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[ C]
3TC
ABC
ADME
AE
ARV
ATR
ATV
AUCinf
AUCtau
BA
BCRP
BCS
BID
BMI
BOC
BSEP

radiolabeled carbon 14
lamivudine
abacavir
absorption, distribution, metabolism, and excretion
adverse event
antiretroviral
Atripla® (efavirenz/emtricitabine/tenofovir disoproxil fumarate, coformulated)
atazanavir
area under the plasma/serum/PBMC concentration versus time curve from
time zero to infinity
area under the plasma/serum/PBMC concentration versus time curve
over the dosing interval
bioavailability
breast cancer resistance protein
Biopharmaceutics Classification System
twice daily
body mass index
boceprevir
bile salt export pump
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IFN
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MATE1
mRNA
MRP2
N or n
NA
ND
NG
NGMN
NI

cathepsin A
carboxyl esterase 1
confidence interval
apparent oral clearance
creatinine clearance
maximum observed plasma/serum/PBMC concentration of drug
cobicistat
Complera® (emtricitabine/rilpivirine/tenofovir disoproxil fumarate,
coformulated)
Child-Pugh-Turcotte classification
cyclosporine (cyclosporin A)
observed drug concentration at the end of the dosing interval
coefficient of variation
cytochrome P450 enzyme(s)
stavudine
direct-acting antiviral
daclatasvir
drug-drug interaction
darunavir
half-maximal/90% effective concentration
eletrocardiogram
ethinyl estradiol
efavirenz
estimated glomerular filtration rate
maximum effect
end-stage renal disease
European Union
elvitegravir
fixed-dose combination
flavin monooxygenase
emtricitabine
geometric least-squares mean
geometric mean ratio
genotype
H2-receptor antagonist
hepatitis C virus
histidine triad nucleotide binding protein 1
human immunodeficiency virus, type 1
half-maximal inhibitory concentration
interferon
interleukin 28
interleukin 28B gene
liquid chromatography/tandem mass spectrometry
ledipasvir
lower limit of quantitation
limit of detection
multidrug and toxin extrusion protein 1
messenger ribonucleic acid
multidrug resistance-associate protein 2
number of subjects in a population (N) or subset (n)
not applicable
not determined
norgestrel
norelgestromin
nucleoside inhibitor
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NNI
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OATP
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PD
Peg-IFN
P-gp
PI
PK
PPI
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QT
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RAV
RBV
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RNA
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SAE
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SMV
SOF
SVR
SVRXX
TAC
TDF
TE
TFV
TGV
TN
TVD
TVR
UGT
ULN
UMP-CMP
VDV
vRVR
ZDV

nonnucleoside inhibitor
no observed adverse effect level
no observed effect level
organic anion transporter
organic anion transporting polypeptide
Ortho Tri-Cyclen Lo®
organic cation transporter
pharmacodynamic(s)
pegylated interferon
p-glycoprotein
protease inhibitor
pharmacokinetic(s)
proton pump inhibitor
first quartile, second quartile, third quartile, fourth quartile, first 2 quartiles
once daily
electrocardiographic interval between the beginning of the Q wave and
termination of the T wave, representing the time for both ventricular
depolarization and repolarization to occur
time-matched, baseline-adjusted, placebo-corrected QTc
QT interval corrected for heart rate
QT interval corrected for heart rate using the Bazett formula
QT interval corrected for heart rate using the Fridericia formula
QT interval corrected for heart rate using subject-specific correction factor
QT interval corrected for heart rate using population-specific correction
factor
raltegravir
boosted with ritonavir
resistance-associated variant
ribavirin
response-guided therapy
rifampin
ribonucleic acid
rilpivirine
ritonavir
serious adverse event
standard deviation
(b) (4)

simeprevir
sofosbuvir
sustained virologic response
sustained virologic response “XX” weeks following completion of all
treatment
tacrolimus
tenofovir disoproxil fumarate
treatment experienced
tenofovir
tegobuvir
treatment naive
Truvada® (emtricitabine/tenofovir disoproxil fumarate, coformulated)
telaprevir
uridine disphosphate glucuronosyltransferase
upper limit of the normal range
uridine monophosphate-cytidine monophosphate
vedroprevir
very rapid virologic response
zidovudine
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1. EXECUTIVE SUMMARY
Gilead Sciences is seeking approval of ledipasvir (LDV, GS-5885) and sofosbuvir (SOF, GS7977) together as an oral fixed-dose combination (FDC) tablet (LDV/SOF 90 mg/400 mg) for
the treatment of chronic genotype 1 hepatitis C virus (HCV) infection (for both genotypes 1a and
1b as efficacy was similar between the subgenotypes). LDV/SOF was granted Breakthrough
Therapy Designation on July 22, 2013.
LDV is a novel HCV NS5A inhibitor that has demonstrated potent anti-HCV activity against
genotype 1a and 1b HCV infection. SOF is a novel nucleotide NS5B polymerase inhibitor that
inhibits HCV RNA replication and has been approved for use in combination with other agents
for the treatment of chronic HCV infection in adults (tradename Sovaldi®; NDA 204671).
The proposed LDV/SOF dosage regimen is one 90 mg/400 mg tablet, taken orally, once daily
with or without food. The following treatment durations are proposed by the applicant, based on
prior treatment experience and cirrhosis status:
(b) (4)

The consideration for approval of this NDA is based on efficacy data from 3 pivotal LDV/SOF
Phase 3 trials in a total of 1518 subjects with genotype 1 chronic hepatitis C (CHC): 0108 (ION3, HCV treatment-naïve adults without cirrhosis), 0102 (ION-1, treatment-naïve adults with or
without cirrhosis), and 0109 (ION-2, adults who failed prior therapy with or without cirrhosis ); as
well as pooled safety data from these three Phase 3 clinical trials and other trials which
evaluated use of LDV/SOF or LDV/SOF + ribavirin (RBV) for 8, 12, and 24 weeks. The final
treatment duration recommendation for each patient population remains under review at this
time.
1.1

Recommendation

The Office of Clinical Pharmacology has determined that there is sufficient clinical
pharmacology information provided in the NDA to support a recommendation of approval of
LDV/SOF.
1.2

Phase IV Commitments

None.
1.3

Summary of Important Clinical Pharmacology Findings

A comprehensive program of Phase 1 clinical studies characterized the PK of SOF and LDV
when administered either as single agents or as the FDC. Additionally, both intensive and
sparse plasma concentration data from 391 healthy subjects and 2147 HCV-infected subjects
who received LDV/SOF FDC, SOF and LDV administered together as single agents, or LDV as
a single agent from 14 clinical studies (9 Phase 1, 2 Phase 2, and 3 Phase 3 studies) were used
for population PK evaluation of SOF, its predominant circulating metabolite GS-331007, and
LDV.
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Key PK characteristics for LDV as a single agent are summarized below:
• A high-fat meal reduced LDV AUC and Cmax by approximately 45%.
• LDV is >99.8% bound to human plasma proteins.
• The half-life of LDV is approximately 47 hours
• Following a single 90 mg oral dose of [14C]-LDV, mean total recovery of the [14C]radioactivity in feces and urine was approximately 87%, with most of the radioactive dose
recovered from feces (approximately 86%). Unchanged LDV excreted in feces accounted
for a mean of 70% of the administered dose and the oxidative metabolite M19 accounted for
2.2% of the dose. The data indicate that biliary excretion of unchanged LDV is a major route
of elimination with renal excretion being a minor pathway.
• LDV exhibits dose linearity for AUCinf and Cmax over the 3- to 100-mg range.
• LDV PK is not affected by race (as determined by both popPK analysis of phase 3 data as
well as one dedicated phase 1 study in Japanese subjects) or age (18-80 years)
• Relative to healthy subjects, LDV AUC0-24 and Cmax were 24% lower and 32% lower,
respectively, in HCV patients.
• AUC and Cmax of LDV were 77% and 58% higher, respectively, in females than males. After
correcting for body weight differences between genders, females still have approximately
40% higher exposure as compared to males. This observation has no clinical relevance
because neither response rate nor rate or severity of adverse events was significantly
different between genders.
• Renal impairment has no clinically significant effect on LDV PK and no dose adjustment of
LDV is needed. The effect of hemodialysis on LDV PK was not evaluated; however, due to
the high protein binding of LDV, hemodialysis is unlikely to have a significant impact.
• Hepatic impairment (including cirrhosis) has no clinically significant effect on LDV PK, and
no dose adjustment of LDV is needed for any degree of hepatic impairment.
• LDV solubility decreases as pH increases. Drugs that increase gastric pH are expected to
decrease systemic concentrations of LDV.
o A substantial decrease in LDV plasma exposure (~ 42% to 48% lower AUC and Cmax)
was observed upon administration of the proton pump inhibitor (PPI) omeprazole (20
mg) 2 hours prior to LDV administration.
o LDV absorption was unaffected upon simultaneous or staggered (12 hours)
administration of the H2-receptor antagonist (H2RA) famotidine (20 mg).
• LDV is a substrate of the drug transporters P-gp and BCRP.
• LDV is an inhibitor of P-gp and BCRP.
• LDV is not expected to inhibit OATP1B1, OATP1B3 and BSEP at concentrations achieved
in vivo at the recommended dose
• LDV 30 mg once daily increased SMV Cmax and AUC by 161% and 169%, respectively,
due to P-gp inhibition, which is a similar magnitude of the effect of DRV/RTV on simeprevir
(SMV) and DRV/RTV is not recommended to be coadministered with simeprevir. Thus, SMV
is not recommended to be coadministered with LDV/SOF.
• At the supratherapeutic dose of 120 mg twice daily, LDV does not prolong QTc to a clinically
relevant extent.
SOF is a nucleotide prodrug that undergoes intracellular metabolism to form the
pharmacologically active uridine analog triphosphate (GS-461203). GS-461203 is not
measureable in plasma. The PK characteristics for SOF and its major metabolite GS-331007
following oral administration of SOF as a single agent are summarized below:
• When SOF was administered as a single agent, a high-fat meal slowed the rate of
absorption of SOF but did not substantially affect the extent of absorption as compared to
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•
•

•
•
•

•
•
•
•

•
•

fasting conditions. The exposure of GS-331007 was not altered in the presence of a high-fat
meal. Protein binding is about 65% for SOF, minimal for GS-331007.
The half-life is approximately 0.4 hr for SOF, and 27 hrs for GS-331007.
Following a single 400 mg oral dose of [14C]-sofosbuvir, mean total recovery of the dose was
greater than 92%, consisting of approximately 80%, 14%, and 2.5% recovered in urine,
feces, and expired air, respectively. The majority of the sofosbuvir dose recovered in urine
was GS-331007 (78%) while 3.5% was recovered as sofosbuvir. These data indicate that
Renal clearance is the major elimination pathway for GS-331007.
Sofosbuvir and GS-331007 AUCs are near dose proportional over the dose range of 200 mg
to 1200 mg.
SOF and GS-331007 PK are not affected by gender, race, disease state, or age.
For renal impairment, the sofosbuvir AUC0-inf was 61%, 107% and 171% higher in mild,
moderate and severe renal impairment, while the GS-331007 AUC0-inf was 55%, 88% and
451% higher, respectively. No dose adjustment is required for patients with mild or
moderate renal impairment. Use of SOF is currently not recommended for use in patients
with severe renal impairment or ESRD.
For hepatic impairment (including cirrhosis): no clinically significant effect was observed.
Therefore, no dose adjustment of SOF is recommended for any degree of hepatic
impairment.
SOF is a substrate of drug transporters P-gp and BCRP while GS-331007 is not.
Drugs that are intestinal P-gp inducers (e.g., rifampin (RIF), St. John’s Wort) may alter the
concentrations of SOF and thus should not be used with SOF.
The interaction between SOF and the following drugs was evaluated in clinical trials and no
dose adjustment is needed for either drug: cyclosporine (CsA), darunavir/ritonavir
(DRV/RTV), efavirenz (EFV), emtricitabine (FTC), methadone, raltegravir (RAL), rilpivirine
(RPV), tacrolimus (TAC), tenofovir disoproxil fumarate (TDF), or oral contraceptive agents
containing ethinyl estradiol (EE) and norgestimate.
At a dose three times the maximum recommended dose, sofosbuvir does not prolong QTc
to a clinically relevant extent
LDV causes a 2.3- and 2.2-fold increase in SOF AUCinf and Cmax respectively, due to P-gp
and BCRP inhibition by LDV. Therefore, the results of SOF PK as a single agent should be
carefully interpreted in the context of the increased SOF concentrations in LDV/SOF FDC as
compared to SOF as a single dose.

Key PK characteristics for SOF, GS-331007 and LDV following oral administration of LDV/SOF
FDC are summarized below:
• When administered as the LDV/SOF FDC, a high-fat meal caused a similar magnitude of
effect on SOF and GS-331007 as compared to the single agent and also did not affect LDV
AUC and Cmax to a clinically relevant extent. Thus, LDV/SOF FDC can be administered
without regard to food (as instructed in phase 3 studies).
• LDV/SOF FDC tablets have been studied with: abacavir/lamivudine (ABC/3TC), Atripla®
(ATR), Complera® (CPA), atazanavir/ritonavir (ATV/RTV), DRV/RTV, elvitegravir+cobicistat
(EVG+COBI), and acid-reducing agents. The following are the results from these studies:
o No clinically significant effects on SOF and GS-331007 exposures were observed
with any of the above agents, which is similar to what was observed for SOF as a
single agent
o The effects of these drugs on LDV AUC or Cmax is in the range of 34%↓ by ATR to
~100%↑ by ATV/RTV
o Famotidine (40 mg single dose) was administered either with simultaneous
administration or 12 hours apart with LDV/SOF, while omeprazole (20 mg) was
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Solubility:

(b) (4)

LDV/SOF fixed-dose combination tablets contain 400 mg of sofosbuvir and 90 mg of LDV. The
(b) (4)
tablet formulation utilizes LDV
The quantitative
composition of LDV/SOF tablets is listed in Table 1.
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plus DAAs for 12 or 24 weeks resulted in numerically higher, though not statistically different,
SVR24 rates as compared with LDV 30 mg plus DAAs for 24 weeks. These findings supported
further evaluation of the 90-mg dose of LDV in the clinical development program for LDV/SOF.
SOF 400 mg is approved for use in combination with other agents for the treatment of chronic
HCV infection in adults. No dose adjustment for either agent was required on co-administration
(Study GS-US-334-0101) because the increase in the systemic exposure of SOF by LDV was
not considered clinically significant. Therefore, LDV/SOF (90 mg/400 mg) FDC tablets were
used to support initiation of Phase 3.
Phase 2 and 3 Clinical Efficacy and Safety Development Program:
The efficacy and safety of LDV/SOF FDC were evaluated in 3 pivotal Phase 3 studies: GS-US337-0102 (ION-1), GS-US-337-0109 (ION-2), and GS-US-337-0108 (ION-3); as well as 3 Phase
2 clinical studies: P7977-0523 (ELECTRON) Part 4 (Groups 12 and 13) and Part 6 (Groups 16
to 18, 20, and 21), GS-US-337-0118 (LONESTAR), and GS-US-337-0122 (ELECTRON-2
[Cohort 2, Groups 3 and 4]).
The Phase 3 studies were all conducted in subjects with genotype 1 HCV infection.
o Study GS-US-337-0102 evaluated 12 or 24 weeks of LDV/SOF±RBV in treatment-naïve
subjects;
o Study GS-US-337-0109 evaluated 12 or 24 weeks of LDV/SOF±RBV in treatmentexperienced subjects; and
o Study GS-US-337-0108 evaluated LDV/SOF+RBV for 8 weeks and LDV/SOF (without
RBV) for 8 and 12 weeks in treatment-naive subjects.
Studies GS-US-337-0102 and GS-US-337-0109 each included a subset of subjects (≤ 20%)
with compensated cirrhosis. Each of the Phase 3 studies have reached post-treatment Week
12 and achieved their primary endpoints (SVR12), which form the basis for submitting the
application at this point in the development program.
2.2.2 What is the basis for selecting the response endpoints (i.e., clinical or surrogate
endpoints) or biomarkers (collectively called pharmacodynamics (PD)) and how are they
measured in clinical pharmacology and clinical studies?
The goal of treatment of chronic HCV infection is long-lasting viral eradication, generally defined
as SVR (i.e., undetectable virus [LLOQ or limit of detection for assay] 12 [SVR12] or 24 [SVR24]
weeks after the completion of therapy). Previously, achieving SVR24 has been proven as a
reliable predictor of long-term clearance of HCV RNA for PEG+RBV treatment and is generally
accepted as a cure of infection. Recently, analyses of large datasets demonstrated a high
concordance between SVR12 and SVR24. SVR12 was the primary endpoint used for approval
of Sovaldi®. Therefore, SVR12 was selected as the primary endpoint for LDV/SOF Phase 2/3
clinical trials for LDV/SOF FDC.
2.2.3 Are the active moieties in the plasma (or other biological fluid) appropriately identified and
measured to assess pharmacokinetic parameters and exposure-response relationships?
Plasma concentrations for LDV, SOF, and GS-331007 were used to assess PK parameters and
exposure-response relationships.
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LDV is an HCV inhibitor targeting the HCV NS5A protein, and thus is an active moiety.
Following a single 90 mg oral dose of [14C]-LDV, mean total recovery of the [14C]-radioactivity in
feces and urine was approximately 87%, with most of the radioactive dose recovered from feces
(approximately 86%). Unchanged LDV excreted in feces accounted for a mean of 70% of the
administered dose and the oxidative metabolite M19 accounted for 2.2% of the dose. Therefore,
LDV plasma concentrations are appropriate to evaluate LDV PK/PD relationships.
SOF is a nucleotide prodrug that undergoes intracellular metabolism to form the
pharmacologically active uridine analog triphosphate (GS-461203). Nonclinical characterization
of the disposition of SOF across species revealed that SOF was extensively metabolized by
hydrolase activity that led to low systemic exposure of SOF and predominant systemic exposure
to 2 major metabolites in humans: GS-566500 and the primary circulating metabolite GS331007.These findings were confirmed in a mass balance study such that SOF, GS-566500,
and GS-331007 accounted for approximately 4%, 7%, and >90% of drug-related material
respectively. Because the active triphosphate moiety is not measureable in plasma, GS-331007
was considered to be the primary analyte of interest in clinical pharmacology studies for
purposes of PK analyses and interpretation of results. GS-566500 PK profiles are similar to
SOF and thus PK for GS-566500 was not analyzed in the later studies. SOF and GS-331007
were characterized in all clinical pharmacology studies and used for exposure-response
analysis.
2.2.4 Exposure-response
2.2.4.1 What are the characteristics of the exposure-response relationships (doseresponse, concentration-response) for efficacy?
Exposure-response analyses were based on LDV, SOF, and GS-331007 AUCtau for genotype 1
subjects from the three Phase III trials (GS-US-337-0102, GS-US-337-0108, and GS-US-3370109). Subjects in Phase III had only sparse sampling, and samples were obtained pre-dose on
days of on-treatment virologic assessment. The primary endpoint evaluated in these analyses
was sustained virologic response at week 12 of follow-up (SVR12). Response was assessed
based on treatment duration, prior treatment status (treatment-naïve and treatmentexperienced), and administration with or without RBV based on quartile of exposure for each of
the above analytes.
Treatment-naïve non-cirrhotics
There was a numeric trend of increased response with respect to increased SOF, GS-331007,
and LDV exposure from GS-US-337-0108 for LDV/SOF or LDV/SOF/RBV over 8 weeks (Table
2). The SVR rates in subjects administered LDV/SOF for 8 weeks were numerically higher in
subjects in the highest exposure quartile (Q4) for SOF (1550-2380 ng•h/mL; 97% SVR12), GS331007 (14600-29100 ng•h/mL; 96% SVR12) and LDV (10600-49100; 97% SVR12) compared
to the lowest exposure quartiles (Q1) SOF (679-1090 ng•h/mL; 89% SVR12), GS-331007
(6840-9830 ng•h/mL; 91% SVR12) and LDV (1350-4810; 89% SVR12). Similar trends were
observed for subjects administered LDV/SOF/RBV for 8 weeks with numerically higher SVR
rates in the highest exposure quartile for SOF (1550-2250 ng•h/mL; 97% SVR12), GS-331007
(14600-22700 ng•h/mL; 100% SVR12) and LDV (10600-25800; 96% SVR12) compared to the
lowest exposure quartiles SOF (730-1110 ng•h/mL; 91% SVR12), GS-331007 (5450-9880
ng•h/mL; 91% SVR12) and LDV (867-4870; 87% SVR12). No impact of RBV on treatment
response was observed between the treatment arms. [Note: the quartile exposures described
above for SOF, GS-331007, and LDV are applicable to the scenarios discussed below where
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the treatment is extended to 12-weeks in treatment naïve subjects and 12-weeks and 24-weeks
in treatment-experienced subjects].
Table 2: Percentage of Treatment-Naive Non-cirrhotic HCV-Infected Subjects who
Achieved SVR12 in GS-US-337-0108 by Population Quartiles of SOF, GS-331007, or LDV
AUCtau
LDV/SOF 8 weeks
LDV/SOF/RBV 8 weeks
Regimen
(GS-US-337-0108)
(GS-US-337-0108)
GSGSCompound
SOF
LDV
SOF
LDV
331007
331007
Q4
97%
96%
97%
97%
100%
96%
Q3
92%
96%
95%
92%
98%
98%
Exposure
Q2
88%
92%
93%
95%
93%
98%
Quartile (or
combination of
Q1
89%
91%
89%
91%
91%
87%
quartiles)a
Q12 SOF/
88%
90%
Q12 LDV
a

Q1, Q2, Q3, Q4, and Q12: first quartile, second quartile, third quartile, fourth quartile, and first 2
quartiles

Treatment-naïve cirrhotics
In genotype 1 treatment-naïve subjects administered LDV/SOF or LDV/SOF/RBV for 12 weeks
from GS-US-337-0102 and GS-US-337-0108, no differences were observed in SVR12 between
the highest exposure quartiles (LDV/SOF: 96-99%; LDV/SOF/RBV: 91-100%) and the lowest
exposure quartiles (LDV/SOF: 97-100%; LDV/SOF/RBV: 95-100%) (Table 3). These
observations continue to support that RBV does not improve response in genotype 1 treatmentnaïve subjects with at least 12-week treatment duration of LDV/SOF. In addition, the
observations from GS-US-337-0102 and GS-US-337-0108 suggest that any of the numeric
trends of decreased response with lower SOF, GS-331007, and LDV exposures observed from
LDV/SOF and LDV/SOF/RBV (GS-US-337-0108) no longer were evident with a 12-week
treatment duration.
Table 3: Percentage of Treatment-Naive HCV-Infected Subjects who Achieved SVR12 in
GS-US-337-0108 and GS-US-337-0102 by Population Quartiles of SOF, GS-331007, or LDV
AUCtau
LDV/SOF 12 weeks
LDV/SOF/RBV 12 weeks
Regimen
(GS-US-337-0108, GS-US-337-0102)
(GS-US-337-0102)
GSCompound
SOF
GS-331007
LDV
SOF
LDV
331007
Q4
99%
97%
96%
91%
100%
98%
Q3
96%
98%
95%
100%
98%
97%
Exposure
Q2
98%
94%
98%
97%
98%
96%
Quartile (or
combination
Q1
97%
100%
99%
100%
95%
98%
of quartiles)a
Q12 SOF/
100%
97%
Q12 LDV
a

Q1, Q2, Q3, Q4, and Q12: first quartile, second quartile, third quartile, fourth quartile, and first 2
quartiles
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Treatment-experienced (both cirrhotic and non-cirrhotic)
No consistent trends in SVR12 was observed with respect to SOF, GS-331007, or LDV
exposures in genotype 1 treatment-experienced subjects administered LDV/SOF or
LDV/SOF/RBV for 12 or 24 weeks (GS-US-337-0109) (Table 4). SVR12 rates were between
92-100% and 100% for LDV/SOF 12-weeks and LDV/SOF/RBV 12-weeks, respectively, in the
highest quartile compared to 88-100% and 93-95% for the same regimens in the lowest quartile.
With respect to the 12-week duration, the 24-week duration had a higher overall response rate
(99% compared to 94-96% for LDV/SOF or LDV/SOF/RBV for 12-weeks) and no exposureresponse analyses could be performed for the 24-week duration as 238/240 subjects achieved
SVR12. In both regimens, there were no differences in the response rate between regimens
with RBV (12-weeks: 96%; 24-weeks: 99%) and without RBV (12-weeks: 96%; 24-weeks: 99%),
continuing to support that RBV is not increasing response in the LDV/SOF regimen.
Table 4: Percentage of Treatment-Experienced HCV-Infected Subjects who Achieved
SVR12 in GS-US-337-0109 by Population Quartiles of SOF, GS-331007, or LDV AUCtau
LDV/SOF 12 weeks
LDV/SOF/RBV 12 weeks
Regimen
(GS-US-337-0109)
(GS-US-337-0109)
Compound
SOF
GS-331007
LDV
SOF
GS-331007
LDV
Q4
96%
92%
100%
100%
100%
100%
Q3
100%
93%
100%
95%
96%
97%
Exposure
Q2
88%
94%
89%
96%
97%
97%
Quartile (or
combination of
Q1
92%
100%
88%
93%
94%
95%
quartiles)a
Q12 SOF/
83%
92%
Q12 LDV
Regimen
Compound
Exposure
Quartile (or
combination of
quartiles)a
a

Q4
Q3
Q2
Q1
Q12 SOF/
Q12 LDV

LDV/SOF 24 weeks
(GS-US-337-0109)
SOF
GS-331007
LDV
96%
100%
100%
100%
100%
100%
100%
95%
100%
100%
100%
97%
97%

LDV/SOF/RBV 24 weeks
(GS-US-337-0109)
SOF
GS-331007
LDV
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
98%
98%
98%

Q1, Q2, Q3, Q4, and Q12: first quartile, second quartile, third quartile, fourth quartile, and first 2
quartiles

