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n INTRODUCTION

Pegylated interferon α or β and ribavirin are 
still the backbone of chronic hepatitis C (CHC) 

treatment also in the new available treatment 
with a direct acting antiviral (DDA), boceprevir or 
telaprevr, in patients with HCV genotype 1 infec-
tion [1-4]. Anemia is the most important side ef-
fect during HCV antiviral therapy and often is the 
cause of an early interruption or dosage reduction 
of drugs with consequent treatment failure [5-9]. 
Recently, inosine triphosphatase (ITPA) gene vari-
ants have been found as factor that protects to 
anemia patients with CHC during antiviral ther-
apy [10, 11]. Subsequent studies have confirmed 
the utility of ITPA variants predicting anemia and 
helping anemia management during treatment of 
patients with CHC in different stages of liver dis-
ease [12-15]. ITPA variants protective effects have 
been also demonstrated during treatment with 
pegylated interferon + ribavirin+ DDA [16-18]. 
Furthermore, single nucleotide polymorphism of 
the interleukin 28B (IL28-B) gene has been associ-
ated with HCV clearance during treatment with 

pegylated-interferon plus ribavirin treatment, 
particularly in HCV genotype 1 infection [19-20].
Aim of this study was to evaluate the single and 
combined role of ITPA and IL28-B polymorphisms 
in the management of peg-interferon-ribavirin 
treatment in CHC patients.

n PATIENTS AND METHODS

Seventy nine consecutive Italian patients with 
chronic hepatitis C (anti-HCV/HCVRNA-posi-
tive) with persistently abnormal serum alanine-
aminotransferase (ALT) levels for at least 18-36 
months entered the study. They were followed by 
three Liver Units in Naples, southern Italy, that 
have cooperated for years [21, 22]. All patients, 
naive for antiviral therapy, underwent liver biop-
sy from July 2009 to December 2011 and complete 
physical examination, full liver function evalua-
tion, tests for other causes of liver disease (HBV, 
HDV, HIV, autoimmunity, haemochromatosis, 
α-1 antitrypsin) and liver ultrasound scan. For all 
patients the body mass index (BMI: kg/m2) was 
evaluated. 
Liver specimens were fixed in formalin, embed-
ded in paraffin and stained with haematoxylin-
eosin and Masson’s trichrome stain. Liver biopsies 
were examined by a pathologist who, unaware of 
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the clinical and laboratory data, used the Ishak’s 
scoring system to grade necroinflammation and 
fibrosis and a home-made scoring system for ste-
atosis that he had been using for decades (score 
1=1-10% of hepatocytes with fatty deposition, 
score 2=11-30%; score 3=31-60%; score 4=>60%) 
[23].
Patients treatment consisted of pegylated interfer-
on <-2a (180 µg once a week) or <-2b (1.5 µg/Kg 
of body weight once a week) plus ribavirin (13-
15 mg/kg of body weight/day) for 12 months for 
HCV genotype 1 and for 6 months for HCV geno-
type non 1. Sustained virological response (SVR) 
was considered for HCV-RNA clearance after 6 
months of treatment stop. 
The planned treatment follow-up consisted of ob-
servation as outpatients at week 2 and 4 of treat-
ment and subsequently at monthly intervals dur-
ing treatment in the absence of complications. 
Hemoglobin values were controlled every clinical 
appointment. Decreasing of haemoglobin were 
classified as follows <1.5 g/L from baseline value, 
mild anemia; between 1.5 and 3.5 g/L from base-
line value, moderate anemia; >3.5 g/L from base-
line value, severe anemia. In patients with moder-
ate or severe anemia it was considered ribavirin 
dosage reduction and/or epoietin administration, 
following clinical presentation. 
Samples of serum, plasma and whole blood were 
obtained for each patient on the day of the liver 
biopsy and stored at -80°C. 
All the procedures used in the study were in ac-
cordance with the international guidelines, with 
the standards on human experimentation of the 
Ethics Committee of the Second University of 
Naples and with the Helsinki Declaration of 1975 
and revised in 1983. The study was approved by 
the Ethics Committee of the Azienda Ospedaliera 
Universitaria of the Second University of Naples. 
All patients signed their informed consent to the 
study. 
Serological determinations: Serum markers for HBV, 
HCV, HDV and HIV infection were tested in se-
rum using commercially available immunoen-
zymatic assays (Abbott Laboratories, North Chi-
cago, IL, and Ortho Diagnostic Systems, Raritan, 
NJ, USA). 
HCV genotype and viral load: The HCV genotype 
was determined using HCV genotype assay Lipa 
(Bayer, France), following the manufacturer’s in-
structions. 

