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Abstract
AIM: To investigate and clarify for the first time, the role of inosine triphosphate pyrophosphatase (ITPA) polymorphism in Egyptian chronic hepatitis C virus (HCV) patients. 

METHODS: The human genomic DNA of all patients was extracted from the peripheral blood cells in order to determine the single nucleotide polymorphism (SNP) of ITPA (rs1127354). SNP genotyping was performed by real time polymerase chain reaction [polymerase chain reaction (PCR), ABI TaqMan allelic discrimination kit] for 102 treatment-naive Egyptian patients with chronic HCV. All patients had no evidence of cardiovascular or renal diseases. They received a combination treatment of Pegylated interferon α (PEG-IFNα) as a weekly subcutaneous dose plus oral weight adjusted dose of ribavirin (RBV). The majority received PEG-IFNα 2a (70.6%) while 29.4% received PEG-IFNα2b. The planned duration of treatment was 24-48 wk according to the viral kinetics throughout the course of treatment. Pre-treatment liver biopsy was done for each patient for evaluation of fibrosis stage and liver disease activity. The basal viral load level was detected quantitatively by real time PCR while viral load throughout the treatment course was performed qualitatively by COBAS TaqMan assay. 

RESULTS: Ninety three (91.2%) had ITPA SNP CC genotype and 9 (8.8%) had non-CC genotype (CA and AA). The percentage of hemoglobin (Hb) decline was higher for CC patients than for non-CC patients, particularly at weeks 4 and 8 (P = 0.047 and 0.034, respectively). During the first 12 wk of treatment, CC patients had significantly more hemoglobin decline > 3 g/dL than non-CC patients: 64.5% vs 22.2% at weeks 8 and 12, respectively (P = 0.024 and 0.038). Reduction of the amount of the planned RBV dose was significantly higher for CC patients than non-CC patients during the first 12 wk (18 ± 12.1% vs 8.5 ± 10.2%, P = 0.021). The percentage of CC patients with RBV dose reduction was significantly greater than that of non-CC patients (77.4% vs 44.4%, P = 0.044). Multivariate analysis identified only the percentage of RBV dose. Platelet (plt) decline was significantly higher in non-CC patients than CC patients at weeks 12, 24 and 48 (P = 0.018, 0.009 and 0.026, respectively). 

CONCLUSION: Rs1127354 ITPA polymorphism plays a decisive role in protecting against treatment induced anemia and the need for RBV dose reduction in Egyptian HCV patients. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) infection is considered one of the most horrifying diseases. It affects approximately 3% of the world’s total population, more than 170 million people worldwide. It can range in severity from a mild illness lasting a few weeks to a serious lifelong disease that may end with cirrhosis and hepatocellular carcinoma (HCC)[1,2]. The prevalence of HCV infection shows considerable differences between countries; the lowest prevalence rate was estimated in European countries. Parenteral anti-schistosomal treatment that was used in 1960s and 1970s played a major role in the spread of HCV throughout Egypt[3,4]. Egypt has been reported as having the highest prevalence rate of HCV worldwide, with HCV antibodies estimated at 10% and 20% of Egyptian adults in urban and rural areas, respectively[5]. 

   The standard treatment of HCV treatment worldwide, including Egypt, is Pegylated interferon α (PEG-IFNα), which acts as an antiviral and an immunomodulatory cytokine, and RBV, a guanosine analogue that interrupts the viral RNA metabolism[6,7]. Anemia is a well-known, serious side effect associated with the PEG-IFN plus RBV combination treatment that has been reported to occur in 54% of patients during the course of treatment[8]. It leads to the necessity of dose reduction or premature discontinuation of treatment by 10%-14% of the patients[6]. Anemia is mainly due to a RBV hemolytic effect on RBCs or by IFN through either its suppressive effect on bone marrow or an autoimmune hemolytic reaction from excessive apoptosis of erythroid cells[9-11]. Pretreatment screening of biomarkers is essential for evaluating both the risks and benefits of the available treatment regimen. In the last few years, some genome wide association studies (GWAS) have discussed the impact of host genetic factors on the treatment of hepatitis C. Some of these studies targeted the SNP in (ITPA) gene of patients mono-infected with HCV[12-14]. Domingo et al[15] reported a strong association between this polymorphism and induction of anemia in HCV/Human immunodeficiency virus  (HIV) co-infected patients. This gene is located on chromosome 20, and the SNP occur at nucleotide 94 in exon 2 of the ITPA gene and  leads to substitution of proline residue at position 32 to threonine (P32T, 94C(A)[16]. Although HCV is widespread in Egypt, it has not been spotlighted from the standpoint of host genetic studies. Our motivation to do study was to clarify for the first time in Egyptian patients the association between the variants of the ITPA gene (encoding ITPase enzyme) and anemia induced during PEG-IFNα and RBV combination treatment, regardless the impact on treatment outcome. 

