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Functional variants rs7270101 and rs1127354 of inosine triphosphatase (ITPA) were recently found to
protect against ribavirin (RBV)-induced hemolytic anemia. However, no definitive data are yet available
on the role of no functional rs6051702 polymorphism. Since a simultaneous evaluation of the three ITPA
SNPs for hemolytic anemia has not yet been investigated, we aimed to understand the contribution of
each SNPs and its potential clinical use to predict anemia in HCV treated patients.

A retrospective analysis included 379 HCV treated patients. The ITPA variants rs6051702, rs7270101
and rs1127354 were genotyped and tested for association with achieving anemia at week 4. We also
investigated, using multivariate logistic regression, the impact of each single and paired associated poly-
morphism on anemia onset.

All SNPs were associated with Hb decrease. The carrier of at least one variant allele in the functional
ITPA SNPs was associated with a lower decrement of Hb, as compared to patients without a variant allele.
In multivariate logistic regression analyses the carrier of a variant allele in the rs6051702/rs1127354
association (OR = 0.11, p = 1.75 � 10�5) and Hb at baseline (OR = 1.51, p = 1.21 � 10�4) were indepen-
dently associated with protection against clinically significant anemia at week 4.

All ITPA polymorphisms considered were shown to be significantly associated with anemia onset. A
multivariate regression model based on ITPA genetic polymorphisms was developed for predicting the
risk of anemia. Considering the characterization of pre-therapy anemia predictors, rs6051702 SNP in
association to rs1127354 is more informative in order to avoid this relevant adverse event.

� 2013 Elsevier B.V. All rights reserved.
1. Introduction

Hepatitis C virus (HCV) is one of the major causes of liver cirrho-
sis and hepatocellular carcinoma (Barrera et al., 1995). Sustained
viral response (SVR), defined as undetectable plasma HCV RNA
24 weeks after the end of treatment, is achieved in less than 50%
of patients with genotype-1 infection using the dual regimen con-
sisting of pegylated-interferon (PEG/IFN) and ribavirin (Hadziyan-
nis et al., 2004).
Although two new antiviral drugs are being introduced into
clinical use, the combination of pegylated-interferon-alfa (peg-
IFN-alfa) and ribavirin (RBV) still remain the backbone of anti-
HCV therapy.

Anemia is a major untoward effect of anti-HCV chronic therapy.
Both PEG/IFN and RBV play a role in haemoglobin (Hb) decrease,
although most of the responsibility is by far attributable to the lat-
ter. Moreover, with the forthcoming introduction of the new HCV
protease inhibitors, telaprevir and boceprevir, the incidence of ane-
mia is likely to increase, as shown by the results of recent clinical
trials (Hezode et al., 2009; Kwo et al., 2010; Suzuki et al., 2011).

Repeatedly, individual RBV dose and pharmacokinetic (Pk)
exposure have been found to be consistent determinants of treat-
ment-associated anemia, and recommendations on dose reduction
have been released in order to mitigate the impact of RBV on the
severity of anemia (Aguilar Marucco et al., 2008; D’Avolio et al.,
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2012a; Kubota et al., 2010; Lindahl et al., 2004; Mac Nicholas and
Norris, 2010; McHutchison et al., 2006).

Among the non-modifiable individual factors also contributing
to anemia development in recipients of anti-HCV therapy, there
are single nucleotide polymorphisms (SNPs) in the human DNA re-
gion coding for inosine triphosphatase (ITPA). These were identi-
fied recently as the most significant variables influencing the risk
of anemia (Fellay et al., 2010; Suzuki et al., 2011; Thompson
et al., 2010a). In these studies, by using a genome-wide association
approach, two functional variants of ITPA, including one coding and
one intronic variant, were found to be associated with treatment-
induced anemia in HCV-infected patients (Caviglia et al., 2012;
D’Avolio et al., 2012a; Fellay et al., 2010; Ochi et al., 2010; Suzuki
et al., 2011), as defined by the magnitude of Hb reduction after
4 weeks of treatment. This genetically determined vulnerability
was subsequently confirmed in several ethnically heterogeneous
clinical cohorts. The association signal was accounted for by two
functional variants in the ITPA gene on chromosome 20: a missense
variant in exon 2 (rs1127354, P32T) and a splice-altering single
nucleotide polymorphism in intron 2 (rs7270101). Both polymor-
phisms had previously been well characterized and validated as
functional variants in studies of patients with ITPase deficiency, a
benign inherited enzymopathy in which inosine triphosphate
(ITP, the substrate for ITPase) accumulates in red blood cells
(Shipkova et al., 2006; Sumi et al., 2002).

