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Background/Aims: Hematological abnormalities during
hepatitis C virus (HCV) combination therapy with pegylated
interferon o and ribavirin often necessitate dose reduction.
Variants of the ITPA gene have been reported to protect
against anemia during the early stages of HCV combina-
tion treatments but have also been associated with larger
decreases in platelet counts. We aimed to identify the as-
sociation between specific ITPA gene polymorphisms and
hematological abnormalities in patients undergoing HCV
combination therapy. Methods: In this retrospective study,
175 patients treated with HCV combination therapy were
enrolled at St. Martin De Porres Hospital in Taiwan between
2006 and 2012. Two single nucleotide polymorphisms
(SNP) within or adjacent to the ITPA gene (rs1127354,
rs6051702) were genotyped. We investigated the effect of
ITPA gene variants on hematological abnormalities during
the therapy. Results: The ITPA rs1127354 minor variants
were significantly associated with protection against anemia
at week 4 (p=1.86x10°) and with more severe decreases
in platelet counts during HCV combination therapy. SNP
rs6051702 was not associated with the hemoglobin decline
to >3 g/dL at week 4 in our study (p=0.055). Conclusions:
The ITPA SNP rs1127354 is a useful predictor of ribavirin-
induced anemia in Taiwanese patients and may be related
to more severe decreases in platelet counts during the early
stage of HCV combination therapy. (Gut Liver, 2015;9:214-
223)
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INTRODUCTION

Chronic hepatitis C virus (HCV) infection is a major health
problem affecting 170 million people worldwide." Standard
treatment for chronic hepatitis C (CHC) is a course of pegylated
interferon oo (PEG-IFN-a) combined with ribavirin (RBV)
therapy for 24 or 48 weeks.”” The goal of such a treatment is to
reach the sustained virological response (SVR), defined as unde-
tectable HCV RNA in the serum after 24 weeks of posttreatment
follow-up. The achievement of SVR after therapy can prevent
liver-related complications and improves survival.”® How-
ever, less than 50% of patients infected with HCV genotype 1
achieve SVR or are cured of the infection following this type of
therapy.”"' A number of host and viral factors have been linked
to the response to therapy.'”" Recent studies have revealed a
genetic polymorphism in the region of the interleukin 28B gene
(IL28B) encoding IFN-lambda that is strongly associated with
viral clearance following PEG-IFN-o,/ RBV therapy.”'*' In addi-
tion, treatment is often poorly tolerated due to side effects, par-

ticularly RBV-induced hemolytic anemia;>'®

some patients are
thus prevented from completing therapy or require RBV dose
reduction that increases the risk of treatment failure.”

Variation in the degree of RBV-induced hemolysis and ane-
mia between individuals is likely affected by both clinical and
genetic factors. A recent genome-wide association study (GWAS)
identified a single nucleotide polymorphism (SNP) in C200rf194,
1s6051702, as significantly associated with decreased hemo-
globin (Hb) in European-American HCV-genotype-1 patients
receiving PEG-IFN-a. plus RBV therapy.'”® The gene C200rf194,
1s6051702, locates on chromosome 20p13 in a 1.8 Mb region
encodes an uncharacterized protein and is associated with two
genetic variants (rs1127354 and rs7270101) in the IPTA gene as
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determined using HapMap data from Utah residents with north-
ern and western European ancestry."” Variations within the ITPA
gene are responsible for the protection against hemolytic ane-
mia in HCV-infected patients in the original GWAS.'® The ITPA
gene encodes inosine triphosphatase (ITPase), a protein that
hydrolyses inosine triphosphate (ITP). ITPase deficiency results
in accumulation of ITP in erythrocytes and increased toxicity
of purine analogue drugs.”®*' Reduced ITPase activity can be
caused by a missense variant in exon 2 (rs1127354, resulting in
a proline-to-threonine substitution denoted P32T) and a splice-
modifying SNP located in the second intron (rs7270101).”*%
Variations within the ITPA gene (rs1127354 and rs7270101)
lead to ITPase deficiency and protect against hemolytic anemia
in HCV-infected patients during early stages of treatment;'
however, the effect of these ITPA gene variants on the outcome
of therapy was inconsistent."***”” In studies of the Asian popu-
lation, rs7270101 is excluded because no such variants are re-
ported in the international HapMap project database.

