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The Impact of Inosine Triphosphatase Variants on
Hemoglobin Level and Sustained Virologic Response of Chronic

Hepatitis C in Korean

Ju Seung Kim,"™ Sung-Min Ahn,**
Young Kul Jung,' Oh Sang Kwon,’
Yun Soo Kim," Duck Joo Choi,’

Ju Hyun Kim'

Two variants of the inosine triphosphatase (ITPA: rs1127354, rs7270101) gene cause ITPA
deficiency and protect against the hemolytic toxicity of ribavirin. We investigated the
clinical significance of ITPA variants in Korean patients treated with pegylated interferon
(PEG-IFN) plus ribavirin. Of the 133 patients, 108 were CC and 25 were non-CC at

rs1127354 (groups A and B, respectively). On the other hand, at rs7270101 all 133 were
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AA. The mean values of Hemoglobin (Hgb) after 4, 8, and 12 weeks of treatment in groups
Aand B were 12.2 and 14.0, 11.8 and 13.2, and 11.5 and 12.9, respectively (P = 0.001,
0.036, 0.036). Sustained virologic response (SVR) was achieved in 67.8% (40/59) of
genotype 1 patients and in 75% (27/36) of non-genotype 1 patients. Regarding [TPA
variants, SVR was achieved by 66% and 80% of genotype 1 (P = 0.282), and by 78% and
71% (P = 0.726) of non-genotype 1. SVR was not significantly different in groups A and B.

In conclusion, non-CC at rs1127354 without involvement of rs7270101 is strongly
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INTRODUCTION

Hepatitis C virus (HCV) infection affects approximately 170 mil-
lion people worldwide, and 3-4 million individuals are newly
infected each year (1, 2). Furthermore, hepatitis C infection is a
major cause of serious liver diseases, such as, liver cirrhosis and
hepatocellular carcinoma (3). The standard anti-viral treatment
for chronic hepatitis C (CHC) patient is combination of pegylat-
ed interferon (PEG-IFN) and ribavirin (RBV), and the purpose
of anti-viral treatment is sustained virologic response (SVR),
defined as negativity for HCV RNA for 24 weeks after treatment
cessation (4, 5). However, the side effects of treatment present
significant problems. In particular, RBV-induced anemia is one
of the most important side effects, and up to 15% of patients ex-
perience dose modification. Accordingly, optimal treatment
may require individualized approaches in CHC patients (5).
RBV is a synthetic guanosine analogue and a prodrug, which
resembles purine RNA nucleotides after undergoing metabo-
lism, and interferes with the RNA metabolism required for viral
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associated with protection from ribavirin-induced anemia, however, [TPA genotype is not
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replication (6). RBV is directly toxic to erythrocytes and is asso-
ciated with hemolysis via guanosine triphosphate pool deple-
tion and the acceleration of erythrocytosis. However, RBV-in-
duced anemia is usually reversible and dose-related (7, 8).

A new era was brought into being by the completion of the
Human Genome Project, which included the genome-wide as-
sociation study (GWAS). According to several recent studies,
genetic polymorphisms located near the interleukin 28B (IL.28B)
gene affect virologic response to treatment (9). In another study,
polymorphisms of the inosine triphosphatase (ITPA) gene in
chromosome 20 were found to influence RBV-induced anemia
in CHC patients, and confirmed the presence of rs1127354 (a
missense variants in exon 2) and rs7270101 (a splice-altering
single nucleotide polymorphism [SNP] located in the second
intron) (10).

However, most research on this topic has been carried out in
the USA and Europe. In this study, the two main ITPA variants,
which have been shown to be associated with RBV-induced
anemia (rs1127354 and rs7270101) were investigated in Korean
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CHC patients treated with PEG-IFN plus RBV. In addition, we
investigated the IL28B SNP, which has been shown to be most
strongly associated with virologic response in genotype 1 pa-
tients.

