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Abstract: PK_1 

 
Effect of Mild and Moderate 
Hepatic Impairment on 
Telaprevir Pharmacokinetics  
 
B. Adiwijaya1, G. Chandorkar1, R. van Heeswijk2, L. McNair1, 
P.Y. Kwo3, S. Gordon4, V. Garg1 

 
1Vertex Pharmaceuticals Incorporated, Medicines 
Development Group, Cambridge, USA; 2Tibotec BVBA, 
Clinical Pharmacology, Beerse, Belgium; 3University of 
Indiana, Department of Medicine, Indianapolis, USA; 4Henry 
Ford Hospital, Gastroenterology, Detroit, USA 
 
 
Introduction: Telaprevir, an investigational HCV 
NS3•4A protease inhibitor, in combination with 
peginterferon alfa-2a, 40kDa, and ribavirin has 
shown improved SVR rates compared to 
peginterferon/ribavirin alone in clinical trials. 
Since telaprevir is eliminated primarily by 
metabolism and biliary secretion, a study was 
conducted to investigate the effect of mild and 
moderate hepatic impairment on telaprevir 
pharmacokinetics (PK).  
 
Methods: Telaprevir concentrations were 
studied in open-label, single- and multiple-dose, 
Phase 1 studies in HCV-negative volunteers with 
no, mild (CPA, CPA) or moderate (CPB, CPB) 
hepatic impairment. Ten volunteers were 
enrolled in each of the 3 groups. CPA and CPB 
volunteers were all cirrhotics.Telaprevir was 
administered as a single dose of 750 mg with 
food on Day 1 and plasma samples were 
collected for the assessment of telaprevir 
concentrations up to 24 hours post-dose. 
Between Days 2-5, telaprevir was dosed 750 mg 
q8h with food, with a final 750 mg dose on the 
morning of Day 6 and sample collection up to 
24h post-dose. Geometric least squares mean 
ratio (GLSMR) and 90% confidence intervals 
(90%CI) of telaprevir Cmax and AUC8h for the 
hepatic impaired volunteers (test) and the 
healthy volunteers (reference) were calculated to 
determine the effect of mild and moderate 
hepatic impairment. 
 
Results: In CPA volunteers , telaprevir Cmax and 
AUC8h were 18% lower (GLSMR and 90% CI: 
0.82 [0.62-1.08]) and 11% lower (GLSMR and 
90% CI: 0.89 [0.66-1.22]) after the first dose of 
telaprevir (Day 1) and 10% lower (GLSMR and 
90% CI: 0.90 [0.73-1.10]) and 15% lower 

(GLSMR and 90% CI: 0.85 [0.70-1.02]) after 
multiple doses (Day 6) compared to the 
volunteers without hepatic impairment. In CPB 
volunteers , telaprevir Cmax and AUC8h were 41% 
lower (GLSMR and 90% CI: 0.59 [0.45-0.78]) 
and 37% lower (GLSMR and 90% CI: 0.63 [0.47-
0.86]) after the first dose of telaprevir (Day 1) 
and 49% lower (GLSMR and 90% CI: 0.51 [0.41-
0.63]) and 46% lower (GLSMR and 90% CI: 0.54 
[0.43-0.66]) after multiple doses (Day 6), 
respectively. Volunteers with CPB had 
significantly lower average albumin levels 
compared to volunteers with CPA and healthy 
volunteers; therefore, a positive correlation was 
observed between albumin levels and telaprevir 
exposure.  
Two cases of early discontinuation due to 
adverse events occurred in both healthy 
volunteers (rash, pruritus n=1; edema, n=1) and 
CPA volunteers (erythema, n=1; pruritus, rash, 
erythema, n=1). In CPB volunteers, no study 
drug-related AEs leading to discontinuation or 
drug-related SAEs were reported. 
 
Conclusions: Mild hepatic impairment did not 
have a clinically relevant effect on telaprevir 
pharmacokinetics, while moderate hepatic 
impairment resulted in 40-50% lower telaprevir 
exposure. The clinical implications of the 
reduced exposure to telaprevir in patients with 
moderate hepatic impairment remain to be 
established. 
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Abstract: PK_2 
 
Danoprevir (DNV) Does Not 
Change Effects of Ritonavir 
(RTV) on the PK of CYP3A 
Substrate Midazolam (MDZ) and 
CYP2C9 Substrate Warfarin 
(WAR) 
 
P.N. Morcos1, L. Chang1, Y. Zhang1, P. Weigl1, N. Shulman1, 
P. Smith1, B.J. Brennan1, J. Tran1 

 
1Hoffmann-La Roche, Virology Clinical Pharmacology, 
Nutley, USA 

 
 
Introduction: DNV, a selective NS3/4A 
protease inhibitor in development for the 
treatment of CHC, is being co-administered with 
low-dose RTV (DNV/r). In vitro, DNV is a weak 
CYP 2C8, 3A and 2C9 inhibitor and not an 
enzyme inducer. RTV is a potent CYP 3A 
inhibitor and a CYP 2C9 inducer. This study 
evaluated the effects of DNV/r and RTV alone on 
MDZ and WAR, probe substrates of CYP 3A and 
2C9 activity, respectively, in chronic hepatitis C 
(CHC) patients. 
 
Materials & Methods: In this Phase 1b study, 
31 CHC males and females received an oral 
drug cocktail (2 mg MDZ, 10 mg WAR and 10 
mg Vitamin K) on 2 separate occasions: before 
and after 14 days dosing of DNV/r or RTV. Serial 
PK samples were collected up to 24 (MDZ) and 
72 (WAR) hours post dose. Plasma 
concentrations of MDZ, α-hydroxymidazolam, 
and S-WAR were measured using validated 

assays. PK parameters were estimated using 
non-compartmental analysis. Geometric mean 
ratios and 90% confidence intervals (CIs) for the 
differences between baseline and after 14 days 
of dosing were calculated. 
 
Results: Compared to baseline, both DNV/r and 
RTV significantly increased MDZ AUC and 
reduced the MDZ metabolic ratio (MR) after 14 
days of dosing. S-WAR AUC was modestly 
decreased. When data were pooled across 
doses, the effects of DNV/r and RTV alone on 
MDZ and S-WAR were similar. 
 
 
 
Conclusion: DNV does not change the effect of 
RTV on the PK of MDZ and WAR, suggesting 
that metabolic drug interactions between DNV/r 
and CYP 3A and 2C9 substrates would be 
similar to those observed between RTV and 
CYP 3A and 2C9 substrates. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Ratio of Geometric Mean (90% CI) 
Dose n MDZ MR MDZ AUC0-inf  S-WAR AUC0-inf  
DNV/r 100/100 mg 
q12h 9 0.01 (0.007,0.014) 7.79 (6.15, 9.86) 0.70 (0.65, 0.75) 
DNV/r 200/100 mg 
q24h 8 0.01 (0.006,0.019) 13.5 (10.7, 17.1) 0.77 (0.70, 0.85) 
DNV/r 200/100 mg 
q12h 8 0.015 (0.006,0.035) 8.30 (6.31, 10.9) 0.68 (0.59, 0.78) 
DNV/r all doses 
(pooled) 25 0.012 (0.008,0.016) 9.48 (8.15, 11.0) 0.72 (0.68, 0.76) 
RTV 100 mg alone 
(q12h or q24h) 6 0.01 (0.004,0.023) 10.4 (7.84, 13.7) 0.76 (0.69, 0.85) 
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Defining cut-off values of 
ribavirin concentrations early in 
chronic HCV treatment 
 
C.T.M.M. de Kanter1, L.G. van Vlerken2, G.J. Boland2, A.M. 
van Loon2, H. van Soest2, G.H. Koek3, J.P.H. Drenth4, K.J. 
Erpecum2, D.M. Burger1 

 
1Radboud University Nijmegen Medical Centre, Department 
of Pharmacy, Nijmegen, The Netherlands;2University Medical 
Centre Utrecht, Department of Gastroenterology, Utrecht, 
The Netherlands; 3Maastricht University Medical Centre, 
Department of Internal Medicine Division of Gastroenterology 
and Hepatology, Maastricht, The Netherlands; 4Radboud 
University Nijmegen Medical Centre, Department of 
Gastroenterology and Hepatology, Nijmegen, The 
Netherlands 
 
 
Background: Correlations between ribavirin 
plasma concentrations at steady-state and 
sustained virological response (SVR) have been 
demonstrated in various studies. As steady-state 
is only reached after at least 8 weeks of ribavirin 
treatment, dose modifications can be applied 
relatively long after initiating HCV treatment, and 
this may be too late to influence SVR rates. We 
hypothesized that early measurement of ribavirin 
concentrations could be of benefit to adjust 
ribavirin doses early after initiating treatment. 
This is only possible if appropriate cut-off values 
of early ribavirin concentrations can be defined. 
 
Methods: In a subgroup of 61 treatment-naive 
genotype 1-4 patients from the CIRA study about 
the role of amantadine in hepatitis C treatment 
(van Soest et al, Dig Liver Dis 2010), samples 
were prospectively collected at T=1, 2, 4 and 8 
weeks of therapy with PEG interferon alpha 2b 
(1.5 mg/kg each week) and ribavirin (1000 or 
1200 mg/day depending on weight). Subjects 
who changed the ribavirin dose during the first 8 
weeks of treatment (other than modifications 
related to body weight changes) were excluded. 
Ribavirin concentrations were determined by a 
validated HPLC method with UV detection. 
Statistical analyses were performed using SPSS 
version 16.0. Multivariate logistic regression 
analyses were performed to evaluate week 8 
ribavirin concentrations with SVR; ROC analyses 
were conducted to find cut-off values for early 
ribavirin measurements with week 8 ribavirin 
concentrations. 
 

Results: Sixty-one patients were included. 
During the first weeks of treatment ribavirin 
concentrations increased steadily until steady-
state was reached at week 8. Median (+ IQR) 
ribavirin concentrations were 1.4 (1.0-1.8) mg/L, 
1.9 (1.4-2.4) mg/L, 2.4 (1.8-3.0) and 3.1 (2.4-3.9) 
at week 1, 2, 4, and 8, respectively. Median (+ 
IQR) week 8 ribavirin concentrations were 
significantly higher in patients who reached SVR 
compared to those who did not reach SVR: 3.4 
(2.4-3.9) vs. 2.6 (2.0-3.5) mg/L (p=0.049). In the 
multivariate analyses ribavirin concentrations 
was an independent predictor of SVR with an 
OR (adjusted for high baseline viral load and 
achievement of RVR) of 2.3 (95% CI: 1.1-4.9), 
p=0.03. A ribavirin plasma concentration of 2.2 
mg/L was considered the optimal cut-off value 
for predicting SVR. The positive predictive value 
(PPV) and negative predictive value (NPV) of 2.2 
mg/l in relation not achieving SVR were 71 and 
64%, respectively. Cut-off values at week 1, 2 or 
4 predicting a therapeutic ribavirin concentration 
at week 8 were 0.92, 1.29 and 1.67 mg/L 
respectively. PPV and NPV values for these cut-
offs ranged from 71-86% and from 88-91%, 
respectively.  
 
Conclusion: This study demonstrates that 
therapeutic drug monitoring of ribavirin can be 
applied as early as one week after start of 
treatment. Early measurement predicts steady 
state concentrations and steady-state ribavirin 
concentrations are related to SVR. 
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Abstract: PK_4 
 
Lack of Clinically Significant 
Pharmacokinetic Interaction 
Between Nucleotides PSI-7977 
and PSI-938 as Determined in 
the NUCLEAR Study 
 
M.T. Cornpropst1, M. Rodriguez-Torres2, E. Lawitz3, J. 
Denning1, D. Clemons1, L. Fang4, W.T. Symonds1 

 
1Pharmasset, Clinical Pharmacology, Durham, USA; 
2Fundacion de Investigacion de Diego, Internal Medicine 
Gastroenterology, San Juan, Puerto Rico; 3Alamo Medical 
Research, Internal Medicine Gastroenterology, San Antonio, 
USA; 4Pharstat, Biostatistics, Durham, USA 
 
 
Background: The pyrimidine analog PSI-7977 
demonstrated potent anti-HCV activity as 
monotherapy and in combination with PEG/RBV 
for 12 weeks in HCV GT1-3. The purine analog 
PSI-352938 (PSI-938) demonstrated similar 
potent antiviral activity as monotherapy with no 
virologic breakthrough. These nucleotide 
analogs share favorable characteristics of short-
term safety, antiviral potency, and high barrier to 
resistance. PSI-938 was developed to be 
differentiated from PSI-7977 by employing 
different prodrug strategies and largely 
independent phosphorylation pathways, through 
competition with separate endogenous 
nucleotide pools, and by maintaining potency 
against the S282T mutant. PSI-938 and PSI-
7977 are attractive candidates for combination in 
an IFN-free regimen for the treatment of HCV. 
The Phase 1 NUCLEAR study was designed to 
assess safety, pharmacokinetics, and viral 
kinetics of the dual nucleotide combination over 
14 days.  
 
Methods: NUCLEAR was a double-blind, 
parallel, randomized, placebo-controlled study in 
treatment-naive, non-cirrhotic subjects with HCV 
GT1. Ten subjects (8 active: 2 placebo) were 
enrolled in each of 4 cohorts with the following 
treatments: 1) PSI-938 monotherapy for 14 days; 
2) PSI-938 monotherapy Days 1-7 and PSI-
938+PSI-7977 Days 8-14; 3) PSI-7977 
monotherapy Days 1-7 and PSI-938+PSI-7977 
Days 8-14; and 4) PSI-938+PSI-7977 for 14 
days. PSI-938 300 mg and/or PSI-7977 400 mg 
were administered once daily. Serial 
pharmacokinetic sampling on Days 7 and 14 of 
Cohorts 2 and 3 enabled assessment of any 

effect of PSI-7977 on PSI-938 (Cohort 2) and of 
PSI-938 on the metabolite of PSI-7977, PSI-
6206 (Cohort 3). Geometric least-squares 
means (LSMean) ratios of the pharmacokinetic 
parameters for the test (dual-nuc) versus 
reference (monotherapy) treatments (Day 
14:Day 7) and 90% confidence intervals (CI) 
were calculated.  
 
Results: Day 7 and Day 14 pharmacokinetic 
parameters were available for 8 subjects in each 
of Cohorts 2 and 3. From Cohort 2, LSMean 
ratios (CI) for PSI-938 AUCtau and Cmax for the 
dual-nuc combination versus PSI-938 
monotherapy were 1.05 (0.78, 1.42), and 1.24 
(0.84, 1.85), respectively. In Cohort 3, LSMean 
ratios (CI) for AUCtau and Cmax of PSI-6206 for 
the dual-nuc combination versus PSI-7977 
monotherapy were 1.07 (0.99, 1.15) and 1.04 
(0.97, 1.11), respectively. Subjects receiving 
monotherapy or the dual-nuc had profound 
antiviral responses of ~5 log10 IU/mL, with 92% 
of subjects treated with the dual-nuc achieving 
HCV RNA <LOD (15 IU/mL). All 40 subjects 
completed the trial with no serious adverse 
events and no treatment-emergent trends in 
adverse events or laboratory abnormalities.  
 
Conclusions: Addition of daily PSI-938 to PSI-
7977 at steady-state had no significant effect on 
PSI-6206 exposure in HCV-infected subjects. 
PSI-938 Cmax increased approximately 24% after 
the addition of PSI-7977, but wide confidence 
intervals associated with the exposure ratio and 
the lack of appreciable effect on PSI-938 AUCtau 
reflect the likely minimal effect on exposure. 
These pharmacokinetic data and the 
demonstrated lack of antiviral antagonism, 
together with the safety profile observed in 
subjects receiving the dual-nuc combination, 
indicate the absence of a negative interaction 
between PSI-7977and PSI-938. Longer duration 
studies of the dual-nuc combination with an SVR 
endpoint are needed to confirm these promising 
early findings.  
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Abstract: PK_5 

 
Evaluation of Rapid and 
Sustained Population Viral 
Response Rates Predicted 
Under Hepatitis C Viral Dynamic 
Models 
 
K. Baron1, P. Ravva2, V. Purohit2, M. Riggs3, M. Gastonguay3 

 
1Metrum Research Group, ., Tariffville, USA; 2Pfizer, N/A, 
New London, USA; 3Metrum Research Group, N/A, 
Tariffville, USA 
 
 
Objectives: A wide variety of mechanistic 
models describing hepatitis C virus (HCV) 
replication and the pharmacodynamics of 
standard antiviral interventions currently exist in 
the published literature. The ability of viral 
dynamic models to predict longitudinal 
population viral response after standard of care 
(SOC) therapy has not yet been systematically 
evaluated. The objective of this study was to 
compare both short- and long-term population-
level viral responses predicted under two HCV 
dynamic models with observed response rates in 
a meta data set compiled from published clinical 
reports.  
 