A recent study established that intraerythrocytic accumulation
of ITP, as seen in carriers of such anemia-protecting mutants,
provides an alternative source of nucleoside-triphosphates that
eventually compensates for RBV-induced ATP reduction (Hitomi
et al., 2011).

The introduction of the ITPA rs1127354 and rs7270101 genetic
polymorphisms substantially improves our ability to predict the
individual risk of treatment-induced anemia (D’Avolio et al.,
2012a), but it is not clear how the non-functional rs6051702 ITPA
polymorphism should be considered in this scenario.

Similarly to rs12979860 and rs8099917 polymorphisms that
are localized in the region upstream of the gene encoding for
IL28B (Ge et al., 2009; Tanaka et al., 2009), rs6051702 polymor-
phism on chromosome 20 (20p13 region) (Fellay et al., 2010) is
localized in a no coding region adjacent to ITPA gene (Fellay
et al., 2010).

As a simultaneous evaluation of the three ITPA SNPs for hemo-
lytic anemia has not yet been investigated, we aimed to under-
stand the contribution of each SNP and its potential clinical use
to predict anemia in HCV treated patients at 1 month, date before
which clinicians generally evaluate readjustments of ribavirin
doses and the use of growth factors such as erythropoietin.
2. Materials and methods

2.1. Patients

In this retrospective study, 379 patients with chronic HCV infec-
tion, treated in two university hospitals (Amedeo di Savoia and S.
Giovanni Battista) of the city of Turin, Italy, between March 2005
and November 2012 were enrolled.

Patients were treated with PEG/IFN-a-2b (1.5 lg/kg s.c. once a
week; sub dermal injection) or PEG/IFN-a-2a (180 lg once a week;
sub dermal injection) plus RBV (600–1400 mg daily depending on
bodyweight; orally). Sampling was performed after obtaining writ-
ten informed consent in accordance with local ethics committee
guidelines; patients were asked for an additional authorization
for the genetic screening of their stored samples. Main inclusion
criteria were: above 18 years old, no concomitant interacting
drugs, self-reported adherence >95%, no RBV and/or PEG/IFN dose
modification up to week 4 of treatment and no treatment with
growth factor before week 4. Patients with other forms of liver
disease, active hepatitis A, hepatitis B infection, HIV infection,
decompensated liver disease, hepatocellular carcinoma, severe
depression or other psychiatric diseases, significant cardiac or
renal disease, seizure disorders or pregnancy were excluded from
this study. Data collected included: age, gender, weight, previous
IFN therapy, concomitant drugs, baseline and weeks 2 and 4
biochemical parameters, such as white blood cells, Hb, alanine
transaminase (ALT) level, serum HCV RNA level (log IU/mL).

2.2. Genotyping

Patients from whom DNA samples were available and who
agreed to undergo genetic analyses were genotyped at polymor-
phic sites rs1127354, rs7270101 and rs6051702 on chromosome
20 using the ABI TaqMan allelic discrimination kit by real time
PCR using standard methodology. All primers, probes, and PCR
conditions are available on request. The possible genotypes for
each biallelic polymorphism are as follows: rs1127354: C/C, A/C,
A/A (minor allele = A); rs7270101: A/A, A/C, C/C (minor allele = C);
rs6051702: A/A, A/C, C/C (minor allele = C).

2.3. Definition of clinical end points

According to outcome definition in clinical trials for HCV
chronic hepatitis treatment, Hb decline at week 4 on-therapy,
was taken as the clinical endpoint. Patients were classified accord-
ing to two clinical cut-off: (a) absolute Hb value lower than
10 g/dL, and (b) Hb reduction >3 g/dL at week 4.

The anemia grade was defined according to WHO (Groopman
and Itri, 1999) as following: grade 0 (P11 g/dL), grade 1 (<11–
9.5 g/dL), grade 2 (<9.5–8 g/dL), grade 3 (<8–6.5 g/dL), grade 4
(<6.5 g/dL).

