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Context * Test to compare the antiviral potency between Pls

+ Chronic Hepatitis C Virus (HCV) infection — By modeling: Wald test on treatment effect 3

— One of the most common causes of chronic liver disease

— Without modeling: Wilcoxon test to compare log, (VL) differences between

D0 and D14
— Standard of care: bitherapy = kly injections ot lated interferon
. . . .b erapy = weekly injections of pegylated interfero Type I error = % of the 500 datasets where p-value < 0.05 under H,
+ daily oral ribavirin Power = % of the 500 datasets where p-value < 0.05 under H,
— New tritherapy: bitherapy + oral #d Protease Inhibitor (PI): telaprevir (I'VR) Empirical threshold correction in case of inflation of the type I error [7]

or boceprevir (BOC)

Fagure 2. Stmnlated dataset with 1) design (30 patients per Pl and 7 7L
(marketing authorization since September 2011 in France for genotype 1) S T ARt P reference design (30 patients per P1 an /

+ MODCUPIC - ANRS trial |

— Cohort of patients with HCV genotype 1 infection with compensated
cirrhosis (F4) who failed prior treatment by bitherapy

Bitherapy
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— Main objective: provide for the first time a precise description of early viral $ N == = BOC
linet; d h . 1 dit; f 3 = £=99.0%
Nnetics under tritherapy in real conditions Or use : Bitherapy — >~ __
. . s e
— Inclusion of 60 patients scheduled (30 per PI) » TR = ———
— Frequent Viral Load (VL) measurements (table 1) | rop HK\ =
Lable 1. V1. measurement in MODCUPIC e o o
Time (days)

%BLD VR 0.3% 19.3% 88.3%

BOC: 0.0% 1.5% 54.3%

VL measurement | X X X | X | X | X X X X X X
Results

* Mathematical modeling of viral kinetic after treatment initiation

— Describe by Ordinary Differential Equations (ODE) * Parameter estimates (with 30 patients per P, e'" R = 99.9% and £°°¢ = 99.0%)
— Critical insights for the understanding of the virus pathogenesis, the drug’s Table 3. Relative bias and RMSE Fioure 3. Relative prediction errors (%)
mechanism of action and its antiviral etfectiveness |[1] Biais | RMSE |- ol 3. o
* Nonlinear mixed effect models (NLMEM): appropriate to estimate (%o) (%o) |
parameters of these models and their inter-patients variability Number of VL |7 VL 7 VL T o

log,,(V) (U1/mL) | 0.17 - - T
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* To evaluate by simulation: Jog(1e) | 043 B l
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— the estimation performance for the chosen MODCUPIC’s design 3 -0.49
w* V, -0.97
w? ¢ -10.86
w? & -2.33

Model and methods e 451
-0.72

* Neumann et al. viral dynamic model [1]

Froure 1. Viral dynamic model and system of ODE
Infection b

— the power to detect a difference of potency between TVR and BOC

using an HCV dynamic model
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* Type I error and power to detect a difference of potency between Pls

Hypothesis : T constant Froure 4. "Type I error of the Wald test
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Death Clearance Death/Loss — p(l— 6‘)| —cV 2 (500 datasets)
K
. . dt
Target cells (T), free virus (V) and infected cells (I) )
10 pts per PI 30 pts per PI 30 pts per PI 50 pts per PI 100 pts per PI
* Protocol simulation T v s s v
: : .. . : ; 0 ; TT'R — 0 ; ;
— Values of parameters and inter-individual variations proposed by Gued; ez /. |2] Lable 4. Power estimated (7o) with £~ = 99.9% according to the design

Table 2. Values and distributions of population parameters and values of additive random effect

Fixed effect 2.44 10° 13.4 0.58 0.999
Distribution lognormal lognormal lognormal logistic-normal gBOC 99.8% | 99.5% | 99.0% | 99.8% | 99.5% | 99.0% | 99.8% | 99.5% | 99.0%
Inter-individual variation (w) 1.09 0.248 0.245 0.61

Wald test (uncorrected) | 94.0 100 100 | 89.4 | 100 100 | 62.2 | 99.8 100

— Parameters fixed: p = 10 UI/L/ml./cell/day and b = 10°¢ (UI/mL)'/day

: - : .. : Wald test (corrected 89.2 100 100 82.6 100 100 44.2 98.4 100
— Analysis of log,,(VL) with additive residual error: 6 = 0.19 ( )

— € = antiviral potencies (percentage of blockage of virion production) Wilcoxon test 74 | 310 | 670 | 74 | 31.0 | 67.0 | 66 | 11.2 | 2638

TVR = 99.9% and eBOC = 99.8%, 99.5% or 99.0%
~ Treament effecs = loge (1) - ogie ()

— Limit Of Detection (LOD) = 12 UI/mlL.

* The use of viral dynamic modeling approaches along with NLMEM in our

— Designs: simulation study validates the design of MODCUPIC’s trial
— Reference design = 7 VL (0, 0.33, 1, 2, 3, 7, 14 days) and 30 patients per PI — Accurate estimation of the parameters
— 10, 50 or 100 patients per Pl — Good power to compare the antiviral potency of TVR and BOC, even with
— 5 VL. = without VL. at D0.33 and D1 sparse initial sampling
— 500 datasets were simulated for each scenario (R software) * Compared with standard approach (Wilcoxon test), modeling approach
— Population parameters were estimated using SAEM algorithm [3.4] in (Wald test) provides a more powerful tool
MONOLIX 4.2 [5] that take into account Below Limit of Detection (BLD) * The Wald test is asymptotic: threshold correction needed with small samples
data [6] * Modeling with the lead-in phase for BOC is ongoing
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