Methods: HCV dynamic models published by 
Dahari et. al. (2007) and Snoeck et. al. (2010) 
were used to simulate individual-level viral load 
versus time profiles in in silico populations of 
HCV genotype-1 infected patients. In the current 
simulation study, model differential equations 
were solved using the LSODA solver called from 
the deSolve() R package. Individual parameters 
were generated by simulating from univariate 
distributions with variance estimates as 
published by Snoeck et. al. The simulated 
standard of care intervention consisted of 
pegylated-interferon-alfa-2a (IFN) 180 mcg/wk 
and ribavirin (RBV) 13 mg/kg/d for 48 weeks and 
followed by a 24 week observation period after 
withdrawing treatment. Viral response rates (viral 
load below quantitation limit [BQL], 100 
copies/ml) were calculated at 4, 12, 24, 48, and 
72 weeks after starting treatment. Prior to 
calculating viral response rates, simulated 
subjects were dropped from the study for 
inadequate viral response at 12 weeks 
(detectable viral load and less than 2-log drop in 

viral load) and 24 weeks (detectable viral load). 
For each scenario, 5000 subjects were 
simulated. Simulated response rates from SOC 
treatment were compared to time-specific 
weighted rates calculated on an aggregate data 
set consisting of eleven clinical studies published 
from 2002 to 2010 involving similar long-term 
SOC treatment in HCV genotype-1 infected 
patients.  
 
Results: Approximately 5% to 10% of simulated 
subjects receiving SOC treatment in each run 
had a baseline viral load that was BQL and were 
excluded from the data set prior to response rate 
determination. Dropout rates due to insufficient 
viral response were 34% and 36% for the Dahari 
and Snoeck models, respectively. Model-
predicted response rates at 4, 12, 24, and 48 
were similar for both models and generally 
tracked well with the aggregate data if no further 
dropout mechanism was implemented. The 
model-predicted sustained viral response rate 
(SVR, evaluated at 72 weeks) was 
approximately 10% higher than the weighted 
rate in the aggregate data set (62.7% Dahari, 
56.4% Snoeck, 47.8% aggregate data).  
 
Conclusions: The simulated SVR rate for SOC 
therapy was over optimistic by about 10%. 
Simulated dropout rates (due to insufficient 
response) may be higher than those previously 
reported in large clinical trials. The overall 
dropout rate is likely to be overinflated if other 
sources of dropout are incorporated in these 
simulations. Further development of an 
appropriate time-to-event dropout model is 
needed before using these models to forecast 
viral response rate time-course under standard 
of care therapy. 
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Population Pharmacokinetic 
Analysis Finds No Clinically 
Important Effects of 
Demographic and Health 
Covariates on Boceprevir 
Exposure 
 
B. Poland1, H. Kastrissios1, S. Gupta2, J. Stone3 

 
1Pharsight A Certara Company, Consulting Services, 
Sunnyvale, USA; 2Merck & Co. Inc., Clinical Pharmacology, 
Kenilworth, USA; 3Merck & Co. Inc., Clinical PK/PD, West 
Point, USA 
 
 
Introduction Boceprevir (VICTRELIS™) is an 
investigational hepatitis C protease inhibitor 
used in combination with pegylated interferon 
and ribavirin. A population pharmacokinetic (PK) 
analysis pooled measurements from seven 
Phase 1-3 studies (doses from 200 to 1200 mg) 
conducted using the commercial formulation 
administered TID with food, in order to model 
boceprevir pharmacokinetics and to evaluate 
covariates as determinants of PK variability. 
Phase 3 data included 87 treatment-experienced 
patients in RESPOND-2 and 126 treatment-
naive patients in SPRINT-2. 
 
Methods Measurements below the quantitation 
limit were excluded. Compartmental PK models 
with first-order absorption were tested in 
NONMEM VI, with additional parameters 
accepted if providing significant improvement at 
α=0.01. Covariates were added stepwise using 
this threshold and then eliminated stepwise if not 
significant at α=0.001. For the continuous 
covariates, the PK parameters were assumed to 
be multiplied by power functions, e.g., 
(age/median)θ where θ was estimated.  
 
Results The data included 3111 samples, of 
which 1425 were from sparse sampling, in 358 
subjects. A two-compartment model with lagged 
first-order absorption best characterized 
boceprevir PK. No dose-dependency of 
bioavailability or clearance could be estimated 
with the available data. Apparent clearance was 
estimated to be 155 L/h (females) to 191 L/h 
(males) with 42% interindividual variability. 
Apparent central volume was estimated to be 94 

L (healthy subjects) to 196 L (patients) with 
125% interindividual variability (highly correlated 
with clearance). This volume difference coupled 
with an increased intercompartmental clearance 
in the sparsely sampled patient data predicted a 
flatter profile in the Phase 2-3 patients relative to 
Phase I healthy subjects. After an absorption lag 
phase (0.90 hour), concentrations were 
predicted to peak rapidly with an absorption rate 
of 0.50/h (male) to 0.57/h (female). Residual 
error between the data and model predictions 
was found to be significantly higher in sparse-
data studies (84%) than in dense-data studies 
(60%), likely due to less accurate recording of 
dose times in sparse-data studies as well as 
greater inherent variability in patients than in 
healthy subjects. No significant covariate effects 
on PK parameters were identified for age (range 
19-69 yr), body weight (range 45-127 kg), BMI 
(range 18-52 kg/m2), Black race (n=54), Asian 
race (n=18), renal function (CrCL range 50-243 
mL/min), and hepatic function (AST, ALT). 
Identified covariate effects of gender on 
apparent clearance, and absorption rate and 
HCV status on apparent volume, implied modest 
effects on exposures (~23% higher AUC and 
~22% higher Cmax in females; ~15-20% lower 
Cmax in HCV patients). 
 
Conclusions Pharmacokinetic data from a 
range of boceprevir studies were well 
characterized by a two-compartment model with 
lagged first-order absorption and first-order 
elimination. The covariate analysis indicated at 
most a modest influence of demographic and 
health factors tested on boceprevir 
pharmacokinetics.The predicted effects of 
gender and HCV status are not anticipated to be 
clinically meaningful, and no adjustments in 
boceprevir dose should be needed for any of 
demographic or health status covariates tested. 
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Abstract: PK_7 
 
Population Pharmacokinetics 
Analysis of Pegylated Interferon 
Lambda in Subjects with 
Chronic Hepatitis C Virus in a 
Phase 2a Study 
 
A. Ahmad1, P. Chan1, X. Wang1, J. Freeman2, K. Byrnes-
Blake2, S. Pederson2, V. Kansra1 

 
1Bristol-Myers Squibb, Discovery Medicine and Clinical 
Pharmacology, Princeton, USA; 2Bristol-Myers 
Squibb/Zymogenetics, R&D, Seattle, USA 
 
 
Introduction: Interferon Lambda-1 (IFN-λ1, IL-
29) is a Type III interferon with potent antiviral 
activity against hepatitis C virus (HCV). 
Pegylated IFN-λ1 (pegIFNλ) is under clinical 
development as a therapeutic agent for the 
treatment of chronic HCV (CHC) infection. Here 
we report the pharmacokinetic (PK) analysis and 
development of a population PK model of 
pegIFNλ using preliminary data collected in a 
Phase 2a clinical trial. 
 
Methods: An open-label, randomized, controlled 
study was conducted to evaluate the efficacy 
and safety of pegIFNλ administered in 
combination with ribavirin to treatment-naive 
subjects with CHC infection. In study part 1, 
pegIFNλ alone was administered via a single 
subcutaneous (SC) injection at the dose levels of 
80, 120, 180, and 240 μg. Two weeks later, 
pegIFNλ was administered in combination with 
ribavirin to the same subjects via weekly SC 
injection for up to 48 weeks (study part 2). Using 
available phase 2a data from 46 treatment naive 
patients, a population pharmacokinetics model 
was subsequently developed for pegIFNλ using 
nonlinear mixed effects regression analysis 
(NONMEM VII FOCE) with data log-transformed.  
 
Results: One-compartment population PK 
model with first-order absorption reasonably 
characterized the exposure of pegIFNλ. The 
model estimated PK parameters for apparent 
volume of distribution (V/F), clearance (CL/F), 
half life T-HALF, and absorption rate constant 
(Ka) are 136 L, 33 L/day, 2.9 day, and 3.06 day-

1, respectively. The variability between subjects 
is 78% and 60% for V/F and CL/F, respectively. 
The estimated PK parameters from the 

population PK model are in agreement with 
those determined from the noncompartmental 
analysis, in which CL/F was about 23 to 41 L/day 
and T-HALF was 0.5 to 3.7 day. The T-HALF of 
pegIFNλ supports its once weekly dosing 
regimen. In addition, body weight did not appear 
to influence dose-normalized exposure 
measured in Phase 2a. The estimated PK 
parameters from the current Phase2a study are 
similar to those from previous phase 1 study. 
 
Conclusions: In summary, these data support 
the once weekly SC and fixed dosing regimen 
for pegIFNλ. A simple population PK model well 
described the individual concentrations, which 
allows subsequent viral kinetic modeling on the 
basis of predicted concentrations. 
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The Effect of PEG-Interferon 
Lambda (PegIFN - λ ) on 
Circulating Immune Markers in 
Chronic Hepatitis C Patients in a 
Phase 2a Study 
 
J. Freeman1, M. Wind-Rotolo2, A. Ahmad3, D.M. Miller4, J.C. 
Lopez-Talavera5, J. Hillson1, V. Kansra3 

 
1ZymoGenetics, Clinical Development, Seattle WA, USA; 
2Bristol-Myers Squibb, Clinical Biomarkers, Princeton NJ, 
USA; 3Bristol-Myers Squibb, Clinical Pharmacology and 
Pharmacometrics, Princeton NJ, USA; 4ZymoGenetics, 
Research and Preclinical Development, Seattle WA, USA; 
5Bristol-Myers Squibb, Global Development and Medical 
Affairs, Wallingford CT, USA 
 
 
Introduction: Pegylated interferon lambda-1 
(PegIFN-λ) is a Type III interferon with potent 
antiviral activity that is currently under clinical 
development as a therapeutic agent for the 
treatment of chronic HCV (CHC) infection. 
Antiviral activity is mediated through a unique 
receptor with a more limited distribution than the 
receptor for alpha interferons. The limited 
expression of the receptor for PegIFN-λ by 
peripheral blood leukocytes suggests that 
PegIFN-λ may not directly interact with immune 
effector cells. However, PegIFN-λ may modulate 
immune responses to HCV through the 
regulation of cytokine and chemokine 
production. Here we report the results of an 
initial analysis of the effect of PegIFN-λ dosing 
on immune markers in a Phase 2a study.  
 
Materials & Methods: An open-label, 
randomized, controlled study was conducted to 
evaluate the efficacy and safety of PegIFN-λ 
administered in combination with ribavirin to 
treatment-naive subjects with CHC. 57 patients 
infected with HCV genotype 1, 2, 3, or 4 were 
randomized to receive 80, 120, 180, or 240 μg 
pegIFNλ or 180 μg peginterferon alfa-2a 
(PegIFN-α). Rapid and early virologic response 
rates were determined from plasma HCV RNA 
measurements. Serum samples were collected 
prior to dosing and at pre-defined timepoints 
through the study. The serum concentration of 
11 cytokines and chemokines (MCP-1, MIP-1β, 
RANTES, IL-8, MIG, IP-10, iTAC, IL-1β, IFN-γ, 
IL-6, and TNF-α) were quantified using validated 
immunoassays. Relationships between serum 

markers and virologic response were explored. 
Treatment group related changes in serum 
markers over time were evaluated.  
 
Results: As reported previously for subjects 
treated with PegIFN-α, high baseline levels of IP-
10 were generally associated with a poor 
antiviral response to PegIFN-λ. Dosing with 
PegIFN-λ was associated with a rapid and 
transient increase in several chemokines, 
including IP-10 (CXCL10) and iTAC (CXCL11), 
which function to recruit and activate T cells. 
Peak chemokine levels were typically observed 
within the first 24 hours following dosing, with 
levels returning towards baseline by 48 to 72 
hours post-dose. Chemokine induction was 
observed across all PegIFN-λ dose groups and 
was similar in magnitude and kinetics as that 
observed following dosing with PegIFN-α. 
Repeat PegIFN-λ and PegIFN-α dosing was 
associated with a general overall decline in 
trough chemokine levels, likely associated with 
the amelioration of CHC-related disease.  
 
Conclusions: In summary, PegIFN-λ stimulates 
the release of chemokines such as IP-10 and 
iTAC which may mediate a T-cell immune 
response to HCV. As the receptor for PegIFN-λ 
is not highly expressed on most circulating 
leukocytes, including T cells, the immune effects 
of pegIFNλ may be mediated through its 
interaction with hepatocytes. The predictive 
value of baseline IP-10 levels needs further 
investigation in larger clinical trials.  
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Significance of Clusterin 
Expression Levels in Patients 
with Hepatocellular Carcinoma 
Undergoing Hepatic Resection 
 
G. Chau1, C.W. Chi1, W.L. Kao1 

 
1Taipei Veterans General Hospital, Surgery, Taipei, Taiwan 
 
 
Background: Surgical resection offers 
hepatocellular carcinoma (HCC) patients a 
chance for a cure, but carries a high tumor 
recurrence rate. Clusterin is a highly conserved 
glycoprotein, enhancing cell aggregation in vitro. 
Clusterin upregulated in cancers of the breast, 
ovary, colon, prostate, kidney and HCC. 
Overexpression of clusterin has been correlated 
with tumor metastasis. This study evaluates the 
significance of serum clusterin levels and protein 
expression in resected tissue specimen in HCC 
patients.  
 
Methods: The sera and HCC and nontumor 
tissues of 140 HCC patients undergoing hepatic 
resection were prospectively collected. Serum 
clusterin levels were determined by enzyme-
linked immunosorbent assay. The clusterin 
protein expression in resected specimen were 
examined by immunohistochemistry. Median 
followup time was 39.1 months. 
 
Results: Mean serum clusterin levels were 13.0 
± 5.9 ng/mL (range, 1.0~36.7 ng/mL). Patients 
with high serum clusterin level (> 14.5 ng/mL) 
had significantly lower frequency of family history 
of HCC, poorer liver function, and higher 
frequency of tumor being multiple, presence of 
vascular invasion than those with low clusterin 
level (< 14.5 ng/mL). For patients with tumor size 
> 5 cm, patient with a high serum clusterin level 
had significantly worse postoperative survival 
when compared to patients with low serum 
clusterin level (p = 0.018). Clusterin protein was 
overexpressed in HCC tissues in 76 patients 
(54.3%) and in nontumor liver tissues in 53 
patients (37.9%). Patients with overexpression of 
clusterin in nontumor tissue have worse 
postoperative survival rates (p=0.003).  
 
Conclusions: In HCC patients, high serum 
clusterin levels and overexpression of clusterin 

in nontumor tissue related with worse prognosis 
after hepatic resection. Clusterin can be a 
prognostic indicator for HCC patients after 
resection  
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A Validated HPLC-MS/MS Assay 
Method for Determination of 
Telaprevir and its R-
diastereomer in Human Plasma 
 
A. Chakilam1, A. Chavan1, G. Smith1, V. Garg1, D. Dean1 

 
1Vertex Pharmaceuticals Incorporated, Medicines 
Development Group, Cambridge MA, USA 

 
 
Introduction: Telaprevir is an α-keto amide 
peptidomimetic investigational inhibitor of the 
hepatitis C virus (HCV) NS3•4A protease. 
Telaprevir is a single diastereomer with the S-
configuration at position 21 and can epimerize 
both in vitro and in vivo at position 21 to the 
corresponding R-diastereomer, VRT-127394. An 
assay method was developed by stabilizing the 
human plasma samples with 10% formic acid 
solution to prevent epimerization for precise and 
accurate determination of telaprevir and VRT-
127394 levels.  
The purpose of this study was to develop a 
sensitive, precise, accurate, and reproducible 
assay method for determination of telaprevir and 
VRT-127394 in human K3/K2 EDTA plasma by 
HPLC with MS/MS detection. 
 
Methods: Human plasma was acidified with 
10% formic acid solution to maintain a 1:20 
dilution ratio of formic acid to plasma to prevent 
epimerization from telaprevir to VRT-127394 or 
vice versa. Telaprevir, VRT-127394 and internal 
standard telaprevir-D11 in 100 µL of acidified 
plasma samples were extracted using liquid-
liquid extraction with toluene. After evaporation 
under nitrogen, the residue was reconstituted in 
300 µl of hepatane:acetone (v:v) and injected 
onto a normal phase chromatographic system 
with CPS Hypersil (250 x 2.1 mm, 5 μm) 
analytical column, heptane:acetone:2-
propanol:methanol (90:10:1:1, v:v:v:v) isocratic 
mobile phase with 0.75 mL/min flow rate and 
Sciex API 4000 MS/MS detector. 
 
Results: The assay method for the 
determination of telaprevir and VRT-127394 in 
human K3/K2 EDTA plasma was successfully 
validated. Using 100 μL of plasma, linearity was 
demonstrated over the calibration range of 2.00 
to 1000 ng/mL for telaprevir and VRT-127394. 