MATERIALS AND METHODS
Patients 
The data of this study were collected from 102 Egyptian chronic hepatitis C patients. All were positive for HCV RNA for more than 6 mo and negative for any other viral infection. The pretreatment demographic data is displayed in Table 1. All patients were mono-infected with chronic hepatitis C with no evidence of HIV or Hepatitis B infection. All participants were treatment-naive patients with no evidence of the presence of any associated liver diseases other than chronic viral hepatitis C. Patients with cardiovascular problem or renal impairment were not eligible for the study. They received standard doses of the combination treatment of PEG-IFNα and RBV in the Assiut National Center for the Treatment of Chronic Hepatitis under the supervision of the Egyptian Ministry of Health. 

  In the first week of treatment, all patients were given the fully recommended dosages of RBV. At week 2 and throughout the course of treatment, the dose of RBV was modified according to the Hb level. In the current study, we calculated the values of Hb at weeks 2 and 4, then every 4 wk throughout the treatment course. Informed consent was obtained from all participants for the collection and storage of blood samples for ITPA polymorphism testing. The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki. 

Clinical endpoints  
According to the polymorphism of ITPA genotyping, we had some clinical endpoints, including the absolute and percentage decline of Hb during the first 12 wk, RBV dose reduction following anemia, and the percentage of plt count change. 

Treatment regimen 

The protocol specified treatment duration of 24-48 wk depending on viral genotype and the response of patients during the treatment course. An additional 24 wk of follow-up was done for evaluation of efficacy. The majority of patients (70.6%) received PEG-IFNα2a (Pegasys) at a dose of 180 µg per week and 29.4% received PEG-IFNα2b (Peginteron) at a dose of 1.5 µg/kg per week given as a subcutaneous injection. All patients received a15 µg/kg daily oral dose of RBV (Rebetol). 

   The study had planned treatment duration of 48 wk. However, the study was designed with a futility-stopping rule that would halt the trial if there was < 2 log10 HCV RNA decline at week 12 or persistent viremia at week 24. The treatment duration was prolonged to 72 wk only for patients who had detectable HCV RNA at week 12 but undetectable at week 24. All patients were followed for 24 wk after cessation of treatment. 
HCV RNA measurement and HCV genotyping

The pre-treatment HCV RNA level was detected by quantitative real time polymerase chain reaction (PCR) technique with a lower limit of detection of 12 IU/mL. Qualitative PCR by COBAS TaqMan assay[17] was used for detection of viral load at weeks 12, 24, and 48. All patients underwent a pretreatment liver biopsy from which the liver disease activity and fibrosis stage were scored by the Metavir scoring system[18]. HCV genotype determination was by sequence determination in the 5’-nonstructual region of the HCV genome followed by phylogenetic analysis[7]. 
SNP genotyping of ITPA 

Human genomic DNA was extracted from peripheral blood. Genotyping of the ITPA SNP (rs1127354) gene was performed using the ABI TaqMan allelic discrimination kit (7500 Real Time PCR System; Applied Biosystems, Carlsbad, CA, United States). Patients were genotyped as CC, CA, or AA at the polymorphic site rs1127354. 
Statistical analysis 
The statistical analysis of comparisons of the categorical variables of the groups was performed by two tailed Fischer’s exact probability test calculated on 2 × 2 contingency tables. Data are shown as means ± SD. Student-t test was used to compare the direct continuous variables between groups with a significant P value of less than 0.05. Odds ratios (OR) for the relative risk and 95%CI in the Univariate analysis were estimated by Binary logistic regression (program written by JC Pezzullo and KM Sullivan, version 05.07.20). The multivariate regression analysis for the identification of the predictors of Hb decline more than 3 g/dL were performed by JMP software (JMP IN, Version 9.0.2, SAS Institute Inc., Cary, NC, United States). 