2.2.4.2 What are the characteristics of the exposure-response relationships (doseresponse, concentration-response) for safety?
Exposure-response safety analyses were conducted based on a pooled analysis of Phase III
subjects administered LDV 90 mg and SOF 400 mg. Analyses were conducted for the most
common adverse events observed from the Phase III trials and included headaches, nausea,
insomnia, and fatigue. In each of these analyses, exposure-response relationships could not be
identified between LDV, SOF, or GS-331007 AUCtau and the most common adverse events
observed during the Phase III trials.
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2.2.5 What are the PK characteristics of the drug and its major metabolite?
2.2.5.1 What are the single dose and multiple dose PK parameters?
Following administration of LDV/SOF to healthy subjects, SOF plasma exposures were low, with
the majority of drug exposure obtained from GS-331007. Following a single dose, SOF was
absorbed at median Tmax of 0.8 hours and eliminated with a median t1/2 of 0.5 hours. GS331007 median Tmax occurred later (3.5 hours) relative to SOF with a plasma half-life of 27
hours.
Cross-study comparisons of SOF PK revealed that SOF and GS-331007 exhibited similar PK
characteristics upon single and multiple dosing of LDV/SOF (AUCinf for a single fasted dose
was comparable to AUCtau for multiple fasted doses). Based on the short t1/2 and the principle
of super-positioning, accumulation for SOF is not expected. Modest accumulation of GS-331007
of approximately 30% and 48% for Cmax and AUCtau, respectively, is observed.
Following administration of LDV/SOF, the median Tmax for LDV was approximately 4 hours.
The median half-life of 46 hours supports once-daily dosing. LDV exhibits time-independent PK.
Consistent with a moderately long half-life relative to 24-hour dosing, an accumulation of LDV of
approximately 69% for Cmax and 129% for AUCtau was observed following multiple dosing of
LDV as a single agent.
2.2.5.2 How does the PK of the drug in healthy volunteers compare to that in patients?
SOF, GS-331007, and LDV exposures in healthy and HCV-infected subjects following multiple
dose administration of LDV/SOF 90 mg/400 mg were analyzed by using population PK models.
Based on population PK modeling, mean SOF and GS-331007 exposures (AUCtau and Cmax)
achieved in HCV-infected subjects and healthy subjects were similar. Geometric mean LDV
AUCtau, Cmax, and Ctau observed in HCV-infected subjects (N=2113) were slightly lower
(24%, 32%, and 26%, respectively) than those observed in healthy subjects (N=191).
2.2.5.3 What are the characteristics of drug absorption?
SOF was stable in simulated gastric and intestinal fluids with half-lives of >20 hours in both
fluids. Assessment of SOF permeability (concentration: 10-2800 μM) through Caco-2 cell
monolayers revealed partially saturable efflux with a decreasing efflux ratio with increasing SOF
concentration. In vitro screening for interactions with various membrane transporters revealed
that SOF is a substrate for p-glycoprotein (P-gp) and breast cancer resistance protein (BCRP).
LDV is a substrate for P-gp and BCRP transport. Consistent with P-gp-dependent efflux, the
amount of LDV in MDCKII-MDR1-transfected cells increased to levels near those observed in
MDCKII-WT in the presence of 100 μM verapamil and 10 μM CsA. Consistent with BCRPdependent efflux, the amount of LDV in MDCKII-BCRP cells was increased to levels similar to
those observed in MDCKII-WT cells in the presence of 10 μM CsA.
The absorption potential of SOF and LDV in the context of LDV/SOF has been studied in vitro
by assessing the effect of LDV on SOF permeability across Caco-2 cell monolayers. The apical
to basolateral (forward) permeability of SOF was increased and the efflux ratio of SOF was
decreased in the presence of LDV. These results suggest that SOF intestinal absorption may be
increased in the context of the LDV/SOF FDC tablet due to inhibition of intestinal transporters by
LDV. This finding was confirmed with in vivo studies demonstrating an approximately 2-fold
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higher extent of absorption of SOF when coadministered with LDV as compared with dosing
with SOF alone.
Overexpression of P-gp and BCRP in transfected cell lines in vitro resulted in a decrease in the
apparent permeability of SOF and decreased accumulation of LDV in transfected cells. Although
not studied, drugs that induce P-gp or BCRP may decrease SOF and LDV plasma
concentrations leading to a potential reduction in delivery of the respective pharmacologically
active species into the liver. It is recommended that LDV/SOF not be coadministered with
inducers of intestinal P-gp (eg, phenytoin, St. John's Wort, RIF, tipranavir/ritonavir).
Following oral administration of the LDV/SOF FDC tablet, peak plasma concentrations of SOF
were observed approximately 0.8 to 1 hour postdose (median Tmax) in healthy subjects and in
HCV-infected subjects. Peak plasma concentrations of GS-331007 were observed between 3.5
and 4 hours after LDV/SOF administration. For LDV, maximum plasma concentrations were
achieved approximately 4 hours postdose (median Tmax) following administration of LDV as a
component of LDV/SOF.
Similar to the results seen with single-agent SOF dosing, administration of LDV/SOF with food
resulted in a slower rate of absorption of SOF, with no clinically significant alteration in the
extent of absorption (fed versus fasted; mean AUCinf increased by 79% compared with fasted
administration). When evaluated as GS-331007, a lower Cmax (fed versus fasted; mean Cmax
decreased by <30%) was observed with no change in GS-331007 AUC. Since the changes in
GS-331007 Cmax and AUC parameters were modest, the effect of food on GS-331007 PK was
not considered clinically significant.
In contrast to the food effect observed with single-agent LDV dosing, similar mean LDV plasma
exposures (AUCinf and Cmax) were achieved upon administration of LDV/SOF under fed or
fasted conditions, demonstrating that the PK of LDV within LDV/SOF is not altered by food. Of
note, LDV/SOF has been administered without regard to food throughout the clinical
development program.
LDV solubility decreases as pH increases. Drugs that increase gastric pH are expected to
decrease plasma concentrations of LDV. The effect of acid-reducing agents on LDV absorption
is discussed in Section 2.4.2 (Drug-Drug Interaction).
2.2.5.4 What are the characteristics of drug distribution?
Based on ultrafiltration studies, in vitro protein binding of SOF was low in human plasma 6165%) and independent of protein concentration in human plasma); ex vivo plasma protein
binding of SOF was approximately 82% and 85% in healthy subjects and subjects with endstage renal disease (ESRD), respectively (Study P7977-0915). GS-331007 showed minimal
binding to plasma proteins and there was no difference between subjects with normal renal
function (unbound fraction: 93.3 ± 6.2%) and subjects with ESRD in Period 1 (unbound fraction:
95.5 ± 9.1%).
After a single 400-mg dose of [14C]-SOF in healthy male subjects, the blood to plasma ratio of
C-radioactivity was approximately 0.71, indicating that SOF and its metabolites were
predominantly distributed to plasma relative to the cellular components of blood (Study P79770312).
14
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LDV is >99.8% bound to human plasma proteins when determined in vitro with equilibrium
dialysis. In agreement with in vitro data, LDV protein binding was ≥ 98% in healthy subjects and
in subjects with renal or hepatic impairment. After a single 90 mg dose of [14C]-LDV in healthy
subjects, the blood to plasma ratio of 14C-radioactivity ranged between 0.51 and 0.66.
Since coadministration of SOF and LDV is not anticipated to alter the distribution of either agent,
distribution studies of LDV/SOF have not been conducted.
2.2.5.5 Does the mass balance study suggest renal or hepatic as the major route of
elimination?
Elimination is primarily hepatic for SOF and renal for GS-331007. Following administration of
[14C]-SOF, mean total recovery of the radioactive dose was > 92%, consisting of approximately
80%, 14%, and 2.5% recovered in urine, feces, and respired air, respectively. The majority
(78%) of the dose recovered in the urine was as GS-331007 (Study P7977-0312). Recovery of
SOF, as unchanged drug, in the urine and feces was low, suggesting SOF is mainly
metabolized to form GS-331007. Consistent with substantial excretion of GS-331007 in the
urine, clinically significant changes in GS-331007 PK were noted with marked renal impairment
(Study P7977-0915).
Biliary excretion of parent drug is a major route of elimination for LDV. Following single dose
oral administration of [14C]LDV, unchanged LDV contributed the largest proportion (> 98%) of
circulating radioactivity through 24 hours post-dose in plasma, with 1.1% and 0.75% of the total
radioactivity attributed to unidentified metabolites M1 and M12, respectively. Approximately 1%
of the dose was recovered in urine through 24 hours post-dose. No unchanged parent drug was
detected in urine. In agreement with these results, no alterations in LDV PK were observed in
non-HCV-infected subjects with severe renal impairment as compared to healthy subjects.
The major route of excretion of LDV (measured as radioactivity) was via feces, with
approximately 86% of the administered dose recovered in feces. Unchanged LDV was the
major component excreted in feces and accounted for a mean of 70% of the administered dose.
Oxy-LDV-3 (M19) was also identified in feces, accounting for a mean of 2.21% of the dose (GSUS-256-0108). These results are consistent with findings from nonclinical studies where biliary
excretion of parent drug was a major route of elimination. The enzymes responsible for the slow
biotransformation of LDV are currently unknown.
2.2.5.6 What are the characteristics of drug metabolism and excretion?
Screening assays demonstrated that SOF, GS-566500, and GS-331007 were minimally
metabolized by CYP, flavin monooxygenase (FMO), and uridine diphosphate
glucuronosyltransferase (UGT) enzymes; therefore, SOF and its major metabolites should not
be affected (victim drug) by coadministration with inhibitors of CYP isozymes, FMO enzymes, or
UGT enzymes.
The primary metabolic route of SOF is via hydrolase cleavage, which ultimately results in the
formation of GS-331007. Sequential intracellular activation by generally low affinity and high
capacity hydrolase ([carboxyl esterase 1 [CES1], cathepsin A [CatA], histidine triad nucleotide
binding protein 1[HINT1]) and nucleotide phosphorylation (uridine monophosphate-cytidine
monophosphate [UMP-CMP] kinase, nucleoside diphosphate [NDP] kinase) pathways resulted
in the formation of the pharmacologically active nucleoside analog triphosphate GS-461203
(Figure 1).
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Figure 1: Intracellular Metabolic Pathway of Sofosbuvir

The metabolism of LDV, including metabolic routes leading to elimination, was characterized in
vitro in hepatic microsomes and cryopreserved hepatocytes. No LDV turnover was detected in
hepatic microsomes and hepatocytes, with estimated hepatic clearance values of < 0.17 L/h/kg
for human. LDV was also stable under study conditions with tested CYPs, including CYP1A2,
CYP2C8, CYP2C9, CYP2C19, CYP2D6, and CYP3A4.
2.2.5.7 What are the characteristics of drug excretion?
See Section 2.2.5.5.
2.2.5.8 Based on PK parameters, what is the degree of linearity or nonlinearity in the
dose-concentration relationship?
A cross-study analysis of SOF and GS-331007 AUCinf and Cmax was performed to investigate
the dose linearity of SOF (power model regression) using data from Study P7977-0613 that
evaluated the PK of single therapeutic (400 mg) and supratherapeutic (1200 mg) doses of SOF
in fasted healthy subjects and Study P7977-0111 that evaluated the 200-mg single-dose SOF in
fasted healthy subjects. The power model mean slope and 90% CIs indicated that near dose
linearity was observed for SOF AUCinf and Cmax, and GS-331007 AUCinf, with GS-331007
Cmax demonstrating less than dose proportional increases. Similar results were observed in
HCV-infected subjects following single and multiple doses (once daily) of SOF 100-400 mg in
Study P7977-0221(Section 2.2.5.1).
The PK of LDV have been evaluated following single- and multiple-dose administration of LDV
single agent. Power model regression results from Study GS-US-256-0101 indicate that the PK
of single doses of LDV under fasted conditions are linear with dose for AUCinf and Cmax over
the 3- to 100-mg range, as shown by the power model mean slope (near 1). The 3-day
monotherapy study in genotype 1a and 1b HCV-infected subjects (GS-US-256-0102) also show
that LDV exhibited a near-linear PK profile across the evaluated once daily dose range of 1 mg
to 90 mg.
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2.2.5.9 How do the PK parameters change with time following chronic dosing?
SOF and its metabolites exhibited time-independent PK with minimal accumulation
(accumulation ratio is near 1) and similar CLr over time as shown in Study P7977-0221 (Section
2.2.5.1).
In the 3-day monotherapy study in genotype 1a and 1b HCV-infected subjects, LDV exhibited
time-independent PK across the evaluated dose range of 1 mg to 90 mg (GS-US-2560102).Across all dosage strengths, accumulation ratios (%) of greater than 100 (152 to 483)
were observed, a finding consistent with the long half-life of LDV.
2.2.5.10 What is the inter- and intra-subject variability of PK parameters in volunteers
and patients, and what are the major causes of variability?
SOF
Overall, in both healthy and HCV-infected subjects, moderate inter-individual variability was
observed for SOF. Based on the population pharmacokinetic analysis, the inter-individual
variability for the apparent oral clearance (CL/F) and apparent volume of distribution (V/F) was
40% and 33%. A significant difference between apparent oral clearance was identified between
healthy subjects and HCV-infected patients (10% lower CL/F in HCV-infected patients). CrCL
was identified to have a minor impact on clearance with a 30 mL/min decrease in CrCL
predicted to result in a 7% decrease in SOF CL/F. No additional major causes of SOF
variability were identified from the population pharmacokinetic analysis. There was insufficient
data available to characterize the intra-subject variability of SOF from the available
pharmacokinetic data.
GS-331007:
The inter-individual variability for GS-331007 was low (23%) for apparent oral clearance (CL/F)
and moderate (53%) for apparent volume of distribution based on a population pharmacokinetic
analysis. This analysis identified a significant impact of creatinine clearance (14% decrease in
GS-331007 clearance for a 30 mL/min decrease in creatinine clearance), gender (16% lower
CL/F in women), race (13% higher clearance in patients listed as non-white), and RBV use
(21% increase in CL/F) on the clearance of CL/F. Similarly, the analysis identified significant
impact of disease status (178% increase in Vc/F in HCV-infected subjects), RBV use (40%
increase in Vc/F), and CrCL (13% decrease in Vc/F for a 30 mL/min decrease in CrCL) on Vc/F.
No additional major causes of GS-331007 variability were identified from the population
pharmacokinetic analysis. There was insufficient data available to characterize the intra-subject
variability of GS-331007 from the available pharmacokinetic data.
LDV:
The inter-individual variability for LDV was 48% for apparent oral clearance (CL/F), 56% for
apparent central volume of distribution (Vc/F) and 78% for apparent peripheral volume of
distribution (Vp/F). Sex, body weight, RBV usage and disease status (healthy volunteer versus
HCV-infected) were identified as significant covariates on CL/F and body weight was identified
as a significant covariate on Vc/F. Female gender was associated with a 33% lower CL/F
compared to males, RBV usage was associated with an 18% higher CL/F compared to use
without RBV, healthy volunteers had a 27% higher CL/F compared to HCV-infected subjects,
and a 20 kg increase in body weight was associated with an 11% increase in CL/F. A 20 kg
increase in body weight was also associated with a 30% increase in Vc/F.
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2.3 Intrinsic Factors
2.3.1 What intrinsic factors (age, gender, race, weight, height, disease, genetic polymorphism,
pregnancy, and organ dysfunction) influence exposure (PK usually) and/or response, and what
is the impact of any differences in exposure on efficacy or safety responses? What dosage
regimen adjustments are recommended for each of these groups?
Based on population PK analyses, age (18 - 80 years), race, BMI, treatment status (treatmentnaive or treatment-experienced), presence of RBV in the treatment regimen, or the presence or
absence of cirrhosis had no clinically relevant effects on the exposure of SOF, GS-331007, or
LDV.
LDV AUCtau, Cmax, and Ctau were approximately 77%, 58%, and 75% higher in female
subjects compared with male subjects. These results are consistent with the covariate
assessment during the population PK analysis, which identified sex as a statistically significant
covariate for LDV apparent oral clearance (CL/F). Based on a population PK sensitivity analysis,
49%, 47%, and 29% of the increase in AUCtau, Cmax, and Ctau, respectively, are explained by
gender. Of the remaining difference in exposure between female subjects and male subjects,
differences in body weight explain 10% of the difference in exposure. Considering the higher
interindividual variability in the PK of LDV (48% CV for CL/F; AUCtau range: 416 - 49,140
ng•h/mL), favorable safety profile of LDV/SOF, and high response rates (> 90% SVR12) in male
and female subjects across Phase 3 trials, the relationship between sex and LDV exposures
was not considered clinically relevant.
Renal Impairment:
SOF:
Dose adjustment of SOF 400 mg is not warranted in patients with mild or moderate renal
impairment. The safety and efficacy of SOF have not been established in patients with severe
renal impairment (estimated glomerular filtration rate [eGFR] < 30 mL/min) or ESRD requiring
hemodialysis.
In Study P7977-0915, single-dose PK was evaluated in non-HCV-infected subjects with normal
renal function; mild, moderate, or severe renal impairment or ESRD. SOF and GS-331007
plasma exposures were higher in subjects with mild and moderate renal impairment compared
with subjects with normal renal function. As shown in Figure 2, relative to subjects with normal
renal function (defined as GFR >80 mL/min/1.73m2), SOF AUCinf was 61% and 107% higher in
mild and moderate renal impairment, while AUCinf for GS-331007 was 55% and 88% higher,
respectively. As GS-331007 is primarily renally eliminated, an increase in GS-331007 exposure
with decrease in renal function was expected.
For SOF, the increase in exposure was unlikely a result of a decrease in renal clearance (CLr)
because renal excretion of SOF is a minor pathway for its elimination (CL/F range: 1.4−3.3%).
These results were confirmed in population-based analyses of HCV-infected subjects that
identified creatinine clearance as a statistically significant covariate for GS-331007 and not for
SOF.
Unlike subjects with mild or moderate renal impairment, markedly higher GS-331007 exposures
were achieved in subjects with severe renal impairment or ESRD. As shown in Figure 2, relative
to subjects with normal renal function, SOF AUCinf was 171% higher in severe renal
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impairment, while GS-331007 AUCinf was 451% higher. In subjects with ESRD, SOF and GS331007 AUCinf were 28% and 1280% higher, respectively, when SOF was dosed 1 hour before
hemodialysis compared with 60% and 2070% higher, respectively, when SOF was dosed 1 hour
after hemodialysis. A 4-hour hemodialysis removed approximately 18% of the administered
dose. A Phase 2 study evaluating the safety and efficacy of administration of 200 or 400 mg
SOF plus RBV treatment for 24 weeks in HCV-infected subjects with severe renal impairment is
ongoing (GS-US-334-0154).
Figure 2: The Effect of Renal Impairment on the AUC of SOF and GS-331007 Following
Administration of Single Dose of SOF in Non-HCV-infected Subjects

LDV:
The effect of severe renal impairment (eGFR: < 30 mL/min) on the PK of LDV was evaluated in
non-HCV-infected subjects and a matching cohort of subjects with normal renal function
(matched for age, sex, and BMI; eGFR ≥ 90 mL/min) in Study GS-US-344-0108. In agreement
with the results from the mass balance study, which demonstrated that renal clearance is a
minor pathway for LDV elimination (GS-US-256-0108), LDV plasma exposure parameters
(AUCinf, AUC0-last, and Cmax) were similar in subjects with severe renal impairment and
control subjects with normal renal function who received a single 90-mg dose of LDV. No
differences in LDV protein binding in the 2 groups and no statistically significant correlation
between CLcr and primary LDV PK parameters (AUC or Cmax) were observed. Since the
exposure of LDV was not impacted in the setting of severe renal impairment, evaluation of LDV
PK in subjects with mild or moderate renal impairment was not specifically conducted.
LDV/SOF:
Although not directly studied, the effect of renal impairment on the PK of SOF and LDV when
administered as individual agents or as LDV/SOF FDC tablet is expected to be similar.
However, for LDV/SOF FDC, since LDV increases SOF AUC by approximately 2.3-fold, SOF
AUC could be up to 4.5-fold higher (assuming the effects on SOF AUC are additive), for mild
and moderate renal impairment, as compared to SOF alone. In the LDV/SOF Phase 3 trials,
subjects with an eGFR of <60 mL/min at screening were excluded; therefore, no clinical data on
these subjects are available. However, subjects with mild renal impairment were included, with
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31.4% of subjects having an eGFR of 60 -<90 mL/min at baseline. Based on a population
pharmacokinetic analysis of data from the Phase III trials, SOF AUCtau was approximately 17%
higher in subjects with mild renal impairment at baseline compared to patients with normal renal
function at baseline, suggesting that the increase in exposure may be less in patients. This
phenomenon was also observed in the Phase 3 trials for SOF as a single agent, where SOF
AUC was 8% higher in subjects with mild renal impairment compared to subjects with normal
renal function.
Although patients with moderate renal impairment were not included in the Phase 3 trials, the
efficacy and safety data generated from the inclusion of patients with mild renal impairment
support the use of LDV/SOF FDC in patients with moderate renal impairment (the fold change in
SOF AUC was similar between milds and moderates in the dedicated renal impairment study).
Thus, LDV/SOF FDC may be administered to HCV-infected patients with mild or moderate renal
impairment. The safety and efficacy of LDV/SOF have not been established in patients with
severe renal impairment (eGFR < 30 mL/min) or ESRD requiring hemodialysis and thus, is not
recommended for administration in these patient populations.
Hepatic Impairment
SOF:
In Study P2938-0515, multiple-dose PK was evaluated in HCV-infected subjects with moderate
(Child-Pugh-Turcotte [CPT] Classification B) and severe (CPT Classification C) hepatic
impairment after administration of SOF 400 mg for 7 days.
GS-331007 systemic exposure was comparable between subjects with moderate or severe
hepatic impairment and historical control subjects from Study P2938-0212 (NUCLEAR) with
normal hepatic function. SOF mean exposure parameters (AUCtau and Cmax) were similar
between subjects with moderate or severe hepatic impairment (CPT Classifications B and C,
respectively) but were higher (AUCtau: 126−143%↑; Cmax: 72−85%↑) than those achieved in
subjects with normal hepatic function.
In the Phase 3 program, compensated cirrhotic subjects (CPT Classification A; N = 202 [20% of
study population]) and noncirrhotic subjects had comparable mean GS-331007 exposure
(AUCtau: 7150 vs 7210 ng·h/mL; Cmax: 582 vs 581 ng/mL, respectively) and mean SOF
AUCtau (816 vs 871 ng·h/mL, respectively). Cirrhosis was also not identified as a relevant
covariate based on population PK analyses. In summary, based on PK and PD results, no dose
adjustment of SOF 400 mg is recommended in the setting of hepatic impairment as a single
agent.
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Figure 3: The Impact of Hepatic Impairment on Pharmacokinetics of Sofosbuvir and GS331007 Following Administration of Multiple Doses of SOF in HCV-infected Subjects

LDV:
The effect of moderate (CPT Classification B) and severe (CPT Classification C) hepatic
impairment on the PK of LDV was evaluated in Studies GS-US-248-0117 (LDV was combined
with VDV ± TGV; not reviewed) and GS-US-344-0101, respectively. Moderate or severe hepatic
impairment had no clinically relevant impact on LDV PK. LDV mean exposure parameters
(AUCtau, Cmax, and Ctau) were similar between subjects with moderate hepatic impairment
and subjects with normal hepatic function following administration of LDV 30 mg QD for 12 days
in combination with an investigational protease inhibitor VDV. Similar AUC0-last and AUCinf
and a lower Cmax (~35%) were observed in subjects with severe hepatic impairment as
compared to subjects with normal hepatic function who received a single dose of LDV 90 mg. A
reduction in Cmax in the absence of a change in AUC is not considered clinically significant.
The mean (SD) percent free fraction (unbound concentrations) for LDV was similar in subjects
with moderate or severe hepatic impairment and normal hepatic function and indicated the lack
of effect of hepatic impairment on LDV protein binding. Since the exposure of LDV was not
impacted in the setting of severe or moderate hepatic impairment, evaluation of LDV PK in
subjects with mild hepatic impairment was not specifically conducted.

LDV/SOF:
The effect of hepatic impairment on the PK of SOF and LDV when administered as individual
agents or as the LDV/SOF FDC tablet is expected to be similar. In the LDV/SOF Phase 2 and 3
program, subjects with compensated cirrhosis (CPT Classification A) and noncirrhotic subjects
achieved similar mean SOF, GS-331007, and LDV exposures. Cirrhosis was not identified as a
relevant covariate based on population PK analyses. For patients with moderate and severe
hepatic impairment, available intensive PK data presented in Table 5 for 25 subjects (CPT B
and C) who have not received a liver transplant and 8 subjects (CPT B and C) who received a
liver transplant confirm the observation from the SOF single agent hepatic impairment study,
which demonstrated a 2.7- and 2.8-fold higher SOF AUC (CPT B vs. C) and 3.2 and 2.8-fold
higher in SOF Cmax (CPT B vs. C) in subjects with advanced liver disease compared to HCV-
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infected subjects without cirrhosis. The PK data from these 25 subjects who have not received a
liver transplant show that the exposures in subjects with moderate hepatic impairment (CPT B)
and exposures in subjects with severe hepatic impairment (CPT C) are similar. AUCtau values
are approximately 2.8-fold higher and 4.6-fold higher as compared to non-cirrhotic subjects
following administration of LDV/SOF, and HCV-infected subjects following administration of
SOF+RBV (±pegylated interferon (peg-IFN)), respectively.
Table 5: SOF Pharmacokinetics in Subjects With/Without Cirrhosis (LDV/SOF Pooled
Phase 2 and 3 Studies) and Subjects with Decompensated Cirrhosis (GS-US-337-0122
and GS-US-337-0123)
Non-Cirrhotic
Subjects
(N=1845)

CPT B
(N = 20)

CPT C
(N=5)

AUCtau (ng•h/mL)

1360 (33.2)

3700 (44.4)

3860 (67.7)

2730 (19.6)

1880

Cmax (ng/mL)

658 (32.7)

2120 (52.3)

1820 ( 53.2)

1810 (30.1)