MATERIALS AND METHODS

Patients enrollment

In this retrospective cohort study, we studied 133 Korean pa-
tients with CHC infection treated at Gachon University Gil Med-
ical Center from January 2008 to December 2011. Inclusion cri-
teria were: 1) a diagnosis of CHC infection; 2) HCV genotype
confirmed using the core region of HCV cDNA by polymerase
chain reaction (PCR) and subsequent DNA sequencing; 3) a
HCV RNA level of > 1,000 IU/mL determined by PCR using an
Abbott m2000rt instrument (Abbott Laboratories, Chicago, IL)
with a serum HCV RNA detection limit of < 50 IU/mL; and 4)
Korean ethnicity and an age from 20 to 70 yr. Exclusion criteria
were: 1) decompensated liver cirrhosis; 2) hepatitis B surface
antigen positivity; 3) the presence or a history of hepatocellular
carcinoma or 4) of other liver diseases, such as, autoimmune
hepatitis, alcoholic liver disease, or a chronic liver disease other
than CHC; 5) chronic renal disease, or 6) anemia before treat-
ment (hemoglobin <12 g/dL), absolute neutrophil count

< 500 or thrombocytopenia (platelets < 100,000/pL).

All patients were treated using a standard PEG-IFN alfa-2a
plus RBV therapy. Patients with HCV genotype 1 were injected
subcutaneously with 180 pg of PEG-IFN alpha-2a (Pegasys®, F
Hoffmann-La Roche, Ltd., Basel, Switzerland) per week regard-
less of weight plus 1,200 mg of RBV daily for patients > 75 kg or
1,000 mg daily for patients < 75 kg. Patients with HCV genotype
2 or 3 were treated with 180 pg of PEG-IFN alfa-2a s.c. weekly
and 800 mg of RBV daily. This standard combination therapy
was continued for 48 weeks in patients with genotype 1 and for
24 weeks in patients with genotype 2 or 3.

Patients evaluations

The following were documented before anti-viral treatment:
age, gender, sex, body mass index (BMI), and biochemical pa-
rameters, hemoglobin (Hgb), white blood cells, neutrophils,
platelets, alanine transaminase (ALT) level, HCV genotype, and
HCV RNA level. In addition, we checked Hgb level and RBV
dose before and after 4, 8, and 12 weeks of anti-viral treatment,
and checked serum HCV RNA levels before and after 4 and 12
weeks of anti-viral treatment, and at 24 weeks after terminating
anti-viral treatment to investigate rapid virologic response
(RVR), early virologic response (EVR), and sustained virologic
response (SVR).

ITPA and IL28B genotyping
Blood was collected into EDTA tubes, and genomic DNA was
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extracted from whole blood using the QIAamp® DNA Blood
Mini Kit (Qiagen, Hilden, Germany) according to the manufac-
turer’s instructions. DNA qualities were assessed by calculating
absorbance ratios (OD 260 nm/280 nm) using a NanoDrop
model ND-1000 (Thermo Fisher Scientific Inc., Wilmington,
DE, USA) and DNA quantities were estimated using the Quibit®
dsDNA BR Assay kit using a Quibit® Fluorometer (Invitrogen,
Carlsbad, CA, USA).

ITPA variants rs1127354 C > A, rs7270101 A > C were deter-
mined in whole blood samples using the validated Pyrosequenc-
ing™ assay. Primers were designed using PQS Assay Design soft-
ware (Qiagen, Hilden, Germany) to target two SNP regions. The
primers used were rs1127354: 5'-biotin- CGTGCTCACATGGAGA-
ATCA-3’ (forward primer), 5-TTTTCTGTGCCACCAAAGTG-3'
(reverse primer), and rs7270101: 5-TTGGTGGCACAGAAAATT-
GAC-3' (forward primer), 5'-biotin- GGGAAACAGACACA-
CAGAAAGTCA-3' (reverse primer). PCR reactions were carried
out by adding 20 ng of template DNA, 5 uL of 10 x PCR buffer,
5 pL of 2.5 mM dNTPs, 1 pL of each 10 uM forward and reverse
primer (one primer was biotinylated), and 0.5 pL of Blend Taq
plus DNA polymerase (Toyobo, Osaka, Japan) in a 50 L reac-
tion mix in a 96-well plate. Amplification was performed under
the following conditions: rs1127354-initial denaturation at 94°C
for 2 min followed by 45 cycles of 94°C for 30 sec, 60°C for 30 sec,
72°C for 30 sec; rs7270101-initial denaturation at 94°C for 2 min
followed by 45 cycles of 94°C for 30 sec, 58°C for 30 sec, and 72°C
for 30 sec.