The method met the requirements for selectivity, 
matrix variability, precision and accuracy. With 
10-fold dilution, analysis of telaprevir 
concentrations up to 8000 ng/mL is possible. 
The method showed no unacceptable carry-
over. Stability of telaprevir and VRT-127394 
under the following conditions was 
demonstrated:  
 

 Processed sample stability (+3C) using 
heptane : THF (80:20, v/v) : 50 hours  

 Freeze/thaw stability in plasma (-70C): 3 
cycles 

 Short-term frozen stability (-20C/-70C): 
13 days 

 Long-term frozen stability (-70C): 702 
days 

 Stock stability (ambient temperature): 26 
hours 

 Stock stability (-20C): 27 days for 
telaprevir, 31 days for VRT-127394 

 Room temperature stability in plasma: 
28 hours. 

 
Conclusions: A quantitative procedure for the 
determination of telaprevir and VRT-127394 in 
human 
plasma, over the concentration range of 2.00 
to1000 ng/mL, was successfully validated 
utilizing a sample volume of 0.100 mL. 
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The Effect of Telaprevir on the 
Pharmacokinetics of Alprazolam 
and Zolpidem in Healthy 
Volunteers 
 
X. Luo1, R. van Heeswijk2, K. Alves1, V. Garg1 

 
1Vertex Pharmaceuticals Incorporated, Medicines 
Development Group, Cambridge, USA; 2Tibotec BVBA, 
Clinical Pharmacology, Beerse, Belgium 
 
 
Introduction: Telaprevir is an investigational 
hepatitis C virus protease inhibitor that is both a 
substrate and an inhibitor of CYP3A. Zolpidem 
and alprazolam are sedatives that are CYP3A 
substrates and widely used by patients with 
chronic hepatitis C. Therefore, this study was 
conducted to examine the effect of telaprevir on 
zolpidem and alprazolam pharmacokinetics 
(PK).  
 
Methods: This was an open-label, single 
sequence study with 2 groups of 20 healthy male 
or female volunteers per group. Group 1 
received a single dose of zolpidem (5 mg PO) 
alone and in combination with a single dose (750 
mg PO) and multiple doses of telaprevir (750 mg 
q8h PO). Group 2 received a single dose of 
alprazolam (0.5 mg PO) alone and in 
combination with multiple doses of telaprevir 
(750 mg q8h PO). Plasma samples were 
collected for determining the PK parameters of 
zolpidem, alprazolam, and steady-state 
telaprevir. Geometric least-squares mean ratio 
(and the corresponding 90% confidence interval) 
of the PK parameters of alprazolam or zolpidem 
alone and after coadministration of telaprevir 
was used to determine the magnitude of the 
interaction. 
 
Results: When administration with or without 
telaprevir was compared, the least-squares 
mean ratios (90% confidence limits) for 
alprazolam were 0.97 (0.92; 1.03) for Cmax and 
1.35 (1.23, 1.49) for AUC0-∞. The mean t1/2 

increased from 13.4 following alprazolam 
administered alone to 18.7 hours following 
alprazolam coadministered with multiple dose 
telaprevir. For zolpidem the effect of telaprevir 
was different after a single dose compared to the 
effect after steady-state dosing of telaprevir. The 
least-squares mean ratios for zolpidem were 

0.99 (0.88; 1.12) for Cmax and 1.14 (0.96; 1.36) 
for AUC0-∞ after a single dose of telaprevir and 
0.58 (0.52, 0.66) for Cmax and 0.53 (0.45; 0.64) 
for AUC after steady-state dosing of telaprevir. 
The mean t1/2 value for zolpidem was shorter 
(3.37 hours) following coadministration with 
multiple doses of telaprevir compared to 
zolpidem administered alone (4.32 hours).  
 
Conclusions: Results showed that with 
coadministration of telaprevir at steady-state, 
alprazolam exposure was increased while 
zolpidem exposure was reduced compared to 
administering either drug alone.  
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The Effect of Telaprevir on the 
Pharmacokinetics of Midazolam 
and Digoxin 
 
V. Garg1, G. Chandorkar1, F. Smith1, K. Alves1, R. van 
Heeswijk2 

 
1Vertex Pharmaceuticals Incorporated, Medicines 
Development Group, Cambridge MA, USA; 2Tibotec BVBA, 
Clinical Pharmacology, Beerse, Belgium 
 
 
Introduction: In vitro studies suggest that 
telaprevir, an investigational hepatitis C virus 
protease inhibitor, is a substrate of P-
glycoprotein (P-gp) and a substrate and inhibitor 
of CYP3A. Midazolam and digoxin are model 
substrates of CYP3A and P-gp, respectively. 
Therefore, this study was conducted to examine 
the effect of telaprevir on midazolam and digoxin 
pharmacokinetics (PK). 
 
Methods: In an open-label study, 24 healthy 
volunteers received single doses of intravenous 
midazolam (0.5 mg) and oral midazolam (2 mg) 
with oral digoxin (0.5 mg) administered 
sequentially alone and in combination with 
multiple-dose oral telaprevir (750 mg q8h). 
Midazolam, 1'-hydroxymidazolam, digoxin, and 
telaprevir concentrations in plasma, and digoxin 
concentrations in urine, were measured, and PK 
parameters determined. Geometric least-
squares mean ratio (and the corresponding 90% 
confidence interval) of the PK parameters of 
midazolam/digoxin before and after telaprevir 
coadministration was used to determine the 
magnitude of the interaction. 
 
Results: On comparing administration with or 
without telaprevir, the geometric least-squares 
mean ratios (with 90% confidence limits) for 
intravenous midazolam were: 1.02 (0.80, 1.31) 
for Cmax and 3.40 (3.04, 3.79) for AUC0-24h; for 
oral midazolam 2.86 (2.52; 3.25) for Cmax and 
8.96 (7.75; 10.35) for AUC0-24h; and for oral 
digoxin 1.50 (1.36; 1.65) for Cmax and 1.85 (1.70; 
2.00) for AUC0-∞. The renal clearance of digoxin 
was similar without (5.13 (1.66) mL/h) or with 
(4.28 (1.78) mL/h) telaprevir. 
 
Conclusion: Based on the effect of telaprevir on 
the exposure of oral midazolam (i.e., >5-fold 
increase), telaprevir is a strong inhibitor of 

CYP3A.  Further, based on the effect on digoxin, 
telaprevir may also increase the exposure of P-
gp substrates by inhibiting or saturating this 
transporter in the gut. However, inhibition of P-
gp by telaprevir at the systemic level is unlikely. 
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The effect of CYP3A inhibitors 
and inducers on the 
pharmacokinetics of telaprevir 
 
V. Garg1, G. Chandorkar1, Y. Yang1, N. Adda1, L. McNair1, K. 
Alves1, F. Smith1, R. van Heeswijk2 

 
1Vertex Pharmaceuticals Incorporated, Medicines 
Development Group, Cambridge MA, USA; 2Tibotec BVBA, 
Clinical Pharmacology, Beerse, Belgium 
 
 
Background: Telaprevir, an investigational 
hepatitis C virus protease inhibitor, is a substrate 
and inhibitor of CYP3A. It is also metabolized by 
non-CYP mediated pathways - amide hydrolysis 
and reduction. Therefore studies were 
conducted to examine the effect of ketoconazole 
(a strong CYP3A inhibitor), rifampin (a strong 
CYP3A inducer) and efavirenz (a moderate 
CYP3A inducer).  
 
Methods: The effects of the CYP3A inhibitor 
ketoconazole and the CYP3A inducers rifampin 
and efavirenz on the pharmacokinetics (PK) of 
telaprevir were evaluated in 3 different clinical 
studies with healthy volunteers. In the first study, 
the effect of a single 400 mg dose of 
ketoconazole on the single dose PK of telaprevir 
(750 mg) was studied in 17 healthy volunteers. 
In the second study, the effect of a single 400 
mg dose of ketoconazole on the multiple-dose 
PK of telaprevir (1250 mg q8h) was studied in 89 
healthy volunteers. In the third study, the effect 
of multiple doses of rifampin (600 mg QD) on a 
single dose of telaprevir (750 mg) was studied 
on 16 volunteers and the multiple-dose 
interaction between efavirenz (600 mg QD) and 
telaprevir (750 mg q8h) was studied in 28 
volunteers. 
 
Results: After a single 750 mg dose of telaprevir 
coadministered with a single dose of 400 mg of 
ketoconazole, telaprevir exposure was 
increased: the geometric least-squares mean 
ratio (GLSMR, with 90% confidence limits) with 
and without ketoconazole coadministration was 
1.24 (1.10, 1.41) for Cmax and 1.62 (1.45, 1.81) 
for AUC0-∞. However, after multiple doses of 
telaprevir, there was no discernible effect of 
ketoconazole on telaprevir exposure. 
Coadministration of rifampin at steady state 
markedly reduced single dose telaprevir 

exposure with GLSMRs of 0.14 (0.11, 0.18) for 
Cmax and 0.08 (0.07, 0.11) for AUC0-∞, whereas 
efavirenz had a smaller effect on telaprevir 
exposure when both drugs were coadministered 
to steady-state, with GLSMRs of 0.91 (0.82, 
1.02) for Cmax, 0.53 (0.44, 0.65) for Cmin, and 
0.74 (0.65, 0.84) for AUC0-8h. 
 
Conclusion: CYP3A inducers can reduce 
telaprevir exposures to varying degrees based 
on their potency. After a single dose, telaprevir 
exposure was increased by ketoconazole; 
however, due to auto-inhibition of CYP3A-based 
metabolism, after multiple dosing, telaprevir 
exposure is unlikely to be affected significantly 
by CYP3A inhibitors. 
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The pharmacokinetic interaction 
between amlodipine or 
atorvastatin and the HCV 
protease inhibitor telaprevir 
 
J.E. Lee1, R. van Heeswijk2, K. Alves1, F. Smith1, V. Garg1 
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Development Group, Cambridge, USA; 2Tibotec BVBA, 
Clinical Pharmacology, Beerse, Belgium 
 
 
Introduction: Telaprevir, an investigational 
hepatitis C virus protease inhibitor, is a substrate 
and inhibitor of CYP3A. Amlodipine and 
atorvastatin are both substrates of CYP3A and 
are amongst the most frequently used drugs by 
patients with chronic hepatitis C. This study was 
conducted to examine the effect of telaprevir on 
atorvastatin and amlodipine pharmacokinetics 
(PK). 
 
Methods: Twenty-one healthy male and female 
volunteers were enrolled in this open-label, 
single sequence, non-randomized study. A co-
formulation of 5 mg amlodipine and 20 mg 
atorvastatin was administered as a single dose 
on study Day 1. Telaprevir was dosed as 750 mg 
q8h with food from Days 11 through Day 26 and 
a single dose of amlodipine/atorvastatin was re-
administered on Day 17. Plasma samples were 
collected for determining the PK of telaprevir, 
amlodipine, or atorvastatin. Geometric least-
squares mean ratio (and the corresponding 90% 
confidence interval) of the PK parameters of 
amlodipine/atorvastatin with and without 
telaprevir coadministration was used to 
determine the magnitude of the interaction. 
 
Results: When results following administration 
with or without telaprevir were compared, the 
least-squares mean ratios (90% confidence 
limits) for amlodipine were 1.27 (1.21; 1.33) for 
Cmax and 2.79 (2.58; 3.01) for AUC0-∞; and for 
atorvastatin were 10.6 (8.74; 12.9) for Cmax and 
7.88 (6.84; 9.07) for AUC0-∞. 
 
Conclusion: Telaprevir significantly increased 
the exposure of amlodipine and atorvastatin, 
consistent with the inhibitory effect of telaprevir 
on the CYP3A-mediated metabolism of these 
agents.  
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The Effect of Low-dose 
Ritonavir on the 
Pharmacokinetics of the HCV 
Protease Inhibitor Telaprevir in 
Healthy Volunteers 
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Clinical Pharmacology, Beerse, Belgium 

 
 
Introduction: The HCV protease inhibitor 
telaprevir (TVR), which is currently being 
investigated for use with peginterferon alfa-2a 
and ribavirin, is both a substrate and an inhibitor 
of CYP3A. The objective of this study was to 
evaluate the effect of low-dose ritonavir (RTV) 
on the pharmacokinetics (PK) of TVR.  
 
Methods: This was an open-label, randomized, 
parallel-group study. Three groups of 6 healthy 
volunteers each were given telaprevir in the fed 
state with or without RTV for 14 days: 250mg 
q12h TVR/100mg q12h RTV, 750mg q12h 
TVR/100mg q12h RTV, or 750mg q8h TVR 
alone. TVR plasma PK parameters after the last 
dose on Day 14 in groups receiving TVR in 
combination with RTV were compared with 
corresponding parameters from the reference 
regimen (750mg q8h TVR alone) using 
geometric least-square mean (GLS mean) ratios 
and associated 90% confidence intervals (CI) of 
PK parameters.  
 
Results: For the 750mg q12h TVR/100mg q12h 
RTV group, GLS mean ratios (90% CI) on Day 
14 were 0.85 (0.63, 1.13), 0.76 (0.60, 0.97), and 
0.68 (0.56, 0.82) for Cmax, Cavg, and Cmin, 
respectively. All GLS mean ratios were lower in 
the group that received 250mg q12h TVR/100mg 
q12h RTV compared to the 750mg q12h 
TVR/100mg q12h RTV group. When compared 
to TVR 750 mg q8h given alone, TVR PK 
parameters on Day 14 were 59% to 75% lower 
when TVR 250 mg q12h was co-administered 
with RTV 100 mg q12 and 15% to 32% lower 
when TVR 750mg q12h was co-administered 
with RTV 100 mg q12h. The overall incidence of 
adverse events was similar among the three 

dose groups. Most adverse events were mild, 
with the most frequently reported study drug-
related adverse events being generalized 
pruritus and headache. There were no serious, 
life threatening, or severe adverse events. 
 
Conclusions: Following multiple doses of 
telaprevir and ritonavir, no significant boosting of 
telaprevir exposure by ritonavir was observed in 
healthy volunteers.  
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Protease Inhibitor Telaprevir on 
Cyclosporine and Tacrolimus 
Pharmacokinetics 
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Introduction: The investigational HCV protease 
inhibitor, telaprevir (TVR), is an inhibitor of the 
enzyme cytochrome P-450 3A, which is 
responsible for the metabolism of both 
cyclosporine A (CsA) and tacrolimus (TAC). The 
objective of this study was to evaluate the effect 
of TVR on the pharmacokinetics (PK) of CsA 
and TAC. 
 
Methods: This was a Phase 1, open-label, 
single-sequence study in healthy volunteers. Ten 
volunteers received a single dose of 100 mg 
CsA, followed by a minimum of 8-day washout 
period. TVR (750 mg q8h) was dosed for 11 
days and CsA was co-administered as single 
doses of 10 mg on Day 1 and Day 8 of TVR 
administration. A second group of 10 subjects 
received a single dose of 2 mg TAC, followed by 
a minimum of 14-day washout period. TVR (750 
mg q8h) was dosed for 13 days and TAC was 
co-administered as single dose of 0.5 mg on Day 
8 of TVR administration. Blood samples were 
collected for determination of PK of CsA, TAC 
and TVR.  
 
Results: Nine volunteers completed the study in 
each of the 2 groups (CsA and TAC). 
Coadministration with TVR increased the dose-
normalized exposure to CsA 4.6-fold and 
increased the elimination half-life from a mean 
(SD) of 12 (1.7) hours to 42 (11) hours. The 
effect of the first dose of TVR on CsA PK (Day 1 
of TVR administration) was similar to the effect 
of steady-state TVR (Day 8). The dose-
normalized exposure to TAC increased 
approximately 70-fold and the elimination half-
life increased from a mean (SD) of 40.7 (5.8) 
hours to 196 (159) hours. TVR PK parameters 
were similar to those observed in other studies, 
suggesting no major effect of CsA or TAC on 
TVR. 

 
Conclusions: Telaprevir increased the blood 
concentrations of both cyclosporine A and 
tacrolimus significantly in healthy volunteers. 
The magnitude of these interactions is similar to 
that reported with ritonavir-boosted HIV protease 
inhibitors in transplant patients where dose 
and/or dosing frequency of CsA or TAC is 
adjusted based on frequent monitoring of blood 
levels. Telaprevir has not been studied in organ 
transplant patients. Therefore, the use of 
telaprevir in these patients is not recommended, 
since the required studies have not been 
completed and regulatory approval has not been 
obtained. 
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Containing Ethinyl Estradiol and 
Norethindrone and Telaprevir 
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Introduction: Telaprevir is an investigational 
hepatitis C virus protease inhibitor that is both a 
substrate and an inhibitor of CYP3A. Ethinyl 
estradiol (EE) and norethindrone (NE) are 
components of oral contraceptives and are 
CYP3A substrates. Telaprevir must be 
administered in combination with pegylated 
interferon and ribavirin. Ribavirin is a drug with 
known teratogenic potential. Therefore, this 
study was conducted to examine the drug 
interaction between telaprevir and oral 
contraceptive (OC) components, EE and NE. 
 