377

SOF Mean (%CV)
PK Parameters

CPT B (N=7)
PostTransplant

CPT C (N=1)
Post-Transplant

Upon review of the limited safety data from these subjects, the Medical Officer indicates that
there is no clustering of events and observed increased incidence of AEs, SAEs, or deaths in
patients with moderate to severe hepatic impairment does not raise any safety concerns at this
time. Although the applicant should continue collecting safety data for this population, the totality
of data collected at this time supports the use of the LDV/SOF FDC tablet in patients with any
degree of hepatic impairment.
2.4 Extrinsic Factors
2.4.1 What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol use) influence
exposure -response and what is the impact of any differences in exposure on response?
Only drug-drug interactions have been assessed. See section 2.4.2.
2.4.2. Drug-Drug Interactions
2.4.2.1. Is there any in vitro basis to suspect in vivo drug-drug interactions?
Yes. In vitro studies suggest that both SOF and LDV are substrates for P-gp and BCRP. Drugs
that are P-gp inducers in the intestine, although not studied in vivo, may decrease SOF and
LDV plasma concentrations leading to reduced therapeutic effect and thus should not be used
with LDV/SOF. LDV is an inhibitor of drug transporter P-gp and breast cancer resistance protein
(BCRP) and may increase intestinal absorption of coadministered substrates for these
transporters. The absorption potential of SOF and LDV in the context of LDV/SOF has been
studied in vitro by assessing the effect of LDV on SOF permeability across Caco-2 cell
monolayers. The apical to basolateral (forward) permeability of SOF was increased and the
efflux ratio of SOF was decreased in the presence of LDV. Results suggest that SOF intestinal
absorption may be increased in the context of the LDV/SOF FDC tablet due to inhibition of
intestinal transporters by LDV.
The drug interaction between SOF and LDV as well as between LDV/SOF and P-gp/BCRP
inhibitors, were assessed in vivo. See sections 2.4.2.4 and 2.4.2.8 for details.
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2.4.2.2. Is the drug a substrate of CYP enzymes? Is metabolism influenced by genetics?
Pathways involving CYP isozymes are not likely to be important considerations in the
disposition of SOF, its metabolites, GS-566500, GS-606965, and GS-331007 based on in vitro
microsome assay results. These findings were further confirmed in drug interaction trials with
known CYP inhibitors and inducers.
When SOF was incubated in microsomes in the presence of 1-aminobenzotriazole (a
nonspecific CYP inhibitor), an apparent decrease in the disappearance of SOF was observed
compared to the control (incubation without 1-aminobenzotriazole). This suggests potential
involvement of CYP isoforms in the metabolism of SOF. However, the following observations
suggest that CYP isoforms do not play a clinically relevant role in SOF metabolism; in vitro and
clinical studies have shown that SOF is rapidly metabolized to GS-566500 by high capacity
esterases (Cat A and CES1). No other metabolite directly derived from SOF was detected in
vitro or in vivo. In vivo drug interaction studies with ritonavir and ketoconazole indicated no
clinically relevant changes of those drugs on the metabolism of SOF. Based on these
observations, the sponsor did not additionally characterize the roles of individual CYP isoforms
on the metabolism of SOF using purified CYP isozymes. GS-566500, GS-606965, and GS331007 were stable in microsome mixtures for an hour, indicating that these metabolites are not
further metabolized by CYP isoforms. In vivo interaction studies with efavirenz (in Atripla®, no
significant effect) and DRV/RTV (up to 45% and 34% increase on SOF Cmax and AUC,
respectively, possibly due to P-gp inhibition by ritonavir) indicated no clinically relevant changes
in the metabolism of SOF and its metabolites caused by these drugs.
The in vitro metabolic stability of LDV is consistent with the slow rates of hepatic
biotransformation observed during PK studies. No metabolism of LDV was detected in vitro
during incubations with hepatic microsomes from mice, rats, dogs, monkeys, and humans and
in cryopreserved human hepatocytes under the conditions tested (AD-256-2138; AD-256-2095).
No detectable turnover by human CYP1A2, 2C8, 2C9, 2C19, 2D6, and 3A4 was observed in
reaction phenotyping studies (AD-256-2098).
2.4.2.3. Is the drug an inhibitor and/or inducer of CYP enzymes?
SOF slightly increased the mRNA expression levels of CYP2B6 and CYP3A4 (2.0- and 2.7-fold
respectively) and the CYP2B6 activity (2.7-fold) at 100 µM. The induction effects of SOF on
CYP3A4 and CYP2B6 are not considered clinically relevant (<15% of positive controls, RIF or
phenobarbital). SOF caused little to no induction in CYP1A2 in vitro.
LDV caused little to no induction of CYP, UGT1A1, and P-gp mRNA or CYP activities when
assessed in cultured human hepatocytes from 3 separate donors (AD-256-2146). Small
increases in CYP2B6 and 3A4 mRNA levels were observed at the highest concentration tested
(10 μM). However, these increases were less than 4-fold that caused by vehicle (a threshold
level indicating a possible clinically relevant effect) and less than 15% of those caused by the
positive controls. Thus, LDV is unlikely to be a clinical inducer of these CYP enzymes.
Furthermore, clinical studies with CYP3A and CYP2B6 substrates of various sensitivities (e.g.,
EFV, RPV, ATV/RTV, DRV/RTV) confirmed that LDV does not cause clinically relevant
induction of CYP3A or CYP2B6.
No concentration-dependent increases in CYP2C9 mRNA, P-gp mRNA, or UGT1A1 mRNA
were observed. Results in human hepatocytes are consistent with the lack of induction through
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the aryl hydrocarbon receptor and weak induction through the pregnane X receptor detected in
reporter cell lines (AD-256-2097).
SOF and its metabolites (GS-566500, GS-606965, GS-331007, and GS-461203) are not
inhibitors (IC50 >100 µM) of human CYP isozymes CYP3A4, CYP1A2, CYP2C19, CYP2C9,
CYP2C8, and CYP2D6.
LDV did not inhibit the activity of CYP1A2, 2B6, 2C8, 2C9, 2C19 and 2D6 (IC50 >25 μM; AD256-2096 and AD-256-2133). LDV had an IC50 of 9.9 μM for CYP3A-catalyzed testosterone
metabolism but did not inhibit midazolam metabolism (IC50 > 25 μM; AD-256-2096). LDV had
an inhibitory effect on the activity of UGT1A1, with an IC50 value of 7.95 μM in vitro (AD-2562132). Based on IC50 values greatly exceeding plasma Cmax (409 nM total; < 1 nM unbound),
LDV is unlikely to be a clinically relevant inhibitor of UGT1A1 or CYP3A enzymes and is not
expected to inhibit the clearance of drugs metabolized by these enzymes in the systemic
circulation. These findings were further confirmed in in vivo drug interaction studies with a UGT
substrate (RAL) and several CYP3A substrates (darunavir (DRV), methadone, EE, etc).
2.4.2.4. Is the drug a substrate and/or an inhibitor of transport processes?
In vitro studies suggest that SOF is a substrate for P-gp and BCRP but not OCT1,
OATP1B1, or OATP1B3; GS-331007 is not a substrate for P-gp, BCRP, or the renal
transporters OAT1, OAT3, OCT2, and MATE1. SOF is not a clinically relevant inhibitor of any of
these transporters.
LDV is a substrate for P-gp and BCRP in vitro (AD-256-2144 and AD-256-2150). No evidence
for LDV transport by the hepatic uptake transporters OCT1, OATP1B1, and OATP1B3 has been
observed in vitro (AD-256-2143 and AD-256-2139). LDV did not inhibit MRP2, but was found to
inhibit P-gp and BCRP-mediated transport (approximately 50% inhibition at 1 μM; AD-2562109). LDV did not inhibit the hepatic uptake transporter OCT1 (AD-256-2143) but showed
dose-dependent inhibition of OATP1B1 and OATP1B3, with IC50 values of 3.5 μM and 6.5 μM,
respectively (AD-256-2134). However, based on the draft Guidance for Industry (Drug
Interaction Studies — Study Design, Data Analysis, Implications for Dosing, and Labeling
Recommendations), although calculated Cmax/IC50 is >0.1, the R-value is <1.25, which
indicates that the potential for LDV drug interactions with OATP1B1 or OATP1B3 substrates is
low. No inhibition of the renal transporters MRP4, OCT2, OAT1, OAT3, and MATE1 was
detected (AD-256-2140). LDV showed minimal potential to inhibit the hepatic efflux pump for
endogenous bile acids, BSEP, with an IC50 of approximately 6 μM (AD-256-2140). Similar to
the potential for a clinically relevant interaction with OATP inhibitors, the potential for LDV to
inhibit these transporters are low. These results suggest that LDV may inhibit the efflux
transport of P-gp and BCRP substrates during intestinal absorption but has a limited potential to
cause clinically relevant transport inhibition because LDV is highly protein bound.
2.4.2.5. Are there other metabolic pathways that may be important?
The intracellular metabolic activation pathway of SOF is mediated by generally low affinity and
high capacity hydrolase (CES1, CatA, histidine triad nucleotide-binding protein 1 [HINT1]) and
nucleotide phosphorylation (UMP-CMP kinase, NDP kinase) pathways that are less likely
affected by commonly coadministered drugs given to HCV-infected subjects.
Telaprevir (a relatively nonspecific protease inhibitor) and boceprevir have been reported to
inhibit SOF activation in vitro via inhibition of CatA. The applicant indicated because CatA is a

27

Reference ID: 3540737

low affinity and high capacity hydrolase, boceprevir and telaprevir are not expected to be
involved in a clinically relevant DDI with SOF. More data may be needed to support this
conclusion. However, at this time, SOF is not likely to be coadministered with telaprevir or
boceprevir and no drug interaction studies have been performed with these two drugs.
The applicant conducted in vitro studies to determine whether FMO and UGTs are involved in
the metabolism of SOF and its metabolites. No evidence for the metabolism of SOF, GS566500, and GS-331007 by FMO and UGTs was observed. Evidence for a minor UGT
component in the metabolism of GS-606965 was observed; a slight increase in the rate of
disappearance of GS-606965 (going from stable to approximately 30% degradation over 60
minutes) was observed in the presence of uridine 5’-diphosphate glucuronic acid (UDPGA).
However, no glucuronide products of GS-606965 were detected in vivo, suggesting that the
involvement of UGT on the metabolism of GS-606965 is not likely clinically relevant.
2.4.2.6. Does the label specify co-administration of another drug (e.g., combination
therapy in oncology) and, if so, has the interaction potential between these drugs been
evaluated?
No. LDV/SOF is used as a FDC indicated for the treatment of chronic genotype 1 HCV
infection. No other drugs are to be coadministered with LDV/SOF FDC for this indication.

2.4.2.7 What other co-medications are likely to be administered to the target patient population?
Other medications that are likely to be co-administered in HCV-infected patients include
antiretroviral agents for the treatment of HIV, analeptics, anticonvulsants, antimycobacterials,
methadone therapy for the treatment of opioid addiction, CsA and TAC in the prevention of
organ rejection following liver transplant, antidepressants and other mood-stability medications,
combined oral contraceptives in women, acid-reducing agents, and some herbal supplements.
Drug interaction studies have been conducted with SOF, LDV, LDV/SOF in combination with
representative antiretrovirals, methadone, CsA and TAC, Ortho Tri-Cyclen Lo® (OC), an H2RA,
and a PPI. DDI studies were conducted with acid-reducing agents because LDV solubility
decreases as pH increases. Drugs that increase gastric pH are expected to decrease
concentration of LDV (Sections 2.2.5.3 and 2.4.2.8).
2.4.2.8 Are there any in vivo drug-drug interaction studies that indicate the exposure
alone and/or exposure-response relationships are different when drugs are co-administered?
Drug interaction (DDI) studies have been conducted with SOF, LDV, or LDV/SOF in
combination with representative antiretrovirals, and other drugs as victims or perpetrators. No
clinical meaningful DDI’s have been identified.
LDV/SOF, SOF, or LDV as a victim:
•

LDV/SOF FDC tablets have been studied with: ABC/3TC, ATR, CPA, ATV/RTV,
DRV/RTV, EVG+COBI, acid-reducing agents.
o These drugs have no clinically significant effects on the PK of SOF or GS331007, the magnitude of the effects is similar to those observed for SOF tablets.
o The effects of these drugs on the exposures of LDV (AUC and Cmax) ranged
from 34% reduction caused by ATR to 100% increase caused by ATV/RTV.
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•

o

Famotidine was studied either with simultaneous administration or with a 12-hour
stagger with LDV/SOF, while omeprazole was studied only with simultaneous
administration with LDV/SOF. After oral administration, the onset of the
antisecretory effect for H2RA occurs within one hour; the maximum effect is
dose-dependent, generally occurs within one to three hours. The duration of
inhibition of acid secretion is 10 to 12 hours. Therefore, staggered administration
of LDV/SOF with H2RA 1 to 10 hours may result in lower LDV concentrations as
compared to when LDV/SOF is coadministered with H2RAs simultaneously or 12
hours apart. Thus, H2RAs should only be administered simultaneously or 12
hours apart.

o

Compared to H2RAs, PPIs, such as omeprazole, have prolonged onset of the
antisecretory effect (up to 10 hours) , but the effect may last up to 3 days, and it
reaches plateau after 3-5 days of once daily administration. Staggered
administration of LDV/SOF with PPIs may result in lower LDV concentrations. As
shown in Study GS-US-256-0110, a substantial decrease in LDV plasma
exposure (~42% to 48% lower AUC and Cmax) was observed upon
administration of omeprazole 2 hours earlier than LDV as a single agent.
Therefore, PPI should only be administered simultaneously with LDV/SOF at
doses comparable to omeprazole 20 mg once daily (or lower).

SOF as a single agent has been evaluated with ATR, DRV/RTV, RAL, RPV, CsA, TAC
and a combined oral hormonal contraceptive (Ortho Tri-Cyclen® Lo).

The largest magnitude of effect on SOF is caused by CsA (SOF AUC ↑353%, Cmax ↑154%),
but was not deemed clinically significant. LDV causes about a 2.5-fold increase in SOF
exposure. Therefore, higher SOF exposures may be achieved in the context of LDV/SOF.
However, in Study GS-US-334-0126 in post-transplant subjects receiving SOF+RBV (N=40),
SOF exposure data are available for 9 out of 10 HCV-infected subjects who received a CsA
containing immunosuppressive regimen and 26 out of 30 subjects who did not receive CsA as
part of their immunosuppressive regimen. For SOF, specifically, exposures (AUCtau and Cmax)
were slightly increased approximately 15% and 4%, respectively, in subjects on CsA-containing
regimens compared with those on a non-CsA-containing regimen. In contrast to the results from
the Phase 1 drug-drug interaction study (P7977-1819) where a 4.5-fold increase in SOF
exposure was observed with a single dose of CsA 600 mg, PK data from this study demonstrate
that administration of clinically relevant doses of CsA (75 mg to 225 mg) are not associated with
substantial increases in SOF. Therefore, SOF in the context of LDV/SOF may be
coadministered with CsA without dose adjustment.
The applicant is collecting samples for PK analysis for LDV and SOF exposures in the ongoing
post-transplant Studies GS-US-337-0123 and GS-US-337-0124. These data will provide
additional insight into the mechanism of higher SOF exposures in the setting of P-gp and BCRP
inhibitors and provide direct support for actual SOF exposures in this patient population.
•

LDV as a single agent has been evaluated with ATR, DRV/RTV, RAL, SMV, and OC.
The data show that:
– SMV increases LDV AUC by 92%, Cmax by 81%
– DRV/RTV increases LDV AUC by 39%, Cmax by 45%
– No significant effect by RAL or OC
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•

LDV + VDV + TGV was studied with RIF, verapamil, and CsA. The data show that:
– RIF (a P-gp inducer) decreases LDV AUC by 59%, Cmax by 35%.
– Verapamil (a P-gp inhibitor) increases LDV AUC by 100%, Cmax by 59%
– CsA (a P-gp inhibitor) had no significant effect on LDV AUC or Cmax

Because there is a gender effect on LDV (LDV AUCtau, Cmax, and Ctau were approximately
77%, 58%, and 75% higher in female subjects compared with male subjects), these DDI’s were
evaluated in the context of the gender effect.
Lower LDV exposure when coadministered with ATR is not likely to impact efficacy of LDV/SOF
in male, HCV-infected subjects receiving ATR based on assessment of these exposures relative
to the established Emax model for LDV. Specifically, LDV exposures, at the 90 mg dose, in the
Phase 3 population reside on the near-maximal portion of dose-response curve, with the mean
(SD) predicted maximal HCV RNA suppression (% of Emax) estimated as 99.8% (0.1%).
Additionally, the use of LDV/SOF with ATR is supported by available clinical efficacy data from
the NIAID-sponsored co-infection study ERADICATE (GS-US-337-0116, NIAID IND 117444).
Interim efficacy data are available in 11 male and 2 female HIV/HCV infected subjects receiving
ATR and LDV/SOF for 12 weeks. All 13 subjects achieved SVR 4, suggesting no impact on
efficacy of LDV/SOF when administered with ATR.
The use of P-gp inhibitors, including verapamil, has been permitted in all HCV-infected subjects
in the LDV/SOF Phase 2/3 clinical program. In the Phase 2/3 clinical program, 12 subjects were
identified as taking a P-gp inhibitor chronically (azithromycin: N=1; erythromycin: N= 1;
verapamil: N=7; ketoconazole: N = 1; amiodarone: N=1; fluvoxamine: N= 1). PK data on
subjects who received chronic P-gp inhibitors are limited. A descriptive comparison reveals a
1.3-1.7-fold higher LDV exposure (overall and by gender) as compared to subjects not on P-gp
inhibitors (Table 6). LDV exposures in subjects who received P-gp inhibitors short-term and
subjects who did not receive P-gp inhibitors were similar.
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Table 6: LDV PK Parameters in HCV-Infected Subjects Who Did or Did Not
Receive a P-gp Inhibitor in the LDV/SOF Pooled Phase 2 and 3 Studies (Integrated Phase
2 and Phase 3 Studies)
LDV Mean (%CV) PK
a
Parameters

Male and Female Subjects
With Chronic P-gp
Inhibitors

With Short-term P-gp
Inhibitors

Not on P-gp
Inhibitors

N= 12

N=59

N=2042

AUCtau (ng•h/mL)

14000 (65.4)

8800 (50.3)

8490 (60.8)

Cmax (ng/mL)

485 (46.6)

376 (43.5)

363 (51.6)

With Chronic P-gp
Inhibitors

With Short-term P-gp
Inhibitors

Not on P-gp
Inhibitors

N= 5

N=26

N=1252

AUCtau (ng•h/mL)

11100 (111)

6150 (41.6)

6640 (57.4)

Cmax (ng/mL)

402 (71.9)

281 (41.6)

299 (48.5)

With Chronic P-gp
Inhibitors

With Short-term P-gp
Inhibitors

Not on P-gp
Inhibitors

N= 7

N=33

N=790

AUCtau (ng•h/mL)

16100 (39.5)

10900 (41.3)

11400 (49.4)

Cmax (ng/mL)

544 (30.7)

450 (35.0)

464 (43.5)

Male Subjects

Female Subjects

Note: Includes all LDV/SOF-treated HCV-infected subjects in Studies P7977-0523, GS-US-337-0118, GS-US-3370102, GS-US-337-0108, and GS-US-337-0109.
a
Pharmacokinetic parameters are shown to 3 significant digits.

For the 12 subjects chronically taking P-gp inhibitors orally, seven of the subjects were female,
and 5 of the subjects were male. No serious AEs were reported within this cohort.
In the thorough QT study (GS-US-344-0109) for LDV, 120 mg of LDV was given twice daily for
10 consecutive days. LDV plasma exposures at this supratherapeutic dose were approximately
4.2-fold higher for Cmax and 3.7-fold higher for AUC0-24, relative to the LDV 90-mg dose as a
component of LDV/SOF administered to HCV-infected subjects. Sixty subjects were enrolled
and randomized in this study. Eighteen were female (30%). No Grade 3 or 4 or serious AEs
occurred during the study. The estimated absolute AUC0-24 and Cmax in this study is expected
to be higher than LDV exposures in female subjects when coadministered with a P-gp inhibitor.
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2.5.3 What is the effect of food on the bioavailability (BA) of the drug from the dosage form?
What dosing recommendation should be made, if any, regarding administration of the product in
relation to meals or meal types?
The effect of food on the PK of the proposed commercial formulation of LDV/SOF was
evaluated in Study GS-US-337-0101. Compared with fasted administration, food (moderate fat
or high calorie/high fat) slowed the rate of absorption of SOF with 79% and 15% increases in
AUC and Cmax, respectively, similar to the results obtained from the SOF single agent tablet.
For GS-331007, an approximately 18% to 30% lower Cmax was observed upon LDV/SOF
administration with food, with no significant change in AUC. Since the decrease in GS-331007
Cmax was modest and the AUC parameters met the “no effect” criteria, the effect of food on
GS-331007 PK was not considered clinically significant. The PK of LDV administered within the
FDC are not altered by food. Based on these results, LDV/SOF has been administered without
regard to food in the Phase 3 clinical development.
2.5.4 If different-strength formulations are not bioequivalent based on standard criteria, what
clinical safety and efficacy data support the approval of the various strengths of the to-bemarketed product?
Not applicable.
2.6 Analytical Section
2.6.1 How are the active moieties identified and measured in the plasma in the clinical
pharmacology and biopharmaceutics studies? What bioanalytical methods are used to assess
concentrations?
The active metabolite (GS-461203) is converted from prodrug SOF intracellularly and is not
detectable in plasma. Nonclinical characterization of the disposition of SOF across species
revealed that SOF was extensively metabolized by hydrolase activity that led to low systemic
exposure of SOF and predominant systemic exposure to the major metabolite GS-331007 in
humans, but not GS-461203. These findings were confirmed in a mass balance study such that
SOF and GS-331007 accounted for approximately 4% and > 90% of drug-related material
respectively. GS-331007 was considered to be the primary analyte of interest in clinical
pharmacology studies for purposes of PK analyses and interpretation of results, and was
characterized in clinical pharmacology studies and used for exposure-response analysis.
Liquid chromatography/mass spectrometry/mass spectrometry (LC/MS/MS) with positive
ionization was utilized to determine the concentration of SOF and its metabolites in plasma,
urine and dialysate. Calibration curves for SOF ranged from 5 (LLOQ) to 5000 ng/mL.
Calibration curves for GS-331007 ranged from 10 (LLOQ) to 5000 ng/mL. Standards, quality
control solutions, blank matrix, and study samples (as applicable) were prepared according to
the validated methods. All samples were analyzed within the time frame supported by long-term
storage stability data. The standard curve and QC data indicated that the plasma and urine
assay methods for SOF and GS-331007 were precise and accurate. Details of the analytical
methods for each study were reviewed in the individual study reviews.
LDV itself is an active moiety and following single dose oral administration of [14C]LDV,
unchanged LDV contributed the major portion (> 98%) of circulating radioactivity through 24
hours postdose in plasma, with 1.1% and 0.75% of the total radioactivity attributed to

34

Reference ID: 3540737

unidentified metabolites M1 and M12, respectively. LDV was characterized in clinical
pharmacology studies and used for exposure-response analysis.
2.6.2 For all moieties measured, is free, bound, or total measured? What is the basis for that
decision, if any, and is it appropriate?
The total (bound+unbound) moiety of SOF and its metabolites were measured. This is
acceptable because protein binding of SOF (62%) is independent of concentration, and protein
binding of GS-331007 was minimal in human plasma.
The total (bound+unbound) moiety of LDV and its metabolites were measured. This is
acceptable because LDV is highly protein bound (>99.8%) and is independent of concentration.
In addition, the fraction of protein binding is not altered by renal or hepatic impairment.
3. DETAILED LABELING RECOMMENDATIONS
Although details of the labeling are still under active negotiation, some general clinical
pharmacology proposals can be made based on the clinical pharmacology results from studies
with SOF, LDV, and LDV/SOF and the additional PK, efficacy and safety results provided by the
applicant:
• In accordance with the Sovaldi® label, no dose recommendation can be given for patients
with severe renal impairment (estimated Glomerular Filtration Rate (eGFR)
<30 mL/min/1.73m2) or with end stage renal disease (ESRD) due to higher exposures (up to
20-fold) of the predominant sofosbuvir metabolite.
• No dose adjustment of LDV/SOF is required for patients with mild or moderate renal
impairment.
• No dose adjustment of LDV/SOF is required for patients with mild, moderate or severe
hepatic impairment (Child-Pugh Class A, B or C).
• Drugs that are P-gp inducers in the intestine (e.g. RIF or St. John’s Wort) may decrease
LDV and sofosbuvir plasma concentrations leading to reduced therapeutic effect of
LDV/SOF and should not be used with LDV/SOF.
• LDV solubility decreases as pH increases. Drugs that increase gastric pH are expected to
decrease concentrations of LDV
o LDV/SOF should only be coadministered with proton pump inhibitors (PPI)
simultaneously
o LDV/SOF should be coadministered with H2-receptor antagonist (H2RA) either
simultaneously or 12 hours apart.
• No dose adjustment is needed for LDV/SOF and the following drugs based on ADME
profiles of SOF and LDV and/or the results from the DDI studies with LDV/SOF or its
components: ABC, ATV/r, CsA, DRV/RTV, FTC, EFV, 3TC, methadone, RAL, RPV, TAC,
TDF (excluding TDF when used as part of Stribild® because there are insufficient data to
make a dosing recommendation), or verapamil.
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4. APPENDICES
4.1 Individual Study Review
4.2.1 Biopharmaceutics
4.2.1.1 GS-US-337-0101: A Phase 1 Single-Dose Study to Evaluate the Relative
Bioavailability and the Effect of Food on GS-7977 and GS-5885 Fixed-Dose Combination
Tablets in Healthy Volunteers
Objectives:
• To evaluate the relative bioavailability of the to-be-marketed formulation of LDV/SOF
FDC tablet relative to existing individual tablet formulations in healthy subjects.
• To evaluate the effect of food on the pharmacokinetics (PK) of the to-be-marketed
formulation of a LDV/SOF FDC tablet in healthy subjects
Study Design: This is a Phase 1, randomized, open-label, single-center, single-dose, crossover
Study in 2 cohorts.
In Cohort 1, the relative bioavailability of the to-be-marketed formulation of SOF/LDV FDC tablet
was evaluated relative to concurrent administration of the individual tablet formulations (SOF
400 mg taken as 1 tablet plus LDV 90 mg taken as 1 tablet; SOF+LDV). The relative
bioavailability was assessed using a two-period, two-sequence crossover design.
In Cohort 2, the PK of the to-be-marketed formulation of SOF/LDV FDC tablet was assessed
under fasted conditions and 2 different fed conditions (high-calorie/high-fat meal and moderatefat meal) using a three-period, six-sequence crossover design.
Within a cohort, eligible subjects were enrolled and randomized to a treatment sequence.
Following screening procedures and baseline assessments (Day 0), subjects received doses of
study drug with 9-day washout periods between doses.
(b) (4)
Formulation: SOF
tablets (400 mg), LDV
LDV/SOF 90/400 mg to-be-marketed FDC tablets

(b) (4)

tablets (90 mg),

PK Sampling: Blood samples were collected relative to the dosing of SOF or LDV. In Cohort 1,
blood samples were collected on Days 1 and 11; in Cohort 2, blood samples were collected on
Days 1, 11, and 21. Regardless of study day, blood samples for SOF, GS-566500, GS-331007,
and LDV plasma concentrations were collected predose, 0.25, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5,
5, 6, 8, 10, 12, 14, 16, 20, 24, 48, 72, 96 and 120 hours postdose.
Analytical Methods: Concentrations of SOF, GS-566500, GS-331007, and LDV in human
plasma samples were determined using fully validated high-performance liquid chromatographytandem mass spectroscopy (LC/MS/MS) bioanalytical methods. All samples were analyzed in
the timeframe supported by frozen stability storage data. The assays for SOF, GS-566500, GS(b) (4)
331007, and LDV were all performed and validated
The standard curve and QC data indicated that the plasma assay methods for SOF, GS566500, GS-331007 and LDV were precise and accurate as shown in the following table.
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Table 1: Bioanalytical Assay Validation for Sofosbuvir and Ledipasvir and Metabolites in
Human Plasma
Parameter

SOF

GS-566500

GS-331007

LDV

5–5000

10–5000

10–5000

1–2000

5

10

10

1

Intraassay precision range
(%CV)

1.3 to 7.4

3.3 to 9.1

0.8 to 5.6

1.0 to 8.8

Intraassay accuracy range
(%RE)

-3.3 to 8.2

-5.2 to 5.9

-0.1 to 7.5

-7.1 to 3.6

377 days at -70°C
and 36 days at
-20°C

308 days at -70°C
and 25 days at
-20°C

308 days at -70°C
and 25 days at
-20°C

351 days at
-20°C and
-70°C

Linear range (ng/mL)
LLOQ (ng/mL)

Stability in frozen matrix
(days)

a
a

CV = coefficient of variation; LLOQ = lower limit of quantitation; RE = relative error
a
Interday ranges reported

Pharmacokinetic Results:
In Cohort 1, plasma exposures of SOF, its metabolites GS-566500 and GS-331007
(predominant circulating nucleoside metabolite), and LDV are not expected to be significantly
different upon administration of SOF/LDV FDC from SOF+LDV coadministered as individual
components. The lower bounds of the 90% CIs for the primary PK parameters (AUC and Cmax)
of SOF, GS-566500, and LDV were greater than 70% (Table 2).The 90% CIs of the GLSM
ratios for all GS-331007 primary PK parameters were contained within bioequivalence bounds
of 80% to 125%.
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Table 2: Statistical Comparison of PK Parameters Following Administration of SOF/LDV
FDC or SOF+LDV
GLSM

PK Parameter
SOF+LDV
(N=28)

%GLSM Ratio (90%CI)

SOF/LDV FDC
(N=28)

SOF/LDV FDC vs SOF+LDV
(N=28)

SOF
AUClast (h·ng/mL)

1438.05

1258.23

87.50 (77.80, 98.40)

AUCinf (h·ng/mL)

1444.96

1264.94

87.54 (77.93, 98.33)

Cmax (ng/mL)

1399.00

1151.56

82.31 (71.04, 95.37)

AUClast (h·ng/mL)

1840.28

1565.57

85.07 (76.09, 95.12)

AUCinf (h·ng/mL)

1896.72

1613.24

85.05 (76.72, 94.29)

Cmax (ng/mL)

475.18

401.67

84.53 (74.26, 96.22)

AUClast (h·ng/mL)

10,843.68

11,392.88

95.18 (89.50, 101.22)

AUCinf (h·ng/mL)

11,543.32

12,105.63

95.35 (89.99, 101.04)

725.51

735.82

98.60 (90.81, 107.05)

AUClast (h·ng/mL)

7325.92

7043.59

96.15 (79.34, 116.51)

AUCinf (h·ng/mL)

8556.59

8240.56

96.31 (79.21, 117.10)

Cmax (ng/mL)

285.66

280.53

98.21 (81.89, 117.77)

GS-566500

GS-331007

Cmax (ng/mL)
LDV

In Cohort 2, as shown in Table 3, food increased SOF and GS-566500 mean plasma exposure
(AUC and Cmax) by < 2-fold. For GS-331007, an approximately 18% to 30% lower Cmax was
observed upon SOF/LDC FDC administration with food, with no change in AUC. These results
were consistent with the data from previous Phase 1 studies (Studies P7977-1318 and P79770111) with SOF as a single agent, which demonstrated that SOF as a component of the
LDV/SOF FDC could be administered without regard to food.
Similar LDV plasma exposures (AUC and Cmax) were achieved upon administration of
SOF/LDV FDC under fasted or fed conditions. The 90% CIs of the GLSM ratios (fed/fasted
treatments) were contained within 70% to 143% (Table 2). A food effect has been previously
observed with LDV (single-agent, conventional formulation, Study GS-US-256-0101):
administration of LDV with a high fat meal delayed LDV absorption and decreased LDV plasma
exposure by approximately 45% in mean Cmax, AUClast, and AUCinf. However, the PK of LDV
(b) (4)
administered within the FDC (
formulation) is not significantly altered by
food.
Therefore, SOF/LDV FDC was studied in the Phase 3 studies without regard to food.

