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Fig. 5. {A) Westem blotting for IPS-1 and RIG-l protein expression leve

Is. Eight lanes contain sarnples from IL288 minor patients {lanes 1-8)

and six lanes contain samples from /L28B major patients {lanes 9-14). Four Janes contain samples from nonvirological responders (NVR, lanes

1-4} and 10 lanes contain samples from sustained virclogical responders

{SVR, lanes 5-14). Specific bands for RIG-(, full-length 1PS-1, cleaved

iPS-1, and f3-actin are indicated by arrows. Naive Huh7 cells were used for a positive control for full-length IPS-1 (lane Huh7), and cells wans-

fected with HCV-1b subgenomic replicon (Reference #20) were used for

a positive control for cleaved IPS-1 (lane Huh7 Rep). (B) Total IPS-1

protein expression levels normalized to fi-actin according to /L28B genotype. Error bars indicate standard error. P-value was determined by
Mann-Whitney I/ test. (C) Percentage of cleaved 1PS-1 products in total IPS-1 protein according 10 treatment responses stratified by /L28B geno-

type. Error bars indicate standard error. (D) RIG-I protein expression levels
standard error.

expression, total hepatic IPS-1 protein expression was
significantly lower in /L28B minor patients than in
TL28B major patients (Fig. 5B). With regard w 1,288
minor patients, the percentage of cleaved IPS-1 protein
in rotal IPS-1 in SVR was lower than thar in NVR
(Fig. 5C). In contrast to IPS-1 protein expression, he-
patic RIG-1 protein expression was higher in /L28B
minor patients than that in /L288 major patents

(Fig. 5D).

Discussion

In the present scudy we found that the baseline
expression levels of intrahepatic viral sensors and
related regulatory molecules were significantly associ-
ated with the genetic variation of /.28B and final viro-
logical outcome in CH-C patients treated with PEG-
[FN&/RBV combination therapy. Although the rela-
tionship berween the 7L28B minor allele and NVR in
PEG-IFN%/RBV  combination therapy is  evident,
mechanisms responsible for this association remain
unknown. fz vitro studies have suggested that cyroplas-
mic viral sensors, such as RIG-1 and MDAS, play a

normalized {0 B-actin according to {L288 genotype. Error bars indicate

pivotal role in the regulation of IFN production and
augment IFN production through an amplification cir-
cuit.”® Our results indicate that expressions of RIG-/
and MDAS and a related amplification system may be
up-regulated by endogenous IEN ar a higher baseline
level in /1288 minor patients. However, HCV elimi-
narion by subsequent exogenous IFN is insufhcient in
these patients, as reported,’” suggesting that /L28B
miner patients may have adopted a different equilib-
rium in their innate immune response o HCV. Our
data are further supported by recent reports of an asso-
ciation between intraheparic levels of IFN-stimulated
gene expression and PEG-IFNa/RBV response as well
as with /1288 genotype.”">

In conwuast to cytoplasmic viral sensor (RIG-/,
MDAS, and LGP2) and modulator (/SGI5 and
USP18) expression, the adaptor molecule {/PS-1)
expression was significantly lower in /L28B minor
patients. Moreover, western blotting further confirmed
1PS-1 protein downregulation in /L2858 minor patients
by revealing decreased protein levels. Because IPS-1 is
one of the main target molecules of HCV evasion,”'®
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transcriptional and translational /PS-7 expression are
probably suppressed by HCV with resistant phenotype,
which may be more adaptive in /L28B minor patients
than in /L28B major patients. When we analyzed the
proportion of full-length or cleaved IPS-1 to the total
IPS-1 protein in a subgroup of /L28B minor patients,
cleaved IPS-1 product was less dominant in SVR than
in NVR, whereas uncleaved full-length IPS-1 protein
was more dominant in SVR than in NVR. Therefore,
the ability of HCV to evade host innate immunity by
cleaving IPS-1 protein and/or host capability of pro-
tection from IPS-1 cleavage is probably responsible for
the variable treatment responses in JL28B minor
patients.

Our results indicated a close association between
[L28B minor patients with higher y-GTP level and
higher frequency of HCV core double mutants, which
are known factors for NVR. In contrast, no significant
association was observed berween /L28B genotype and
age, gender, or liver fibrosis, which are also known to
be unfavorable factors for virological response to PEG-
IFNa/RBV. Therefore, certain factors other than the
IL28B genotype may independently influence virologi-
cal response. To elucidate whether gene expression
involving innate immunity independently associates
with a virological response from the /L28B genotype,
we performed further analysis in a subgroup and con-
ducted a multivariate regression and ROC analyses.
Our multivariate and ROC analyses demonstrate that
higher expressions of R/G-I and ISG15 as well as a
higher ratio of RIG-I/IPS-1 are independently associ-
ated with NVR, and quantification of these values is
more useful in predicting final virological response to
PEG-IFNa/RBV than determination of /L28B geno-
type in each individual patients. However, the SVR
rates in our patients were similar among /L28B geno-
types, which suggests more SVR patients with the
TL28B minor allele were included in the present study
than those in the general CH-C population. Hence,
our data did not necessarily exclude the possibility of
the /L28B genotype in predicting NVR, although our
multivariate analysis could not identify the 7,288
minor allele as an independent factor for NVR. Inter-
estingly, an association berween 7L28B genotype and
expressions of RIG-I and ISG15 as well as RIG-I/IPS-1
expression ratio is still observed even in patients with
the same subgroup of virological response (Fig. 3).

In the present study, although hepatic /FN; expres-
sion was observed to be higher in /L28B minor and
NVR  patients, it was not statistically significant.
Because /L28B shares 98.2% homology with /1284,
our primer could nor distinguish the expression of
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/1288 from that of /L284, and moreover, we could
not specify which cell expresses /FN/ (i.e., hepatocytes
or other immune cells that have infiltrated the liver).
Therefore, the precise mechanisms underlying IL28B
variation and expression of /FN/ in relation to treat-
ment response need further clarification by specifying
type of IFNZ and uncovering the producing cells.

In the present study we included genotype 1b
patients because it is imperative to designate a virologi-
cally homogenous patient group to associate individual
treatment responses with different gene expression pro-
files that direct innate immune responses. We have
reported that the R/G-//IPS-1 ratio was significantly
higher in NVR with HCV genotype 2.'” However,
our preliminary results indicated that baseline hepatic
RIG-I and /SGI5 expression and the RIG-I/IPS-1
expression ratio is not significandy different among
IL28B genotypes in patients infected with genotype 2
(Supporting Figure). This may be related to the rarity
of NVR with HCV genotype 2 and the lower effect of
IL28B genotype on virological responses in patients
infected with HCV genotype 2.2* The association
among treatment responses in all genotypes, the differ-
ent status of innate immune responses, and /L28B ge-
notype needs to be examined further.

Differences in allele frequency for /L28B SNPs
among the population groups has been reported. The
frequency of IL28B major allele among partients with
Asian ancestry is higher than that among patients with
European and African ancestry.”> Because /L28B poly-
morphism strongly influences treatment responses
within each population group,” our data obtained
from Japanese patients can be applied to other popula-
tion groups. However, the rate of SVR having African
ancestry was lower than that having European ancestry
within the same /L28B genotype.’ Hence, further
study is required to clarify whether this difference
among the population groups with the same /L28B ge-
notype could be explained by differences in expression
of genes involved in innate immunity.

In a recent report, an SVR rate of telaprevir with
PEG-IFNa/RBV was only 27.6% in /L28B minor
patients.”® Because new anti-HCV therapy should still
contain PEG-IFN2/RBV as a platform for the therapy,
our findings regarding innate immunity in addressing
the mechanism of virological response and predicting
NVR remain important in this new era of directly act-
ing ant-HCV agents, such as telaprevir and
boceprevir.

