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Background:

The treatment objective in patients chronically infected with hepatitis C virus (HCV) is viral eradication, or a sustained viral re-
sponse (SVR). For genotype 1 HCV, the most common genotype, current treatment is 48 weeks of peginterferon alfa and ribavi-
rin (PR) and approximately 42% to 50% of patients achieve sustained viral response (SVR) with this treatment.(1), (2) Recently,
telaprevir,an HCV NS3+4A protease inhibitor, has demonstrated antiviral activities to increase the SVR rates in regimens in com-
bination with PR.(3), (4), (5), (6) Mathematical models of HCV dynamics in interferon and ribavirin treatment have been useful in
predicting the percentage of patients achieving SVR.(7, 8) In treatment combinations with direct-acting antiviral(s) such as tela-
previr,the HCV population must be considered as a mixed population, consisting predominantly of wild-type virus (WT) and a
small population of variants with varying levels of sensitivity to telaprevir.(9), (10) Variants were estimated with lower fitness
(lower replicative capacity) than WT; variants with higher level of resistance were estimated with lower fitness than variants
with lower level of resistance.(11) The resistant variants exist at a low frequency prior to the start of treatment(12), (13) because
they are less fit than WT.(11), (14) The resistant variants retain sensitivity to antiviral inhibition by PR treatment in vitro(15) and
in patients.(16) Therefore, to quantify HCV RNA dynamic responses to telaprevir treatment, a multi-variant viral dynamic model
must be considered.(11, 14)

Objective:

To develop a multi-variant, HCV RNA dynamic model that predicts the virologic outcome of treatments with different combina-
tion regimens including telaprevir, peginterferon-alfa, and ribavirin (T/PR).

Methods:

HCV RNA and drug exposure vs. time data from a total of 1162 patients who participated in clinical trials (Studies PROVET,
PROVE2, PROVE3, C208) evaluating regimens including peginterferon-alfa, ribavirin and telaprevir, were used to improve a
model previously published.(11) A two-step approach of pharmacokinetic (PK) and pharmacodynamic (PD) modeling was
implemented. The PK models of concentrations were implemented as follows: peginterferon-alfa as a one-compartment model,
ribavirin as a three-compartment model(17), and telaprevir as a one-compartment model.The PD viral dynamic model ac-
counted for viral populations as a mixture of quasispecies with varying fitness and sensitivity to telaprevir. Model-predicted
telaprevir, peginterferon-alfa, and ribavirin pharmacokinetics were entered into the PD viral dynamic model.The PD parameters
were estimated using HCV RNA data from PR and T/PR regimens in studies in treatment-naive patients (PROVE1 and PROVE2).
The predicted HCV RNA dynamics for treatment-naive subjects were generated by simulations, with parameters re-sampled
from the distributions of individual Bayesian estimates from the population approach.The predicted SVR rates were calculated
by evaluating HCV RNA dynamics and entering the observed discontinuation rates into the model.The predicted SVR rates for
different categories of prior PR treatment-failure subjects (nonresponder and relapser) were generated by simulating the HCV
RNA dynamics in response to PR treatment, and by filtering the responses with the respective criteria of PR responsiveness.The
modeling analyses were performed with and without the following eradication assumptions: (i) that eradication of each variant
is a discrete event occurring at variable times during treatment, and (ii) when variants were eradicated (levels were below the
eradication limit), variants changed state from replicating to non-replicating. The PK models were implemented using
NONMEM v6, and the PD model was implemented using Jacobian® software (RES group, Inc.).

Results:

The model was qualified by comparing the a priori predictions and the observed data from two subsequent studies (PROVE3
and C208).The model-predicted SVR rates were compared to observed SVR rates across different patient populations with vari-
ous durations of treatment and two dose-schedule regimens. Sensitivity analysis was performed on the model with and with-
out the assumption of eradication during treatment. The results suggested that the model with eradication assumption re-
sulted in predicted outcomes that were more consistent with the observed outcomes in Phase 2 studies.