38

Reference ID: 3540737

Table 3: Statistical Comparison of PK Parameters Following Administration of SOF/LDV
FDC under Fasted, Moderate-Fat, or High-Calorie/High-Fat Conditions
PK
Parameter

GLSM

%GLSM Ratio (90% CI)

High-Calorie
(N=28)

Moderate-Fat
(N=29)

Fasted
(N=29)

High-Calorie/Fasted
(N=28)

Moderate-Fat/Fasted
(N=29)

SOF
AUClast
(h·ng/mL)

2487.13

2718.58

1393.58

178.47
(161.08,197.74)

195.08
(176.28, 215.88)

AUCinf
(h·ng/mL)

2504.08

2729.75

1399.32

178.95
(161.66,198.09)

195.08
(176.44, 215.68)

Cmax
(ng/mL)

1279.71

1405.34

1112.45

115.04
(98.65,134.14)

126.33
(108.52,147.06)

GS-566500
AUClast
(h·ng/mL)

2436.96

2381.41

1326.14

183.76
(168.11, 200.87)

179.57
(164.46,196.08)

AUCinf
(h·ng/mL)

2488.65

2435.72

1378.15

180.58
(166.11, 196.31)

176.74
(162.74, 191.94)

Cmax
(ng/mL)

489.58

477.94

317.32

154.29
(138.90, 171.38)

150.62
(135.77,167.10)

GS-331007
AUClast
(h·ng/mL)

12082.00

12584.75

11024.66

109.59
(103.49,116.06)

114.15
(107.87, 120.80)

AUCinf
(h·ng/mL)

12895.73

13524.55

11518.21

111.96
(106.66, 117.52)

117.42
(111.93, 123.18)

Cmax
(ng/mL)

586.73

681.09

835.51

70.22
(65.03, 75.83)

81.52
(75.56, 87.94)

LDV
AUClast
(h·ng/mL)

7258.61

7996.14

6997.22

103.74
(88.78, 121.21)

114.28
(97.98, 133.29)

AUCinf
(h·ng/mL)

8648.33

9700.46

8412.86

102.80
(88.46,119.47)

115.31
(99.40, 133.76)

Cmax
(ng/mL)

246.25

303.22

279.18

88.21 (75.80,102.64)

108.61
(93.50,126.17)

Conclusion:
• Similar plasma exposures of SOF, its metabolites GS-566500 and GS-331007
(predominant circulating nucleoside metabolite), and LDV are achieved following
administration of the to-be-marketed SOF/LDV FDC formulation and SOF and LDV
administered together as single agents.
• The SOF/LDV FDC can be administered without regard to food
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4.2.1.2 GS-US-256-0110: A Phase 1 Study to Evaluate the Relative Bioavailability and
Safety of a New Tablet Formulation of GS-5885 and the Effect of Acid Reducing Agents
on the New Tablet Formulation
Objectives:
• To compare the relative bioavailability of a new tablet formulation of GS-5885 relative to
the existing tablet formulation in healthy subjects
• To evaluate the effect of a representative acid reducing agent, omeprazole (OME), on
the pharmacokinetics of GS-5885 (LDV) administered as the new tablet formulation to
healthy subjects
• To evaluate the pharmacokinetics of the LDV test formulation following multiple dose
administration to healthy subjects
Study Design:
This Phase 1 study evaluated the bioavailability, safety, and tolerability of a new formulation of
LDV in 2 cohorts. Cohort 1 of this study had a randomized, open-label, 2-sequence, singledose, 3-period crossover design, while Cohort 2 had an open-label, multiple-dose design.
Eligible Cohort 1 subjects (n=18) were randomized to one of two 3-period treatment sequences
(Treatment Sequence 1 = ABC or Treatment Sequence 2 = BAC), where Treatment A was LDV
conventional formulation (reference formulation) 30 mg administered orally as a single dose;
(b) (4)
Treatment B was LDV
formulation (test formulation) 30 mg administered orally as a
single dose; and Treatment C was OME 20 mg administered orally as once daily for 6 days,
(b) (4)
followed by LDV (
formulation) 30 mg administered orally as a single dose 2 hours
after the last OME dose. All LDV doses were administered after a meal. Omeprazole was
administered under fasting conditions. Each treatment period within a sequence was separated
by 7 days of washout.
Eligible Cohort 2 subjects (n=15) were enrolled into a single treatment group (Treatment D).
(b) (4)
Subjects received LDV (
formulation) 120 mg administered orally twice a day (BID)
for 11 days with a moderate fat meal. The last dose of LDV was given in the morning on Day 11.
Formulation:
(b) (4)
LDV: 1) 30-mg tablets,
formulation (test), Lot No. CF1109B1
2) 30-mg tablets, conventional formulation [reference], Lot No. CF1105B1
OME 20-mg capsules, Lot No. G002265
PK Sampling: Serial blood samples were collected at the following time points on Days 1, 8
and 20 in Cohort 1 relative to the LDV dose: 0 (predose, ≤ 5 min before dose), 0.5, 1, 1.5, 2,
2.5, 3, 3.5, 4, 4.5, 5, 6, 8, 10, 12, 14, 16, 20, 24, 48, 72, 96, 120 and 144 hours post dose. On
Day 20, when both OME and LDV drugs were given, samples were collected relative to the LDV
dose.
Analytical Methods: Concentrations of LDV in human plasma samples were determined using
fully validated high-performance liquid chromatography-tandem mass spectroscopy
(LC/MS/MS) bioanalytical methods. All samples were analyzed in the timeframe supported by
(b) (4)
frozen stability storage data. The assay for LDV was all performed and validated by
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Supratherapeutic exposures of LDV were achieved upon BID dosing. LDV mean exposure
parameters AUC and Cmax were approximately 8.5-fold and 6-fold higher on Day 11 than those
observed on Day 1, consistent with the long t½ of LDV.
Descriptive comparison of LDV 120 mg Day 1 AUClast and Cmax values to AUC0-12 (data on
(b) (4)
file) and Cmax values upon administration of LDV 30 mg (Cohort 1:
formulation),
revealed approximately dose proportional increases in exposure, suggestive of near linear PK of
(b) (4)
formulation over this dose range. These LDV exposures are similar to those
observed in the thorough QT study (GS-US-344-0109).
Conclusions:
(b) (4)
• Administration of LDV
formulation resulted in modestly higher (~23% to
28%) plasma exposure (AUC and Cmax) relative to the conventional formulation.
(b) (4)
Accordingly, the
formulation has been selected for clinical development.
• A substantial decrease in LDV plasma exposure (~ 42% to 48% lower AUC and Cmax)
was observed upon administration of omeprazole 2 hours earlier.
(b) (4)
• Supratherapeutic exposures of LDV (
formulation) were achieved upon
administration of multiple doses of LDV 120 mg BID.
4.2.2 General Pharmacokinetics/Pharmacodynamics
4.2.2.1 GS-US-334-0111: A Phase 1 Single Dose Study to Investigate the
Pharmacokinetics, Safety and Tolerability of GS-7977 and GS-7977/GS-5885 FDC in
Healthy Japanese and Caucasian Subjects
Objectives:
• To investigate the pharmacokinetics (PK) of sofosbuvir (SOF, GS-7977) and metabolites
(GS-566500 and GS-331007) following administration of SOF in healthy Japanese and
Caucasian subjects
• To investigate the PK of SOF, metabolites (GS-566500 and GS-331007), and ledipasvir
(LDV, GS-5885) following administration of SOF/LDV fixed-dose combination (FDC)
tablet in healthy Japanese and Caucasian subjects
• To assess the safety and tolerability of SOF and SOF/LDV FDC in healthy Japanese
and Caucasian subjects
Study Design: This is a Phase 1, open-label, single-dose study. A total of 64 subjects were
enrolled into 1 of 4 treatment groups of 16 healthy subjects each (8 Japanese and 8 Caucasian
subjects per group). Japanese subjects were first generation. Subjects were born in Japan, had
not lived outside Japan for > 10 years, and could trace their maternal and paternal Japanese
ancestry of parents and grandparents. Their lifestyle, including diet, had not significantly
changed since leaving Japan. Eligible subjects received a single oral dose of study drug on Day
1 under fasting conditions, corresponding to their assigned group, as follows:
• Group 1: SOF 200 mg (1 × 200-mg tablet)
• Group 2: SOF 400 mg (1 × 400-mg tablet)
• Group 3: SOF 800 mg (2 × 400-mg tablets)
• Group 4: SOF/LDV FDC 400 mg/90 mg (1 × 400-mg/90-mg FDC tablet)
All the medications were administered under fasting conditions.
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Table 2: Sofosbuvir Pharmacokinetic Parameters
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Table 3: GS-566500 Pharmacokinetic Parameters
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Table 4: GS-331007 Pharmacokinetic Parameters
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The PK parameters for SOF, GS-566500 and GS-331007 following administration of a single
dose of SOF 200 mg, 400 mg, or 800 mg, or the SOF/LDV FDC (400 mg/90 mg) to Caucasian
subjects are in the range of observed values for Caucasion healthy subjects in other studies.
The power model mean slope and 90% CIs indicate that near dose linearity was observed for
SOF (Japanese and Caucasian subjects) AUCinf, AUClast, and Cmax across the evaluated
dose range of SOF 200 mg to 800 mg. GS-331007 (Japanese and Caucasian subjects) AUCinf,
AUClast, and Cmax showed modestly less than dose-proportional increases over the evaluated
dose range. These results are consistent with historical data (ie., Studies P7977-0111 and
P7977-0613).
Table 5 presents LDV PK parameters following administration of a single dose of the
SOF/LDV FDC (400 mg/90 mg) to Japanese and Caucasian subjects.
Table 5: Ledipasvir Pharmacokinetic Parameters

Table 6 shows the statistical comparisons of SOF, GS-566500, GS-331007, and ledipasvir
primary PK parameters in Japanese versus Caucasian subjects. The data indicate no clinically
significant differences in the PK of SOF, its metabolites GS-566500 and GS-331007, or LDV
were observed between Japanese and Caucasian subjects.
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Table 6: Geometric Least-Squares Mean Ratios (90% Confidence Intervals) for
Sofosbuvir, GS-566500, GS-331007, and Ledipasvir Primary Pharmacokinetic Parameters
in Japanese versus Caucasian Subjects

Conclusion: No clinically significant differences in the PK of SOF, its metabolites GS-566500
and GS-331007, or LDV were observed between Japanese and Caucasian subjects, supporting
the use of SOF 400 mg or SOF/LDV FDC (400 mg/90 mg) in Japanese subjects.

4.2.2.2 GS-US-256-0101: A Phase 1, Randomized, Double-Blind, Placebo-Controlled Study
to Evaluate the Safety, Tolerability and Pharmacokinetics of Escalating, Single, Oral
Doses of GS-5885 in Healthy Subjects
Objectives:
• To characterize the pharmacokinetics (PK) of GS-5885 in plasma following
administration of escalating, single, oral doses in healthy subjects
• To evaluate preliminarily the effect of concomitant food intake on GS-5885 PK
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Study Design: The study enrolled 6 cohorts: 5 cohorts with 10 subjects and 1 cohort with 11
subjects. In each cohort, 2 of the subjects were randomly assigned to treatment with placebo.
Five cohorts were dosed under fasting conditions with GS-5885 3 mg or placebo, GS-5885 10
mg or placebo, GS-5885 30 mg or placebo, GS-5885 60 mg or placebo, and GS-5885 100 mg
or placebo. Following a review of the safety and PK data (through Day 5) for subjects under
fasted conditions, the sixth cohort was dosed under fed conditions with GS-5885 30 mg or
placebo.
Formulation:
GS-5885 tablets: 1 mg (Lot No. CF1002B1) and 10 mg (Lot No. CF1003B1)
Placebo tables: Lot No. CF1001B1
PK Sampling: On Day 1, serial blood samples for analysis of plasma concentrations of GS5885 were collected as follows: predose (≤ 5 min) and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 16, 24
(Day 2), 36 (Day 2), 48 (Day 3), 72 (Day 4) and 96 (Day 5) hours postdose.
Analytical Methods: Concentrations of LDV in human plasma samples were determined using
fully validated high-performance liquid chromatography-tandem mass spectroscopy
(LC/MS/MS) bioanalytical methods. All samples were analyzed in the timeframe supported by
frozen stability storage data. The assay for LDV was all performed and validated by
Bioanalytical group at Gilead Sciences in Durham.
The standard curve and QC data indicated that the plasma assay method for LDV was precise
and accurate as shown in the following table.
Table 1: Bioanalytical Assay Validation for GS-5885 in Human Plasma
Parameter

GS-5885

Linear range (ng/mL)

1 to 2000

Lower limit of quantitation (ng/mL)

1

Interassay precision range

3.0 to 9.1 (%CV)

Interassay accuracy range

0.0 to 10.0 (%Bias)

Stability in frozen matrix (-80°C) (days)

69 days

Pharmacokinetic Results:
Table 2 presents the mean GS-5885 plasma PK parameters following oral administration of
single escalating doses of GS-5885. The GS-5885 exposure as measured by AUClast, AUCinf,
and Cmax increased with escalating doses of GS-5885 under fasted conditions.
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Table 2: GS-5885 Plasma PK Parameters Following Single-Dose Administration of GS5885 by Treatment
Mean (%CV)

PK Parameter
Cohort 1

Cohort 2

Cohort 3

Cohort 4

Cohort 5

GS-5885
10 mg
(N = 8)

GS-5885
30 mg
(N = 8)

GS-5885
60 mg
(N = 8)

GS-5885
100 mg
(N = 8)

6.0 (37.2)

18.9 (36.4)

73.1 (50.8)

118.3 (50.0)

215.5 (34.6)

Tmax (h)a
AUClast (ng·h/mL)

6.00 (4.00, 6.00)

5.00 (4.00, 6.00)

6.00 (5.00, 6.00)

6.00 (5.00, 6.00)

6.00 (5.04, 6.00)

124.4 (62.3)

496.4 (34.2)

1988.2 (58.2)

3562.4 (55.3)

6265.9 (33.1)

AUCinf (ng·h/mL)

218.0 (60.6)

618.0 (32.3)

2415.9 (60.3)

4711.1 (58.2)

7697.1 (34.3)

t½ (h) a

32.18
(28.84, 65.33)

42.34
(33.80, 57.71)

39.82
(33.15, 41.65)

48.05
(42.99, 58.14)

44.12
(35.92, 51.56)

CL/F (mL/h)

16,894.7 (41.9)

18,656.1 (50.2)

17,034.5 (58.6)

19,883.8 (83.6)

15,271.9 (53.8)

Vz/F (mL)

958,201.6 (34.3)

1,204,954 (55.3)

876,546.3 (44.2)

1,256,090 (60.7)

893,026.3 (35.0)

1.4 (15.6)

1.7 (32.4)

6.8 (68.0)

15.2 (64.1)

21.8 (38.9)

GS-5885
3 mg
(N = 8)
Cmax (ng/mL)

Clast (ng/mL)

a
Median (Q1, Q3)
Note: Plasma concentrations below lower limit of quantification were treated as 0 for summary statistics and
missing for log-normalized data.

Table 3 presents the dose proportionality analysis based on the power model. GS-5885
exposure, assessed as AUCinf, AUClast, and Cmax, was dose proportional over the dose
range of 3 mg to 100 mg, under fasted conditions, indicating that GS-5885 exhibits linear PK.
Table 3: Assessment of Dose Proportionality Using the Power Model
Parameter

Degrees of Freedom

Slope of Ln (Dose)

90% CI

AUClast (ng·h/mL)

38

1.033

0.922, 1.143

AUCinf (ng·h/mL)

38

1.126

1.017, 1.235

Cmax (ng/mL)

38

1.015

0.917, 1.112

Dose range of 3 to 100 mg

Note: Analysis of dose proportionality under fasting conditions: 3 mg, 10 mg, 30 mg, 60 mg, and 100 mg

Table 4 summarizes PK parameters of GS-5885 following a single dose of GS-5885, 30 mg,
under fasted and fed conditions.
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Table 4: Plasma GS-5885 PK Parameters Following Single-dose Administration of GS5885 by Concomitant Food Intake Status
Mean (%CV)

PK Parameter
Cohort 3
GS-5885 30 mg (N = 8)
Cmax (ng/mL)
a

73.1 (50.8)

Cohort 6
GS-5885 30 mg Fed (N = 8)
36.5 (22.6)

6.00 (5.00, 6.00)

8.00 (7.00, 8.00)

AUClast (ng·h/mL)

1988.2 (58.2)

996.5 (21.6)

AUCinf (ng·h/mL)

2415.9 (60.3)

1175.0 (25.3)

39.82 (33.15, 41.65)

36.83 (22.19, 49.08)

CL/F (mL/h)

17,034.5 (58.6)

26,917.9 (23.6)

Vz/F (mL)

876,546.3 (44.2)

1,386,469 (24.9)

Tmax (h)

a

t½ (h)

Clast (ng/mL)

6.8 (68.0)

3.1 (42.2)

a

Median (Q1, Q3)
Note: Plasma concentrations below lower limit of quantification (BQL) were treated as 0 for summary statistics
and missing for log-normalized data.

Table 5 presents the ratio of the GLSMs (GS-5885 30 mg under fasted conditions/GS-5885 30
mg under fed conditions) for the primary PK parameters.
Table 5: Statistical Evaluations of GS-5885 PK Parameters for Food Effect

The data show that high-fat meal delays GS-5885 absorption, prolong Tmax, and decreases
approximately 45% of GS-5885 plasma exposure.
Conclusions:
• Plasma PK profile of GS-5885 following single oral doses under fasting conditions shows
that GS-5885 exhibits linear PK over the dose range of 3 to 100 mg.
• Peak concentrations of GS-5885 are measured approximately 6 hours postdose in all
cohorts administered GS-5885 under fasting conditions.
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•

A high-fat meal, prolonged median Tmax to 8 hours and decreases exposure as
assessed by AUClast and Cmax by approximately 45%.

4.2.2.3 GS-US-256-0102: A Phase 1, Randomized, Double-Blind, Placebo-Controlled Study
to Evaluate the Safety, Tolerability, Pharmacokinetics, and Antiviral Activity of
Escalating, Multiple, Oral Doses of GS-5885 in Treatment Naive Subjects with Chronic
Genotype 1 Hepatitis C Virus Infection
Objectives:
• To evaluate the safety and tolerability of escalating, multiple, oral doses of GS-5885 in
subjects with chronic genotype 1 HCV infection.
• To evaluate the antiviral activity of GS-5885 against genotype 1 HCV following
administration of multiple oral doses.
• To characterize the plasma pharmacokinetics of GS-5885 following administration of
escalating, multiple, oral doses in genotype 1 HCV-infected subjects.
• To assess the PK/pharmacodynamic (PD) relationship between HCV viral load change
and GS-5885 plasma concentrations following multiple-dose administration.
• To compare GS-5885 antiviral activity in genotype 1a versus 1b infections.
Study Design: Multiple doses of GS-5885 or placebo were administered under fasted conditions
once a day for 3 consecutive days as follows:
• Cohort 1 (N = 12 genotype 1a subjects): GS-5885 3 mg or placebo once daily (total
daily dose [TDD] = 3 mg) for 3 days;
• Cohort 2 (N = 12 genotype 1a subjects): GS-5885 10 mg or placebo once daily (TDD =
10 mg) for 3 days;
• Cohort 3 (N = 12 genotype 1a subjects): GS-5885 30 mg or placebo once daily (TDD =
30 mg) for 3 days;
• Cohort 4 (N = 12 genotype 1a subjects): GS-5885 1 mg or placebo once daily for 3
days;
• Cohort 5 (N = 12 genotype 1b subjects): GS-5885 10 mg or placebo once daily for 3
days
• Cohort 6 (N = 12 genotype 1a subjects): GS-5885 90 mg or placebo once daily for 3
days
Formulation: GS-5885 tablets: 1 mg (Lot No. CF1002B1) and 10 mg (Lot No. CF1003B1)
Placebo tables: Lot No. CF1001B1
PK Sampling: PK samples for GS-5885 were obtained prior to dosing (≤ 10 minutes) and at
0.5, 1, 2, 3, 4, 6, 8, 10, 12, and 16 hours after the first dose on Day 1, prior to the morning
dosing on Day 2 (24 hours after the first dose), and prior to the morning dosing on Day 3 (≤ 10
minutes) and at 0.5, 1, 2, 3, 4, 6, 8, 10, 12, and 16 hours after morning dosing on Day 3.
Additional PK samples were obtained at 24 (Day 4), 36 (Day 4), 48 (Day 5), 72 (Day 6), 96 (Day
7), 120 (Day 8), and 168 (Day 10) hours after the last dose.
Analytical Methods: Concentrations of GS-5885 in plasma samples were determined using
fully validated high-performance liquid chromatography/tandem mass spectroscopy (LC/MS/MS)
bioanalytical methods. All samples were analyzed in the timeframe supported by frozen stability

53

Reference ID: 3540737

storage data. The assays for GS-5885 were performed and validated

(b) (4)

The standard curve and QC data indicated that the plasma assay method for LDV was precise
and accurate as shown in the following table.
Table 1: Bioanalytical Assay Validation for GS-5885 in Human Plasma
Parameter
Linear range (ng/mL)
LLQ (ng/mL)

GS-5885
1-2,000
1

Interassay precision range (%CV)

1.0 to 8.8

Interassay accuracy range (%RE)

-7.1 to -3.6

Stability in frozen matrix (days)

351 Days at -20°C and -70°C

Pharmacokinetic Results: Table 2 presents PK parameters of GS-5885 after single-dose and
multiple-dose administration of GS-5885 in subjects with genotype 1a and 1b chronic HCV
infection. For GS-5885, the Cmax and AUC increased in an approximately dose-proportional
manner over the dose range of 1 to 90 mg once daily. Median time of maximal concentration
(Tmax) ranged between 4.00 to 6.00 hours and 5.00 to 6.00 hours after the first dose and
multiple doses, respectively.
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Table 2: GS-5885 Pharmacokinetic Parameters Following Single-Dose and Multiple-Dose
Administration of GS-5885

In the dose proportionality analysis using the power model (Table 3), AUC and Cmax values
were approximately dose proportional over the dose range of 1 mg to 90 mg.
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Table 3: Statistical Analysis of Dose Proportionality of GS-5885 Following Single- and
Multiple–Dose Administration of GS-5885
GS-5885 PK
Parameter

Day

Degrees of
Freedom

Slope of ln (dose)

90% CI Around Slope

AUCinf (ng*hr/ml)

1

53

1.099

1.008, 1.189

Cmax (ng/ml)

1

55

1.046

0.981, 1.110

AUCtau (ng*hr/ml)

3

55

1.080

1.004, 1.157

Cmax (ng/ml)

3

57

1.079

1.006, 1.152

Accumulation indices were calculated by comparing the AUClast value following single-dose
administration of GS-5885 on Day 1 with the AUCtau value following multiple-dose
administration of GS-5885 for 3 days. Across all dosage strengths, accumulation ratios (%) of
greater than 100 (152 to 483) were observed, a finding consistent with the long half-life of GS5885.
Efficacy:
The primary efficacy endpoint was the change from baseline in HCV RNA level (log10) at each
postdose assessment, using both continuous and categorical analysis methods. Baseline was
defined as the predose HCV RNA level on Day 1.
The median change from baseline in plasma HCV RNA levels is illustrated over time and by
treatment in Figure 1 and summarized by postdose assessment in Table 4.
Figure 1: Median (Q1, Q3) Change from Baseline in HCV RNA (log10 IU/mL) by Treatment

Note: Undetectable HCV RNA (< 25 IU/mL) was treated as 24 IU/mL for summary statistics
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Table 4: Median (Q1, Q3) Change from Baseline in HCV RNA (log10 IU/mL) over Time by
Treatment

The greatest reductions from baseline in median HCV RNA were observed on Day 2 (36 hours),
and were > 3 log10 IU/mL for doses of GS-5885 ≥3 mg. Median HCV RNA reductions at Day 2
(36 hours) were as follows in the GS-5885 dose groups: 1 mg: -2.45; 3 mg: -3.11; 10 mg
(genotype 1a): -3.12; 10 mg (genotype 1b): -3.27; 30 mg: -3.25; and 90 mg: -3.13 log10 IU/mL.
The median change from baseline in HCV RNA for the placebo group was 0.02 log10 IU/mL at
Day 2; there were no meaningful changes from baseline in median HCV RNA at any postdose
assessment for the placebo group.
Median maximal HCV RNA reductions were similar for subjects with genotype 1a HCV (-3.22
log10 IU/mL) and 1b (-3.34 log10 IU/mL) who received GS-5885 10 mg. However, HCV RNA
suppression appeared to be more sustained in subjects with genotype 1b, as HCV RNA
reductions remained ≥ 2 log10 IU/mL through Day 7 (-2.47 log10 IU/mL) compared to subjects
with genotype 1a (-1.88 log10 IU/mL).
Pharmacodynamic Results:
Similar and maximal antiviral responses (median ~ 3 log10 reduction) were observed following
GS-5885 doses of 10, 30 or 90 mg. The relationship between GS-5885 exposure and anti-HCV
activity was explored using a pharmacologically simple Emax model (Phoenix WinNonlinTM,
v.6.0) as illustrated in Figure 2. The Emax model adequately described the relationship between
GS-5885 exposure (assessed as AUCtau on Day 3) and maximal reductions in HCV RNA
concentrations. The Emax values predicted by the model were close to the observed values.
Emax modeling indicated that exposures (>100 ng.hr/mL) achieved following administration of
GS-5885 doses equal or greater than 30 mg provide > 95% of maximal antiviral response in
genotype 1a-infected subjects.
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Figure 2: AUCtau Exposure-Response Relationship of Anti-HCV Activity of
GS-5885 following 3-Day Monotherapy

Note: E = E0 + (Emax − E0) * AUCtau / (EC50 + AUCtau)
EC50 = -2.5344 μg•h/mL (CV% = 36.83%); Emax = −3.1513 log10 IU/mL (CV% = 3.14%)

Conclusions:
• Pharmacokinetic parameters for GS-5885 were approximately dose-proportional over
the dose range of 1 mg to 90 mg.
• Emax modeling indicated that exposures to GS-5885 ≥ 30 mg provided > 95% of
maximal antiviral response; therefore, GS-5885 doses of 30 mg and 90 mg once daily
were selected for continued clinical evaluation.
• GS-5885 resulted in rapid reductions in plasma HCV RNA of ≥ 2 log10 IU/mL as early as
8 hours and reductions > 3 log10 IU/mL on Day 2 (36 hours) following administration of 3
mg through 90 mg.
• Although reductions in HCV RNA were generally similar between the 2 genotypes, HCV
RNA suppression was more sustained in subjects with genotype 1b HCV infection.
4.2.2.4 GS-US-344-0109: A Phase 1, Partially-Blinded, Randomized, Placebo- and
Positive-Controlled Study to Evaluate the Effect of Ledipasvir (GS-5885) on the QT/QTc
Interval in Healthy Subjects
This study was reviewed by Interdisciplinary Review Team for QT Studies Consultation, dated
3/21/2014. This review only summarizes the PK data from this study to aid the discussion of PK
results from other studies.
Summary: This is a Phase 1, partially-blinded, randomized, placebo- and positive-controlled, 3period, 6-treatment sequence, single- and multiple-dose crossover study. LDV 120 mg BID
(supratherapeutic dose) and LDV placebo were administered for 10-day in a double-blind
fashion and moxifloxacin 400 mg single dose was administered as an active control in an openlabel fashion. No significant QTc prolongation effect of ledipasvir 120 mg BID was detected in
this TQT study.
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A summary of LDV PK following 10 days of 120 mg BID administration of LDV as Compared
to LDV 90-mg Dose as a Component of LDV/SOF Administered to HCV-infected Subjects are
presented in the table below.
Table 1: LDV PK Summary following administered 120 mg BID in Healthy Volunteers
as Compared to LDV 90-mg Dose as a Component of LDV/SOF Administered to HCVinfected Subjects

a
b

LDV PK Parameter
Mean (%CV)

LDV 120 mg BID (N=59)
(GS-US-344-0109)

SOF/LDV 400 mg/90 mg (N=48)
(GS-US-337-0118)

AUCtau (ng•h/mL)

15932.9 (27.0)

a

--

AUC0-24 (ng•h/mL)

31865.8 (27.0)

a

9472.8 (51.8)

Cmax (ng/mL)

1519.5 (27.9)

b

500.3 (44.1)

AUCtau: AUC0-12; AUC0-24: calculated as AUCtau x 2
N = 47

LDV plasma exposures at this supratherapeutic dose were approximately 4.2-fold higher for
Cmax and 3.7-fold higher for AUC0-24, relative to the LDV 90-mg dose as a component of
LDV/SOF administered to HCV-infected subjects. Sixty subjects were enrolled and randomized
in this study. Eighteen were female (30%). No Grade 3 or 4 or serious AEs occurred during the
study.
4.2.2.5 GS-US-256-0108 (Leslie): A Phase 1 Study to Evaluate the Pharmacokinetics,
Metabolism and Excretion of GS-5885
Trial Period and Site
27 Mar to 17 May 2012;

(b) (4)

Trial Rationale
In this study, the mass balance of a single oral dose of ledipasvir (LDV, formerly known as GS5885) was determined using a dose of radiolabeled [14C]-LDV.
In addition, the
pharmacokinetics of LDV and its metabolites were determined.
Trial Design
This was an open-label, nonrandomized, single-dose, mass balance study. Eight healthy
subjects received a single oral dose of LDV 90 mg containing a mixture of unlabeled and [14C]labeled LDV. Study drug was administered on Day 1 within 5 minutes of consuming a
standardized breakfast (approximately 400 calories and 13 g fat) following an overnight fast.
Subjects were confined to the clinic from Day 0 until 96 h postdose (Day 5).
Rationale for Dose Selection
The dose of LDV 90 mg was selected based on antiviral activity and a favorable safety profile in
patients infected with HCV genotype 1a in study GS-US-256-0102. This dose is being
evaluated (in combination with sofosbuvir 400 mg) in Phase 3 studies.
Investigational Product
Ledipasvir 90 mg capsules contained a mixture of unlabeled LDV (88.35 mg) and [14C]-LDV
(1.65 mg). Both were supplied by Gilead Sciences, Inc. (Foster City, California) and the lot
numbers were 5885-03-A-1 and GS002-010-0599-B-20120305-JOH, for the unlabeled and
[14C]-labeled LDV, respectively.
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Table 1: Bioanalytical assay validation for LDV in plasma

(b) (4)
Concentrations of LDV in urine samples were measured by LC-MS/MS
(b) (4)
(b) (4)
(validation report
60-1217; study report
60-1229B).
Sample receipt commenced on 15 May 2012 (storage temperature: -70ºC) and analysis was
completed on 7 Aug 2012. The first day of sample collection was 19 Apr, so the maximum
storage sample time was 110 days, which is within the validated long-term frozen stability
duration of 119 days for urine. The calibration standards ranged from 5-5000 ng/mL and QC
concentrations were 15, 500, 2500, and 4000 ng/mL. All inter-assay accuracy and precision
estimates were within the acceptable range (data not shown). Quantification of radioactivity in
(b) (4)
whole blood, plasma, urine, and feces samples was performed
(b) (4)
(
study report 8259249).