Methods: The effect of steady-state telaprevir 
(750 mg q8h) on the steady-state 
pharmacokinetics (PK) of EE and NE was 
evaluated in 24 healthy women receiving OC 
containing 0.5 mg NE and 0.035 mg EE for at 
least 3 months at the time of screening. This was 
a phase 1, open-label, single-center, 
nonrandomized study that included a cycle 1 
(OC only for 21 days, followed by no OC for 7 
days), cycle 2 (OC plus telaprevir for 21 days, 
followed by telaprevir alone for 7 days), and a 
follow-up period. Geometric least-squares mean 
ratio (and the corresponding 90% confidence 
interval) of the PK parameters alone and after 
coadministration was used to determine the 
magnitude of the interaction. 
 
Results: When administration with or without 
telaprevir was compared, the least-squares 
mean ratios (90% confidence limits) for EE were 
0.74 (0.68; 0.80) for Cmax, 0.67 (0.63; 0.71) for 
Cmin, and 0.72 (0.69; 0.75) for AUC; NE and 
telaprevir exposures were not affected 
significantly.  
 
Conclusions: Coadministration of telaprevir 
resulted in reduced levels of ethinyl estradiol 
and, therefore, may result in reduced efficacy of 

estrogen-based contraceptives. Thus, alternative 
methods of contraception should be used when 
estrogen-based contraceptives are 
coadministered with telaprevir.  
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Background: A proportion of HCV-infected 
patients receive methadone maintenance 
therapy. We investigated the pharmacokinetic 
interaction between methadone and telaprevir, 
an investigational HCV NS3·4A protease 
inhibitor for the treatment of chronic HCV 
infection, and the effect on the 
pharmacodynamics of methadone. 
 
Methods: This was an open-label, single-
sequence trial in HCV-negative volunteers on 
stable, individualized, methadone maintenance 
therapy. Telaprevir 750mg every 8 hours was 
co-administered with methadone for 7 days. 
Pharmacokinetic profiles of R- and S-methadone 
were measured over the 24-hour dosing interval 
on Day 1 (methadone alone, reference) and on 
Day 7 of telaprevir co-administration (test). The 
unbound fraction of R-methadone was measured 
in pre-dose plasma samples before and during 
telaprevir co-administration. All medications 
were taken with food. Least square means 
(LSMeans) and associated 90% confidence 
intervals (CIs) of treatment ratios (test/reference) 
were calculated based on log-transformed 
pharmacokinetic parameters. Symptoms of 
opioid withdrawal were evaluated throughout the 
study (questionnaires and pupillometry). 
 
Results: Eighteen volunteers were enrolled; 2 
discontinued prior to receiving telaprevir. 
Individual methadone dosages ranged from 40-
120mg/day (median 85mg). The LSMeans ratio 
(90% CIs) of the Cmin, Cmax and AUC24h for R-
methadone was, respectively, 0.69 (0.64-0.75), 
0.71 (0.66-0.76) and 0.71 (0.66-0.76). The AUC 
ratio of S-/R-methadone was comparable before 
and during co-administration of telaprevir (0.90, 

90% CIs 0.86-0.94), indicating lack of a stereo-
specific effect. The median unbound fraction of 
R-methadone increased from 7.92% to 9.98% 
during co-administration of telaprevir. The 
estimated median (absolute) unbound Cmin of R-
methadone, however, was comparable before 
(10.63ng/mL) and during co-administration of 
telaprevir (10.45ng/mL). There were no 
discontinuations due to adverse events. During 
co-administration of telaprevir, fewer volunteers 
experienced withdrawal symptoms and the 
median resting pupil diameter was smaller, 
compared with treatment with methadone alone. 
 
Conclusions: Although total exposure to R-
methadone (active form) was reduced by 
approximately 30% during telaprevir co-
administration, there was no indication of opioid 
withdrawal. This is consistent with the 
observation that unbound concentrations of R-
methadone were not affected by telaprevir. 
These findings in HCV-negative volunteers 
suggest that a-priori adjustment of the 
methadone dose is not required when initiating 
telaprevir. However, clinical monitoring is 
recommended as individual dose modifications 
may be necessary. 
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The Effect of Different Types of 
Food on the Bioavailability of 
the Investigational HCV 
Protease Inhibitor Telaprevir 
 
R. van Heeswijk1, G. Boogaerts1, E. De Paepe1, T. 
Vangeneugden1, K. De Backer1, M. Beumont1, V. Garg2 

 
1Tibotec BVBA, Research and Development, Beerse, 
Belgium; 2Vertex Pharmaceuticals Incorporated, Research 
and Development, Cambridge, USA 
 
 
Introduction: Telaprevir is an investigational 
HCV NS3·4A protease inhibitor which showed 
significantly increased response rates in Phase 3 
studies versus standard of care. Food effect 
studies are recommended during the clinical 
development of investigational agents per 
regulatory guidelines, to determine whether a 
drug should be administered with regard to food 
intake. The current study evaluated the impact of 
different types of food on the bioavailability of 
orally administered telaprevir. 
 
Materials & Methods: This was an open-label, 
randomized, 5-way cross-over trial in 30 HCV-
negative, healthy volunteers. Complete 
pharmacokinetic (PK) profiles were assessed 
after single dose administration of telaprevir 750 
mg with a regular breakfast (533 kcal, 21g fat), 
under fasted conditions, with a high-fat breakfast 
(928 kcal, 56g fat), a low-calorie/high protein 
breakfast (260 kcal, 9g fat), and a low-
calorie/low-fat breakfast (249 kcal, 3.6g fat). 
Subjects fasted overnight for at least 10h prior to 
drug intake in the morning. Geometric least 
square means (LSMeans) and associated 90% 
confidence intervals (CI) of treatment ratios 
(test/reference) were calculated based on the 
log-transformed PK parameters to evaluate 
differences in the maximum concentration (Cmax) 
and the area under the concentration-time curve 
extrapolated to infinity (AUC∞). The regular 
breakfast was used as a reference for all 
comparisons.  
 
Results: Of thirty subjects enrolled (28 male, 2 
female) 28 completed the study. Compared to a 
regular breakfast, telaprevir exposure (AUC∞) 
decreased by 73%, 39% and 26%, respectively, 
after administration under fasted conditions, with 
a low-calorie/low-fat breakfast, and with a low-

calorie/high-protein breakfast. Administration 
with a high-fat breakfast increased telaprevir 
exposure by 20% relative to a regular breakfast. 
The LSMeans ratio (90% CI) of the telaprevir 
AUC∞ and Cmax after intake under fasted 
conditions was, respectively, 0.27 (0.22-0.33) 
and 0.17 (0.13-0.21), after intake with a low-
calorie/low-fat meal 0.61 (0.53-0.69) and 0.62 
(0.55-0.71), after intake with a low-calorie/high-
protein meal 0.74 (0.66-0.83) and 0.75 (0.67-
0.83), and after intake with a high-fat meal 1.20 
(1.03-1.41) and 0.99 (0.87-1.12). All treatments 
were generally well tolerated. One subject 
discontinued due to non-compliance with the 
protocol, and one subject discontinued due to an 
adverse event (AE) doubtfully related to 
telaprevir (grade 2 AST and grade 3 ALT 
increase 7 days after intake under fasting 
conditions). No other grade 3 AEs were reported 
and no clinically relevant changes over time in 
laboratory parameters were observed.  
 
Conclusions: This trial demonstrated that 
telaprevir should be taken with food to enhance 
its absorption and optimize exposure. Based on 
these results recommendation in the Phase 3 
trials was to take telaprevir with food or a snack 
that contains some fat. A high-fat meal, however, 
was not required. 
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Telaprevir Binding to Isolated 
Human Plasma Proteins and 
Protein Binding Displacement 
Interactions Between Telaprevir 
and Ritonavir or Warfarin 
 
A. Chakilam1, A. Chavan1, G. Smith1, S. Lachau-Durand2, V. 
Garg1 

 
1Vertex Pharmaceuticals Incorporated, Medicines 
Development Group, Cambridge, USA: 2Tibotec BVBA, 
Clinical Pharmacology, Beerse, Belgium 

 
 
Background: The purpose of this study was to 
determine the extent of binding of 14C-telaprevir 
to human plasma proteins, isolated human 
plasma proteins (Human serum albumin (HSA), 
α1-acid glycoprotein (AAG) and Human gamma 
globulin (HGG)) and the potential for protein 
displacement interactions between telaprevir and 
warfarin in human plasma.  In clinical studies, 
formic acid is added to plasma samples upon 
collection to stabilize telaprevir and its 
diastereomer, VRT-127394.  Because 
acidification with formic acid can denature 
plasma proteins, precise determination of the 
protein binding of telaprevir in samples from 
clinical studies is not feasible; therefore, this 
study was conducted in vitro. 
 
Method: Radiopurity of 14C-telaprevir in 
protease and amidase inhibitor-treated human 
plasma was established after 30 minute 
incubation in plasma. Protein binding of 14C-
telaprevir was determined by ultrafiltration in 
amidase inhibitor-and protease inhibitor-treated 
plasma and isolated plasma protein solutions. 
Concentration-dependent binding of 14C-
telaprevir to proteins in human plasma and in 
solutions of HSA, AAG and HHG was assessed 
at six concentrations of 14C-telaprevir (0.1, 1, 5, 
10, 15 and 20 µM). The effect of 14C-telaprevir 
at various concentrations on the protein binding 
of 3H-warfarin (2.0 µg/mL) was evaluated in 
human plasma. Similarly, the effect of 3H-
warfarin (2.0 µg/mL) on the protein binding of 
14C-telaprevir at various concentrations was 
also evaluated. 
 
Results: A moderate protein binding with mean 
percentages of 59.1 through 75.6 over the 

concentration range of 0.1 through 20 µM was 
observed for 14C-telaprevir in human plasma. A 
mild concentration-dependent decrease in 
protein binding was also observed in human 
plasma. Protein binding of 14C-telaprevir to 
isolated human plasma proteins was moderate 
for HSA or AAG and low for HGG. The protein 
binding was concentration dependent and 
decreased with increasing 14C-telaprevir 
concentrations at all concentrations of HSA or 
AAG. In addition, protein binding of 14C-
telaprevir decreased with decreasing 
concentrations of HSA or AAG. Protein binding 
of 14C-telaprevir to HGG was low and 
independent of 14C-telaprevir concentrations or 
HGG concentrations. 
Protein binding of 3H-warfarin in human plasma 
was 98.0 percent and was unchanged by the 
presence of telaprevir over the concentration 
range of 0.1 through 20 µM. In contrast, the free 
fraction of 14C-telaprevir increased 
approximately 30 percent in the presence of 
warfarin at the low 14C-telaprevir concentrations 
and was not evident at high 14C-telaprevir 
concentrations. 
 
Conclusions: 14C-telaprevir was moderately 
bound to human plasma proteins with binding 
occurring to both HSA and AAG. Protein binding 
of 14C-telaprevir decreased with increasing 
concentrations of 14C-telaprevir or with 
decreasing concentrations of HSA or AAG. At 
low 14C-telaprevir concentrations, warfarin and 
other ligands with high affinity binding to albumin 
or AAG may displace 14C-telaprevir from protein 
binding sites and increase the free fraction of 
telaprevir. 
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Phase 2/3 Modeling, Clinical, 
and Virology Data Support 12-
Week Telaprevir Duration in 
Combination with 24/48-Week 
Peginterferon/Ribavarin 
Duration  
 
B. Adiwijaya1, V. Garg1, D.J. Bartels1, S. DeMeyer2, K. 
Eisenhauer1, N. Adda1, C.I. Wright1, R.S. Kauffman1, T.L. 
Kieffer1 

 
1Vertex Pharmaceuticals Incorporated, Medicines 
Development Group, Cambridge, USA; 2Tibotec BVBA, 
Clinical Pharmacology, Beerse, Belgium 
 
 
Introduction In phase 2 and 3 studies, telaprevir 
in combination with peginterferon/ribavirin (PR) 
significantly increased sustained virologic 
response (SVR) rates in genotype 1 HCV 
patients compared with PR alone. Here, SVR 
rates were evaluated by treatment duration of 
telaprevir and PR using model predictions, which 
was confirmed in clinical trials.  
 
Methods Predicted SVR rates were obtained 
from a viral dynamic model which was 
developed using in vitro and clinical response 
data from 28 patients treated with 2 weeks of 
telaprevir monotherapy and from 478 treatment-
naive CHC treated with either PR or TPR based 
on early phase 2 studies in treatment-naive 
patients. The model was verified by comparing 
predictions to treatment outcomes in subsequent 
phase 2 and 3 studies. Observed SVR rates by 
treatment durations were reported when 
available.  
 
Results Model-predicted SVR rates were 
generally comparable to those observed from 
2380 CHC in late-phase clinical trials of 
regimens with different treatment durations. The 
model produced consistently predictive results 
for the treatment-naive population. For prior PR-
treatment experienced populations, model 
predictions were generally consistent with the 
observed SVR rates despite being trained only 
for treatment-naive, with more predictive results 
in prior relapsers than in prior non-responders. 
Because of less predictive results in prior non-
responders, future modeling investigation is 

warranted. A telaprevir treatment duration of 12 
weeks was sufficient in treatment-naive and 
treatment-experienced patients. Predicted and 
observed SVR rates showed that longer (24 
wks) telaprevir duration did not increase SVR 
rates. Predicted and observed SVR rates 
showed that shorter (4, 8 wks) telaprevir duration 
reduced SVR rates by increasing virologic failure 
during PR treatment with sensitive variants. A 
peginterferon/ribavirin treatment duration of 24 
weeks in combination with 12-week telaprevir 
was sufficient in patients with undetectable HCV 
RNA at Weeks 4 and 12 (eRVR). Predicted and 
observed SVR rates were comparable for the 
treatment-naive and prior relapser groups with 
eRVR with 24 and 48 weeks of treatment in 
combination with 12 weeks of telaprevir. 
Modeling suggested that lower frequency of 
resistant variants allowed eradication with 
shorter duration of PR treatment.The model 
aided understanding of the novel CHC treatment 
regimen by integrating resistance and fitness 
levels, antiviral inhibition by each drug, and 
patient diversity in IFN-responsiveness, and 
connected these factors to the ultimate treatment 
outcome of SVR. The model predicted different 
eradication times for each HCV variant, which 
suggested different optimal treatment durations 
of telaprevir and of PR; this result was confirmed 
in clinical trials.  
 
Conclusions Modeling, clinical and virology 
data supported a 12-week telaprevir duration in 
treatment-naive and treatment-experienced 
patients. Similarly, modeling, clinical, and 
virology data supported a 24-week 
peginterferon/ribavirin duration in patients with 
eRVR.  
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Abstract: R_1 
 
Measuring hepatitis C 
replication capacity using a full 
length, replication competent 
hepatitis C virus genome 
 
B. Lassmann1, V. Arumugaswami2, O.O. Yang1, M.J. Lewis1 

 
1David Geffen School of Medicine at UCLA, Department of 
Medicine/Infectious Diseases, Los Angeles, USA; 2David 
Geffen School of Medicine at UCLA, Department of 
Molecular and Medical Pharmacology, Los Angeles, USA 
 
 
Background: Hepatitis C viral replication 
capacity is important to assess the effect of drug 
induced mutations or immune pressure on the 
virus. The replicon system, which is currently 
being used to assess replication capacity, is 
limited to evaluate RNA replication, translation 
and protein processing. It is not able to assess 
mutations affecting viral entry, assembly, egress, 
and cell-to-cell spread nor is the replicon system 
able to evaluate subtle mutations, which may not 
have a readily apparent effect after only one 
round of entry. To overcome these limitations, a 
replication assay was developed using full 
length, replication competent genotype 2a 
hepatitis C virus. 
 
Materials & Methods: A modified version of a 
genotype 2a J6/JFH-1 hybrid molecular clone 
was created. The modified clone had a unique 
sequence tag consisting of silent substitutions 
allowing for the discrimination between the 
modified clone and the parental clone using 
distinct probes in a quantitative RT-qPCR 
reaction. Flow cytometry was used to titer HCV 
stocks and to calculate the approximate number 
of infectious particles per ml supernatant. 
Huh7.5.1 cells were infected with virus at a low 
MOI (multiplicity of infection, 0.01 or less). 
Supernatant was collected at five time points to 
generate growth curves. Prior to RNA extraction, 
each culture supernatant sample was spiked 
with a reporter virus as an external control to 
normalize for RNA extraction, reverse 
transcription and real time PCR steps. Growth 
was determined by measuring the amount of 
HCV RNA in the supernatant using RT-qPCR. 
The copies of HCV in the supernatant over time 
were expressed on a log scale. A linear 
regression was performed and a slope and R2 
value was obtained for each virus. The 

replication capacity of modified and parental 
virus was calculated as the ratio of the slope of 
the modified virus to the parental virus. 
Differences between the replication capacity of 
parental and modified virus was statistically 
evaluated using a T-test.  
 
