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Background: IDX184 is a liver-targeted nucleotide prodrug
that selectively inhibits HCV NS5B polymerase.
Methods: This randomized, double-blind, placebo-controlled, ascending-dose study investigated the antiviral activity, safety and pharmacokinetics of IDX184 plus
pegylated interferon-a2a and ribavirin (P/R) in treatment-naive patients with genotype-1 HCV. A total of 81
patients with baseline HCV RNA≥5 log10 IU/ml, alanine
aminotransferase ≤3× upper limit of normal and compensated liver disease were dosed. Sequential cohorts of
20 patients, randomized 16:4 (active:placebo), received
IDX184 for 14 days at rising daily doses of 50, 100, 150
or 200 mg in combination with P/R for 14 days.
Results: At the end of triple dosing, HCV RNA changes from
baseline (mean ±sd log10) and proportion of patients achieving undetectable viral load (<15 IU/ml) based on the efficacy-evaluable population were -2.7 ±1.3 (13%), -4.0 ±1.7

(50%), -4.2 ±1.9 (50%), -4.1 ±1.2 (40%), -4.3 ±1.5 (29%)
and -3.7 ±1.2 (25%) for the 50 mg once daily, 50 mg twice
daily, 100 mg once daily, 150 mg once daily, 100 mg twice
daily and 200 mg once daily IDX184 doses, respectively. P/R
alone resulted in a reduction of -1.5 ±1.3 log10 with only
6% of patients with undetectable viral load. Patients with
genotypes-1a or -1b responded similarly. No viral breakthrough or resistance associated with IDX184 was observed.
Anti-HCV activity of IDX184 correlated with plasma exposure of its nucleoside metabolite 2’-methylguanosine. Most
adverse events were mild or moderate in severity and were
consistent with those associated with P/R. The most common adverse events were fatigue and headache.
Conclusions: IDX184 in combination with P/R for 14 days
was well tolerated and demonstrated greater antiviral
activity with more patients achieving undetectable viral
load than P/R.

Introduction
The recent approval of direct-acting antiviral agents
(DAAs), two NS3/4A protease inhibitors of the
HCV, has marked the beginning of a new era for
the treatment of chronic HCV infection whose only
treatment option had been thus far limited to the
combination of pegylated interferon (PEG-IFN) and
ribavirin (P/R) [1,2].
©2013 International Medical Press 1359-6535 (print) 2040-2058 (online)

Treatment of HCV with P/R is characterized by low
sustained virological response (SVR) rates, particularly
in treatment-naive patients with genotype-1 infection,
long duration and poor tolerability, which makes P/R
unsuitable for patients with advanced liver disease or
other concurrent medical conditions [3,4]. The addition of HCV protease inhibitors to P/R has significantly
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improved SVR rates and shortened treatment duration
for many patients [1,2]. However, these first-generation
protease inhibitors brought additional safety concerns,
such as severe skin reaction and/or additional anaemia to an already difficult-to-tolerate regimen which
continues to be contraindicated for large numbers of
patients [1,2]. Furthermore, protease inhibitors have a
low genetic barrier to resistance, which results in high
rates of resistance mutations associated with treatment
failure, potentially limiting treatment options with
additional protease inhibitors [5,6]. Thus, there is an
urgent need for simple and better-tolerated anti-HCV
therapies consisting preferably of all oral drugs, which
could ultimately eliminate interferon and/or ribavirin.
Among the various classes of HCV DAAs developed
to date, including HCV NS3/4A protease inhibitors,
NS5A inhibitors and non-nucleoside NS5B polymerase
inhibitors, nucleoside HCV NS5B polymerase inhibitors have the highest genetic barrier to resistance and
are pan-genotypic [5–8]. They have the potential to be
an integral part of future interferon-free DAA combination regimens.
IDX184 is a liver-targeted nucleotide prodrug that
leads to high concentrations of the active 5′-triphosphate (TP) in hepatocytes of 2′-methylguanosine (2′MeG), a potent and specific HCV polymerase inhibitor.
Liver targeting may result in a favourable therapeutic
index by increasing the levels of the active 2′-MeG-TP
in liver cells while lowering systemic exposure to the
nucleoside, potentially minimizing the risk for systemic
side effects [9].
Clinical data from a single-ascending-dose, first-inhuman study and a 3-day proof-of-concept trial using
doses up to 100 mg/day show that IDX184 was welltolerated and exhibited dose-related anti-HCV activity
in treatment-naive patients infected with genotype-1
HCV [10,11]. Systemic concentrations of IDX184 and
2′-MeG were low, consistent with liver-targeting. The
overall pharmacokinetic profile of IDX184 supported
once-daily dosing in HCV-infected patients [10].
The objective of this study was to evaluate the antiviral activity, safety and pharmacokinetics of IDX184
following multiple-ascending-doses up to 200 mg/day
administered once or twice daily for 14 days in combination with P/R in patients with genotype-1 chronic HCV.