Results
Trial Population
Eight healthy male subjects between the ages of 19 and 41 were enrolled in the study and
received study drug. The majority of subjects were white (62.5%); the remainder were African
American (25%) or self-identified as other race (12.5%). One subject discontinued early (Day
10) due to an AE (abdominal discomfort secondary to constipation) that was judged by the
investigatory to be unrelated to study drug. Pharmacokinetic data from this subject are included
in the analyses because 85% of the total radioactive dose had been recovered at the time of
discontinuation, which is comparable to the total recovery across all subjects.
For all subjects, whole blood and plasma collection was terminated 48 h postdose when the
stopping rule was met. In addition, collection of urine and stool samples was completed prior to
Day 21 for four subjects; the other three subjects remained in the clinic until Day 21.
Blood-to-Plasma Ratio
The mean blood-to-plasma ratio of concentration of [14C]-radioactivity ranged from 0.513 to
0.661 up to 24 h postdose, suggesting that radioactivity did not accumulation in erythrocytes.
Therefore, PK analyses were performed using plasma concentrations.
Whole Blood and Plasma Pharmacokinetics
Quantifiable concentrations of [14C]-radioactivity were detectable by LSC for up to 36 h in whole
blood and plasma in four and eight subjects, respectively. Maximal concentrations of [14C]radioactivity were observed at 5.5 h postdose and the estimated half-life was 32.2 h (Table 2).
Concentrations of [14C]-radioactivity peaked at 7.0 h in plasma, with an estimated half-life of
19.9 h (Table 2). Concentrations of LDV (measured using the more sensitive LC-MS/MS assay)
were detected in plasma for up to 96 h postdose, with a tmax of 6.0 h and an estimated half-life of
31.4 h (Table 2).
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Table 2: PK parameters for total [14C]-radioactivity and LDV in whole blood and plasma
(source: Study Report Tables 10-1, 10-2, 10-3)
Total Radioactivity using LSC
LDV using LC[mean (%CV)]
MS/MS
[mean (%CV)]
PK Parameter
Whole Blood (N=4)b
Plasma (N=8)
Plasma (N=8)
Cmax (ng eq/g)
77.0 (12.2)
118 (30.9)
127 (34.5)
a
Tmax (h)
5.5 (4.8, 6.0)
7.0 (5.5, 8.0)
6.0 (4.5, 8.0)
Clast (ng eq/g)
57.5 (13.6)
52.6 (14.1)
12.1 (36.0)
Tlasta (h)
18.0 (9.0, 24.0)
24.1 (18.0, 36.0)
96.0 (96.0, 96.0)
AUClast (ng eq.h/g)
812 (82.0)
1840 (62.6)
3960 (35.2)
AUCinf (ng eq.h/g)
3880 (21.0)c
3220 (41.4)
4550 (35.2)
AUCexp (%)
69.8 (25.6)c
47.9 (39.0)
13.3 (37.8)
t1/2a (h)
32.2 (24.1, 46.4)c
19.9 (15.6, 21.2)
31.4 (29.6, 37.4)
a
median (Q1, Q3)
b
Only four subjects had whole blood total [14C]-radioactivity concentrations above the limit of
quantitation using LSC
c
N=3
Urine Pharmacokinetics
The pharmacokinetics of LDV in urine were not determined because all but three individual
samples had LDV concentrations that were BLQ.
Recovery from Urine and Feces
The mean cumulative urinary recovery of [14C]-radioactivity was 1.24% (SD 0.08%), with
approximately 1% of the dose recovered in the first 24 h postdose. The mean cumulative fecal
recovery of [14C]-radioactivity was 85.9% (SD 7.8%), with approximately 85% of the dose
recovered in the first 216 h (nine days) postdose. The majority of the radioactive dose was
recovered in feces.

Analysis of Metabolites
Plasma samples obtained at 4, 4.5, 5, 6, 8, 12, and 24 h postdose were pooled by subject to
generate AUC-representative pooled samples. Plasma radioactivity was comprised primarily of
LDV, with minor metabolites M1 and M12 also detected (Table 3).
Table 3: [14C]-LDV and [14C]-metabolite profiling in AUC pooled samples (source: Study
Report Table 10-4)

Similarly, plasma samples obtained at 6 and 8 h postdose were pooled by subject to generate
Cmax-representative pooled samples. The majority of [14C]-radioactivity was attributed to LDV
(97%), with minor contributions by M1 and M12 (1.7% and 0.42%, respectively).

62

Reference ID: 3540737

Urine samples collected within 24 h postdose were pooled by subject. Nine unknown
compounds were detected, each of which accounted for less than 1% of the dose. Unchanged
LDV was not detected in urine.
Feces samples collected up to 216 h (nine days; mean (SD) 77.6% (6.8%) of total dose
recovered) postdose were pooled by subject and combusted and analyzed by LSC and
radiochromatography. Nine radioactive peaks were observed. Unchanged LDV was the major
component excreted in feces (70% of radioactive dose) and M19 (oxy-LDV-3) was the most
abundant metabolite identified in feces (2.21% of radioactive dose). The remaining unidentified
compounds each represented less than 2% of the radioactive dose.
The Sponsor’s proposed biotransformation pathway is displayed in Figure 1.
Figure 1. Proposed major biotransformation and excretion pathways of LDV (source:
Study Report Figure 10-7)
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Conclusion
In the study, the pharmacokinetics of LDV in whole blood, plasma, urine, and feces were
evaluated following a single oral dose of [14C]-LDV 90 mg. Unchanged LDV was the major
component (more than 98%) of circulating radioactivity in plasma through 24 h postdose. Renal
elimination was minor (approximately 1% of dose) and no unchanged LDV was detected in
urine. The majority of radioactivity was excreted in the feces (approximately 86%) as
unchanged LDV (approximately 70% of dose). M19 (oxy-LDV-3) was the most abundant
metabolite in feces (approximately 2.21% of dose). LDV appears to be metabolically stable in
humans and is predominantly excreted unchanged in the feces.

4.2.3 Intrinsic Factors
4.2.3.1 GS-US-344-0101: A Phase 1 Open-Label, Parallel-Group, Single-Dose Study to
Evaluate the Pharmacokinetics of GS-5885 in Subjects with Normal Hepatic Function and
Severe Hepatic Impairment
Objectives: To evaluate the single-dose pharmacokinetics (PK) of ledipasvir (LDV) in subjects
with normal hepatic function and severe hepatic impairment
Study Design: Eligible subjects were enrolled in one of the 2 treatment groups (Group 1 =
severe hepatic impairment; Group 2 = normal hepatic function) and received a single oral dose
of LDV (1 × 90-mg tablet) with a moderate fat meal.
Formulation: 90-mg tablet (Lot No.: CF1203B1)
PK Sampling: LDV PK samples were collected predose (within 5 minutes prior to dosing) and
0.5, 1, 2, 3, 4, 6, 8, 10, 12, 16, 20, 24, 48, 72, 96, 120, 144, and 168 hours postdose. Additional
aliquots for determination of percent protein binding of LDV were collected 4 and 6 hours
postdose.
Analytical methods: Plasma concentrations of LDV were determined using fully validated highperformance liquid chromatography-tandem mass spectroscopy (LC/MS/MS) bioanalytical
methods. All samples were analyzed in the timeframe supported by frozen stability storage data.
(b) (4)
All assays for LDV were performed and validated
Parameter
Linear range (ng/mL)
Lower limit of quantitation (ng/mL)

LDV
1 to 2000
1

Interday precision range (%CV)

1.4 to 3.2

Interday accuracy range (%RE)

0 to 2.8

Stability in frozen matrix (days)

366 at -20°C and -70°C

Pharmacokinetic Results: Table 1 presents single-dose LDV PK parameters following singledose administration of LDV 90 mg in subjects with severe hepatic impairment and subjects with
normal hepatic function. Mean LDV AUCinf and AUClast values were generally similar in both
groups. Mean Cmax was modestly lower, median t1/2 was prolonged, and median Tmax was
similar in subjects with hepatic impairment compared with control subjects with normal hepatic
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function. Mean oral clearance (CL/F) was not affected, and mean apparent volume of
distribution (Vz/F) was higher in hepatically impaired subjects relative to control subjects with
normal hepatic function.
Table 10-1: Ledipasvir Plasma Pharmacokinetic Parameters Following Administration of
a Single 90-mg Dose in Subjects with Severe Hepatic Impairment and Subjects with
Normal Hepatic Function
LDV PK Parameter

Mean (%CV)
Group 1
(Severe Hepatic Impairment)
(N=10)

AUCexp (%)

26.0 (45.6)

8.10 (42.0)

AUCinf (h·ng/mL)

9567.2 (67.7)

7615.7 (30.9)

AUClast (h·ng/mL)

6672.5 (51.8)

6976.4 (30.6)

Clast (ng/mL)

17.95 (70.1)

8.81 (44.6)

Cmax (ng/mL)

134.3 (43.9)

197.4 (35.2)

t1/2 (h)

a

84.25 (78.30, 112.21)

45.72 (43.30, 53.38)

6.00 (4.00, 8.00)

6.00 (6.00, 8.00)

168.00 (168.00, 168.00)

168.00 (168.00, 168.00)

CL/F (mL/hr)

14,784.4 (89.8)

13,137.6 (40.1)

Vz/F (mL)

187,571.0 (89.9)

88,993.0 (30.8)

Tmax (h) a
Tlast (h)

a

Group 2
(Normal Hepatic Function)
(N=10)

a

Median (Q1, Q3)

Table 2 presents statistical comparisons of the primary LDV PK parameters following
administration of single-dose LDV in subjects with severe hepatic impairment and control
subjects with normal hepatic function. The geometric least-squares mean (GSLM) values of
AUCinf and AUClast for LDV were similar in both groups, with 90% CIs for the GLSM ratios
crossing 100%. Ledipasvir Cmax in subjects with severe hepatic impairment was approximately
35% lower than that in subjects with normal hepatic function, with the upper bound of the 90%
CI < 100%.
Table 2: Statistical Comparisons of Ledipasvir Plasma Pharmacokinetic Parameters
Following Administration of a Single 90-mg Dose in Subjects with Severe Hepatic
Impairment and Subjects with Normal Hepatic Function

LDV PK Parameter

GLSM

%GLSM Ratio
(90% CI) Group 1 / Group 2

Group 1 (Severe Hepatic Group 2 (Normal Hepatic
Impairment) (N=10)
Function) (N=10)
AUCinf (h·ng/mL)

7813.60

7256.56

107.68 (70.06, 165.49)

AUClast (h·ng/mL)

5705.69

6664.89

85.61 (57.44, 127.60)

Cmax (ng/mL)

120.49

186.41

64.64 (45.24, 92.36)
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Reviewer’s note: Results indicate that LDV absorption/bioavailability may be affected by hepatic
impairment, but the magnitude of reduction on Cmax is not considered clinically significant.
The mean (SD) % free and % bound LDV values were 0.21% (0.07%) and 99.8% (0.07%),
respectively, in subjects with severe hepatic impairment; and 0.11% (0.06%) and 99.9%
(0.06%), respectively, in subjects with normal hepatic function. These results demonstrated a
lack of alteration in LDV protein binding in subjects with severe hepatic impairment
Pharmacodynamics: The relationships between various measures of hepatic functional
abnormalities and the primary PK parameters of LDV were explored using scatter plots and
Spearman’s rank correlation coefficients, with associated p-values calculated to assess the
strength/statistical significance of the relationships.
No correlations or only weak correlations (rho (ρ) < 0.40) were observed between LDV AUCinf,
AUClast, and Cmax and baseline measurements of albumin or bilirubin. A moderate positive
correlation was observed between LDV AUCinf and CPT score (ρ = 0.435) in subjects with
severe hepatic impairment, and moderate negative correlations (ρ = -0.42) were observed
between LDV Cmax and baseline prothrombin time or INR. These correlations were not
statistically significant (p > 0.05) and were not deemed clinically meaningful.
Conclusion: Dose modification of LDV is not warranted for patients with any degree of hepatic
impairment.

4.2.3.2 GS-US-344-0108: A Phase 1, Open-Label, Parallel-Group, Single-Dose Study to
Evaluate the Pharmacokinetics of Ledipasvir in Subjects with Normal Renal Function and
Severe Renal Impairment
Objectives:
• To evaluate the single-dose pharmacokinetics (PK) of ledipasvir (LDV) in subjects with
severe renal impairment and matched healthy control subjects
• To evaluate the safety and tolerability of a single dose of LDV in subjects with severe
renal impairment and matched healthy control subjects
Study Design: Eligible subjects for Group 1 (severe renal impairment) were enrolled and dosed
first. Once a renally impaired subject completed through Day 8, a healthy match to that subject
was enrolled into Group 2. Each subject in the control group (Group 2) was matched for age
(±10 years), gender, and body mass index (BMI) (±15%) with a subject in the severe renal
impairment group. Subjects in each group received a single dose of LDV (90 mg) under fasted
conditions on Day 1. A follow-up visit occurred 10 to 14 days after study drug dosing.
Formulation: 90-mg LDV tablet (Lot#: CF1203B1)
PK Sampling: Intensive PK sampling occurred relative to LDV dosing on Day 1. Blood PK samples

were collected at the following time points: Predose (≤ 5 min), 0.5, 1, 2, 3, 4, 6, 8, 10, 12, 16, 20, 24, 48,
72, 96, 120, 144 and 168 hours postdose. Urine PK samples were collected as follows: predose, at 0-6,
6-12, 12-24, 24-48, 48-72, 72-96, 96-120, 120-144, 144-168 hours collection intervals postdose.

Analytical methods: Concentrations of LDV in plasma samples were determined using a fully
validated high-performance liquid chromatography-tandem mass spectroscopy (LC-MS/MS)

66

Reference ID: 3540737

bioanalytical method. All samples were analyzed in the timeframe supported by frozen stability
(b) (4)
storage data. The assay for LDV was performed and validated
The standard curve and QC data indicated that the plasma and urine assay method
for LDV were precise and accurate as shown in the following table. Urine PK data were not
analyzed.
Table 1: Bioanalytical Assay Validation for LDV
Parameter

Plasma LDV

Linear Range (ng/mL)

1–2000

Lower Limit of Quantitation (ng/mL)

1

Interassay Precision Range (%CV)

1.4–3.2

Interassay Accuracy Range (%RE)

0.0–2.8

Stability in Frozen Matrix (days)

366 days at –70°C and –20°C

Pharmacokinetic Results: Table 2 presents single-dose LDV PK parameters following singledose administration of LDV 90 mg in subjects with severe renal impairment and normal renal
function. Mean or median PK parameters were similar between both groups.
Table 2: LDV Plasma PK Parameters Following Administration of LDV in Subjects with
Severe Renal Impairment and Normal Renal Function
Mean (%CV)
LDV PK Parameter

Severe Renal Impairment
(N = 10)

Normal Renal Function
(N = 9)b

12.18 (40.9)

9.78 (32.7)

AUClast (ng•h/mL)

11,403.9 (30.2)

11,608.2 (39.7)

AUCinf (ng•h/mL)

13,162.0 (35.0)

12,875.1 (40.0)

311.2 (30.2)

341.7 (32.7)

6.00 (4.00, 6.02)

6.00 (4.00, 6.00)

18.49 (51.53)

15.77 (48.67)

Tlast (h)a

168.00 (168.00, 168.02)

168.00 (168.00, 168.00)

t1/2 (h)a

59.50 (49.40, 67.89)

54.90 (52.07, 62.13)

640,348.1 (28.8)

687,698.9 (65.3)

8058.9 (24.9)

8051.5 (58.0)

7672.6 (38.4)

8515.9 (54.7)

97.1 (35.6)

101.3 (48.5)

%AUCexp (%)

Cmax (ng/mL)
Tmax (h)a
Clast (ng/mL)

Vz/F (mL)
Weight normalized Vz/F (mL/kg)
CL/F (mL/h)
Weight normalized CL/F (mL/h/kg)
a
b

Median (Q1, Q3)
Excludes Subject 7588-2002

Ledipasvir exposure for 1 subject in the control group (Subject 7588-2002, normal renal
function) was unexpectedly lower (~30-fold) compared to the mean exposure of the group.
Pharmacokinetic parameters dependent on AUC (eg, CL/F) were also correspondingly deviant
from the group mean. Ledipasvir Tmax, t1/2, and %AUCexp were comparable to the rest of the
67

Reference ID: 3540737

group. The sponsor’s investigation did not reveal any clinical or bioanalytical findings. Analyses
have been conducted with and without this subject. Inclusion of this individual into analyses
resulted in a modest increase in %GMR (renal impaired/normal renal function) and significantly
increased variability (with upper 90% CI > 200%). However, evaluation of the paired subject
with severe renal function showed results comparable to the rest of the severe renal impairment
group as well as those with normal renal function. As such, summary statistics and comparisons
are presented excluding this subject.
Table 3 presents statistical comparisons of the primary LDV PK parameters following
administration of single-dose LDV in subjects with severe renal impairment and control subjects
with normal renal function. The geometric least-squares mean (GLSM) values of AUCinf,
AUClast, and Cmax were similar in both groups, with GLSM ratios near 100% and 90%
confidence intervals (CIs) for the GLSM ratios crossing 100% for all parameters. Although the
90% CIs are wide, the data do not warrant LDV dose adjustment for renally impaired subjects.
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Table 3: Statistical Evaluations of LDV Plasma PK Parameters Following Administration
of LDV in Subjects with Severe Renal Impairment and Normal Renal Function
LDV
PK Parameter

%GLSM Ratio
(Impaired/Normal)

90% CI

Severe Renal
Impairment
(N = 10)

Normal Renal
Function
a
(N = 9)

298.49

323.26

92.34

70.24, 121.39

AUCinf (ng•h/mL)

12,447.25

11,787.17

105.60

75.32, 148.05

AUClast (ng•h/mL)

10,914.68

10,628.88

102.69

74.05, 142.40

Cmax (ng/mL)

a

GLSM

Excludes Subject 7588-2002.

Mean LDV protein binding (% free and % bound) was determined in all subjects at 4 or 6 hours
postdose; protein binding was assessed at Tmax whenever possible or at the time point closest
to Tmax for each subject.
The mean (SD) % free and % bound LDV values were 0.01% (0.019%) and 99.99% (0.032%),
respectively, for subjects with severe renal impairment, and 0.01% (0.043%) and 99.99
(0.032%), respectively, for subjects with normal renal function. These results demonstrated a
lack of alteration of LDV protein binding in subjects with severe renal impairment.
Conclusion: No dose adjustment is necessary for LDV in subjects with any degree of renal
impairment. Because LDV is highly protein bound, dialysis is not expected to significantly affect
LDV exposure.

4.2.4 Extrinsic Factors
4.2.4.1 GS-US-344-0102: A Phase 1, Open-Label, Pharmacokinetic Drug-Drug Interaction
Study Between GS-5885 and Antiretrovirals Efavirenz/Emtricitabine/Tenofovir Disoproxil
Fumarate (EFV/FTC/TDF), a Boosted Protease Inhibitor, Darunavir plus Ritonavir (DRV/r),
a Non-Nucleoside Reverse Transcriptase Inhibitor, Rilpivirine (RPV), an Integrase
Inhibitor, Raltegravir (RAL), and Between Sofosbuvir/GS-5885 FDC and a Boosted
Integrase Inhibitor Elvitegravir plus Cobicistat (EVG+COBI) or a Boosted Protease
Inhibitor, Atazanavir plus Ritonavir (ATV+RTV)
Objectives: To evaluate the drug-drug interactions between LDV (formerly GS-5885) and
efavirenz/emtricitabine/tenofovir disoproxil fumarate (EFV/FTC/TDF), darunavir plus ritonavir
(DRV/r), rilpivirine (RPV), raltegravir (RAL), and Between SOF/LDV FDC and elvitegravir plus
cobicistat (EVG+COBI) or atazanavir plus ritonavir (ATV+RTV)
Study Design: A total of 168 subjects were enrolled and randomized in the study. Eligible
subjects were enrolled in 1 of the following 6 cohorts:
Cohort 1:
Subjects (n=30) were randomized to 1 of 2 treatment sequences and received 2 of the
treatments described below:
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Treatment A: LDV administered in the morning with food
Treatment B: EFV/FTC/TDF administered in the morning under fasted conditions
Treatment C: LDV administered in the morning with food plus EFV/FTC/TDF administered in the
morning under fasted conditions (LDV was given 2 hours after EFV/FTC/TDF administration)

Cohort 2:
Subjects (n=24) were randomized to 1 of 6 treatment sequences and received the 3 treatments
as described below:
Treatment A: LDV administered in the morning with food
Treatment D: DRV/r administered in the morning with food
Treatment E: LDV+DRV/r administered in the morning with food

Cohort 3:
Subjects (n=24) were randomized to 1 of 6 treatment sequences and received the 3 treatments
as described below:
Treatment A: LDV administered in the morning with food
Treatment F: RPV administered in the morning with food
Treatment G: LDV+RPV administered in the morning with food

Cohort 4:
Subjects (n=30) were randomized to 1 of 6 treatment sequences and received the 3 treatments
as described below:
Treatment A: LDV administered in the morning with food
Treatment H: RAL administered in the morning and evening with food
Treatment I: LDV+RAL administered in the morning with food; RAL also administered in the
evening with food
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Cohort 5:
Subjects (n=30) were randomized to 1 of 6 treatment sequences and received the 3 treatments
as described below:
Treatment J: SOF/LDV administered in the morning with food
Treatment K: EVG+COBI administered in the morning with food
Treatment L: SOF/LDV+EVG+COBI administered in the morning with food

Cohort 6:
Subjects (n=30) were randomized to 1 of 6 treatment sequences and received the 3 treatments
as described below:
Treatment J: SOF/LDV administered in the morning with food
Treatment M: ATV/r administered in the morning with food
Treatment N: SOF/LDV+ATV/r administered in the morning with food
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Formulation:
EVG
(tablet)
150 mg

ATRa
ATVa
DRVa
(tablet)
(capsule) (tablet)
EFV 600 mg FTC 300 mg
400 mg
200 mg TDF 300
mg

Strength

LDV
(tablet)
90 mg

SOF/LDV
COBI
(tablet)
(tablet)
SOF 400 mg 150 mg
LDV 90 mg

Lot No.