In conclusion, this clinical study in humans demon-
strates the potential relevance of the molecules
involved in innate immunity to the genetic variation
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of /L28B and clinical response to PEG-IFN2/RBV.
Both the /L28B minor allele and higher expressions of
RIG-I and ISGI5 as well as higher RIG-I/IPS-1 ratio

are independently associated with NVR.

Innate

immune responses in IL28B minor patients may have
adapted to a different equilibrium compared with that

in

IL28B major patients. Qur data will advance both

understanding of the pathogenesis of HCV resistance
and the development of new antiviral therapy targeted
toward the innate immune system.
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Background: A genome-wide association study revealed
an association between variants of the inosine triphos-
phatase (/TPA) gene and ribavirin (RBV)-induced anaemia.
The aim of this study was to replicate this finding in an
independent Japanese cohort and to define a method to
allow pretreatment prediction of anaemia in combination
with other factors.

Methods: Genotype 1b chronic hepatitis C patients
(n=132) treated with pegylated interferon (PEG-IFN)-o
and RBV for 48 weeks were genotyped for /TPA rs1127354
and examined for anaemia and treatment outcome.
Results: Variants of the ITPA gene protected against
severe anaemia throughout the 48-week treatment
period and were associated with lower incidence of
anaemia-related RBV dose reduction. A combination
of the ITPA genotype with baseline hacmoglobin (Hb)

and creatinine clearance (Cler) levels predicted severe
anaemia with high accuracy (90% sensitivity and 62%
specificity). Among a subset of patients with the /L288
genotype of TT at rs8099917, patients with variants
of the /TPA gene were associated with a higher rate of
receiving >80% of the expected RBV dose, a higher rate
of sustained virological response (SVR), and a lower rate
of relapse.

Conclusions: The variants of the ITPA gene, which could
protect against haemolytic anaemia and RBY dose reduc-
tion, were associated with a high rate of SVR by standard
PEG-IFN and RBV therapy in a subset of Japanese patients
with the favourable TT genotype at rs8099917 of /L288. A
combination of /TPA genetic polymorphisms with baseline
Hb and Clcr levels further improves the predictive accu-
racy of severe anaemia.

Introduction

Treatment with pegylated interferon (PEG-IFN) com-
bined with ribavirin (RBV) is the most effective standard
treatment for chronic HCV infection. Successful eradica-
tion of HCV is associated with a reduced risk of devel-
oping hepatocellular carcinoma. However, the rate of
sustained virological response (SVR) is approximately
50% in patients wich HCV genotype | |1,2]. The prob-
ability of SVR decreases when the patients become intol-
erant to therapy and receive <80% of the planned dose
of PEG-IFN and/or RBV [3]. One of the major reasons
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for intolerance to therapy is severe haemolytic anaemia
induced by RBV [1]. The degree of haemolytic anaemia
caused by RBV varies among individuals, and no reliable
baseline predictors exist for this severe anaemia.
Recently, a genome-wide association study revealed
that a single nucleotide polymorphism (SNP) at
rs6051702 is strongly associated with RBV-induced
haemolytic anaemia at week 4 of trearment [4]. This
SNP was linked to rwo functional SNPs (rs1127354
and rs7270101) in the inosine triphosphatase (ITPA)
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gene on chromosome 20, which had previously been
well-characterized in studies of patients with ITPase
deficiency |5-8]. Subsequent studies confirmed inde-
pendently that variants of the ITPA gene are protec-
tive against haemolytic anaemia during the early weeks
of treatment [9,10]. Furthermore, Thompson et al. [9]
showed that the variants are protective against anaemia
over the entire 48-week course of therapy and are asso-
ciated with reduced requirement for an anaemia-related
dose reduction of RBV. Notably, despite these protec-
tive effects, variants in the ITPA gene were not associ-
ated with treatment outcome |4,9] or showed only a
marginal association [ 10].

In the present study, we aimed to replicate the associ-
ation berween ITPA genetic polymorphisms and RBV-
induced anaemia in the early weeks, as well as through-
out the enrtire course, of therapy in an independent
Japanese cohort. In addition, for the general applica-
tion of these genetic associations in clinical practice,
we aimed to define a pretreatment prediction for severe
anaemia in combination with other clinical covariates.

Methods

Patients

Data were collected retrospectively from a total of 132
genotype b chronic hepatitis C parients who were
treated with PEG-1FN-oc and RBV at Musashino Red
Cross Hospital (Tokyo, Japan) and at Nagoya City Uni-
versity Graduate School of Medical Sciences (Nagoya,
Japan). The inclusion criteria were: genotype 1b, HCV
RNA titre >100 KIU/ml by quantitative PCR (Cobas
Amplicor HCV Monitor version 2.0; Roche Diagnostic
Systems, Indianapolis, IN, USA), no coinfection with
HBV or HIV, no other causes of liver disease such as
autoimmune hepatitis and primary biliary cirrhosis,
and availability of DNA for the analysis of the genetic
polymorphism of ITPA. Patients received PEG-IFN-
o2a (180 pg) and -a2b (1.5 pg/kg) subcuraneously
every week and were administered a daily weight-ad-
justed dose of RBV (600 mg for patients weighing <60
kg, 800 mg for patients weighing 60-80 kg, and 1,000
mg for patients weighing >80 kg) for 48 weeks. Dose
reduction of RBV was considered by physicians based
on the clinical conditions of the individual patients
or the recommendations on rhe package inserts: dose
reduction from 800 mg and 1,000 mg to 600 mg or
from 600 mg to 400 mg for haemoglobin levels <10 g/
dl and drug discontinuation when haemoglobin lev-
els drop to <8.5 g/dl. No patient received erythro-
poietin or other growth factors for the treatment of
anaemia. PEG-IFN and RBV was stopped prematurely
in 22 patients: in 15 patients due ro non-virological
response and in 7 patients due to adverse events. Writ-
ten informed consent was obtained from each patient
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and the study protocol conformed to the ethical guide-
lines of the Declaration of Helsinki and was approved
by the institutional ethics review committees.

Laboratory and histological tests

Blood samples were obtained before therapy and at 1, 2,
4,6, 8, 12, 16, 20, 24, 36 and 48 weeks after the start
of therapy, and were analysed for haemarological tests,
blood chemistry and HCV RNA. Genetic polymor-
phisms in an SNP located in exon 2 (rs1127354) and
in intron 2 (rs7270101) of the ITPA gene were deter-
mined using ABI TagMan Probes (Applied Biosystems,
Carlsbad, CA, USA) [4]. Since a recent paper studying
Japanese patients showed no variants in rs7270101
[10] and our preliminary genotyping data for 100 Japa-
nese patients also showed no variations in rs7270101,
rs1127354 was used for further analysis (major allele
=C and minor allele =A). Genetic polymorphisms in the
IL28B gene (rs8099917), an SNP recently identified to be
associated with hepatitis C treatment response [11-14/,
was also determined by a DigiTag2 assay [15]. Viral
factors affecring therapeutic efficacy was determined. A
stretch of 40 amino acids in the NS3A region of HCV,
designated as the interferon sensitivity-determining
region (ISDR) ]16,17] and amino acid substitutions
at positions 70 of the core region {Core70) [18] were
determined by direct sequencing after amplification by
reverse transcription and PCR as reported previously.
Arginine at Core70 was defined as the wild type, and
glutamine or histidine was defined as the mutant rype.
Baseline creatinine clearance (Clcr) levels were calcu-
lated using the formula of Cockeroft and Gaule [19]:
for males, CLer= (140 - age in years] x body weight
in kg)/(72x serum creatinine in mg/dl) and for females,
CLer=0.85x {[140 - age in years]x body weight in kg)/
(72x serum creatinine in mg/dl). Fibrosis was evaluared
on a scale of 0-4: FO indicates no fAbrosis, F1 indicates
mild fibrosis, F2 indicates moderate fibrosis, F3 indi-
cates severe fibrosis and F4 indicates cirrhosis according
to the Metavir scoring system [20]. The end of treat-
ment response was defined as an undetectable HCV
RNA level by qualitative PCR with a lower detection
limit of 50 [U/ml (Amplicor; Roche Diagnostic Systems)
at the end of therapy. SVR was defined as an undetect-
able HHCV RNA level 24 weeks after the complerion of
therapy. A relapse was defined as the reappearance of
HCV RNA after the completion of therapy.