Methods
Study design and organization
This was a multicentre, randomized, double-blind,
placebo-controlled, sequential-cohort, ascending-dose
study of IDX184 in combination with PEG-IFN-α2a
and ribavirin for 14 days, followed by P/R alone for
an additional 14 days in treatment-naive patients
with genotype-1 chronic HCV. Sequential cohorts of
756

20 patients, randomized 16:4 (active:placebo), were
administered total daily doses of 50 mg, 100 mg, 150
mg or 200 mg of IDX184. Half the patients in the 100
and 200 mg per day cohorts were administered the
total dose once daily; the other half received the total
dose as twice daily doses of 50 mg or 100 mg, respectively. IDX184 and matching placebo were supplied
as white opaque capsules (manufactured by Patheon
Pharmaceuticals, Inc. for Idenix Pharmaceuticals, Inc.).
A 50 mg capsule was provided. PEG-IFN-α2a (180 mg
single-use, pre-filled syringes, Hoffman–La Roche, Inc.,
Nutley, NJ, USA) was administered subcutaneously at
a dose of 180 µg once per week and ribavirin (200 mg
capsules, Zydus Pharmaceuticals, Pennington, NJ, USA)
was administered orally at a dose of 1,000–1,200 mg
(weight-based) daily, per the approved product labelling. After all patients in a cohort completed all 21 days,
safety data were reviewed by an independent safety
committee before escalating to the next, higher-dose
cohort. Upon completion of the 28-day study, patients
were offered P/R treatment for up to 48 weeks. Written
informed consent was obtained from all patients. This
study was approved by the institutional review boards
of the trial centres and conducted from November 2009
to July 2010 in accordance with Good Clinical Practice
procedures and the principles of the Declaration of Helsinki, with authorization from regulatory authorities.

Inclusion and exclusion criteria
Major inclusion criteria included: male or female
patients 18–65 years old; documented clinical history
compatible with chronic hepatitis C, including positive
anti-HCV antibody or presence of HCV RNA in the
plasma for at least 6 months and liver biopsy within 24
months with histology consistent with chronic hepatitis C infection; HCV genotype-1, plasma HCV RNA≥5
log10 IU/ml; all patients agreed to use double-barrier
birth control (such as a condom plus spermicide) from
screening through at least 6 months after the last dose
of the study drug.
Major exclusion criteria included: pregnancy or
breastfeeding; body mass index >35 kg/m2; co-infection with HBV or HIV; history or evidence of decompensated liver disease; prior clinical or histological
evidence of cirrhosis (Metavir 4 or Ishak 6); alanine
aminotransferase (ALT) or aspartate aminotransferase
level >3.0× upper limit of normal; history of hepatocellular carcinoma or findings suggestive of possible
hepatocellular carcinoma; one or more additional
known primary or secondary causes of liver disease,
other than hepatitis C; previous antiviral treatment for
HCV; current abuse of alcohol or illicit drugs; current
use of any major inhibitor or inducer of cytochrome
P450 3A4 or any other investigational drugs within 30
days of dosing; or other clinically significant diseases
©2013 International Medical Press
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Figure 1. Patient disposition
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P/R, pegylated interferon-α2a/ribavirin.

that, in the opinion of the investigator, would jeopardize the safety of the patient or affect the validity of the
study results.

