordingly,
the protective genotypes, 151127354 CA and AA as well
as 1s7270101 AC and CC, are associated with decreased
ITPA actvity, which confers protection against RBV-re-
lated ATP depletion and hemolytic anemia. The Japanese
have the AA genotype exclusively at 157270101, thetefore
the CC genotype at ts1127354 is a major predictor of
RBV-induced anemia during antiviral combination thera-
py in Japanese patients infected with HCV-1b"""
However, it is controversial whether ITPA (rs1127354)
CC genotype, which induces heavier hemoglobin decline,
affects therapeutic outcomes. From the standpoint of
health economics, it is important to examine the signifi-
cance of factors predicting viral response to antiviral
treatments and therapeutic outcomes. In this study,

Japanese patients infected with HCV-1b, who had experi-

enced Peg-IFNg + RBV combination therapy, were ret-
rospectively analyzed. Patients were divided into groups
according to genotyping of ITPA4 rs1127354 and I1.28B
158099917, Our primary analysis was focused on the
quantitative change from baseline in hemoglobin levels
and platelet counts, cumulative reduction of RBV dose,
frequency of treatment withdrawal, and estimaton of
treatment outcome.

MATERIALS AND METHODS

Study patients

This retrospective cohort study was performed in 120
patients with chronic HCV-1b infection who were treated
with Peg-IFNa + RBV combination therapy at Kyushu
Medical Center Hospital between January 2007 and De-
cember 2009. The patients met the following inclusion
and exclusion criteria. Inclusion criteria were: (1) baseline
serum HCV RNA levels > 5.0 log 1U/mlL; and (2) Japa-
nese patients aged 20-65 years at study entry. Exclusion
criteria were: (1) decompensated liver cirthosis; (2) serum
hepatitis B surface antigen; (3) hepatocellular carcinoma
or its history; (4) autoimmune hepatitis, alcoholic liver
disease, hemochromatosis, or chronic liver disease other
than chronic hepatitis C; (5) chronic renal disease or
creatinine clearance < 50 mL/min at baseline; (6) hemo-
globin < 12 g/dL, neutrophil < 1500/ul or platelets <
100000/ L at baseline; and (7) history of receiving IFN-
based treatment. All patients gave consent for analysis
of SNPs in ITPA and I1.28B genes. The study was con-
ducted in accordance with the ethical principles of the
Declaration of Helsinki and was approved by the Ethics
Committee of Kyushu Medical Center. Written informed
consent was obtained from each patient.

Antiviral treatment

Peg-TFNa2b (1.5 pg/kg) or Peg-IFNa2a (180 pg) was in-
jected subcutaneously once weekly. RBV (600-1000 mg/d)
was administered after breakfast and dinner. The RBV
dose was adjusted by body weight: 600 mg for < 60 kg;
800 mg for 60-80 kg; and 1000 mg for > 80 kg As a stan-
dard combination therapy, Peg-IFNq and RBV were con-
tinued for 48 wk. Treatment duration was extended up to
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Table 1 Baseline characteristics of patients

JTPA polymorphism (1s1127354) £ value

Baseline characteristics

CA/AA (n = 37) CC(n = 83)
Age (yr) 618 59+11 NS
Gender: male/ female 18/19 37/46 NS
HCV RNA (log IU/mL) 6206 59205 NS
Hemoglobin (g/dL) 134%15 Be+17 NS
WBC (x 10°/uL) 47%12 5015 NS
Platelet (» 10°/ L) 18.0+6.0 18.0%7.0 NS
AST (IU/L) 56.8 £34.9 582423 NS
ALT (IU/L) 65.5+40.0 68.4 £56.8 NS
GGT (1U/L) 561+523 55.3+49.4 NS
AFP (ng/mL) 53+4.0 2421618 NS
Staging: Fi2/Fs4 19/16 49/27 NS
IL28B: TT/TG + GG 29/8 53/30 NS

ITPA: Inosine triphosphatase; AST: Aspartate aminotransferase; ALT:
Alanine aminotransferase; GGT: y-glutamyl transpeptidase; AFP:
a-fetoprotein; NS: Not significant; HCV: Hepatitis C virus; IL28B: Interleu-
kin 28B.

72 wk in some patients in whom HCV RNA first became
undetectable after week 12 but before week 48. SVR was
defined as undetectable serum HCV RNA for 24 wk after
treatment completion. Rapid virological response (RVR)
and early virological response (EVR) were defined as un-
detectable serum HCV RNA at 4 wk and 12 wk of Peg-
IFN@ + RBV treatment, respectively. The RBV dose was
reduced by 200 mg in patients receiving 600 or 800 mg (by
400 mg in those receiving 1000 mg) when hemoglobin
decreased to < 12 g/dL, and by another 200 mg when it
was < 10 g/dL. RBV was withdrawn or stopped tempo-
rarily when hemoglobin levels decreased to < 8.5 g/dL.
Dose of Peg-IJFNa2b (or Peg-IFN@2a) was reduced by
50% when the leukocyte count decreased to < 1500/ pl.,
neutrophil count to < 750/ulL, or platelet count to <
80000/ pl; Peg-IFNo2b or Peg-IFNo2a was withdrawn
when the above measures were decreased to < 1000/pL,
< 500/uL or < 50000/ plL, respectively.

Laboratory data

Hematological, biochemical, and virological parameters
were determined by the clinical laboratory at Kyushu
Medical Center. Serum HCV RNA concentrations were
determined by the COBAS TagMan polymerase chain
reaction (PCR) HCV test (Roche Diagnostics, Tokyo,
Japan). Genotyping for the IL.28B (rs8099917) and JTPA
(1s1127354) polymorphisms was performed by TagMan
SNP Genotyping Assays (Applied Biosystems, Branch-
burg, NJ, United States) that apply a PCR-based restric-
tion fragment length polymorphism assay.

Statistical analysis

Stadistical analysis was performed using JMP software (SAS
Institute Inc., Cary, NC, United States). Differences between
categorical variables were analyzed using Fisher’s exact test
ot ;;2 test. Mann-Whitney U test was used for continuous
variables. Multivatiate analysis was used to identify factors
independently associated with the achievement of SVR.
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Figure 1 Chronological variation of hemoglobin levels (A} and platelet
counts (B) in each inosine triphosphatase genotype at rs1127354. °P < 0.05,
'P < 0.01 compared with CA/AA groups.

The OR and 95%CI were also calculated. P < 0.05 was
considered to be statistically significant.

RESULTS

Association between ITPA deficiency and hemoglobin
decline

Baseline characteristics of 120 enrolled patients are
shown in Table 1. The study population included 83
patients with major (CC) genotype and 37 patients with
minor (CA/AA) genotype of ITRA at rs1127354. Within
listed items, no significant difference was seen between
ITPA4 CC and CA/AA groups. Chronological variation of
hemoglobin levels and platelet count during Peg-TFNow +
RBYV therapy is shown in Figure 1. As reported previous-
ly, hemoglobin decline was obvious in patients with ITP4
CC genotype (rs1127354) and a significant difference was
seen at week 1, 2, 4, 12 and 24 (Figure 1A), meaning that
ITPA deficiency due to CA/CC genotype was associated
with slower hemoglobin decline early in treatment. The
greatest difference in mean hemoglobin reduction was
found at week 4, while platelet reduction was temporally
heavier in patients with ITR4 CA/AA genotype at week
2 and 4 (Figure 1B). Leukocyte and neutrophil counts
were equivalent between ITRA genotype CC and CA/AA
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Table 2 Sustained virological response rates according to

total ribavirin dose in each inosine triphosphatase genotype
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Table 4 Comparison of profile between sustained virological

response and non-sustained virological response patients

ITPA genotype Patients with Patients with Total Factors SVR (# = 54) non-SVR (& = &) P value
(rs1127354) >R§QID/Z total <R68?/°/; total Age (vr) 57 €12 6129 <0.05
ose ose T e 4 )
CA+AA 483% (14/29)  125% (1/8)  40.5% (15/37) gfgdj‘ “i?gfi’?:ie - ﬂ':f . ,73[: 13.;’3 22
fan 58.5% (31/53) 20.0% (6/30)  44.6% (37/83) H‘ C} - g/m) Dord S i
V RNA (log IU/mL) 59206 6106 <0.05
Hemoglobin (g/dL) 13.7+13 13818 NS
Each group includes patients in whom treatment was withdrawn. RBV: WBC (x 10°/mL) 47413 E1a1E NS
Ribavirin; ITPA: Inosine triphosphatase. Platelet (x 10°/mL) 20+7 1746 <0.0%
AST (IU/1L) 4624258 66.7 +47.1 NS
ALT (IU/L) 56.1+33.3 754 611 NS
Table 3 Virological response according to classification by i(’z (Il?’/L)L\ 3;)'3 fiﬁ'] 63%31'3 ﬁz
inosine triphosphatase and interleukin 28B single-nucleotide Fl,('né‘/ k) o198 ! '1)‘ 2 o
polymorphisms 2 (%) Staging: F12/Fs4 12/40 28/30 <0.01
72 wk treatment: +/- 10/44 14/52 NS
) A i Ribavirin dose (%)’ 90 + 35 76 £ 41 NS
:’;‘S’:")"nif“' T K‘” : ncc CA’i‘?ﬁi‘ i 22 ITPA; CC/CA + AA 38/16 45/21 NS
o = 29)' (= 53) = 8)‘ @ = 30)' 11.28B: TT/TG + GG 44/10 38/28 <0.01
RVR 3(10.3) 10 (18.9) 0(0.0) 4(13.3) , -
RVR+EVR 18 (62.1) 35 (66.0) 1(12.5) 8 (26.6) ‘Percentage of ribavirin administration to the scheduled total dose of
SVR 13 (44.8) 29 (54.7) 2 (25.0) 8 (26.6) full-length treatment (48 or 72 wk). SVR: Sustained virological response;

Inosine triphosphatase (ITPA). SVR: Sustained virological response; RVR:
Rapid virological response; EVR: Early virological response; [L28B: Inter-
leukin 28B.

groups during treatment (data not shown).

