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Abstract

Background&Aims—Recent clinical trials of direct-acting-antiviral agents (DAAs) against 

hepatitis C virus (HCV) achieved >90% sustained-virological response (SVR) rates, suggesting 

that cure often took place before the end of treatment (EOT). We sought to evaluate retrospectively 

whether early response kinetics can provide the basis to individualize therapy to achieve optimal 

results while reducing duration and cost.
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Methods—58 chronic-HCV patients were treated with 12-week sofosbuvir+simeprevir(n=19), 

sofosbuvir+daclatasvir(n=19), or sofosbuvir+ledipasvir in three French referral centers. HCV was 

measured at baseline, day 2, every other week, EOT and 12 weeks post EOT. Mathematical 

modeling was used to predict the time to cure,i.e,<1 virus copy in the entire extracellular-body 

fluid.

Results—All but one patient who relapsed achieved SVR. Mean age was 60±11 years, 53% were 

male, 86% HCV genotype-1, 9% HIV coinfected, 43% advanced fibrosis (F3), and 57% had 

cirrhosis. At weeks 2, 4 and 6, 48%, 88% and 100% of patients had HCV<15 IU/ml, with 27%, 

74% and 91% of observations having target-not-detected, respectively. Modeling results predicted 

that 32(43%), 16(23%), 7(13%), 5(9%) and 3(5%) subjects were predicted to reach cure within 6, 

8, 10, 12 and 13 weeks of therapy, respectively. The modeling suggested that the patient who 

relapsed would have benefitted from an additional week of sofosbuvir+ledipasvir. Adjusting 

duration of treatment according to the modeling predicts reduced medication costs of 43%-45% 

and 17%-30% in subjects who had HCV<15 IU/ml at weeks 2 and 4, respectively.

Conclusions—The use of early viral-kinetic analysis has the potential to individualize duration 

of DAA therapy with a projected average cost-saving of 16%-20% per 100-treated persons.
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Introduction

Hepatitis C virus (HCV) is a major cause of chronic liver disease, with an estimated 170 

million people infected worldwide[1]. The development and recent approval of DAAs 

(direct-acting antiviral agents) has led to a revolution in the treatment of HCV with high 

sustained virological response (SVR) rates and virtual elimination of serious side effects [2]. 

Sofosbuvir-based regimens, including ledipasvir, simeprevir or daclatasvir achieve SVR 

rates of over 90% in all patient populations, including difficult to treat patients with 

cirrhosis, HIV co-infection, and previous non-responders [3-6]. However, high medication 

costs have limited access to treatment and have placed a substantial financial burden on 

insurers and national healthcare systems [7, 8].

Historically, on-treatment HCV RNA levels served as an indicator of treatment outcome [9]. 

In particular, during interferon-alpha therapy, on-treatment virus levels were a better 

predictor of treatment failure than of treatment success and thus provided the basis for 

treatment stopping rules [10]. With the advent of DAAs, the exceptionally high SVR rates 

achieved have made it far less important to predict response versus non-response and early 

viral kinetics (i.e. time to viral negativity) do not predict treatment failure [11, 12]. However, 

it would be extremely useful if early HCV kinetics could be used to determine duration of 

treatment needed to achieve cure, i.e. SVR.

In a previous study, we reported for the first time the use of real-time mathematical 

modeling of on-treatment HCV kinetics to individualize duration of IFN-free therapy with 

intravenous silibinin including the empowerment of the patient to participate in treatment 
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decisions [13]. The application of similar modeling approaches to treatment with DAAs 

could provide the basis for using early on-treatment HCV RNA levels to predict duration of 

treatment needed to achieve cure and thus shorten treatment and reduce costs for some 

patients. Additionally, shorter regimens with low pill burdens, and few adverse effects could 

improve patient adherence in difficult to treat populations [6].