Results: RT-qPCR probes and primers had a 
broad detection range with a sensitivity down to 
10 copies and 100% specificity with no cross-
detection of either parental virus or modified 
variants with the opposite probe. The variance 
between samples when normalized to the 
external RNA control was <2%. Parental and 
modified viruses grew exponentially. Mean R2 for 
modified viruses was 0.97. Mean R2 for parental 
viruses was 0.98. Replication capacity of 
modified and parental virus was >0.9. Using a t-
test to compare mutant and parental viral 
growth, there was no statistically significant 
difference (p>0.05).  
 
Conclusions: Given the potential impact of 
measurements of viral fitness on hepatitis C 
virus drug and vaccine development, as well as 
basic studies of hepatitis C pathogenesis, a 
system capable of measuring replication 
capacity in the context of a fully replication 
competent hepatitis C genome was developed. 
This system can be used to measure the impact 
of drug resistance and immune escape 
mutations in structural and nonstructural HCV 
proteins on replication capacity. 
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Residue-Interaction Networks 
Analysis of Antiviral Resistance 
and Altered Viral Fitness in NS3-
Val55 Variants of Hepatitis C 
Virus  
 
C. Welsch1,2,3, S. Schweizer4, T. Shimakami1, I. Antes4, T. 
Lengauer3, S. Zeuzem2, S.M. Lemon1 

 
1Divsion of Infectious Diseases, Department of Medicine and 
the Lineberger Comprehensive Cancer Center, The 
University of North Carolina at Chapel Hill, Chapel Hill, USA; 
2J. W. Goethe-University Hospital, Department of Internal 
Medicine I, Frankfurt am Main, Germany; 3Max Planck 
Institute for Informatics, Computational Biology & Applied 
Algorithmics, Saarbrücken, Germany; 4Technical University 
Munich, Center for Integrated Protein Science (CIPSM), 
Department of Life Sciences, Freising, Germany  
 
 
Drug-resistant viral variants are a major concern 
in the use of direct-acting antiviral agents for 
treatment of chronic hepatitis C, with the 
underlying molecular mechanisms of resistance 
only partially understood. A better understanding 
of the interactions among different amino acid 
residues within the proteins targeted by these 
compounds is crucial for understanding the 
relationship between protein structure and 
function, and how amino acid substitutions 
influence resistance and viral fitness.  
Recent studies have shown that 2D residue-
interaction networks derived from experimental 
3D protein structures provide additional insights 
into the structural and functional roles of 
interacting residues and their variants.  
The present study deals with NS3 protease 
variants at Val-55, V55A and V55I, identified in a 
comprehensive analysis of genotype 1a HCV 
sequences collected worldwide. Substitutions at 
Val-55 are associated with ketoamide 
resistance. We applied a residue-interaction 
network approach and molecular dynamics 
simulations on a NS3 protease structure co-
crystallized with the ketoamide compound 
boceprevir, and identified molecular mechanisms 
potentially responsible for antiviral resistance 
and reduced viral fitness. 
Variant phenotypes were characterized in the 
infectious genotype 1a H77S.3 cell culture 
system by measuring antiviral EC50 and related 
fold-changes, as well as RNA replication 
capacity and infectious particle yield following 
transfection of synthetic viral RNA. The residue-

interaction network was used to analyze the 
topology of Val-55 and its non-covalent bonding 
pattern in wild-type and variant protease 
structures.  
We found Val-55 highly connected with 
neighbouring residues. The topology measures 
computed from the network suggest a potential 
key role of this residue in modulating molecular 
changes in the ligand-binding site of the 
protease. Using molecular dynamics simulations, 
we identified potential destabilizing changes in 
the local H-bond network upon boceprevir 
binding to V55A and V55I variant structures, and 
constricted binding pockets, specifically in V55A. 
These effects might explain low-level resistance 
against boceprevir conferred by the V55A 
substitution, as well as reduced RNA replication 
capacity in both Val-55 variants.  
Our results suggest higher structural flexibility in 
the wild-type protease compared to the variants. 
This putative reduced flexibility could impact the 
ability of the variant to participate in NS3 
domain-domain interactions. We suggest these 
changes may play an important role in 
determining the fitness phenotype, and could 
possibly explain the decrease in infectious virus 
yield observed with Val-55 variants. 
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Ultra-Deep Sequencing of the 
NS3 and NS5B Regions Detects 
Pre-Existing Resistant Variants 
to Direct Acting Antivirals (DAA) 
in HCV Genotype 1 Infected 
Patients Naïve  
 
S. Margeridon-Thermet1, S. Le Pogam1, T. Liu1, B. 
Hanczaruk1, B. Simen1, N. Shulman1, R. Shafer1, I. Najera1 

 
1Hoffmann-La Roche, Virology Therapy Area, Nutley,USA  
 
 
Background: Naturally occurring HCV drug-
resistance minority variants (MVs) that are not 
detectable by standard consensus sequencing 
may have an impact on the effectiveness of HCV 
inhibitors. We used ultradeep pyrosequencing 
(UDPS) and molecular clonal sequencing to 
assess the prevalence of HCV drug-resistant 
minority variants to protease (PI), nucleoside 
analog (NA), and nonnucleoside polymerase 
inhibitors (NNI) in serum samples from DAA-
naïve HCV infected subjects.  
 
Methods: Samples were obtained from 39 DAA 
treatment naive HCV-infected subjects (27 
genotype 1a and 12 genotype 1b). Molecular 
clonal sequencing and UDPS were performed 
spanning those regions of the NS3 protease 
,and of the NS5B polymerase including amino 
acid residues known to confer resistance to PIs, 
NAs and NNIs. The median viral load was 6.6 
log10 IU/ml (range 5.1 - 7.6). UDPS was 
performed using the GS FLX Titanium platform 
(454 / Roche Life Sciences) at a median 
coverage per base of ~3,500. MVs for the UDPS 
were defined as mutations present in ≥0.5% of 
UDPS reads whereas for the clonal sequencing 
analysis, MVs were defined as mutations 
present in ≥1 molecular clone..  
 
Results: Plasmid control experiments identified 
a UDPS error rate of 0.1% - resulting from a 
combination of PCR and pyrosequencing error. 
No NA resistance mutation was detected by 
UDPS nor through molecular clonal sequencing. 
Minority variants resistant to PI or NNI were 
detected in 3 and 10 subjects respectively at 
frequencies that ranged from 0.6 to 14%. 
Concordance between UDPS and molecular 

clonal sequencing was 87% for MVs detected 
(by either method) at a level >10%; 68% for MVs 
detected at a level of 5% to 10%; and 26% for 
MVs detected at a level of 1% to 5%.  
 
Conclusions: UDPS is a powerful technique for 
detecting minority variants within viral 
quasispecies. Optimization of a number of 
factors such as amplification error rate, input 
viral load, and the refining the sensitivity of the 
technique is ongoing. Comparison of results 
from molecular cloning and UDPS showed that 
no nucleoside analogs DRM as detected through 
either technique. Both techniques, however, 
detected the most prevalent NNI-DRMs with 
relative high concordance for MVs present at 
levels > 5 %  
 

   



Abstracts    32 

Reviews in Antiviral Therapy & Infectious Diseases 2011_6 
 

Abstract: R_4 
 
Deep sequencing analysis of 
naturally occurring mutations 
associated with resistance to 
HCV NS3 protease inhibitors 
 
M.E. Kirst1, E.C. Li1, C.X. Wang1, H.J. Dong2, C. Liu2, M.W. 
Fried3, D. Nelson4, G.P. Wang1 

 
1University of Florida, Medicine Division of Infectious 
Diseases, Gainesville, USA; 2University of Florida, 
Pathology, Gainesville, USA; 3University of North Carolina, 
UNC Liver Center, Chapel Hill, USA; 4University of Florida, 
Medicine Division of Gastroenterology, Gainesville, USA 
 
 
Introduction: Mutations conferring resistance to 
HCV protease inhibitors have been identified in 
vitro and in clinical trials. Studies have shown 
that drug resistant variants can occur naturally 
and circulate as dominant quasispecies, which 
may persist long-term in vivo. The quasispecies 
nature of HCV further raises the concern that 
viral swarms may harbor mutations at low 
frequencies not readily detectable by 
conventional genotyping methods, and 
compromise the efficacy of direct acting 
antivirals (DAAs). Although observations from 
clinical trials and predictions from mathematical 
models have both suggested that drug-resistant 
mutants preexist within HCV populations, the 
abundance and temporal dynamics of these 
naturally occurring variants within viral 
quasispecies have not been investigated in 
detail. 
 
Methods: Roche/454 deep sequencing of partial 
NS3 gene fragments were performed on 62 
serum samples from 22 subjects with chronic 
HCV infection (15 genotype 1a and 7 genotype 
1b), including 13 subjects who underwent liver 
transplantation. The abundance and temporal 
dynamics of drug resistant variants at baseline, 
before and after transplantation were analyzed 
and compared to data from population 
sequencing and clonal sequencing. A custom 
bioinformatic pipeline was developed to quantify 
the frequency of mutations within quasispecies 
populations. 
 
Results: We examined ~690,000 high-quality 
pyrosequence reads and determined the 
prevalence and abundance of mutations at eight 
major positions associated with protease 

resistance. Surprisingly, the natural prevalence 
of Q80K and V55A variants was high (77% and 
82% of subjects, respectively). The Q80K 
substitution confers reduced susceptibility to 
macrocylic protease inhibitors, and V55A is 
associated with resistance to linear ketoamides. 
The Q80K variant was the dominant 
quasispecies (>50% of pyrosequence reads) in 8 
subjects (36%), whereas the V55A variant 
circulated as a minority quasispecies (<30% of 
reads) in nearly all subjects. In one subject, 
V55A was linked to Q80K on the same genome 
and the double mutant was the dominant 
quasispecies (81% of pyrosequence reads). 
Substitutions at positions V36, T54, and V170 
were also prevalent (20-50% of subjects), but 
less abundant within quasispecies populations 
(<30% of reads). Variants associated with high-
level resistance (i.e. substitutions at positions 
155, 156 and 168) were rarely found. 
Importantly, standard population sequencing 
failed to detect minority variants in most 
subjects. Longitudinal analysis of transplant 
subjects revealed fluctuating frequencies of drug 
resistant variants over time, with significant 
genetic drifts within the NS3 region targeted by 
these inhibitors.  
 
Conclusions: Naturally occurring variants 
harboring mutations associated with protease 
resistance are more common than previously 
reported. Most resistant variants circulate at low 
frequencies not readily detectable by standard 
population sequencing, although Q80K was a 
dominant quasispecies in one-third of the 
subjects analyzed. Variants conferring high-level 
resistance to protease inhibitors were 
uncommon. Interestingly, drug resistant variants 
are highly dynamic in vivo, which may be related 
to immune suppression associated with liver 
transplantation. The biological relevance of low-
frequency, drug resistant quasispecies should be 
further investigated, and their temporal stability 
characterized. The methods described here 
should provide a framework for longitudinal 
analyses of the dynamics of drug resistance 
mutations in patients undergoing therapy with 
novel DAAs. 
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The Innate Immune Tolerance 
Model of Nonresponse to 
Interferon Therapy and Role of 
IL28B in Chronic Hepatitis C 
Virus Infection  
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Interferon-alpha (IFN-α) therapy against HCV is 
mediated by interferon-stimulated genes (ISGs) 
but the factors influencing therapy outcome are 
not well understood. There is strong recent 
evidence that IL28B polymorphisms predict 
treatment response in hepatitis C. IL28B is an 
interferon lambda (IFN-λ) that signals through a 
distinct receptor complex comprised of IL-10R2 
and IFNλ -R1. We had examined the intrahepatic 
ISG expression profile by microarray method 
and treatment response in adult, HCV genotype 
1 patients.  
All patients underwent a baseline liver biopsy 
and a repeat liver biopsy 24 hrs after a single 
dose of IFN-a 2a (10 MU sc). All patients 
subsequently received a course of pegIFN-α 2a 
and ribavirin. Nonresponders had significantly 
higher pretreatment levels of intrahepatic ISGs 
compared to responders. In contrast, at 24 hours 
post IFN-α, the ISGs increased significantly from 
baseline among responders but no further 
increase in nonresponders. We hypothesize that 
a low level of IFN is driving basal ISG expression 
during chronic HCV infection. Kupffer cells have 
been implicated as a possible source of IFN and 
may contribute to the basal ISG levels observed.  
 
The objectives are  
1) to apply immunohistochemical and confocal 
methods on liver biopsy slides to evaluate 
presence of IFN in Kupffer cells (CD68+); and 
compare the patterns of ISGs (OAS1, MX1, 
ISG56) distribution in hepatocytes and Kupffer 

cell between pre and post-IFN samples from 
responders and nonresponders.  
2) to assess a cell culture model of ISG 
responsiveness under the influence of 
constitutive low IFN levels to validate clinical IFN 
refractoriness.  
3) to correlate IL28B genotypes with hepatic ISG 
expression and hepatic levels of IFNλ -R1 
receptors using confocal methods in liver 
samples obtained before and after IFN.  
 
Results: We demonstrated that Kupffer cells are 
a local source of IFN that drives basal ISG 
expression in hepatocytes of nonresponders and 
observed distinct confocal patterns of ISG 
expression between responders and 
nonresponders. In responders, ISGs were 
induced from a nondetectable basal state after 
IFN diffusely. Among nonresponders, there was 
high basal, focal expression of ISGs. In the 
parallel mock and IFN-α treatment experiments 
on Huh7 hepatoma cells, we confirmed that 
constitutive IFN exposure renders hepatoma 
cells tolerant to ISG induction and function to 
support chronic HCV RNA replication. Most 
patients with the nonresponder Il28B genotype 
(TT) had preactivation of hepatic ISGs before 
IFN-α. In contrast, ISGs were induced by IFN-α 
in most genotype non-TT patients. The IFNλ-R1 
levels were determined by mean immunostaining 
signal per cell from 10 images of each liver slide. 
Genotype CC responders had significantly 
higher pretreatment IFNλ-R1 levels compared to 
genotype TT nonresponders (5.2 vs. 0.33 
signal/cell, p<0.05). Furthermore, there was 
strong coexpression of IFNλ-R1 with HCV NS3 
before treatment.  
 
Conclusions: We propose a model of “innate 
immune tolerance” in which endogenous IFN 
secreted by Kupffer cells drives basal ISG 
expression among hepatocytes to render them 
refractory to IFN-a therapy. The correlation 
between high IFNλ -R1 expression and 
treatment response suggests the role of IL28B 
genotype CC in inducing IFNλ and additional 
ISGs that contribute to viral clearance.  
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Enrichment of the NS5B 
Polymerase Variant F415Y 
Following Failure of Ribavirin 
Containing Regimens in 
Patients with Subtype 1a HCV 
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Jiang1, E.Z. Zhang1, J. Dorrian1, A.D. Kwong3, T.L. Kieffer1 
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Introduction: Data obtained from clinical studies 
of limited sample size has lead to the suggestion 
that the HCV NS5B variant F415Y may be 
enriched after ribavirin (RBV) monotherapy in 
patients with chronic subtype 1a HCV infection.  
 
Methods: To determine if F415Y or other 
changes in the NS5B polymerase are selected 
during treatment with RBV-containing regimens 
in subtype 1a patients, population sequencing 
was performed on 319 PROVE3 study patients 
who had previously failed a Peg-IFN/RBV (PR) 
regimen and 231 treatment-naïve patients from 
studies PROVE1 and PROVE2. Patient isolates 
were analyzed before, during and after receiving 
either PR or regimens containing telaprevir (T) 
with (TPR) or without RBV (TP). 
 
Results: NS5B F415Y is rare in subtype 1a and 
was observed in only 0.9% of treatment-naïve 
patients (2 of 231) at baseline. F415Y was 
observed in 32% of the subtype 1a PR-
experienced patients (n=319), greatly exceeding 
the treatment-naïve prevalence (p<0.0001). The 
F415Y variant appears quite fit as it was present 
at baseline in PROVE3, a median of 2.4 years 
after PR failure. Amongst treatment-naïve 
patients (PROVE1) significant (p<0.0001) 
enrichment of F415Y was observed during or 
after a RBV-containing treatment, with the on-
treatment mutation occurring in 7 of 65 patients 
that failed to achieve SVR. Enrichment of F415Y 
occurred after a median time of 48 weeks 
(range: 6-60) in patients with on-going replication 
in the presence of RBV; 5 of these 7 patients 
had detectable HCV RNA (LOQ 30 IU/mL) 
throughout the RBV dosing period. By contrast, 

F415Y was not enriched in patients that did not 
receive RBV (i.e., TP). 
 
Conclusion: Multiple mechanisms of action 
have been proposed for ribavirin in HCV therapy. 
The clinically observed enrichment of NS5B 
F415Y in subtype 1a following regimens 
containing ribavirin suggests that at least one 
mechanism may be the specific targeting of the 
NS5B polymerase.  
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Phenotypic characterization of 
resistance to the non-
nucleoside NS5B inhibitor 
filibuvir in hepatitis C infected 
patients 
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Introduction: Filibuvir (PF-00868554) is an 
investigational non-nucleoside inhibitor of the 
hepatitis C virus (HCV) non-structural 5B (NS5B) 
RNA-dependent RNA polymerase. Residue 
M423 was previously identified as the primary 
site of mutation in NS5B following filibuvir 
administration in HCV-infected patients. The aim 
of the present study was to phenotypically 
characterize the filibuvir susceptibility of HCV 
variants before, during and after short-term 
administration of filibuvir monotherapy. 
 