Statistical analysis ,

We analysed the association between an SNP of the
ITPA gene (rs1127354) and the following: the inci-
dence of haemoglobin (Hb) reduction of >3.0 g/dl at
week 4 and the incidence of severe anaemia (Hb<10 g/
dl) at week 4 or at any time point during the therapy;
the time-dependent decrease in Hb levels throughout
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the trearment period; the time-dependent requirement
for RBV dose reduction throughout the treatment
period; and the rate of virological response or relapse.
Associations between pretreatment variables and
anaemia were analysed by multivariable regression.
The association between the ITPA polymorphisms
and anaemia or treatment outcome was analysed by
Fisher’s exact test. The association between the ITPA
polymorphisms and the time-dependent reduction in
Hb levels or the requirement for RBV dose reduction
was analysed by Kaplan-Meier survival analysis. SPSS
software version 15.0 (SPSS Inc., Chicago, IL, USA)
was used for these analyses.

Table 1. Clinical characteristics of the study population

Characteristic Value
Age, years 57.5 (£9.5)
Sex, maleffemale 50/82
Baseline platelet count, 10°/1 150.4 (£55.8)
Baseline Hb, gfd! 14.0 (+1.5)
Baseline creatinine clearance, mifmin 94.8 (+24.1)
Baseline liver fibrosis, FO-2/F3-4 102/30
initial ribavirin dose

600 mg/day, n (%] 91 (69)

800 mg/day, n (%) 38 (29)

1,000 mg/day, n (%) 3(2)
Dose reduction of ribavirin, n (%) 58 (43)
Hb reduction at week 4, g/di 2.2 (+1.4)
Hb reduction >3.0 gfd! at week 4, i (%) 37 (28)
Severe anaemia at week 4, n (%)° 21 {16)
Severe anaemia at any time point, n (%)* 57 (43}
ITPA 51127354, AA{CA/CC 4/33/95

{1SDR mutation <1, nftotal n (%)
Core70 mutant type, nftotal n (%)

96/114 (84)
42/105 (40)

Continuous variablcs were deseribed as mean [4sv) and categorical variables
were described as frequency and percentage. “Severe anaemia defined as
haemoglobin (Hb)<10 g/dl. Core?0, amino acid substitutions at pasition 70 of
the core region; ISDR, interferon sensitivity-determining region; (TPA, inosine
triphosphatase gene.

Association of /TPA with anaemia and treatment outcome

Results

ITPA rs1127354 minor genotype alleles AA and CA
were protective for anaemia during drug therapy

The baseline characteristics are listed in Table 1.
Genoryping of rs1127354 revealed that 4 patients
were homozygous for the minor allele (AA), 95 were
homozygous for the major allele (CC) and 33 were het-
erozygous (CA). The frequency of the minor allele A was
0.16. The ITPA genotype was not associated with any
baseline factors including age, gender, Hb levels, CLcr,
platelet counts, liver fibrosis, mutations in the ISDR and
Core70 (Table 2). The mean value of Hb reduction at
week 4 was 2.2 g/dl and a reduction of >3.0 g/di devel-
oped in 37 patients (28%) at week 4. Severe anaemia
(Hb<10 g/dl) developed in 21 (16%) patients at week 4
of therapy and in 57 (43%) patients at any time point
during the entire 48 weeks of therapy. Figure 1A and 1B
shows the percentages of patients with anaemia accord-
ing to the rs1127354 genotypes. At week 4, Hb reduc-
tion of >3.0 g/dl developed in 37 patients (39%) with
the CC genotype, which is in contrast to 0 patients with
the CA or AA genotypes (Figure 1A). Severe anaemia
developed in 20 (21%) patients with the CC genotype,
which is in contrast to only 1 (3%) patient with the
CA genotype and 0 patients with the AA genotype (CC
versus AA/CA, P=0.008; Figure 1B). Throughout the
course of the 48-week therapy, Hb reduction of >3.0 g/
dl developed in 71 (75%}) patients with the CC genotype
in contrast to 14 (42%) patients with the CA genotype
and 0 patients with the AA genotype (CC versus AA/CA,
P=0.0001). Severe anaemia was observed in 51 (54%)
patients with the CC genotype, which is in contrast to
6 (18%) patients with the CA genorype and O patients
with the AA genotype (CC versus AA/CA, P<0.0001).
The mean reduction of Hb levels and the time course of
therapy are shown in Figure 2. Patients with genotypes
AA and CA showed less Hb reduction at weeks 2, 4, 6, 8
and 12 during drug therapy compared to those with the

Table 2. Clinical characteristics of patients according to /TPA genotype

151127354
Characteristic AAJCA cC P-value
Age, n (%) 56.0 {109 58.1(8.8) 0.316
Sex, male/female 1720 33/62 0.239
Baseline platelet count, 10°t 153.3 (+48.5) 149.2 (£58.5) o711
Baseline Hb, gfd! 14.3 (£1.4) 13.8 (£1.5) 0.132
Baseline creatinine clearance, mi/min 93.4 {£233) 95.3 (+24.5) 0.692
Baseline liver fibrosis, F0-2/F3-4 33/4 69/26 0.063
ISDR mutation <1, nftotal n (%) 26/30 (87) 70/84 (83) 0.777
Core70 mutant type, nftotal n (%) 11/27 (41) 31/78 (40) 1.000

Continuous variables were deseribed as mean (2s0) and categorical variables were described as frequency and percentage. Core70, amino acid substitutions at position
70 of the core region; Hb, haemoglobin; ISDR, interferan sensitivity-determining region.
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Figure 1. [TPA 1s1127354 genotypes and anacmia during drug therapy
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CC genotype (P<0.0001 for weeks 2, 4 and 6; P=0.02
for weeks 8 and 12). These results show thar the AA
and CA genotypes are significantly associated with less
absolute reduction in Hb levels, especially during the
carly weeks of therapy, and are protective against the
development of severe anaemia. The sensitivity and spe-
cificity of the ITPA genotype for the prediction of severe
anaemia (Hb<10 g/dl) throughout the course of treat-
ment was 89% (51/57) and 41% (3 1/75), respectively.

ITPA 151127354 minor genotypes AA and CA were
protective against the requirement for RBV dose
reduction

The dose of RBV was reduced in 38 {43%) patients.
Severe anaemia was the indication for dose reduction
in 45 of the 58 (78%) patients. In the remaining 13
patients, the RBV dose was reduced because of other
adverse events such as fartigue, skin eruption or loss of
appetite. Figure 3 shows the time to the first RBV dose
reduction during the 48 weeks of therapy. A dose reduc-
tion of RBV for any reason was less frequent and delayed
in parients with the AA and CA genotypes compared
to those with the CC genotype (Figure 3A; P=0.048).
The difference was more significant for anaemia-related
RBV dose reduction {Figure 3B; P=0.004).