The objective of this study was to use kinetic analysis and modeling of early on-treatment 

HCV RNA levels to predict the duration of DAA therapy needed to achieve SVR. The 

analysis was performed retrospectively on data collected from patients treated with 

sofosbuvir in combination with simeprevir (SIM), daclatasvir (DAC), or ledipasvir (LEDI).

Patients & Methods

Patients

Data were obtained from 60 consecutive patients who received treatment for chronic HCV at 

three French HCV referral centers (Hôpital Européen - Marseille, Hôpital Saint Joseph-

Marseille and Centre Hospitalier – Hyères) between December 2014 to January 2015. 

Patients were treated with sofosbuvir in conjunction with ribavirin (n=2), SIM (n=19), DAC 

(n=19), or LEDI (n=20). Due to the small n of the ribavirin treatment arm, these 2 patients 

were excluded from analysis and modeling in the current study. Patients were treated 

according to the recommendations of the French association for the study of the liver 

(AFEF), taking into consideration previous treatment, HCV genotype, fibrosis stage ≥F3 

(performed less than six months before the start of therapy), and/or experts consensus 

recommendations [14].

All patients agreed to have their samples used for research purposes and the study was 

performed in compliance with Article L1121-1 of the French Public Health law. The study 

was approved by the steering committee of each participating hospital.

Fibrosis stage was evaluated by Fibrotest [15] or Fibroscan [16, 17] and classified according 

to the Metavir scoring system following French Guidelines [18]. Values of FibroTest≥0.59 

or Fibroscan≥9.5 kPa were defined as advanced fibrosis (≥F3) and values of FibroTest≥0.79 

or fibroscan≥12.1 kPa were defined as cirrhosis (F4)[19-21].

HCV RNA Measurements

HCV viral loads were assessed using Cobas Taqman HCV Test v2.0 (Roche Diagnostics 

France; limit of quantification 15 IU/ml)[22]. HCV RNA levels were measured at baseline, 

day 2, and weeks 2, 4, 6, 8 and 12 during therapy and then 4 weeks and 12 weeks after 

completion of therapy. In the SOF+LEDI group, HCV RNA levels also were measured at 

week 1.

Mathematical Modeling

HCV viral kinetics under therapy was assumed to follow the standard biphasic model [23]:
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(Eq. 1)

where T0 represents the number of target cells (i.e., hepatocytes), I, the number of infected 

cells and V, is the viral load in blood. Virus, V, infects target cells with rate constant β, 

generating productively-infected cells, I, which produce new virions at rate p per infected 

cell. Infected cells are lost at a rate δ per infected cell and virions are assumed to be cleared 

from blood at rate c per virion. Similar to previous modeling efforts [13, 23], we assume the 

target cell level remained constant during therapy at pre-treatment level T0=cδ/βp. DAA 

effect ɛ is defined as the therapy effectiveness 0≤ɛ≤1 in preventing viral production/

secretion. Parameter estimates and their inter-individual variability (IIV) estimates were 

obtained using a maximum-likelihood method by the stochastic approximation expectation-

maximization (SAEM) algorithm [24] implemented in MONOLIX version 4.3.2 (Lixoft, 

Orsay, France). Further details are given in the Supplementary Information.

Cure Boundaries

The time to cure, or SVR, was defined as the time to reach less than one hepatitis C virion in 

the entire extracellular body fluid (blood, interstitial and transcellular) volume 

approximately 13.5L [13, 25-27]. A value of 7×10-5 for V (IU/ml) was used as the threshold 

for cure as the concentration of one virion/13,500 ml = 7×10-5 IU/ml. A secondary, more 

speculative analysis was performed in which time to cure was defined as less than one virus 

and infected hepatocyte in the body [13, 25-27] (Supplementary Information).