In addition to RBV-related hemolytic anemia, bone marrow
suppression is an important adverse effect of PEG-IFN therapy.
The resulting neutropenia and thrombocytopenia® leads to a
decrease in medication dose or premature withdrawal from
therapy in 109% to 14% of patients.”® The decline in platelet
counts that occurs during antiviral therapy is less pronounced
when IFN is combined with RBV than when administered alone,
suggesting RBV may also play a role in thrombocytopenia.”* A
genome-wide association study in Japanese HCV patients found
that the IPTA SNP (rs1127354) CA/AA genotype was signifi-
cantly associated with a lower absolute decrease in Hb levels,
especially during the early weeks of therapy, but independently
associated with a greater decrease in platelet counts.’"*

ITPA gene variants that protect against anemia have been
established among Caucasian, Hispanic, African-American, and
Japanese populations.'"”” The prevalence of HCV infection has
been reported as high as 10.29% in southern Taiwan;™* one study
reported that 37.79% of HCV patients develop anemia during
combination therapy.”” HCV infection is also closely associated
with thrombocytopenia in Taiwanese patients.” Therefore, it is
important to evaluate the association between IPTA gene poly-
morphisms and hematological abnormalities in HCV-infected
Taiwanese patients receiving HCV combination therapy. Our
findings reveal predictive biomarkers that could be used for ef-
fective pretreatment screening and could substantially reduce
the cost of treatment.

MATERIALS AND METHODS

1. Patients

In this retrospective, cross-sectional study, patients with CHC
treated with PEG-IFN-o/RBV therapy were enrolled from No-
vember 2006 to March 2012 at St. Martin De Porres Hospital in
Taiwan and informed consent was obtained for the analysis of

peripheral blood for DNA extraction and genetic testing. All pa-
tients had abnormal levels of serum alanine transaminase (ALT)
for more than 6 months and were positive for both anti-HCV
antibody and serum HCV RNA. All patients were also negative
for hepatitis B surface antigen and HIV and had no evidence of
other liver diseases, including alcoholic hepatitis, hemochroma-
tosis, Wilson’s disease, and autoimmune hepatitis and had not
received immunosuppressive therapy before enrollment in the
study. All subjects gave written informed consent to participate
in the study according to the process approved by the Ethics
Committee of St. Martin De Porres Hospital.

Patients received weekly injections of PEG-IFN-a-2b (1.5 pg/
kg body weight) or PEG-IFN-¢.-2a (180 ug) plus oral admin-
istration of RBV (800 to 1,200 mg daily depending on body
weight) for 24 or 48 weeks. On-treatment dose reduction and
discontinuation of PEG-IFN-¢ or RBV were chosen based on
the recommendations stated in package inserts or clinical cir-
cumstances of individual patients to avoid possible side-effects.

2. Patient evaluation

The following factors were analyzed to determine whether
they were related to the efficacy of combination therapy: age,
sex, body weight, height, BMI, and pretreatment biochemical
parameters such as, Hb, platelet counts, white cell counts, ALT
level, thyroid function test, serum creatinine, estimated glomer-
ular filtration rate as calculated by the modification of diet in
renal disease (MDRD) equation, HCV genotype, and serum HCV
RNA level (log TU/mL). Hb values, white cell counts, and platelet
counts were measured at baseline and every 4 weeks until 24
weeks. A decrease in Hb of more than 3 g/dL or Hb levels of less
than 10 g/dL were considered clinically relevant anemia.

3. HCV RNA levels and genotypes

Plasma HCV-RNA virus load and genotypes were determined
using real-time polymerase chain reaction (PCR) (COBAS Tag-
Man; Roche Molecular System, South Branchburg, NJ, USA)
with a lower limit of detection of 25 IU/mL. All values are re-
ported as log IU/mL. HCV RNA levels were determined at weeks
4, 12, the end of treatment, and 24 weeks after the completion
of treatment. Patients were classified as having achieved rapid
virological response (RVR) if HCV RNA was undetectable (<25
IU/mL) in serum at treatment week 4 and as having SVR if HCV
RNA was undetectable in serum 24 weeks after the completion
of therapy.