Conclusions:

To match the observed clinical outcomes, a model of viral eradication in regimens containing telaprevir, peginterferon, and
ribavirin needed the assumption that HCV variants were eradicated during treatment. The different on-treatment times when
variants were eradicated in the model suggested that the optimal durations of telaprevir treatment and of PR treatment may
be different.

Figure 1 Multi-variant HCV RNA dynamic model

Target-cell Target-cell
synthesis s clearance d (dot Time-derivative of a state variable
above) a
. Target . variable
Infe Ct'(?n cell T (1 l_n f? %[\Igg- T Healthy target cells
(1 'n)ﬁ\/' T N J S Target cell synthesis rate
O d Target cell degradation rate
N / ) .
N / n Blockage of infection
N / .
N Drugs: - B Infection rate
telaprevir, Infected ViorV.  Plasma virion“i" or"j"
ribavirin J Variant-i-infected-cell clearance rate
d N p Production rate of wild-type (WT)
e | m., Mutation rates from Vj toV.
Production Mutation PrO_dUCtl(?n £ Blockage of production
(1-€i)pfi rate m (1-&i) pfili f Variant-i fitness: production rate relative
to wild type

C Plasma virion clearance rate
SVR, . HCV RNA limit of eradication

Plasma

Clearance Virion V, Clearance Virion VJ
cVi ch
T = s —dT — (1 — ;,:),_JTZ % (1)
i
1 —n)3TV, —6;1; ifV,>SVRy,. |
i = ) =) Y= DV e Vi (2)
\ 0 otherwise
o _ Z; pm; (1 —e€;)f;il; —cV; it V, = SVR; " (3)
'! 0 otherwise
References

1.  Fried, M. W,, Shiffman, M. L., Reddy, K. R., Smith, C., Marinos, G., Goncales, F. L., Jr., Haussinger, D., Diago, M., Carosi, G., Dhumeaux,
D., et al. (2002) New Engl J Med 347, 975-982.

2.  Manns, M. P, McHutchison, J. G., Gordon, S. C,, Rustgi, V. K., Shiffman, M., Reindollar, R., Goodman, Z. D., Koury, K., Ling, M.-H., &
Albrecht, J. K. (2001) The Lancet 358, 958-965.

3.  McHutchison, J. G,, Everson, G. T., Gordon, S. C., Jacobson, I. M., Sulkowski, M., Kauffman, R., McNair, L., Alam, J., & Muir, A. J. (2009)
New Engl J Med 360, 1827-1838.

4. Hezode, C,, Forestier, N., Dusheiko, G., Ferenci, P, Pol, S., Goeser, T., Bronowicki, J.-P.,, Bourliere, M., Gharakhanian, S., Bengtsson, L.,
et al. (2009) New Engl J Med 360, 1839-1850.

5.  McHutchison, J. G., Manns, M. P,, Muir, A. J,, Terrault, N. A., Jacobson, I. M., Afdhal, N. H., Heathcote, E. J., Zeuzem, S., Reesink, H. W.,
Garg, J., et al. (2010) New Engl J Med 362, 1292-1303.

6. Forns, X., Marcellin, P, Ferenci, P,, Géser, T., Nevens, F.,, Carosi, G., Drenth, J. P, Serfaty, L., Backer, K. D., Heeswijk, R. v., et al. (2010) J
Hepatol 52 Suppl 1, S26.

7. Dixit, N. M., Layden-Almer, J. E,, Layden, T. J., & Perelson, A. S. (2004) Nature 432, 922-924,

8. Snoeck, E., Chanu, P, Lavielle, M., Jacgmin, P., Jonsson, E. N., Jorga, K., Goggin, T., Grippo, J., Jumbe, N. L., & Frey, N. (2010) Clin
Pharmacol Ther 87, 706-713.

9. Sarrazin, C, Kieffer, T. L., Bartels, D., Hanzelka, B., Muh, U., Welker, M., Wincheringer, D., Zhou, Y., Chu, H. M,, Lin, C,, et al. (2007) Gas-
troenterology 132, 1767-1777.