RESULTS

Baseline characteristics

Baseline demographic and biochemistry criteria for all 102 patients are reported in Table 1. Comparison of the ITPA genotyping groups (CC and non-CC) and their relationships to the baseline data are shown in Table 2. Platelet count and body mass index (BMI) were the only significant baseline characters, and both were higher for non-CC than for CC patients (both P < 0.05). Hb data was missing for 6 patients from week 16 till end of treatment. Eleven patients stopped the treatment at week 24 due to continuous positivity of HCV RNA, with 91 receiving the complete course of 48 wk. 

Distribution of rs1127354 SNP

Rs1127354 SNP genotyping of all participants was successful, and the distribution is as follows: 93 (91.2%) patients were CC and 9 as non-CC (8 with the CA and one with the AA genotype) (8.8%). The minor allele frequency of rs1127354 was 0.04, which means the chance of (A) allele occurring was 4%, the distribution here is consistent with Hardy Weinberg Equilibrium (HWE) (P = 0.108). 

Hb decline according to ITPA genotypes 
In the present study, anemia was defined as an Hb level decreased by > 3 g/dL and severe anemia was reported when Hb level declined to less than 10 g/dL. Figure 1 shows the difference in Hb level between the CC and non-CC groups throughout the treatment course. It was significantly different at weeks 2, 4, 8, 12, 24 and 30 (P = 0.019, 0.016, 0.015, 0.013, 0.036 and 0.047 respectively). Hb decline > 3 g/dL during the first 12 wk was faster and more vigorous in anemia susceptible group CC than in the protective non-CC group at weeks 4 and 8 (P = 0.047 and 0.034 respectively). By week 16, Hb had settled in CC group with no further decrease, in contrast to the non-CC genotype that showed a sudden increase in Hb followed by a continuous slow decrease until the end of treatment (Figure 1). During the first 12 wk of treatment, 60 of 93 (64.5%) CC patients had an Hb decline more than 3 g/dL vs to 2 of 9 (22.2%) non-CC patients, significant at weeks 8 (P = 0.024) and 12 (P = 0.038) (Figure 2). This indicated a protective advantage for patients with the minor allele A of rs1127354 SNP of ITPA gene against the early onset anemia during combination treatment for Egyptian patients with chronic hepatitis C. During the first 12 wk, severe anemia with an Hb level less than 10 g/dL, it was identified in 29% of the CC patients compared with 11.1% of the non-CC patients (P = 0.438). Interestingly, the only patient in this study harboring a homozygous variant for the minor allele (AA) did not suffer anemia at any time during the treatment. In an attempt to identify factors predictive of the incidence of Hb decline more than 3 g/dL during the first 12 wk, we performed both univariate and multivariate regression analyses (Table 3). The univariate logistic regression analysis detected four factors as independent variables: ITPA genotype, percentage of received RBV dose and the baseline Hb and plt levels. On the hand, the percentage of the received RBV dose (≥ 80% of total dose), was the only significant independent variable in the multivariate analysis. 

Adjustment of RBV dose during combination treatment 

The dose of RBV was modified according to the presence of treatment side effects. During the first 12 wk, the total number of patients needing an RBV dose reduction was 76 of 102 (74.5%). The percentage of RBV dose reduction was higher for the CC than non-CC patients (18% ± 12.1% vs 8.5% ± 10.2% of the recommended dose, P = 0.021). The percentage of CC patients requiring an RBV dose reduction was greater than that of non-CC patients (77.4% vs 44.4%, respectively, P = 0.044) (Figure 3). Calculation of the time-point of reduction showed a significant difference between CC and non-CC patients at week 4, at which time none of non-CC patients required an RBV dose reduction compared to 35 CC patients with a high reduction of RBV (P = 0.025).   Although the reduction of RBV started earlier for patients with the CC than with the non-CC genotype (6.1 ± 5.3 vs 10 ± 8.5 wk, respectively), it did not reach statistical significance (P = 0.325). After the first 12 wk, 11 CC patients stopped the treatment due to non-responsiveness, whereas all non-CC patients continued the full course of treatment. Table 4 shows a comparison of the average RBV dose during the first 12 wk with the following 36 wk of treatment course between CC and non-CC patients. A significant was found (P = 0.035 and 0.029, respectively). 