4. DNA extraction and TagMan SNP assay

Genomic DNA was extracted from the whole blood of each
patient using a genomic DNA extraction kit (GMbioslab Co.,
Taipei, Taiwan). Genetic polymorphisms for rs1127354 in ITPA,
rs6051702 in C200rf194, and rs8099917 in IL28B were deter-
mined by TagMan SNP genotyping assay (Applied Biosystems,
Foster City, CA, USA) using real-time PCR.” In the present
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study, we categorized IL28B rs8099917 TT as the major vari-
ant and TG/GG as minor variants, ITPA rs1127354 CC as the
major variant and CA/AA as minor variants, and C200rf194
1s6051702 AA as the major variant and AC/CC as minor vari-

ants.
5. Statistical analysis

For categorical data, proportions were compared between
groups using chi-square test, while Student t-test was used for
continuous data. Univariate and multivariate logistic regression
was performed for Hb declines of more than 3 g/dL at week 4
and platelet count decreases >20 (10°/L) at week 4 as depen-
dent variables. Sex, age, weight, body mass index, rs1127354,
rs8099917, rs6051702, viral genotype, viral load, serum cre-
atinine, MDRD, baseline Hb, baseline platelet counts, and RBV

Table 1. Baseline Patient Characteristics

Characteristic Value

No. of patients 175
Age, yr* 55.53+11.50
Sex, male/female 116/59
SNP genotype

ITPA, 11127354 CC/CA/AA 127/41/7

(C200rf194, rs6051702 AA/AC/CC 122/44(7

IL28B, rs8099917 TT/TG/GG 149/24/1

MAF of ITPA, 151127354, % 16.6

MATF of C200rf194, rs6051702, % 15.1
Body weight, kg* 64.67+10.69
BMI, kg/m®™ 24.66+3.13
HCV genotypes

1/non-1 111/62

1, high viral load'/others 99/74
Baseline white blood cell value, /mm’* 5.75+1.78
Baseline Hb value, g/dL* 14.38+1.51

Baseline platelet count, 10°/L*

170.50+57.45

Serum creatinine, mg/dL* 0.94+0.89

MDRD* 95.45+26.30

ALT, IU/L* 105.45+72.00

Serum HCV RNA, log IU/mL* 6.02+1.08

PEG IFN, PEG-IFN-q-2a/ PEG-IFN-a-2b 79/96

Hb decrease at week 4, g/dL* 2.21+1.55

RBV dose reduction or discontinuation 96 (56.5)
at week 4, n (%)

Hb decline >3 g/dL, n (%) 50 (28.6)

SNP, single-nucleotide polymorphism; ITPA, inosine triphosphatase;
IL28B, interleukin-28B; MAF, minor allele frequency; BMI, body
mass index; HCV, hepatitis C virus; Hb, hemoglobin; MDRD, modifi-
cation of diet in renal disease; ALT, alanine transaminase; PEG IFN,
pegylated interferon; RVB, ribavirin.

*Mean+SD; THigh viral load, HCV RNA >5 log IU/mL.

start dose were considered as potential explanatory variables.
The multivariate logistic regression models were constructed se-
quentially with variables entered one at a time; the significance,
colinearity, and variance contributing to the model was assessed
at each step. A significance level of 0.05 was used to eliminate
variables from the model.

We considered p-values less than 0.05 to indicate significance
for all statistical tests, and odds ratios are presented with 95%
confidence intervals. Statistical analyses were conducted using
SPSS version 14.0 (SPSS Inc., Chicago, IL, USA) software or Mi-
crosoft Excel 2007 (Microsoft Corp., Redmond, WA, USA).