IL28B variant rs8099917 T > G was identified in whole blood
using validated Pyrosequencing™ assays. The primers used
were 1s$8099917: 5'-biotin-TCCTCCTTTTGTTTTCCTTTCTG-3'
(forward primer), 5'-AAAAAGCCAGCTACCAAACTGT -3’ (re-
verse primer). Amplification was performed under the following
conditions: rs8099917-initial denaturation at 94°C for 2 min fol-
lowed by 45 cycles of 94°C for 30 sec, 60°C for 30 sec, and 72°C
for 30 sec.

Pyrosequencing was performed took using an automated
PSQ 96 MA instrument and the PyroMark Gold Q96 reagent kit
for SNP genotyping and mutation analysis (Qiagen, Hilden,
Germany) according to the manufacturer’s instructions. The se-
quencing primers used to detect short DNA sequences around
SNPs of interest were: 1s8099917-5-TTCCAATTTGGGTGA-3/,
1s1127354-5-TTCAGATTCTAGGAGATAAGTT-3', and rs7270101-
5'-GAAATCCAACCATCTTTTA -3".

Outcomes

The primary end-points of this study were Hgb decline and rate
of RBV dose reduction after 4, 8, and 12 weeks of treatment, and
the secondary end-point was virologic response. SVR was de-
fined as an undetectable serum HCV RNA level by real-time
PCR assay at 24 weeks after termination of the anti-viral treat-
ment. RVR was defined as undetectable serum HCV RNA level
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after 4 weeks of treatment, and EVR as an undetectable ora > 2
log drop in serum HCV RNA after 12 weeks of treatment.

Statistical analysis

Student t-test and chi-square test were used to estimate and
compare significant Hgb declines after 4, 8, and 12 weeks of
treatment. Associations between ITPA, IL28B variants, and vi-
rologic response (RVR, EVR, and SVR) were examined using
the chi-square test. The potential predictors of a decrease in he-
moglobin subjected to univariate analysis were; gender, age,
BM]I, liver cirrhosis, hemoglobin level, and ITPA variants, and
the potential predictors of SVR subjected to univariate analysis
were; gender, age, BMI, liver cirrhosis, genotype, RVR, EVR, and
RBV dose reduction, ITPA, and IL28B variant. Multivariate anal-
ysis included all predictors identified by univariate analysis was
performed by multiple logistic regression analysis. In addition,
odds ratios (ORs) with 95% confidence interval (CI) were deter-
mined. Statistical significance was accepted for P values < 0.05,
and the analysis was conducted using SPSS 1II v. 12 software
(SPSS, Chicago, IL, USA).

Ethics statement

This study was conducted in accordance with the ethical prin-
ciples of the Declaration of Helsinki and was approved by the
institutional review board of Gachon University Gil Medical
Center (GIRBA2866-2012). Informed consent was obtained
from all study subjects.