2.4. Statistical analysis

For descriptive statistics, continuous variables were summa-
rized as median (25th–75th percentiles). Categorical variables
were described as frequency and percentage. All data were as-
sessed for normality using a Shapiro–Wilk test and categorical data
were compared using a Mann Whitney or Kruskal–Wallis statisti-
cal test. To investigate continuous data, a Spearman Rank correla-
tion was utilized. The association between individual ITPA SNP and
the incidence of significant Hb decline was tested by a basic allelic
test and calculated using the v2-test. Multivariate logistic regres-
sion analysis with stepwise forward selection was performed with
P-values (p) of less than 0.05 as the criteria for model inclusion.
Statistical analyses were conducted by using SPSS software pack-
age ver. 20.0 (Chicago, IL, USA). Linkage disequilibrium analysis
was conducted considering r2 and using Haploview 4.2.
3. Results

Twenty-nine out of 408 initial patients were excluded due to
the lack of demographic and clinical information. Of the 379 pa-
tients included in the analysis, 231 patients (60.9%) were male,
the median age was 46 years (IQR, 40–57 years) and the median
body mass index (BMI) was 24.3 kg/m2 (IQR, 22.0–26.6 kg). 360 pa-
tients (94.9%) were Caucasian and 19 (5.1%) were African. 233 pa-
tients (61.5%) were treated with PEG/IFN-a-2a (180 lg/once a
week) and 146 (38.5%) were treated with PEG/IFN-a-2b (1.5 lg/
kg s.c. once a week). The median dose of RBV was 13.88 mg/kg
(12.70–15.33). The majority of patients were treated with
800 mg (n = 108) or 1000 mg (n = 201) of RBV; three patients
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received 600 mg, three received 400 mg, sixty 1200 mg and four
1400 mg. The baseline patients characteristics were summarized
in Table 1.

The median Hb reduction was �2.3 g/dL (�3.4 to �1.3) at week
4. 129 patients (34%) had anemia (Hb reduction >3 g/dL or
Hb < 10 g/dL) after 1 month of therapy; moreover 64 (16.9%) and
10 (2.6%) patients developed WHO anemia grades 1 and 2, respec-
tively, and none grades 3 or 4.

Baseline Hb was correlated with Hb reduction (rho = �0.350
p = 2.47 � 10�12).

The variant allele frequencies for rs1127354 C/A, rs7270101 A/C
and rs6051702 A/C were 5.5%, 10.0%, and 14.5%, respectively;
Specifically: 42 (11.1%) patients were CA and none AA for
rs1127354 SNP; 64 (16.9%) patients were AC and 6 (1.6%) were
CC for rs7270101 SNP; 84 (22.2%) patients were AC and 13 (3.4%)
were CC for rs6051702 SNP. All SNPs were in Hardy–Weinberg
equilibrium. The three SNPs in analysis result in low linkage dis-
equilibrium (D0 = 0.65 for rs6051702/rs7270101 and D0 = 0.53 for
rs6051702/rs1127354) in our population. No differences concern-
ing demographic, racial, physical characteristics and biochemical
parameters, (Hb, platelet count, alanine transaminase-ALT-level,
serum HCV RNA level) were observed among genetically defined
groups.

The two functional ITPA SNPs responsible for inosine triphos-
phatase deficiency (rs1127354 and rs7270101) and the co-segre-
gate SNP (rs6051702) were associated with the magnitude of
hemoglobin decrease after 1 month of therapy. Patients with
rs1127354CC (n = 337) had the greater hemoglobin decrement
(�2.4 g/dL, IQR �3.5 to �1.5), compared to patients with CA/AA
genotypes (�0.9 g/dL, IQR �1.6 to �0.2, p = 1.28 � 10�11)
(Fig. 1B). Similarly patients with genotype rs7270101AA (n = 309)
had a greater hemoglobin decrement (�2.4 g/dL, IQR �3.6 to
�1.3), compared to patients with AC/CC (�1.7 g/dL, IQR �2.5 to
�0.9, p = 0.001) (Fig. 1C) and patients with rs6051702AA
(n = 282) had a greater hemoglobin decrement (�2.5 g/dL, IQR
�3.6 to �1.6) compared to patients with AC/CC (�1.4 g/dL, IQR
�2.3 to �0.7, p = 2.35 � 10�10) (Fig. 1A).
Table 1
Baseline characteristics of 379 patients.