Protocol of RBV dose reduction 

Almost all of the patients in this study had an RBV dose reduction in the first 12 wk of treatment, with 200 mg the initial reduction when Hb declined by more than 3 g/dL. Patients with severe anemia had a higher reduction when their Hb reached less than 10 g/dL. Usually, discontinuation of treatment is considered when the Hb declines to less than 8.5 g/dL; however, in this study, none of the patients had treatment discontinued due to this cause. During the first 12 wk, 74.2% of the CC patients (69 of 93) received 80% or more of the initially recommended dosage of RBV, whereas all non-CC patients received more than 80% of the dosage (P = 0.112). 

Impact of ITPA polymorphism on platelet count change 

Calculation of plt count change throughout the 48 wk of treatment showed a difference in the percentage of plt reduction between the CC and non-CC patients (Figure 4). Significant differences were found at weeks 12, 24 and 48 (P = 0.018, 0.009 and 0.026, respectively). Although CC patients had a lower baseline median plt count than non-CC patients (233.2 vs 292.2, respectively), they had a lower percentage of plt reduction during the early weeks of treatment (17.4% vs 28.5%, respectively). Figure 5 shows the difference between ITPA genotypes according to three levels of maximum plt reduction at week 4 (plt reduction more than 70 × 109 /L, from 50-70 × 109/L, and less than 50 × 109/L). The percentage of patients was significantly different among those with plt reduction more than 70 × 109 /L, 87.5% for non-CC vs 46.4% of CC (P = 0.029). This result indicates the anemia susceptible patients of group CC are less likely to develop a higher degree of plt reduction than non-CC patients. Notably, the percentage of the relative reactive increase in the plt count during weeks 1-4 was higher for CC patients than for non-CC patients but did not reach statistical significance (34.4% vs 11%, respectively, P = 0.264). However, the reactive plt increase of the CC and non-CC patients did not correlate with either an Hb reduction > 3 g/dL or with the baseline plt count of weeks 1-4. 

   No significant difference in the white blood cells (WBCs) was found between the CC and non-CC patients during the early weeks of treatment (P > 0.05) (Figure 6). Also, there was no significant association between ITPA genotype and early virological response (EVR) at week 12. 

DISCUSSION

To our knowledge, this is the first study to assess the impact of the rs1127354 ITPA genotype on the anemia of Egyptian patients infected with chronic hepatitis C regardless the outcome of treatment. Marsh et al[19] and Cao et al[20] reported the distribution of ITPA genotypes in multiple populations, which reached the highest rate among Asians (11%-19%) and lowest in Central/South Americans (1%-2%) while in Caucasian and African populations the distributions were constant (5%-7%). In our study, the distribution of ITPA polymorphism was 8.8 %, which is almost comparable with previous reports. Previous studies have demonstrated the protective benefit of the minor allele A of the rs1127354 ITPA SNP against RBV induced anemia during the first 12 wk of combination treatment[14,15,21-23]. Similarly, Hb decline > 3 g/dL was detected in about 64.5% of the anemia susceptible group CC, which means that about 35.5% did not develop anemia. 

   The difference of Hb decline between the CC and non-CC groups throughout the treatment is comparable with previous studies[14,15,21,24]. Hb decline in the first 4 wk has been reported to be an independent predictor of development of anemia at some time in the course of treatment[25-29]. This indicates the value of early monitoring of Hb and the consequent of RBV dose adjustment to obviate further hazards of anemia. Anemia is a major cause of RBV dose reduction and premature withdrawal from treatment by 10%-14% of HCV infected patients in the first 12 wk[6]. RBV dose reduction was obviously more necessary for patients in CC group than for those in the protective non-CC group in the early weeks of treatment, which may explain the relative stability of the Hb level by week 16 in the CC group in comparison with the non-CC group. As long as the mean age of all participants in this study was 35.5 (range 21-50), their mean baseline Hb was 14 ± 1.1 g/dL and almost of them showed mild liver disease, thus there was no need for pretreatment reduction of the RBV dose. There are two explanations for the lack of statistical significance for the ITPA genotypes in multivariate analysis. First, the RBV dose in the univariate analysis showed higher significance than the ITPA genotype (0.0009 vs 0.025, respectively). Second, the colinearity between RBV dose reduction and hemoglobin decline makes the variable of RBV dose reduction is strong enough to prevent the impact of ITPA genotypes in the multivariate analysis. This interpretation was previously confirmed by Domingo et al[15]. In the previous studies[12-14,21-23] the ITPA genotypes were statistically significant in their multivariate analysis, this may be due to the different ethnic cohorts and the greater number of patients included in their studies. Accumulation of the RBV metabolite -(triphosphorylated RBV) in red blood cells (RBCs) causes a relative deficiency of ATP, and hence anti oxidative damage of the cells with erythrophagocytosis[30]. Additionally, the phosphorylation of RBV is reversible in nucleated cells, and the half-life of RBV elimination from RBCs has been reported to be greater than from plasma, 40 d vs only 24 h respectively[2,11], which in turn enhances the destructive effect on RBCs. Recently, it has been reported that the accumulated ITP in RBCs starts to substitute Guanosine triphosphate GTP, which has already been depleted by RBV, for biosynthesis of ATP[31]. According to the classification of predicted ITPase deficiency by Thomson et al[14], we can classify our results of rs1127354 ITPA genotypes into _ , ++, +++ (CC, CA, and AA, respectively). The wild type CC usually shows no deficiency (-) with 100% ITPase activity, the heterozygous genotype CA was predicted to have 25% of ITPase activity. The mutant homozygous AA genotype represents 0% activity (the highest level of deficiency +++). This deficiency in turn leads to accumulation of ITP inside RBCs, instead of RBV triphosphate[32]. 