HCV RNA was sought in plasma of all patients in 
the study as previously described [22]. 
ITPA and IL28-B polymorphisms. Genomic DNA 
was extracted from whole blood by the QIAamp 
DNA Mini Kit (Qiagen, Hilden, Germany).
The SNPs rs1127354 and rs7270101 in ITPA gene 
were determined by amplifying the region en-
compassing the polymorphic sites and analyzing 
the melting curve in Light-Cycler 1.5 (Roche Dia-

Table 1 - General characteristics of study population.

N. of patients
Males n (%)

79
34 (44)

Median age (range) 56 (18-69)
Median BMI (range) 25.5 (19-36)
HCV genotype n (%)
1 (1a/1b)
2
3
4
Unknown

47 (60)
23 (29)
4 (5)
1 (2.5) 
4 (5)

N of patients with biopsy (%) 38 (48)
HAI (mean ± SD) 5.5±3.6
Fibrosis (mean ± SD) 2.2±1.5
Steatosis (mean ± SD) 1.8±1.2
AST x NV (mean ± SD) 1.8±1.4
ALT x NV (mean ± SD) 2.6±1.9
Basaline Hb (mean ± SD) 14.3±1.2
Median HCV-RNA (range) 1050000 (12000-4,5x107)
ITPA 101: N of patients (%)
AA
AC
CC

61(77)
16 (20)
2 (2.5)

ITPA 354: N of patients (%)
AA
AC
CC

1 (1.7)
15 (19)
63 (79.7)

ITPA 101/354: N of patients (%)
No deficiency
AA/CC
AC/CC
Mild deficiency
AA/CA
CC/CC
Severe deficiency
AC/CA
AA/AA

50 (63)
11 (14)

10 (13)
2 (2.5)

5 (6.3)
1 (1.2)

IL28-B: N of patients (%)
CC
CT
TT

31 (40)
45 (57)
3(3)

N. of patients with SVR (%) 37 (47)
HAI: Histological activity Index; BMI: body mass index; AST: aspartate 
transaminase; ALT: alanine transaminase; ITPA: Inosine triphosphatase 
gene and IL28-B: interleukin 28B.
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gnostics, Branchburg, NJ, USA), as described by 
Thompson et al. [11]. Analysis for the IL28B poly-
morphisms was done as previously described [24]. 
Statistical analysis: The comparison between 
groups was made by the Mann-Whitney U test for 
continuous variables and by Fisher’s exact test for 
categorical data. Differences in the genotypes for 
continuous variables were evaluated by a general 
linear model (GLM). 
The Stat-Graph 3.0 software for Windows was 
used for all statistical analyses. P-values less than 
0.05 were considered statistically significant.

n RESULTS

The general characteristics of the study popu-
lation are shown in Table 1. We enrolled 79 pa-
tients, prevalently female. HCV genotype 1 was 

the most represented (60%). Only one patient had 
histological diagnosis of cirrhosis. ITPA activity 
showed no deficiency, mild deficiency and severe 
deficiency in 77%, 15.5% and 7.5% of patients, re-
spectively. Unfavorable polymorphism of IL28-B 
respect treatment response was present in 60% 
of patients (Table 1). No patient showed HBV or 
HIV co-infection or other causes of liver disease. 
Anemia (haemoglobin <12 g/dl in female and <14 
g/dl in male) was not present at baseline in any 
patient. The frequency of the different genotypes 
for IL28-B polymorphism were: 29.3% of subjects 
homozygous for the common allele, 65.8% hetero-
zygous, 4.9% homozygous for the rare allele. SVR 
was observed in 37 (47%) patients. IL28 CC vari-
ant was associated with SVR (p=0.01).
The most common side effects reported during 
treatment were influenza-like syndrome and ane-
mia.

Table 2 - Characteristics of patients according with anemia degree during Peg-IFN-ribavirin treatment.