Characteristics

Male sex n, % 231, 60.9
Age median (IQR) 46.0 (40.5–57.0)
BMI median (IQR) 23.4 (22.0–26.6)
Caucasian ethnicity n, % 360, 94.9
HCV genotypes n, %
1 187, 49.3
2 81, 21.4
3 85, 22.4
4 26, 6.9
ALT baseline median (IQR) 82.5 (48.7–144.0)
HCV-RNA baseline median (IQR) 1176280 (234290–2827480)
PEG-IFN n, %
a 2a 233, 61.5
a 2b 146, 38.5
Ribavirin dose mg/day n, %
400 3, 0.8
600 3, 0.8
800 108, 28.5
1000 201, 53.0
1200 60, 15.8
1400 4, 1.1
Anemia WHO grade n, %
Grade 0 (P11 g/dL) 371, 97.9%
Grade 1 (<11–9.5 g/dL) 8, 2.1%
Grade 2 (<9.5–8 g/dL) �, 0%
Grade 3 (<8–6.5 g/dL) �, 0%
Grade 4 (<6.5 g/dL) �, 0%
As shown in Table 2, the factors related to anemia after 1 month
of therapy are the baseline hemoglobin and ITPA genetic
polymorphisms.

The associations in pair of mutation carriers of the three
polymorphisms were evaluated on their ability to predict anemia
with a logistic regression analysis. As shown in Table 3 only the
carrier of variant allele in the association in pair of rs6051702
AC/CC and rs1127354 CA/AA is able to predict anemia (p < 0.001)
in multivariate logistic analysis.

Many factors previously linked to anemia were also included in
multivariate logistic regression analysis and only the rs6051702/
rs1127354 genetic association has been considered on the basis
of the results in table 3. In the evaluation of the factors in the
logistic regression analysis, hemoglobin at baseline (OR = 1.51,
p = 1.21 � 10�4) and the carrier of at least one variant allele of SNPs
association (OR = 0.11, p = 1.75 � 10�5) in ITPA gene (Table 4) were
independently associated with achievement of significant anemia.

Finally, the positive and negative likelihood ratios (LR+ and
LR�) between the presence of at least one protective variant allele
of rs6051702/rs1127354 SNPs and absence of anemia showed to be
1.44 and 0.30, respectively, with 88.4% of sensibility and 38.8% of
specificity.
4. Discussion

Recently several genetic variants associated with substantial
effects on both efficacy and toxicity of PEG/IFN and ribavirin ther-
apy has been identified. SNPs in the IL28B gene were found to be
strongly associated with response to therapy of chronic genotype
1 HCV infection (D’Avolio et al., 2011, 2012b; Ge et al., 2009;
Suppiah et al., 2009; Tanaka et al., 2009; Thompson et al.,
2010a,b,c) and SNPs in the ITPA gene were identified as predictors
of RBV treatment-associated anemia in the European–American
and Japanese populations (Caviglia et al., 2012; D’Avolio et al.,
2012a; Fellay et al., 2010; Kurosaki et al., 2013; Naggie et al.,
2012; Ochi et al., 2010; Rau et al., 2013; Sakamoto et al., 2010;
Suzuki et al., 2011; Thompson et al., 2010a). The anemia experi-
enced as a consequence of PEG/IFN and RBV combination therapy
is primarily caused by a RBV-induced hemolysis and secondarily
by interferon-induced bone marrow toxicity. Ribavirin toxicity
can be explained by the accumulation of RBV phosphate metabo-
lites in erythrocytes, oxidative damage and consequent cell lysis
(De Franceschi et al., 2000). The impact of anemia on the outcome
of anti-HCV infection therapy is substantial, since RBV dose-reduc-
tion or early treatment interruption due to anemia often leads to
suboptimal drug intake and a higher chance of treatment failure
(Fried et al., 2002). The possibility of identifying those patients
who are more likely to undergo significant Hb loss while on treat-
ment might be helpful in order to implement those measures
which might limit the impact of anemia on treatment outcome.

In this study the newly identified genetic polymorphisms of
ITPA confirmed their value as predictors of treatment-induced ane-
mia, as established by HB reduction after 4 weeks of PEG/IFN-RBV
treatment. Furthermore, we observed that baseline Hb was corre-
lated with Hb reduction and, strikingly, RBV dose was not signifi-
cantly correlated to anemia by a statistical point of view, but
shows a borderline statistical significance (p = 0.056) respect to
other paper (Sulkowski et al., 2010), confirming, however, that
anemia is even a pharmacodynamic marker of RBV exposure.

However having a higher baseline HB concentration is a biolog-
ically benign condition, which testifies to a higher functional
reserve as compared to the other patients. For pure numerical rea-
sons such condition is more vulnerable to a HB loss, since HB loss is
here measured in terms of absolute values rather than percentage
HB loss from baseline.



