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ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Fifteen treatment-naive patients with chronic hepatitis C infection (genotypes 1, 2, 3 and 4) 29 underwent PEG-IFNα-2b/ribavirin combination therapy. Blood samples were collected before 30 the first injection (T 0 ) and then at different time points until the next injection a week later. 31

The PEG-IFN concentration and the HCV load were assayed. 32

The serum interferon concentration peaked two days after the first injection (mean value for 33 the study population; T max =40.9 hours; C max =490 pg/ml) and a trough in viral load was seen at 34 day three. The PEG-IFNα-2b concentration decreased from day 2 to day 7, enabling a viral 35 rebound in all patients. The change in viral load between day 0 and day 3 differed 36 significantly according to whether the patients were responders at week 12 37 (∆logD0/D3=2.729±1.419 Log 10 IU/mL) or not (∆logD0/D3=1.102±0.472 Log 10 IU/mL). 38

Our results emphasize the potential clinical importance of achieving viral decay immediately 39 after initiation of interferon-ribavirin combination therapy. 40

Introduction 44

The hepatitis C virus (HCV; family: Flaviviridae; genus: Hepacivirus) is a major causative 45 agent of chronic hepatitis -a condition that can progress to cirrhosis and hepatocellular Given that novel drugs (such as protease and polymerase inhibitors) will not become available 67 in the very near future, efforts are being made to optimize current therapies and thus increase 68 the response rate. The first parameter to have been modified was the treatment duration. 69 Whereas a shorter course of treatment will be sufficient for some patients, longer treatment is 70 advisable for others [START_REF] Francois | Optimizing the 252 treatment of chronic viral hepatitis C[END_REF][START_REF] Mangia | 283 Individualized treatment duration for hepatitis C genotype 1 patients: A randomized 284 controlled trial[END_REF]. These new therapeutic 71 strategies are based on evaluating the early-stage viral kinetics in general and the HCV load 72 one month after treatment initiation in particular. Indeed, the rapid virologic response (RVR, 73 defined as an undetectable viral load after 4 weeks of treatment) is highly predictive of the 74 sustained response rate [START_REF] Martinot-Peignoux | Virological response at 4 weeks to predict outcome of hepatitis C treatment with 292 pegylated interferon and ribavirin[END_REF]. Hence, analysis of the change in 75 viral load over the first month may be helpful for modifying the treatment as soon as possible, 76 as a function of the observed antiviral efficacy. 77

In order to establish whether or not the early treatment response is a useful parameter, we 78 studied the pharmacokinetics of PEG-IFNα-2b and HCV levels during the first week of 79 treatment in 15 patients and evaluated the correlation between these two parameters. 80 

Patients and Methods 82

Samples: 83

Serum samples were obtained from 15 patients chronically infected with HCV (genotype 1: 84 n=10; genotype 2: n=1; genotype 3: n=1; genotype 4: n=3). All patients were interferon-naïve 85 and eligible for combination therapy (Table 1). HCV RNA had been detectable for at least the 86 previous year. The treatment was once weekly 1.5 µg/kg PEG-IFNα2b, combined with daily, 87 oral ribavirin given according to bodyweight recommendations and regardless of the genotype 88 (1000 mg/day for patients under 75 kg and 1200 mg/day for those over 75 kg). Enrollment 89 began in 2003. 90 Blood samples were collected before (T 0 ) the first injection and then 1, 2, 3, 5 and 8 hours, 2, 91 3, 4, 5, 8, 15 and 29 days and 8 and 12 weeks afterwards. Samples were processed within four 92 hours of collection and stored at -70°C. The treatment outcome was defined as the response at 93 week 12, which is considered by the French consensus group as a good time point for 94 predicting non-response to combination treatment [START_REF] Dhumeaux | Treatment of hepatitis C. The 2002 French 243 consensus[END_REF]. The study design 95 and protocol were approved by the local independent ethics committee. Prior to enrolment in 96 the study, all patients gave their written informed consent to participation. 97 98 Cell line: 99 MDBK-t2 cells (containing the human interferon-inducible MxA promoter linked to a 100 chloramphenicol acetyl transferase (CAT) reporter gene) were a kind gift from Dr Martin D. 101

Fray [START_REF] Fray | Validation of an Mx/CAT reporter gene assay for 254 the quantification of bovine type-I interferon[END_REF] For each assay, MDBK-t2 cells were plated at a density of 1 x 10 6 per well in six-well plates. 108 After 18H of incubation at 37°C in 5% CO 2 , the culture medium was discarded and replaced 109 with 1 mL of DMEM with 10% fetal bovine serum and 100 µL of either a sample or known 110 amounts of PEG-IFNα-2b (Schering-Plough, NJ). The cells were cultured for an additional 111 24H at 37°C in 5% CO 2 . The standard curve was constructed by serial 1:2 dilutions (from 625 112 pg/mL down to 19.5 pg/mL) of PEG-IFNα-2b. Chloramphenicol acetyl transferase expression 113 was determined as previously described [START_REF] Francois | 248 Quantification of different human alpha interferon subtypes and pegylated interferon 249 activities by measuring MxA promoter activation[END_REF]. The intra-assay and inter-114 assay coefficients of variation were 8.6% and 14.4%, respectively. The assay's limit of 115 detection (LOD) was 19.5 pg/mL [START_REF] Francois | 248 Quantification of different human alpha interferon subtypes and pegylated interferon 249 activities by measuring MxA promoter activation[END_REF]. 116 117