   There is a robust point in this study; we demonstrated the association between ITPA polymorphism (rs1127354) and RBV induced anemia without resorting to checking the other SNP, rs7270101, of the same gene (a splice altering single-nucleotide polymorphism in intron 2). This was previously confirmed by Suzuki et al[33]. In our study, the difference in plt change of CC and non-CC genotype patients supported, to some extent; the previous results of Tanaka et al[34]; however, it was different than that of Thompson et al[14]. Tanaka et al[34] identified a significant difference in their population at a maximum plt reduction of < 30 × 109/L, but in the present study a significant difference was determined at plt count reduction of > 70 × 109/L. In the current study, we did not find a direct association between the ITPA genotype and plt count change. On the other hand, the association is thought to be indirect through the role of endogenous erythropoietin (EPO), which may increase to confront the reduction of Hb during treatment[25,34-36], they reported sequence homology between EPO and thrombopoietin, which may lead to similarity in their action. Actually, the effect of EPO on the plt count is controversial. In the current study, EPO was not prescribed for any patient. Although EPO prescription is not stated in the established protocol of the Egyptian Ministry of Health for the treatment of hepatitis C in Egypt, some cases may require the addition of EPO in other studies. 

   There are some limitations in the present study: (1) the small number of female participants did not enable us to evaluate possible association with gender; (2) the impact of the ITPA polymorphism on the treatment outcome has not been assessed. This may be attributed to the lower distribution rate of ITPA protective minor allele among populations, which reflects its lack of significance to change the treatment outcome[12,14]; and (3) the unavailability of data to evaluate the endogenous serum level of EPO to determine if there was any association between it and the reactive increase in the plt count among the two ITPA groups. 

   Further research is needed to cover the following points: First, efficacy of the clinical use of this approach and the elucidation of its cost effectiveness. This may enable the physician to take the precautions before starting therapy of these patients who are likely to develop anemia during therapy (ITPA CC genotype). These precautions may include pretreatment initial doses of EPO, initial reduction of RBV doses or even postponement of combined treatment in susceptible patients with no or mild liver disease. Second, verification of the correlation between ITPA genotypes and RBV induced hemolytic anemia by use of the new Specifically Targeted Antiviral Therapy for hepatitis C (STAT-C) among Egyptian HCV patients. Third, the impact of ITPA polymorphism should be determined in targeted cohorts of Egyptian HCV patients, including old age and those suffering from advanced liver disease or chronic kidney disease. Finally, the association between ITPA variants and the plasma concentration of RBV in Egyptian patients should be estimated. 

In summary, the minor allele in ITPA rs1127354 variants (CA/AA) plays a decisive role in protection against the treatment induced anemia and RBV dose reduction of Egyptian HCV patients. Additionally, pretreatment clinical decision regarding RBV dose adjustment can be bolstered by identifying such polymorphisms. 
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Background

Hepatitis C infection is a widespread disease caused by hepatitis C virus (HCV). It infects the liver mainly causing acute disease developing to chronic if left without treatment. Its current standard therapy is a combination therapy of Pegylated Interferon injection plus oral ribavirin drug. The treatment is effective in more than half of patients but has moderate to severe side effects. Anemia is a common side effect which may be a leading cause of decreasing the doses of therapy or even premature withdrawal of the treatment. Herein, the authors reported a correlation between host genetic polymorphisms and pre-treatment prediction of anemia of Egyptian HCV patients.