Statistical Analysis

Associations between either treatment type and patients characteristics were performed 

using either χ2 test or Fisher test for categorical variables or non-parametric Wilcoxon test 

for continuous variables. For all analyses, a P-value, P≤0.05 was considered as statistically 

significant. Data analyses were performed using SAS V9.1 software system (SAS Institute 

Inc., Cary, NC)

Results

Baseline Characteristics, viral kinetics and SVR rates

Mean age was 60±11 years, 30 (53%) were male, 50 (86%) HCV genotype 1, 8 (14%) non-

genotype 1 (genotype 3 (n=1), genotype 4 (n=6) and genotype 5 (n=1), 5 (9%) HIV 

coinfected, 25 (43%) had severe fibrosis (F3), and 33 (57%) had cirrhosis (Table 1).

Pretreatment HCV RNA levels were significantly (P=0.007) different among treatment 

groups with SOF+SIM (5.70±1.05 log IU/ml), SOF+LEDI (5.99±0.46 log IU/ml) and SOF

+DAC (6.45±0.45 log IU/ml). The SOF+SIM group had a trend toward a lower proportion 

of patients with cirrhosis (P=0.093). In addition, there were significantly less non responders 

(NR) to previous treatment in the SOF+LEDI group (50%) compared to SOF+SIM (96%) 

and SOF+DAC groups (93%; P=0.014).
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Fifty seven (98%) patients achieved SVR12 with one relapse in the SOF+LEDI group. 

During therapy, 3 patients (5%) had viral loads <15 IU/ml (detected or target not detected, 

TND) at day 2, 25 (43%) had <15 IU/ml at week 2, 23 (40%) at week 4, and 7 (12%) at 

week 6 (Fig. 1A). Three patients (15%) in the SOF+LEDI group had <15 IU/ml (detected) at 

week 1. In addition, the mean time to reach, TND, was similar among treatment groups, 

with 2 patients (3%) achieving TND at day 2, 14 (24%) at week 2, 27 (47%) at week 4, 10 

(17%) at week 6, and 5 (9%) at week 8 (Fig. 1B). There was no association (P>0.24) 

between viral response type (i.e., time to viral load <15 IU/ml or TND) and fibrosis stage 

(cirrhotic vs non-cirrhotic), or previous viral response (NR, Relapse, naïve) during IFN-

based regimens (not shown).

Viral kinetic parameter estimation

Model fitting was not performed in 4 patients whose viral load was already <15 IU/ml or 

TND at day 2 (n=3) or day 7 (n=1). The standard biphasic model (Eq. 1) that includes inter-

individual variability (IIV, see Supplementary Information) in HCV-infected cell loss rate, δ, 

and pretreatment HCV RNA, V0, best described the data measured in 54 subjects. The 

model fit the measured data well (Fig. 2 and Fig. S2), the parameters were accurately 

estimated (Tables S1 and 2) and the goodness-of-fit plots were satisfactory (Fig. S3). The 

initial HCV viral load was estimated at 6.07 (standard error, s.e=0.15) log10 IU/mL, with an 

IIV of 8% (s.e=1%). Infected cells loss rate, δ, was estimated at 0.406 (s.e=0.033) d-1, 

leading to an HCV-infected cell half-life of 1.71 (s.e=0.14) days. Parameter δ exhibited an 

IIV of 46% (s.e=6%) among patients. Therapy effectiveness was similar among treatment 

groups and among patients being estimated as 0.997 (s.e=0.0008) (Table 2).

Predicting time to cure

Using the estimated individual parameters (Table 2) we calculated the time to reach less than 

one virus copy in the entire extracellular fluid of each patient. The mean time to virus 

clearance from the extracellular fluid was 6.9 weeks [95% confidence interval, CI: 6.1 to 7.7 

weeks] with no significant (P>0.23) difference between treatment groups or cirrhosis versus 

no cirrhosis. To be conservative, we stratified the duration of therapy needed to achieve virus 

eradication based on model predictions as follows: (i) subjects with predicted viral 

eradication in less than 6 weeks could be assigned to 6 weeks therapy, (ii) subjects with 

predicted viral eradication between 6 to 8 weeks could be assigned to 8 weeks therapy, (iii) 

subjects with predicted viral eradication between 8 to 10 weeks could be assigned to 10 

weeks therapy and (iv) subjects with predicted viral eradication between 10 to 12 weeks 

could be assigned to 12 weeks therapy. As such, 32 (43%) subjects were predicted to reach 