Methods: Samples from 29/52 patients who 
participated in filibuvir Phase 1 monotherapy 
studies (treatment duration of 3-10 days) were 
selected for phenotypic analysis following NS5B 
genotypic assessment. NS5B amplicons derived 
from plasma samples collected before, during 
and after filibuvir administration (n=69) were 
cloned as populations into the Con1 transient 
replicon system to generate NS5B-chimeric 
replicon constructs. Replicon RNA was 
transcribed from these construct populations and 
transfected into Huh7.5 cells for filibuvir 
susceptibility and replicative capacity 
assessment in a transient replicon assay. In 
addition, specific NS5B residue variants were 
engineered into the Con1 replicon by site-
directed mutagenesis (SDM) and assayed for 
filibuvir susceptibility and replicative capacity 
both as clonal replicons and in controlled 
mixtures with Con1 wild-type. Research on 
clinical trial samples was conducted in 
accordance with all applicable Pfizer policies, 
including IRB/IEC approval. 
 

Results: Filibuvir susceptibilities were 
successfully determined for 26/29 chimeric 
NS5B replicon populations derived from pre-
therapy samples, with 24 demonstrating EC50 
values within 3-fold of the geomean (29.2 nM). 
No significant difference in EC50 (p=0.31) was 
observed between genotype 1a or 1b 
sequences. Assessment of both on-therapy 
derived NS5B-chimeric replicon populations and 
SDM-engineered replicons confirmed that NS5B 
mutations M423A/I/T/V mediate phenotypic 
resistance to filibuvir (geomean EC50 fold shift 
relative to pre-therapy=39.2; p<0.0001). 
Selection of a mutation at M423 on-therapy was 
associated with a reduced replicative capacity in 
vitro relative to the pre-therapy sample 
(geomean fold reduction=2.2; p=0.0003). 
Consistent with this, reversion towards wild-type 
M423 in most patients during follow-up was 
observed and was associated with increased 
filibuvir susceptibility and replicative capacity of 
the NS5B-chimeric replicon populations, which 
were no longer significantly different from their 
corresponding pre-therapy population (p=0.19 
and p=0.12, respectively). Mutations at NS5B 
residues R422 or M426, detected in 4 patients, 
also mediate reductions in filibuvir susceptibility, 
suggesting these are rare but clinically relevant 
alternative resistance pathways. For SDM 
replicons with low replicative capacity, a higher 
proportion of resistant sequence was required in 
mixtures with wild-type to detect reduced filibuvir 
susceptibility, explaining why for some patients 
the encoding of an NS5B mutant did not result in 
a shift in phenotypic susceptibility in vitro. 
 
Conclusions: Phenotypic characterization of 
pre-therapy derived NS5B-chimeric replicons 
confirmed that filibuvir has potent broad 
spectrum activity against genotype 1 sequences. 
Upon filibuvir administration mutations at HCV 
NS5B residue M423 are the preferred pathway 
for selection of viral resistance in vivo. The 
encoding of isoleucine, threonine or valine at 
position 423 in clinical NS5B sequences results 
in high level filibuvir resistance in vitro but is 
associated with a statistically significant 
reduction in replicative capacity; this is 
consistent with the reversion of population 
sequences to the pre-therapy wild-type 
sequence after treatment cessation. 
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The Effect of On-Treatment 
Undetectable or 
Detectable/Below Lower Limit of 
Quantification HCV RNA 
Measurements on SVR Rates in 
the Phase 3 Clinical Trials of 
Boceprevir and Telaprevir 
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Background: Results of Phase 3 clinical trials of 
two direct-acting antivirals (DAAs), boceprevir 
and telaprevir, for the treatment of chronic HCV 
infection each in combination with pegylated 
interferon-alpha and ribavirin, have been 
analyzed. On-treatment decisions of total 
treatment duration based on 
undetectable/detectable viral load 
measurements at early timepoints (response-
guided therapy, RGT) were used in the clinical 
trials for both DAAs. The clinical trials used the 
Roche® COBAS® TaqMan v2.0 assay for viral 
load measurements. The lower limit of 
quantification (LLOQ) of the assay was 
considered 25 IU/mL for both DAAs, and the limit 
of detection (LOD) was considered 9.3 IU/mL for 
boceprevir trials and 10 IU/mL for telaprevir 
trials. HCV viral load results that were reported 
as detectable but below LLOQ 
(detectable/BLOQ) were not uncommon in the 
clinical trials. Clinicians may find it confusing 
when confronted with detectable/BLOQ results 
when making RGT decisions in clinical practice. 
Although the clinical trials were not designed to 
assess RGT using a LLOQ cutoff, understanding 
the clinical relevance of detectable/BLOQ 
measurements with respect to treatment 
outcome (i.e., SVR) can provide insight 
regarding the potential impact of considering a 
“detectable/BLOQ” measurement equivalent to 
an “undetectable” measurement.  
 
Materials & Methods: We performed 
exploratory analyses of viral load results 
reported from boceprevir Study P05216 
(treatment-naïve) and telaprevir Studies 108 
(treatment-naïve) and 216 (treatment-

experienced). The SVR rates for subjects with 
viral load results reported as “detectable/BLOQ” 
versus “undetectable” at selected on-treatment 
timepoints were compared to determine the 
clinical relevance of an on-treatment 
“detectable/BLOQ” result. We also examined the 
rate of detecting HCV RNA during follow-up 
among subjects who apparently achieved SVR. 
 
Results: “Detectable/BLOQ” measurements 
occurred in approximately 10-20% of all on-
treatment measurements in the Phase 3 clinical 
trials of boceprevir and telaprevir. In Study 
P05216, there was clearly a trend of higher SVR 
rates for subjects with “undetectable” 
measurements during treatment compared to 
subjects with “detectable/BLOQ” measurements 
at the same timepoint. The difference in SVR 
rates widened between subjects with 
“undetectable” and “detectable/BLOQ” 
measurements at later timepoints. This same 
trend of higher SVR rates for “undetectable” 
measurements compared to “detectable/BLOQ” 
measurements was confirmed in telaprevir 
Studies 216 and 108. However, overall SVR 
rates for subjects with “detectable/BLOQ” HCV 
RNA results at any given on-treatment timepoint 
was much higher in Study 108 than what was 
observed in Studies 216 and P05216. In Study 
108 there was also a higher rate of detection of 
HCV RNA during follow-up among subjects who 
apparently achieved SVR. Therefore, the 
differences observed may be the result of a 
vendor-related higher false-positive HCV RNA 
detection rate in Study 108. 
 
Conclusions: During treatment, a 
“detectable/BLOQ” viral load result, relative to an 
“undetectable” result at the same timepoint, is 
predictive of a lower SVR rate. Clinicians should 
be cautious in considering “detectable/BLOQ” 
and “undetectable” results equivalent for 
response-guided therapy approaches that were 
originally validated using 
undetectable/detectable viral load cutoffs. In 
addition, clinicians and researchers should be 
aware that there may be laboratory-specific 
differences in HCV RNA results reported as 
“undetectable” and “detectable/BLOQ” both for 
on-treatment and follow-up results. 
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the development of resistance 
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Background: Different levels of activity against 
different HCV genotypes have been reported 
with HCV NS3-protease inhibitors (PIs), and 
selection of resistant variants and viral 
breakthrough has been observed more 
frequently in patients infected with HCV subtype 
1a than subtype 1b. Because of the extreme 
HCV variability, we analyzed whether HCV 
genotypes are differently prone to the 
development of resistance to PIs.  
 
Methods: HCV genetic variability in NS3-
protease was investigated by analyzing 1568 
NS3-protease sequences, retrieved from our 
laboratory and GenBank, isolated from PI-naive 
patients infected with HCV-genotypes 1a 
(N=621), 1b (N=474), 2 (N=72), 3 (N=268), 4 
(N=54) 5 (N=6), and 6 (N=73). Subtype 
determination was performed by phylogenetic 
analysis of protease coding-region. Structural 
analyses on NS3-protease and on putative RNA 
model have been evaluated, by using PyMOL 
and Contrafold software, respectively. Genetic-
barrier was calculated as the sum of nucleotide-
transitions (score=1) and/or nucleotide-
transversions (score=2.5) required for 
emergence of drug-resistance mutations (Van de 
Vijver, 2006). Thirty-seven key mutations at 12 
protease-positions associated with telaprevir 
and/or boceprevir resistance were analysed 
(36AMLGC-41R-43SC-54AS-55A-109K-
155KMTQGILS-156STVI-158I-168NETYHAVI-
170AT-175L). 
 

Results: Overall, protease amino-acidic 
sequences showed a low degree of 
conservation, with 85/181 (47.0%) conserved 
amino acids (variability <1%). Only 50 residues 
(27.6%) were highly conserved (variability 
<0.1%), and frequently organized in base-paired 
predicted RNA-secondary-structures. The triad-
catalytic (H57-D81-S139) as well as 8/12 
resistance-associated positions (Q41-F43-T54-
V55-R109-R155-A156-V158) were fully 
conserved (variability <1%). Differently, 4 
residues associated with PI-resistance, together 
with other residues located in proximity of the 
hydrophobic PI-binding pocket, were found 
extremely variable among HCV genotypes. Two 
resistance mutations (V36L-M175L) were found 
as natural polymorphisms in selected genotypes. 
Indeed, while Valine at position 36 (V36) is the 
wild-type for HCV1a/b, the resistance mutation 
36L was naturally present in 100% HCV-3-5 and 
>94% HCV-2-4. Similarly, M175L mutation was 
present in 100% HCV-1a-3-5 and >97% HCV-2-
4 sequences. Interestingly, all HCV-genotypes 
showed the Aspartic acid at position 168 (D168), 
with the exception of HCV-3, that showed 100% 
Glutamine (Q168). Furthermore, HCV-1b-4-6 
showed at position 170 the Valine (V170) in 
>70% of sequences, while HCV1a-2-3 showed 
the Isoleucine (I170) in >90% of sequences. 
Regardless of HCV-genotype, 22/37 drug-
resistance mutations were associated with low 
genetic-barrier scores for their development, 
requiring only 1 nucleotide substitution (V36A-
Q41R-F43S-T54A-V55A-A156VT-D168N-
V170A-I170T: score=1, 1 transition required; 
V36LG-F43C-T54S-A156SG-D168YEHAV-
M175L: score=2.5, 1 transversion required). By 
contrast, nucleotide-heterogeneity led to a lower 
genetic-barrier for the development of some 
major drug-resistance mutations in HCV-1a 
(V36M-R155GKT-I170T), HCV-2 (L36M-
R155GKT-I170T), HCV-3 (R155GKT-I170T), 
and HCV-5 (R155GKT) in comparison to HCV-
1b genotype.  
 
Conclusions: Several NS3-residues located in 
proximity of the hydrophobic PI-binding pocket 
were found variable among specific genotypes. 
The high degree of HCV genetic variability 
makes HCV-genotypes, and even sub-
genotypes, differently prone to the development 
of telaprevir/boceprevir resistance mutations. 
Our study may help in explaining the 
experimental and clinical observation that 
mutations with low genetic-barrier appear rapidly 
and frequently in PI-treated patients, compared 
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to mutations with higher genetic-barrier. Overall, 
this can account for different responsiveness of 
HCV-genotypes to PIs, with important clinical 
implications in tailoring individualized and 
appropriate regimens. 
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Introduction: Telaprevir is a potent, specific 
hepatitis C virus (HCV) protease inhibitor that is 
being investigated in combination with 
peginterferon alfa-2a (P) and ribavirin (R) in 
HCV-infected patients. Telaprevir Phase 3 trials 
included genotype 1 treatment-naïve patients 
(ADVANCE, ILLUMINATE) and patients who 
had not achieved SVR (relapsers, partial and 
null responders) with a prior course of PR 
(REALIZE). For the subset of patients who do 
not achieve SVR, the long-term clinical 
implications of treatment-selected resistant 
variants have not been well-established.  
  
Materials and Methods: Patients from telaprevir 
Phase 3 trials who did not achieve SVR were 
followed to assess the evolution of telaprevir-
resistant variants in the HCV NS3 protease 

domain. Viral populations were evaluated by 
population sequencing after treatment failure. 
‘Survival analysis’ was performed using Kaplan-
Meier.  
  
Results: A total of 388 patients (228 treatment-
naive and 160 treatment-experienced) who did 
not achieve SVR and had viral sequence data 
available after treatment failure were evaluated 
for the presence of resistant variants (median 
follow-up time: 11 months). At treatment-failure, 
resistance was more common in patients 
infected by subtype 1a (84%) than 1b (54%). 
When present, resistant variants became 
undetectable more rapidly in 1b-infected patients 
than in 1a infected patients, with estimated 
median (95% CI) time to not having detectable 
resistance of 0.8 (0,2) and 10 (9,11) months, 
respectively, after treatment-failure. V36A, T54A 
and A156S/T variants, accounting for the 
majority of 1b resistant variants, had median 
(95% CI) times to loss of 4 (3,4), 3 (2,4) and 4 
(3,6) months, respectively, whereas V36M and 
R155K variants, accounting for the majority of 1a 
resistant variants, had median times to loss of 9 
(8,11) and 10 (9,11) months, respectively.  
  
Conclusions: Telaprevir-resistant variants were 
no longer detectable by population sequencing 
in the majority (60%) of patients within a median 
follow-up of 11 months after treatment failure. 
Further studies are needed to evaluate whether 
patients who developed resistance to a direct-
acting antiviral agent may be eligible for future 
treatment options with the same drug class.  
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Background: ABT-450, a potent HCV protease 
inhibitor, has been identified as a lead 
compound by Abbott and Enanta and is being 
developed for the treatment of HCV GT1 
infection in combination with other anti-HCV 
agents. It is co-administered with low dose 
ritonavir (ABT-450/r) to allow once daily dosing. 
Treatment-naïve subjects received ABT-450/r at 
doses of 50/100, 100/100, or 200/100 mg QD for 
3 days followed by 12 weeks of ABT-450/r at the 
same dose in combination with pegylated 
interferon/ribavirin (P/R). After week 12, subjects 
received up to an additional 36 weeks P/R 
therapy. In all three ABT-450/r dose groups, an 
approximately 4 log10 IU/ml mean maximum 
HCV RNA decrease from baseline was observed 
during the initial 3 day monotherapy period. No 
on-treatment viral rebounds were observed 
during monotherapy or after addition of P/R. All 
three ABT-450/r doses resulted in robust 
antiviral response, with 22/24 subjects receiving 
ABT-450/r + P/R achieving cEVR compared with 
2/11 subjects receiving placebo + P/R. 
 
Material & Methods: HCV RNA was extracted 
from subjects' serum obtained at baseline (Day 
1), Day 4, and follow-up time points. Variants 
were identified and quantified by clonal 
sequencing (≥ 75 clones per time point). The 
phenotype (fold change in EC50 from wild type) 
of substitutions selected in patients during 
dosing was determined using the replicon 
system. 
 
Results: Clonal sequencing results are available 
from 14 of 24 Day 4 samples. In samples from 
all five subjects in the ABT-450/r 50/100 mg 
dose group, the majority of clones analyzed 
contained known resistance mutations, with 
R155K being most common. Three of four 

subjects from the 100/100 mg dose group had a 
high percentage of clones containing resistance 
mutations, most commonly changes at R155 or 
D168. One of the five subjects from the 200/100 
mg dose group had clones containing D168V at 
Day 4, while none of the clones from the other 
four subjects contained any known resistance 
mutations. Following addition of P/R, high rates 
of viral suppression were observed in subjects 
from all dose groups with the exception of one 
subject in the 50/100 mg dose group. The viral 
load level in this subject plateaued at ~3 log10 
IU/mL at Day 4 and remained between 2.4 and 
3.2 log10 IU/mL throughout the 12 weeks of ABT-
450/r + P/R dosing. In this subject, the R155K 
substitution was observed in a significant 
proportion of clones at Day 4 and in essentially 
all clones from day 5 onward throughout the 12 
weeks of dosing with ABT-450/r + P/R. 
Additional changes (V36M and I132L) were 
observed in samples from week 4 onward from 
this subject. 
 