RESULTS

Baseline characteristics

One hundred and thirty three patients diagnosed as CHC were
treated with PEG-IFN-a-2b and RBV from 1, January 2008 to 31,
December 2011 at the gastroenterology department of Gil
Medical Center. Of the 133 patients, 82 (61%) were HCV geno-
type 1 and 51 (39%) were HCV non-genotype 1. Proportions of
HCV non-genotype 1 were; HCV genotype 2 (n = 49, 96%) and
HCV genotype 3 (n = 2, 4%). We investigated baseline genetic

AA
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50 |- 81% 100%
(108/133) (133/133)
o5 | CA/AA
0
rs1127354 rs7270101

Fig. 1. Frequencies of inosine triphosphatase polymorphism.
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distribution and clinical characteristics with respect to the ITPA
polymorphisms (rs1127354 and rs7270101) which related to
RBV induced anemia. For rs1127354, there were 108 patients of
the CC genotype and 25 patients of the CA/AA genotype, and
for rs7270101, all 133 patients were of the AA genotype (Fig. 1).
Baseline characteristics of the 108 CC patients and 25 CA/AA
patients (groups A and B) are summarized in Table 1. No signif-
icant intergroup differences were found for sex, age, IL28B gene,
initial Hgb, platelet count, white blood cell count, serum HCV
RNA, HCV genotype, and liver cirrhosis. However, mean BMI
and mean alanine aminotransferase level were higher in group
B (P =0.042 and P = 0.033, respectively).

Decreases in Hgb levels by ITPA genotype

We investigated time dependent Hgb declines between groups
A and B after anti-viral treatment. RBV induced anemia was de-
fined as a decline of more than 3 g/dL of Hgb level from before
anti-viral treatment or less than 10 g/dL of Hgb level during an-
ti-viral treatment (10, 11). Twenty-one (19%) patients in group
A and 1 (4%) patient in group B were diagnosed with RBV in-
duced anemia after 4 weeks of anti-viral treatment, 45 (42%)
and 2 (8%) after 8 weeks, and 54 (50%) and 4 (16%) after 12 weeks.
Mean Hgb levels were 12.2, 11.8, and 11.5 g/dL after 4, 8, and 12
weeks of antiviral treatments in group A and 14, 13.2, and 12.9
g/dL in group B (P = 0.001, 0.036, 0.036). Fig. 2 compares de-
creases in mean Hgb values in the two groups. Additionally, we
conducted subgroup analysis between group A and B of HCV
genotype 1. Mean Hgb levels were 12.4, 11.7, and 11.3 after 4, 8
and 12 weeks of antiviral treatment in group A of HCV genotype
1and 13.9, 13.3, and 12.7 in group B (P = 0.206, 0.601, 0.155).

Table 1. Patient baseline characteristics

ITPA genotypes at rs1127354

Total Pvalue
CC CA/AA
Dermographic data
Number 133 108 25
Sex (male/female) 68/65 55/53 13/12 0.502
Age (yn) 476+98 465+100 486 +£95 0.238
Body mass index 246 +£97 241 +108 25189 0033
(kg/m?)
Genotypes of IL28B gene
rs809917 (TT/GT) 133 9711 23/2 0.740
Laboratory data
Hemoglobin (g/dL) 140+15 141+14 140+£15 0.961
Platelets ( x 10%/ul) 193+ 765 196+ 753 181 £73.4 0.684
White blood cell 58+ 15 59+158 57+132 0733
(x 10%/ul)
Alanine 1151 + 80.7 100.1 £ 70.2 181.2 £ 71.2 0.042
aminotransferase (U/L)
HCV RNA (IU/mL) 8.4 x 107 8.6 x 107 80x10" 0912
HCV genotype (1/Non-1) 82/51 65/43 17/8 0.298
Liver cirrhosis (No.) 12 11 1 0.463

Data are median values (ranges) or numbers. Data are expressed means + standard
deviations. IL28B, interleukin 28B; ITPA, inosine triphosphatase; HCV, hepatitis C virus.
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Modification of RBV dose after 4, 8, and 12 weeks of
treatment by ITPA genotype

