
Pharmacokinetics, Safety, and Tolerability of GS-9851, a Nucleotide
Analog Polymerase Inhibitor for Hepatitis C Virus, following Single
Ascending Doses in Healthy Subjects

Jill Denning,a* Melanie Cornpropst,a* Stephen D. Flach,b Michelle M. Berrey,a* William T. Symondsa*

Pharmasset, Inc., Princeton, New Jersey, USAa; Covance Clinical Research Unit, Madison, Wisconsin, USAb

To investigate the pharmacokinetics, safety, and tolerability of GS-9851 (formerly PSI-7851), a new nucleotide analog inhibitor
of hepatitis C virus (HCV), we conducted a double-blind, parallel, placebo-controlled, randomized, single-ascending-dose study.
Healthy subjects received oral doses of 25 to 800 mg GS-9851. Peak concentrations of GS-9851 in plasma were achieved more
rapidly than those of the metabolites GS-566500 (formerly PSI-352707) and GS-331007 (formerly PSI-6206), with time to maxi-
mum concentration of drug in plasma (tmax) values of 1.0 to 1.8 h, 1.5 to 3.0 h, and 3.0 to 6.0 h, respectively. The majority of sys-
temic drug exposure was from the nucleoside GS-331007, with maximum concentration of drug in plasma (Cmax) and area under
the concentration-time curve to the last measurable concentration (AUC0 –t) values at least 7- and 41-fold higher, respectively,
than those obtained for GS-9851 after adjusting for differences in molecular weight. The terminal elimination half-life (t1/2) of
GS-331007 increased with the dose, achieving a t1/2 of 25.7 h at 800 mg GS-9851. Dose proportionality was not observed for GS-
331007. The majority of drug recovered in urine was in the form of GS-331007, with the percentage of this metabolite in urine
samples ranging from 57% to 27% with increasing dose. GS-9851 was generally well tolerated, with no maximum tolerated dose
identified. In conclusion, GS-9851 and its metabolites demonstrated a favorable pharmacokinetic profile consistent with once-
daily dosing, and therefore, further clinical studies evaluating GS-9851 in HCV-infected patients are warranted.

Chronic infection with hepatitis C virus (HCV) is a major cause
of chronic liver disease, cirrhosis, and liver cancer worldwide

(1). A broadly effective cure has remained elusive (2–5). The new
current standard-of-care (SOC) treatment for HCV is a combina-
tion of weekly injections of pegylated alpha interferon plus oral
daily administration of ribavirin and a protease inhibitor (6).
However, this treatment regimen is recommended only for pa-
tients infected with HCV genotype 1, against which it has proven
to be effective. Other limitations of the SOC are the variable levels
of treatment success, with nonresponse rates of approximately
30%, and the frequent side effects that affect patient adherence (6,
7). The well-recognized need for an effective treatment for HCV
has driven continuous efforts to develop more effective therapies.
Hepatitis C virus RNA-dependent RNA polymerase is a virally
encoded molecule that has been identified as a potential target for
antiviral agents (8). Essential for viral replication, the enzyme is
encoded by the nonstructural protein 5B (NS5B) region of the
HCV genome. There is no known structural homologue of RNA
polymerase NS5B in the uninfected host cell (8).

GS-9851 (formerly PSI-7851) is a phosphoramidate nucleotide
prodrug that potently and selectively inhibits NS5B (9, 10). In
vitro, GS-9851 was shown to be a highly effective pan-genotype
HCV inhibitor, with the GS-9851 concentration resulting in 90%
inhibition (EC90) of HCV replicon determined to be 0.4 �M (9).
However, to inhibit NS5B, this prodrug must be first metabolized
to the active triphosphate form GS-461203 (formerly PSI-7409).
In vitro, studies conducted with primary human hepatocytes and
with primary hepatocytes isolated from rat, dog, and monkey,
together with a preliminary in vivo study in rats, demonstrated
that GS-9851 is first hydrolyzed to the inactive, nonisomeric GS-
566500 (formerly PSI-352707) intermediate form (11). GS-
566500 is further metabolized to either the inactive nucleoside
metabolite GS-331007 (formerly PSI-6206) or an inactive uridine

monophosphate, GS-606965 (formerly PSI-7411). Inside the he-
patocyte, GS-9851 is converted to GS-606965, which is further
phosphorylated to an active triphosphate metabolite, GS-461203.
GS-461203 selectively inhibits recombinant NS5B polymerase
(Fig. 1) (12). High liver-to-plasma ratios for GS-9851 and relevant
metabolites have been observed in preclinical testing using three
different species following oral dosing with GS-9851 (13). Thus
far, there has been no evidence of cytotoxicity or mitochondrial
toxicity at all concentrations tested (up to 100 �M) (9, 13). The
observed antiviral activity of GS-9851 appears to be additive with
pegylated interferon and ribavirin combinations in vitro (14) and
can be considered additive to synergistic when used in combina-
tion with NS3 protease inhibitors and other inhibitors of the NS5B
(9). Data from preclinical studies demonstrated that the antiviral
potency of GS-9851 and its distribution and metabolism profile
warrant clinical evaluation.