<1 virus copy in the extracellular fluid within 6 weeks of therapy,16 (23%) subjects by 8 

weeks of therapy, 7 (13%) subjects by 10 weeks of therapy, and 5 (9%) subjects were 

projected to need the full 12 weeks of therapy (Fig. 3). Restricting the analysis to patients 

with HCV genotype-1 (n=50) did not change the pattern of results. Three (6%) subjects (one 

in the SOF+DAC group and 2 in the SOF+LEDI group, of whom one was a relapser; Table 

2) were predicted to reach <1 virus copy after a total of 13 weeks of treatment, one week 

more than the standard 12 week treatment course (Table 3). This result suggests that 

modeling may have benefitted the patient who relapsed by extending treatment, while 

unnecessarily predicting the need for an additional week of treatment in 2 cases (3%) who 
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achieved SVR with 12 weeks of therapy. Further theoretical analysis assuming an even more 

conservative definition of cure defined as not only <1 virus copy in the entire extracellular 

fluid but also <1 infected hepatocyte predicted that >12 weeks of treatment (an additional 

1.7 weeks of treatment on average, Table 2) would be required in 5 more individuals, which 

would have been unnecessary (Fig. S4) as discussed in the Supplementary Information.

We further investigated whether pretreatment viral load and/or time to HCV<15 IU/ml can 

be used as response-guided therapy (RGT) markers of the time to cure projected by 

modeling. Pre-treatment viral loads were not associated (P=0.115) with modeling predicting 

time to cure as shown in Table 3. In contrast, the time to HCV<15 IU/ml was highly 

associated with the projected time to cure. The modeling indicated that 22 (92%) patients 

who had HCV <15 IU/ml at day 14 would have reached the cure boundary with 6 weeks of 

therapy. HCV<15 IU/ml at day 28 was less predictive since seventeen (74%) and 6 (26%) of 

patients who had HCV<15 IU/ml at day 28 might have been cured with 8 and 10 weeks of 

therapy, respectively. However, the modeling indicated a 100% cure rate if all patients with 

HCV<15 IU/ml at day 28 would be have been treated for 10 weeks (Table 4).

Cost-Impact analysis

While prices vary from country to country, in France, where the study population was 

treated, the cost of 12 weeks of therapy currently is 41,000€ for SOF and 21,000€ for SIM 

and 25,500€ for DAC, yielding a total cost of 62,000€ or 66,500€ per patient for SOF+SIM 

or SOF+DAC, respectively. The cost of SOF+LEDI (harvoni) in France is 46,000€. For 

simplicity, we calculated the cost as the average of the three regimens, i.e., 58,167€ per 

patient. The use of modeling to reduce duration of therapy in the 25 subjects who had 

HCV<15 IU/ml at day 14 would have led to a total savings of 45% (i.e., 649,528€) in drug 

costs. In the 23 subjects who had HCV RNA<15 IU/ml at day 28, adjusting the duration of 

therapy based on modeling would have produced a total saving of 30% (i.e., 397,472€) in 

drug cost (Table 3). Three (of 7) subjects who had HCV RNA<15 IU/ml at day 42 were 

projected, based on modeling, an additional week of therapy, i.e., an extra cost of 4% (i.e., 

14,542€), however assuming an additional week of therapy would have avoided the observed 

viral relapse in one patient could produce a total saving of 11% (43,625€) in drug cost (Table 

3).

We further explored whether the time to HCV<15 IU/ml can theoretically replace on 

treatment modeling of early HCV kinetics with a simple RGT approach as described in 

Table 4. The use of RGT to reduce duration to 6 weeks of therapy in the 28 subjects who had 

HCV<15 IU/ml by day 14 would have led to a total savings of 43% (i.e., 698,000€) in drug 

costs. In the 23 subjects who had HCV RNA<15 IU/ml at day 28, a 10 week duration of 

therapy would have produced a total saving of 17% (i.e., 222,972€) in drug cost. The 

remaining 7 patients who had HCV<15 at day 42 would have required the standard 12 week 

treatment course.