Viral assessments
The primary efficacy end point of this study was the
change in plasma HCV RNA level at week 2 from
baseline. Secondary efficacy end points included
change in plasma HCV RNA level at week 4 from
baseline, proportion of patients with undetectable
plasma HCV RNA at week 2 and week 4, proportion
of patients experiencing virological breakthrough
during the 2-week period of triple combination treatment, defined as 1 log10 increase in plasma HCV RNA
from nadir on two consecutive measurements, or last
Antiviral Therapy 18.6

available measurement, or reappearance of HCV
RNA in plasma on two consecutive measurements, or
last available measurement in a patient who became
plasma HCV RNA undetectable. Secondary efficacy
end points also included ALT change at week 2 and
week 4 from baseline. The primary efficacy analyses
were performed on the efficacy-evaluable population using data as-observed with the placebo-treated
group comprising all placebo patients pooled across
cohorts.
The change in plasma HCV RNA level from baseline was obtained on days 1, 4, 8, 11 and 15 for triple dosing and on days 21 and 28 during follow-up.
Plasma HCV RNA was determined by a validated
real-time (RT) PCR assay (COBAS® AmpliPrep/
757
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Pharmacokinetics and drug interaction

COBAS® Taqman HCV Test) with a quantitative
dynamic range of 43–69,000,000 IU/ml and a lower
limit of detection of 15 IU/ml.
A baseline DNA sample was collected from each
patient to determine the genotype (C/C, C/T or T/T)
of the rs12979860 single nucleotide polymorphism
near the human IL28B gene [12].

Intensive plasma pharmacokinetic assessments were
performed over a period of 8 h after dosing on day
1 (IDX184 only) and day 11 (IDX184 and ribavirin) with additional pre-dose sampling for trough
level monitoring. IDX184 plus P/R versus P/R alone
allowed for assessing potential effects of IDX184 on
the pharmacokinetics of ribavirin. Plasma concentrations of IDX184, 2′-MeG [10] and ribavirin were
measured using validated liquid chromatography/
mass spectrometry/mass spectrometry methodologies.
Plasma pharmacokinetic parameters included maximum drug concentration (Cmax), time to Cmax (Tmax),
pre-dose trough concentration (Ct) for 2′-MeG, area
under the plasma concentration-time curve (AUC)
over the dosing interval for 2′-MeG and ribavirin
and from time 0 to infinity for IDX184, and observed
half-life (t1/2) over the sampling period for IDX184
and 2′-MeG.

NS5B sequence analyses
Baseline population sequencing of the entire HCV
NS5B region was performed using plasma samples
obtained from all patients. NS5B population sequencing was also performed using samples from all patients
with viral load ≥1,000 IU/ml at the completion of the
14-day triple dosing and at study completion on day
28. RNA was isolated from clinical samples using the
Total Nucleic Acid isolation kit (Roche Applied Science, Indianapolis, IN, USA). The NS5B domain was
converted into circular DNA by the Roche Transcriptor kit and amplified by nested PCR using the Expand
High Fidelity kit A (Roche Applied Science) mixed
base was called if the lowest signal exceeded 25% of
the highest signal.

Safety assessments
Safety evaluation consisted of collecting all adverse
events and serious adverse events, as well as regular

Figure 2. Individual and mean changes from baseline in plasma HCV RNA (log10 IU/ml) over time (days 1–14: IDX184 +P/R;
beyond day 14: P/R)
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Table 1. Demographic and baseline characteristics
		
Placebo
50 mg
50 mg
Baseline characteristics
+P/R
once daily
twice daily
n
Mean age, years (sd)
Male gender, n (%)
Race
Black, n (%)
White, n (%)
Other, n (%)
Mean BMI, kg/m2 (sd)
Mean HCV RNA, log10 IU/ml (sd)
HCV genotype
1a, n (%)
1b, n (%)
IL28B polymorphism
C/C, n (%)
C/T, n (%)
T/T, n (%)
NA, n (%)

100 mg
once daily

IDX184+P/R
150 mg
once daily

100 mg
twice daily

200 mg
once daily

All
IDX184

16
48.1 (8.6)
10 (62.5)

16
51.3 (9.8)
14 (87.5)

8
49.8 (11)
5 (62.5)

8
47.8 (12)
5 (62.5)

17
47.6 (12)
13 (76.5)

8
49.0 (7.8)
4 (50.0)

8
42.0 (12)
5 (62.5)

65
48.3 (11)
46 (70.8)