Other factors associated with severe anaemia
during therapy

Since 18% of the patients with the protective ITPA
genotype of CA developed severe anacmia, we ana-
lysed the patients for other predictive factors of severe
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anaemia. By univariable analysis, the rs1127354 CC
genotype, female pender, older age, and lower baseline
Hb levels, platelet counts and CLcr levels were associ-
ated with severe anaemia. Next, multivariable regression
models with backward selection were used to identify
the independent predictors of severe anacmia. Covari-
ates included age, sex, fibrosis stage, baseline Hb lev-
els, CLer levels and plareler counts, and the rs1127354
genotype. The multivariable regression analysis showed
thar the rs1127354 CC genotype, a baseline Hb of
<14 g/dl and a baseline CLer of €95 ml/min were inde-
pendent predictors of severc anaemia at week 4 and at
any time point during the 48 weeks of therapy {Table 3).
Figure 4 shows the percentage of patients with Hb con-
centrations of <10 g/dl ar any time point during therapy
for the subgroups of patients stratified by rs1127354
genotype, baseline Hb levels and baseline Cler levels.
Among patients with the rs1127354 CC genotype, the
risk of developing severe anaemia was more promi-
nent in those with a baseline Hb<14 g/d] and a base-
line CLcr<95 ml/min (88%) compared to those with a
baseline Hb214 g/dl and a baseline Cler >95 ml/min
(P<0.0001) or those with a baseline Hb<14 g/d] or a
baseline CLcr<95 ml/min (P=0.0036). Notably, the inci-
dence of severe anaemia was only 12% in patients with
the rs1127354 CC genotype if the baseline Hb was 214
¢/dl and the CLer was >95 ml/min. By contrast, there
was a moderate risk of severe anaemia (33%) even in
patients with the rs 1127354 protective genotypes AA or
CA when the haseline Hb was <14 g/dl and the baseline
CLer was <95 ml/min. Thus, patients who have >30%
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Figure 2. /TPA rs1127354 genotypes and the quantitative Hb reduction from baseline

0.5

0
-0.5 Tu

-1

-1.54

—&— AA/CA
~ 0 CC

25 ) .

-3

Mean Hb reduction, g/d!
N
i

-3.5 4

-4 -

45 T
Pre12 4

o -
@ —

12 16 20

24 36 48
Weeks

The mean reduction of haemoglobin (Hb) levels along the lime ponts of treatment is shown for the rs1127364 genotypes. Solid and dotted lines mdicate paticnis with
the AAJCA and CC genotypes, respectively. The error bian indicate standard deviation. The AAJCA genotype had Jess of a reduction in the mean Hb levels at weeks 2-12
during therapy compared to the CC genotype. “P<D001; *P=0.02. ITPA, invsine tnphosphatase gene; Pre, prelreatment.

risk of severe anaemia had the following characteris-
tics: rs1127334 CC genotype, baseline Hb<14 g/di and
CLcr<95 ml/min; rs1127354 CC genotype and baseline
Hb<14 g/dl or CLer<95 ml/min; and rs1127354 AA or
CA genotype, baseline Hb<14 g/di and CLcr<95 ml/
min. The sensitivity and specificity of the combinarion
of these three factors for the prediction of severe anae-
mia (Hb<10 g/dl} throughout the course of trearment
was 89% (51/57) and 64% (48/73). Compared to the
ITPA genotype alone, specificity improved from 41%
to 64% with the same sensitivity (89%), indicating that
the combination of the ITPA genotype, baseline Hb
levels and baseline CLcr levels could improve the pre-
diction accuracy. The AA/CA genotypes of rs1127354
were protective against the requirement for RBV dose
reduction even after standardizarion by baseline Hb and
CLer (Figure 3C). The predictive model for anaemia and
recommendations for monitoring and trearment were
made for clinical practice application (Table 4).

ITPA rs1127354 minor genotypes AA and CA were
associated with higher adherence to RBV, higher rate
of SVR and lower rate of relapse

The association of the rs1127354 genotype with the
adherence to RBV or treatment outcome was analysed.
When analysed in the entire population, the percentage

Antiviral Theapy 16.9

of patients receiving >80% of the expected RBV dose,
which was reported to be a threshold for an enhanced
response to therapy [3|, was not significantly different
among the rs1127354 genotypes. Treatment outcomes
such as the end-of-treatment response, SVR and relapse
were also not different among the rs1127354 genotypes
(Table 5). By contrast, SVR was closely associated with
the 1L28B genotype [11-14,21]: the rate of SVR was
0% (0/51) for IL28B minor type (TG/GG genotype at
rs8099917) and 48% (39/81) for IL28B major type
(TT genotype at rs8099917). This finding confirms that
IL28B genotype is a significant factor for the predic-
tion of SVR. Thus, we performed a subset analysis on
subgroup of patients with the favourable /L28B geno-
type (TT at rs8099917). As a result, patients with the
rs8099917 TT genotype and the rs1127354 AA or CA
genorypes had a significantly higher rate of receiving
>80% of the expected RBV dose (P=0.016), a higher
rate of SVR (P=0.031), as well as a lower rate of relapse
(P=0.046) compared ro patients with the rs8099918 TT
and rs1127354 CC genotype (Table 35).

Discussion

In the present study, we confirmed that variants of the
ITPA gene protect against severe haemolytic anaemia not

68%
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Figure 3. /TPA 151127354 genotypes and the time-dependenl incidence of RBV dose reduction
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only at the early stage of treatment, but also throughout
the 48-week course of treatment in a Japanese cohort
of genotype 1b chronic heparitis C parients treated with
PEG-IFN and RBV. We also replicated a previous study
[9] that showed that the ITPA genotype is significantly
associated with a time-dependent reducrion of the RBV
dose. Furthermore, we found that a combination of the

Association of /TPA with anaemta and treatment outcome

ITPA genotype and the baseline Hb and Cler levels
improve the accuracy of predicting RBV-induced severe
anaemia. Previous reports on the IDEAL [4] or Vira-
Hep-C [9] studies did not find any association berween
the ITPA genotype and treatment outcome; however,
we were able to demonstrate the association of the ITPA
genotype with a higher adherence to RBV, a higher rate

Table 3. Multivariable regression analysis of factors associated with severe anaemia during therapy”

Predictor OR 9585 Ci P-value
At week 4

Baseline Hb<14 gfd! 7.18 1.80-27.09 0.004
Baseline creatinine clearance <95 mifmin 5.30 1.39-20.26 0.015
1TPA 1s1127354: CC 1017 1.25-82.85 0.030
At any time point

Baseline Hb<14 g/d! 7.67 3.07-19.12 <0.0001
Baseline creatinine clearance <95 mi/min 5.51 2.21-13.73 <0.0001
1TPArs1127354: CC 9.66 3.11-29.95 <0.0001

“Severe anaemia was defined as haemoglobin (HU)<10 gfdl. ITPA, inosine tnphosphatase gene,

Figure 4. Combination of the [TPA rs1127354 genotype, baseline Hb level and baseline Cler level is predictive of severe anaemia

during the therapy
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Table 4. Prediction model for severe anaemia and recommendation for monitoring and treatment

{TPA genatype Recommendation

(rs1127354) Baseline Hb and Cler Risk of anacmia Monitoring Treatment option

cc Hb<14 g/dl and CLers9S mifmin High Intensive Consider erythropoietin
Hb<14 g/d! or Cler<95 mifmin Intermediate Intensive Early dose reduction of RBV
Hb214 gfdl and CLer>95 mifmin Low As usual -

AAJCA Hb<14 gfdi and CLcr<95 mifmin Intermediate Intensive Early dose reduction of RBY
Hb<14 gfdi or CLer<9S mifmin Low As usual -
Hb214 gfdi and CLer>95 mifmin Absent As usual May consider higher RBV dose

CLer, creatinine clearance; HO, haceoglobun; TPA, mosine triphosphatase gene; RBV, ribavinn,

Table 5. Treatment response and ribavirin adherence in terms of ITPA 151127354 genotype

rs1127354
Response AAICA, nftotal n (0%) CC, njtotal n (o) P-value
All patients
Ribavirin adherence >80% 19/37 (51) 40/95 (42) 0.436
End-of-treatment response 19/37 {51) 58/95 (61) 0.332
Sustained virological response 13/37 (35) 26/95 (27) 0.401
Relapse 6/19 (32) 32/58 (55) 0.112
Subgroup of patients with IL28B rs8099917 TT
Ribavirin adherence >80% 14/18 {78) 28{63 (49) 0.016
End of treatment response 16/18 (89) 50/63 (79) 0.501
Sustained virological response 13/18 (79) 26/63 (41) 0.031
Relapse 3/16 (19) 24/50 (48) 0.046

HTPA, inosine tiphosphiltase gene.

of SVR and a lower rate of relapse among a subset of
Japanese patients with the favourable IL28B genotype
(TT ar rs8099917).