Data from the present cohort were used to scale up the projected cost saving per 100 patients 

receiving individualized duration of therapy based on modeling viral kinetics or RGT 

approach based on the time to HCV negativity (<15 IU/ml). For this analysis, it was 

predicted that immediate responders (HCV<15 IU/ml at day 2), in whom viral load is not 
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available for accurate math modeling, would achieve cure with 6 weeks of treatment. The 

average cost savings for 100 persons treated with SOF+SIM, DAC or LEDI would be of 

16% and 20% using modeling and RGT approaches, respectively (Tables 3 and 4).

Discussion

The current treatment duration recommendations for the new HCV DAAs are based on pre-

treatment factors including HCV genotype, serum HCV RNA level, presence of cirrhosis 

and previous treatment response. There are a lack of data evaluating whether length of 

therapy can be individualized using on-treatment viral kinetics. In the current study, HCV 

RNA measurements made at weeks 2 and 4, which are recommended for routine monitoring 

by the EASL 2015 Clinical Practice Guidelines, were analyzed using established kinetic 

models to estimate the time to cure with DAA therapy. Difficult to treat patients were 

represented in the study population including 57% with cirrhosis and 76% who were 

treatment experienced. The results were striking in that modeling predicted that therapy 

could have been shortened in more than 80% of cases without affecting SVR rates. 

Specifically, modeling suggested that 42% of subjects likely reached cure after 6 weeks of 

therapy and 42% likely achieved cure by 8 to 10 weeks of treatment. This reduction in 

length of treatment translates into a projected cost savings of about 1 million euro per 100 

treated patients, based on current DAA pricing in France. The modeling also suggested that 

the one patient who relapsed might have benefited from a longer duration of therapy.

Given the high cost of the DAAs and the risk of adverse events in older (>65 yr) patients 

there is substantial interest in minimizing length of therapy [6]. A number of small recent 

and ongoing studies show efficacy for fixed regimens consisting of less than 12 weeks of 

therapy. As an example, the ALLY-2 trial with 8 weeks of SOF+DAC for treatment-naïve 

patients HIV coinfected patients (genotypes 1- 4) yielded an SVR 12 rate of 76% (n=38/50)

[28]. In the OPTIMIST 1 multicenter randomized study in G1 non cirrhotic patients, 8 

weeks duration of SOF+SIM treatment yielded 83% SVR12 compared to 87% SVR12 after 

12 weeks of treatment, with a negative impact of the Q80K polymorphism on the shorter 

duration arm of therapy[29]. A phase 2 pilot study evaluating 8 weeks of treatment with 

ACH-3102 (uridine-analog Nucleotide HCV NS5B polymerase inhibitor) in combination 

with SOF for genotype 1 treatment-naïve HCV yielded 100% (n=12/12) SVR12[30]. The C-

SWIFT trial, which included a 6 weeks treatment arm with SOF+MK-5172+MK-8742 

reported interim SVR4/8 rates of 87% (n=36/30) in non-cirrhotic and 80% (n=16/20) in 

cirrhotic treatment-naïve patients with HCV genotype-1 infection[31]. Interestingly, the C-

SWIFT 4 week treatment duration arm in non-cirrhotic patients with the same DAAs yielded 

about 39% (n=12/31) SVR4/8 rate. The ION-3 trial suggests that treatment-naïve HCV 

genotype-1 subjects without cirrhosis who had baseline HCV RNA <6 million IU/ml can 

achieve high SVR rates with an 8-week course of therapy with SOF+LEDI [32]. (In the 

current study only 3 patients fall in this category. Interestingly, two subjects were treated 

with SOF+SIM and 1 with SOF+DAC with projected durations of 6 and 8 weeks of dual 