4 (25.0)
11 (68.8)
1 (6.3)
27.8 (2.9)
6.3 (0.5)

5 (31.3)
9 (56.3)
2 (12.5)
27.0 (4.1)
6.1 (0.6)

3 (37.5)
5 (62.5)
–
29.0 (3.6)
6.3 (0.5)

2 (25.0)
5 (62.5)
1 (12.5)
28.7 (4.1)
6.4 (0.6)

4 (23.5)
13 (76.5)
–
26.3 (4.1)
6.4 (0.6)

2 (25.0)
6 (75.0)
–
27.9 (4.1)
6.5 (0.6)

–
7 (87.5)
1 (12.5)
29.4 (4.2)
6.1 (0.5)

16 (24.6)
45 (69.2)
4 (6.2)
27.7 (4.0)
6.3 (0.6)

13 (81.3)
3 (18.8)

13 (81.3)
3 (18.9)

7 (87.5)
1 (12.5)

7 (87.5)
1 (12.5)

16 (94.1)
1 (5.9)

7 (87.5)
1 (12.5)

5 (62.5)
3 (37.5)

55 (84.6)
10 (15.4)

4 (25.0)
8 (50.0)
2 (12.5)
2 (12.5)

4 (25.0)
8 (50.0)
3 (18.8)
1 (6.2)

1 (12.5)
6 (75.0)
1 (12.5)
–

5 (62.5)
2 (25.0)
1 (12.5)
–

5 (29.4)
4 (23.5)
2 (11.8)
6 (35.3)

2 (25.0)
4 (50.0)
2 (25.0)
–

1 (12.5)
5 (62.5)
–
2 (25.0)

18 (27.7)
29 (44.6)
9 (13.8)
9 (13.8)

BMI, body mass index; NA, not applicable as IL28B genotype status not available; P/R, pegylated interferon-α2a.

monitoring of haematology, blood chemistry, urinalysis, vital signs, 12-lead electrocardiogram and physical examinations. Concomitant medications were also
collected.

Statistical analyses
With a sample size of 16 IDX184-treated patients per
cohort, there was approximately an 80% chance to
observe an adverse event with a rate of 10% and to
detect a 1.4 log10/ml difference between an IDX184treated and the pooled (n=16) placebo cohorts. Safety,
antiviral activity and pharmacokinetic parameters
were summarized for each cohort using descriptive
statistics. Safety and antiviral data from placebo (P/R
alone) patients were pooled and summarized. Quantitative pharmacokinetic–pharmacodynamic relationships were explored between antiviral activity at the
end of triple dosing and trough concentrations of
2′-MeG using a maximum effect (Emax) modelling
approach. Potential effects of IDX184 on the plasma
Cmax and area under the curve (AUC)t of ribavirin were
analysed for each dose of IDX184, as well as pooled
data. Additional exploratory analyses by stepwise and
logistic regression were performed to identify pharmacokinetic and baseline predictors of viral response.
The baseline characteristics included gender, weight,
body mass index, pretreatment HCV RNA, HCV genotype-1 subtypes, IL28B genotype, pretreatment ALT,
race, liver histology and investigational site. All statistical analyses were performed using SAS (Version 9.2,
SAS Institute Inc., Cary, NC, USA).
Antiviral Therapy 18.6

Results
Patient characteristics and disposition
As shown in Figure 1, in total, 86 treatment-naive
patients with genotype-1 chronic HCV infection
were randomized; of whom, 81 received at least one
dose of the study drugs and, therefore, constituted
the safety population. Individuals were not cirrhotic
as confirmed by liver biopsy: of the 81 individuals,
the majority (76) had F0–F2 fibrosis and only 5 had
F3 fibrosis (Metavir score for fibrosis staging). The
demographics and other baseline characteristics
across the cohorts were comparable. Patients were
predominately male, Caucasian and infected with
genotype-1a HCV. Table 1 summarizes the baseline
characteristics.
Of the 81 dosed patients, 78 completed 14 days of
triple dosing (including placebo) and constituted the
efficacy-evaluable population. They were included in
the 2-week antiviral activity and pharmacokinetic
analyses.
A total of three treated patients were excluded from
the 2-week efficacy and pharmacokinetic analyses: one
patient in the 150 mg cohort and one patient in the
100 mg twice daily cohort had <80% compliance with
the study drug regimen; a third patient in the 150 mg
cohort discontinued prior to the completion of triple
dosing as a result of a serious adverse event of acute
cholecystitis (see Safety and tolerability). An additional
patient who received placebo discontinued the study
after day 14 for poor compliance.
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Table 2. HCV RNA change from baseline and number/proportion of patients with undetectable viral load (<15 IU/ml)
IDX184 dose,		
mg/day
n
Placebo
50 Once daily
50 Twice daily
100 Once daily
150 Once daily
100 Twice daily
200 Once daily