Treatment outcome in each genotype of ITPA

As a result of hepatocellular carcinoma, therapeutic inef-
ficiency, or adverse events, such as depression, appetite
loss, easy fatigability, retinal hemorrhage, and hemolytic
anemia, Peg-IFNg + RBV therapy was discontinued in
18 patients with ITP4A CC genotype (21.7%) and 6 pa-
tents with CA/AA genotype (16.2%). Moreover, serious
reduction of RBV administration (< 60% of scheduled
total dose) was compelled in significantdy more patients
with CC genotype compared with the CA/AA genotype.
The percentage of patients receiving < 60% total RBV
dose, including patients with treatment interruption/
withdrawal, was significantly higher for the CC genotype
(37.3% s 21.6%, P < 0.05). To investigate the influence
of dose reduction of Peg-IFN on treatment outcome,
we also analyzed the dose of Peg-IFN administered for
each rs1127354 genotype, and > 70% of the expected
total dose was administered to all patients with treatment
completion (data not shown). SVR rates were analyzed
according to the total RBV dose and ITPA genotype
(Table 2). In the whole population, SVR rates were higher
in ITRA genotype CC than CA/AA genotype (44.6% s
40.5%), although the difference was not significant. SVR
rates tended to be higher for the CC genotype than the
CA/AA genotype in patients with > 60% total RBV dose
(58.5% s 48.3%) or < 60% total RBV dose (20.0% us
12.5%), but there were no significant differences between
the ITPA genotypes.

SVR, RVR and EVR rates were determined for I1.28B
(£s8099917) and ITPA (rs1127354) genotypes (Table 3).
In a subset of patents with IL28B TT genotype, RVR,
RVR + EVR and SVR showed higher rates in patients

149
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AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT:
y-glutamyl transpeptidase; AFP: g-fetoprotein; ITPA: inosine triphospha-
tase; NS: Not significant; HCV: Hepatitis C virus; IL28B: Interleukin 28B.

Table 5 Multivariate analysis for predictive factors assodiated

with SVR

Factors Category 95%CI P value
HCV RNA (log IU/mL) =26.0:1.0 1.42-10.95 0.008
<6.0:3.94
IL28B (rs8099917) TG+ GG: 1.0 1.18-10.10 0.023
TT:3.46

HCV: Hepatitis C virus; 1L28B: Interleukin 28B; SVR: Sustained virological

response.

type, although the difference was not significant. In a sub-
set of patients with I1.28B TG/GG genotype, SVR rates
were equivalent between CC and CA/AA genotypes.

When background of SVR and non-SVR patients was
compared, there was a significant difference in age, HCV
RNA concentrations, platelet counts, staging, and I1.28B
SNPs, but not in ITP4 SNPs (Table 4). Table 5 shows
the result of multivariate analysis for predictive factors
associated with SVR. The multivariate analysis proved
that viral load (HCV RNA < 6.0 log IU/mL) and II.28B
TT (£s8099917) were independent factors for SVR.

DISCUSSION

It has been shown that the SNP (+s8099917) in the I1.28B
gene is strongly associated with response to IFN-based
therapy for chronic HCV-1b infection, and the SNP
(rs1127354) in the ITPA4 gene predicts RBV-induced ane-
mia in the Japanese populam‘on“() 7, In this study, patients
with ITPA (rs1127354) genotype CC showed a higher de-
gree of hemoglobin reduction in response to Peg-IFNq
+ RBV treatment at week 1, 2, 4, 12 and 24 compared
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with those with the CA/AA genotype (Figure 1A). The
greatest difference in mean hemoglobin reduction was
found at week 4. These findings confirmed the reported
evidence that ITPA deficiency (151127354 CA/AA vari-
ants) renders protection against the development of
RBV-induced hemoglobin decline in Japanese patients in-
fected with HCV-1b""*. The exact mechanism by which
ITPA deficiency protects against RBV-induced hemolysis
has yet to be tesolved. One postulated mechanism for the
development of anemia is the accumulation of triphos-
phorylated RBV in erythrocytes, causing eventual oxida-
tive damage to erythrocyte membranes, and JTRA defi-
clency may confer protection against RBV-induced ATP
reducton by substituting for erythrocyte GTP, which is
depleted by RBV in the biosynthesis of ATP#%,

Thrombocytopenia, which leads to poor treatment
efficacy because of the initial or early dose reduction of
Peg-IFNg, is one of the critical adverse eveats caused by
IFN-based antiviral therapy. A previous study has report-
ed that the ITPA (rs1127354) CA/AA genotype is inde-
pendently associated with a greater reduction in platelet
count as well as protection against the reduction in he-
moglobin, whereas patdents with the CC genotype have
significantly less reduction in mean platelet count””, We
also evaluated whether genetic vartiants in the J/TPA gene
were associated with IFN-induced thrombocytopenia. In
this study, CC genotype showed lesser trend of reduction
at week 2 and 4 compared with CA/AA genotype (Fig-
ure 1B). The result may support the association of JTR4
gene SNP (1s1127354) with platelet decline in response
to Peg-IFN@ + RBV treatment.

Hemoglobin reduction often necessitates dose reduc-
tion of RBV and premature withdrawal from therapy,
therefore the ITPA (1s1127354) genotype CC may be
considered as a disadvantageous factor for Peg-IFNo +
RBV treatment. However, although ITPA polymorphisms
are significantly associated with RBV-induced anemia,
their effect on therapeutic outcome is unclear. Some
studies have shown no association[wg"m, and others have
reported a possible association with treatment outcomes
in chronic hepatitis C padentsm’m’. In the present study,
although there was no significant association between
ITPA polymorphisms and treatment outcome, there was
a trend towards higher SVR rates in patients with ITR4
CC genotype, which seemed to contradict previous stud-
jes™ ™ The different outcome among the institutes
may be due to the difference of inclusion and/or exclu-
sion criterda. In this study, the relationship between II.28B
and ITPA variants were additionally analyzed on treat-
ment outcome. When analyzed in the patients available
for treatment outcome, all patients were administered >
70% of the scheduled total Peg-IFNo dose, but the inci-
dence of RBV dose reducton (< 60% of the scheduled
dose) and withdrawal was significantly higher in patients
with the 151127354 genotype CC. However, the rate of
SVR tended to be higher in patients with the CC geno-
type, especially in a subset of patients with the favorable
TT genotype at 138099917 of IL.28B, although the dif-
ference was not significant between the CC and CA/AA
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genotypes (Tables 2 and 3). Independent favorable pre-
dictors for SVR identified in multivariate analysis were
low viral load (HCV RNA < 6.0 log IU/mL) and TT
genotype at 158099917 of I1.28B, but not CC genotype at
151127354 of TTRA (Table 5).

There were several limitations to this study. (1) Be-
cause of the small sample size which may have contrib-
uted to the loss of significance observed or some statisd-
cal errors, this study may be ranked at preliminary status;
(2) Because of the retrospective nature of the study,
enrolled patients may not represent the standard Japanese
population infected with HCV; (3) Several other signifi-
cant SNPs, which have been detected in ITPA as well as
I1.28B, may have influenced and distorted the results; and
(4) Mutations in other genes and non-genetic factors that
may affect response to antiviral therapy against chronic
hepatitis C were not determined.

In conclusion, the SVR rates tended to be higher
in patients with the CC genotype than the CA/AA
genotype, especially in a subset of patdents with I1.28B
(rs8099917) TT genotype, despite a higher rate of RBV
dose reduction and treatment withdrawal. Multvariate
analysis identified I1.28B SNP (£58099917) and HCV
RNA as independent predictors of SVR. It is plausible
that, in a background of IL28B (£s8099917) TT geno-
type, more SVR is achieved in patients with ITR4 CC
variant when full-length (duration of 48 or 72 wk) treat-
ment is accomplished. These findings indicate that /TPA4
(1s1127354) CC genotype is by no means inferior to the
CA/AA genotype for viral response to Peg-IFN + RBV
combination therapy.
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Clinical milestones for the prediction of severe anemia by
chronic hepatitis C patients receiving telaprevir-based triple therapy
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Background & Aims: Anemia is a common adverse effect of tela-
previr {TVR) in combination with pegylated interferon (PegIFN)o
and ribavirin (RBV) therapy. It occurs at a higher incidence with
the TVR relative to PeglFNo and RBV alone. We herein evaluate
the baseline and on-treatment predictors of the development of
severe anemia by chronic hepatitis C virus (HCV) patients receiv-
ing TVR-based triple therapy.

Methods: This prospective, multicenter study consisted of 292
patients (median age: 62 years) infected with HCV genotype 1.
All received 12 weeks of TVR in combination with 24 weeks of
PegIFNc2b and RBV. The definition of severe anemia during anti-
viral treatment is hemoglobin (Hb) <85 g/L.

Results: 101 (34.6%) patients developed severe anemia during
the treatment period. Multivariable logistic regression analysis
of possible pretreatment predictors of the development of severe
anemia extracted baseline Hb <135 g/L (Hazard ratio {HR], 2.53;
p=0.0013), estimated glomerular filtration rate <80 ml/min/
1.73 m? (HR, 1.83; p =0.0265), and inosine triphosphatase (ITPA)
CC genotype (rs1127354) (HR, 2.91; p = 0.0024). For patients with
ITPA CC (n=227), multivariable logistic regression analysis of
possible pretreatment and on-treatment predictors of the devel-

Keywords: Hepatitis C virus; Anemia; Telaprevir; Inosine triphosohatase; Pegy-
lated interferon; Ribavirin.
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ence interval; AUROC, area under the receiver operating characteristic curve.