Fig. 1. The possession of at least one variant allele in the ITPA rs6051702 (ITPA 702 A > C) (n = 97), rs1127354 (ITPA 354 C > A) (n = 42) and rs7270101 (ITPA 354 C > A)
(n = 70) SNPs were associated with a smaller decrement of Hb (g/dL) at week 4 (p = 2.35 � 10�10) [A], (p = 1.28 � 10�11) [B] and (p = 0.001) [C], respectively. Median values
(horizontal line), IQR (bars), patient values (black square), highest and lowest value (whiskers) are shown.

Table 2
Factors associated with anemia (absolute Hb value lower than 10 g/dL, and Hb reduction >3 g/dL) at week 4.

Factors Anemia at week 4 P value

Yes No

Hb baseline (g/dL) 15.4 (14.3–16.1) 14.7 (13.5–15.7) <0.001
RBV dose (mg/kg) 14.2 (13.3–15.5) 13.7 (12.5–15.0) 0.056
Weight (kg) 70 (62–80) 70 (62–77) 0.807
Age (years) 48 (42–61) 46 (39–55) 0.101
Peg interferon 2a 76 (58.9%) 157 (62.8%) 0.463
Peg interferon 2b 53 (41.1%) 93 (37.2%)
Gender (female) 47 (36.4%) 101 (40.4%) 0.039
Gender (male) 82 (63.6%) 149 (59.6%)
rs6051702 AA (Wild-type) 116 (89.9%) 166 (66.4%) <0.001
rs6051702 AC/CC (Carrier of variant allele) 13 (10.1%) 84 (33.6%)
rs1127354 CC (Wild-type) 127 (98.4%) 210 (84.0%) <0.001
rs1127354 A/AA (Carrier of variant allele) 2 (1.6%) 40 (16.0%)
rs7270101 AA (Wild-type) 115 (89.1%) 194 (77.6%) 0.006
rs7270101 AC/CC (Carrier of variant allele) 14 (10.9%) 56 (22.4%)

Table 3
Genetic associations of polymorphisms in pairs as predictors of anemia (absolute Hb value lower than 10 g/dL, and Hb reduction >3 g/dL at week 4) in univariate and multivariate
logistic regression analysis.

Factors Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value

rs6051702 AC/CC + rs1127354 CA/AA (Carrier of variant allele) 0.20 (0.11–0.38) <0.001 0.20 (0.11–0.37) <0.001
rs6051702 AC/CC + rs7270101 AC/CC (Carrier of variant allele) 0.27 (0.16–0.48) <0.001 1.22 (0.40–3.73) 0.724
rs1127354 CA/AA + rs7270101 AC/CC (Carrier of variant allele) 0.23 (0.13–0.42) <0.001 0.51 (0.22–1.15) 0.106

Table 4
Predictors of anemia (absolute Hb value lower than 10 g/dL, and Hb reduction >3 g/dL at week 4) in univariate and multivariate logistic regression analysis.

Factors Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value

Gender (male) 1.18 (0.76–1.83) 0.454
Weight (kg) 1.00 (0.98–1.01) 0.912
Hb baseline (g/dL) 1.27 (1.10–1.47) 0.001 1.52 (1.22–1.88) 1.21 � 10�4

Age (years) 1.01 (0.99–1.04) 0.087 n.s.
RBV dose (mg/kg) 1.09 (0.99–1.20) 0.080 n.s.
Peg interferon 2a 0.592 (0.28–1.04) 0.110 n.s.
rs6051702 AC/CC + rs1127354 CA/AA (Carrier of variant allele) 0.20 (0.11–0.38) <0.001 0.11 (0.04–0.31) 1.75 � 10�5
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Beside ITPA polymorphisms, a series of individual features such
as RBV concentration, age, platelet count, haemoglobin concentra-
tion and haptoglobin phenotype were found to have some degree
of association with the risk of anemia (Caviglia et al., 2012; D’Avolio
et al., 2012a; Lindahl et al., 2004; Nomura et al., 2004; Rendon et al.,
2005; van Vlerken et al., 2011; Van Vlierbergh et al., 2001). Among
these, the only modifiable feature is RBV pharmacokinetic expo-
sure, which shows a remarkable variability among HCV-infected
patients (Tsubota et al., 2003). In fact, early assessment of RBV con-
centration is suggested by some studies (Caviglia et al., 2012;
D’Avolio et al., 2012a; Loustaud-Ratti et al., 2008; Morello et al.,
2008; Rendon et al., 2005) in order to adjust individual RBV dose.