RESULTS
1. Patient characteristics

The clinical characteristics and SNP genotypes of the 175
patients included in our cohort are summarized in Table 1. The
SNPs of ITPA rs1127354, C200rf194 rs6051702, and IL28B
rs8099917 were successfully genotyped in 100%, 98.9%, and
99.4%, respectively. The minor allele frequencies at rs1127354
(A-allele=0.17) and rs6051702 (C-allele=0.15) were similar
to those found in HapMap individuals of Northern European
descent (CEU population, http://www.hapmap.org) (Table 1).
Next, we compared the baseline clinical and host genetic char-
acteristics of patient groups according to ITPA rs1127354 and
C200rf194 156051702 genotypes (Table 2). There were no sig-
nificant differences in age, sex, blood cell counts, ALT levels,
or serum viral loads between the two groups based on the SNP
of either ITPA 151127354 or C200rf194 rs6051702. The SNP of
ITPA rs1127354 did not show significant linkage with that of
IL28B rs8099917 (p=0.544). In contrast to a previous study,'®
the SNP of ITPA rs1127354 did not show significant linkage
with the SNP of C200rf194 rs6051702 in our study (p=0.712)
(Table 2).

2. Association of ITPA variants with Hb decline during the
course of anti-HCV therapy

Because the decrease in Hb during the course of treatment
is most clinically relevant, we analyzed the association of the
SNPs of ITPA rs1127354 and C200rf194 rs6051702 with Hb de-
cline at weeks 4, 8, 12, and 24 of PEG-IFN-o/RBV treatment (Fig.
1). The SNP of C200rf194 rs6051702 did not correlate with the
decline in Hb at any time point (Fig. 1B). In contrast, patients
with the minor allele ITPA rs1127354 had a smaller decrease in
Hb after 4 and 8 weeks of treatment (Fig. 1A). The rs1127354
SNP of the ITPA gene showed a significant association with Hb
decline at week 4 (p=3.91x10"%) and week 8 (p=1.15x10") (Fig.
1A); after week 8, no difference in Hb decline between IPTA
major and minor variants was observed (Fig. 1A). Significant
anemia is defined clinically as a decline in Hb levels of more
than 3 g/dL or Hb levels of less than 10 g/dL at week 4, which
is the threshold at which RBV dose reduction is recommended.
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Table 2. Clinical and Genetic Characteristics of Patients with Respect to IPTA

rs1127354 and C200rf194 rs6051702

ITPA 151127354

C200rf194 16051702

CC (n=127) CA+AA (n=48) p-value AA (n=122) AC+CC (n=51) p-value

Age, yr* 55.77+11.76 54.90+10.88 0.654 55.40+12.12 56.00+9.89 0.756
Sex, male/female 87/40 29/19 0.313 77/45 37/14 0.233
Weight, kg* 64.10+10.35 66.17+11.54 0.254 63.85+10.28 66.77+11.61 0.103
BMI, kg/mz* 24.45+2.96 25.21+3.52 0.152 24.65+3.13 24.76+3.18 0.821
Serum creatinine, mg/dL* 0.92+0.83 1.01+1.02 0.566 0.98+1.05 0.85+0.21 0.381
MDRD* 96.89+26.97 91.63+24.29 0.239 94.96+28.41 97.14+20.89 0.621
ALT, IU/L* 105.30+75.18 105.88+63.59 0.962 106.66+74.37 101.52+67.78 0.672
Serum HCV RNA, log IU/mL* 5.96+1.11 6.20+0.98 0.182 6.06+1.06 5.90+1.14 0.361
White blood cells, /mm** 5.80+1.85 5.61+1.57 0.531 5.73+1.66 5.72+2.06 0.959
Hb, g/dL* 14.31+1.52 14.56+1.48 0.340 14.30+1.57 14.56+1.38 0.304
Platelet count, x10°/L* 170.83+57.08 169.63+59.02 0.902 173.43+59.63 163.47+50.65 0.297
PEG IFN, 2a/2b 58/69 21/27 0.820 52/70 25/26 0.440
C200rf194, 1s6051702, AA/AC/CC 91/30/5 31/14/2 0.712 - - -

IL28B, 18099917, TT/TG 110/17 39/8 0.544 106/15 41/10 0.220
Hb decline >3 g/dL at week 4, n (%) 49 (38.6) 1(2.1) 1.86x10° 30 (24.6) 20 (39.2) 0.055

p-values were calculated using Student t-test or by chi-square analysis. ITPA rs1127354, major allele-C and minor allele-A; C200rf194 SNP, ma-
jor allele-A and minor allele-C; IL28B rs8099917, major allele-T and minor allele-G.