Conclusions: At Day 4, resistance mutations 
were seen at a lower prevalence in subjects from 
the ABT-450/r 200/100 mg dose group 
compared to subjects from the 50/100 or 
100/100 mg groups, indicating that the 200/100 
mg dose may suppress early appearance of 
resistant variants. Despite the presence of 
known resistant variants, high rates of viral 
suppression were observed in all dose groups 
following the addition of P/R. 
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Danoprevir plus low dose 
ritonavir achieved robust 
virological response in 
treatment naive and in GT 1b 
prior null responder patients 
after up to 12 weeks treatment 
 
S. Le Pogam1, J. Yan1, M. Chhabra1, M. Ilnicka1, Y. Ji1, D. 
Chin1, Y. Zhang1, N. Shulman1, K. Klumpp1, I. Nájera1 

 
1Hoffmann-La Roche, Virology Therapy Area, Nutley,USA  
 
 
Background and objectives: Low rate of 
resistance to Danoprevir (DNV) has been 
observed after up to 12 weeks of treatment with 
unboosted DNV in combination with PEG-IFN 
and RBV (triple combination) when dosed in 
treatment-naive patients with chronic hepatitis C 
genotype 1 infection as compared to the 
currently approved combination of PEG-IFN and 
RBV (SOC). The use of low dose of ritonavir is 
used successfully to ‘boost’ exposure to HIV 
protease inhibitors that are CYP3A substrates 
and it simplifies regimens, improves antiviral 
efficacy and reduces emergence of resistance. 
In this study we report the studies to monitor for 
development of resistance to DNV after up to 12 
weeks of treatment with danoprevir (DNV) plus 
low dose ritonavir (r) (DNV/r) in combination with 
Peg-IFNα-2a/RBV in GT1 treatment-naive and 
prior null responders. 
 
Materials & Methods: Three cohorts of 
treatment-naive HCV GT1 patients were 
randomised to receive DNV/r (n=31) or placebo/r 
+ Peg-IFNα-2a/RBV (n=3) for 15 days with 
DNV/r regimens of 100/100mg q12h (cohort 1), 
200/100mg q24h (cohort 2), and 200/100mg 
q12h (cohort 3). A fourth cohort (n=24) included 
prior null responder GT1 patients who received 
100/100mg q12h DNV/r or placebo/r + Peg-
IFNα-2a/RBV for 12 weeks. The NS3/4A and/or 
NS3 protease coding region was amplified and 
population sequence was performed on all 
baseline samples. Population sequence and 
phenotypic analyses were performed on on-
treatment and follow up samples from 
DNV/r/Peg-IFNα-2a/RBV treated patients that 
experienced: i) Viral load rebound, ii) Non 
response or iii) Partial response.  
 

Results: Low-dose DNV/r + PegIFNα-2a/RBV 
provided robust virological response in all 
cohorts. No viral breakthrough was observed in 
treatment-naive patients (cohorts 1-3, 22 GT1a 
and 9 GT1b) after 2 weeks of DNV combination 
therapy. Of the 24 (8 GT1a and 16 GT1b) prior 
null responder patients treated with DNV/r for up 
to 12 weeks, viral breakthrough was observed in 
one GT1b patient. Four GT1a patients 
experienced a viral breakthrough (two patients 
by week 3, one by week 4 and one by week 8 of 
treatment). This was associated with the 
selection of R155K in the NS3 protease region 
and ~200-fold EC50 shift compared to the 
baseline samples. The R155K resistance 
mutation persisted in 3/4 patients for up to 12 
weeks after cessation of therapy. Population 
sequence of the NS3/4A region of 58 patients at 
baseline did not show any DNV resistance 
mutations.  
 
Conclusions: DNV/r + Peg-IFNα-2a/RBV 
provided a robust virological response in GT1b 
and GT1a treatment naive patients with no viral 
breakthrough observed. In prior null responders, 
robust response was observed in GT1b patients 
where there is a higher genetic barrier to 
resistance to DNV. Resistance related viral 
breakthrough was observed in 4/8 GT1a 
patients. In 1 patient, the mutation at position 
NS3155 reverted to WT whereas it persisted for 
12 weeks after the cessation of therapy in 3/4 
patients.  
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Replication Fitness and Drug 
Susceptibility of HCV Triple 
Class Drug-Resistant Mutants 
 
H. Dvory-Sobol1, S. Xu1, H. Goodwin1, D. Goodman1, E. S. 
Svarovskaia1, M. D. Miller1, H. Mo1 
 
1Gilead Sciences, Inc. Foster City, CA 
 
 
Background: Small molecule NS3 protease 
inhibitors (PI), NS5A, and non-nucleoside NS5B 
polymerase inhibitors (NNI) of the Hepatitis C 
virus (HCV) have successfully advanced to 
clinical trials. However, the rapid selection of 
drug-resistant genetic variants is a significant 
issue for these three targets. The aim of this 
study was to assess the degree of drug 
resistance and replication fitness of single, 
double, and triple class mutants that confer 
resistance to PIs, NS5A inhibitors, and NS5B 
polymerase inhibitors in both genotypes 1a and 
1b.  
 
Methods: Previously identified NS3 PI 
resistance mutations (R155K, D168E/V), NS5A 
inhibitor resistance mutations (Y93H, M28T, 
L31V/M, Q30H/R), and an NS5B polymerase 
mutation (Y448H, which confers resistance to 
the NNI, tegobuvir) were introduced into 
genotype 1a or 1b replicons as single, double, or 
triple class mutants by site-directed mutagenesis 
(SDM). The replication capacity and drug 
susceptibility of these mutants was assessed by 
transient replication assays.  
 
Results: The single NS5A L31M mutant in a 1a 
replicon, and NS5A Y93H and L31V in 1b 
replicons, displayed replication fitness similar or 
slightly higher than wild-type (WT). In contrast, a 
reduction in the replication capacity was 
observed with the single NS3 R155K or D168E 
mutants, or the NS5B Y448H mutant in the 1a 
and 1b genotypes, respectively. The replication 
capacities of the triple class 1a 
(R155K+M28T+Y448H, R155K+Q30H+Y448H) 
or 1b drug-resistant mutants 
(D168E+L31V+Y448H, D168E+Y93H+Y448H or 
D168V+L31V+Y448H, D168V+Y93H+Y448H) 
were lower than the WT or NS5A single mutants, 
but were comparable to the single NS3 R155K 
or D168E mutants. All triple class mutants 
showed moderate to high levels of cross 

resistance to PIs (15 to >100-fold) and the NS5A 
inhibitor GS-5885 (25 to >100-fold), as well as 
low to moderate resistance to the NNI tegobuvir 
(6-25 fold). The NS5A resistance mutant Y93H 
showed more resistance than L31V in the 1b 
mutants and L31M showed more resistance than 
Q30H and M28T in the 1a triple class mutants. 
The triple class mutants were completely 
susceptible to two NS5B site II inhibitors (GS-
9669 and GS-430319), a nucleotide NS5B 
inhibitor (GS-6620), IFN-and RBV. There were 
no significant differences between 1a and 1b 
triple class mutants for the potency of the two 
NS5B site II inhibitors.  
 
Conclusions: Novel NS5B polymerase 
inhibitors GS-9669 and GS-6620 as well as IFN 
and RBV would likely be effective in suppressing 
HCV replication of triple class mutants that 
showed resistance to PIs, an NS5A inhibitor, and 
NNIs select for the Y448H NS5B mutation. 
 
 
  



Abstracts    42 

Reviews in Antiviral Therapy & Infectious Diseases 2011_6 
 

Abstract: R_14 
 
The host targeting cyclophilin 
inhibitor alisporivir presents a 
high barrier to resistance with 
no cross-resistance to direct 
acting antivirals 
 
C. Tiongyip1, C. Jones1, Y. Tang2, J. Snoeck3, A. 
Vandamme3, L. Coelmont3, J. Neyts3, G. Vuagniaux4, R. 
Crabbe4, N. Naoumov5, B. Li2, K. Lin1 
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Diseases/Virology, Cambridge, USA; 2Novartis Institutes for 
Biomedical Research Inc., Biomarker Development, 
Cambridge, USA; 3Rega Institute for Medical Research, 
Microbiology and Immunology, Leuven, Belgium; 
4Debiopharm, Lausanne, Switzerland 
5Novartis Pharma AG, Basel, Switzerland 
 
 
Background: With the introduction of directly 
acting antivirals (DAA), rapid development of 
resistance has become a major challenge for 
hepatitis C virus (HCV) therapy. A 
complementary approach is to target host factors 
such as cyclophilins which are essential for viral 
replication and may create a higher barrier to 
resistance. Alisporivir, a non-
immunosuppressive cyclophilin inhibitor, is a 
promising first-in-class host targeting antiviral 
(HTA) with pan-genotypic HCV activity. No 
patient experienced viral breakthrough when 
administered with 1000 mg once daily alisporivir 
monotherapy for 4 weeks in a Phase IIa trial. 
The objective of this study is to analyze viral 
sequence changes associated with alisporivir 
treatment in vitro and in patients and to 
determine their impact on drug susceptibility. 
 
Material and Methods: HCV clones with 
resistance against alisporivir were selected in 
vitro using both genotypes (GT) 1a (H77 strain) 
and 1b (Con1 strain) replicons, and then 
sequenced to identify mutations associated with 
alisporivir treatment. The effects of the mutations 
on the susceptibility to alisporivir as well as 
DAAs were determined in a phenotypic assay 
using a replicon shuttle vector. For patients 
treated with alisporivir in the Phase IIa trial the 
entire HCV coding region was sequenced as 
reported previously. The NS5A genes of 
selected patients were cloned and analyzed 
using the replicon shuttle vector. 
 

Results: Selection of resistant clones with 
alisporivir in vitro resulted in only low-levels of 
resistance, i.e. 7- and 5-fold increase in EC50 for 
GT 1a and GT 1b HCV replicons, respectively. 
Viral sequence changes were mainly located in 
the domain II of NS5A, which has been shown 
as a substrate for the PPIase activity of 
cyclophilins. D320E of NS5A was the only 
mutation consistently selected in both GT 1a and 
1b replicons, although by itself the mutation only 
slightly reduced the susceptibility to alisporivir in 
vitro (less than 3-fold). In addition, when NS5A 
genes of patients with detectable D320E were 
analyzed in the phenotypic assay in vitro, the 
change of susceptibility to alisporivir was less 
than 2-fold, suggesting that D320E alone was 
not sufficient to cause viral resistance or 
breakthrough. Importantly, no cross-resistance 
was observed between alisporivir and NS5A 
inhibitors, which target domain I of NS5A, nor 
with IFN-α, NS3 protease or NS5B polymerase 
inhibitors, suggesting that these drugs can be 
used in combination. Indeed, the combination of 
alisporivir with DAAs not only resulted in additive 
to synergistic effect in inhibiting HCV replication, 
but also proved to be much more effective in 
blocking the emergence of resistance in vitro.  
 
Conclusions: Both in vitro and clinical data 
suggest that the host targeting cyclophilin 
inhibitor alisporivir has a substantially higher 
barrier to resistance compared to DAAs. 
Moreover, there was no cross-resistance 
between these inhibitors of different 
mechanisms. Alisporivir, currently in Phase III 
clinical development, represents a promising 
first-in-class HTA that may play an essential role 
in future combination therapy for HCV. 
 
  



Abstracts    43 

Reviews in Antiviral Therapy & Infectious Diseases 2011_6 
 

Abstract: R_15 
 
Genotypic and Phenotypic 
Characterizations of Natural and 
Acquired Reductions in 
Susceptibility to the HCV Non-
nucleoside Inhibitor MK-3281 
 
D. Han1, K. Strommen1, E.D. Anton1, S. Choe1, M. Chen2, 
D.J. Hazuda3, C.J. Petropoulos1, R.J.O. Barnard3, J.D. 
Reeves1 

 
1Monogram Biosciences Inc., Virology R&D, South San 
Francisco, USA; 2Monogram Biosciences Inc., Process 
Development, South San Francisco, USA; 3Merck & Co Inc., 
Antiviral Research, West Point, USA 
 
 
Background: MK-3281 is a non-nucleoside 
inhibitor that binds within the thumb region of 
HCV polymerase. In vitro, MK-3281 is a potent 
inhibitor of genotype 1a and 1b HCV (GT1a H77 
EC50 12nM, GT1b Con1, EC50 41nM) and 
substitutions at amino acid 495 in NS5B are 
associated with reduced MK-3281 susceptibility. 
In a 7 day monotherapy study, MK-3281 
recipients exhibited average maximal HCV RNA 
declines of 1.28 and 3.75 log10IU/mL with 
GT1a/GT1non-subytped (n=6/1) and GT1b (n=4) 
HCV, respectively (Brainard et al AASLD, 2009). 
 
Methods: A panel of chimeric HCV luciferase 
reporter replicons containing populations of 
patient-derived GT1a and GT1b NS5B 
sequences was used to define the natural 
variation in susceptibility to MK-3281. Population 
sequencing of NS5B was used to identify 
substitutions associated with reductions in MK-
3281 susceptibility in samples from MK-3281 
recipients. HCV from a patient containing MK-
3281 resistance associated mutations was 
further analyzed by population phenotyping and 
clonal sequencing and phenotyping. 
 
Results: Natural variation in MK-3281 
susceptibility varied by >100-fold, with larger 
variation observed among replicons derived from 
GT1b compared to GT1a NS5B sequences. In 
this discrete dataset, the median susceptibility of 
GT1a replicons was slightly less than GT1b 
replicons. In a MK-3281 recipient with GT1b 
HCV, NS5B amino acid substitutions at P495 
were identified by population sequencing at day 
3, 7 and 8, but not at baseline or day 18. 
Population phenotypic analysis identified 

reductions in MK-3281 susceptibility at days 7 
and 8 and associated reductions in replication 
capacity (RC). Clonal sequence analysis 
identified a resistance associated mutation 
(P495L) at day 18 that persisted below the lower 
limit of detection of population sequencing. 
Mutations selected by MK-3281 treatment 
included P495S/L/A and their relative 
proportions varied over time. The reductions in 
MK-3281 susceptibility and impaired RC 
conferred by each of these mutations were 
evaluated using site directed mutagenesis and 
by characterizing clones derived from patient 
virus. In the context of Con1, a P495A 
substitution reduced MK-3281 susceptibility by 
approximately 25-fold and reduced RC to 
approximately 30%. P495L reduced MK-3281 
susceptibility by >100-fold and reduced RC to 
approximately 10%. The MK-3281 
susceptibilities of clones derived from patient 
virus at baseline varied by more than 15-fold in 
the absence of amino acid variation at P495. 
Patient clones with P495S, P495L and P495A 
substitutions had reduced MK-3281 susceptibility 
and RC. The MK-3281 susceptibility between 
patient clones with P495A varied by more than 
20-fold.  
 
Conclusions: GT1 viruses exhibit variable 
susceptibility to MK-3281. Treatment with MK-
3281 was associated with substitutions in NS5B 
(P495S/L/A) that conferred reductions in MK-
3281 susceptibility and RC. Individual clones 
within a patient virus population exhibited 
variable MK-3281 susceptibilities in the absence 
and presence of resistance associated mutations 
at P495, indicating that additional sequence 
context can affect MK-3281 susceptibility. 
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Genotypic and phenotypic 
analysis of NS5B polymerase 
region from viral isolates of HCV 
infected patients treated with BI 
207127 for 5-days monotherapy 
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J. Steffgen8, G. Kukolj1 
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Background: BI 207127, a specific and potent 
non-nucleoside inhibitor of the HCV RNA-
dependent RNA polymerase in vitro, has been 
studied in patients with chronic genotype (GT) 1 
HCV infection for 5 days as monotherapy. The 
antiviral activity of BI 207127 reached a maximal 
effect (median 3.8 log10 VL decline at day 5) for 
the group receiving 800 mg q8h with no viral 
breakthrough observed during treatment. NS5B 
genotypic and phenotypic characterization of 
viral isolates at baseline and after BI 207127 
dosing has been performed. 
 
Methods: HCV RNA was collected and 
extracted at baseline and at time points following 
the last dose from 60 patients treated with either 
placebo, 100, 200, 400, 800 or 1200 mg BI 
207127 q8h. Population sequencing was 
performed on the NS5B region. Clonal 
sequencing permitted the identification and 
quantification of major and minor variants 
(LLOQ: 5%) in the NS5B region. Chimeric HCV 
sub-genomic replicons were constructed to 
determine BI 207127 EC50 values against 
patient-derived NS5B polymerase sequences. 
Individual plasma inhibitory quotients (IQ) were 
determined from the ratio of the BI 207127 
Cminssvalues and the phenotypically derived BI 
2017127 EC50 values for the corresponding viral 
isolate (Cminss/EC50). 

 
Results: Phenotypic analysis of the NS5B 
segment derived from patient samples at 
baseline revealed mean BI 207127 EC50 values 
of 43±42 nM for GT-1a and 17±22 nM for GT-1b 
derived samples. The maximum drop in plasma 
viral load correlated to BI 207127 Cminss. An 
improved correlation was observed between IQ 
and plasma viral load reduction on day 5. 
Population sequence analysis of baseline and 
post-treatment samples revealed the selection of 
NS5B amino acid substitutions in the thumb-
pocket 1 domain in only 6 out of 46 BI 207127 
treated genotpye 1b infected patients, 
Consistent with in vitro resistance studies, the 
major shifts in phenotypic resistance to BI 
207127 were encoded by variants with 
substitutions at position 495 (P495L/Q/S) of the 
NS5B region in five patients. Clonal analysis 
confirmed the amino acid substitutions as the 
predominant variants in the patient samples. 
NS5B phenotyping of baseline and post-
treatment samples revealed that the five viral 
isolates encoding P495 changes exhibited up to 
400-fold decreased susceptibility to BI 207127.  
 