Following the identification of ITPA polymorphism as the stron-
gest predictor of anemia in PEG/IFN-RBV recipients, the question
arises as to how to integrate this newly identified genetic marker
in order to predict and manage the individual risk of anemia. The
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three SNPs analyzed in this study, two functional and one
no-functional ITPA polymorphisms, retain their independent pre-
dictive values and display limited overlap in terms of predictive
value (Table 2 and Fig. 1).

As shown in Table 3, the pairwise associations of the three stud-
ied polymorphisms showed that the combination rs6051702/
rs1127354 is the most significant in predicting anemia at 1 month
after initiation of therapy.

These data are partially unexpected because between the two
polymorphisms considered in the combination only the
rs1127354 SNP is functional, while rs6051702 SNP is in the non-
coding region of the ITPA gene. This finding is similar to what has
been found for the two non-coding polymorphisms rs1297860
and rs8099917 IL28B gene identified as the most powerful genetic
factors influencing IFN therapy response.

The polymorphism rs7072101, which is functional and often it
is studied in association with the rs1127354 (Caviglia et al.,
2012; D’Avolio et al., 2012a; Fellay et al., 2010; Naggie et al.,
2012; Rau et al., 2013; Thompson et al., 2010a,c) seems to have
minor clinical significance, compared to the other.

Therefore, considering the importance of pre-therapy anemia
prognostic factors rs6051702 SNP should be considered in place
of rs7270101 in association to rs1127354. According to our LR-re-
sults, for a patient carrier of at least one mutation for rs6051702/
rs1127354 SNPs, the probability to not develop anemia is nearly
3 times higher respect to the probability to develop anemia.

The clinical use of ITPA genetic polymorphisms substantially
improves our ability to predict the individual risk of treatment-
induced anemia, particularly including the non-coding polymor-
phism rs6051702. The main implication of our results suggests
that the carriage of ITPA variants is associated with a rather
limited median Hb loss on-therapy, independently of RBV con-
centration (D’Avolio et al., 2012a).

Otherwise, it has been demonstrated that anemia is related to
the intra-erythrocytic and plasma concentrations of RBV (Caviglia
et al., 2012; D’Avolio et al., 2012a; D’Avolio et al., 2013, 2012c; De
Franceschi et al., 2000; De Nicolò et al., 2013; Kubota et al., 2010;
Loustaud-Ratti et al., 2008, 2011; Morello et al., 2008; Rendon
et al., 2005), moreover RBV plasma and intra-erythrocytic concen-
trations are correlated with the RBV doses taken by patients. Other-
wise, RBV concentration is not only dependent on the administered
dose, but also on body weight, absorption (nucleoside transporters
and food effect) and excretion. Then the integration of the early
therapeutic drug monitoring of RBV (after 1–4 weeks of therapy)
(D’Avolio et al., 2012a; De Nicolò et al., 2013; Loustaud-Ratti
et al., 2008, 2011) and RBV dose selection by clinicians on the basis
of ITPA genetic profile could improve the management of anemia.

Genetic testing is widespread and as short turnaround time
compared to therapeutic drug monitoring (TDM) for ribavirin. The
characterization of the most significant ITPA SNPs pairs at the base-
line may to able the estimation of the individual risk of treatment-
induced anemia. Ribavirin TDM might maintain a role in the
management of the prevailing proportion of wild type ITPA geno-
type patients, whose RBV concentration may be fruitfully modified
by dose adjustment. Since RBV pharmacokinetic exposure is also
associated with the rate of SVR (Aguilar Marucco et al., 2008; Breilh
et al., 2009; D’Avolio et al., 2011; Maynard et al., 2008; Pedersen
et al., 2011; van Vlerken et al., 2011), TDM might also apply to
carriers of ITPA variants with suboptimal RBV concentration, in
whom RBV dose may be increased with a smaller risk of anemia.
5. Conclusion

In conclusion, this retrospective study confirms the high
impact of ITPA SNPs on hemolytic anemia and suggest that
rs6051702/rs1127354, and not rs7270101/rs1127354 combina-
tion, is the best genetic predictor able to predict anemia after
1 month of therapy. Although more studies are needed to clarify
and confirm the relationship between anemia, ITPA polymorphism
and RBV pharmacokinetics, these results show that estimating the
risk of anemia by genotyping these two SNPs is more accurate than
genotyping for the two functional SNPs. Moreover, these data
might suggest the development of an individual screening algo-
rithm, based on ITPA genetic profiles, able to reduce the impact
of anemia on the rate of response to anti-HCV treatment, maybe
limiting the need of TDM RBV plasma concentrations in this
setting.
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