Determination of HCV RNA levels: 118

To prepare total RNA from sera, we used the QIAamp RNA kit (Qiagen,Courtaboeuf,119 France) according to the manufacturer's instructions. Next, HCV RNA was quantitated 120 specifically by a real-time RT-PCR assay, as described previously [START_REF] Castelain | TaqMan amplification system with an internal positive 237 control for HCV RNA quantitation[END_REF] The concentration of peginterferon-α α α α2b 129

The serum concentration of PEG-IFNα-2b was measured as described in the Materials and 130 Methods section. PEG-IFNα-2b activity was generally detected between two and three hours 131 after the injection. One patient was excluded because the PEG-IFN concentration was below 132 the LOD throughout the first week (Figure 1B). In the remaining 14 patients, the peak serum 133 concentration (C max ) of PEG-IFNα-2b (490 ± 219.8 pg/ml) was observed 2 days after the 134 injection (T max : 40.9 ± 21.9 hours) (Figure 1A). This peak was followed by a linear decline in 135 the serum PEG-IFNα-2b concentration over the next few days. On day 8 (i.e. just before the 136 scheduled injection of the next dose), the PEG-IFNα-2b concentration had fallen to below 137 100 pg/ml for ten of the 14 patients and was even below the LOD in seven cases (50%). In 138 three cases, the second injection had been performed before collection of the day 8 blood 139 sample (Figure 1B). The same decline was observed over the next three weeks for the five 140 patients for whom a blood sample was collected before the subsequent injections (data not 141 shown). Only two patients had a detectable IFN concentration in the serum before the 142 treatment. 143 144 HCV load. 145 HCV RNA was quantitated in a real-time RT-PCR assay, as described in the Materials and 146 Methods section. All 14 patients responded to the first dose of PEG-IFNα-2b, as evidenced 147 by a decrease in the viral load. During the first week, the lowest viral load was obtained on 148 day three for all patients (Fig. 2A). In order to characterize the interferon's antiviral activity, 149 we calculated the difference in viral load between day 0 and day 3 (expressed in log 10 units 150 (∆log)). As shown in Figure 2B, the mean ∆log d0/d3 was 1.820 ± 1.203 for genotype 1 or 4 151 comparison was made for responders vs. non-responders at week 12 (i.e. no detectable HCV 153 RNA at week 12). The mean ∆log d0/d3 values were 1.102 ± 0.472 and 2.729± 1.419 for the 154 non-responder and responder patients, respectively (p=0.0388) (Fig. 2C). The same trend was 155 observed when considering only genotype 1 patients, although the ∆log d0/d3 values did not 156 differ significantly (2.57±1.19 and 1.69±0.96 for responders and non-responders, 157 respectively; n=10; p=0.28). As shown in Table 2, all the patients with a ∆log d0/d3 > 2 were 158 responders at week 12 and 80% of these individuals showed a sustained virologic response. 159 160

The relationship between HCV load and IFN concentration during the first week of 161

treatment. 162

The treatment's antiviral activity was visualized by plotting the HCV load and the IFN 163 concentration over the first week of treatment on the same graph and for all patients (Figure 164 3A). The two parameters were inversely correlated, with a correlation coefficient of -0.794 165 (p<0.01) (Figure 3B). There was a decrease in the HCV load when the PEG-IFN 166 concentration was at its highest; conversely, the fall in IFN concentration was accompanied 167 by a rebound in the HCV load. 168 One of today's main goals in monitoring the treatment for chronic HCV infection is to predict 171 the SVR as soon as possible after initiation of the therapy. This knowledge may usefully 172 enable therapy to be discontinued in patients who will ultimately fail to benefit or, on the 173 contrary, may help patients to maintain good compliance if the treatment appears to be 174 effective. Hence, understanding the early pharmacokinetics and pharmacodynamics of IFN 175 could be useful for predicting the treatment response. 176

Here, we first looked at pharmacokinetic parameters. Our results confirm previous reports on 177 the pharmacokinetics of PEG-IFNα-2b [Zeuzem et al., 2003]. The serum PEG-IFN 178 concentration peaked at day 2 post-injection and then fell slowly over the course of the week. 179