This study involved the first administration of GS-9851 to
healthy human subjects. The aim of the study was to determine
whether plasma concentrations of GS-9851 resulting from admin-
istration of single oral doses of 25 mg to 800 mg were safe and
tolerable in humans and to characterize the pharmacokinetic pro-
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file of GS-9851 and its metabolites. The rate and extent of absorp-
tion of GS-9851 administered as a solution and as a capsule were
also investigated.

GS-9851 is a mixture comprised of two chemically identical
isomers, GS-7977 (formerly PSI-7977) and GS-491241 (formerly
PSI-7976). Originally, GS-9851 was selected for development
because it was not possible to efficiently separate the diastereoiso-
mers at that point in time and both had antiviral activity. How-
ever, a method of separation was eventually developed, and GS-
7977 was selected for continued development. Nonetheless, an
initial evaluation of GS-9851 was performed and comprised two
studies: the one we describe here and a multiple-ascending-dose
study of patients infected with HCV, described in our accompa-
nying article (16). Since GS-9851, GS-7977, and GS-491241 share
the same metabolic pathway (11), the results obtained for GS-
9851 can be translated to GS-7977.

(This work was presented in part at the 60th Annual Meeting of
the American Association for the Study of Liver Diseases, Boston,
MA, November 2009.)

MATERIALS AND METHODS
Study population. Forty-two healthy male and female subjects of ages
between 18 and 55 years, with body mass indices of 19 to 30 kg/m2, were
enrolled. Female subjects were required to be of non-childbearing poten-
tial or to take protocol-specified contraceptive measures. Subjects were
excluded if they tested serologically positive for hepatitis B, HCV, or hu-
man immunodeficiency virus. Concurrent drugs known to affect the
elimination of serum creatinine or substrates/inhibitors of renal tubular
secretion were excluded within 60 days prior to the first dose of the study
drug, and use of medication associated with QT interval prolongation was
not permitted within 30 days prior to dosing or during the study. Subjects
unwilling to abstain from alcohol, caffeine- or xanthine-containing prod-
ucts, strenuous exercise, grapefruit, or grapefruit products for 72 h prior
to dosing were ineligible. Subjects unwilling to refrain from smoking or

the use of tobacco or nicotine-containing products for 3 months prior to
the screening visit or during the study were also ineligible.

The study (protocol number P7851-1101) was conducted at Cova-
nce Clinical Research Unit, Inc. (Madison, WI) following protocol
approval by the Independent Investigational Review Board, Inc. (Plan-
tation, FL). All subjects provided signed and dated informed consent
prior to screening.

Study design. The study utilized a double-blind, randomized, place-
bo-controlled, ascending-dose design. The study involved administration
of single oral ascending doses of GS-9851: 25 mg, 50 mg, 100 mg, 200 mg,
400 mg, and 800 mg. The initial starting dose was selected in accordance
with FDA guidance based upon the no-observed-effect levels in nonclini-
cal species. Subjects were allocated to one of four groups that consisted of
10 subjects who were randomized to receive either an active dose or a
placebo during each dosing session. Subjects underwent dosing at the
following dose levels: 25 mg capsule and 200 mg capsule or placebo (group
1), 50 mg capsule and 50 mg solution or placebo (group 2), 100 mg
capsule and 400 mg capsule or placebo (group 3), or 800 mg capsule alone
or placebo (group 4). At each dose level, 10 subjects were randomized,
with 8 receiving GS-9851 and 2 receiving placebo. Groups were dosed in
ascending dose order with a washout period of at least 1 week between
dosing sessions; subjects allocated to the 800-mg treatment group under-
went only a single dosing session.

Subjects attended a screening visit within 28 days prior to receiving the
first dose of study drug. They were admitted to the clinical study unit the
day before dosing for baseline assessments that included measurement of
vital signs, electrocardiogram (ECG) and clinical laboratory tests. The day
after admission, subjects received their randomized treatment and under-
went a period of observation and assessment for 5 days. After the washout
period, subjects returned to the unit to receive their second randomized
dose of study medication, with an additional 5-day inpatient assessment.
Subjects returned for a follow-up visit 7 to 10 days after their last dose of
study medication.