ITPA, inosine triphosphatase; BMI, body mass index; MDRD, modification of diet in renal disease; ALT, alanine transaminase; HCV, hepatitis C
virus; Hb, hemoglobin; PEG IFN, pegylated interferon; IL28B, interleukin-28B.

*Mean+SD.
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Mean Hb reduction (g/dL)

Week

CC (n=127) (n=127) (n=124) (n=123) (n=120)
CA/AA (n=48) (n=48) (n=47) (n=46) (n=45)

o

Mean Hb reduction (g/dL)

Fig. 1. The association between the single-nucleotide polymorphisms of IPTA rs1127354, C200rf194 1s6051702, and hemoglobin (Hb) decline.
(A) Time-dependent Hb decline in ITPA major and minor variants. The ITPA minor variant was associated with smaller decreases in Hb levels at

weeks 4 and 8. The numbers in parentheses denote the numbers of patients.

(B) Time-dependent Hb declines in C200rf194, 1s6051702 major and

minor variants. The SNP of C200rf194 rs6051702 was not associated with a decrease in Hb at any time point.

To assess the clinical involvement of these SNPs, we analyzed
the proportion of patients suffering from clinically relevant
anemia. As shown in Fig. 2, 38.6% of ITPA-CC patients showed
a decrease in Hb of more than 3 g/dL (Fig. 2A), and 15% of
patients had Hb levels of less than 10 g/dL at week 4 (Fig. 2B).

In contrast, only 2.1% patients with ITPA-CA/AA developed
clinically relevant anemia (Fig. 2A). Further, SNP rs1127354 of
the ITPA gene was significantly associated with clinically rel-
evant anemia at weeks 4 and week 8 (p=1.86x 10 and p=0.004,
respectively, for Hb reduction levels >3 g/dL; p=0.005 and
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Fig. 2. Effects of ITPA single nucleotide polymorphisms on clinically relevant anemia induced by pegylated interferon plus ribavirin treatment. (A)
Percentage of subjects with a hemoglobin (Hb) decrease >3 g/dL during the course of anti-hepatitis C virus (HCV) therapy. (B) Percentage of sub-
jects with Hb concentrations <10 g/dL during the course of anti-HCV therapy.

Table 3. Univariate and Multivariate Logistic Regression Analyses of Patient Characteristics to Assess Baseline Predictors of Hemoglobin Decline

>3 g/dL at Week 4

p-value (univariate) p-value (multivariate) OR 9500 CI

Sex, male vs female 0.174 - - _

Age 0.145 - - .
151127354, CC vs CA+AA 0.001 0.001 0.034 0.01-0.26
1s6051702, AA vs AC+CC 0.055 - - -
1s8099917, TT vs TG+GG 0.301 - - -

BW 0.023 0.533 0.981 0.924-1.042
BMI 0.017 0.430 0.919 0.746-1.133
MDRD 0.997 - - -

RVR, yes/no 0.829 - - _

SVR, yes/no 0.461 - - .

PEG IFN, 2a/2b 0.063 - - _
Serum creatinine 0.637 - - -
Virus load 0.826 - - -
Genotype, 1/other 0.100 - - -
Baseline Hb 0.080 - - -

RBV starting dose 0.179 - - _

OR, odds ratio; CI, confidence interval; BW, body weight; BMI, body mass index; MDRD, modification of diet in renal disease; RVR, rapid viro-
logical response; SVR, sustained virological response; PEG IFN, pegylated interferon; Hb, hemoglobin; RBV, ribavirin.

p=4.98x10"*, respectively, for Hb levels <10 g/dL) (Fig. 2A and
B). However, SNP rs6051702 of C200rf194, which showed the
strongest significant association with Hb decline in the Europe-
an-American population,'® was not associated with Hb decline
>3 g/dL at week 4 in our study (p=0.055) (Table 2). These results
demonstrate that the ITPA CA/AA genotypes are significantly
associated with a lower incidence of clinically relevant anemia,
especially during the early weeks of therapy, and protect against
the development of severe anemia.