Hence, in contrast to what had been expected [START_REF] Wang | Structural and 317 biological characterization of pegylated recombinant interferon alpha-2b and its 318 therapeutic implications[END_REF], the PEG-IFNα-2b 180 concentration did not remain stable over the week as a whole. At the end of the week (i.e. 181 before the next scheduled injection) serum IFN could not be detected in most patients. These 182 findings confirmed a number of other reports [START_REF] Bruno | Viral 228 dynamics and pharmacokinetics of peginterferon alpha-2a and peginterferon alpha-2b 229 in naive patients with chronic hepatitis c: a randomized, controlled study[END_REF][START_REF] Formann | Twice-weekly administration of 245 peginterferon-alpha-2b improves viral kinetics in patients with chronic hepatitis C 246 genotype 1[END_REF]. 183

When IFN was no longer detectable in the serum, the viral load increased until the next IFN 184 injection. This observation suggests that the antiviral effect of IFN is not optimal during the 185 first week of treatment and that the pharmacokinetic parameters could be improved. Indeed, 186 this is why twice-weekly injection of PEG-IFNα-2b has been suggested by Formann and 187 collaborators [START_REF] Formann | Twice-weekly administration of 245 peginterferon-alpha-2b improves viral kinetics in patients with chronic hepatitis C 246 genotype 1[END_REF]]. In the latter report, the blood PEG-IFNα-2b 188 concentration was maintained throughout the week and the HCV rebound was avoided. These 189 results were confirmed by Bruno and collaborators, who compared the change in HCV RNA 190 load with the pharmacokinetics of PEG-IFNα-2a and PEG-IFNα-2b [START_REF] Bruno | Viral 228 dynamics and pharmacokinetics of peginterferon alpha-2a and peginterferon alpha-2b 229 in naive patients with chronic hepatitis c: a randomized, controlled study[END_REF]. At 191 week 12, the HCV load was significantly lower in the PEG-IFNα-2a-treated group than in the 192 PEG-IFNα-2b-treated group -suggesting that the difference in HCV RNA values may be 193 PEG-IFNα-2b. However, the latter study was performed by testing the patients' serum during 196 the first week of treatment and did not necessarily reflect pharmacodynamics of interferon in 197 the liver [START_REF] Bruno | Pharmacodynamics of peginterferon alpha-2a and peginterferon 233 alpha-2b in interferon-naive patients with chronic hepatitis C: a randomized, 234 controlled study[END_REF]. 198

The significance of the fact that the trough in HCV load was seen 24 hours after the peak 199 serum IFN and that a HCV rebound occurred rapidly after the IFN concentration had 200 decreased is subject to debate. However, this finding could mean that IFN-induced host 201 proteins with a short half-life could be involved in the early antiviral response. 202 Both viral and host factors have been implicated in the response to IFN therapy. In terms of 203 the viral factors, genotype seems to be an important predictive factor. In particular, genotypes 204 1 and 4 show higher levels of resistance to IFN treatment. Conversely, genotypes 2 and 3 are 205 more sensitive to IFN therapy [START_REF] Fried | 257 Peginterferon alfa-2a plus ribavirin for chronic hepatitis C virus infection[END_REF][START_REF] Manns | Peginterferon alfa-2b plus ribavirin 287 compared with interferon alfa-2b plus ribavirin for initial treatment of chronic 288 hepatitis C: a randomised trial[END_REF]. The present study 206 confirmed that the early decline in viral load (∆log d0/d3) is lower for genotypes 1 and 4 than 207 for genotypes 2 and 3. However, this difference was not statistically significant -no doubt due 208 to the low number of patients in general and genotype 2 or 3 patients in particular. Several 209 lines of evidence now suggest that early viral clearance in patients infected with HCV is a 210 sign of more effective IFN-ribavirin combination therapy [START_REF] Bekkering | Estimation of 225 early hepatitis C viral clearance in patients receiving daily interferon and ribavirin 226 therapy using a mathematical model[END_REF]Galeras JA, 211 2006;[START_REF] Jessner | Early viral kinetics on treatment with pegylated interferon-alpha-2a 280 in chronic hepatitis C virus genotype 1 infection[END_REF][START_REF] Rosen | 307 Early hepatitis C viral kinetics correlate with long-term outcome in patients receiving 308 high dose induction followed by combination interferon and ribavirin therapy[END_REF]. The analysis of the ∆log d0/d3 appears to 212 further corroborate this hypothesis. Just as the rapid virologic response is predictive of the 213 sustained response rate [START_REF] Jensen | Early identification of HCV genotype 1 patients 276 responding to 24 weeks peginterferon alpha-2a (40 kd)/ribavirin therapy[END_REF][START_REF] Martinot-Peignoux | Virological response at 4 weeks to predict outcome of hepatitis C treatment with 292 pegylated interferon and ribavirin[END_REF]Yu et al., 2007] 214 [START_REF] Deltenre | A 2-240 log drop in viral load at 1 month is the best predictor of sustained response in HCV 241 patients with normal ALT: a kinetic prospective study[END_REF], the ∆log d0/d3 might also be an early-stage parameter with predictive 215 value. However, the present results must be verified with a large number of patients. 
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