ELSEVIE

opment of severe anemia extracted Hb level at week 2 (HR, 0.96;
p =0.0085) and the initial four weeks of weight-adjusted TVR
(HR, 1.05; p=0.0281).

Conclusions: Anemia remains a risk for all patients treated with
TVR-based triple therapy. However, ITPA polymorphism
(rs1127354) is useful for predicting the development of severe
anemia and will be helpful in the management of treatment.

© 2013 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Chronic hepatitis C virus (HCV) infection can result in serious
health problems such as decompensated cirrhosis and hepatocel-
lular carcinoma [1-3]. The standard of care regimen that includes
pegylated interferon (PeglFN)a and ribavirin (RBV) has been the
first line for the past decade, however, the rate of sustained viro-
logical response (SVR) that can be achieved using this regimen is
only 40-52% for patients infected with HCV genotype 1 [4-6].

Of a number of direct-acting antivirals under investigation, non-
structural 3/4A protease inhibitors, including telaprevir (TVR) and
boceprevir, have shown promising treatment outcomes in various
clinical trials in combination with the current standard of care.
The SVR rate is improved to over 70% for HCV genotype 1 patients
treated with TVR-based triple therapy |7-9]. Notably, the SVR rate
rises to over 80% for prior relapsers [7,10]. However, many adverse
effects have been reported, with anemia being one of the most seri-
ous. Treatment requires careful management with RBV dose reduc-
tion. Because anemia has been shown to occur at a higher incidence
with the TVR regimen relative to PeglFNo and RBV alone [7], it is
important to understand the characteristics of severe anemia devel-
opment prior to antiviral treatment.
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A genome-wide association study identified the inosine tri-
phosphatase (ITPA) gene single nucleotide polymorphism (SNP)
as being significantly associated with RBV-induced anemia
[11,12}. Recently, Chayama et al. reported in a clinical trial that
ITPA SNP (rs1127354) is associated with anemia in TVR-based tri-
ple therapy and that RBV dose reductions were required signifi-
cantly earlier for patients with the ITPA CC genotype when
compared with the [TPA CA and AA genotypes [13]. However, fur-
ther improvement of the ability to predict the development of
severe anemia will contribute to increasing the likelihood of
achieving an SVR by patients whose treatment might otherwise
have to be stopped.

The aim of this multicenter, prospective study was to evaluate
the baseline and on-treatment predictors of the development of
severe anemia (Hb <85 gfL) by chronic hepatitis C patients trea-
ted with TVR-based triple therapy.

Patients and methods

Patients

The Kyushu University Liver Disease Study (KULDS) Group consists of the Kyushu
University Hospital and its affiliated hospitals in the northern Kyushu area of
Japan. This prospective study consisted of 292 Japanese patients with chronic
HCV infection aged 20 years or older who received TVR in combination with Peg-
IFNo2b and RBV between December 2011 and October 2012, Exclusion criteria
were: (1) positivity for antibody to human immunodeficiency virus or positivity
for hepatitis B surface antigen; (2) clinical or biochemical evidence of hepatic
decompensation (ascites, bleeding varices, or encephalopathy); (3) baseline
hemoglobin (Hb) <120 g/L (female, <60 years), <110g/L (female, >60 years),
<130 g/L (male, <60 years), and <120 g/L (male, »60 years); (4) baseline serum
creatinine >1.2 mgfdl (male) and >0.9 mg/dl (female); (5) other causes of liver
disease (autoimmune hepatitis, or primary biliary cirrhosis); (6) excessive active
alcohol consumption (a daily intake of more than 40 g of ethanol) or drug abuse;
(7) suspected hepatocellular carcinoma at entry; or (8) treatment with antiviral
or immunosuppressive agents prior to enroliment. The study was conducted in
accordance with the ethical principles of the Declaration of Helsinki and was
approved by the Ethics Committee of each participating hospital. Informed con-
sent was obtained from all patients before enrollment.

Clinical and laboratory assessment

Clinical parameters were measured by standard laboratory techniques at a com-
mercial laboratory (SRL Laboratory, Tokyo, Japan). Body mass index was calcu-
lated as weight in kilograms/height in square meters. The estimated glomerular
filtration rate (eGFR) was calculated based on the Modification of Diet in Renal
Disease (MDRD) formula. Aspartate aminotransferase to platelet ratio index
(APRI) was caiculated, as previously recommended for evaluating severe liver
fibrosis [14].

Assessment of liver fibrosis

Liver biopsy for 183 (62.7%) of the studied patients was done by experienced hep-
atologists. All antiviral treatment was initiated within one month after liver
biopsy. The minimum length of the liver biopsy was 15 mm and at least 10 com-
plete portal tracts were necessary for inclusion. For each specimen, the stage of
fibrosis was established according to the METAVIR score [15].

Antiviral treatment

All patients received a combination treatment of TVR (Telavic; Mitsubishi Tanabe
Pharma, Osaka, Japan), PeglFNo2b (PEG-Intron; MSD, Tokyo, Japan), and RBV
(Rebetol; MSD) for 12 weeks, followed by an additional 12 weeks of PegIFNo2b
and RBV alone. TVR 750 mg was administrated three times a day at an 8-h inter-
val after each meal (2250 mg/day). PeglFNo2b was injected subcutaneously once
weekly at a dose of 1.5 pg/kg. RBV was given orally at a daily dose of 600-
1000 mg based on body weight (600 mg for patients weighing <60 kg, 800 mg
for those weighing 60-80 kg, and 1000 mg for those weighing >80 kg). The above

durations and dosages are those approved by the Japanese Ministry of Health,
Labor, and Welfare. In case of a 1.5 to 2.0 times elevation from baseline serum
creatinine, the TVR dose was reduced to 1500 mg/day (750 mg twice a day at a
12-h interval after each meal). When serum creatinine was elevated to over 2.0
times the baseline level, TVR was discontinued. If a marked anorexia was devel-
oped, the TVR dose could be reduced to 1500 mg/day. If a progressive grade 3 rash
developed (severe, involving more than 50% of the body surface, or rash with the
appearance of substantial systemic signs of symptoms), TVR was discontinued.
However, the patients continued to receive PeglFN and RBV in all of these situa-
tions. All treatment was discontinued for patients with less than 2 log;o HCV RNA
decrease fromn baseline to week 12.

Management of anemia

Severe anemia during antiviral treatment was defined as Hb <85 g/L. Complete
blood count was checked every week for the first 12 weeks and then at weeks
16, 20, and 24. The management of anemia started with RBV dose reduction. Spe-
cifically, the RBV dose was reduced by 200 mg for patients receiving 600 or
800 mg and by 400 mg for those receiving 1000 mg when Hb decreased to
<120 g/L and by an extra 200 mg when it lowered to <100 g/L. If Hb decreased
to <90 g/L, the TVR dose was reduced to 1500 mg/day. Erythropoietin use was
not allowed during treatment, but blood transfusion was allowed when neces-
sary. Discontinuation of TVR-based triple therapy due to severe anemia was pri-
marily based on the discretion of the physicians at each hospital.

HCV RNA level and HCV genotype

Clinical follow-up of HCV viremia was done by real-time reverse transcriptase
PCR assay (COBAS® TagMan® HCV assay) (Roche Diagnostics, Tokyo, Japan), with
a lower limit of quantitation of 15 IU/ml and an outer limit of quantitation of
6.9 x 107 IU/m! (1.2 to 7.8 log IU/ml referred to log;o IU/ml) [16]. HCV RNA levels
were measured at baseline, regularly during treatment, at early discontinuation,
and at follow-up visits after the end of treatment, Virological response was cate-
gorized as follows: rapid virological response (RVR) was an undetectable HCV
RNA at week 4 and SVR was an undetectable HCV RNA at week 24 after the
end of treatment. HCV genotype determination was by sequence determination
in the 5'-non-structural region of the HCV genome followed by phylogenetic anal-
ysis [17].

Genetic testing

Human genomic DNA was extracted from peripheral blood. Genotyping of the
ITPA (rs1127354) genes was performed using the ABI TagMan allelic discrimina-
tion kit (7500 Real Time PCR System; Applied Biosystems, Carlsbad, CA, USA).
Heterozygotes {CA) or homozygotes (AA) of the minor allele (A) are described
as having the ITPA minor allele, whereas homozygotes for the major allele (CC)
are described as having the ITPA major allele [12].

Statistical analysis

Statistical analyses were conducted using SPSS statistics 19.0 (IBM SPSS Inc, Chicago,
IL, USA). Baseline continuous data are expressed as median (first-third quartiles) or
mean (+standard deviation), and categorical variables are reported as frequencies
and percentages. Univariate analyses were done using the Chi-square, Fisher's exact,
or Mann-Whitney U tests as appropriate. Variables with p <0.05 in univariate anal-
ysis were evaluated using multivariate logistic regression to identify variables signif-
icantly associated with the development of severe anemia. The results are expressed
as hazard ratios (HR) and their 95% confidence interval (Cl). The significance of
trends in values was determined with the Cochran-Armitage trend test.

Area under the receiver operating characteristic curve (AUROC) analysis was
done to evaluate the relationship between the Hb level and development of
severe anemia. The cut-off values were selected from the receiver operating char-
acteristic (ROC) curve to maximize the total sensitivity and specificity. A p value
less than 0.05 was regarded as statistically significant in all analyses.