Haemolytic anaemia induced by RBV is one of the
major adverse events of PEG-IFN and RBV therapy
leading to dose reduction of RBV or premature termi-
nation of therapy |1]. RBV is essential for improving
SVR by prevention of relapses and a breakthrough
[22], and a reducrion of the RBV dose can lower the
response rates considerably. It was reported that the
maintenance of >80% of the expected RBV dose is
associated with an increased SVR [23]. Thus, the pre-
diction and prevention of RBV-induced haemolytic
anaemia is clinically important. Previously, no reliable
means were available to predict RBV-induced anaemia
before therapy, but a recent genome-wide association
study identified a strong association between two func-
tional SNPs (rs1127354 and rs7270101) in the ITPA
gene on chromosome 20 [4| and severe anaemia at
week 4 of treatment. This genetic association has been
replicated recently by two studies [9,10]. However, the
effect of these variants on the long-term development
of anaemia or on the requirement for RBV dose reduc-
tion has been reported by only one study to date [9].
Therefore, validation of these results by an independ-
ent cohort with respect to different geographical areas,
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age, gender or race is needed. Although the clinical
background of our cohort was different from that of
the US cohort [9], such as their race, older age (mean
age of 57.5 vears versus the median age of 48.5 vears),
and higher predominance of females (62% versus
35%), we were still able to replicate the results that
the rs1127354 genotypes AA and CA are protective
against anaemia throughout the 48-week course of
trearment, especially within the 12 weeks following
the initial rreatment. We also replicated the association
of this genotype with less requirement for RBV dose
reduction. These results indicate that cthe ITPA geno-
type is universally an important determinant of RBV-
induced haemolytic anaemia.

For the general application of these genetic associations
in clinical practice, we aimed to further improve the accu-
racy of prediction by combining other clinical covariates.
Among the patients with the rs1127354 CC genotype,
the risk of developing severc anaemia was as high as 88%
in those with baseline Hb levels of <14 g/dl and base-
line CLer levels of <95 ml/min, which is in contrast to
only 12% in patients with Hb levels of 214 g/dl and CLcr
levels of >95 ml/min. The rs1127354 AA and CA geno-
types were protective against anaemia, but an exception
occurred when patients (33%) with a baseline Hb level of
<14 g/dl and a CLer level of €95 mi/min developed severe
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anaemia. The combination of these three factors may
therefore be useful in clinical pracrice, since it improved
the specificity of prediction from 41% to 64% with the
same sensitivity (89%) compared to examining just the
ITPA genotype. These findings may have the potential
to support individualized treatment strategies. Patients
with the rs1127354 CC genotype, especially those with
a baseline Hb level of <14 g/dl and a baseline CLcr level
of €95 ml/min, require intensive monitoring for anaemia
during therapy, and an early dose reduction of RBV or
support by erythropoietin may be indicated for safery.
By contrast, patients with the AA and CA genotypes,
excluding those with a baseline Hb level of <14 g/dl and
a baseline CLer level of <95 ml/min, may be candidates
for therapy with a higher RBV dose, which may lead
to higher rates of SVR. The prediction of RBV-induced
anaemia will remain an important issue even in the near
future, since direct antiviral agents require RBV and PEG-
IFN in combination in order to achieve higher SVR rates
for genotype 1 [24,25] and this combination will remain
a standard therapy for other genotypes.

In a previous study, there was no clear association
between [TPase deficiency and treatment outcome
[4,9,10], even after a detailed subset analysis that
excluded patients in whom RBV had been reduced for
indications other than anaemia or after stratification
by the IL28B genotype [9]. Thompson et al. 9] specu-
lated that the lack of association may derive from sev-
eral reasons such as an underpowered error due to the
small number of patients, a high incidence of RBV dose
reduction unrelated to anaemia, and the possibility that
the ITPase deficiency may reduce antiviral efficacy. In
the present study, we also failed to show associations
berween the ITPA genotype and treatment outcomes
among the entire cohort. However, when patients were
stratified by the IL288B genotype, which is now recog-
nized as the major determinant of trearment ourcome
[11-14,21], the AA and CA genotypes at rs1127354
were linked to a higher adherence to RBV, a lower rate
of relapse and a significantly higher rate of SVR. One of
the reasons for this discrepancy may be the lower inci-
dence of anaemia-unrelated RBV dose reduction in our
study compared to the participants of the Vira-Hep-C
study (22% versus 48%) [9]. The cffect of the ITPA
genotype on RBV adherence and treatment ourcome
may be less apparent in patients who reduced their RBV
dose in the absence of anaemia. Another possibility is
that the difference in mean age may have some effect on
this association between the ITPA genotype and rtreat-
ment outcome since older age has been reported to com-
promise drug adherence or treatment outcomes [26,27].
Our results indicated that, although [L28B genotype is
the major determinant of SVR, the ITPA genotype may
be used supplementary to predict the treatment outcome
in patients with a favourable I1L28B genorype (TT at

drgl lheraoy 16.5
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rs8099917), as long as the RBV dose is not reduced in
the absence of anaemia. Further studies involving larger
populations in different geographical areas or races may
be necessary to confirm this speculation.

In conclusion, variants of the ITPA gene, which could

protect against haemolytic anaemia and RBV dose reduc-
tion, were associated with a high rate of SVR by stand-
ard PEG-IFN and RBV therapy in a subset of Japanese
patients with the favourable /L28B genotype. A com-
bination of the ITPA genetic polymorphism with base-
line Hb and CLcr levels further improved the predictive
accuracy of severe anaemia. These findings may have
the potential to support selection of the optimum and
personalized treatiment strategy for individual patients.
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Background: This study aimed to define factors
associated with relapse among responders to pegylated
interferon (PEG-IFN} plus ribavirin (RBV) therapy in
chronic hepatitis C.

Methods: A cohort of genotype 1b chronic hepatitis C
patients treated with PEG-IFN plus RBV and who had
an undetectable HCV RNA by week 12 (n=951) were
randomly assigned to model derivation (n=636) or
internal validation (n=315) groups. An independent
cohort (n=598) were used for an external validation. A
decision tree model for relapse was explored using data
mining analysis.

Results: The data mining analysis defined five subgroups
of patients with variable rates of relapse ranging from
13% to 52%. The reproducibility of the model was
confirmed by internal and external validations (r2=0.79

and 0.83, respectively). Patients with undetectable HCV
RNA at week 4 had the lowest risk of relapse (13%),
followed by patients <60 years with undetectable HCV
RNA at week 5-12 who received 23.0 g/kg of body weight
of RBV (169%). Older patients with a total RBV dose <3.0 g/
kg had the highest risk of relapse (52%). Higher RBY dose
beyond 3.0 g/kg was associated with further decrease of
relapse rate among patients <60 years (up to 11%) but
not among older patients whose relapse rate remained
stable around 30%.