Mild anemia week 
4th (<1.5 g/L)

Moderate anemia 
week 4th (1.5-3.5 

g/L)

Severe anemia week 
4th (>3.5 g/L)-

p

N. of patients (%) 31 (37.5) 31 (39) 17 (21)

Males (%) 12 (38.7) 14 (45) 8 (47)

Median age (range) 56 (24-67) 56 (18.69) 55 (21-69)

BMI (mean ± SD) 25.3 ± 3.5 26.2 ± 1.7 23.4 ± 2.7 p vs s 0.000

Ribavirin/kg (mean ± SD) 14.3 ± 2 14.2± 1.5 14.9 ±1.9

Baseline Hb g/L (mean ± SD) 13.8 ± 0,8x 14.2 ± 1.2 15 ± 1.1y x vs y 0.000

ITPA 354 ( N - %)
AA
CA
CC

0
12 (38)
20 (62)

1 (3)
3(10)

27 (87)

0
0

17 (100)

ITPA 101 ( N - %)
AA
CA
CC

24 (77)
6 (20)
1 (3)

20 (64)
10 (33)
1 (3)

17 (100)
0
0

ITPA deficiency variant ( N - %)
No deficiency
Mild deficiency
Severe deficiency

18 (58)
11 (35)
2 (7)

26 (84)
1 (2)
4 (14)

17 (100)
0
0

Hb g/L at month 3 of treatment 12 ± 1.2a 11.8 ± 1.3 c 10.5±1.2b a vs b 0.000
b vs c 0.001

Anemia treatment at month 3 of treatment * 0/0 6/2 6/1

Hb g/L at month 6 of treatment 11.8± 1.2w 11.6± 2j 10.6 ± 1z w vs z 0.001
j vs z 0.001

Anemia treatment at month 6 of treatment * 0/0 6/2 6/3
*Reduction of ribavirin dosage +/- Epoietin introduction.
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ITPA activity and anemia
During treatment anemia developed in all pa-
tients with different degree of haemoglobin de-
crease. 
Table 2 shows the characteristics of the three 
groups of patients who developed mild, moder-
ate or severe anemia. 
Patients who developed moderate anemia had 
BMI significantly higher (p=0.000) than patients 
developing severe anemia and patients who de-
veloped mild anemia had basal levels of haemo-
globin significantly lower (p=0.000) than patients 
developing severe anemia. 
Haemoglobin levels at months 1 and 3 of treat-
ment were significantly lower in group with se-
vere, moderate and mild anemia, respectively 
(Table 2). 
In patients with moderate and severe anemia it 
was necessary reduction of ribavirin dosage or 
adding epoietin treatment (generally 30.000 UI/
wk). 
ITPA activity significantly correlated with decay of 
haemoglobin at month 1 of treatment (p=0.0004), 
also after correction for basal haemoglobin levels 
and for epoietin treatment. 
This correlation was not observed at month 3 
(p=0.48) and later. Figure 1 shows the absence of 
BMI influence on ITPA activity in relation to ane-
mia’s degree. 
At multivariate analysis ITPA activity was the 
only parameter associate with anemia (R= - 0.4; 
p=0.0004). ITPA polymorphisms had no associa-
tion with SVR and showed no interaction with 
IL28B polymorphisms.

n DISCUSSION

This study confirms the role of ITPA variants in 
the prediction of development of severe anemia 
during treatment with peg-interferon and riba-
virin for CHC and demonstrates the absence of 
interaction of IL28B variant on ITPA polymor-
phisms. These two polymorphisms can be useful 
in the management of patients that need antiviral 
therapy for HCV infection, because the presence 
of their favorable variant should encourage treat-
ment even in patients with other predictive factors 
of no response, such high levels of fibrosis [15]. 
Anemia remains one of the most important side 
effects in peg-IFN-ribavirin treatment, that im-
pairs antiviral response, because of changes in 
duration of treatment or ribavirin dosage. Data 
of this study confirm that ITPA activity plays a 
role in the development of anemia during an-
tiviral therapy. The association was clear at the 
first month of treatment and was lost in the 
subsequent observation at 3 and 6 months. It is 
possible that the ITPA effect on anemia develop-
ment disappeared, because of therapeutic inter-
vention adopted against anemia, as reduction of 
ribavirin dose and administration of epoietin. In 
contrast with previous data, in our population 
female sex was not a cofactor for development 
of anemia [14].
The treatment of CHC will undoubtedly change in 
the next few years, since new drugs have recently 
been approved, others are close to approval, and 
several others are under investigation. Safer and 
more effective combinations of protease inhibi-

Figure 1 - Moderate and severe ane-
mia according with ITPA activity and 
BMI.