RBV dose modifications were as followings; a reduction of 200
mg when the Hgb level was < 10 g/dL and stopped when the
Hgb level was < 8 g/dL. Eight patients discontinued PEG-IFN
and RBV treatment because of side effects, such as, a loss of ap-
petite, dizziness, or depression, and therefore, the analysis of
RBV dose modification included 125 patients. During the first
12 weeks of anti viral treatment, RBV dose reduction ( > 200 mg)

15 + rs1127354
cc =
P=10.001 CA/AA ==

14

13

(97dL)

12|

4 8 12
Weeks

Fig. 2. Time dependent hemoglobin declines by ITPA genotype.

rs1127354 P=0.042
40r ¢ =
CA/AA ™=
30
g 20 - 30% 36%
(31/103) (37/103)
| 16%
10 (16/103)

4 8 12
Weeks

Fig. 3. Cumulative percentages of patients requiring ribavirin dose reduction after 4,
8, and 12 weeks of treatment by ITPA genotype.

was performed in 40 patients. RBV dose reduction was started
earlier in 16 (16%) patients in group A than in the 3 (14%) pa-
tients in group B. During the first 12 weeks of anti-viral treat-
ment, the rate of RBV dose reduction increased steadily in group
A, whereas no further RBV dose reduction occurred after 4 weeks
in group B. RBV dose reductions after 12 weeks of treatment
were performed in 37 patients (36%) in group A and in 3 patients
(14%) in group B (P = 0.042) (Fig. 3).

Prognostic factors influencing decreases in Hgb level

To investigate the influences of potential prognostic factors on
RBV induced anemia, 6 factors (gender, age > 60 yr, BMI >

23 kg/m?, liver cirrhosis, initial Hgb level | < 14 g/dL], and CC
genotype of the ITPA variant) were examined individually by
univariate analysis. To identify independent prognostic factors,
stepwise forward multiple logistic regression analysis was per-
formed. Multivariate analysis showed that only a male gender
and the CC genotype positively influenced RBV induced ane-
mia (Table 2).

ITPA and the IL28B genotype and virologic response

SVR was achieved in 67.8% (40/59) of genotype 1 patients and
in 75% (27/36) of non-genotype 1 patients. Regarding ITPA
variants, SVR was achieved by 66% and 80% of genotype 1

Table 2. Univariate and multivariate analyses of host and viral factors associated with
anemia after 12 weeks of treatment

Univariate analysis Multivariate analysis

Variables

OR (95%Cl) Pvalue OR (95%Cl) Pvalue
Gender (male) 4,157 (1.805-9.576)  0.001 6.652 (1.781-24.846) 0.005
Age (> 60 yr) 0.842 (0.230-3.077)  0.842 0.991 (0.195-5.030) 0.949
BMI (> 23 kg/m? 2.893 (1.080-7.750) 0.031 2.137 (0.674-6.770) 0.254
Liver cirrhosis 0.232 (0.027-1.999) 0.151 0.220 (0.017-2.771)  0.241
Hemoglobin 0.265 (0.116-0604)  0.001 1.000 (0.269-3.720) 0.701
(<14 g/d)

ITPA variant (CC) ~ 3.234 (1.998-10.484) 0.042 7.684 (1.435-41.137) 0.017
OR, Odds ratio; BMI, body mass index; ITPA, inosine triphosphatase.

rs1127354 P=0.657 P=0.911
P=0198 P=0498 o = '
’ﬁ — P=0.282 o = P 0726
80 - - 92%
80 o 88%
81%
60 - . ’ 60 - 78%
S 0% 66% S
~ 0 ~
40 |+ 40 -
20 - 20 -
RVR EVR SVR RVR EVR SVR
Genotype 1 Non-genotype 1

Fig. 4. Virologic response by inosine triphosphatase genotype. RVR, Rapid virologic response; EVR, Early virologic response; SVR, Sustained virologic response.
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Table 3. Univariate and multivariate analyses of host and viral factors associated with
sustained virologic response