CF1203 B1 AJ1101G1 DK1202B2

BB1004B2 000475

Expiration
Date

October
2013

April 2013

December May 2014
2014

December 2015 July 2014 February
2014

RALa
(tablet)
400 mg

RPVa
(tablet)
25 mg

141212E/ H011486 BLLOE00
200942E
February June 2014 May 2014
2014/June
2014

(b) (4)

Manufacturer
/ Supplier

Site of
Release in
Europe

2G5022A 2EG854

RTVa
(tablet)
100 mg

(b) (4)

Gilead Sciences
td - Cork IDA
Business Park,
Carrigtohill,
County Cork,
reland

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

ATR = Atripla; ATV = atazanavir; COBI = cobicistat; DRV = darunavir; EVG = elvitegravir; LDV =
ledipasvir; NA = not applicable; RAL = raltegravir; RPV = rilpivirine;
RTV = ritonavir; SOF = sofosbuvir a
Commercial product

PK Sampling;
Cohort 1:
Treatment Sequence AC:
• Day 14: Serial blood samples were collected relative to LDV administration in the
morning as follows: predose (≤ 5 min) and at 0.5, 1, 2, 3, 4, 6, 8, 10, 12, 14, 16, 20, and
24 hours postdose.
• Day 29: Serial blood samples were collected relative to EFV/FTC/TDF administered in
the morning as follows: predose (≤ 5 min) and at 0.25, 0.5, 0.75, 1, 1.5, 2 (predose
relative to LDV), 2.5, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, and 26 hours postdose.
Treatment Sequence BC:
• Day 14: Serial blood samples were collected relative to EFV/FTC/TDF administered in
the morning as follows: predose (≤ 5 min) and at 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 6, 8,
10, 12, 14, 16, 20, and 24 hours postdose.
• Day 29: Serial blood samples were collected relative to EFV/FTC/TDF administered in
the morning as follows: predose (≤ 5 min) and at 0.25, 0.5, 0.75, 1, 1.5, 2 (predose
relative to LDV), 2.5, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, and 26 hours postdose.
Cohorts 2 through 4:
All Treatment Sequences:
Days 10, 20, and 30: Serial blood samples were collected relative to study drug administration
in the morning as follows: predose (≤ 5 min) and at 0.5, 1, 2, 3, 4, 6, 8, 10, 12, 14, 16, 20, and
24 hours postdose.
Cohorts 5 and 6:
All Treatment Sequences:
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Days 10, 20, and 30: Serial blood samples were collected relative to study drug administration
in the morning as follows: predose (≤ 5 min) and at 0.25, 0.5, 1, 2, 3, 4, 6, 8, 10, 12, 14, 16, 20,
and 24 hours postdose.
Analytical Methods: Concentrations of SOF, GS-566500, GS-331007, LDV, EVG, COBI, FTC,
TFV, ATV, DRV, RTV, EFV, RPV, and RAL in plasma samples were determined using fully
validated high-performance liquid chromatography-tandem mass spectroscopy bioanalytical
methods. All samples were analyzed in the time frame supported by frozen stability storage
data. The assays for SOF, GS-566500, GS-331007, LDV, EVG, COBI, FTC, TFV, ATV, DRV,
(b) (4)
RTV, EFV, RPV, and RAL were all performed and validated

The standard curve and QC data indicated that the plasma assay methods for SOF, GS566500, GS-331007, LDV, EVG, COBI, FTC, TFV, ATV, DRV, RTV, EFV, RPV, and RAL were
precise and accurate as shown in the following table.
Table 1 Summary of Quality Control (QC) Results
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Pharmacokinetic Results:
HIV Antiretrovirals: Tables 2 to 12 show the PK parameters of HIV antiretroviral drugs with or
without LDV or SOF/LDV.
Table 2: EFV Plasma Pharmacokinetic Parameters Following Administration of
EFV/FTC/TDF Alone and in Combination with LDV (Cohort 1)

Table 3: FTC Plasma Pharmacokinetic Parameters Following Administration of
EFV/FTC/TDF Alone and in Combination with LDV (Cohort 1)

74

Reference ID: 3540737

Table 4: TFV Plasma Pharmacokinetic Parameters Following Administration of
EFV/FTC/TDF Alone and in Combination with LDV (Cohort 1)

Table 5: DRV Plasma Pharmacokinetic Parameters Following Administration of DRV/r
Alone and in Combination with LDV (Cohort 2)

Table 6: RTV Plasma Pharmacokinetic Parameters Following Administration of DRV/r
Alone and in Combination with LDV (Cohort 2)
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Table 7: RPV Plasma Pharmacokinetic Parameters Following Administration of RPV
Alone and in Combination with LDV (Cohort 3)

Table 8: RAL Plasma Pharmacokinetic Parameters Following Administration of RAL
Alone and in Combination with LDV (Cohort 4)

Table 9: EVG Plasma Pharmacokinetic Parameters Following Administration of
EVG+COBI Alone and in Combination with SOF/LDV (Cohort 5)
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Table 10: COBI Plasma Pharmacokinetic Parameters Following Administration of
EVG+COBI Alone and in Combination with SOF/LDV (Cohort 5)

Table 11: ATV Plasma Pharmacokinetic Parameters Following Administration of ATV/r
Alone and in Combination with SOF/LDV (Cohort 6)

Table 12: RTV Plasma Pharmacokinetic Parameters Following Administration of ATV/r
Alone and in Combination with SOF/LDV (Cohort 6)
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A summary of the effect of LDV and SOF/LDV on PK of HIV ARVs is presented in the Tables 13
and 14, respectively. “↔” presented in these tables indicate that the 90% CI of %GLSM ratio is
within 80% to 125%.
Table 13: Summary of the Effect of LDV (% change (90% CI)) on PK of HIV ARVs
EFV/FTC/TDF+LDV

PK Parameter
EFV
AUCtau
(ng•h/mL)

FTC

↔

↔

Cmax (ng/mL)

↔

↔

Ctau (ng/mL)

↔

↔

DRV/r+LDV

TFV

DRV

↑38%

↔

(↑23%-↑55%)
↔
↑55%
(↑35%-↑77%)

↔
↔

RTV
↑37%
(↑22%-↑55%)
↑33%
(↑20%-↑47%)
↑33%
(↑7%-↑66%)

RAL +
LDV
RAL

RPV +
LDV
RPV

↓15%

↔

(↓30%-↑2%)
↓18%
(↓34%-↑2%)
↑15%
(↓10%-↑46%)

↔
↔

Note: “<->” indicates that the 90% CI of %GLSM ratio is within 80% to 125%

Table 14: Summary of the Effect of SOF/LDV (% change (90% CI)) on PK of HIV ARVs
PK Parameter
AUCtau
(ng•h/mL)

EVG+COBI+SOF/LDV
EVG
COBI
↔

↑ 59%

ATV/r+SOF/LDV
ATV
RTV
↑33%

(↑49%-↑70%)
(↑25%-↑42%)
↔
↔
↔
Cmax (ng/mL)
↑36%
↑325%
↑75%
Ctau (ng/mL)
(↑23%-↑49%)
(↑247%-↑422%)
(↑58%-93%)
Note: “<->” indicates that the 90% CI of %GLSM ratio is within 80% to 125

↔
↔
↑56%
(↑42%-71%)

Pharmacokinetic results from this study demonstrated that
• Coadministration of ARVs with LDV did not alter the PK of EFV or FTC (given as
components of a FDC of EFV/FTC/TDF in Atripla), DRV or RPV
• Increases in TFV AUCtau and Ctau of approximately 38% and 55%, respectively, were
observed following coadministration of EFV/FTC/TDF and LDV; TFV Cmax remained
comparable in both treatments (administration separated by 2 hours)
• Increases in RTV PK (33% to 37%) were observed upon administration of DRV/r with
LDV. The magnitude of an increase in RTV in conjunction with a lack of effect of LDV on
DRV does not warrant dose adjustment.
• Raltegravir mean AUCtau and Cmax were 15% and 18% lower, respectively, upon
administration in conjunction with LDV. The decrease in RAL exposure was comparable
or less than that observed when RAL was coadministered with RTV-boosted tipranavir
(18%, 24%, and 54% decreases in Cmax, AUC0-12, and Ctau, respectively) or EFV
(36%, 36%, and 21% decrease in Cmax, AUCinf, and Ctau, respectively), which did not
necessitate RAL dose adjustment and suggested that the decreases observed in
AUCtau and Cmax when RAL was coadministered with LDV are not clinically significant.
• Administration of SOF/LDV with EVG plus COBI resulted in 59% and 325% higher COBI
AUCtau and Ctau, respectively, and approximately 36% higher Ctau for EVG. No
changes in any other PK parameters of EVG or COBI were observed. Because
EVG/COBI is marketed as a part of Stribild® (EVG/COBI/FTC/TDF), potential additive
drug interactions in combination with TDF should be considered, since COBI also
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•

increases tenofovir exposures. As such, a dose recommendation regarding concomitant
use with Stribild cannot be made at this time.
Concomitant dosing of SOF/LDV with ATV/r resulted in approximately 56% higher RTV
Ctau, 33% ATV AUCtau and 75% ATV Ctau. The magnitude of increase in ATV Ctau
with SOF/LDV was similar to that observed with telaprevir; coadministration of ATV/r
with telaprevir resulted in approximately 85% higher Cmin, which did not warrant dose
adjustment. For protease inhibitors, adverse effects are generally correlated with Cmax
thus, a 33% increase in ATV AUCtau and 75% increase in ATV Ctau without a change in
ATV Cmax by coadministration of SOF/LDV would not warrant a dose adjustment.

Reviewer’s Note: Drug interaction between ATR and LDV was conducted with 2 hours
separation in administration, and thus may underestimate the magnitude of effect of LDV on
TFV exposures if they are administered simultaneously.
SOF, GS-566500, and GS-331007:
Table 15 presents summary PK parameters of SOF, GS-56650, and GS-331007 following
administration of SOF/LDV alone or in combination with EVG+COBI (Cohort 5).
Table 15: Summary PK parameters of SOF, GS-56650, and GS-331007 Following
Administration of SOF/LDV Alone or in Combination with EVG+COBI (Cohort 5)
PK
Parameter

SOF Mean (%CV)
SOF/LDV
Alone
(N = 30)

SOF/LDV +
EVG+COBI
(N = 29)

AUCtau
(ng•h/mL)

2817.7 (40.4)

3716.6 (32.0)

Cmax

1518.2 (53.5)

1949.2 (42.1)

Ctau

NA

NA

a
Tmax (h)
a
Tlast (h)
a
t1/2 (h)

2.0 (1.0, 3.0)

2.0 (1.0, 3.0)

CLss/F
(mL/h)

GS-56650 Mean (%CV)
SOF/LDV
Alone
(N = 30)

GS-331007 Mean (%CV)

SOF/LDV +
EVG+COBI
(N = 29)

SOF/LDV Alone
(N = 30)

SOF/LDV +
EVG+COBI (N =
29)

3170.5 (20.3)

3811.6 (22.8)

11,306.8 (17.7)

16,394.1 (19.1)

678.0 (19.3)

820.1 (58.5)

889.9 (18.0)

1231.0 (47.5)

11.3 (54.5)

332.9 (20.8)

511.7 (22.6)

3.00 (2.00, 3.00)

3.00 (2.00, 4.00)

4.00 (4.00, 4.00)

4.00 (3.00, 4.00)

6.00 (4.00, 6.00) 6.00 (6.00, 6.00)

16.0 (16.0, 20.0)

24.0 (24.0, 24.0)

24.0 (24.0, 24.0)

24.0 (24.0, 24.0)

0.50 (0.44, 0.55) 0.53 (0.45, 0.62)

2.90 (2.62, 3.38)

5.35 (4.46, 6.32)

29.87 (27.13, 38.13)

32.14 (27.69, 38.95)

164,985.4 (42.4) 116,345.3 (26.2)

NA

NA

NA

NA

20.0

a

Median (Q1, Q3)
NA = not applicable

Table 16 presents summary PK parameters of SOF, GS-56650, and GS-331007 following
administration of SOF/LDV alone or in combination with ATV/r (Cohort 6).
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Table 16: Summary PK parameters of SOF, GS-56650, and GS-331007 Following
Administration of SOF/LDV Alone or in Combination with ATV/r (Cohort 6)
PK
Parameter

SOF Mean (%CV)

GS-56650 Mean (%CV)

SOF/LDV
Alone
(N = 30)

SOF/LDV +
EVG+COBI (N
= 29)

AUCtau
(ng•h/mL)

2854.8 (27.3)

3072.6 (24.4)

Cmax
(ng/mL)

1709.7 (50.2)

SOF/LDV
Alone
(N = 30)

GS-331007 Mean (%CV)

SOF/LDV +
EVG+COBI
(N = 29)

SOF/LDV Alone
(N = 30)

SOF/LDV +
EVG+COBI

3187.2 (23.1)

3595.0 (22.4)

11,185.1 (18.3)

13,979.8 (28.1)

1604.0 (47.0)

658.3 (29.3)

729.1 (25.6)

875.2 (21.0)

991.1 (21.2)

Ctau (ng/mL) NA

NA

1.1 (305.7)

10.9 (56.0)

342.0 (22.2)

446.8 (32.3)

a
Tmax (h)

2.00 (1.00, 2.00)

2.00 (1.00, 2.00)

3.00 (2.00, 3.00)

3.00 (2.00, 3.00)

4.00 (3.00, 4.00)

4.00 (3.00, 4.00)

a
6.00 (4.00, 6.00)
Tlast (h)
a
0.51 (0.45, 0.57)
t1/2 (h)
CLss/F (mL/h) 150,184.2 (26.4)

6.00 (6.00, 6.00)

20.0 (16.0, 20.0)

24.0 (24.0, 24.0)

24.0 (24.0, 24.0)

24.0 (24.0, 24.0)

0.55 (0.49, 0.66)

3.19 (2.87, 4.04)

5.53 (4.70, 7.64)

28.57 (22.65, 34.07)

29.56 (23.46, 35.99)

137,899.1 (24.5)

NA

NA

NA

NA

(N = 29)

a

Median (Q1, Q3)
NA = not applicable

As shown in the Table 17, modest increases in SOF (33% to 36%) and GS-331007 (33% to
53%) were observed following administration of SOF/LDV with EVG+COBI. Coadministration
of ATV/r with SOF/LDV did not affect the PK of SOF or GS-566500, but increased the
AUCtau and Ctau of GS-331007 by 23% and 28%. These changes are less than the effect of
mild renal impairment on the PK parameters of SOF and its metabolites, and are not
considered clinically significant.
Table 17: Summary of the Effect of HIV ARVs (% change (90% CI)) on PK of SOF and its
Metabolites
PK Parameter
AUCtau
(h·ng/mL)
Cmax (ng/mL)
Ctau (ng/mL)

EVG+COBI+SOF/LDV
SOF
GS-566500
GS-331007
↑ 36%
↑ 44%
↔
(↑21%-↑52%)
(↑41%-↑48%)
↑ 33%
(↑14% -↑56%)
NA

↔
NA

↑ 33%
(↑22%-↑44%)
↑ 53%
(↑47%-↑59%)

SO
↔

ATV/r+SOF/LDV
GS-566500
GS-331007
↑23%
↔
(↑18%-↑29%)

↔

↔

↔

NA

NA

↑28%
(↑21%-↑36%)

NA = not applicable
Note: “<->” indicates that the 90% CI of %GLSM ratio is within 80% to 125

LDV: Tables 18 to 28 show the PK parameters of HIV Antiretroviral drugs with or without LDV or
SOF/LDV.
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Table 18: LDV Plasma Pharmacokinetic Parameters Following Administration of LDV
Alone and in Combination with EFV/FTC/TDF (Cohort 1)
Mean (%CV)

LDV PK Parameter
LDV Alone
(N = 15)

LDV+EFV/FTC/TDF
(N = 14)

AUCtau (ng•h/mL)

9271.2 (42.1)

7488.9 (59.7)

Cmax (ng/mL)

541.9 (39.1)

444.6 (56.2)

Ctau (ng/mL)

315.1 (45.6)

251.5 (69.2)

a

Tmax (h)

4.00 (4.00, 6.00)

6.00 (4.00, 6.00)

Tlast (h)

24.00 (24.00, 24.00)

24.00 (24.00, 24.00)

t1/2 (h)
CLss/F (mL/h)

58.23 (39.62, 76.32)

45.12 (31.20, 63.19)

11,174.0 (35.8)

15,611.7 (49.2)

a

a

a

Median (Q1, Q3)

Table 19: LDV Plasma Pharmacokinetic Parameters Following Administration of LDV
Alone and in Combination with DRV/r (Cohort 2)
Mean (%CV)

LDV PK Parameter

AUCtau (ng•h/mL)

LDV+DRV/r
(N = 23)

8395.2 (33.1)

11,637.3 (30.5)

Cmax (ng/mL)

476.3 (28.4)

693.1 (28.2)

Ctau (ng/mL)

293.8 (38.9)

408.3 (35.0)

a

Tmax (h)

6.00 (4.00, 6.00)

4.00 (4.00, 6.00)

Tlast (h)

24.0 (24.0, 24.0)

24.0 (24.0, 24.0)

51.78 (35.72, 66.56)

63.14 (43.50, 88.58)

11,787.7 (31.1)

8420.4 (29.5)

a

a

t1/2 (h)
CLss/F (mL/h)
a

LDV Alone
(N = 23)

Median (Q1, Q3)

Table 20: LDV Plasma Pharmacokinetic Parameters Following Administration of LDV
Alone and in Combination with RPV (Cohort 3)
Mean (%CV)

LDV PK Parameter
LDV Alone
(N = 23)
AUCtau (ng•h/mL)

8883.8 (35.7)

8202.6 (24.3)

Cmax (ng/mL)

500.8 (29.0)

469.1 (21.9)

Ctau (ng/mL)

312.3 (43.5)

289.2 (30.0)

Tmax (h)

4.00 (4.00, 6.00)

4.00 (4.00, 6.00)

Tlast (h)

24.0 (24.0, 24.0)

24.0 (24.0, 24.0)

56.52 (38.06, 75.77)

54.80 (43.53, 74.97)

11,207.3 (30.7)

11,638.0 (25.3)

a
a

a

t1/2 (h)
CLss/F (mL/h)
a

LDV+RPV
(N = 23)

Median (Q1, Q3)
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Table 21: LDV Plasma Pharmacokinetic Parameters Following Administration of LDV
Alone and in Combination with RAL (Cohort 4)
Mean (%CV)

LDV PK Parameter
LDV Alone
(N = 29)

LDV+RAL
(N = 28)

AUCtau (ng•h/mL)

8939.3 (39.6)

8473.5 (50.3)

Cmax (ng/mL)

504.3 (38.5)

474.7 (45.4)

Ctau (ng/mL)

305.1(42.5)

283.7 (53.4)

Tmax (h)

6.00 (4.00, 6.00)

4.00 (4.00, 6.00)

Tlast (h)

24.0 (24.0, 24.0)

24.0 (24.0, 24.0)

a
a

a

t1/2 (h)
CLss/F (mL/h)
a

39.34 (31.80, 44.81)

44.58 (33.10, 57.18)

11,950.7 (45.0)

13,746.5 (54.9)

Median (Q1, Q3)

Table 22: LDV Plasma Pharmacokinetic Parameters Following Administration of SOF/LDV
Alone and in Combination with EVG+COBI (Cohort 5)
Mean (%CV)
LDV PK Parameter

SOF/LDV Alone
(N = 30)

SOF/LDV + EVG+COBI (N = 29)

AUCtau (ng•h/mL)

12,837.1 (54.8)

22,176.2 (39.4)

Cmax (ng/mL)

716.7 (48.3)

1141.4 (37.1)

Ctau (ng/mL)

477.6 (64.3)

862.4 (44.4)

a

4.00 (4.00, 6.00)

6.00 (4.00, 6.00)

a

24.0 (24.0, 24.0)

24.0 (24.0, 24.0)

56.86 (37.09, 103.18)

96.40 (73.56, 160.88)

9128.9 (54.5)

5102.3 (64.4)

Tmax (h)
Tlast (h)
t1/2 (h)

a

CLss/F (mL/h)
a

Median (Q1, Q3)

Table 23: LDV Plasma Pharmacokinetic Parameters Following Administration of SOF/LDV
Alone and in Combination with ATV/r (Cohort 6)
Mean (%CV)
LDV PK Parameter

SOF/LDV Alone
(N = 30)

SOF/LDV+ATV/r
(N = 30)

AUCtau (ng•h/mL)

11,856.5 (52.5)

24,261.0 (35.8)

Cmax (ng/mL)

660.7 (43.5)

1273.8 (32.0)

Ctau (ng/mL)

429.1 (57.8)

960.8 (40.0)

a

4.00 (4.00, 6.00)

4.00 (4.00, 6.00)

a

24.0 (24.0, 24.0)

24.0 (24.0, 24.0)

63.45 (44.29, 100.28)

103.74 (63.66, 217.18)

9210.8 (40.3)

4254.4 (41.6)

Tmax (h)
Tlast (h)
t1/2 (h)

a

CLss/F (mL/h)
a

Median (Q1, Q3)
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As shown in the Table 24, LDV plasma exposure parameters were higher (39% to 45%)
following administration of LDV with DRV/r, relative to LDV dosing alone. In contrast, the
magnitude of an increase in LDV PK was higher following dosing of SOF/LDV with EVG+COBI
or with ATV/r. Briefly, LDV exposures were approximately 63% to 91% higher in the presence of
EVG+COBI and 98% to 136% higher with ATV/r.
Table 24: Summary of the Effect of HIV ARVs (% change (90% CI)) on PK of LDV
PK
Parameter

EFV/FTC/TDF+
LDV

DRV/r + LDV
RPV+LDV RAL+LDV
LDV
LDV

LDV
LDV
↓
24%
↑
39%
AUCtau
↔
↔
(↓15%-↓32%)
(↑28%-↑49%)
(ng•h/mL)
↓ 23%
↑ 45%
↔
↔
Cmax (ng/mL)
(↓14%-↓30%)
(↑34%-↑56%)
↓ 28%
↑ 39%
↔
↔
Ctau (ng/mL)
(↓17%-↓37%)
(↑29%-↑51%)
Note: “<->” indicates that the 90% CI of %GLSM ratio is within 80% to 125

EVG+COBI+
SOF/LDV

ATV/r +
SOF/LDV

SOF/LDV
↑ 78%
(↑64%-↑94%)
↑ 63%
(↑51%-↑75%)
↑ 91%
(↑76%-↑108%)

SOF/LDV
↑ 113%
(↑89%-↑140%)
↑ 98%
(↑78%-↑120%)
↑ 136%
(↑108%-↑167%)

The use of LDV with DRV/r, EVG+COBI or ATV/r is acceptable based on the following:
• The use of P-gp inhibitors has been permitted in all HCV-infected subjects in the
LDV/SOF Phase 2/3 clinical program. No serious AEs were reported despite 2.4-fold
higher LDV exposure in females (N=7) on chronic P-gp inhibitors vs. males not on P-gp
inhibitors (N=1252)
• In the thorough QT study (GS-US-344-0109, n =59, 30% females) 120 mg of LDV was
given twice daily for 10 days, no Grade 3 or 4 or serious AEs occurred during the study
despite 4-fold higher LDV exposures vs. LDV 90 mg QD and exposures were higher
than in females on chronic P-gp inhibitors.
Conclusion:
• Dose modification of EFV, FTC, DRV/r, RPV, RAL or ATV/r is not warranted upon
coadministration with SOF/LDV.
• LDV increased TFV systemic exposures. The recommendation for coadministration
of these agents is pending further evaluation.
• Coadministration of EVG+COBI with SOF/LDV resulted in a 2-way drug PK interaction.
The mechanism for this interaction is currently unknown; additional evaluations may be
required prior to recommending adminstration of SOF/LDV with HIV ARV regimens
that contain EVG+COBI.

4.2.4.2 GS-US-337-0127: A Phase 1 Study to Evaluate Pharmacokinetic Drug-Drug
Interactions between Sofosbuvir/Ledipasvir (SOF/LDV) Fixed-Dose Combination (FDC)
Tablet and Antiretroviral Regimens Efavirenz/Emtricitabine/Tenofovir Disoproxil
Fumarate (EFV/FTC/TDF; Atripla®) or Emtricitabine/Rilpivirine/Tenofovir Disoproxil
Fumarate (FTC/RPV/TDF; Complera®), and the Relative Bioavailability and
Pharmacokinetics of SOF/LDV FDC upon Administration with a Representative H2Receptor Antagonist or a Proton Pump Inhibitor
Objectives:
• To evaluate the pharmacokinetics (PK) of sofosbuvir (SOF) and ledipasvir (LDV) upon
administration of SOF/LDV fixed-dose combination (FDC) with Atripla® (ATR;

83

Reference ID: 3540737

•
•

efavirenz/emtricitabine/tenofovir disoproxil fumarate [EFV/FTC/TDF]) or Complera®
(CPA; FTC/rilpivirine [RPV]/TDF)
To evaluate the PK of EFV, RPV, FTC, and tenofovir (TFV) upon administration of ATR
or CPA with SOF/LDV FDC
To evaluate the relative bioavailability and PK of SOF and LDV upon SOF/LDV FDC
administration with a representative H2-receptor antagonist (H2RA) or proton pump
inhibitor (PPI)

Study Design: Healthy subjects (n=92) were enrolled into 1 of 2 cohorts, and into 1 of 2 groups
within each cohort as follows:
Cohort 1, Group 1: Subjects (n=32) received 14 days of SOF/LDV 400 mg/90 mg (Days
1-14; Treatment A) or ATR (Days 1–14; Treatment B) once daily, followed by 14 days of
SOF/LDV+ATR (Days 15–28; Treatment C) once daily.
Cohort 1, Group 2: Subjects (n=32) received 10 days of SOF/LDV 400 mg/90 mg (Days
1-10; Treatment D) or CPA (Days 1–10; Treatment E) once daily, followed by 10 days of
SOF/LDV+CPA (Days 11–20; Treatment F) once daily.
Cohort 2, Group 1: Subjects (n=12) received a single dose of SOF/LDV 400 mg/90 mg
(Day 1; Treatment G) followed by a 10-day washout period (Days 2–11), a single dose of
SOF/LDV+famotidine (Day 12; Treatment H), followed by a 10-day washout period (Days 1322), a single dose of famotidine (Day 23 in the evening), and a single dose of SOF/LDV (Day 24
in the morning; Treatment I).
Cohort 2, Group 2: Subjects (n=16) received a single dose of SOF/LDV 400 mg/90 mg
(Day 1; Treatment J) followed by a 10-day washout period (Days 2–11), omeprazole 20 mg
administered in the morning for 5 days (Days 12–16; Treatment K), followed by a single dose of
SOF/LDV and omeprazole (Day 17; Treatment L).
For Cohort 1, Group 1 and Cohort 2, Group 2 all study drugs were administered in the morning
under fasted conditions (no food or liquids except water for at least 10 hours prior to dosing and
4 hours after dosing).
For Cohort 1, Group 2 and Cohort 2, Group 1 all study drugs were administered in the morning
within 5 minutes of completing a moderate-fat meal (approximately 600 calories, 25-30% fat).
One exception is for Cohort 2, Group 1 subjects who received a single dose of famotidine in the
evening of Day 23.
Formulation: SOF/LDV 400/90-mg tablets: Lot# DK1205B2;
EFV/FTC/TDF (ATR) 600/200/300-mg tablets: Lot# 00475; FTC/RPV/TDF (CPA) 200/25/300mg tablets: Lot# HBKP;
Famotidine 40-mg tablets: Lot# LL12129; omeprazole 20-mg tablets: Lot# H013300
PK Sampling: For Cohort 1, serial blood samples were collected on Days 14 and 28 (Group 1)
and Days 10 and 20 (Group 2). Samples for determination of SOF, GS-566500, GS-331007,
LDV, EFV, RPV, FTC, and TFV plasma concentrations were collected at the following time
points relative to dosing: predose (≤ 5 min) and 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 4.5, 5, 6, 8, 10,
12, 16, 20, and 24 hours postdose.
For Cohort 2, serial blood samples were collected on Days 1, 12, and 24 (Group 1) and Days 1
and 17 (Group 2). Samples for determination of SOF, GS-566500, GS-331007, and LDV
plasma concentrations were collected at the following time points relative to dosing: predose (≤
5 min) and 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 4.5, 5, 6, 8, 10, 12, 16, 20, 24, 48, 72, 96, 120, and
144 hours postdose.
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Urine samples for SOF, GS-566500, GS-331007, and TFV concentrations were collected
predose and 0-4, 6-12, and 12-24 hours postdose on Days 14 and 28 for Cohort 1, Group 1 and
on Days 10 and 20 for Cohort 1, Group 2.
Analytical Methods: Concentrations of SOF, GS-566500, GS-331007, LDV, EFV, RPV, FTC,
and TFV in plasma samples and SOF, GS-566500, GS-331007 and TFV in urine samples were
determined using fully validated high-performance liquid chromatography/tandem mass
spectroscopy (LC/MS/MS) bioanalytical methods. All samples were analyzed in the time frame
supported by frozen stability storage data. The assays for SOF, GS-566500, GS-331007, LDV,
(b) (4)
EFV, FTC, RPV, and TFV were performed and validated
Assay validation parameters are summarized in Table 1, Table 2, and Table 3.
Table 1: Bioanalytical Assay Validation for SOF, GS-566500, GS-331007, and LDV in
Human Plasma

a

Parameter

SOF

GS-566500

GS-331007

LDV

Linear range (ng/mL)

5 to 5000

10 to 5000

10 to 5000

1 to 2000

LLOQ (ng/mL)

5

10

10

1

Interday precision range
(%CV)

1.3 to 7.4

Interday accuracy range
(%RE)

-3.3 to 8.2

Stability in frozen matrix
(days)

485 at -70°C
and 174 at -20°C

a

a

3.3 to 9.1

a

-5.2 to 5.9

a

485 at -70°C
and 174 at -20°C

0.8 to 5.6

a

1.0 to 8.8

-0.1 to 7.5a

-7.1 to -3.6

485 at-70°C
and 174 at -20°C

623 at -20°C
and -70°C

Intraday ranges are reported.