Conclusion: NS5B baseline phenotyping 
improved BI 207127 PK/PD analysis. BI 207127 
resistant mutants that encode P495 substitutions 
were observed in only 5/46 (11%) patients who 
received 5-day monotherapy. These NS5B 
variants do not alter the sensitivity to interferon 
or an NS3 protease inhibitor and support the 
further investigation of BI 207127 in combination 
with PegIFN/RBV and/or other direct acting 
antivirals for the treatment of chronic HCV 
infection. 
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Preclinical Characterization of 
Next Generation NS5B Non-
Nucleoside Inhibitors as Potent 
Direct Antiviral HCV Agents  
 
P.A. Thompson1, C.V. Tran1, D.E. Murphy1, A.X. Xiang1, R.A. 
Patel1, H.J. Hou1, R.E. Showalter1, X. Liao1, J.R. Appleman1, 
S.E. Webber1 

 
1Anadys Pharmaceuticals Inc., Research, San Diego, USA 
 
 
Background: There is a need to identify new 
therapies that can replace the components of 
standard of care (interferon and ribavirin) both of 
which have poor tolerability and toxicities that 
limit compliance and cure rates. Future 
treatment of genotype 1 HCV infection is 
expected to require combinations of 3-4 antiviral 
agents. To increase compliance and ensure 
success, next generation candidates will 
preferably be readily co-formulated with other 
anti-HCV agents. We have identified potent 
NS5B polymerase inhibitors that bind at the NNI 
Site III (Palm I) that have (i) the potential for low 
clinical doses and co-formulation with other 
DAAs, (ii) a favorable pharmacological barrier, 
minimizing viral breakthrough, and (iii) a low 
potential for drug-drug interactions. 
 
Methods: The antiviral activities of compounds 
were evaluated in a variety of standard assays 
using stable and transiently replicating HCV 
replicons. In vitro metabolism and CYP inhibition 
were evaluated using liver microsomes. 
Pharmacokinetic properties were determined in 
cynomolgus monkeys. 
 
Results: Properties incorporated by design into 
these next generation NS5B inhibitors include (i) 
low predicted human dose (<100 mg/day) 
enabled by high potency against wild-type (wt) 
virus, (ii) minimal susceptibility to clinically 
relevant resistance conferring mutations, and (iii) 
low potential for drug-drug interactions. Low to 
subnanomolar potency has been achieved 
against wt GT1 HCV replicons (EC50 1b 0.3-
1nM; 1a 4-21nM) and a diverse panel of GT1 
clinical isolates. Increasing inhibitor potency to 
wt results in a corresponding increase in activity 
against variant replicons containing palm site 
mutations. Lead compounds with replicon EC50 
values <300nM for all variants are therefore 

expected to provide coverage against wt and 
variants at therapeutically relevant doses. All 
variants remain fully susceptible to 
complementary antiviral agents including IFN, 
telaprevir, and PSI-6130. Anadys' novel NNIs 
retain their antiviral potency in the presence of 
human serum with a 8-11 fold shift in EC50 at 
40% human serum. CYP inhibition and in vitro 
liver microsome studies suggest low potential for 
clinically significant drug-drug interactions. 
Pharmacokinetic studies in monkeys 
demonstrated that the compounds were orally 
bioavailable (30-50%) and concentrated in the 
liver at 24 hours after oral administration ([liver] = 
0.17-2.7 ug/g vs. [plasma] = 0.007-0.08 ug/mL). 
 
Conclusion: Potent NS5B inhibitors have been 
discovered with low to subnanomolar potency 
providing the potential to administer a low 
amount of drug. In vitro studies indicate there is 
a low potential for drug-drug interactions. The 
development of next generation compounds with 
unique resistance profiles to other direct 
antivirals in clinical development should increase 
the potential of generating clinically useful 
combination regimens with non-overlapping 
resistance profiles that may improve response 
rates in different HCV patient populations. 
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Catalytic MetalloDrugs 
Targeting HCV IRES RNA 
 
J.A. Cowan1, S. Bradford1, A.S. Cowan2 
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Introduction: There are no available vaccines 
against HCV and the current treatment standard 
(a combination of interferon and ribavirin) is 
ineffective in greater than 50% of all patients 
infected with genotype strain 1 HCV. Drugs 
against an HCV target molecule have shown the 
potential of a "specifically-targeted antiviral 
therapy for HCV" (STAT-C) therapeutic 
approach, especially when used in combination 
with current treatments. Viruses commonly 
contain structured RNA motifs that are both 
structurally complex and functionally important, 
and are attractive as potential targets for 
therapeutic agents. For HCV the highly 
conserved sequence in the 5'-untranslated 
region (5'-UTR), termed the internal ribosomal 
entry site (IRES), directs translation of the viral 
RNA to viral polyprotein. IRES consists of 4 
domains with distinct functions that result in 
initiation of translation. Domain II stabilizes 
changes in the conformation of the 40S subunit 
of the ribosome that are important for the 
initiation of translation and is essential for IRES 
activity. Here we illustrate a new paradigm for 
drug action based on the use of metallodrugs to 
promote catalytic irreversible degradation of this 
HCV RNA target. A copper peptide complex (1) 
that selectively targets stem-loop IIb of the 
internal ribosomal entry site (IRES) RNA of 
hepatitis C virus (HCV) demonstrates enzyme-
like catalytic degradation with multiple turnovers, 
and is functionally active in an HCV cellular 
replicon assay. 
 
Materials & Methods: RNA binding experiments 
were performed by direct monitoring of Tyr 
absorbance and by the change in emission from 
a 5'-fluorescein labeled RNA. HCV IRES RNA 
cleavage activity was also monitored in vitro by 
following the change in fluorescence from 
fluorescein end-labeled RNA and the 
concentration-dependence of RNA substrate. 
Cellular activity was determined by use of an 
HCV cellular replicon assay, and human 

interferon alpha-2b was included in each run as 
a positive control compound. HCV RNA replicon 
levels were assessed as the replicon-derived 
Luc activity. The toxic concentration of drug that 
reduced cell numbers (cytotoxicity) was also 
assessed. 
  
Results: Copper peptide complex 1 selectively 
targets stem-loop IIb of the internal ribosomal 
entry site (IRES) RNA of hepatitis C virus (HCV). 
The complex consists of an RNA-binding peptide 
tethered to the N-terminal metal-binding motif 
GGH. Solution studies demonstrate enzyme-like 
turnover of the copper peptide catalyst with 
activity levels that mimic natural RNAses and 
ribozymes, with KM of 0.85 µM, kcat of 0.53 min-1 
and turnover number of 32 for 1. An HCV cellular 
replicon assay yielded an antiviral activity (IC50) 
of 0.58 µM, with cytotoxicity exceeding 100 µM. 
In combination with pegylated interferon alpha-
2a, 1 demonstrated at least an additive effect in 
combination cellular assays.  
  
Conclusions: This study reveals catalytic 
metallodrugs to be promising candidates for 
development as therapeutics; especially in 
combination with current treatments, and readily 
adaptable as a platform technology to other 
disease indications. The need for binding and 
chemistry provides a double filter mechanism to 
enhance selectivity, with the potential for high 
therapeutic activity, and lower dosage and 
toxicity. The irreversible nature of the chemistry 
has implications for resistance development by 
the virus.  
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Technologies for assessment of resistance 
 

Development of a Standard 
Platform for the 
Characterization of Resistance 
to HCV Direct Acting Agents 
and Alterations in Virus 
Replication Capacity 
 
W. Huang1, A. Newton1, J. Cook1, A. Frantzell1, J. Toma1, S. 
Choe1, E. Anton1, A. Rivera1, K. Fransen1, D. Han1, J. 
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1Monogram Biosciences Inc., R&D, South San Francisco, 
USA 
 
 
Background: Direct acting agents (DAA) that 
target the non-structural (NS) proteins of HCV 
hold significant promise for the development of 
curative treatments for this chronic and life-
threatening infection. To date, the preclinical and 
clinical evaluation of resistance to DAA 
candidates has been supported by a number of 
independently developed replicon assay 
systems. Recently, we reported the development 
of a robust replicon assay platform that enables 
accurate, reproducible and standardized 
evaluations of DAA that target NS3, NS5A and 
NS5B. In this study, we have used the NS3 and 
NS5A assays to characterize a broad panel of 
isogenic replicons containing one or more 
mutations associated with DAA resistance, and 
to demonstrate the ability of this assay platform 
to evaluate NS3 and NS5A sequences of virus 
populations derived from patient plasma. 
 
Methods: Susceptibility to DAA and replication 
capacity (RC) were evaluated using a luciferase 
reporter replicon derived from HCV genotype 1b 
(Con1) sequences. Genotype 1a (H77) and 1b 
(Con1) NS3 and NS5A sequences containing 
specific site-specific mutations, or derived by 
amplification from patient plasma samples, were 
transferred into the genotype 1b reporter 
replicon for evaluation. Susceptibility (fold 
change in IC50 from reference) and RC (percent 
of reference) measurements are reported based 
on reference replicons that contain matching 
Con1 or H77 sequences. 
 

Results: Susceptibility to NS5A inhibition was 
characterized for 10 single mutations (amino 
acids 28, 30, 31, 93) and two double mutations 
(28+31) in the context of the Con1 genotype 1b 
sequence and 12 single mutations (28, 30, 31, 
32, 93) and two double mutations (28+31) in the 
context of the H77 genotype 1a sequence. 
Similarly, susceptibility to NS3/4A inhibition was 
characterized in the context of six single 
mutations (36, 54, 155, 156, 168, 170) and one 
double mutation (36+155) in the context of the 
Con1 genotype 1b sequence. Reductions in 
NS5A and NS3/4A inhibitor susceptibility for 
these site directed mutants were concordant with 
previously reported values and no alterations in 
interferon susceptibility were observed. The 
assessment of HCV clinical isolates to NS3 and 
NS5A inhibitors was performed using reporter 
replicons containing NS3 and NS5A sequences 
derived by amplification from HCV positive 
patient plasma. 
 
Conclusions: A new reporter replicon assay 
platform has been developed to standardize 
evaluations of DAA resistance and associated 
alterations in virus replication capacity. In this 
report, we use a broad panel of viruses 
containing site directed mutations to 
demonstrate the ability of this platform to 
characterize NS3 and NS5A mutations that 
confer DAA resistance. Furthermore, the 
platform has been designed to enable routine 
clinical characterizations of virus populations 
derived from HCV-infected patient plasma.  
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Abstract: R_20 
 
Strategy for the Analysis of HCV 
RNA from BMS-790052 Clinical 
Studies 
 
J. Sun1, D. O’Boyle II1, C. Wang1, Y. Zhang1, H. Huang1, A. 
Monikowski1, X. Huang2, X. Nie2, R. Fridell2, M. Gao2 

 
1Bristol-Myers Squibb, Virology, Wallingford, USA; 2Bristol-
Myers Squibb, FUNCTIONAL GENOMICS, Pennington, USA 

 
 
Background: BMS-790052 represents a novel 
class of inhibitor targeting HCV NS5A. Its 
exceptional in vitro potency translated to a 
clinical effect. To date, all amino acid 
substitutions associated with resistance to BMS-
790052 have been mapped to the first 100 
amino acids of NS5A. To facilitate efficient 
monitoring of clinical resistance, we established 
a tiered strategy for the analysis of clinical 
specimens.  
 
Methods: To confirm that laboratory strains of 
replicon model the susceptibility of patient 
strains of HCV to BMS-790052, the entire NS5A 
coding region of multiple clinically derived 
baseline sequences were introduced into lab 
strains (H77c & Con1). Transient replication 
assays were used to assess the replication 
capability of hybrid replicons and susceptibility to 
BMS-790052.  
 
Results: Sequence analysis revealed that 
baseline HCV NS5A sequences were 93-99% 
identical to lab strains. All replication competent 
hybrid replicons had similar susceptibility to 
BMS-790052 compared to lab strain replicons. A 
significant number of replicon clones derived 
from human specimens did not replicate well 
(replication window <2) in transient replication 
assays. Selection of replicon cell lines from both 
transient replication competent and non-
competent clones demonstrated this strategy 
can be used to improve replication ability. 
Regardless of their replication ability in the 
transient assay, variant replicon cell lines 
replicated at levels similar to wild type cell lines. 
All hybrid cell lines derived from patient baseline 
specimens and lab cell lines were similarly 
susceptible to BMS-790052. Hybrid replicons 
derived from breakthrough specimens containing 
previously identified resistance substitutions 
were compared to replicons containing specific 

point substitutions. The EC50 values for most 
specimens were similar. If the phenotype 
predicted from the NS5A sequence was not 
consistent with the EC50 observed with the 
hybrid replicon, further studies were conducted 
to elucidate the discrepancy.  
 
Conclusion: Based on these results a tiered 
approach was adopted for the development of 
hybrid replicons to identify resistant substitutions 
that account for clinical outcome: (1) point 
substitution(s), followed by (2) replacement of 
the NS5A N-terminus, followed by (3) 
replacement of the entire NS5A coding 
sequence. The process continues from step 1 to 
step 3 for each clinical specimen until the results 
explain the clinical outcome.  
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Subtype comparison between 
HCV NS5B sequence-based 
subtyping assay and prototype 
BLAST analysis of the DAA 
target gene on Clinical Trial 
samples  
 
T. Pattery1, K. Van Soom2, D. Koletzki3, N. Hartmans1, J. 
Villacian4 

 
1Virco BVBA, Diagnostic Lab Operations, Beerse, Belgium; 
2Virco BVBA, Data Management, Beerse, Belgium; 3Virco 
BVBA, HCV R&D, Beerse, Belgium; 4Virco BVBA, Medical 
Affairs, Beerse, Belgium 
 
 
Background: Accurate HCV subtype 
determination is important to understand viral 
evolution, the development of resistance 
pathways to DAA and for optimized treatment of 
HCV-infected patients. Several commercially 
available kits, showing wide data variability are 
currently used to determine the HCV 
genotype/subtype. Due to lack of adequate 
information on the frequency of HCV 
recombination events and potential re-infections, 
there is a concern that sequence-based 
subtyping of the DAA-targeted gene should also 
be considered for subtyping. We report on the 
percentage concordance observed on a large 
panel of clinical isolates (n=>1000) when 
comparing the NS5B sequence-based subtyping 
assay to the sequenced DAA target gene by 
prototype BLAST similarity analysis, which 
utilizes the nucleotide sequence of NS3/4A, 
NS3part (181 amino acid) or NS5B DAA gene 
target.  
 
Methods: The subtyping information obtained 
from (first visit) clinical samples using NS5B 
sequence-based assay is considered the gold 
standard and compared to the prototype BLAST 
information generated from several visits of the 
patient, by sequencing and alignment to the 
HCV DAA gene target, such as NS3/4A, 
NS3part or NS5B. The concordance/discordance 
level observed can indirectly calculate the 
frequency of HCV recombination events 
between 2 gene targets (NS5B and NS3/4A).  
 
Results: Out of the 7516 clinical samples 
genotyped on their DAA target (7312 genotypes 

from complete NS3/4A or NS3part and 204 
genotypes from complete NS5B), NS5B 
sequence-based subtype information was 
available from the initial visit (1602 clinical 
isolates) for direct comparison of subtypes. For 
G1a, 3407/3779 samples (90.1%) were 
concordant, 366 samples (9.6%) failed in 
processing of the DAA target gene, while 6 
samples (0.15% from 4 patients) were 
discordant (BLAST similarity to G1b). For G1b, 
3371/3534 samples (95.3%) were concordant, 
163 samples (4.6%) failed DAA target gene 
processing and no discordances were observed. 
Comparison was also performed on the 
minimally represented non-G1 samples (G2a-
8/8, G2b-9/14, G3a-69/70, G4a-37/43 and G4d-
21/31) and with the exception of failure in 
processing, no discordances were observed. In 
addition, 2/3 samples (G1e) were discordant 
(BLAST similarity to G1a), while the third failed 
in amplification. A total of 552/7312 samples 
(7.5%, NS3/4A or NS3part) and 12/204 samples 
(5.8%, NS5B) failed either in amplification or 
sequencing. Among the 564 failures, 86 samples 
(15.2%) had VL below 10,000 IU/mL, 9 samples 
(1.5%) lacked VL information and 43 samples 
(7.6%) lacked sufficient plasma for processing.  
 
Conclusions: For Genotype1 samples, 100% 
concordance was observed between the 2 
methodologies and the slight discordance 
observed for G1a and G1e was at the level of 
the subtype (0.15% variability) indicating that the 
NS5B sequence-based assay is 99.85% 
accurate in subtyping DAA exposed samples. 
Phylogenetic tree analysis of the 8 discordant 
samples has shown that they cluster very close 
to G1a family. Due to the large number of clinical 
samples that have been processed and 
compared using 2 different sequence-based 
methodologies, we can conclude that the 
frequency of homologous recombination or 
potential re-infection in a controlled clinical 
setting is a rare event. However, this needs to be 
closely monitored when approved DAAs are 
going to be prescribed in real world clinical 
practice.  
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