Univariate analysis Multivariate analysis

Variables

OR (95%Cl) Pvalue OR (95%Cl) Pvalue
Gender (male) 1.250 (0.508-3.073) 0.627 0.923 (0.238-3.573) 0.907
Age (< 60 yr) 4.429 (1.138-17.229) 0.022 5.740 (1.197-27.520) 0.031
BMI (> 23 kg/m? 0.679 (0.269-1.714)  0.411 0.375(0.597-4.978) 0.314
Liver cirrhosis 0.288 (0.082-1.018) 0.043 0.077 (0.002-2.530) 0.097
Genotype 1 1.771 (0.696-4.511)  0.228 2.044 (0.701-5.956) 0.190
RVR 4.306 (1.589-11.665) 0.003 3.214(2.019-6.119) 0.674
EVR 6.733 (4.221-10.741) 0.001 9.075 (5.269-19.218) 0.001
RBV dose reduction 1.371 (0.542-3.470) 0.504 0.306 (0.027-3.463) 0.581
(< 20%)
ITPA variant (CC)  1.150 (0.332-3.988) 0.826 0.923 (0.238-3.573) 0.907
IL28B 4.393 (1.155-16.708) 0.020 9.143 (7.577-24.749) 0.016

(rs8099917, TT)

OR, Odds ratio; BMI, body mass index; RVR, rapid virologic response; EVR, early viro-
logic response; RBV, ribavirin; ITPA, inosine triphosphatase; IL28B, interleukin 28B.

(P =0.282), and by 78% and 71% (P = 0.726) of non-genotype 1.
SVR was not significantly different in both groups (Fig. 4).

To determine whether ITPA variant affects virological re-
sponse, logistic regression analysis was used. A total of 125 pa-
tients who completed the anti-viral treatment were analyzed.
Initially 10 factors, that is, gender, age (< 60 yr), BMI > 23 kg/m?,
liver cirrhosis, genotype 1, RVR, EVR, RBV dose reduction
(< 20%), CC genotype of ITPA variant, and the recently reported
IL.28B variant (rs8099917, TT), were examined individually by
univariate analysis. Stepwise forward multiple logistic regres-
sion analysis was performed to identify independent factors.
ITPA variant (rs1127354) showed no significant association
(P =0.907). However, age, EVR, and IL28B (rs8099917, TT) re-
mained significant by multivariate analysis (Table 3).

DISCUSSION

Most HCV infections progress to chronic disease and if left un-
treated and can lead to liver cirrhosis and hepatocellular carci-
noma (12, 27). Interferon-alfa monotherapy was first used to
treat CHC patients, but the SVR rate achieved was only 15 to 20%.
Because of this serious shortcoming, combination therapy with
anti-viral or anti-inflammatory drugs was examined. It was
found that a combination of PEG-IFN and RBV was most effec-
tive, and that it achieved SVR in more than 50% of patients (7).
Currently, the standard anti-viral treatment for CHC is a combi-
nation of PEG-IFN and RBV (13).

RBV (1-b-D-ribofuranosyl-1H-1,2,4-triazole-3-carboxamide)
is a synthetic nucleoside analogue. Although RBV monotherapy
has little antiviral activity against HCV, it improves treatment re-
sponse and when used in combination with IFN increases the
SVR rate to over 56% (14, 15). However, RBV often causes revers-
ible hemolytic anemia, which often makes treatment intolerable
(16). The standard dose of RBV used is 1,000-1,200 mg/day, and

http://dx.doi.org/10.3346/jkms.2013.28.8.1213

at this level over 50% of patients experienced a decline in Hgb
level (17). Anemia begins early after treatment initiation, and is
most serious after 4 weeks of treatment. Associated symptoms,
such as, fatigue, decreased quality of life, can also occur. Fur-
thermore, anemia often necessitates treatment withdrawal or
RBV dose reduction (18). In addition, some have reported that
lowering the RBV dosage may reduce the chance of SVR and
increase the rate of relapse (17, 19). The mechanism of RBV in-
duced anemia is still unknown (17), but it has been hypothe-
sized that an accumulation of the active form of RBV in red
blood cells inhibits intracellular energy metabolism, causes oxi-
dative membrane damage, and accelerates the extravascular
removal of erythrocytes (17, 20).