3. Factors influencing hemoglobin decrease at week 4 dur-
ing treatment

To determine the factors associated with decreased hemo-
globin levels during the early stage of PEG-IFN/RBV therapy,
univariate and multivariate logistic regression analysis was per-
formed. The ITPA minor variant rs1127354 was the only factor
that was strongly associated with Hb decrease >3 g/dL at week
4 in univariate and multivariate logistic regression analysis
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Table 4. Distribution of the Predicted Level of [TPase Deficiency and ITPase Activity according to ITPA Genotype

rs1127354 Predicted ITPase [TPase . Population Hb decrease at  p-value for Hb .P?tlents with
enotype deficiency activity, 9% Patients, no. frequency, % week 4, mean+SD, decrease >3 g/dL clinically relevant
g ! ’ g/dL at week 4 anemia, no.*
CcC - 100 127 72.6 -2.61+1.55 2.54x10° 49
CA ++ 20-30 41 23.4 -1.23+0.95 - 1
AA +4++ <10 7 4.0 -0.64+0.74 - 0

ITPase, inosine triphosphatase; Hb, hemoglobin.

*Clinically relevant anemia: defined as a decrease in Hb levels of more than 3 g/dL or Hb levels of less than 10 g/dL at week 4.

Table 5. Sustained Viral Response Rates in Patients according to IPTA Gene Variant

Total HCV genotype 1, high viral load* Others'
IPTA SNP 151127354 CC CA/AA CC CA/AA CC CA/AA
Patients, no. 124 46 68 29 56 17
Patients achieving SVR, no. 92 34 44 18 48 16
SVR rate, % 74.2 73.9 64.7 62.1 85.7 94.1
p-value 0.970 0.804 0.356

All of the hepatitis C virus (HCV) patients received combination therapy and underwent viral load assessment after 24 weeks of treatment. p-
values were calculated by the chi-square analysis of sustained viral response (SVR).

ITPA, inosine triphosphatase; SNP, single-nucleotide polymorphism.

*High viral load, HCV RNA >5 log IU/mL; 'Others: includes HCV genotype 1, serum HCV RNA <5 log IU/mL, and non-1 HCV genotypes.

(Table 3), with this minor allele having a protective effect.

4. Association of the predicted ITPase deficiency with clini-
cally relevant anemia

SNP rs1127354 in the ITPA gene is a missense variant in
exon 2 that leads to decreased ITPase activity. Two previous
studies have reported that ITPase activity can be predicted and
scored according to SNP genotype.”””® The ITPase activities
for genotypes CC, CA, and AA are 100%, 20%-30%, and less
than 10%, respectively. Notably, patients with the rs1127354
genotype AA, predicted to yield severe ITPase deficiency, expe-
rienced smaller decreases in Hb than did those with the CC/CA
genotype and showed no clinically relevant anemia at week 4
(Table 4). The predicted ITPase deficiency remained protective
for clinically relevant anemia at week 4 (p=2.54x10").

5. ITPA gene variant is associated with RBV dose reduction
at week 4 but does not affect sustained viral response

Because of decreased Hb levels, RBV dose reduction was
required at week 4 in 429% of patients with the ITPA major vari-
ant but only 11.8% of those with the ITPA minor variant in our
study. The incidence of RBV dose reduction at week 4 differed
significantly between patients with major and minor variants
of 151127354 (CC vs non-CC, p=0.019). Knowing that drug re-
duction occurred significantly less frequently in patients with
the ITPA minor variant, we next investigated whether the ITPA
gene variants affected final treatment outcomes; we found no
associations between the ITPA gene variants and SVR (Table 5).