DAA to reach cure, respectively). These studies provide proof of concept that HCV can be 

eradicated in as short as 4 to 6 weeks. However, HCV regimens continue to be fixed in 

duration and the proliferation of studies with varying drug combinations and durations of 

treatment makes for a chaotic treatment landscape. Individualizing therapy based on viral 
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kinetic analysis of routine HCV RNA measurements at weeks 2 and 4 (EASL 2015 

guidelines) provides a practical approach to minimize duration of treatment, while 

maximizing SVR rates. As evidenced by the current study, this strategy should transcend 

treatment regimen.

The percentage of patients with HCV<15 IU/ml by week 4 of SOF+SIM or SOF+DAC 

treatment in the current study (88%) was higher compared to a larger French cohort (n=200) 

in which 53% were HCV <12 IU/ml[33]. This may partly explain why in our small cohort, 

98% of patients achieved SVR12 compared to 95% SVR4 (n=189/200) in the larger French 

cohort. In agreement with other studies of DAA regimens, viral kinetics (at weeks 4, 8 and 

12) performed in the study by Hezode et al. did not predict SVR4 in patients receiving SOF 

in combination with DAC or SIM for 12 weeks [11, 12, 33, 34] . However in the era of DAA 

high SVR rates, it is far less important to predict treatment outcome. Instead, we suggest in 

the current study to use HCV kinetics to determine duration of treatment needed to achieve 

cure. Our results indicate that pretreatment viral load level per se should not be used as a 

predictor of the duration of therapy to achieve cure. Instead, the current study indicates that 

reaching HCV <15 IU/ml within 4 weeks might be used to guide duration of therapy. 

Modeling results project that 92% and 100% of patients who had <15 IU/ml HCV RNA at 

week 2 and 4, respectively, might have achieved cure with 6 and 10 weeks of dual DAA 

therapy (Tables 3 and 4). A recent proof of concept study (ClinicalTrials.gov number 

NCT02470858), suggests that non-cirrhotic Chinese patients, in whom viral load was <500 

IU/ml at day 2 of therapy, achieved SVR after 3 weeks of all-oral-triple DAA therapy [35]. 

Interestingly, 3 patients in the current study with dual DAA therapy had HCV RNA <15 

IU/ml at day 2, suggesting that cure would have achieved after ~4 weeks after initiation of 

therapy assuming these patients had an average δ~0.4/day (as estimated for the entire treated 

population, Table S1).

Two subjects (treated with SOF+LEDi or SOF+DAC) were unnecessarily predicted to 

require an additional week of therapy, despite achieving an SVR with 12 weeks of treatment 

(Table 3). This finding suggests that the 2 subjects may have (i) had a higher cure boundary, 

(ii) experienced an immune-mediated effect when viral load was below detection that led to 

a higher HCV-infected cell loss rate (compared to the observed 2nd phase decline or 

parameter δ), (iii) experienced stochastic viral eradication when viral load was small, e.g., 

close to the cure boundary, and/or (iv) that DAAs may effect the ratio between non-

infectious and infectious viral particles [36]. Interestingly, (ii) and (iv) were suggested as 

possible explanations for recent reports documenting that some patients treated with DAAs 

achieved SVR despite having detectable viremia at end of treatment [37-40]. The role of 

interferon lambda-3 polymorphism (formerly called IL28B [41]) in (ii) is not known since 

testing is not recommended in France and is not available in the current study. While the 

biphasic model is not designed to predict (ii) - (iv), the individualized treatment approach 

proposed in the current study may be found useful in most cases [42]. Overall, extending 

treatment for a short duration in a small number of cases based on modeling may add an 

additional margin of safety and prevent viral relapse.