Dosing and sample collection. GS-9851 (manufactured by Sam-
chully, Inc., Seoul, South Korea, on behalf of Pharmasset, Inc.) or placebo
was administered after a 10-h fast. Subjects who received capsules were

FIG 1 Schematic of the proposed metabolic pathway of GS-9851. GS-9851 is a mixture of two diastereoisomers, GS-491241 and GS-7977. Studies in vitro
demonstrated that GS-9851 is metabolized in the plasma to the intermediate GS-566500 and to the inactive nucleoside derivative GS-331007 (step not shown).
Inside the hepatocyte, both GS-491241 and GS-7977 undergo hydrolysis of the carboxyl ester catalyzed by the hepatically expressed carboxyl esterase 1 (hCE1)
and cathepsin A (CatA) to form GS-566500. GS-566500 is further hydrolyzed by the histidine triad nucleotide binding protein 1 (HINT1) to either GS-331007
or a uridine monophosphate, GS-606965 (step not shown). GS-606965 is further phosphorylated to the nucleotide diphosphate GS-607596 (step not shown) and
then to the active triphosphate NS5B inhibitor GS-461203.
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instructed to take their study medication with at least 240 ml of water.
Subjects who received the solution dose consumed a total volume of 240
ml of water (including the dosing solution). During a 3-h period around
the dosing time (1 h predose until 2 h postdose), no water was allowed,
with the exception of that taken with the study drug. On the completion of
each dose level, pharmacokinetic and safety data were examined by the
sponsor and investigator. If no clinically significant issues were found,
escalation to the next dose level was permitted. Blood samples were drawn
for pharmacokinetic analysis predose (within 15 min prior to dosing) and
at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 16, 24, 48, 72, and 96 h after dosing. An
aliquot of urine was collected predose; after dosing, all urine was collected
and pooled over the following time intervals: 0 to 6, 6 to 12, 12 to 24, 24 to
36, 36 to 48, 48 to 72, and 72 to 96 h for analysis of concentrations of
GS-9851 and metabolites.

Pharmacokinetic analysis. The plasma concentrations of the prodrug
GS-9851 and of the metabolites GS-566500, GS-606965, and GS-331007
were determined by a validated methodology that included liquid chro-
matography with tandem mass spectroscopy (LC-MS/MS). The assay was
validated by QPS, LLC, Newark, DE. The lower limit of quantitation
(LLQ) of the assay was 5 ng/ml for GS-9851 and 10 ng/ml for GS-566500,
GS-606965, and GS-331007. The linear range of the plasma assay was 5 to
5,000 ng/ml. Urine samples were analyzed using a validated LC-MS/MS
method (QPS, LLC, Newark, DE) to determine concentrations of GS-
9851, GS-566500, and GS-331007. The LLQ of the assay was 10 ng/ml for
each compound. The linear range of the urine assay was 10 to 10,000
ng/ml. In plasma, the intraday and interday precision ranges (percent
coefficient of variation [% CV]) were, respectively, 1.8 to 13.8 and 4.1 to
9.3 for GS-9851, 1.5 to 11.7 and 4.4 to 10.1 for GS-566500, and 1.5 to 8.1
and 2.2 to 6.2 for GS-331007. In urine, the intraday and interday precision
ranges (% CV) were, respectively, 1.7 to 12.9 and 3.1 to 11.9 for GS-9851,
1.5 to 10.1 and 3.2 to 9.6 for GS-566500, 1.8 to 16.1 and 2.1 to 15.5 for
GS-331007.

For each subject, plasma pharmacokinetic parameters for GS-9851,
GS-566500, and GS-331007 were determined by noncompartmental
analysis of plasma concentration-time data using the software program

WinNonlin Professional, version 5.2 (Pharmasight Corporation, Moun-
tain View, CA). The following pharmacokinetic parameters were calcu-
lated: maximum concentration of drug in plasma (Cmax), time of maxi-
mum drug concentration (tmax), area under the plasma drug
concentration-time curve to the last measurable concentration (AUC0 –t),
half-life (t1/2), area under the plasma concentration-time curve from time
zero and extrapolated to infinity (AUC0 –�), renal clearance (CLrenal), and
percentage of study drug or its metabolites excreted in urine (urine %;
molecular weight adjusted to GS-9851 for metabolites). Molecular-
weight-adjusted metabolite-to-parent Cmax and AUC ratios were also cal-
culated.