6. Association of ITPA gene variants with decrease in plate-
lets during anti-HCV therapy

The median quantitative decrease in platelets from baseline
according to ITPA rs1127354 genotype is shown in Fig. 3A.
Following PEG-IFN-o/RBV therapy, patients with the ITPA CC
genotype had smaller decreases in platelet counts compared
to those with the ITPA CA/AA genotypes (Fig. 3A). The great-
est differences in median platelet count decrease were found
at weeks 4 and 12 (week 4, p=0.036; week 12, p=0.03). Leuko-
cyte count decreases did not differ between patients with ITPA
genotype CC and those with CA/AA (Fig. 3B). The fraction of
patients with a platelet count decrease >20 (10°/L) at week 4
was lower for ITPA genotype CC than CA/AA (Fig. 3C). Patients
with clinically relevant anemia (Hb decrease >3.0 g/dL) at week
4 had a significantly smaller decrease in platelet count than did
those without anemia (p=0.022) (Fig. 3D). Multivariate regres-
sion analysis for factors associated with a platelet decrease >20
(10°/L) at week 4 showed that a lower platelet count at baseline
and the rs1127354 genotypes CA/AA were independently asso-
ciated with greater decreases in platelets (Table 6).

DISCUSSION

We observed that a functional SNP in the ITPA locus
rs1127354, which confers decreased ITPase activity, protected
patients from the development of anemia early in the treatment
course (Table 4, Figs 1 and 2). Univariate and multivariate lo-
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Fig. 3. The association between ITPA rs1127354 and platelet or leukocyte count declines. (A) Time-dependent median platelet counts in ITPA ma-
jor and minor variants (rs1127354). (B) Time-dependent mean leukocyte counts in ITPA major and minor variants (rs1127354). (C) The percentage
of patients with a platelet count decrease >20 (10°/ L) from baseline at week 4 according to ITPA rs1127354 genotype. (D) Decrease in platelet
counts over weeks 0-4 of pegylated interferon a/ribavirin therapy. Patients with anemia (hemoglobin [Hb] decrease >3.0 g/dL) at week 4 had a
significantly lower decrease in platelet counts than those with smaller decreases in Hb (<3.0 g/dL).

WBC, white blood cell.

gistic regression analyses indicated that rs1127354 SNP was the
most important factor associated with a decrease in Hb >3 g/
dL at week 4 (Table 3). These data are consistent with previous
studies in United States'® and Japanese®® populations. Although
ITPA genetic variants protect against RBV-induced anemia,
the difference in Hb decrease between ITPA major and minor
variants did not persist to the end of therapy in our study. This
result differs from other studies””’ and may be due to our RBV
dose adjustments after the onset of anemia or host compensa-
tion.

The precise mechanism whereby ITPA genetic variants
protect against RBV-induced anemia is unclear. RBV enters
erythrocytes, where it undergoes phosphorylation to form ac-
tive RBV-phosphate conjugates. The RBV-phosphate conjugates
are unable to cross the erythrocyte cell membrane and thus
accumulate in the cell.”” Red blood cells with ITPase deficiency
accumulate ITP, which may protect the cells from RBV-induced

hemolysis by competing with RBV triphosphate.’®** Another
recent report proposes a mechanism whereby ITP confers pro-
tection against RBV-induced adenosine triphosphate (ATP) re-
duction by substituting for erythrocyte guanosine triphosphate,
which is depleted by RBV, in the biosynthesis of ATP."

Although ITPA genetic variants were observed to protect
against RBV-induced anemia, 46% of the patients with the ITPA
major variant (CC) did not experience a significant decrease
in Hb at week 4 in our study (Fig. 2). This finding suggests the
presence of other ITPA variants or polymorphisms in other en-
zymes affecting RBV-induced hemolysis. At least two other rare
functional ITPA variants with reduced [TPase activity have been
described,”™* and their involvement still requires further inves-
tigation.