Results
Patient characteristics and the development of severe anemia

The baseline characteristics of the 292 studied patients as classi-
fied by the development of severe anemia are shown in Table 1.
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Table 1. Baseline risk factors for the development of severe anemia by chronic hepatitis C patients treated with telaprevir-based triple therapy.

Characteristic All patients Severe anemia Non-severe anemia  p value*
n =292 n =101 n =191

“Agelyn): ©62/(54:66) - 64:(57-68) 60(53-65). - <0:0001 -
Men, n (%) 135 (46.2) 33 (32.7) 102 (53.4) 0.0007
Body 'massiindex:(kg/m2) £ 123.3/(21:6-25.6) 22.91(20.9-25.1)  23:4(21.8:25.7) 0.0408: -
Alanine aminotransferase (1U/L) 50 (33-93) 50 (30-93) 50 (34-93) 0.3499
Setum albumin(g/L) 40:(37-42). 39.(36-42) 40(38-43) "~ 10,0054
Estimated glomerular filtration rate (mi/min/1.73 m?) 80 (72-92) 76 (70-90) 83 (74-94) 0.0024
“a-fetoprotein (ng/mly 5.4(3:5-11.0) 5.41(3:3-10.2) 5.5/(3.6-11.7) 0.1753
Hemoglobin (g/L) 136 (127-147) 132 (124-140) 141 (133-153) <0.0001
Platelet count: (x10°/L) 154:(120-190) 150(118-200).. . 156:(121-189) {0:9279:
HCV RNA level (log,, IU/ml) 6.5 (6.0-6.9) 6.4 (6.1-6.8) 6.5 (6.0-6.9) 0.5359
APRI'<2:0/22.0, n (%) 234/58(80.1/19.9)  77/24:(32.9/41:4) - 157/34:(67.1/58.6) - 0:2292

Stage of fibrosis

- FO-2/F34, n (%)

Not determined, n (%) 109
227/6577.7/22:3): 90/11:(39:6/16:9) .
90/202 (30.8/69.2)  32/69 (35.6/34.2) 58/133 (64.4/65.8)

1TPA SNPs (rs1127354) CC/CA or AA, n(%)
Treatment-naive/experienced, n (%)

117/66 (63.9/36.1) _43/28.(36.8/42.4)  74/38 (63:2/57.6)

30 79 :
437/54'(60:4183.1) . 1 0:0004

Data are expressed as number (%) or median (first-third quartiles).
All demographic and clinical data are those at the start of antiviral treatment,

Severe anemia is diagnosed by hemoglobin level <85 g/L during antiviral treatment.

HCV, hepatitis C virus; ITPA, inosine triphosphatase; SNP, single nucleotide polymorphism; APRI, aspartate aminotransferase to platelet ratio index.

*Comparison between severe anemia and non-severe anemia.

HCV genotype 1b was detected in 290 (99.3%) patients and
genotype la in the other two. Severe anemia (Hb <85 g/L)
was developed during the treatment period by 101 of the
292 (34.6%) patients. The percentages of patients experiencing
on-treatment severe anemia are shown in Fig. 1. No patient
experienced severe anemia before week 2, and only two
patients developed severe anemia after week 12..The onset of
severe anemia was most frequently seen from weeks 8 to 12.
The allele of the ITPA SNP (rs1127354) was determined for
each patient. The percentages of patients with the ITPA CC,
CA, and AA genotypes were 77.7% (n=227), 19.2% (n=56),
and 3.1% (n=9), respectively. There were no significant differ-
ences in sex (male 45.4% and 49.2%), age (median 62 and
59 years), BMI (23.2 and 23.7 kg/m?), eGFR (80 and 83 ml/
min/1.73 m?), baseline Hb level (137 and 139g/L), or initial
four-week RBV dosage (9.7 and 10.5 mg/kg) between the ITPA
CC and CA/AA genotypes.

Baseline factors associated with the development of severe anemia

Univariate analysis extracted older age (p <0.0001), female sex
(p=0.0007), lower BMI (p=0.0408), lower serum albumin
(p=0.0054), lower eGFR (p =0.0024), lower baseline Hb level
(p <0.0001), and ITPA CC (p=0.0004) as significantly associated
with the development of severe anemia during treatment
(Table 1). Prior therapeutic experience was not associated with
the development of severe anemia (p = 0.8169). In multivariable
Jogistic regression analysis of possible pretreatment predictors
of the development of severe anemia, significant independent
pretreatment predictors were baseline Hb <135 g/L (HR, 2.53;
95% Cl, 1.43-451; p=0.0013), eGFR<80 ml/min/1.73 m?
(HR, 1.83; 95% Cl, 1.07-3.16; p = 0.0265), and ITPA CC (HR, 2.91;
95% Cl, 1.44-632; p=0.0024). No independent predictive
relationship was found between age, sex, BMI, or serum
albumin. The rates of severe anemia development stratified by

ITPA genotype (CC and CA/AA), eGFR level (>80 and <80 ml/
min/1.73 m?), and baseline Hb level (>135 and <135 g/L) are
shown in Fig, 2.

Hb levels during antiviral treatment stratified by ITPA SNPs
are shown in Fig. 3A. Hb levels from week 2 to week 24, except
at week 12, for patients with ITPA CC were significantly lower
than those of patients with ITPA CA/AA. Similarly, Hb decrement
and the decrease ratio throughout the initial 12 weeks stratified
by ITPA SNPs are shown in Fig. 3B and C, respectively. Hb decre~
ment and the decrease ratio from week 2 to week 8 for patients
with ITPA CC were significantly lower than for patients with ITPA
CA or AA.

Baseline factors associated with Hb decrease by over 50 g/L

Hb decline over 50 g/L during the treatment period was found for
128 of the 292 (43.8%) patients. Univariate analysis extracted
younger age (p=0.0011), male sex (p=0.0011), lower eGFR
(p=0.0161), higher baseline Hb level (p<0.0001), and ITPA CC
(p =0.0009) as significantly associated with the decline of Hb to
=50 g/L. In multivariable logistic regression analysis, baseline
Hb >135g/L (HR, 2.73; 95% Cl, 1.55-4.86; p=0.0005),
eGFR <80 ml/min/1.73 m? (HR, 1.74; 95% CI, 1.04-2.93;
p=0.0355), and ITPA CC (HR, 3.36; 95% Cl, 1.78-6.63;
p=0.0001) were independently associated with an Hb decline
of over 50 g/L.

Relationship between pretreatment or on-treatment variables and
the development of severe anemia stratified by ITPA SNPs

Table 2 shows the development of severe anemia according to
the ITPA SNPs. Univariate analysis of patients with ITPA CC
(n=227) extracted older age (p=0.0004), female sex
(p=0.0011), lower serum albumin (p=0.0083), lower eGFR
(p=0.0041), lower baseline Hb level (p <0.0001), lower Hb level
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Fig. 1. The percentage of patients experiencing on-treatment severe anemia
(hemoglobin <85 g/L). No patient experienced severe anemia before week 2, and
the onset of severe anemia was most frequently observed from weeks 8 to 12.
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Fig. 2. The percentages of patients who developed severe anemia stratified by
ITPA SNPs (rs1127354), baseline estimated glomerular filtration rate (eGFR),
and hemoglobin (Hb) level. The percentages of ITPA CC patients with severe
anemia were significantly increased with lower eGFR and Hb levels. Severe
anemia was developed by only 16.9% of the ITPA CA/AA patients (the Cochran-
Armitage trend test: p <0.0001).

at week 2 (p<0.0001), and higher initial four week weight-
adjusted dosage of TVR (p =0.0455) as significantly associated
with the development of severe anemia. In multivariable logistic
regression analysis of possible pretreatment and on-treatment
predictors of the development of severe anemia, significant inde-
pendent predictors were Hb level at week 2 (HR, 0.96; 95% Cl,
0.93-0.98; p=0.0085) and the initial four weeks of weight-
adjusted TVR (HR, 1.05; 95% Cl, 1.01-1-10; p = 0.0281). The per-
centages of ITPA CC patients experiencing on-treatment severe
anemia stratified by the initial four weeks of TVR (25 mg/kg/
day) are shown in Fig, 4A. The rates of severe anemia of the
TVR =25 mg/kg/day group were significantly higher than those
of the TVR <25 mg/kg/day group at weeks 7, 8, 12, 16, and 24.
In contrast, univariate analysis of patients with ITPA CA/AA
(n=65) extracted only lower baseline Hb level (p = 0.0022) and
lower Hb level at week 2 (p=0.0081) as significantly associated

with the development of severe anemia. No predictive relation-
ship was found between age, sex, eGFR, or the initial weight-
adjusted dosages of RBV or TVR and the development of severe
anemia. The percentages of [TPA CA/AA patients experiencing
on-treatment severe anemia are shown in Fig. 4B. Severe anemia
was developed only between weeks 7 and 16, unlike patients
with ITPA CC.

ROC curve analysis of the Hb level at week 2 and the development of
severe anemia by patients with ITPA CC

The adequacy of the multivariate model was confirmed by a ROC
curve analysis. This analysis was performed to determine the
optimal threshold values for the Hb level at week 2 for predicting
the development of severe anemia by the 227 patients with ITPA
CC. The corresponding AUROC was 0.70 (p <0.0001) for ITPA CC
and the cut-off value for the Hb level at week 2 was 116 g/L (sen-
sitivity 79.0%, specificity 57.0%).