Safety and tolerability assessments. Adverse-event data were re-
corded from first dose until the follow-up visit. For each event, the infor-
mation collected included onset, duration, intensity, and potential causal
relationship with the study drug as assessed by the investigator. Vital signs,
including blood pressure, heart rate, and respiratory rate, were measured
predose, at 4, 24, 48, 72, and 96 h postdose, and at follow-up. Twelve-lead
electrocardiograms were recorded predose (in triplicate, separated by ap-
proximately 1 min) on the first dosing day and at 1, 2, 3, 4, 6, 8, 12, 24, 48,
72, and 96 h postdose. Telemetry was evaluated continuously from 12 h
predose until 48 h postdose. A 10-s printed telemetry strip was taken at
baseline within 30 min prior to dosing. Any abnormal findings in telem-
etry were confirmed by 12-lead ECG. Clinical laboratory samples were
obtained at the screening visit, admission day (a day prior to initiation of
dosing of study drug), in the mornings of day 2 and day 4 postdose, and at
the follow-up visit. Clinical laboratory changes were graded according to
criteria specified in the protocol using the DAIDS Table for Grading the
Severity of Adult and Pediatric Adverse Events (15).

Statistical analysis. Standard summary statistics were determined for
all pharmacokinetic parameters.

Dose proportionality of Cmax, AUC0 –�, and AUC0 –t were determined
for GS-9851, GS-566500, and GS-331007, if appropriate. Dose propor-
tionality was determined by utilizing a power model and a supportive
analysis of variance (ANOVA) using log-transformed pharmacokinetic
data for each dose normalized to a 100-mg reference dose.

FIG 2 CONSORT diagram of subject disposition.
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Relative bioavailability of the solution formulation to the capsule for-
mulation for selected pharmacokinetic parameters at one dose level
(AUC0 –�, AUC0 –t, and Cmax) was assessed by ANOVA. Upon log trans-
formation, estimates of the difference between capsule and solution were
made, together with 90% confidence intervals (CIs). These differences
and CIs were transformed back to the original scale to provide an estimate
of the relative bioavailability of the solution.

RESULTS
Subject disposition. Forty-two healthy subjects were enrolled
in the study. Most subjects were male (69%) and Caucasian
(88%), with a mean (range) age of 29.5 years (19 to 51 years). In
two dosing sessions, 33 subjects received GS-9851 and 9 re-
ceived placebo (Fig. 2). Five subjects (three after GS-9851 and
two after placebo) successfully completed the first dose of the
planned two-dose administration but were found to no longer
meet the inclusion criteria prior to receiving the second dose of
study medication and were excluded from further dosing by
the sponsor. The three subjects who received GS-9851 were
discontinued for non-clinically significant telemetry abnor-
malities unrelated to the study drug on day �1 in period 2
(GS-9851 at 25 mg; n � 1), preexisting hematuria and a febrile
illness prior to period 2 (GS-9851 at 50 mg; n � 1), and asymp-
tomatic premature ventricular contractions later discovered to
be preexisting (GS-9851 at 100 mg; n � 1). The two subjects
who received placebo were discontinued because of an isolated
four-beat run of nonsustained monomorphic ventricular
tachycardia (n � 1) and a heart murmur (n � 1) found during
check-in for period 2.

Safety and tolerability. GS-9851 was generally well tolerated,
with no dose-limiting toxicities and no maximum tolerated dose
identified. There was no increase in the frequency or severity of
adverse events with dose escalation of GS-9851 from 25 mg to 800
mg. No adverse events attributed to the study drug were rated by
the investigator as serious or severe. One subject (receiving GS-
9851 at 800 mg) reported an episode of dizziness that was consid-
ered moderate in intensity. Sixteen (48%) subjects who received
GS-9851 at any dose and four (44%) who received a placebo ex-
perienced at least one adverse event (Table 1). The most fre-
quently reported adverse event was erythema (n � 16) at the
telemetry and/or ECG patch sites. Six (18%) subjects who received
GS-9851 experienced adverse events that were judged to be drug
related by the investigator. The most frequently reported of these

FIG 3 Logarithmic plots of median plasma concentration-time profiles for
GS-9851 (A), GS-566500 (B), or GS-331007 (C).