Table 2: Bioanalytical Assay Validation for EFV, FTC, TFV and RPV in Human Plasma
Parameter

EFV

FTC

TFV

RPV

Linear range (ng/mL)

5 to 5000

5 to 3000

5 to 3000

1 to 500

LLOQ (ng/mL)

5

5

5

1

Interday precision range
(%CV)

1.5 to 6.3

1.4 to 5.7

2.4 to 6.5

2.8 to 5.7

Interday accuracy range
(%RE)

-5.2 to 7.5

-7.8 to 2.4

-4.7 to 2.0

-7.2 to 2.2

Stability in frozen matrix
(days)

1301 at-70°C
and -20°C

190 at-20°C
and -70°C

190 at-20°C
and -70°C

783 at -20°C
and -70°C

85

Reference ID: 3540737

Table 3: Bioanalytical Assay Validation for SOF, GS-566500, GS-331007, and TFV in
Human Urine

a

Parameter

SOF

GS-566500

GS-331007

TFV

Linear range (ng/mL)

10 to 10,000

10 to 10,000

10 to 10,000

500 to 200,000

LLOQ (ng/mL)

10

10

10

500

3.2 to 9.6

2.1 to 15.5

1.1 to 2.1

-4.7 to 3.8

-11.6 to -1.1

-3.7 to -0.7

133 at -70°C

133 at -70°C

225 at -20°C
and -70°C

a

Interday precision range
(%CV)

2.2 to 7.7

Interday accuracy range
(%RE)

-6.3 to 1.9

Stability in frozen matrix
(days)

178 at -70°C

a

Intraday ranges are reported

The standard curve and QC data indicated that the plasma assay methods for SOF, GS566500, GS-331007, LDV, EFV, RPV, FTC, and TFV; as well as the urine assay methods for
SOF, GS-566500, GS-331007 and TFV were precise and accurate.
Pharmacokinetic Results:
Cohort 1:
Tables 4 and 5 present the PK parameters for SOF and its metabolites following administration
of SOF/LDV or SOF/LDV+ATR under fasted conditions (Cohort 1, Group 1) and administration
of SOF/LDV or SOF/LDV+CPA with a moderate-fat meal (Cohort 1, Group 2), respectively.
Table 6 shows the PK parameters for LDV in Cohort 1. Table 7 and Table 8 show the PK
parameters of the components in ATR and CPA.
Table 4: Pharmacokinetic Parameters for SOF and its Metabolites Following
Administration of Multiple Doses of SOF/LDV or SOF/LDV+ATR (Cohort 1, Group 1)
SOF Mean (%CV)
PK
Parameter
AUCtau
(h·ng/mL)
Cmax
(ng/mL)
Clast
(ng/mL)
a
Tmax (h)

GS-566500 Mean (%CV)

GS-331007 Mean (%CV)

SOF/LDV
(N = 14)

SOF/LDV+ATR
(N = 14)

SOF/LDV
(N = 14)

SOF/LDV+ATR
(N = 14)

1673.4
(27.8)

1575.9
(30.9)

1411.6
(23.6)

1272.2
(16.3)

11,119.7
(15.0)

10,054.9
(21.0)

1529.0
(20.3)
8.69
(47.19)
0.50
(0.50, 0.75)
4.50
(4.00, 5.00)
0.49
(0.45, 0.56)
274,341.9
(27.5)
0.148
(19 0)

341.1
(22.1)
14.29
(25.63)
1.50
(1.00, 1.50)
12.00
(12.00, 12.00)
2.36
(2.18, 2.55)
NA

293.0
(15.6)
16.33
(22.30)
1.00
(1.00, 2.00)
12.00
(12.00, 12.00)
2.89
(2.55, 3.02)
NA

1062.1
(20.6)
232.02
(21.71)
3.00
(2.00, 3.00)
24.00
(24.00, 24.00)
20.43
(13.17, 24.08)
NA

917.4
(25.4)
251.60
(26.68)
3.00
(2.00, 3.00)
24.00
(24.00, 24.00)
26.40
(17.60, 33.01)
NA

0.113
(29 1)

0.117
(17 2)

0.134
(30 4)

0.155
(15 3)

1529.9
(32.2)
10.04
(57.75)
0.50
(0.50, 0.75)
a
Tlast (h)
4.75
(4.50, 5.00)
a
t1/2 (h)
0.49
(0.43, 0.53)
CLss/F
26,2046.0
(mL/h)
(35.8)
CLrenal
0.117
(L/min)
(32 3)
a
Median (Q1, Q3)
NA = not applicable

SOF/LDV
(N = 14)

SOF/LDV+ATR
(N = 14)
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Table 5: Pharmacokinetic Parameters for SOF and its Metabolites Following
Administration of Multiple Doses of SOF/LDV or SOF/LDV+CPA (Cohort 1, Group 2)
SOF Mean (%CV)
PK
Parameter
AUCtau
(h·ng/mL)
Cmax
(ng/mL)
Clast
(ng/mL)
a
Tmax (h)

GS-566500 Mean (%CV)

GS-331007 Mean (%CV)

SOF/LDV
(N = 14)

SOF/LDV+CPA
(N = 14)

SOF/LDV
(N = 14)

SOF/LDV+CPA
(N = 14)

SOF/LDV
(N = 14)

SOF/LDV+CPA
(N = 14)

3118.1
(33.0)

3506.2
(40.4)

2628.4
(20.9)

2478.4
(23.27)

11,247.3
(16.2)

12,860.1
(20.7)

1641.1
(37.7)
14.75
(47.00)
2.00
(2.00, 3.00)
6.00
(6.00, 8.00)
0.53
(0.46, 0.66)
127,153.3
(32.2)
0.152
(35.2)

544.6
(22.3)
21.28
(44.98)
3.00
(3.00, 4.00)
16.00
(12.00, 16.00)
2.37
(2.27, 2.41)
NA

511.9
(29.15)
14.29
(32.88)
4.00
(3.00, 4.50)
16.00
(16.00, 20.00)
2.59
(2.31, 2.89)
NA

867.7
(15.32)
340.23
(22.16)
4.50
(4.00, 4.50)
24.00
(24.00, 24.00)
26.83
(24.12, 33.78)
NA

916.0
(16.1)
394.49
(24.73)
4.50
(4.00, 5.00)
24.00
(24.00, 24.00)
26.90
(24.06, 38.92)
NA

0.122
(17.1)

0.109
(24.8)

0.158
(14.7)

0.131
(29.2)

1524.9
(38.0)
13.61
(66.75)
2.00
(1.50, 2.00)
a
Tlast (h)
6.00
(6.00, 6.00)
a
t1/2 (h)
0.47
(0.43, 0.54)
CLss/F
139,795.3
(mL/h)
(29.0)
CLrenal
0.171
(L/min)
(35.5)
a
Median (Q1, Q3)
NA = not applicable
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Table 6: Pharmacokinetic Parameters for LDV Following Administration of Multiple Doses
of SOF/LDV, SOF/LDV+ATR or SOF/LDV+CPA (Cohort 1, Groups 1 and 2)
Mean (%CV)

LDV PK
Parameter

Cohort 1, Group 1
SOF/LDV
(N = 14)

Cohort 1, Group 2

SOF/LDV+ATR
(N = 14)

SOF/LDV

SOF/LDV+CPA

(N = 17)

(N =15)

AUCtau
(h·ng/mL)

8073.2 (38.8)

5270.1 (35.8)

10,805.9 (26.4)

11,944.0 (30.2)

Cmax
(ng/mL)

480.5 (34.4)

314.5 (32.1)

640.0 (26.3)

659.5 (30.5)

Ctau
(ng/mL)

265.18 (42.00)

173.40 (41.37)

389.47 (28.33)

462.10 (34.26)

4.50 (4.50, 4.50)

4.50 (4.50, 4.50)

4.50 (4.50, 5.00)

5.00 (4.50, 8.00)

24.00 (24.00, 24.00)

24.00 (24.00, 24.00)

24.00 (24.00, 24.00)

24.00 (24.00, 24.00)

33.38 (27.82, 40.81)

34.06 (24.37, 45.68)

56.90 (50.19, 72.57)

67.79 (50.26, 149.61)

19,309.5 (36.6)

8928.0 (27.9)

8327.9 (36.6)

a

Tmax (h)
a

Tlast (h)
a

t1/2 (h)

CLss/F
(mL/h)
a
Median (Q1, Q3)

13,163.6 (45.5)

Table 7: EFV, FTC and TFV Plasma Pharmacokinetic Parameters Following
Administration of Multiple Doses of ATR or SOF/LDV+ATR (Cohort 1, Group 1)
EFV Mean (%CV)
PK
Parameter

FTC Mean (%CV)

TFV Mean (%CV)

ATR
(N = 17)

SOF/LDV+
ATR (N = 15)

ATR
(N = 17)

SOF/LDV+
ATR (N = 15)

ATR
(N = 17)

SOF/LDV+
ATR (N = 15)

AUCtau
(h·ng/mL)

73,041.6
(55.0)

58,052.8
(55.8)

9763.5
(21.1)

9886.4
(17.3)

2271.1
(29.0)

4399.4
(27.1)

Cmax
(ng/mL)

4427.5
(46.4)

3500.5
(41.6)

1757.4
(31.2)

1798.3
(22.0)

307.3
(35.8)

527.3
(29.9)

Ctau
(ng/mL)

2461.68
(65.48)

1893.36
(63.29)

73.93
(27.64)

76.70
(22.81)

43.58
(27.63)

113.24 (32.95)

Tmax (h)a

4.50
(4.50, 4.50)

4.0
(3.00, 4.50)

2.00
(1.50, 2.00)

1.50
(1.50, 2.00)

1.00
(1.00, 1.50)

1.00
(1.00, 1.50)

Tlast (h)a

24.0
(24.00, 24.00)

24.0
(24.00, 24.00)

24.00
(24.00, 24.00)

24.00
(24.00, 24.00)

24.00
(24.00, 24.00)

24.00
(24.00, 24.00)

t1/2 (h)a

32.55
(21.91, 43.03)

32.99
(24.42, 40.56)

10.45
(9.32, 11.56)

10.46
(9.04, 11.54)

12.55
(12.01, 13.71)

20.38
(18.47, 25.33)

CLss/F
(mL/h)

10,333.7
(42.5)

12,322.9
(33.0)

21,249.4 (18.7)

20,755.3
(15.9)

64,601.5
(26.3)

33,618.9
(31.0)

CLrenal
(mL/min)

NA

NA

NA

NA

182 (30.7)

191 (21.9)

NA = not applicable
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Table 8: FTC, RPV and TFV Plasma Pharmacokinetic Parameters Following
Administration of Multiple Doses of CPA or SOF/LDV+CPA (Cohort 1, Group 2)
FTC Mean (%CV)
PK
Parameter
AUCtau
(h·ng/mL)

CPA
(N = 14)

RPV Mean (%CV)

TFV Mean (%CV)

SOF/LDV+CPA
(N = 14)

CPA
(N = 14)

SOF/LDV+CPA
(N = 14)

CPA
(N = 14)

SOF/LDV+CPA
(N = 14)

10,453.7 (25.1) 10,913.6 (24.7)

2642.4
(41.6)

2644.9
(39.6)

3396.6
(27.5)

4782.3
(28.6)

1799.3
(19.4)

186.4
(43.6)

177.0
(40.0)

373.4
(25.7)

489.5
(24.1)

93.60 (25.70)

114.58
(44.02)
4.50
(4.00, 4.50)
24.00
(24.00, 24.00)
64.25
(53.62, 82.69)

60.95
(22.37)
2.00
(1.50, 3.00)
24.00
(24.00, 24.00)
10.01
(8.88, 10.92)

117.64
(26.37)
3.00
(2.00, 4.00)
24.00
(24.00, 24.00)
18.85
(15.86, 21.06)

Cmax (ng/mL)

1774.7
(23.8)

Ctau (ng/mL) 89.01 (27.86)
2.50
(1.50, 3.00)
24.0
(24.00, 24.00)
10.27
(8.41, 12.23)

3.00
(2.00, 4.00)
24.00
(24.00, 24.00)
10.19
(8.90, 12.01)

103.65
(45.17)
4.50
(4.00, 4.50)
24.00
(24.00, 24.00)
58.76
(46.40, 79.44)

CLss/F (mL/h)

20,153.7
(22.4)

19,241.3
(21.2)

12,348.3
(74.1)

11,628.5
(56.9)

43,044.0
(25.4)

30,867.5
(28.8)

CLrenal
(mL/min)

NA

NA

NA

NA

227 (24.9)

193 (27.7)

Tmax (h)a
Tlast (h)a
t1/2 (h)a

NA = not applicable

Cohort 2:
Table 9, 10 and 11 shows the PK parameters for SOF and its metabolites following
administration of SOF/LDV or SOF/LDV+famotidine (coadministered), SOF/LDV or
SOF/LDV+famotidine (12 h staggered), and SOF/LDV or SOF/LDV+omeprazole, respectively.
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Table 9: Pharmacokinetic Parameters for SOF and its Metabolites Following
Administration of Single Dose of SOF/LDV or SOF/LDV+Famotidine (Coadministered)
(Cohort 2, Group 1)
PK
Parameter

SOF Mean (%CV)
SOF/LDV+
Famotidine
SOF/LDV
(N = 12) (Coadministered)
(N = 12)

GS-566500 Mean (%CV)
SOF/LDV
(N = 12)

SOF/LDV+
Famotidine
(Coadministered)
(N = 12)

GS-331007 Mean (%CV)
SOF/LDV
(N = 12)

SOF/LDV+
Famotidine
(Coadministered)
(N = 12)

AUCinf
(h·ng/mL)

2516.8
(43.4)

2722.7
(31.9)

2480.5
(19.9)

2323.2
(16.2)

13,469.5
(14.6)

14,299.2
(15.3)

AUClast
(h·ng/mL)

2505.7
(43.6)

2713.0
(31.9)

2412.4
(21.0)

2266.4
(17.0)

12,958.3
(15.2)

13,780.8
(15.8)

%AUCexp

0.49
(80.91)

0.36
(40.05)

2.92
(43.77)

2.54
(48.97)

3.89
(26.05)

3.70
(25.96)

Cmax
(ng/mL)

1570.3
(40.5)

1749.3
(38.1)

577.0
(22.9)

534.9
(18.4)

654.7
(15.2)

702.8
(25.3)

Clast
(ng/mL)

15.54
(59.87)

14.81
(55.76)

20.62
(40.92)

17.13
(44.04)

12.99
(19.48)

12.12
(20.49)

a

1.50
(1.00, 2.00)

1.50
(1.25, 2.00)

3.00
(1.75, 3.50)

2.00
(1.75, 3.00)

4.00
(3.00, 4.50)

4.50
(4.00, 4.50)

a

5.50
(4.75, 6.00)

5.50
(5.00, 6.00)

12.00
(12.00, 16.00)

14.00
(12.00, 16.00)

28.03
(24.70, 30.09)

144.00
(120.00, 144.00)

0.45
(0.41, 0.52)

0.46
(0.42, 0.51)

2.39
(2.15, 2.46)

2.29
(2.23, 2.31)

120.00
(120.00, 144.00)

30.41
(27.58, 30.81)

159,661.8
(28.9)

NA

NA

NA

NA

Tmax (h)
Tlast (h)
a

t1/2 (h)

CL/F (mL/h) 180,764.6
(32.4)
a

Median (Q1, Q3)
NA = not applicable
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Table 10: Pharmacokinetic Parameters for SOF and its Metabolites Following
Administration of Single Dose of SOF/LDV or SOF/LDV+Famotidine (12 Hours Staggered)
(Cohort 2, Group 1)
SOF Mean (%CV)

PK
Parameter

GS-566500 Mean (%CV)

SOF/LDV (N
= 12)

SOF/LDV+
Famotidine
(12 h stagger)
(N = 12)

SOF/LDV
(N = 12)

AUCinf
(h·ng/mL)

2516.8 (43.4)

2326.2 (31.2)

2480.5 (19.9)

2283.6 (19.8)

SOF/LDV+
Famotidine
(12 h stagger)
(N = 12)
13,469.5 (14.6) 14,307.5 (16.1)

AUClast
(h·ng/mL)

2505.7 (43.6)

2317.6 (31.3)

2412.4 (21.0)

2220.5 (20.3)

12,958.3 (15.2)

13,754.7 (16.6)

%AUCexp

0.49 (80.91)

0.39 (53.50)

2.92 (43.77)

2.80 (51.58)

3.89 (26.05)

3.93 (20.26)

Cmax
(ng/mL)

1570.3 (40.5)

1527.3 (34.6)

577.0 (22.9)

541.3 (21.0)

654.7 (15.2)

748.8 (20.6)

Clast
(ng/mL)

15.54 (59.87)

14.48 (49.14)

20.62 (40.92)

19.64 (55.25)

12.99 (19.48)

13.31 (18.19)

a

1.50
(1.00, 2.00)

2.00
(1.00, 3.00)

3.00
(1.75, 3.50)

3.00
(1.75, 4.00)

4.00
(3.00, 4.50)

4.00
(4.00, 4.50)

a

5.50
(4.75, 6.00)

6.00
(5.00, 6.00)

12.00
(12.00, 16.00)

12.00
(12.00, 16.00)

28.03
(24.70, 30.09)

120.00
(120.00, 144.00)

t1/2 (h)

0.45
(0.41, 0.52)

0.41
(0.39, 0.46)

2.39
(2.15, 2.46)

20.00
(120.00, 144.00)

29.75
(26.52, 31.36)

CL/F (mL/h)

180,764.6
(32.4)

187,487.6
(30.7)

NA

NA

NA

Tmax (h)
Tlast (h)
a

SOF/LDV+
Famotidine
(12 h stagger)
(N = 12)

GS-331007 Mean (%CV)

2.21
(2.05, 2.33)
NA

SOF/LDV
(N = 12)

a

Median (Q1, Q3)
NA = not applicable
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Table 11: Pharmacokinetic Parameters for SOF and its Metabolites Following
Administration of Single Dose of SOF/LDV or SOF/LDV+Multiple Doses of Omeprazole
(Cohort 2, Group 2)
SOF Mean (%CV)

PK
Parameter

SOF/LDV
(N = 16)

SOF/LDV+
Omeprazole
(N = 16)

GS-566500 Mean (%CV)
SOF/LDV
(N =16)

SOF/LDV+
Omeprazole
(N = 16)

GS-331007 Mean (%CV)
SOF/LDV
(N = 16)

SOF/LDV+
Omeprazole
(N = 16)

AUCinf 1599.2 (73.6)
(h·ng/mL)

1455.9 (46.9)

1670.5 (44.0)

1356.4 (34.2)

12,312.4 (21.5)

12,840.3 (26.0)

AUClast 1592.9 (73.6)
(h·ng/mL)

1438.8 (47.5)

1622.8 (45.0)

1298.6 (36.2)

11,821.5 (22.1)

12,316.5 (26.7)

%AUCexp 0.48 (54.25)

1.30 (169.13)

3.36 (45.89)

5.04 (79.22)

4.09 (27.81)

4.20 (33.74)

Cmax
(ng/mL)

1132.5 (56.5)

1329.3 (64.8)

389.0 (34.8)

315.3 (32.3)

850.4 (23.1)

970.1 (20.2)

Clast
(ng/mL)

9.80 (52.34)

23.64 (158.53)

15.05 (29.63)

16.89 (36.25)

13.97 (25.57)

13.73 (24.59)

1.00
(0.63, 1.75)

0.75
(0.50, 1.75)

1.75
(1.50, 3.00)

1.75
(1.00, 2.50)

3.50
(2.00, 4.50)

4.00
(3.00, 4.50)

4.75
(4.25, 5.00)

5.00
(4.00, 5.50)

12.00
(12.00, 12.00)

12.00
(12.00, 12.00)

96.00
(96.00, 120.00)

96.00
(96.00, 120.00)

0.44
(0.38, 0.49)
CL/F (mL/h) 365,968.1
(62.1)

0.48
(0.38, 0.53)
341,419.6
(48.2)

2.17
(2.10, 2.35)
NA

2.22
(2.08, 2.41)
NA

23.23
(21.46, 27.92)
NA

25.57
(22.73, 28.78)
NA

a

Tmax (h)
a

Tlast (h)
a

t1/2 (h)

a

Median (Q1, Q3)
NA = not applicable

Table 12 shows the PK parameters for LDV in Cohort 2.
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Table 12 Pharmacokinetic Parameters for LDV Following Administration of Single Dose
of SOF/LDV or SOF/LDV+Famotidine or Omeprazole (Cohort 2, Groups 1 and 2)
Mean (%CV)

LDV PK
Parameter

Cohort 2, Group 1
SOF/LDV
(N = 12)

SOF/LDV+
Famotidine
(Coadministered)
(N = 12)

SOF/LDV+
Famotidine
(12-Hour Stagger)
(N = 12)

AUCinf
(h·ng/mL)

7354.9 (26.1)

7106.2 (44.7)

8000.6 (51.2)

7993.4 (66.2)

6661.1 (51.8)

AUClast
(h·ng/mL)

6521.2 (23.8)

6091.8 (41.5)

6405.4 (42.7)

7163.2 (65.8)

5696.0 (51.8)

%AUCexp

10.63 (49.43)

12.63 (50.56)

16.55 (56.28)

10.35 (41.28)

13.56 (41.15)

Cmax

218.5 (25.5)

179.8 (31.8)

186.9 (33.5)

241.5 (68.6)

176.3 (51.1)

Clast

11.21 (47.39)

12.16 (61.22)

14.68 (69.16)

11.82 (74.54)

11.34 (57.51)

4.75
(4.50, 5.50)

4.75
(4.50, 6.00)

4.75
(4.50, 5.00)

4.50
(4.50, 5.50)

5.00
(4.50, 6.00)

144.00
(144.00, 144.00)

144.00
(144.00, 144.00)

144.00
(144.00, 144.00)

144.00
(144.00, 144.00)

144.00
(144.00, 144.00)

45.54
(40.37, 56.12)

48.37
(42.90, 59.63)

58.95
(47.96, 66.57)

46.32
(40.25, 51.99)

52.97
(47.33, 57.95)

13,071.0
(26.9)

16,094.2
(55.2)

15,023.4
(61.3)

22,905.4

17,521.4

(118.2)

(50.8)

a

Tmax (h)

a

Tlast (h)

a

t1/2 (h)

CL/F (mL/h)
a

Cohort 2, Group 2
SOF/LDV
(N = 16 )

SOF/LDV+
Famotidine
(N = 16)

Median (Q1, Q3)

Statistic Summary:
Tables 13 and 14 summarize the differences in PK parameters of the evaluated ARVs, SOF, its
metabolite GS-331007, and LDV when SOF/LDV or the ARVs were administered alone
compared with when SOF/LDV was administered with each of the ARVs (Cohort 1) and when
SOF/LDV was administered alone or with acid-reducing agents (Cohort 2), respectively. GS566500 is not shown here because the pattern of exposures for GS-566500 and SOF are
similar.
The data show that
o The PK of LDV was not altered by CPA. However, a reduction (approximately 34%) in
LDV systemic exposures was observed following administration of SOF/LDV+ATR.
Additional efficacy data from an NIAID trial (GS-US-337-0116) are available in 11 male
and 2 female HIV/HCV infected subjects receiving ATR and LDV/SOF for 12 weeks. All
13 subjects achieved SVR4, suggesting no impact on efficacy of LDV/SOF when
administered with ATR.
o

The observed reduction in LDV plasma exposures following administration of
SOF/LDV+ATR did not result in significantly lower systemic exposures of SOF or its
metabolites. The PK of SOF or its metabolites was not altered by CPA.
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o
o

o

o
o

o

The PK of EFV, RPV, and FTC were not significantly altered following coadministration
of ATR or CPA with SOF/LDV.
Increases in TFV AUCtau, Cmax, and Ctau of approximately 2.0-, 1.8-, and 2.6-fold,
respectively, were observed following coadministration of ATR and SOF/LDV. Similarly,
increases in TFV AUCtau, Cmax, and Ctau of approximately 1.4-, 1.3-, and 1.9-fold,
respectively, were observed following coadministration of CPA and SOF/LDV.
Administration of SOF/LDV with famotidine 40 mg (coadministered or with a 12-hour
stagger under fed conditions) did not significantly alter the systemic exposure (AUC and
Cmax) of SOF, GS-566500, or GS-331007.
The PK parameters of SOF and GS-331007 were not altered following administration of
SOF/LDV+omeprazole (fasted conditions).
Administration of SOF/LDV+omeprazole also resulted in approximately 4% to 8% lower
LDV AUC and approximately 11% lower LDV Cmax compared with SOF/LDV alone. As
the magnitude of the reduction in LDV AUC and Cmax was small, SOF/LDV may be
simultaneously administered with omeprazole 20 mg or equivalent.
Since the onset of the antisecretory effect of H2RA and PPIs, such as famotidine and
omeprazole, occurs between 1 to 2 hours, staggered administration of SOF/LDV with
H2RA or PPIs within 2 hours may result in lower LDV concentrations. As shown in Study
GS-US-256-0110, a substantial decrease in LDV plasma exposure (~ 42% to 48% lower
AUC and Cmax) was observed upon administration of omeprazole 2 hours earlier.
Therefore, H2RA should be administered simultaneously or 12 hours apart with
SOF/LDV and PPI should be administered simultaneously with SOF/LDV.
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Table 13: Drug-Drug Interaction Evaluations between Sofosbuvir/Ledipasvir and Antiretroviral Agents (Cohort 1)
Ratio of SOF/LDV+ARV to ARV

Analyte
ARV PK Parameters

AUCtau

SOF PK Parameters

Cmax

Ctau

ATR
EFV

↔

↓13%
(↓3%−↓21%)

FTC

↔

↔

TFV

↔
↔

AUCtau

Cmax

↔

↔

↔

↔

GS-331007
PK Parameters

AUCtau

LDV
PK Parameters

AUCtau

Cmax

Ctau

AUCtau

Cmax

Ctau

↓8%
(↓21%−↑6%)

↔

↓15%
(↓24%−↓4%)

↔

↓34%
(↓25%-↓41%)

↓34%
(↓25%−↓41%)

↓34%
(↓24%−↓43%)

↔

↔

↔

↔

↔

↔

↔

↑98%
↑79%
↑163%
(↑77%−↑123%) (↑56%−↑104%) (↑137%−197%)
CPA

RPV

↔

↔

↔

FTC

↔

↔

↔

TFV

↑40%
(↑31%−↑50%)

↑32%
(↑25%−↑39%)

↑91%
(↑74%-↑110%)

Table 14: Effect of Famotidine and Omeprazole on the Pharmacokinetics of Sofosbuvir, GS-566500, GS-331007, and
Ledipasvir
Acid-Reducing
Agents

SOF PK Parameters
AUCinf

AUClast

GS-331007 PK Parameters
Cmax

AUCinf

AUClast

LDV PK Parameters

Cmax

AUCinf

AUClast

Cmax

↓13%
(↓26%-↑3%)

↓20%
(↓31%-↓7%)

Famotidine
Coadministered
Staggered
Omeprazole

↔

↔

↔

↔

↔

↔

↑15%
(↓14%-↑50%)
0%
(↓24%-↑32%)
↑12%
(↓12%-↑42%)

↔

↔

↔

↓11%
(↓24%-↑6%)

↔

↔

↔

↔

↔

↔

↔

↓4%
(↓34%-↑39%)

↓9%
(↓24%-↑9%)
↓7%
(↓35%-↑32%)

↓17%
(↓31%-0%)
↓11%
(↓39%-↑30%)

Note: 90% CIs of the %GSLM ratios were within (↔), extended above (↑), or extended below (↓) the equivalence boundaries of 80% to 125%.
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Conclusion:
• Based on the safety and PK data, SOF/LDV may be coadministered with CPA without
dose adjustment to any of the agents. However, coadministration of SOF/LDV with ATR
should be evaluated further due to the magnitude of interaction on tenofovir.
Furthermore, the efficacy of LDV when coadministered with ATR is confirmed with the
interim efficacy data from trial GS-US-337-0116, where SVR4 was attained in 13 out of
13 subjects.
• SOF/LDV may be administered with famotidine 40 mg or lower simultaneously or 12
hours apart.
• SOF/LDV may be simultaneously administered with omeprazole 20 mg equivalent or
lower. Since the onset of the antisecretory effect of PPIs, such as omeprazole, occurs
within 1 hour and the maximum effect occurs within 2 hours, staggered administration of
SOF/LDV with PPIs may result in lower LDV concentrations, and thus, is not
recommended.
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4.2.4.3 GS-US-337-0128: A Phase 1 Study to Evaluate Pharmacokinetic Drug-Drug
Interaction between Sofosbuvir/Ledipasvir (SOF/LDV) Fixed Dose Combination Tablet
(FDC) and Abacavir/Lamivudine (Epzicom®)
Objectives:
• To evaluate the pharmacokinetics (PK) of sofosbuvir (SOF) and ledipasvir (LDV) upon
administration of SOF/LDV fixed dose combination (FDC) with Epzicom®
(Abacavir/Lamivudine; ABC/3TC)
• To evaluate the pharmacokinetics of ABC and 3TC upon administration of Epzicom®
with SOF/LDV FDC
Study Design: This was a phase I, randomized, open-label, single cohort, multiple-dose study
in healthy male and female volunteers. Thirty-five subjects were enrolled in a single cohort.
Eligible subjects were randomized to 1of 2 treatment sequences and received 2 treatments. A
minimum of 17 subjects were enrolled to target 15 evaluable subjects in each sequence. The
treatments were as follows:
Treatment A: SOF/LDV FDC (400 mg/90 mg) tablet administered orally once-daily in the
morning with a moderate fat meal
Treatment B: ABC/3TC (600 mg/300 mg) tablet administered orally once-daily in the
morning with a moderate fat meal
Treatment C: SOF/LDV FDC (400 mg/90 mg) tablet plus ABC/3TC (600 mg/300 mg)
tablet administered once-daily in the morning with a moderate fat meal
The treatment sequences were as follows:
Sequence 1 (AC): Subjects received Treatment A on Days 1 through 10 followed by
Treatment C on Days 11 through 20
Sequence 2 (BC): Subjects received Treatment B on Days 1 through 10 followed by
Treatment C on Days 11 through 20
Formulation: SOF/LDV FDC (400 mg/90 mg) tablets (Lot #: DK1205B2) and
ABC/3TC (600 mg/300 mg) tablets (Lot #: 3ZP6400)
PK Sampling: Serial blood samples were collected to determine plasma concentrations
of SOF, SOF metabolites (GS-331007 and GS-566500), LDV, ABC, and 3TC on Days 10 and
20 relative to study drug administration in the morning: predose (≤ 5 minutes) and at 0.25, 0.5,
1, 2, 3, 4, 5, 6, 8, 12, 18, and 24 hours postdose.
Analytical methods: Concentrations of SOF, GS-566500, GS-331007, LDV, ABC, and 3TC in
plasma samples were determined using fully validated high-performance liquid chromatographytandem mass spectroscopy (LC/MS/MS) bioanalytical methods. All samples were analyzed in
the timeframe supported by frozen stability storage data. The assays for SOF, GS-566500,
(b) (4)
GS-331007, LDV, ABC, and 3TC were all performed and validated
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Table 1: Bioanalytical Assay Validation for Sofosbuvir, Sofosbuvir Metabolites GS566500 and GS-331007, and Ledipasvir in Human Plasma
SOF