ROC curve analyses of the Hb level at baseline and week 2 and the
development of severe anemia by patients with ITPA CA/AA

ROC curve analyses were performed to determine the optimal
threshold values for the Hb levels at baseline and week 2 for pre-
dicting the development of severe anemia by the 65 patients with
ITPA CA/AA. The corresponding AUROCs were 0.75 (p = 0.0089)
for Hb level at baseline (cut-off values 122 g/L; sensitivity
98.0%, specificity 55.0%) and 0.68 (p=0.0538) for Hb level at
week 2, which indicates that the Hb level at baseline is more
effective than that at week 2 for predicting the development of
severe anemia by patients with ITPA CA/AA.

Treatment efficacy

The overall rates of RVR and SVR were 75.0% (219 of 292) and 82.2%
(240 of 292), respectively. The RVR and SVR rates of patients with
ITPA CC were 74.9% (170 of 227) and 81.5% (185 of 227), respec-
tively. For patients with ITPA CC, there was no significant difference
in the initial four weeks of weight-adjusted TVR between the RVR
(28.7 [24.4-33.1] mg/kg/day) and non-RVR groups (28.7 [23.9-
31.7] mg/fkg/day) (p = 0.2467). However, the SVR rates for the initial
four weeks of the TVR >25 group (83.5%, 137 of 164) were higher
than those of the TVR <25 (mg/kg/day) group (76.2%, 48 of 63), but
did not reach significance (p = 0.2106).

Premature discontinuation of treatment or blood transfusion due to
anemia

Of the 292 patients, 38 (13.0%) had TVR-based triple therapy dis-
continued during the treatment period. Of these 38 patients, 8
(21.1%) had treatment discontinued because of severe anemia
between weeks 8 and 16. Of these 8 patients, 5 (62.5%) were
women, 6 (66.7%) were aged over 60 years, and 6 (66.7%) were
ITPA CC. On the other hand, 23 (7.9%) received blood transfusion
without treatment discontinuation. Of these 23 patients, 13
(56.5%) were women, 16 (69.6%) were aged over 60 years, and
18 (78.3%) were ITPA CC.

Discussion

This prospective, multicenter study was carried out to evaluate
the baseline and on-treatment predictors of the development of
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Fig. 3. Mean hemoglobin (Hb) levels, Hb decrement, and Hb decrease ratio during antiviral treatment stratified by ITPA SNPs. (A) Hb levels from week 2 to week 24,
except at week 12, for patients with [TPA CC were significantly lower than those of patients with [TPA CAfAA. (B) Hb decrement from week 2 to week 8 for patients with ITPA
CC was significantly lower than for those with ITPA CAJAA. (C) The Hb decrease ratio from week 2 to week 8 for patients with ITPA CC was also significantly lower than for

those with ITPA CAJAA.

severe anemia (Hb <85 gfL) by patients treated with TVR in com-
bination with PegIFNo:2b and RBV. Several pretreatment factors,
including lower baseline Hb level, lower eGFR, and ITPA CC
(rs1127354) genotype, were independently associated with the
development of severe anemia. Moreover, analysis of patients
with the ITPA CC genotype that included baseline and on-treat-
ment parameters found the Hb level at week 2 and the initial four
week, weight adjusted dosage of TVR to be independent, signifi-
cant predictors of the development of severe anemia. These find-
ings will help increase the rate of successful completion of
treatment by allowing doctors to take steps to predict severe ane-
mia according to the ITPA polymorphism.

The availability of protease inhibitors has profoundly changed
the management of chronic hepatitis C by achieving higher rates
of SVR. However, adverse events are experienced by almost all
patients. The most frequently reported adverse effects associated
with TVR have been hematological disorders (anemia, thrombo-
cytopenia and leukocytopenia), skin disorders (pruritus and
rash), gastrointestinal disorders (nausea and diarrhea), general
fatigue, and elevated serum levels of uric acid, bilirubin, and cre-
atinine [7-9,18,19]. Moderate and severe anemia has been shown
to develop more frequently in TVR-based triple therapy than in
PegIFNa2b and RBV alone [7] and by Japanese more often than
by Americans/Europeans {18,19] because Japanese patients with

Journal of Hepatology 2013 vol. 59 | 667-674

chronic hepatitis C average more than 10 years older than those
in Western countries [20-22]. However, these findings were
based on clinical trials, thus this is the first study to show the pre-
dictors of development of severe anemia as evaluated in clinical
practice.

Severe anemia leads to hypoxia in organs, and this condition
may be a sign of hyperdynamic circulation, tachycardia, and left
heart strain, which have the potential risk of heart failure. Our
results showed that the development of severe anemia began at
week 3, with a peak frequency at week 12, Therefore, it is impor-
tant to adjust the dosage as needed in order for patients to be
able to complete the overall treatment duration.

We investigated the baseline characteristics associated with
both the development of severe anemia and Hb decline by over
50 g/L. ITPA CC genotype and lower eGFR level were extracted
as the independent risk factors in common. In the analysis of
Hb decline, a higher baseline Hb level was extracted as an inde~
pendent factor of higher Hb decline during treatment. This find-
ing can be interpreted in relation to the more adequate RBV
adherence of the patients with high baseline Hb levels. The above
show the importance of TVR-based triple therapy strategy adjust-
ment according to the ITPA SNPs (rs1127354). Of the patients
with ITPA CC, 39.6% developed severe anemia during treatment.
Their Hb levels after week 2 were significantly lower than those
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Table 2. Baseline and initial on-treatment risk factors for the development of severe anemia according to the ITPA SNPs (rs1127354) of chronic hepatitis C patients

treated with telaprevir-based triple therapy.

Characteristic o

p value

n=90 anemia, n = 137 anemia, n = 54

Age (yr) 64 (57-68) 61 (53-85) 0.0004 63 (55-68) 58 (53-65) ©0.0900
Men, n (%) 29 (32.2) 74 (54.0) 0.0011 4 (36.4) 28 (51.9) 0.3462
Body mass’index:(Kg/m?) 22.8:(20:9:25.0)  23:4(21:8:25:6) “0:0939 ' 23/1/(20.3:254) 23.7/(21:8:26.9). 04305
Alanine aminotransferase (1U/L) 49 (29-95) 53 (34-94) 0.1157 56 (36-79) 45 (33-97) 0.3216
Serum-albumin:(g/L) 39(36-42) 40.(38-43) 0.0083  39(34-43) 39(3843) 0.1973
Estimated glomerular filtration rate 76 (69-91) 82 (74-95) 0.0041 74 (67-89) 84 (74-93) 0.2634
(ml/min/1.73 m?) .
‘a-fetoprotein (ng/mi) 5.4 (3.3-11.0) 5.7(3.5-12.5)  0.3010 5.6(3.9-9.9) 5.24:4-10.7)  0.2180
Hemoglobin at baseline (g/L) 132 (125-140) 141 (132-153)  <0.0001 121 (117-140)  141(133-149)  0.0022

‘Hemoglobin at week 2 (g/L.) 114(110-123)

125(117-136)

<0.0001 124(110-143)  138(131-144)  0.0081

Platelet count (x10°1L) 144 (113-197) 153 (117-190)  0.9107 166 (147-222) 159 (131-187)  0.2659
Stage of fibrosis . : ) SR gt A
FO-2/F3-4, n (%) 37/25 (39.4/50.0) 57/25 (60.6/50.0) 0.2205 6/3 (26.1/18.8) 17/13 (73.9/81.3) 0.5895

~~Not determined 28 : 55 S 2 24
Initial 4 week ribavirin dose (mg/kg/day) 10.0 (7.6-11.0) 9.4 (7.8-10.8) 0.8369 9.8 (7.0-11.4) 10.5 (8.6-11.4) 0.7143

initial 4:week telaprevir dose (mg/kg/day) . 29.9/(25.8:33.2)  28.01(23.9-31.3) 0.0455

27.1 (28.4:31.2)  £8.7/(22:6:33.2).:0.8818

Data are expressed as number (%) or median (first-third quartiles).
ITPA, inosine triphosphatase; SNP, single nucleotide polymorphism.
Severe anemia is defined as hemoglobin level <85 g/L.

of patients with ITPA CAJAA. Multivariable logistic regression
analysis of pretreatment and early on-treatment predictors of
development of severe anemia found lower Hb level at week 2
to be an independent factor. Thus, the degree of Hb decline in
the first two weeks profoundly influenced the development of
severe anemia because the Hb level reduced continuously until
week 12. ROC analysis showed that the AUROC was 0.70
(p <0.0001), confirming that the Hb level at week 2 (cut-off value:
116 g/L) is a moderately effective predictive marker of severe
anemia. Moreover, we showed that severe anemia is associated
with the initial four-week weight-adjusted dosage of TVR but
not RBV. Considering that the initial dosage of TVR had a small
impact on treatment outcome as we have shown, reduction
may be needed in clinical practice to prevent the development
of severe anemia. Obviously, further studies are needed to clarify
the association between treatment outcome and TVR adherence.

In contrast, 16.9% of the patients with ITPA CA/AA developed
severe anemia during treatment. At week 12, the Hb level and
Hb decline from baseline of patients with ITPA CAJAA were
almost equal to those of patients with ITPA CC. The reason is
thought to be RBV adherence; there was a significant difference
between ITPA CC (7.4+22 mg/kg/day) and CAJAA groups
(9.1 £ 2.4 mg/kg/day) (p <0.0001) in the initial 12-week dosage
of RBV, but no difference in TVR. Although no close relationship
was found between age, sex, BMI, or treatment adherence and
the odds of subsequent severe anemia onset, only a lower Hb
level was found to influence severe anemia. Moreover, ROC anal-
ysis showed an AUROC of 0,75, confirming that the baseline Hb
level (cut-off value: 122 g/L) is a moderately effective predictive
marker of severe anemia for patients with ITPA CA/AA. According
to these findings, a treatment strategy tailored to the patient ITPA
polymorphism would help individualize the clinical management
of TVR-based triple therapy.