Research frontiers

Due to the multiple side effects associated with the therapy of hepatitis C disease, many researchers are focusing on studying the pretreatment predictors of these side effects. This will help in obviating the dose reduction and the premature withdrawal of therapy. Although Egypt has the highest rate of HCV infection, no researches have been done on its HCV patients in that field. Therefore, the authors of this study targeted this cohort.
Innovation and breakthrough

The authors reported, for the first time, the implication of inosine triphosphate pyrophosphatase (ITPA) single nucleotide polymorphism (SNP) genotypes in predicting the incidence of anemia in Egyptian HCV patients during the combination therapy. The mutant genotype of this polymorphism has a crucial role in protection against treatment induced anemia and ribavirin (RBV) dose reduction in Egyptian HCV patients. Further studies are needed to elucidate the cost effectiveness of this approach. 

Application

ITPA genotyping is a promising pretreatment predictor of treatment induced anemia before starting the combination therapy of HCV disease. This will enhance the pretreatment decision of early adjustment of RBV dose in patients with the unfavorable genotype. 

Terminology

SNP is the most common type of genetic variation of the human DNA. There are millions of human SNPs. It occurs when a single nucleotide in a genome differs among members of the same species. This difference is due to substitution, insertion or deletion of one nucleotide within the genetic structural unit of human DNA. Many studies found a robust correlation between these SNPs and different diseases.

Peer review

The present study provides interesting results and novelty to genetic factors related to ribavirin induced anemia during HCV therapy in an Egyptian HCV cohort. The manuscript is well written and the conclusion drawn in the data.
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Figure 1 The hemoglobin decline in CC and non CC inosine triphosphate pyrophosphatase genotypes. The hemoglobin (Hb) levels of the CC show greater decline than of non-CC treatment groups during the course of treatment with significance at weeks 2, 4, 8, 12, 24 and 30. The dark line refers to CC group while the light one refers to non-CC. aP < 0.05 vs CC. The error bars indicate standard error of the mean Hb level.
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Figure 2 Patients with hemoglobin decline more than 3 g/dL. The percentage of CC and non-CC group patients who had hemoglobin decline of more than 3 g/dL during the first 12 wk. aP < 0.05 vs 12 wk.
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Figure 3 Patients with ribavirin dose reduction. Percentage of patients who had ribavirin dose reduction during the first 12 wk of the combination treatment: It was significantly higher in the CC than in the non-CC genotype groups.

[image: image4.emf]a

a

0.05

0

-0.05

-0.1

-0.15

-0.2

-0.25

-0.3

-0.35

-0.4

-0.45

0

4 8 12 16 20

24 28 32

36 4 44 48

Percentage of platelet decline 

Weeks of treatment

non CC CC


Figure 4 Decline of platelets of patients with different inosine triphosphate pyrophosphatase genotypes. The percentages of platelet decline of CC and non-CC group patients throughout the 48 wk of combination treatment. The light line indicates a greater decline of platelet count in the non-CC than CC variants (dark line). Asterisks refer to statistical significance, aP < 0.05 at weeks 12. Error bars indicate standard error.
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Figure 5 Patients with 3 different levels of platelets decline. The percentages of patients according to 3 different levels of platelet decline at week 4 of combination treatment in both groups of inosine triphosphate pyrophosphatase genotypes. Statistical significance is shown with greater level of plt decline.
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Figure 6 White blood cells decline of both inosine triphosphate pyrophosphatase genotypes. The change of white blood cells in the CC and non-CC inosine triphosphate pyrophosphatase genotype groups during the 48 wk of combination treatment: No significant difference between 2 groups was found. Error bars indicate standard error.
Table1 Basal demographic and biochemistry criteria of all patients

	Criteria
	Total

	Number
	102

	Mean age (yr) ± SD
	32.5 ± 7.3

	Sex(male/female)
	90/12

	Mean BMI ± SD
	25.6 ± 2.7

	Mean baseline Hb (g/dL) ± SD
	14.07 ± 1.1

	Mean plt × 103/µL ± SD
	238.5 ± 62.7

	Mean WBCs × 103/ µL ± SD
	6.3 ± 1.4

	ALT > ULN n (%)
	78 (76.5)