TABLE 1 Summary of most frequent adverse events (�2 subjects who received active treatment)

Adverse event

No. (%) of subjects with adverse event with placebo or dosea

Placebo (9)

GS-9851

All active
(33)b

25 mg,
Cap (6)

50 mg,
Cap (8)

50 mg,
Sol (7)

100 mg,
Cap (8)

200 mg,
Cap (8)

400 mg,
Cap (7)

800 mg,
Cap (8)

Any event 4 (44) 16 (48) 3 (50) 3 (38) 1 (14) 6 (75) 3 (38) 3 (43) 1 (13)
Any event judged drug related 1 (11) 6 (30) 3 (50) 1 (13) 0 0 (75) 2 (38) 1 (14) 1 (25)
Erythema 4 (44) 12 (36) 1 (17) 2 (25) 1 (14) 2 (25) 3 (38) 2 (29) 0
Pruritus 1 (11) 4 (12) 1 (17) 0 0 0 1 (13) 0 0
Dizziness 0 2 (6) 0 0 0 0 1 (13) 0 1 (13)
Headache 0 2 (6) 2 (33) 0 0 0 0 0 0
Abdominal pain 0 2 (6) 0 0 0 0 0 1 (14) 1 (13)
Nausea 0 2 (6) 0 1 (13) 0 0 1 (13) 0 0
a The number of subjects tested is given in parentheses after the dose. Cap, capsule; Sol, solution.
b All subjects dosed with active drug.
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events were dizziness, headache, pain in the upper abdomen, and
nausea (two subjects each). All adverse events considered by the
investigator to be related to the study drug resolved without inter-
vention. Clinical laboratory evaluations showed that there were
no trends detected when assessing changes from the baseline in
clinical chemistry and hematology values over time following
study drug administration. Treatment-emergent grade 1 or grade
2 laboratory changes were infrequent and sporadic and did not
appear to be dose related. There were no grade 3 or grade 4 labo-
ratory abnormalities reported. No abnormalities in vital signs or
12-lead ECG parameters were considered sufficiently notable to
be reported as adverse events.

Pharmacokinetic results. GS-606965 was not detected in the
plasma of any subject at doses up to 400 mg; however, it was
detected at one time point (2 h) in a single individual following a
single 800-mg dose of GS-9851 (10.8 ng/ml). There were concen-
tration-time data sufficient to calculate pharmacokinetic param-
eters for three analytes of interest, GS-9851, GS-566500, and GS-
331007. Plots of median plasma concentration-time profiles on
semilogarithmic scales for GS-9851 and metabolites GS-566500
and GS-331007 are shown in Fig. 3. GS-331007 accounted for the
majority of the systemic drug exposure, whereas exposure to GS-
9851 and GS-566500 was generally low. GS-9851 and GS-566500
concentrations fell rapidly to below the limit of detection of the
assay. GS-331007 concentrations were detectable for at least 24 h
following administration of powder-in-capsule from 100 mg to
800 mg GS-9851.

Derived pharmacokinetic parameters for the three molecules
are summarized in Table 2, Table 3, and Table 4. Absorption of
GS-9851 was relatively rapid, with Cmax at 1.0 to 1.8 h across the

dose range studied (Table 2). GS-9851 elimination was likewise
rapid, with a t1/2 of approximately 1 h. GS-566500 reached Cmax at
1.5 to 3.0 h postdose and was cleared with an elimination t1/2 of
2.0 to 3.0 h (Table 3). GS-331007 achieved Cmax at 3.0 to 6.0 h
postdose, and values of t1/2 increased with dose: t1/2 was 3.4 h at
the 25-mg dose of GS-9851 and 25.7 h at the 800-mg dose
(Table 4). The AUC0 –t value for GS-331007 was at least 41-fold
higher than the value obtained for GS-9851 after adjusting for
differences in molecular weight. This observation was consis-
tent with the rapid conversion of GS-9851 into its metabolites
and the prolonged t1/2 of GS-331007 relative to that of GS-
9851. The majority of the drug recovered in the urine was re-
covered as GS-331007. After adjustment for molecular weight
differences between prodrug and metabolites, the percentage
of GS-331007 recovered in the urine ranged from 57% to 27%
across the dose range studied. Renal clearance values for GS-
331007 remained relatively constant, at approximately 0.2 li-
ters/min, across the ascending-dose groups.

Dose proportionality analysis. Power model analysis demon-
strated that GS-9851 or metabolites did not exhibit dose propor-
tionality across the dose range studied (25 mg to 800 mg GS-
9851). Wide 90% CIs indicated a high level of data variability.
Dose proportionality was also assessed using a pairwise ANOVA
(Table 5). GS-9851 did not consistently exhibit dose proportion-
ality as assessed by comparison with the 100-mg GS-9851 dose
group (Table 5). Values of AUC for GS-9851 generally increased
in a less than proportional manner for doses higher than 100 mg
GS-9851. The results obtained for the metabolite GS-566500
showed a similar pattern. For GS-331007, AUC values increased in
a close to dose-proportional fashion up to the 100-mg GS-9851