Several JTPA gene mutations have been described that are
related to ITPA deficiency [23,24], which leads to an accumulation
of inosine triphosphatase in red blood cells and increased toxicity
of purine analogue drugs [25,26], although the exact mechanisms
through which TVR in combination with PeglFNo2b and RBV
causes severe anemia remains obscure. Two functionally defi-
cient variants (rs1127354 and rs7270101) of ITPA were recently
found to protect against anemia. However, the splicing variant
SNP rs7270101 is monoallelic in the Japanese population [12],
thus, only the ITPA variant rs1127354 was tested in this study.

A limitation of this study is that it consists of only Japanese
participants. As is characteristic of Japanese chronic hepatitis C
patients, almost all are infected with HCV genotype 1b (patients
infected with genotype 1a are very rare), the rates of obesity and
patients under 60 years are much lower than those found in other
ethnic groups, and the overwhelming majority of our patients
had the ITPA CC genotype. Further studies of other ethnic groups
and patients with the ITPA CA and AA genotypes are needed to
clarify the findings. Nevertheless, we provided significant infor-
mation because the study included patients of older age who
are considered to be at high risk of development of anemia. Sec-
ond, the patients received only 24 weeks of total therapy (TVR-
based triple therapy of 12 weeks followed by only 12 weeks of
dual-therapy), which is not the same as the response-guided
therapy that is standard elsewhere, but it is the approved regi-
men of the Japanese Ministry of Health, Labor, and Welfare. How-
ever, almost all patients who developed severe anemia (98.0%, 99
of 101) first experienced it during the initial 12 weeks of treat-
ment. Therefore, the frequency of severe anemia was little
affected by the treatment duration. Third, Japanese patients
received lower dose RBV than is standard elsewhere, and TVR
dose reduction due to adverse effects has not been reported pre-
viously. In fact, currently there is insufficient evidence to allow
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Fig. 4. The weekly percentages of patients whe experienced on-treatment
severe anemia stratified by ITPA SNPs. (A) The percentage of ITPA CC patients
experiencing on-treatment severe anemia stratified by the initial four weeks of
telaprevir (TVR) (225 or <25 mg/kg/day). (B) The percentage of ITPA CAJAA
patients who experienced on-treatment severe anemia.

for the development of criteria for TVR dose reduction. Last, the
number of patients with ITPA CA or AA was relatively small,
therefore, the findings for this group are not conclusive.

In conclusion, chronic hepatitis C patients treated with TVR in
combination with PegIFNo2b and RBV are at high risk of develop-
ing severe anemia, therefore, an intense monitoring program for
all patients should be followed. Our finding that ITPA polymor-
phism (rs1127354) is effective for the prediction of the develop-
ment of severe anemia and will be helpful in the management of
patients undergoing TVR-based triple therapy.
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Telaprevir can be successfully and safely used to treat older
patients with genotype 1b chronic hepatitis C
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Background & Aims: This study was performed to evaluate the
efficacy of a triple therapy in older Japanese patients; telaprevir
(TVR) was added to pegylated interferon o2b and ribavirin.
Methods: This prospective study enrolled 120 genotype 1b
patients with chronic hepatitis C who received 12 weeks of triple
therapy followed by a 12-week dual therapy that included pegy-
lated interferon o2b and ribavirin. Patients were categorized
according to age: group A, 64 patients aged >60 and group B,
56 patients aged <60. Serum HCV RNA levels were monitored
by COBAS TagMan HCV test,

Results: The rates of undetectable HCV RNA at week 4 (rapid
virological response, RVR) were 73.4% in group A and 73.2% in
group B. No significant difference in sustained virological
response (SVR) was found between groups A (76.6%) and B
(83.9%) (p=0.314). The SVR rates for patients with interleukin
28B (IL28B) (rs8099917) TT allele (89.4% and 91.9% for groups A
and B) were significantly higher than for those with the IL28B
TG/GG allele (41.2% and 68.4%, respectively) (both p <0.05). Mul-
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tivariate analysis extracted IL28B TT and RVR as independent fac-
tors associated with SVR. Adverse effects resulted in treatment
discontinuation by 12.5% in each group. Hemoglobin decrease
significantly differed between groups A and B: the decrease to
>100 g/L, to 85 - <100 g/L, and to <85 g/, was 9.4%, 40.6%, and
50% in group A patients, respectively, and 41.1%, 25%, and 33.9%
in group B patients, respectively (p = 0.0006).

Conclusions: TVR-based triple therapy can be successfully used
to treat older patients with genotype 1b chronic hepatitis C.

© 2013 Published by Elsevier B.V. on behalf of the European
Association for the Study of the Liver.

Introduction

Chronic hepatitis C virus (HCV) infection affects approximately
170 million people worldwide and often causes cirrhosis and
hepatocellular carcinoma (HCC) [1,2]. The ultimate goal of treat-
ment for chronic hepatitis C is achieving sustained virological
response (SVR), defined as undetectable HCV RNA in serum
6 months after the termination of treatment. A 48-week combi-
nation of pegylated interferon o (PeglFN-a) plus ribavirin (RBV)
is successful for only about 45% of chronic hepatitis C patients
infected with HCV genotype 1. Patients for whom treatment is
unsuccessful are termed difficult-to-treat [3-6]).

In Japan, the majority of patients are infected with HCV geno-
type 1 and they are older than patients in the United States and
Europe. Such older patients have poor virological response to
antiviral treatment [7-9], especially postmenopausal women
[6]. Several studies have shown low SVR rates for older patients
who received dual therapy with PegIFN-o and RBV [7,9,10]. It
has been hypothesized that older patients have a decreased blood
count and reduced cardiovascular, pulmonary, and kidney func-
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tion, and thus are less resistant to the influence induced by treat-
ment. This also leads to more adverse events and poorer drug
adherence. Treatment strategies tailored to the needs of these
difficult-to-treat chronic hepatitis C patients are necessary.

In the United States, Canada, the European Union, and Japan,
telaprevir (TVR), an HCV non-structural 3/4A (NS3/4A) protease
inhibitor, has recently been approved for the treatment of chronic
hepatitis C genotype 1 and represents a new class of small mole-
cules that are direct-acting antiviral agents (DAA) for reflecting
HCV replication [11-14]. TVR-based triple therapy, combined
with PeglIFN-o and RBV, has resulted in an improved SVR rate,
when compared to PeglFN-o. monotherapy and PeglFN-o plus
RBV dual therapy [15-19].

Earlier studies of TVR-based regimens for chronic hepatitis C
have not shown any correlation between age and virological out-
come. Furthermore, there are no data regarding differences in
factors predictive of SVR by older and younger patients. For this
reason, we conducted a prospective, multicenter study to investi-
gate the efficacy and safety of TVR-based triple therapy for older
patients with chronic hepatitis C.

Patients and methods
Patients

Since 2004, the Kyushu University Liver Disease Study (KULDS) Group has
conducted a prospective, muiticenter study to investigate the efficacy and
safety of antiviral treatment in chronic hepatitis C patients [1,4,9]. Our more
recent research, performed between December 2011 and November 2012,
included 406 Japanese patients with HCV genotype 1b aged >20 years, who
received TVR-based triple therapy. The current study was restricted to the
120 patients (age range 25-73 years) for whom data is currently available
for their 24-week post-therapy follow-up. The older group (group A) consists
of 64 patients aged >60 years and the younger group (group B) of 56 patients
aged <60 years.

According to previous treatment response, relapse was defined as undetect-
able HCV RNA during and at the end of previous treatment, with HCV RNA posi-
tivity representing later on. Non-response was defined as detectable HCV RNA for
more than 24 weeks. The study included 27 patients (22.5%) who were treatment
naive, 64 (53.3%) with prior relapse, 25 (20.8%) with prior non-response, and 4
(3.3%) with unknown response.

Exclusion criteria were: positivity for antibody to human immunodeficiency
virus or positivity for hepatitis B surface antigen; clinical or biochemical evidence
of hepatic decompensation (ascites, bleeding varices, or encephalopathy); other
causes of liver disease; excessive active alcohol consumption (>40 g/day of etha-
nol) or drug abuse; suspected HCC or active cancer at entry; chronic renal failure
or creatinine clearance of <50 mi/min; very poorly controlled heart diseases, pul-
monary disorders, diabetes, or thyroid diseases; depression, or its history, history
of suicide attempt; pregnancy in progress or planned during the study period of
either partner; or treatment with antiviral or immunosuppressive agents prior to
enrollment. The study was conducted in accordance with the ethical principles of
the Declaration of Helsinki and was approved by the Ethics Committee of our hos-
pital. Informed consent was obtained from all patients before enrollment. The
study was registered as a clinical trial on the University Hospital Medical Infor-
mation Network (ID 000009711).

Clinical assessment

Clinical parameters included serum albumin, creatinine, aspartate aminotransfer-
ase (AST), alanine aminotransferase (ALT), y-glutamyl-transpeptidase (yGTP),
estimated glomerular filtration rate (eGFR), whole blood cell count, and HCV
RNA. Blood samples were taken for all patients at baseline, days 3 and 7, every
week thereafter to week 24, and at the end of follow-up. Liver biopsy at entry
for 76 (63.3%) of the 120 patients was done by two or more experienced hepatol-
ogists, For each specimen, the stage of fibrosis (F0-4) and grade of activity (A0-3)
were established according to Metavir score [20].