The SNP rs6051702 in C200rf194 showed a significant as-
sociation with decreased Hb in the early stage of combination
therapy for CHC in European-Americans.'® Our study dem-
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Table 6. Univariate and Multivariate Logistic Regression Analyses of Patient Characteristics to Assess Baseline Predictors of Platelet Reduction >20

(10°/ L) at Week 4

p-value (univariate) p-value (multivariate) OR 9500 CI
Sex, male vs female 0.673 - - _
Age 0.989 - _ _
151127354, CC vs CA+AA 0.028 0.020 2.51 1.12-5.44
1s6051702, AA vs AC+CC 0.267 - - -
1s8099917, TT vs TG+GG 0.868 - - -
BMI 0.261 - - -
MDRD 0.351 - - -
RVR, yes/no 0.949 - - -
SVR, yes/no 0.498 - - -
PEG IFN, 2a/2b 0.186 - - _
Serum creatinine 0.354 - - -
Virus load 0.662 - - -
HCV genotype (1, high virus load/other*) 0.976 - - -
Baseline Hb 0.011 0.110 1.18 0.96-1.45
Hb reduction >3.0 g/dL at week 4 0.096 - - -
Baseline platelet counts 0.002 0.012 1.01 1.00-1.02

OR, odds ratio; CI, confidence interval; BMI, body mass index; MDRD, modification of diet in renal disease; RVR, rapid virological response; SVR,
sustained virological response; PEG IFN, pegylated interferon; HCV, hepatitis C virus; Hb, hemoglobin.
*High viral load, HCV RNA >5 log IU/mL; other, including HCV genotype 1, serum HCV RNA <5 log IU/mL, and non-1 genotypes.

onstrated no significant association between this variant and
decreased Hb in response to such therapy. This discrepancy may
be due to the low linkage disequilibrium between this SNP and
the ITPA gene in the Asian population as compared with the
high linkage disequilibrium in white subjects. The association
between the C200rf194 SNP and treatment-induced Hb decrease
was reported to differ between races, including European-Amer-
icans (p=1.1x10"), African-Americans (p=0.19) and Hispanics
(p=9.5x107)."®

Although the incidence of early RBV dose reduction was sig-
nificantly lower in ITPA-minor (CA/AA) patients, these patients
demonstrated no benefit in terms of treatment outcome in our
study (Table 5). Several explanations for this observation are
plausible. First, the incidence of anemia-protective (rs1127354
non-CC) genotypes is lower in Taiwanese (16.6%) than in Japa-
nese patients (20%),” making the power of our study too low to
observe an effect of ITPA variants on treatment outcomes. Sec-
ondly, higher pretreatment levels of hemoglobin in Taiwanese
patients compared with Japanese patients® (14.4 g/dL vs 13.0 g/
dL) might result in fewer RBV dose-reductions in Taiwanese pa-
tients, thereby decreasing the apparent effects of the ITPA SNP
on treatment outcome. Thirdly, a previous study showed ane-
mia was associated with higher rates of SVR in HCV-infected
patients treated with PEG-IFN/RBV,* suggesting an alternative
hypothesis: the magnitude of Hb loss is a pharmacodynamic
marker of RBV exposure, correlating more closely with antiviral

effects than the administered RBV dose. Finally, reports suggest
that the effect of RBV dose reduction on the likelihood of SVR
may be negligible, as long as RBV is not discontinued, *** which
is consistent with our results.

Thrombocytopenia is one of the major adverse effects of
PEG-IFN-q. Additionaly, treatment-induced reductions in
platelet counts were less marked following the addition of RBV
to IFN monotherapy for CHC.*** The biological mechanism
underlying this relationship between Hb levels and platelet
counts is not clearly understood but may involve stimulation
of the bipotent erythroid/megakaryocyte progenitor cell by
erythropoietin.”** Our data demonstrate that patients with the
ITPA rs1127354 major variant had smaller decreases in platelet
counts during the early stage of therapy (Fig. 3A and C), sup-
porting the results of a previous report.”” This data therefore
presents an indirect genetic association where wild type ITPA
activity is associated with more profound RBV-related anemia
that in turn stimulates platelet production, manifesting as less
severe [FN-induced thrombocytopenia. The ITPA genotype may
thus provide a valuable pharmacogenetic diagnostic tool for the
identification of patients at increased risk for significant anemia
and thrombocytopenia before treatment initiation. Awareness of
this risk will allow closer monitoring of Hb and platelet counts
and early PEG-IFN/RBV dose decrements when necessary. In
these patients, early intervention with RBV dose reduction and/
or growth factor support could maximize safety and minimize
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premature discontinuation of RBV.
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