Itis important we can predict RBV induced anemia, and vari-
ous predictive factors have been proposed. However, it is still
difficult to predict the risk of hemolysis before the administra-
tion of RBV (21). Recently, several related studies have been
conducted. In particular, the GWAS study on HCV infection
identified two host genetic SNPs; one in the IL28B gene and the
other is the ITPA gene. The former was found to be strongly as-
sociated with response to treatment for chronic genotype 1 HCV
infections, whereas the latter was found to predict RBV induced
anemia (10).

ITPA gene encodes a protein that cleaves inosine triphos-
phate (ITP). However, the precise cellular function of ITPA has
not been elucidated (22). As mentioned above, the GWAS study
identified two genetic variants in chromosome 20, namely,
rs1127354 (a missense variant in exon2) and rs7270101 (a splice
altering SNP). According to the study, these variants are strong-
ly and independently associated with a reduction in Hgb dur-
ing early PEG-IEN plus RBV treatment in CHC (10, 11).

In our study, a functional SNP in ITPA, rs1127354, was found
to be strongly associated with RBV induced anemia among 133
Korean patients (Fig. 2). Of these 133 patients, 108 possessed
the RBV-sensitive CC genotype and 25 the RBV-resistant CA/
AA genotype, which concur with the results of Western studies
(10). However, in contrast to western studies, all Koreans en-
rolled were monoallelic at rs7270101 and possessed the AA
genotype, which is similar to that found in Japan (23, 24). Ac-
cording to previous studies, polymorphisms of the ITPA gene
were associated with RBV-induced anemia in HCV genotype 1
(10). In our study, however, ITPA variant was not associated
with time dependent Hgb decline in HCV genotype 1. The main
cause of this result was probably because single center study
conducted in small number of patients.

In our multivariate analysis of anemia after 12 weeks of treat-
ment, gender and rs1127354 were found to be independently
associated with RBV induced anemia (Table 3), which suggest-
ed that rs1127354 might be a useful predictive marker of RBV
induced anemia. According to previous studies, RBV dose re-
duction due to anemia in patients treated with PEG-IFN plus
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RBV is influenced by ITPA variants (11). In the present study,
RBV dose was reduced more in group A than in group B during
first 12 weeks of treatment (36% vs 14%, P = 0.042).

Remarkably, despite its protective effect against anemia and
less need for RBV dose reduction, multivariate analysis revealed
that rs1127354 was not significantly associated with virological
response. It is widely recognized that age and IL.28B (rs8099917)
are associated with SVR (Table 3), and in patients with anemia,
it can be inferred that RBV dose reduction could decrease treat-
ment efficacy. However, according to previous studies, the rea-
son of this discrepancy between RBV dose reduction and SVR
is controversial (8, 11). There are several possible explanations
for this discrepancy. First, other risk factors, such as, an advanced
age and histologic disease status, can confuse attempts to de-
termine whether RBV dose reduction is responsible (8). Sec-
ond, RBV dose reduction is the only mechanism whereby ITPA
variants might associated with virological response (11). Third,
RBV dose reduction may not be associated with virological re-
sponse if RBV is not discontinued (25, 26).

This study has limitations that should be mentioned. First, it
is limited by its retrospective, single center design. Second, it
was conducted in a Korean population, and thus, the results
obtained may not be applicable to other ethnicities.

In conclusion, there are strong points in our study. First, ITPA
genotype distributions in Koreans and Caucasians differ. Sec-
ond, non-CC at rs1127354 (regardless of rs7270101 genotype) is
strongly associated with protection from RBV induced anemia.
Third, RBV dose reduction due to RBV induced anemia is influ-
enced by ITPA variants, and finally, ITPA genotype is not asso-
ciated with virological response.
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