Determination of HCV markers

The baseline and follow-up tests for HCV viremia were done by real-time poly-
merase chain reaction (PCR) assay (COBAS TagMan HCV test v2.0, Roche Diagnos-
tics, Tokyo, Japan), with a detectability of >151U/ml and the linear dynamic
range of 1.2-7.8 log IU/ml. HCV genotype and the core amino acid substitution
at position 70 of the HCV genome were determined before treatment for all
patients. HCV genotype was determined by sequence determination in the 5
non-structural region of the HCV genome followed by phylogenetic analysis
[21]. Amino acid substitution at position 70 of the core region was analyzed by
direct sequencing, as reported previously {22},

h

Interleukin 28B and inosine triphosphate pyrophosp

Human genomic DNA was extracted from peripheral blood. Genotyping by the
single-nucleotide polymorphism (SNP) of the interleukin 28B (I[28B)
(rs8099917) gene was done using the TagMan Allelic Discrimination Demon-
stration Kit (7500 Real-Time PCR System; Applied Biosystems, Foster City, CA)
[21]. Patients were genotyped as TT, TG, or GG at the polymorphic site,
Similarly, genotyping by the SNP of the inosine triphosphate pyrophosphatase
(ITPA) (rs1127354) gene was done using the TagMan Allelic Discrimination
Demonstration Kit. Patients were genotyped as CC, CA, or AA at the polymorphic
site [23].

Therapeutic protocol

All patients received 12-week triple therapy that included TVR (2250 mg/day)
(Telavic; Mitsubishi Tanabe Pharma, Osaka, Japan), PeglFN-a-2b (60-150 pg/
week) (PEG-Intron; MSD, Tokyo, Japan) and RBV (600-1000 mg/day) (Rebetol;
MSD) followed by a 12-week dual therapy that included PeglFN-u-2b and
RBV. TVR 750 mg was administered orally three times a day at an 8-h interval
after each meal. PegIFN-0-2b was injected subcutaneously once weekly at a
dose of 1.5 pg/kg. RBV was given orally at a daily dose of 600-1000 mg based
on body weight (600 mg for patients weighing <60 kg, 800 mg for those weigh-
ing 60-80 kg, and 1000 mg for those weighing >80 kg). The above durations and
dosages are those approved by the Japanese Ministry of Health, Labor, and
Welifare,

Efficacy of treatment

Successful treatment was SVR, defined as undetectable serum HCV RNA at
24 weeks after the end of treatment. Early virological response during the first
12 weeks of treatment was categorized as follows: rapid virological response
(RVR), undetectable HCV RNA at week 4; complete early virological response
(cEVR), detectable HCV RNA at week 4 but undetectable at week 12. End-of-treat-
ment response (EOT) was defined as undetectable HCV RNA at the end of treat-
ment, Relapse was defined as an EOT response but non-SVR.

Therapeutic dosage assessments

The dosages of the drugs used in triple therapy mainly depended on the possi-
bility of adverse effects: anemia, leukopenia, thrombocytopenia, malaise, and
anorexia. They were accomplished by reviewing the medical records and by
counting the remaining pills of each patient to determine the total dosage actu-
ally administered over the treatment period. The dosages of TVR during three
different periods (within the first 4 weeks, from week 5 to week 12, and within
the first 12 weeks) were calculated individually as the percentage of TVR
2250 mg/day. The dosages of PeglFN-a-2b and RBV were calculated individually
as averages on the basis of body weight at baseline. The percentages of the
assigned total cumulative PeglFN-a-2b and RBV dosages were calculated
individually.

Safety assessments

Adverse events and hematological and chemical laboratory data were assessed up
to the last visit for each partient, We mainly monitored for rash, serious skin reac-
tions, and anemia. Also, newly occurred and deteriorated comorbidities were
assessed during the study period according to the Charlson comorbidity index
[24].
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Statistical analysis

Statistical analyses were performed using the SAS system, version 9.1.3 (SAS
Institute, Cary, NC). Continuous data of patients are expressed as median with
interquartile range. Univariate analyses were performed using the Chi-square,
Fisher's exact test, Mann-Whitney U test, Cochran-Armitage test, or Bonferroni's
correction, as appropriate, with SVR as the outcome. To identify independent fac-
tors for predicting an SVR, variables that reached the p <0.1 level in univariate
tests were used as candidate factors for multiple logistic regression analysis.
The model was reduced using AlC-based forward andfor backward stepwise
selection with bootstrap validation. A p value less than 0.05 was regarded as sta-
tistically significant in all analyses.

Results
Patient characteristics

The patient characteristics are summarized by age in Table 1.
Analysis of the pretreatment factors found male percentage,
white blood cell count, hemoglobin, platelet count, serum albu-
min, YGTP, and eGFR of group A to be significantly lower than
those of group B (all p <0.05). No significant difference in liver
histology, prior treatment response, or IL28B or ITPA genotype
was found between groups A and B. Analysis of treatment factors
found the percentage of patients who were able to tolerate the
assigned total cumulative PeglFN-o-2b dosage >80% and RBV
dosage >80% to be significantly lower in group A than in group
B (p = 0.023). The percentage of patients who were able to toler-
ate assigned total cumulative RBV dosage >80% showed a similar
difference (p = 0.014), as would be expected by the lower hemo-
globin level at baseline.

Virological outcome and response

Table 2 shows the virological responses by age. RVR, cEVR, EOT,
and SVR did not significantly differ between groups A and B
patients (73.4% vs. 73.2%, 18.8% vs. 19.6%, 87.5% vs. 89.3, and
76.6% vs. 83.9%, respectively). Relapse was more frequently seen
in group A (12.5%) compared with group B (6.0%), but with no sig-
nificant difference (p = 0.253). Patients with RVR had a signifi-
cantly higher SVR rate (89.4%, 42 of 47 in group A: 97.6%, 40 of
41 in group B) than patients with cEVR (41.7%, 5 of 12 in group
A: 54.5%, 6 of 11 in group B) (p=0.0002 for group A and
p <0.0001 for group B).

Fig. 1 shows differences in serum HCV RNA level at treatment
day 3 by age and virological response. The median serum HCV
RNA level at day 3 was significantly lower for RVR patients
(2.6 log 1U/ml for group A patients and 2.4 log IU/ml for group B
patients) than for non-RVR patients (3.3 logIU/ml = and
3.2 log IU/ml, respectively) (p <0.0001). A significant difference
in the level at day 3 was also found between SVR (2.7 log IU/ml
and 2.6 log IU/ml, respectively) and non-SVR (3.0 log IU/ml and
3.2log IU/ml, respectively) patients. No significant differences
in the level at day 3 were found between group A and B patients.

Demographic and clinical features of patients by age and SVR

Table 3 shows the differences of patient demographic and clinical
features by age and SVR. The SVR rates of the patients with IL28B
(rs8099917) TT (42 of 47, 89.4% and 34 of 37, 81.9% for group A
and B patients) were significantly higher than for I[288 TG/GG
(7 of 17, 41.2% and 13 of 19, 68.4%, respectively) (p <0.0001 and
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p=0.023). The SVR rates of the treatment naive patients and
those who had prior relapse (41 of 47, 87.2% and 39 of 44,
88.6% for group A and B patients) were higher than those of the
patients who had prior non-response (5 of 14, 35.7% and 8§ of
11, 72.7%, respectively), significantly different in group A
(p<0.0001), but with no significant difference in group B
(p=0.180). _ ‘

We assessed the relationship between SVR and liver fibrosis
only in the 76 patients who received liver biopsy at entry
(Table 3). In group A, the more fibrosis progressed the more the
SVR rate decreased significantly (100%, 100%, 83.3%, 100%, and
50% for the patients with FO, F1, F2, F3, and F4, respectively,
p=0.007). A similar trend was observed in group B (100%,
94.1%, 80%, 57.1%, and 66.7%, respectively), but with no signifi-
cant difference (p = 0.067).

Of the 120 patients, 12 (10.0%) had to discontinue TVR due to
adverse effects (n = 10), dropout (n = 1), and no virological effect
(n=1) (5, 4, and 3 patients at weeks 4, 8, and 11, respectively).
Discontinuation of PeglFN-o.-2b, RBV, and TVR significantly influ-
enced an achievement of SVR in both groups (all p<0.0001)
(Table 3). The ability to tolerate the assigned total cumulative
PeglFN-0-2b dosage >80% was significantly related to the
achievernent of SVR only in group A patients (p= 0.0002).
Patients in group A with SVR had a higher rate of tolerance of
the assigned total cumulative RBV dosage >80% than patients
without SVR, but with no significant difference (p=0.061).

SVR and drug adherence by age

We investigated the association between SVR and the cumulative
exposure to TVR, as a percentage of the target dosage, during
three different periods: within the first 4 weeks, from week 5
to week 12, and within the first 12 weeks. Within the first
4 weeks, patients with <60% of the target dosage to TVR had
extremely low SVR rates (group A: 3 of 5, 60.0% and group B: 1
of 3, 33.3%), compared to those with >60% of the dosage (group
A: 46 of 59, 78.0% and group B: 46 of 53, 86.8%), but with no sig-
nificant difference. Significant differences in SVR rates were
found between patients taking <60% and > 60% of the target dos-
age to TVR in all the studied patients (4 of 8, 50% vs. 92 of 112,
82.1%), respectively, p = 0.028). No significant differences in the
SVR rates were found between patients taking <60% and >60%
of the target dosage from week 5 to week 12 (35 of 43, 81.4%
vs. 61 of 77, 79.2%, respectively) and within the first 12 weeks
(24 of 31, 77.4% vs. 72 of 89, 80.9%, respectively) in all the studied
patients. Classified by age, no significant differences in the rates
were found among the three periods.