Conclusions: Data mining analysis revealed that time
to HCV RNA negativity, age and total RBV dose was
associated with relapse. To prevent relapse, >3.0 g/kg of
RBY sheuld be administered. Higher dose of RBV may be
beneficial in patients <60 years.

Introduction

The currently recommended ctherapy for chronic
hepatitis C is a combination of pegylated interferon
(PEG-IFN} plus ribavirin (RBV) [1]. This therapy
is effective in 50% of patients with HCV genotype
1b [2,3]. The most reliable predictor of sustained
virological response (SVR) is the response during carly
weeks of therapy. A satisfactory responsc to therapy in

©2012 Internationa!l Mcdical Press 1359-6535 (print) 2040-2048 {ondine)

the carly wecks is associated with a high rate of SVR
[4-8]. A basic concept of responsc-guided therapy is to
modify the duration of therapy according to the time to
HCV RNA ncgativity. Extended therapy may be given
to patients with delayed virological response [9-13).
Modification of duration of therapy or drug dose may
also be necessary in patients with carly virological
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response (EVR), because approximately 20% of these
patients experience relapse after the completion of 48
weeks of therapy. Recent reports have revealed that
single nucleotide  polymorphisms located ncar the
1L28B gene are strongly associated with SVR or a
null response to PEG-IFN plus RBV therapy |14-16].
However, single nucleotide polymorphisms  located
near the IL28B gene arc not associated with relapse
after EVR [17]. ldentification of risk factors for relapse
among patients with virological responsc may lead to
more individualized therapy and improved SVR rate.
Decision tree analysis, a core component of data
mining analysis, is a method that explores data to
develop predictive models |18]. This method has been
originally used in business and recently in medical ficlds
[19-25]. Decision tree analysis was successfully used to
build a predictive model of EVR [26] and SVR to PEG-
IFN plus RBV combination therapy in chronic hepatitis
C 117,27,28]. The results of the analysis are presented
as a tree structure, which is casy to understand and
use in clinical practice. Patients can be allocated into

Table 1. Background of study population

Characteristic Value
Age, years 54.9 (10.8)
Gender -

Male, n (35) 557 (59)
Female, n (av) 394 (41)
Body mass index, kg/m’ 23.2(3.3)

Albumin, g/di 41(18)
Creatinine, mg/d| 0.7{0.2)
AST, Ul 60.6 (46.2)
ALT, IUJI 80.7 (77.2)
GGT, U 52.0 {60.0)
White blcod cell count, cellsful 4,993 (1,363)
Hacemoglobin, g/di 15.9 (52.6)
Platelets, 10/l 1744 (6.1)
HCV RNA, KiU/mi 1,655 (1,455)
Fibrosis stage -

F1-2, n (%) 626 {66)

F3-4, n (%) 98 (10)

NA, n (%) 227 (24)
Time to HCV RNA negativity 4/8/12 weeks -

4 Weeks, n (%) 233 (24)

8 Weeks, n (%) 386 (41}

12 Weeks, n (%) 332 (35)
Trcatment duration, weeks 42(13)
Total RBV dose, g/kg body weight 3.1(1.3)
Total PEG-IFN dose, pg/kg body weight 62.5 (38.6)
Outcome -

Retapse, n (2b) 238 (25)

SVR, n (%) 713 {78}

Total n=951. Data are expressed as mean {so) unless otherwise indicated,

AL, alanine aminatransierase; AST, aspartate aminatransferase; GGI,

-yl y 1 NA, not available; PEG-IFN, pegylated interferan; RBY,
ribavirin; SVR: sustained virological response.

36

subgroups by simply following the flowchart form of
the decision tree [29).

In the present study, we used decision tree analysis
to identify predictors of relapse among patients who
achieved EVR to PEG-IFN plus RBV therapy, and
to define a more individualized therapeutic strategy
beyond response-guided therapy.

Metheods

Patients

This is a multicentre retrospective  cohort  study
involving Musashino Red Cross Hospital, Toranomon
Hospital, Tokyo Medical and Dental University,
Osaka University, Nagoya City University, Yamanashi
University, Osaka City University, and their related
hospitals. The inclusion criteria were chronic hepatitis
C patients trcated with PEG-IFN-a2b plus RBV,
genotype b, pretreatment HCV RNA titre >100 KIU/
wl as confirmed by quantitative PCR; Cobas Amplicor
HCV Monitor version 2.0; Roche Diagnostic Systems,
Pleasanton, CA, USA), an undetectable HCV RNA level
within week 12 after the start of therapy, no coinfection
with HBV or HIV, and no other causcs of liver disease.
Patients were treated with PEG-IFN-a2b (1.5 pg/kg)
subcutancously every week plus a daily weight-adjusted
RBV dose (600 mg for patients weighing <60 kg,
800 mg for patients weighing 60-80 kg and 1,000 mg
for patients weighing >80 kg). Dose reduction or
discontinuation of PEG-IFN and RBV was considered
based on the recommendations of the package inserts
and the discretion of physicians at cach university and
hospital. The standard duration of therapy was set at
48 wecks, but extension of duration was allowed and
implemented at the discretion of each physician. The
duration of therapy was cxtended beyond 48 weeks in
118 paticnts (mean duration was 56.3 weceks, ranging
from 49 to 72 weeks). Although the exact reason for the
prolonged treatment in cach case was not available, one
reason may be that cach physician tried to achieve high
adherence of RBV by extending the duration of therapy.
Another reason may be the late time point of HCV
RNA negativity even within carly virological response.
Among 118 patients, time to HCV RNA negativity was
between 9 to 12 weeks in 56% of paticnts.

A total of 951 patients fulfilled the study criteria. The
bascline characteristics and representative laboratory
test results are listed in Table 1. For analysis, patients
were randomly assigned to cither the model derivation
(636 paticnts) or internal validation (315 patients)
groups. There were no significant differences in the
clinical backgrounds between these two groups. For
external validation of the model, we collaborated
with another multicentre study group consisting of 29
medical centres and hospitals belonging to the National
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Hospital Organization {Japan). A dataset collected from
598 patients who were treated with PEG-IFN-a2b plus
RBV and had undetectable HCV RNA within week 12
were used for external validation. Informed consent
was obtained from each patient. The study protocol
conformed to the cthical guidelines of the Declaration
of Helsinki and was approved by the institutional
review committees of all concerned hospitals.

Laboratory tests

Haematological tests, blood chemistry and HCV RNA
titre were analysed before therapy and at least once
cvery month during therapy. Rapid virological response
{RVR) was defined as an undetectable HCV RNA level
at week 4, and complete early virological response
(cEVR) was defined as an undetectable HCV RNA level
at week 5 through week 12 after the start of therapy.
SVR was defined as an undetectable HCV RNA level
24 weeks after the completion of therapy. Detection of
HCV RNA level was based on qualitative PCR with
a lower detection limit of 50 IU/ml (Amplicor; Roche
Diagnostic Systems). A database of pretreatment
variables included hacmatological tests (haemoglobin
level, white blood cell count and platelet count), blood
chemistry tests (scrum [cvels of creatinine, albumin,
aspartate aminotransferasc, alanine aminotransferase,
y-glutamyltransferase, total cholesterol, triglycerides
and HCV RNA ritre), stage of histological fibrosis and
patient characteristics (age, scx and body mass index).
Post-treatment variables included time to HCV RNA
negativity, calculated total RBV dose (ghkg of body
weight), and calculated total PEG-IFN dose (pg/kg of
body weight).