16
16
8
8
15
7
8

Mean HCV RNA reduction, log10 IU/ml ±sd (minimum, maximum)	 HCV RNA undetectable (<15 IU/ml), n (%)
Week 2
Week 4
Week 2
Week 4
-1.5 ±1.3 (-4.5, 0.2)
-2.7 ±1.3 (-4.9, -0.8)
-4.0 ±1.7 (-6.2, -1.2)
-4.2 ±1.9 (-6.2, -1.6)
-4.1 ±1.2 (-6.0, -2.1)
-4.3 ±1.5 (-5.8, -1.5)
-3.7 ±1.2 (-5.7, -2.3)

Plasma pharmacokinetics and drug interaction
The mean (sd) steady-state plasma concentration versus time courses of IDX184 and 2′-MeG and summary
pharmacokinetic parameters are shown in Additional
files 1 and 2, respectively. Plasma exposures of both
entities were dose related. Parent IDX184 was rapidly
cleared from plasma and no accumulation was observed
over time. For the same daily dose, twice daily and
once daily dosing had comparable 2′-MeG exposure.
Steady-state plasma concentrations of 2′-MeG had
minimum fluctuations over the dose interval. In fact,
stable 2′-MeG trough concentrations were reached by
day 3. Mean ±sd steady-state trough 2′-MeG concentrations were 2.55 ±2.01, 7.34 ±4.96, 7.15 ±7.28, 7.47
±4.72, 12.8 ±8.46 and 9.69 ±6.42 for the 50 mg once
daily, 50 mg twice daily, 100 mg once daily, 150 mg
once daily, 100 mg twice daily and 200 mg once daily
doses of IDX184, respectively (Additional file 2).
Plasma exposure of ribavirin was not affected by coadministered IDX184. Geometric mean Cmax and AUC
over dosing interval of ribavirin in the presence versus
absence of IDX184 were 2.1 µg/ml versus 2.3 µg/ml
and 13.4 µg/ml×h versus 14.0 µg/ml×h, respectively.

Anti-HCV activity and ALT response
Individual and mean changes over time of plasma HCV
RNA from baseline are shown in Figure 2. Antiviral
response at week 2 increased rapidly with IDX184
dose, reaching a plateau of approximately -4 log10 with
doses ≥100 mg/day, compared with P/R alone with only
-1.5 log10 (Table 2). During the week following completion of IDX184 dosing, plasma HCV RNA transiently
increased and then decreased through day 28 in the
IDX184 plus P/R groups. During the 14-day follow-up
period, IDX184-containing groups consistently maintained a numerically better antiviral activity than the
P/R alone group (Table 2).
The number and proportion of patients who achieved
undetectable levels of plasma HCV RNA at week 2 was
greater in the triple dosing cohorts compared with P/R
alone. As summarized in Table 2, amongst the IDX184
plus P/R dose cohorts, the 100 mg once daily dose had
760

-2.4 ±1.6 (-5.4, 0.4)
-2.5 ±1.4 (-4.7, -0.8)
-3.1 ±2.0 (-6.2, -0.7)
-3.9 ±2.2 (-6.2, -1.0)
-3.6 ±1.5 (-6.0, -0.7)
-3.7 ±1.6 (-5.5, -0.9)
-2.7 ±1.6 (-5.7, -0.8)

1 (6)
2 (13)
4 (50)
4 (50)
6 (40)
2 (29)
2 (25)