TABLE 2 Derived pharmacokinetic parameters for GS-9851

Parameter

Mean (SD) value for doseb

25 mg,
capsule (6)

50 mg,
capsule (8)

50 mg,
solution (7)

100 mg,
capsule (8)

200 mg,
capsule (8)

400 mg,
capsule (7)

800 mg,
capsule (8)

Cmax (ng/ml) 7.6 (2.0) 18.5 (9.4) 38.4 (11.9) 31.9 (16.0) 54.6 (40.5) 69.2 (24.0) 317.5 (356.8)
tmax (h) 1.0 [0.5–2.0] 1.0 [0.5–2.0] 1.0 [0.5–1.0] 1.8 [1.0–8.0] 1.0 [1.0–1.5] 1.0 [1.0–3.0] 1.8 [1.0–4.0]
AUC0–t (h · ng/ml) 7.3 (0.5) 32.5 (17.8) 52.7 (20.0) 71.5 (54.7) 79.0 (64.0) 158.9 (67.2) 541.7 (416.1)
AUC0–� (h · ng/ml) 87.8 (9.3) 92.3 (53.4) 931.0 (873.7)
t1/2 (h) 0.8 (0.1) 1.6 (1.3) 1.1 (0.3)
CLrenal (liters/h) 0.14 (0.01) 0.18 (0.07) 0.16 (0.02)
Urine %a 0.43 (0.16) 0.58 (0.34) 1.13 (0.36) 0.68 (0.32) 0.56 (0.51) 0.40 (0.12) 0.67 (0.57)
a Urine %: percentage of study drug or its metabolites excreted in urine, adjusted to molecular weight.
b No. of subjects tested is given in parentheses after the dose. Data for tmax are presented as median [range].

TABLE 3 Derived pharmacokinetic parameters for GS-566500

Parameter

Mean (SD) value for doseb

25 mg,
capsule (6)

50 mg,
capsule (8)

50 mg,
solution (7)

100 mg,
capsule (8)

200 mg,
capsule (8)

400 mg,
capsule (7)

800 mg,
capsule (8)

Cmax (ng/ml) 21.0 (4.9) 29.6 (5.7) 34.4 (11.9) 38.4 (30.4) 59.7 (13.4) 175.3 (160.8)
tmax (h) 3.0 [1.5–3.0] 1.5 [1.5–2.0] 2.0 [1.0–4.0] 2.0 [1.0–2.0] 1.5 [1.5–3.0] 3.0 [2.0–4.0]
AUC0–t (h · ng/ml) 53.2 (23.7) 76.9 (23.2) 102.8 (42.8) 133.2 (127.3) 271.9 (75.4) 799.8 (586.0)
AUC0–� (h · ng/ml) 149.1 (–) 161.8 (53.0) 294.7 (79.6) 338.6 (87.8) 926.8 (601.1)
t1/2 (h) 1.7 2.0 (0.2) 1.9 (0.1) 2.4 (1.0) 2.8 (0.5) 3.2 (0.9)
CLrenal (liters/h) 0.09 0.11 (0.02) 0.13 (0.02) 0.10 (0.02) 0.11 (0.02)
Urine %a 0.78 (0.34) 1.00 (0.48) 1.76 (0.43) 1.10 (0.33) 0.75 (0.63) 0.62 (0.17) 0.88 (0.65)
a Urine %, percentage of study drug or its metabolites excreted in urine, adjusted to molecular weight.
b No. of subjects tested is given in parentheses after the dose. Data for tmax are presented as median [range].
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dose level; for higher doses, increases in the AUC were less than
dose proportional, with the greatest deviation from linearity at the
highest dose (800 mg).

Relative bioavailability. The increase in relative bioavailability
based upon Cmax for the 50-mg-solution GS-9851 versus 50-mg-
capsule GS-9851 was 121% for GS-9851, 42% for GS-566500, and
16% for GS-331007 (Table 6). An increase of 17% in the value of
AUC0 –� was observed for GS-331007 for the 50-mg solution ver-
sus the 50-mg capsule; AUC0 –� could not be calculated for GS-
9851 and GS-566500. Values of AUC0 –t revealed an increase of
74% and 54% for GS-9851 and GS-566500, respectively, for the
50-mg solution versus the 50-mg capsule. In summary, GS-9851
in solution form provided higher parent and metabolite exposures
with less variability than the drug in capsule form.