Statistical analysis

The Student’s t-test was used for the univariable
comparison of quantitative variables and Fisher’s
exact test was used for the comparison of qualitative
variables. Logistic regression modcls with backward
selection procedures were used for multivariable
analysis of factors associated with relapse. IBM SPSS
software version 18.0 (SPSS Inc., Chicago, IL, USA) was
used for analysis. For the decision tree analysis {30},
the data mining software IBM SPSS Modeler 14 (SPSS
Inc.) was used, as reported previously [17,26-28). The
decision tree analysis, the core component of the data
mining, belongs to a family of non-parametric regression
methods based on binary recursive partitioning of data.
In this analysis, the software automatically explored the
database to determine optimal split variables to build
a decision tree structure. A statistical search algorithm
evaluate the model derivation group to determine the
optimum variables and cutoff values and to yield the
most significant division of patients into two subgroups
that were as homogeneous as possible for the probability

Antiviral Therapy 17.1
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of relapse. Once patients were divided into 2 subgroups,
the analysis was automatically repeated on each
subgroup in the same way until cither no additional
significant variable was detected or the number of
patients was <20. Finally all patients were classified
into particular subgroups that arc homogencous with
respect to the probabilities of relapse.

Results

The decision tree model for the prediction of relapse
The overall rate of relapse was 26% in the model
derivation group. The decision tree analysis selected
three variables that are associated with relapse: time to
HCV RNA negativity, age and total RBV dose (Figure 1).
Time to HCV RNA ncgativity was selected as the best
predictor of relapse. The rate of relapse was 13% for
paticnts with RVR compared to 30% for patients with
cEVR. Among patients with cEVR, age was selected
as the variable of second split. Patients <60 years had
a lower probability of relapse {22%) compared with
those 260 years (41%). The total RBV dose was selected
as the third variable of split with an optimal cutoff of
3.0 g/kg of body weight. The rate of relapse was lower
in patients who received 23.0 g/kg of body weight of
RBV compared to paticnts who received <3.0 g/kg of
body weight (among patients <60 ycars rates were 16%
versus 32% and among patients 260 years rates were
26% versus 52%, respectively).

According to this dccision tree, the patients were
divided into five groups with different rates of relapse
ranging from 13% to 52%. Patients with RVR had
the lowest risk of relapse. Among patients with cEVR,
patients <60 years who received 3.0 g/kg of body
weight of RBV also had a low risk of relapse (16%).
By contrast, patients who received <3.0 g/kg of body
weight of RBV had higher than the average risk of
relapse, especially in patients 260 ycars (52%).

Validation of the decision tree model

The decision tree model was validated using an internal
validation group that was not included in the model
derivation. The rates of relapse for each subgroup of
patients were correlated closely between the model
derivation and the internal validation group (r’=0.79;
Figure 2A). When validated using an external validation
group, the rates of relapse for each subgroup of patients
were again correlated closely between the model derivation
and the external validation group. (r?=0.83; Figure 2B).

Multivariable logistic regression analysis for factors
associated with relapse

Univariable and multivariable analysis was performed
using the combined population of model derivation and
internal validation group. Univariable analysis found
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that age, sex, serum levels of creatinine, hacmoglobin,
platelet count, HCV RNA titre, time to HCV RNA
negativity, total PEG-IFN dosc and total RBV dose
were associated with relapse. Duration of therapy
was not associated with reduction in relapse rate.
Multivariable analysis including these factors showed
that age, total RBV dose, scrum level of creatinine,
and time to HCV RNA negativity were independent
predictors of relapse (Table 2). Creatinine was not
selected as a splitting variable in data mining analysis
probably duc to the limitation to stop the analysis when
the number of patients was <20. Using the combined
population of model derivation and internal validation
group, patients in cach subgroup of decision tree model
were further seratified by creatinine levels and the effect
of creatinine level on relapse was analysed. Among
paticnts with RVR, the rate of relapse did not differ

berween patients with creatinine levels of <0.7 g/dl and
20.7 g/dl and were 12% and 12%, respectively. Among
paticnts with cEVR, the rate of relapse was higher in
patients wich creatinine levels of <0.7 g/dl compared to
those with creatinine levels of 20.7 g/dl and were 39%
versus 23%, respectively, for patients <60 years who
received <3.0 g/kg of body weight of RBV, 19% versus
14% for patients <60 years who received 23.0 g/kg
of body weight of RBV, 58% versus 41% for paticats
260 years who received <3.0 g/kg of body weight of
RBV, and 42% versus 26% for patients 260 years who
received 23.0 g/kg of body weight of RBV.

Effect of age and total RBV dose on relapse among
patients with cEVR

The cffect of total RBV dose on relapse was analysed
among paticnts with ¢cEVR in a combined group of

Figure 1. The decision-lrec mode! of relapse among patients with rapid virological response or complete early virological response

n=636

<4 weeks 5~12 weeks
Time to
RNA negativity n=495
Group 1 <60 years 260 years
Age
n=292 , n=203
<3.0 g/kg
Total dose of RBV Total dose of RBV
n=100 D =192 =110 n=93

Group 2 Group 3

Group 4 Group 5

Boxes indicate the factors used for splitling and the cutof! values for the splil. Pie charts indicate the rale of refapse lor cach group of paticnts alter splitling. Terminal
groups af palients discriminated by the analysis are numbered from 1 to 5. The rate of relapse was higher thin average (>26%) in subyroups 2 and 4, where total

ribavirin (RBV) dose was <3 g/kg of budy weight.
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model derivation and internal validation (#=718). The
relapse rate decreased with an increase in RBV dose
(Figure 3A). When paticnts were stratified into two
groups according to age, the relapse rate decreased
with an increase in RBV dose in patients <60 ycars.
The relapse rate was lowest (11%) in patients <60
years who received 24.0 g/kg of body weight of RBV.
By contrast, among paticnts 260 ycars, the relapse rate
decreased with an increase in RBV dose up to 3.0 glkg
of body weight, but remained relatively stable despite
a further increase in the RBV dosc beyond 3.0 g/kg
of body weight. The rate of relapse was 31% to 33%
in paticnts who received 23.0 g/kg of body weighe.

Data mining model of relapse after PEG-1FN plus RBV therapy in CHC

Paticnts 260 years had higher relapsc rate compared
with patients <60 years after stratification by RBV
dose (P=0.044 for RBV <2.5 g/kg, P=0.009 for RBV
2.5-2.9 g/kg, P=0.150 for RBV 3.0-3.4 g/kg, P=0.036
for RBV 3.5-3.9 g/kg and P=0.006 for RBV 24.0 g/kg).

To exclude the effect of the duration of therapy, patients
who received 42-54 weeks of therapy were selected
(n=544). Again, the sclapse rate decreased with an
increase in RBV dose in patients <60 ycars but remained
stable despite a further increase in the RBV dose beyond
3.0 g/kg of body weight in paticnts 260 years (Figure 3B);
in addition, patients 260 years had a higher relapse rate
compared with younger paticnts after stratification by

Figure 2. Internal and external validation of the decision-tree model: subgroup-stratified comparison of the rate of relapse

between the model derivation and validation groups

y=0.8408x + 0.0381
r=0.7867

IS
=}
]
[}
<
o
IS

Rate of relapse among the
internal validation group, %
[5]
o

B
607 y-0.938x - 0.0008
~0.8274
50

@
52%, 44%
Group 4

8

Rate of relapse among the
external validation group, %
©
<1

20 Group 2 20 -
6%, 16% o,
10 A Py Group 3 10 Group 3
13%, 10% ?
Group 1 13%, 7%
0 o Group 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60

Rate of relapse among the model derivation group, % Rate of relapse among the model derivation group, %

Each patient in the internal and external validation population was allocated ta groups 1 to 5 following the flowchart of the decision tree. The rates of relapse

wiere then caleulated for each group and a geaph was platted. The rate of relapse in the (A) internal and (8) exicrnal validation groups are shown. The rates of

relapse are shown as percentages below data points: the vatue on the left is from the model derivation group and on the right is liom the validation group. The
rates of relapse in cach group of palients correlated closely between the model derivation greup and the validation group [correlation coefficient: r’=0.79 and

0.83, respectively).