1 (6)
3 (19)
2 (25)
3 (38)
4 (27)
1 (14)
2 (25)

the greatest PCR undetectable rate of 50% and 38%
at week 2 and week 4, respectively, compared with P/R
alone with only one patient (6%) achieving PCR-negative viral load throughout the study. For those who
had undetectable viral load at week 2, time to reach
HCV RNA negativity was also shorter in the IDX184
groups: approximately one-third (7/20) of patients in
the IDX184 groups achieved HCV RNA negativity
within the first 8 days of dosing compared with none in
the P/R only group.
During triple dosing, none of the patients experienced virological breakthrough, defined as a confirmed
1 log10 increase in HCV RNA from nadir or the confirmed reappearance of HCV RNA in a patient who
had become HCV RNA undetectable.
Serum ALT levels also decreased from baseline (Figure 3). Upon completion of the 14-day triple treatment,
mean decreases from baseline ALT were greater in the
IDX184 treatment groups compared with the P/R
alone group.

Predictors of anti-HCV activity
Among all the potential factors examined, only
IDX184 dose (P=0.002), trough plasma concentration of 2′-MeG (P<0.0001) and IL28B genotype status
(P<0.0001) were consistently identified as significant
covariates of antiviral response at week 2. Although the
number of patients was small, sub-genotypes (1a and
1b) did not appear to differentiate antiviral response.

NS5B sequence analyses
Samples from 24 IDX184-treated and 14 placebo (P/R
only) patients were available at end of treatment for
comparison with baseline NS5B population sequences.
The S282T substitution, the hallmark mutation associated with in vitro resistance to IDX184 and the
2′-C-methylribonucleoside class of HCV polymerase
inhibitors, was not detected in any sample at any time
point by population sequencing [9,13]. Similarly, no
other significant genotypic changes (n>1) were identified between pre- and post-treatment samples or
between IDX184- and placebo-treated patients.
©2013 International Medical Press
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Figure 4. Emax modelling of dose-response
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Figure 3. Mean changes from baseline in serum ALT (days
1–14: IDX184+P/R; beyond day 14: P/R)
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Pharmacokinetic–pharmacodynamic analyses

patient in the 150 mg IDX184 once-daily group experienced acute cholecystitis on day 12 during triple dosing
and discontinued. One patient in the 50 mg IDX184
once-daily group experienced pancreatitis attributed to
gallstones on the last day of the follow-up period. One
patient in the placebo group (P/R alone) was hospitalized for agitation near the end of the follow-up period.
The investigator considered the event possibly related
to PEG-IFN.
Newly occurring or worsening graded laboratory
abnormalities during triple dosing and follow-up were
comparable across treatment groups, with no discernible relationship to IDX184 dose. Grade 3 and 4 laboratory abnormalities were rare, with the majority being
neutrophil and haemoglobin decreases, which are commonly associated with P/R. Other laboratory parameters were stable over time for all treatment groups. No
clinically meaningful changes were observed in vital
sign measurements, physical examination findings or
ECG parameters.

The dose-relatedness of antiviral response was further
evaluated by fitting an Emax model to the mean individual steady-state trough concentration (Ct) of 2′-MeG
and viral load reduction at week 2 from baseline. Figure 4 shows the fitted Emax curve overlapped the actual
data for virological response at week 2 as a function
of the 2′-MeG Ct. This relationship indicated that
virological response at week 2 increased rapidly with
Ct up to approximately 5 ng/ml and started approaching the maximum antiviral activity with Ct>10 ng/ml.
The estimates (95% CI) for the maximum viral load
reduction at week 2 and the 2′-MeG Ct that resulted
in 50% of maximum effect were -5.3 log10 (-6.1,-4.5)
and 1.7 ng/ml (0.7, 2.7), respectively.

Safety and tolerability
Adverse events reported during the triple-dosing
phase and the follow-up period were consistent with
those typically observed with P/R. As summarized in
Table 3, fatigue and headache were the most common
adverse events across treatment groups. The incidence
and severity of other adverse events across treatment
groups were comparable. The majority of the patients
(91% in the IDX184 groups and 75% in the placebo
group) experienced adverse events that were either mild
or moderate in intensity.
There were three serious adverse events, of which one
occurred during triple dosing and two occurred during the 14-day follow-up period with P/R alone. One
Antiviral Therapy 18.6