DISCUSSION

In this first-time-in-human study, GS-9851 (nucleotide prodrug)
was rapidly absorbed and converted to GS-331007. GS-331007

exhibited a tmax of approximately 3.0 to 6.0 h and demonstrated
multiphasic elimination with a maximum t1/2 of 25.7 h at the
800-mg dose. Given the fact that drug-related material is detect-
able beyond 24 h at some doses, the high liver-to-plasma drug
ratios observed in species used for nonclinical testing, and the in
vitro half-life of GS-461203 (9, 13), the pharmacokinetic profiles
of GS-9851 and the metabolites GS-566500 and GS-331007
should be compatible with once-daily dosing when given to pa-
tients at sufficient dose levels. In addition, GS-9851 showed a fa-
vorable safety and tolerability profile in healthy adult subjects fol-
lowing single ascending doses from 25 mg to 800 mg.

The pharmacokinetic profile obtained for the prodrug GS-
9851 and its analytes revealed that systemic exposure to GS-
9851 and GS-566500 was low, with the majority of systemic
drug exposure measured as GS-331007. This observation is
consistent with rapid and efficient metabolism of GS-9851 to
GS-331007 in the blood and likely rapid hepatic uptake of the

TABLE 4 Derived pharmacokinetic parameters for GS-331007

Parameter

Mean (SD) value for dosec

25 mg,
capsule (6)

50 mg,
capsule (8)

50 mg,
solution (7)

100 mg,
capsule (8)

200 mg,
capsule (8)

400 mg,
capsule (7)

800 mg,
capsule (8)

Cmax (ng/ml) 74.9 (14.2) 144.0 (46.7) 159.5 (29.9) 273.8 (28.6) 299.3 (94.5) 545.4 (108.5) 724.3 (185.4)
tmax (h) 4.0 [2.0–4.0] 3.5 [3.0–4.0] 3.0 [2.0–4.0] 4.0 [3.0–6.0] 4.0 [3.0–8.0] 6.0 [4.0–6.0] 4.0 [3.0–6.0]
AUC0–t (h · ng/ml) 490.0 (107.5) 1124.5 (461.8) 1213.6 (317.7) 2324.6 (585.6) 3246.3 (906.7) 6702.2 (976.6) 9489.5 (2484.8)
AUC0–� (h · ng/ml) 561.1 (107.5) 1245.6 (515.2) 1361.0 (405.9) 2507.4 (650.6) 4200.9 (1119.7) 7242.3 (1097.6) 10065.2 (2756.5)
t1/2 (h) 3.4 (0.6) 5.1 (1.8) 6.7 (2.8) 7.5 (3.4) 19.1 (13.3) 18.0 (8.0) 25.7 (6.2)
GS-331007/GS-9851

AUC0–t ratioa

160.1 (33.2) 102.1 (53.6) 54.1 (24.5) 96.0 (58.5) 146.7 (94.6) 97.2 (35.8) 44.0 (16.2)

GS-331007/GS-9851
Cmax ratioa

21.1 (6.3) 17.3 (5.6) 9.2 (3.4) 22.9 (14.3) 15.6 (7.5) 18.2 (8.0) 8.0 (4.9)

CLrenal (liters/h) 0.21 (0.04) 0.19 (0.08) 0.17 (0.05) 0.18 (0.04) 0.22 (0.07) 0.16 (0.04) 0.19 (0.04)
Urine %b 56.5 (6.6) 51.0 (12.4) 54.4 (7.0) 53.3 (8.0) 37.3 (13.5) 35.3 (7.0) 27.3 (8.2)
a GS-331007/GS-9851 AUC0 –t and Cmax ratios were calculated following conversion of GS-331007 into nanogram equivalents of GS-9851 · h ml and nanogram equivalents of GS-
9851/ml, respectively.
b Urine %, percentage of study drug or its metabolites excreted in urine, adjusted to molecular weight.
c No. of subjects tested is given in parentheses after the dose. Data for tmax are presented as median [range].

TABLE 5 Analysis of variance of results of dose proportionality for GS-9851, GS-566500, and GS-331007 (all capsule formulations)

Parameter Comparison

ANOVA result for drug

GS-9851 GS-566500 GS-331007

Ratio 90% CI Ratio 90% CI Ratio 90% CI

AUC0–� (h · ng/ml) 25 mg/100 mg 0.91 0.68, 1.22
50 mg/100 mg 0.92 0.70, 1.21
200 mg/100 mg 0.91 0.48, 1.76 0.84 0.58, 1.22
400 mg/100 mg 0.52 0.29, 0.94 0.74 0.56, 0.98
800 mg/100 mg 0.64 0.36, 1.14 0.50 0.37, 0.67