Table 2. Multivariable analysis of factors associated with relapse among patients with RVR/cEVR

Factor OR 9505 CI P-value
No-RVR 4.07 257-6.43 <0.0001
Total RBV dose <3.0 g/kg body weight 219 1.58 -3.03 <0.0001
Creatinine <0.7 g/d! 1.67 1.22-2.29 0.001

Age 260 years 2.37 1.73-3.24 <0.0001

cEVR, complete carly virological response (HCV-BNA-pasitive at week 4, but negative at week 12); RBY, ribavirin; RVR, rapid virclogical response {(HCV-RNA-ncgative

at week 4).
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RBV dose (P=0.283 for RBV <2.5 g/kg, P=0.017 for RBV
2.5-2.9 g/kg, P=0.127 for RBV 3.0-3.4 g/kg, P=0.011 for
RBV 3.5-3.9 g/kg and P=0.009 for RBV 4.0 g/kg).
Total dosc of RBV was associated with relapse
independently of PEG-IFN dosc. The cutoff value of
58 zpg/kg of PEG-IFN was selected, which corresponds
to the 80% of 1.5 pg/kg dose for 48 weeks. In patients
who received <58 pp/kg of body weight of PEG-IFN,

the rate of relapse for patients who received 23.0 g/kg
or <3.0 g/kg of body weight of RBV was 24% and 42%,
respectively. In patients who received 258 pg/kg of body
weight of PEG-IFN, the rate of relapse for patients who
received 23.0 g/kg or <3.0 g/kg of body weight of RBV
was 21% and 38%, respectively.

The data mining analysis procedure did not select
further split variables among RVR patients. However,

Figure 3. Correlation between Lhe rate of relapse and total RBV dose among patients with cEVR after stratification by age

54%

Rate of relapse, %
w
o

20

Al DAge <60 BAge 260

Total dose of RBV, g/kg body weight

55%

Rate of relapse, %

Total dose of RBV, g/kg body weight

Assacialion between the tatat ribavirin (RBV) dose and the rite of relapse among patients with complete carly viralogical response (cEVR) is shown, (A) Higher duse of
RBV was associaled with reduced rate of relapse. (8) These associations were also confirmed in selected patients who received 42-54 weeks of therapy.
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when analysed separately, the rate of relapse was also
associated with age and total RBV dose among paticnts
with RVR. The rate of relapsc for patients who received
23.0 g/kg or <3.0 g/kg of body weight of RBV was 5%
and 14%, respecrively. The rate of relapse for patients
<60 and 260 ycars was 9% and 18%, respectively.
Collectively, the rate of relapse for patients <60 ycars
who received 23.0 g/kg or <3.0 g/kg of body weight of
RBV was 2% and 11%, respectively, whereas the rate
of relapse for patients 260 years who reccived 23.0 g/
kg or <3.0 g/kg of body weight of RBV was 12% and
20%, respectively.

Discussion

The result of the present study shows that older
age and insufficicnt dose of RBV are significant and
independent risk facrors for relapse among patients
with cEVR to PEG-IFN plus RBV. Older paticnts
(260 ycars) who reccived a total RBV dosc <3.0 g/
kg of body weight had the highest risk of relapse
{52%), whercas younger patients who received a total
RBV dose 23.0 g/kg of body weight had the lowest
risk of relapse (16%). The rate of relapse decreased
depending on the total RBV dosc in younger paticats,
but remained stable in older patients despite a further
increase in the RBV dose beyond 3.0 g/kg of body
weight. These findings imply that the target dose of
total RBV can be set at 3.0 g/kg of body weight in
patients who achieved cEVR, and further increase in
RBV dose up to 4.0 glkg of body weight or greater
may be recommended in paticnts <60 years.

The associations between the drug adherence and
virological response had been reported with inconsistent
results. In an carlier study, paticnts who received >80%
of the planned dose of PEG-IFN plus RBV for >80% of
the planned duration of therapy had a higher rate of SVR
compared to those who received a lesser dose (51% versus
34%) [31]. Consistent results were obtained in a study
reporting that patients who received >80% of the planned
dosc of PEG-IFN and RBV within the first 12 weeks of
therapy had a higher rate of EVR compared with those
who reccived a lesser dose of both drugs (80% versus
33%) |4]. By contrast, a large-scale multicentre study
showed that reducing the PEG-IFN dosce during the first 20
weeks reduced SVR; however, reducing RBV did not affect
SVR as long as RBV was not prematurely discontinued
|32]. The reason for these inconsistencies is unclear. One
reason may be the differences in the backgrounds of
patients enrolled in the study, and henee the last study was
limited ro patients with advanced fibrosis and prior non-
responders to PEG-IFN therapy. Because the probability
of SVR is affected by virological response and relapse after
response, the cffect of drug dosing should be analysed
separately with respect to these two factors.

Antiviral Therapy 12.1
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In the present study, we focused on factors predictive
of relapse after carly virological response. According
to the decision tree model, relapse was less likely in
paticnts with RVR compared with ¢EVR. Among
paticnts with ¢cEVR, older patients (=60 years) had a
higher risk of relapse compared to younger patients
(41% versus 22%). In addition, our results emphasized
the cffect of RBV dose for the prevention of relapse. In
our study, a total RBV dose of 23.0 g/kg of body weight
was repeatedly associated with a suppressed rate of
relapse in the model derivation and validation groups.
The rate of relapse in patients <60 years who received
an RBV dose of <3.0 versus 23.0 g/kg of body weight in
the model derivation, internal validation and external
validation groups were 32% versus 16%, 27% versus
16%, and 41% versus 16%, respectively. The rate of
relapse in patients 260 years who received an RBV dose
of <3.0 versus 23.0 gfkg of body weight in the modcl
derivation, internal validation and external validation
groups were 52% versus 26%, 45% versus 38%, and
44% versus 22%, respectively. It has been reported
that the rate of relapse is suppressed in 48 weeks of
IFN plus RBV combination therapy compared to IFN
monotherapy, indicating that RBV contributes to the
increase in SVR by reducing relapse {2,3]. Another
study, focused on the associations between the drug
dosc reduction and relapse in patients with virological
response, found that maintaining RBV dose 212 mg/
kg/day during 48 weeks of treatment, which can be
translated into a total dose of 4.0 g/kg of body weight,
suppressed relapse [33). Results of the present study are
in accordance with this report.

The importance of drug dosing on reduction in
relapse is also supported by the findings that extending
therapy from 48 to 72 wecks in patients with delayed
virological response improved SVR rates by reducing
rclapse [9-13]. Apart from these clinical studies,
in the real world of clinical practice, duration of
therapy is extended - cven in paticnts with ¢cEVR - at
the physician’s discretion. The relationship between
duration of therapy or RBV dose, and relapse among
patients with cEVR and treated with various lengths of
therapy has not been examined. In the combined group
of our study, extending the duration of therapy was not
associated with a reduction in relapse ratc. Rather, the
rate of relapse decreased depending on the total RBV
dose. These findings suggest that acquiring a sufficient
total RBV dose, cither within 48 wecks or by extending
the duration of therapy, is essential to prevent relapse
among patients with ¢cEVR. The limitation of the
present study was that the mean duration of therapy
was only 56.3 weeks in patients whose duration of
therapy was extended beyond 48 weceks. It is probable
thar extended duration of therapy was not long cnough
for the prevention of rclapse. Further studies with
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