Discussion
Nucleoside and nucleotide anti-HCV agents are pangenotypic and have a high genetic barrier to resistance
[5,6]. This class of DAAs, therefore, represents a potential key component in an all-oral regimen for the treatment of HCV infection. Early nucleoside analogues had
limited clinical activity primarily because of low levels
of active triphosphate in the liver cells [14]. Recent
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Table 3. Number of patients with adverse events during the 14-day triple dosing and the 14-day follow-up period regardless of
attributabilitya
								IDX184+P/R			
Placebo +P/R 50 mg once
50 mg twice 100 mg once 150 mg once 100 mg twice 200 mg once
Preferred term
(n=16)
daily (n=16) daily (n=8)
daily (n=8)
daily (n=17) daily (n=8)
daily (n=8)
Fatigue, n (%)
Headache, n (%)
Nausea, n (%)
Myalgia, n (%)
Chills, n (%)
Insomnia, n (%)
Pain, n (%)
Irritability, n (%)
Neutropenia, n (%)
Diarrhoea, n (%)
Pyrexia, n (%)
Decreased appetite, n (%)
Pruritus, n (%)
Depression, n (%)
Injection site erythema, n (%)
Disturbance in attention, n (%)
Malaise, n (%)
Vomiting, n (%)
Gingival bleeding, n (%)
Gingivitis, n (%)

9 (56.3)
7 (43.8)
3 (18.8)
5 (31.3)
5 (31.3)
5 (31.3)
3 (18.8)
4 (25.0)
4 (25.0)
2 (12.5)
–
3 (18.8)
2 (12.5)
3 (18.8)
–
–
–
–
–
–

9 (56.3)
2 (12.5)
4 (25.0)
7 (43.8)
4 (25.0)
1 (6.3)
1 (6.3)
1 (6.3)
2 (12.5)
–
1 (6.3)
1 (6.3)
2 (12.5)
–
2 (12.5)
1 (6.3)
–
1 (6.3)
–
–

4 (50.0)
5 (62.5)
4 (50.0)
2 (25.0)
2 (25.0)
1 (12.5)
2 (25.0)
1 (12.5)
1 (12.5)
2 (25.0)
1 (12.5)
–
–
1 (12.5)
–
–
2 (25.0)
2 (25.0)
–
–

3 (37.5)
2 (25.0)
1 (12.5)
3 (37.5)
2 (25.0)
2 (25.0)
–
4 (50.0)
1 (12.5)
2 (25.0)
2 (25.0)
1 (12.5)
–
–
–
1 (12.5)
2 (25.0)
–
–
–

9 (52.9)
9 (52.9)
5 (29.4)
2 (11.8)
2 (11.8)
3 (17.6)
4 (23.5)
2 (11.8)
1 (5.9)
1 (5.9)
3 (17.6)
1 (5.9)
–
–
3 (17.6)
–
–
1 (5.9)
–
–

7 (87.5)
4 (50.0)
5 (62.5)
2 (25.0)
3 (37.5)
2 (25.0)
2 (25.0)
1 (12.5)
1 (12.5)
2 (25.0)
1 (12.5)
2 (25.0)
2 (25.0)
1 (12.5)
–
2 (25.0)
1 (12.5)
1 (12.5)
2 (25.0)
2 (25.0)

4 (50.0)
5 (62.5)
3 (37.5)
3 (37.5)
2 (25.0)
1 (12.5)
3 (37.5)
1 (12.5)
–
–
1 (12.5)
–
2 (25.0)
2 (25.0)
1 (12.5)
1 (12.5)
–
–
–
–

>15% in any group. P/R, pegylated interferon-α2a.