AUC0–t (h · ng/ml) 25 mg/100 mg 0.52 0.24, 1.11 0.85 0.63, 1.15
50 mg/100 mg 1.00 0.56, 1.79 1.01 0.51, 1.98 0.89 0.68, 1.18
200 mg/100 mg 0.48 0.27, 0.85 0.40 0.22, 0.75 0.69 0.53, 0.91
400 mg/100 mg 0.64 0.36, 1.15 0.70 0.38, 1.29 0.73 0.55, 0.98
800 mg/100 mg 1.01 0.57, 1.77 0.89 0.49, 1.61 0.51 0.39, 0.67

Cmax (ng/ml) 25 mg/100 mg 1.06 0.61, 1.84 1.08 0.85, 1.38
50 mg/100 mg 1.19 0.72, 1.98 1.26 0.74, 2.12 0.99 0.79, 1.24
200 mg/100 mg 0.76 0.46, 1.26 0.45 0.28, 0.71 0.53 0.42, 0.66
400 mg/100 mg 0.58 0.34, 0.97 0.45 0.28, 0.72 0.49 0.39, 0.62
800 mg/100 mg 0.99 0.59, 1.64 0.53 0.33, 0.84 0.32 0.26, 0.40
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prodrug. The pharmacokinetic profile obtained for GS-9851 is
consistent with the preclinical data demonstrating that only
GS-9851 can enter the hepatocyte and undergo conversion to
GS-461203 and any metabolite of GS-9851 in the blood will
ultimately lead to the inactive GS-331007. The metabolite GS-
606965 was not detected in the plasma of any subject at doses
up to 400 mg GS-9851, and thus it was not possible to provide
a pharmacokinetic profile for GS-606965. Although the study
was not powered for a formal analysis, dose proportionality
(Cmax and AUC0 –t) was observed for GS-331007 up to a dose of
100 mg GS-9851 but not for the 200-mg-to-800-mg GS-9851
dose range. GS-331007 exhibited less than proportional expo-
sure increases with increasing doses of GS-9851. Urinary re-
covery of GS-331007 was reduced as the prodrug dose in-
creased above 200 mg.

The rate and extent of absorption of GS-9851 were also inves-
tigated when it was administered as a solution formulation or as a
capsule formulation in healthy subjects. Administration of GS-
9851 as a solution resulted in higher Cmax and AUC0 –t values for
the prodrug than those seen with the powder-in-capsule formu-
lation. These differences appear to indicate an incomplete disso-
lution of the powder-in-capsule and/or an increased gut metabo-
lism of the prodrug when it is administered as a capsule. Since the
solution produced only slightly higher systemic exposure of GS-
331007, the capsule formulation was an acceptable dosage form
for this single-ascending-dose study. In addition, for the capsule
dosages, stable metabolic ratios in the 25-mg-to-400-mg GS-9851
dose range strongly suggest that the exposure of GS-331007 was
relatively consistent with the exposure of the prodrug. However,
for the 800-mg GS-9851 dose level, there was less GS-331007 ex-
posure relative to the prodrug. A possible explanation for this
observation could be that the formation of GS-331007 became
saturated. However, the results obtained for dose proportionality
and metabolic ratios may be a consequence of the small number of
subjects in each dose group, which is reflected in wide CIs sur-
rounding those parameters.

Values of t1/2 for GS-331007 increased with increasing doses of
GS-9851. At doses of GS-9851 at 200 mg and above, values for t1/2

ranged from 18.0 to 25.7 h. The longer t1/2 associated with higher
doses reflects the terminal elimination t1/2, which was not ob-
served at the lower dose as the plasma concentration of GS-331007
fell below the LLQ. The t1/2 measured in the lower doses was re-
flective of the distribution t1/2. The 18.0- to 25.7-h terminal elim-
ination t1/2 observed at the higher dose indicates that GS-9851
could potentially be administered on a once-daily basis, which
would be beneficial to patients as simple dosing regimens can lead
to higher levels of adherence.

GS-9851 showed a good tolerability profile, since all adverse

events reported were of mild intensity, except for one episode of
dizziness that was considered moderate. Events judged possibly
related to the study drug by the investigator resolved without in-
tervention. There was no dose-limiting toxicity and no increase in
the frequency or intensity of events with increasing doses of GS-
9851. No clinically significant trends in treatment-emergent lab-
oratory abnormalities, vital signs, or 12-lead ECG assessments
were observed.

In conclusion, the results obtained in this single-ascending-
dose study demonstrate that GS-9851 is a generally safe and well-
tolerated compound with a pharmacokinetic profile consistent
with once-daily dosing. The findings of this study in healthy sub-
jects indicate that further studies of GS-9851 are warranted for
patients with HCV infection.
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