We investigated the association between SVR and cumulative
exposures to PeglFN-a-2b and RBV for the whole 24-week treat-
ment period, as a percentage of the target dosage of each drug.
Lower exposure to PegIFN-a-2b (3 of 9, 33.3% with exposure
<60%; 2 of 4, 50% with exposure 60 to <80%; and 44 of 51,
86.3% with exposure >80%, p=0.009) and to RBV (12 of 20,
60% with exposure <60%; 22 of 28, 78.6% with exposure 60 to
<80%; and 15 of 16, 93.8% with exposure >80%, p=0.046) was
significantly related to lower SVR rates for group A but not for
group B patients.

Predictive factors correlated with an SVR

Multiple logistic regression analysis identified the only three fac-
tors that independently influenced an SVR for group A patients:
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Table 1. Patient characteristics by age.

*

Variables Group A Group B p value
Patients aged >60 Patients aged <60
(n=64) (n = 56)
Men, n (%) - 19(29.7) 35.(62.5)" - 0.0003
Age (yr) 66.0 [7.0] 53.0 [10.2] <0.0001
Age-range (yr) 61-73 25-60 L
Body mass index (kg/m?) 23.0 [3.5] 23.7 [3.8] 0.159
Baseline co-morbidities, n (%) 12(18.8) 7. (12.5)* L0.84Yy
Baseline HCV RNA (log,, 1U/ml) 6.4[0.7] 6.6 [0.7] 0.137
‘HCV-core :amino acid substitution at-position 70, wild/mutation, n 33/31 25/31 0.449
White blood cell count (x10°/L) 4165 [1300] 4890 [2862] 0.002
Hemoglobin level (g/L.) 13348} 144.[22] - <0;8001
Platelet count (x10%/L) 144 [47] 159 [83] 0.003
Serum albumin (g/L) 39 [5.0] 4150} 0.001.
Aspartate aminotransferase (IU/L) 52.5 [48.5] 51 [48.4] 0.283
Alanine aminotransferase. (IU/L) - 55156.7] . 58.5[65.7] : 0920
y-glutamyl-transpeptidase (IU/L) 32 [31.5] 56 [70] 0.003
Estimated glomarular filtration rate (mil/min) - - 75.4]19.6] -83.7 [20.7] <0:0001.
Liver histology
" ‘Stage, ‘FO-2/F3-4,n 21/21 24110 - 0.069 . -
Grade, A0-1/A2-3, n 14/28 13/21 0.857
- Notdetermined, n- 22 . 22 . §,
Previous treatment response
“‘Treatmentnaive, n (%) © 12(18.8) 15(26:8) - -
Prior relapse, n (%) 35 (54.7) 29 (51.8)
- Prior non-response, n (%) CA4(21.9) C41.(19:6)
Prior unknown response, n (%) 3(4.7) 1(1.8)
IL28B SNP (rs80989917). T S e
TT, n (%) 47 (73.4) 37 (66.1) 0.379
TGIGG, n (%) 17(26.6) - 19¢33:9) £
ITPA SNP (rs1127354)
LCC, %) 51(79.7) 41 (73.2) C04020
CA/AA, 1 (%) 13 (20.3) 15 (26.8) e
‘Completed assigned total cumulative PeglFN-a-2b dosage 280% and 15.(23.4) 24 (42.9) , 0.023-
‘RBV dosage =80%; n (%) R i
Completed assigned total cumulative PeglFN-a-2b dosage 280%, n (%) 51 (79.7) 46 (82.1) 0.733
Completed assigned total cumulative RBV. dosage 280%, n (%) 16(25.0) 26 (46.4) 0.014
Discontinuation of PegiFN-a-2b and RBV, n (%) 8 (12.5) 7 (12.5) >0.999
Discontinuation 'of TVR, n(%) 7(10.9) 5(8.9). 07140
Discontinuation of treatment, n (%) 8 (12.5) 7 (12.5) >0.999

HCV, hepatitis C virus; IL28B, interleukin 28B; SNP, single-nucleotide polymorphism; ITPA, inosine triphosphate pyrophosphatase; PeglFN-a-2b, pegylated interferon o2b;

RBV, ribavirin; TVR, telaprevir.

All patients were infected with HCV genotype 1b.

Continuous variables are expressed as median [interquartile range].
*p Value draws a comparison between SVR and non-SVR patients.

**Group A included 12 patients with baseline comorbidities (1 with cerebrovascular disease but no paralysis, 3 with peptic ulcer disease, and 8 with diabetes mellitus),

according to the Charlson comorbidity index [{24] (except for liver disease).

**Group B included 7 patients with baseline comorbidities (2 with peptic ulcer disease and 5 with diabetes mellitus), according to the Charlson comorbidity index [24]

(except for liver disease).

patients treatment naive and with prior treatment relapse (odds
ratio (OR) 8.403 for those with prior non-response, p = 0.047),
IL28B TT genotype (OR 14.93 for non-TT genotype, p=0.017)
and RVR (OR 7.498 for non-RVR, p = 0.009) (Table 4). Similarly,
multiple logistic regression analysis identified the only two fac-
tors that independently influenced an SVR for group B patients:
IL28B TT genotype and RVR. IL28B TT genotype and RVR were
common factors for SVR in both groups.

Adverse events and comorbidities

Adverse events were observed in all patients, most of them mild to
moderate. The following serious adverse events and others
resulted in discontinuation of treatment. Of the studied patients,
15 (12.5%) had to discontinue treatment. In group A, the reasons
for discontinuation (n=_8) were severe anemia (n =2), malaise
(n=2), anorexia (n=2), deterioration of diabetes mellitus
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Table 2. Treatment response of patients aged >60 and <60 years.
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Rate, n (%)

Group A Group B p value®

Patients aged >60 Patients aged <60

(n=64) (n = 56)
SVR 49 (76:6) 47(83.9) 0.314 .
RVR 47°(73.4) 41°¢(73.2) 0.977
cEVR (not:RVR) 120/(18.8) 11°(19.6) 0:901..
EOT 56 (87.5) 50 (89.3) 0.761
Relapse 7(12.5)° 3460y ) 0.253

A sustained virological response (SVR) is defined as undetectable serum HCV RNA at 24 weeks after the end of treatment. A rapid virological response (RVR) is defined as
undetectable HCV RNA at week 4. A complete early virological response (cEVR) is defined as detectable HCV RNA at week 4 but undetectable HCV RNA at week 12. End-of-
treatment response (EOT) is defined as undetectable HCV RNA at the end of treatment. Relapse is defined as an EOT response but non-SVR, All patients were infected with

HCV genotype 1b. .
*p Value draws a comparison between group A and B patients.

Group A patients with RVR had a significantly higher SVR rate (42 of 47, 89.4%) than the patients with cEVR (5 of 12, 41.7%) (p = 0.0002).
Group B patients with RVR had a significantly higher SVR rate (40 of 41, 97.6%) than patients with cEVR (6 of 11, 54.5%) (p <0.0001).
9Relapse rate is calculated by dividing the number of patients with relapse by those with EOT.
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Fig. 1. Differences in serum HCV RNA levels at treatment day 3 by age and
virological response. Medians are shown as horizontal bars, Boxes cover the
interquartile range and tails show the minimum and maximum data. A zero of
HCV RNA level indicates negativity. RVR, rapid virological response; SVR,
sustained virological response.

(n=1), and dropout (n=1). In group B, the reasons (n =7) were
increased serum creatinine (n = 2), severe anemia (n = 1), malaise
(n=1), anorexia (1), depression (n=1), and no virological
response (n=1). Of the 15 patients who had discontinued treat-
ment, only one with RVR who stopped treatment at week 11
achieved an SVR, but 4 relapse and 10 had no virological response.

Drug-induced skin disorders (rashes, eruptions, and ery-
thema) were found in 33 (51.6%) group A patients and 25
(44.6%) group B patients with no significant difference
(p=0.449). Severe skin disorders (grade 3), defined as skin
lesions covering >50% of the body surface or rashes with bullae,

ulceration of mucous membrane, epidermal detachment, target
lesion or systematic signs, were found in 1 (3.0%) of the 33 sub-
jects in group A and 4 (16%) of the 25 in group B, with no signif-
icant difference (p = 0.081). These patients who developed skin
disorders were able to continue treatment with the prescription
by topical corticosteroid or oral administration of glucocorticoids
added to antihistamine therapy.

We analyzed the differences in hematological changes
between the two groups. The decrease in hemoglobin signifi-
cantly differed between group A and B patients: the decrease to
>100 g/L, to 85 to <100 g/L, and to <85 g/L, 6 (9.4%), 26 (40.6%),
and 32 (50%) of group A patients, respectively, and 23 (41.1%),
14 (25%), and 19 (33.9%) of group B patients, respectively
(p = 0.0006), as would be expected by the lower level at baseline.
No significant differences in white blood cell, neutrophil, or plate-
let count were observed between the two groups.

Newly occurred and deteriorated comorbidities were found in
two group A patients. An asymptomatic man aged 65 years was
diagnosed with early gastric cancer at week 12 when a workup
was done due to severe anemia. He was treated by endoscopic sub-
mucosal dissection of the lesion, completed the triple therapy and
achieved an SVR. A symptomatic man aged 62 years was found to
have deteriorated diabetes at week 2 and stopped triple therapy.
No other comorbidities were found among the other patients.

Discussion

This study shows that there is no impact by age on the virological
outcome of TVR-based triple therapy for HCV genotype 1b
chronic hepatitis C. Our findings showed significant correlations
between virological outcome and early virological response:
SVR, RVR, and extremely rapid virological response at day 3 of
the treatment for both older and younger patients. Moreover,
IL28B genotype and prior treatment response are significant inde-
pendent pretreatment factors for the achievement of SVR by
older patients, but prior treatment response does not influence
the achievement of SVR by younger patients. To date, no studies
have assessed differences in the predictive factors for SVR
between older and younger patients who underwent TVR-based
triple therapy.
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