a

developments in the field of anti-HCV nucleosides/
nucleotides have been centred on liver targeting and
have produced several nucleotide prodrugs with promising activity in early clinical trials [15–17].
IDX184 is a liver-targeted prodrug of the nucleotide
2′-MeG-MP. In vitro and in vivo data showed enhanced
formation of the active triphosphate in the liver with
increased anti-HCV activity [18,19]. Clinical data demonstrated low systemic exposure, favourable safety profile and significant anti-HCV activity with low doses of
IDX184 for 3 days [10,11] and prompted this longerterm study in combination with P/R.
In this study, patients who received P/R alone for 2
weeks had HCV RNA reduction consistent with previously reported data [20,21]. IDX184 exhibited potent
antiviral activity when combined with P/R: at week 2,
the lowest daily dose of 50 mg produced approximately
1 log10 more viral load reduction than P/R alone. Antiviral activity increased with IDX184 dose and reached
a plateau of approximately 4 log10 at total daily doses
of 100 mg and above. In the week following discontinuation of IDX184, although patients were maintained
on continued P/R, mean viral loads in the IDX184
groups transiently increased, presumably as a result of
the withdrawal of antiviral drug pressure exerted by
IDX184, before decreasing again at rates comparable
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with P/R but with up to 1.5 log10 more viral load reduction than P/R alone at week 4. The number and proportion of patients who achieved undetectable levels of
HCV RNA were consistent with the degree of plasma
HCV RNA reduction and were higher with triple dosing than P/R alone. For those who achieved undetectable levels of HCV RNA by week 2, time to HCV RNA
negativity was shorter in the IDX184 groups than the
P/R alone group.
Although antiviral activity analysis was performed
using the efficacy-evaluable population, which
excluded data from three individuals receiving triple
dosing who had poor compliance or discontinued prior
to reaching week 2, intent-to-treat analysis showed
similar antiviral activity and proportion of individual
with undetectable levels of HCV RNA at week 2 (data
not shown, D Mayers, Idenix Pharmaceuticals).
Exploratory analyses were performed to identify predictors of antiviral activity. IDX184 dose/exposure and
IL28B genotype status were the only significant predictors of antiviral response at week 2. Twice-daily dosing
did not appear to result in better antiviral activity than
once-daily dosing. Similar to the previous proof-of-concept study [11], the majority of patients enrolled in the
current study had genotype-1a infection. Although the
number of patients was small, descriptively, antiviral
©2013 International Medical Press

IDX184 plus PEG-IFN and ribavirin for 2 weeks in HCV patients

response was similar between patients with genotype1a and -1b infection. As was previously observed in
HCV-infected patients with 3 days of dosing [11], a
similar pharmacokinetic–pharmacodynamic relationship was also delineated by Emax modelling analysis:
higher steady-state 2′-MeG trough concentrations
resulted in larger HCV viral load decrease at week 2.
Pharmacokinetic data showed that plasma IDX184
and 2′-MeG exposures were, in general, dose-related
and low, consistent with previous results in HCVinfected patients [11]. Although plasma exposures of
IDX184 and 2′-MeG were somewhat lower in HCVinfected than healthy individuals [10,11], these differences did not appear to result from differences in
metabolic drug disposition between HCV-infected
and healthy individuals, but rather were likely
because of an effect of food that was recently characterized (XJ Zhou, unpublished data). In addition,
IDX184 did not affect the pharmacokinetics of coadministered ribavirin.
None of the patients experienced virological breakthrough. The signature S282T mutation, reported to
confer resistance to the 2′-C-methylribonucleoside
class of HCV polymerase inhibitors in in vitro studies [9], was not detected as a pre-existing variant nor
was it observed in any sample following treatment
with IDX184 or placebo. The changes observed by
NS5B sequencing primarily involved changes in the
composition of amino acid mixtures, and all changes
appeared to be random. These viral genotypic observations, together with the absence of virological
breakthrough, suggest that resistance to IDX184 did
not emerge in this trial.
Overall, adverse events were consistent with those
that would be expected with administration of a drug
combination, including P/R. Fatigue and headache were
most common and occurred in all treatment groups.
Serum ALT levels improved during the 14-day IDX184
treatment period and the improvement persisted in
most IDX184 groups. The trend was similar for aspartate aminotransferase (data not shown).
In summary, at doses of 50–200 mg/day in combination with P/R for 14 days in treatment-naive
patients with genotype-1 HCV infection, IDX184
produced more profound anti-HCV activity with
a higher proportion of patients achieving undetectable plasma HCV RNA than P/R alone. The adverse
event profile of IDX184 in combination with P/R was
consistent with the safety profile of P/R alone. There
were no clinically significant patterns of ECG or other
laboratory abnormalities. The antiviral activity, safety
and pharmacokinetic data from this 14-day study in
combination with P/R supported a 3-month clinical
trial of IDX184 in combination with P/R in treatment-naive, genotype-1 HCV-infected patients [22].
Antiviral Therapy 18.6
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