	Mean creatinine level ± SD
	0.91 ± 0.44

	Baseline HCV RNA log/IU
	5.4 ± 0.7

	Metavir fibrosis stage:
	

	F1 n (%)
	69 (67.7)

	F2 n (%)
	30 (29.4)

	F3 n (%)
	3 (2.9)

	Grade of inflammation:
	

	A1 n (%)
	64 (62.7)

	A2 n (%)
	33 (29.4)

	A3 n (%)
	5 (5.4)

	PEG IFN
	

	α 2a n (%) (dose)
	72 (70.6) (180 µg/wk)

	α 2b n (%) (dose)
	30 (29.4) (1.5µg/kg per week)

	Ribavirin dose mg/kg per day
	12.5 (10-15 mg)

	HCV genotype, n (%)
	G4, 62 (60.8)- G1,40 (39.2)


Hb: Hemoglobin; BMI: Body mass index; plt: Platelet; WBCs: White blood cells; ALT: Alanine aminotransferase; SD: Standard deviation; ULN: Upper limit of normal of ALT = 12 IU/mL; HCV: Hepatitis C virus; PEG-IFN: Pegylated interferon.
Table 2 Clinical and laboratory data according to rs1127354 inosine triphosphate pyrophosphatase genotypes
	Criteria
	CC
	CA+AA
	P value

	Number
	93 (91.2%)
	9 (8.8%)
	

	Mean age (yr) ± SD
	32.3 ± 7.3
	34.4 ± 7.7
	0.457

	Sex (male /female)
	82/11
	8/1
	

	Mean BMI ± SD
	25.4 ± 2.8
	26.8 ± 1.6
	0.046

	Mean baseline Hb (g/dL) ± SD
	14 ± 1.2
	14.3 ± 1.03
	0.441

	Mean plt × 103/µL ± SD
	233.2 ± 62.1
	292.2 ± 74.3
	0.046

	Mean WBCs × 103/µL ± SD
	6.2 ± 1.5
	6.8 ± 1.1
	0.172

	ALT > ULN n (%)
	71 (76.3)
	7 (77.7)
	> 0.99

	Mean creatinine level mg/dL ± SD
Baseline HCV RNA log/IU
	0.9 ± 0.46
	0.98 ± 0.22
	0.349
> 0.99

	
	5.46 ± 0.7
	5.4 ± 0.8
	


Hb: Hemoglobin; BMI: Body mass index; plt: Platelet; WBCs: White blood cells; ALT: Alanine aminotransferase; SD: Standard deviation; ULN: Upper limit of normal of ALT = 12 IU/mL; HCV: Hepatitis C virus.
Table 3 Logistic regression analysis during the first 12 wk of combination therapy
	Variable
	Univariate
	Multivariate

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

	Sex (female)
	0.49 (0.1-2.4)
	0.386
	4.7 (0.9-26.4)
	0.123

	Age (≥ 40 yr)
	0.66 (0.24-1.8)
	0.421
	1.02 (0.9-1.1)
	0.462

	BMI (≤ 24)
	2.03 (0.82-5.01)
	0.124
	1.2 (1-1.5)
	0.068

	Baseline Hb (< 15)
	0.14 (0.04-0.49)
	0.002
	0.8 (0.5-1.2)
	0.610

	Baseline plt (< 200)
	0.26 (0.1-0.65)
	0.004
	0.9 (0.9-1)
	0.073

	ITPA genotype (CC)
	6.36 (1.24-32.41)
	0.025
	0.4 (0.04-4.08)
	0.671

	RBV dose ≥ 80%
	0.08 (0.01-0.3)
	0.0009
	0.87 (0.82-0.92)
	0.00002


OR: Odds ratio; CI: Confidence interval; BMI: Body mass index; Hb: Hemoglobin; plt: Platelet; ITPA: Inosine triphosphate pyrophosphatase; RBV: Ribavirin.
Table 4 The average ribavirin dose during 2 different time-points among inosine triphosphate pyrophosphatase CC and non CC genotypes
	
	During first 12 wk
	From 12-48 wk of treatment

	No. of  patients
Average RBV dose mg/wk ± SD

P value
	Total      CC     CA+AA             

  102       93        9                 

947 ± 151.4

936 ± 148.3

0.035
1059 ± 144.1


	Total        CC       CA+AA

91

943 ± 153.2

82

930.5 ± 149.6

0.029
9

1059 ± 144.1
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