10. Kieffer, T. L., Sarrazin, C., Miller, J. S., Welker, M. W., Forestier, N., Reesink, H. W., Kwong, A. D., & Zeuzem, S. (2007) Hepatology 46,
631-639.

11. Adiwijaya, B. S., Herrmann, E., Hare, B., Kieffer, T., Lin, C,, Kwong, A. D., Garg, V., Randle, J. C. R,, Sarrazin, C., Zeuzem, S., et al. (2010)
PLOS Comput Biol 6, €1000745.

12. McPhee, F,, Hernandez, D., Zhai, G., Friborg, J., Yu, F., Franco, D., Falk, P., & Colonno, R. (2006) in First International Workshop on
Hepatitis C Resistance and New Compounds (Boston, MA).

13. Ralston, R. (2007) in Second International Workshop on Hepatitis C, Resistance and New Compounds (Boston, MA).

14. Rong, L., Dahari, H., Ribeiro, R. M., & Perelson, A. S. (2010) Science Transl Med 2, 30ra32.

15. Lin, K., Kwong, A. D., & Lin, C. (2004) Antimicrob Agents Ch 48, 4784-4792.

16. Forestier, N., Reesink, H. W., Weegink, C. J., McNair, L., Kieffer, T. L., Chu, H. M., Purdy, S., Jansen, P. L. M., & Zeuzem, S. (2007) Hepa-
tology 46, 640-648.

17. Wade, J. R., Snoeck, E., Duff, F., Lamb, M., & Jorga, K. (2006) Br J Clin Pharmacol 62, 710-714.

Figure 2 Model verification: Comparison between observed and predicted
SVR rates in Studies PROVE1, PROVE2, PROVE3, and C208
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Figure 3 Simulated viral dynamics of typical subjects on T12PR48 treat-
ment by assumed eradication

Notes: The simulations were for a typical genotype 1a subjects treated with a combination regimen of 12 weeks of telaprevir and 48 weeks of pegin-
terferon and ribavirin, with PR responsiveness of a typical simulated treatment-naive and a PR-treatment failure subjects. The parameters for the typi-
cal PR treatment-failure subject were obtained from median in simulated subjects who failed to reach eradication with 48 weeks of PR treatment. The
sensitivity to eradication assumption were performed as follows: “Yes”, if variants cannot replicate when their levels are below eradication limit; “No”, if
variants can replicate when their levels are below eradication limit. The limit of eradication was chosen to be 10° IU/mL, or HCV RNA decline of
-12log,, in a typical patient with HCV RNA baseline level of 107 [lU/mL.
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Figure 4 Predicted clinical outcome among treatment-naive
subjects who completed T12PR24 treatment by assumed eradication

Notes: The simulations were for simulated treatment-naive population, with genotype 1a:1b ratio of 1:1. The sensitivity to eradication assumption
were performed as follows: “Yes”, if variants could not replicate when their levels were below eradication limit; “No”, if variants could replicate when
their levels were below eradication limit. The simulated clinical outcomes were defined as follows: Failure at Week 1-12, HCV RNA returns back to
detectable levels in the first 12 weeks (during telaprevir treatment); Failure at Week 13-24, HCV RNA levels return back to detectable level during
Weeks 13-24 of therapy (during PR treatment, after completion of 12-week of telaprevir treatment); Relapse, HCV RNA undetectable at the end of
treatment, but did not reach eradication; SVR, eradicated prior to treatment stoppage. The observed failure rate at Weeks 1-12 were 7%(3), 1% to
5%(4), and 3% to 10%(6); the observed failure rate at Weeks 13-24 were 0% to 1%(4), and 0% to 5%(6); the observed relapse rate in T12PR with PR
durations of 24 to 48 weeks (with denominator of all subjects) were 1% to 4%(3), 10%(4), and 2% to 5%.(6) Compared to the simulated outcomes
without eradication assumption, the simulated outcomes with eradication assumption matched the observed clinical outcomes better.
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