138 R. Zampino, et al.

The inosine triphosphatase (ITPA) gene and interleu-
kin 28B (IL28-B) gene variants have been associated 
to protection of anemia and sustained virological re-
sponse, respectively, in patients with chronic hepatitis 
C (CHC) during antiviral therapy. Aim of this study 
was to evaluate the single and combined role of both 
polymorphisms in the management of peg-interferon-
ribavirin treatment in CHC patients.
We studied 79 Italian patients with histology proven 
CHC treated with pegylated interferon plus ribavirin 
for 6-12 months on the base of HCV genotype. Patients 
were carefully followed-up for anemia development 
which was classified as mild, moderate or severe in 
relation to levels of haemoglobin decreasing; ribavirin 
dosage reduction and/or epoietin administration were 
carried out, where needed. Sustained virological re-

SUMMARY

sponse (SVR) was considered for HCV-RNA clearance 
after 6 months of treatment stop. 
Decay of haemoglobin at month 1 of treatment sig-
nificantly correlated with ITPA activity (p=0.0004) and 
at multivariate analysis ITPA activity was the only 
parameter associate with anemia (R=- 0.4; p=0.0004). 
SVR was obtained in 47% of patients. IL28B CC variant 
was associated with SVR (p=0.01), but IL28B polymor-
phisms had no influence on the ITPA polymorphism.
This study confirms the role of ITPA variants in the 
prediction of development of severe anemia during 
antiviral treatment for CHC and demonstrates the ab-
sence of influence of IL28B variant on ITPA polymor-
phisms. These two polymorphisms can be useful in the 
management of patients that need antiviral therapy for 
HCV chronic infection. 

Le varianti del gene dell’inosina trifosfato (ITPA) e del gene 
dell’interleuchina 28B (IL28B) sono state rispettivamente 
associate ad una protezione nell’insorgenza dell’anemia e 
alla risposta virologica sostenuta in pazienti con epatite cro-
nica da HCV (CHC) durante trattamento antivirale.
Scopo dello studio è stato valutare il ruolo indipendente o 
combinato di entrambi i polimorfismi nella gestione del 
trattamento antivirale con peg-interferone e ribavirina in 
pazienti con CHC. Sono stati studiati 79 pazienti italiani 
con CHC provata istologicamente trattati con interferone-
pegilato e ribavirina per 6-12 mesi in base al genotipo HCV. 
I pazienti sono stati attentamente seguiti per la comparsa di 
anemia che è stata classificata come lieve, moderata o grave 
in base al decremento dell’emoglobina; quando necessario 
sono stati ridotti i dosaggi di ribavirina o è stata praticata 
eritropoietina. La risposta virologica sostenuta (SVR) è stata 

RIASSUNTO

considerata in presenza di clearance di HCV-RNA 6 mesi 
dopo la sospensione della terapia.
La riduzione dell’emoglobina dopo un mese di terapia corre-
lava significativamente con l’attività ITPA (p=0.0004) e ad 
un’analisi multivariata l’attività di ITPA era l’unico para-
metro associato all’anemia (R=-0.4; p=0.0004). La SVR era 
ottenuta nel 47% dei pazienti. La variante CC dell’IL28B 
era associata con SVR (p=0.01), ma il polimorfismo di 
IL28B non ha mostrato influenza su quello di ITPA.
Questo studio conferma il ruolo delle varianti di ITPA nel 
predire lo sviluppo di anemia durante il trattamento antivi-
rale per CHC e dimostra l’assenza di influenza delle varianti 
del polimorfismo per IL28B sul polimorfismo per ITPA. En-
trambi i polimorfismi possono essere utili nella gestione dei 
pazienti che necessitano di terapia antivirale per infezione 
cronica da HCV.

tors or nucleoside analogues with Peg-IFN and 
ribavirin will gradually be available worldwide, 
while awaiting the forthcoming Peg-IFN-free reg-
imens. Anemia does not seems to be a principal 
side effect of the new DDA (i.e., sofosbuvir) that 
in the near future will be available for CHC treat-
ment [25, 26]. However, different considerations 
have to be made: first, for at least some years the 
backbone of the treatment will be always the Peg-
IFN and ribavirin; second, it is not known when 
these drugs will be practically available in several 
countries; third, it is not known if these drugs 

will be reserved to special groups of patients, be-
cause of their high cost; fourth it is not known if 
IFN-ribavirin free treatment can be possible for 
all HCV genotypes, so anemia could remain an 
important side effect to manage. In this case the 
help of IL28B and ITPA polymorphisms is still 
useful. A careful baseline evaluation of patient for 
virological, histological, biochemical and genetic 
parameters represents the best strategy to obtain 
the goal of long-term HCV RNA clearance.

Keywords: ITPA, IL28B, variants, HCV treatment.
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