The prediction of the time to the last virion in circulation can be considered robust due to 

available measurements of the viral load in blood. In the Supplementary Information, we 
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explored a second cure boundary, the time to eradication of the last infected cell, which is 

more speculative due to lack of experimental data on the infected cell level. To partly 

address this limitation, we estimated for each patient the fraction of HCV-infected 

hepatocytes before treatment initiation based on his/her body weight and pretreatment HCV 

RNA level (Supplementary Information). Since all but one subject achieved SVR, the 

prediction of more than 12 weeks of treatment to achieve <1 infected cell in 8 individuals 

(Fig. S4) was clearly an overestimate. Therefore, the last virion in the entire extracellular 

body fluid provides the preferred cure boundary. Infrequent viral sampling during the first 

two days of treatment limited application of multi-scale modeling [43, 44]. However, an 

exploratory analysis indicated that the standard biphasic model used here approximated a 

multi-scale approach and did not bias the findings toward predicting shorter time to cure (not 

shown).

In summary, established viral kinetic models can be applied to on-treatment HCV RNA 

measurements to predict duration of DAA therapy needed to achieve cure [13, 45]. Real-

time application of viral kinetic analysis has the potential to individualize treatment 

duration. Importantly, kinetic modeling suggested that DAA treatment could have been 

shortened in more than 80% of the French patients analyzed in this study, with an average 

projected cost savings of 16%-20% per 100 treated patients. Further studies are needed to 

confirm these findings. If validated by larger prospective studies, kinetic modeling of 

routinely obtained on-treatment HCV RNA measurements to estimate optimal length of 

treatment could transform the DAA treatment paradigm.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Viral kinetics
(A) Time (days) to reach HCV <15 IU/ml (target detected or not). (B) Time to reach target 

not detected, TND. No difference (P=0.7, Fisher Exact Test) was found between treatment 

groups. SOF, sofosbuvir; DAC, daclatasvir; SIM, simeprevir; LEDI, ledipasvir.
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Fig. 2. Observed viral kinetics and model predicted curves in 30 representative subjects
Pink diamonds: observed HCV viral load above the limit of quantification, LOQ (>15 IU/

mL); green triangles, observed HCV < LOQ but still detected; blue squares, observed HCV 

viral load below the limit of detection; solid lines, biphasic model (Eq. 1) best fit curves (see 

Table 2 for individual parameters). Sofosbuvir in combination with daclatasvir (D), 

simeprevir (S), or ledipasvir (L). HCV viral load and fit curves of the remaining 24 subjects 

are shown in Fig. S2.
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Fig. 3. 
Projected treatment duration (weeks) to reach cure based on a viral cure boundary 

defined as <1 virus copy in entire patient extracellular fluid (~13.5L). SOF, sofosbuvir; 

DAC, daclatasvir; SIM, simeprevir; LEDI, ledipasvir.
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Table 3

Cost-impact analysis using modeling on therapy with sofosbuvir in combination of simeprevir, daclatasvir or 

ledipasvir.

Observed time to 
HCV RNA <15 

IU/ml
[days]

n (%) Predicted number of patients and treatment 
duration to reach virus cure*

n [weeks]

Estimated treatment 
cost saving (in France) 

to reach virus cure* 
compared to standard 
12 weeks of therapy

[x1000€]

Estimated treatment cost 
saving to reach virus 
cure* compared to 

standard 12 weeks of 
therapy in 100 subjects

2 3(5%) 3[N/A] 1%

14 25(43%) 22 [6]+ 1[10]+1[12]+1[N/A] 650 45%

28 23(40%) 1[6]+16 [8]+6[10] 397 30%

42 7(12%) 4 [12] + 3 [13] 44** 11%

Total 23[6]+16[8]+7[10]+9[12]+3[13] 1091 20%

*
Virus cure is defined as <1 virus copy in the entire extracellular body fluid;

**
additional 3 weeks of therapy (extra cost of 14,542€) but assuming that additional week would have achieved SVR in the subject who relapsed, 

i.e., saving of average cost (58,167€) of DAA therapy in France; N/A, not available due to insufficient viral load measurements.
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