GS-566500

Linear range (ng/mL)

5 - 2500

10 - 5000

10 - 5000

1 - 2000

Lower limit of quantitation
(ng/mL)

5

10

10

1

Interday precision range
(%CV)

2.4 to 9.7

5.1 to 7.7

2.5 to 7.2

1.0 to 8.8

Interday accuracy range
(%RE)

–5.1 to 3.4

–2.2 to 2.9

–1.0 to 2.5

-7.1 to -3.6

Parameter

Stability in frozen matrix
(days)

485 Days at
–70°C and 174
Days at –20°C

485 Days at
–70°C and 174
Days at –20°C

GS-331007

485 Days at
–70°C and 174
Days at –20°C

LDV

623 Days at 20°C and
–70°C

Table 2: Bioanalytical Assay Validation for Abacavir and Lamivudine in Human Plasma
Parameter
Linear range (ng/mL)
Lower limit of quantitation (ng/mL)

ABC

3TC

5 – 5000

2 – 2000

5

2

Interday precision range (%CV)

4.1 to 7.7

Interday accuracy range (%RE)

–7.7 to 1.5

1.3 to 7.5 a
–8.1 to 1.9 a

Stability in frozen matrix (days)

80 days at –70°C

310 days at –70°C

a

Intraday Ranges reported

The standard curve and QC data indicated that the plasma assay methods for SOF, GS566500, GS-331007, LDV, ABC, and 3TC were precise and accurate.
Pharmacokinetic Results:
Table 3 presents the PK parameters for SOF and its metabolites, and Table 4 presents the PK
parameters for LDV, ABC and 3TC, following administration of SOF/LDV or
SOF/LDV+ABC/3TC once-daily with a moderate fat meal.
Table 5 shows the statistical summary of the interaction between SOF/LDV and ABC/3TC.
Following coadministration of SOF/LDV and ABC/3TC compared to SOF/LDV or ABC/3TC
alone, no clinically significant interactions were observed in the PK of SOF, GS-566500, GS331007, LDV, ABC, or 3TC.
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Table 3: Pharmacokinetic Parameters for SOF and its Metabolites Following
Administration of Multiple Doses of SOF/LDV or SOF/LDV+ABC/3TC
SOF Mean (%CV)
PK
Parameter

SOF/LDV
(N = 16)

GS-566500 Mean (%CV)

AUCtau
(h·ng/mL)

2306.7
(42.3)

SOF/LDV+
ABC/3TC
(N = 13)
2747.3
(41.0)

Cmax
(ng/mL)
Ctau
(ng/mL)
a
Tmax (h)

1246.7
(46.1)
NA

1321.6
(42.9)
NA

534.0
(20.6)
NA

2.00
(2.00, 3.00)
6.00
(5.00, 8.00)
0.44
(0.42, 0.51)
169,249.3
(40.1)

3.00
(3.00, 3.00)
12.01
(12.00, 18.00)
2.41
(2.14, 2.57)
NA

2.51
(2.00, 3.00)
a
Tlast (h)
6.00
(5.50, 6.00)
a
t1/2 (h)
0.44
(0.40, 0.49)
CLss/F
20,6161.1
(mL/h)
(43.0)
a
Median (Q1, Q3)
NA = not applicable

SOF/LDV
(N = 16)
2426.1
(20.9)

GS-331007 Mean (%CV)

SOF/LDV+
ABC/3TC
(N = 13)
2574.2
(23.7)

SOF/LDV
(N = 16)
11,530.3
(20.4)

SOF/LDV+
ABC/3TC
(N = 13)
12,398.6
(15.9)

519.3
(20.7)
11.61
a
(0.33)
3.00
(3.00, 4.00)
18.00
(12.00, 18.00)
2.55
(2.47, 3.16)
NA

943.8
(21.8)
333.9
(24.1)
4.00
(3.00, 4.00)
24.00
(24.00, 24.00)
24.06
(19.22, 27.47)
NA

978.5
(15.5)
360.2
(18.5)
4.00
(3.00, 5.00)
24.00
(24.00, 24.00)
23.16
(21.34, 26.44)
NA

Table 4: Pharmacokinetic Parameters for LDV, ABC, and 3TC Following Administration of
Multiple Doses of SOF/LDV or SOF/LDV+ABC/3TC
LDV Mean (%CV)
PK
Parameter
AUCtau
(h·ng/mL)
Cmax
(ng/mL)
Ctau
(ng/mL)
a
Tmax (h)
Tlast (h)

a

a

t1/2 (h)

SOF/LDV
(N = 16)
10,152.4
(35.9)
624.4
(33.3)
356.5
(41.1)
5.00
(5.00, 5.00)
24.00
(24.00, 24.00)
35.15
(27.27, 42.01)

CLss/F
10,275.5
(mL/h)
(44 9)
a
Median (Q1, Q3)
b
N=3
c
N=1

ABC Mean (%CV)

SOF/LDV+
SOF/LDV
ABC/3TC
(N = 16)
(N = 13)
14,642.0
12,812.3
(22.5)
(41.0)
721.6
4134.0
(37.3)
(21.8)
480.9
10.1
b
(49.3)
(49.5)
5.00
3.00
(5.00, 6.00)
(2.00, 3.00)
24.00
15.00
(24.00, 24.00) (12.00, 18.00)
35.78
1.91
(27.88, 48.14)
(1.71, 2.65)
8221.0
42,605.4
(43.1)
(18.9)

3TC Mean (%CV)

SOF/LDV+
ABC/3TC
(N = 13)
12,908.3
(21.8)

SOF/LDV
(N = 16)
14,180.8
(18.9)

SOF/LDV+
ABC/3TC
(N = 13)
13,099.3
(13.0)

3765.9
(19.0)
8.17
c
(─)
3.00
(3.00, 3.00)
12.00
(12.00, 18.00)
1.79
(1.60, 2.07)
48,422.8
(20.1)

2815.8
(28.7)
68.4
(18.2)
3.00
(3.00, 3.00)
24.00
(24.00, 24.00)
6.88
(6.58, 7.30)
21,821.1
(17.6)

2537.2
(18.3)
75.6
(14.9)
3.00
(3.00, 4.00)
24.00
(24.00, 24.00)
7.07
(6.11, 8.38)
23,277.5
(13.3)
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Table 5: Statistical Summary of Drug Interaction between SOF/LDV and ABC/3TC
Analyte

SOF/LDV or ABC/3TC alone / SOF/LDV+ABC/3TC
%GLSM ratio (90% CI)
AUCtau

Cmax

Ctau

SOF

121.08 (108.89, 134.63)

107.54 (85.47, 135.31)

─

GS-566500

105.12 (100.05, 110.45)

98.29 (90.71, 106.51)

─

GS-331007

104.85 (100.75, 109.12)

100.13 (93.55, 107.18)

107.66 (101.33, 114.38)

LDV

118.48 (109.91, 127.72)

109.82 (101.27, 119.09)

125.96 (116.86, 135.78)

ABC

89.57 (85.32, 94.03)

92.01 (87.32, 96.94)

─

3TC

94.06 (90.24, 98.04)

93.30 (86.85, 100.24)

111.95 (104.86, 119.53)

Conclusion: No dose adjustment is required when SOF/LDV is coadministered with ABC/3TC.

4.2.4.4 GS-US-248-0125: A Phase 1 Study to Evaluate Transporter-Mediated Drug-DrugInteractions between Oral Antiviral (OAV) Combinations GS-9451/GS-5885/Tegobuvir and
Probe Drugs
Note: Only the results of the effect of rifampin, verapamil and cyclosporine on GS-5885 (LDV)
were reviewed.
Objectives:
• To evaluate the effect and drug interaction potential of LDV+ GS-9451 (VDV)+ tegobuvir
(TGV) on organic anion transporting polypeptide (OATP)/breast cancer resistance
protein (BCRP), and Pgp substrates using phenotypic probes
• To evaluate the drug interaction potential of LDV+VDV+TGV with:
o Pgp inducers (rifampin)
o Pgp inhibitors (verapamil)
o Mixed OATP/Pgp/multidrug resistance-associated protein (MRP) 2 inhibitors
(cyclosporine)
Study Design: Healthy subjects were assigned to 1 of 5 cohorts and then randomized to 1 of 2
treatment sequences within their respective cohort.
Cohort 1 (OATP substrate pravastatin and OATP/BCRP substrate rosuvastatin): Subjects
received single dose of pravastatin 40 mg, followed by a 3-day washout and a single dose of
rosuvastatin 10 mg (Treatment A), followed by a 10-day washout for Sequence AB, and VDV
200 mg (2 x 100 mg tablets) and LDV 90 mg (9 x 10 mg tablets) administered once a day plus
TGV 30 mg administered twice a day (BID) for 16 days, with a single dose of pravastatin 40 mg
administered on the 10th day and a single dose of rosuvastatin 10 mg administered on the 14th
day (Treatment B). Subjects were randomized 1:1 to receive either Treatment A→B or
Treatment B→A, with at least a 9-day washout period between treatment dosing periods.
Cohort 2 (Pgp substrate digoxin 0.25 mg and LDV+VDV+TGV): Subjects received a single dose
of digoxin 0.25 mg (1 x 0.25 mg tablet) (Treatment C) followed by a 14-day washout for
Sequence CD, and VDV 200 mg (2 x 100 mg tablet) and LDV 90 mg (9 x 10 mg tablet)
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administered once a day (QD) plus TGV 30 mg (1 x 30 mg capsule) administered BID for 13
days, with a single dose of digoxin 0.25 mg (1 x 0.25 mg tablet) administered on the 10th day
(Treatment D). Subjects were randomized 1:1 to receive either Treatment C→D or Treatment
D→C, with at least a 9-day washout period between treatment dosing periods.
Cohort 3: (Pgp inducer rifampin 600 mg and LDV+VDV+TGV): Subjects received single doses
of GS-9451 200 mg (2 x 100 mg tablet) plus GS-5885 90 mg (9 x 10 mg tablet) plus TGV 30 mg
(1 x 30 mg capsule) as Treatment E. Subjects received rifampin 600 mg (2 x 300 mg capsule)
QD for 7 days, followed by single doses of VDV 200 mg (2 x 100 mg tablet) plus LDV 90 mg (9
x 10 mg tablet) plus TGV 30 mg (1 x 30 mg capsule) on the 8th day as Treatment F. Subjects
were randomized 1:1 to receive either Treatment E→F or Treatment F→E, with 10-day washout
period between treatment dosing periods.
Cohort 4: (Pgp inhibitor verapamil sustained release (SR) 240mg and LDV+VDV+TGV):
Subjects received single doses of VDV 200 mg (2 x 100 mg tablet) plus LDV 90 mg (9 x 10 mg
tablet) plus TGV 30 mg (1 x 30 mg capsule) asTreatment G. Subjects received verapamil SR
240mg (1 x 240 mg tablet) QD for 11 days with single doses of VDV 200 mg (2 x 100 mg tablet)
plus LDV 90 mg (9 x 10 mg tablet) plus TGV 30 mg (1 x 30 mg capsule) on the 8th day
asTreatment H. Subjects were randomized 1:1 to receive either Treatment G→H or Treatment
H→G, with 10-day washout period between treatment dosing periods.
Cohort 5: (OATP/MRP2/Pgp inhibitor cyclosporine 300 mg and LDV+VDV+TGV): Subjects
received a single dose of cyclosporine 300 mg (3 x 100 mg capsule) as Treatment I. Subjects
received VDV 200 mg (2 x 100 mg tablet) and LDV 90 mg (9 x 10 mg tablet) administered QD
plus TGV 30 mg (1 x 30 mg capsule) administered BID for 12 days, with a single dose of
cyclosporine 300 mg (3 x 100 mg capsule) administered on the 10th day asTreatment J.
Subjects were randomized 1:1 to receive either Treatment I→J or Treatment J→I, with a 10-day
washout period between treatment dosing periods.
Formulation: LDV 10-mg tablets (Lot # CF1102B1)
PK Sampling: Intensive PK samplings for LDV were collected as follow:
Cohort 3, Sequence EF; Cohort 4, Sequence GH: on Days 1 and 19 at the following time points:
0 (predose), 0.5, 1, 1.5, 2, 3, 4, 4.5, 5, 6, 8, 10, 12, 18, 24, 36, 48, 72, and 96 hours postdose.
Cohort 3, Sequence FE: on Days 8 and 19 at the following time points: 0 (predose), 0.5, 1, 1.5,
2, 3, 4, 4.5, 5, 6, 8, 10, 12, 18, 24, 36, 48, 72, and 96 hours postdose.
Cohort 4, Sequence HG: on Days 8 and 22 at the following time points: 0 (predose), 0.5, 1, 1.5,
2, 3, 4, 4.5, 5, 6, 8, 10, 12, 18, 24, 36, 48, 72, and 96 hours postdose.
Cohort 5: Sequence IF: on Days 1 and 21 at the following time points: 0 (predose), 0.5, 1, 1.5,
2, 3, 4, 4.5, 5, 6, 8, 10, 12, 18, 24, 36, 48, and 72 hours postdose and on Day 20 at the following
time points: 0 (predose), 0.5, 1, 1.5, 2, 3, 4, 4.5, 5, 6, 8, 10, 12, 18, and 24 hours postdose.
Cohort 5: Sequence FI: on Days 10 and 23 at the following time points: 0 (predose), 0.5, 1, 1.5,
2, 3, 4, 4.5, 5, 6, 8, 10, 12, 18, 24, 36, 48, and 72 hours postdose and on Day 9 at the following
time points: 0 (predose), 0.5, 1, 1.5, 2, 3, 4, 4.5, 5, 6, 8, 10, 12, 18, and 24 hours postdose.
Analytical methods: Concentrations of LDV in plasma samples were determined using a
validated high-performance liquid chromatography-tandem mass spectroscopy (LC-MS/MS)
bioanalytical method. All samples were analyzed in the timeframe supported by frozen stability
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(b) (4)

storage data. The assayfor LDV was performed using validated methods

Analyte

GS-5885

Linear
range
(ng/mL)

LLOQ
(ng/mL)

Interassay
precision
range (%CV)

Interassay accuracy
range (%RE)

Stability in frozen
matrix (days)

1

1.0 to 8.8

-7.1 to -3.6

69 days at
-80°C

1–2,000

The standard curve and QC data indicated that the plasma assay method for LDV was precise
and accurate.
Pharmacokinetic Results: Mean and median single dose pharmacokinetic parameters of LDV
with or without rifampin are listed in Table 1. LDV mean exposure parameters AUC and Cmax
were substantially lower after administration of rifampin 600 mg, as compared to LDV+VDV+TGV
administration alone. Median Tmax was unchanged upon coadministration with rifampin;
median t1/2 of LDV was shorter and CL/F (absolute and weight-adjusted) was higher in the
presence of rifampin.
Table 1: Summary of LDV Single-Dose PK Parameters with or without Rifampin
LDV+VDV+TGV
(N = 32)

LDV PK Parameter

Rifampin 600 mg QD
plus LDV+VDV+TGV
(N = 31)

AUClast (ng•h/mL), Mean (%CV)

4634.2 (50.6)

1987.8 (46.8)

AUCinf (ng•h/mL), Mean (%CV)

5897.1 (54.3)

2353.2 (48.2)

Cmax (ng/mL), Mean (%CV)

193.8 (40.5)

132.8 (56.4)

Clast (ng/mL), Mean (%CV)

17.65 (68.27)

5.78 (69.67)

Tmax (h), Median (Q1, Q3)

4.50 (4.50, 5.00)

4.50 (4.50, 5.00)

Tlast (h), Median (Q1, Q3)

96.00 (96.00, 96.00)

96.00 (96.00, 96.00)

t½ (h), Median (Q1, Q3)

46.25 (37.55, 53.61)

38.49 (31.49, 47.68)

20179.8 (58.4)

47565.4 (45.5)

262.2 (52.1)

621.4 (39.2)

CL/F (mL/h), Mean (%CV)
Weight-adjusted CL/F (mL/h/kg), Mean (%CV)

Statistical summaries of LDV primary pharmacokinetic parameters when given as a DAA
combination alone and after 7 days of rifampin dosing are shown in the Table 2. Addition of
rifampin to DAAs resulted in ~ 56% lower AUClast, 59% lower AUCinf and 35% lower
Cmax of LDV, as compared to DAA administration alone.
Reviewer note: Concomitant administration of GS-5885 and GS-9451 results in ~ 2-fold
higher plasma exposure of GS-5885 (GS-US-248-0102, not reviewed); substantial reduction in
GS-9451 exposure by rifampin (not shown in the review) could have also contributed to the
decrease in GS-5885 exposure.
Table 2: Statistical Comparison of LDV PK Parameter Estimates with or without Rifampin
LDV PK

Geometric Least Squares Means
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Test Treatment
Rifampin +DAAs
(N=31)

Reference Treatment
DAAs
(N=31)

Geometric Least
Squares Mean
Ratio (%)

90%
Confidence
Interval

AUCinf (ng•h/mL)

2105.90

5109.43

41.22

35.60, 47.71

AUClast (ng•h/mL)

1792.41

4087.03

43.86

38.33, 50.17

Cmax (ng/mL)

114.50

175.98

65.06

55.60, 76.14

Parameter

Mean and median single dose pharmacokinetic parameters of LDV with or without verapamil
are listed in Table 3. LDV mean exposure parameters AUC and Cmax were higher after
administration of verapamil SR 240 mg QD, as compared to DAAs administration alone. Median
Tmax was comparable in the two treatments; median t1/2 of GS-5885 was slightly prolonged
and CL/F (absolute and weight-adjusted) was lower in the presence of verapamil.
Table 3: Summary of LDV Single-Dose PK Parameters with or without Verapamil
VDV +LDV
+ TGV
(N = 31)

Verapamil SR 240 mg QD +
VDV +LDV
+ TGV
(N = 30)

AUClast (ng•h/mL), Mean (%CV)

5963.6 (47.2)

8426.8 (34.7)

AUCinf (ng•h/mL), Mean (%CV)

8001.2 (53.9)

13304.5 (48.8)

Cmax (ng/mL), Mean (%CV)

227.4 (44.0)

274.6 (38.6)

Clast (ng/mL), Mean (%CV)

25.16 (62.91)

43.47 (47.60)

Tmax (h), Median (Q1, Q3)

4.50 (4.50, 5.00)

4.75 (4.50, 5.00)

Tlast (h), Median (Q1, Q3)

96.00 (96.00, 96.00)

96.00 (96.00, 96.00)

t½ (h), Median (Q1, Q3)

47.67 (35.14, 63.45)

59.21 (43.44, 81.85)

15390.2 (57.3)

8695.8 (54.9)

206.8 (56.4)

116.1 (53.3)

LDV PK Parameter

CL/F (mL/h), Mean (%CV)
Weight-adjusted CL/F (mL/h/kg), Mean (%CV)

Statistical summaries of LDV primary pharmacokinetic parameters when given as a triple
DAA combination alone and after 7 days of verapamil SR 240 mg QD are shown in the Table 4.
LDV AUC was about 50% to 70% higher and Cmax was about 22% higher upon administration
of DAAs with verapamil, as compared to DAA administration alone.
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Table 4: Statistical Comparison of LDV PK Parameter Estimates with or without Verapamil
LDV PK
Parameter

Geometric Least Squares Means

Geometric Least
Squares Mean
Ratio (%)

90%
Confidence
Interval

7066.49

166.84

151.96, 183.17

7884.70

5413.66

145.64

132.45, 160.15

254.36

208.75

121.85

111.98, 132.58

Test Treatment
Verapamil +DAAs
(N=30)

Reference Treatment
DAAs
(N=30)

AUCinf (ng•h/mL)

11789.54

AUClast (ng•h/mL)
Cmax (ng/mL)

Mean and median steady-state pharmacokinetic parameters of LDV with or without single dose
of cyclosporine are listed in Table 5. LDV mean exposure parameters AUC and Cmax were
similar upon coadministration with a single dose of cyclosporine 300 mg, as compared to DAA
administration alone.
Table 5: Summary of LDV Multiple-Dose PK Parameters with or without Cyclosporine
VDV +LDV
+ TGV
(N = 32)

Cyclosporine 300 mg SD
+ VDV +LDV
+ TGV
(N = 32)

AUCtau (ng•h/mL), Mean (%CV)

9678.9 (37.3)

11031.1 (33.0)

Cmax (ng/mL), Mean (%CV)

576.8 (32.6)

647.2 (29.5)

Ctau (ng/mL), Mean (%CV)

341.6 (42.2)

393.1 (35.3)

Tmax (h), Median (Q1, Q3)

4.50 (4.50, 4.50)

4.50 (4.50, 5.00)

Tlast (h), Median (Q1, Q3)

24.00 (24.00, 24.00)

24.00 (24.00, 24.00)

t½ (h), Median (Q1, Q3)

35.61 (26.94, 61.42)*

34.01 (28.73, 43.01)

10438.8 (32.1)

8958.9 (29.5)

141.5 (34.8)

120.9 (29.4)

LDV PK Parameter

CLss/F (mL/h), Mean (%CV)
Weight-adjusted CLss/F (mL/h/kg), Mean
(%CV)
* N=31

Statistical summaries of LDV primary pharmacokinetic parameters at steady-state administered
as LDV+VDV+TGV alone and with a single dose of cyclosporine 300 mg are shown in the Table
6. LDV primary exposure parameters AUCtau, Cmax, and Ctau were comparable in both
treatments.
Table 6: Statistical Comparison of GS-5885 PK Parameter Estimates with or without
Cyclosporine
LDV PK
Parameter

AUCtau(ng•h/mL)
Ctau (ng/mL)

Geometric Least Squares Means

Geometric Least
Squares Mean
Ratio (%)

90%
Confidence
Interval

9107.79

115.38

111.26, 119.64

316.10

117.49

112.29, 122.94

Test Treatment
Cyclosporine +DAAs
(N=32)

Reference Treatment
DAAs
(N=32)

10508.17
371.40
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Cmax (ng/mL)

622.42

549.58

113.25

108.52, 118.19

Reviewer’s note: verapamil and cyclosporine are both potent P-gp inhibitors. Coadministration
of veraparmil with the 3 DAAs resulted in a 50% to 70% increase in LDV AUC, while
coadministration of cyclosporine had little effect on LDV AUC. Both verapamil and cyclosporine
increase VDV AUC by about 2 fold, while VDV can increase LDV concentration. The differential
effect of verapamil and cyclosporine on LDV exposures could be partially due to multiple doses
of verapamil vs. single dose of cyclosporine.The magnitude of increase of LDV exposure due to
P-gp inhibitors does not warrant dose adjustments when coadministering LDV with P-gp
inhibitors.This is further supported by the permitted use of P-gp inhibitors in all HCV-infected
subjects in the LDV/SOF Phase 2/3 clinical program. No serious AEs were reported despite 2.4fold higher LDV exposure in females (N=7) on chronic P-gp inhibitors vs. males not on P-gp
inhibitors (N=1252).
Conclusion: LDV exposure is increased with coadministration of P-gp inhibitors but no dose
adjustment is recommended.

4.2.4.5 GS-US-256-0129 (Leslie): A Phase 1, Randomized, Open-label, Pharmacokinetic
Drug-drug Interaction Study of TMC435 and GS-5885
Trial Period and Site
27 Dec 2010 to 16 Feb 2011

(b) (4)

Trial Rationale
In this study, the potential for a pharmacokinetic drug-drug interaction between GS-5885
(ledipasvir, LDV) and TMC435 (simeprevir) was evaluated. The safety and tolerability of the
combination of GS-5885 and TMC435 was also evaluated.
Trial Design
This was a randomized, crossover, open-label, two cohort, two period, multiple-dose study with
four treatments. Cohort 1 received Treatments A or B and Cohort 2 received Treatments C or D
(Figure 1).
Figure 1: Treatment schema (source: Study Report Figure 7-1)

Treatment A

TMC435 150 mg QD with food for 10 days
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Treatments B and C TMC435 150 mg plus GS-5885 30 mg QD with food for 10 days
Treatment D
GS-5885 30 mg QD with food for 10 days
Rationale for Dose Selection
The dose of GS-5885 30 mg (the highest dose evaluated in HCV-infected patients at the time
the study was conducted) was selected based on preliminary data on safety and antiviral activity
(GS-US-256-0102) and PK (GS-US-256-0101). The dose of TMC435 150 mg is the dose
planned for evaluation in Phase 3 trials.
Investigational Product
(b) (4)
GS-5885 10 mg film-coated oral tablets
contained the inactive
ingredients lactose monohydrate, microcrystalline cellulose, croscarmellose sodium,
magnesium stearate, polyethylene glycol, hypromellose, and titanium dioxide (Gilead Sciences,
(b) (4)
Foster City, California; Lot CF100 4B 1A). TMC435 150 mg hard gelatin oral capsules
(b) (4)
contained TMC435
and the inactive ingredients sodium lauryl sulphate,
magnesium stearate, silica colloidal anhydrous, croscarmellose sodium, and lactose
monohydrate (Janssen Pharmaceuticals NV, Beerse, Belgium; Lot 10F01/G007).
Key Inclusion and Exclusion Criteria
Subjects were healthy and females males between the ages of 18 and 45 years, inclusive, with
a BMI between 19 and 30 kg/m2 and creatinine clearance ≥80 mL/min. Subjects had to agree to
use a highly effective method of contraception during the study and for 30 or 90 days after the
last dose of study drug for females and males, respectively. Females who were pregnant or
lactating were excluded. Exclusion criteria also included history of nicotine use (within 90 days),
any serious or active medical or psychiatric illness, positive test result for HIV-1 antibody,
hepatitis C antibody, or hepatitis B surface antigen, or a positive urine screen for drugs of
abuse.
Concomitant Medications
The following medications and substances were disallowed while subjects were participating in
the study:
• All prescription and over-the-counter medications (with the exception of

acetaminophen, ibuprofen, vitamins, and oral contraceptive) from within 28 days
prior to and during dosing
• systemic steroids, immunosuppressant therapies, or chemotherapeutic agents from
within 3 months of screening and during dosing
Sample Collection
Blood samples were collected to assess concentrations of GS-5885 and TMC435 at the
following timepoints:
Days 10 and 27 – predose and 0.5, 1, 2, 3, 4, 6, 8, 10, 12, and 24 h postdose
Analytical Methods
(b) (4)
Concentrations of TMC435 in plasma samples were measured by LC-MS/MS
(b) (4)
(
validation report BA1513; study report JNJ-38733214/035).
Sample receipt commenced on 31 Jan 2011 (storage temperature: -20ºC) and analysis was
completed on 3 Mar 2011. The first day of sample collection was 22 Jan 2011, so the maximum
storage sample time was 40 days, which is within the validated long-term frozen stability
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Figure 2: Mean ± SD TMC435 concentration-time profile following administration alone
(closed circles) or in combination with GS-5885 (open circles) (semi-log scale; source:
Study Report Figure 10-1)

Table 2: TMC435 plasma pharmacokinetic parameters following administration alone or
in combination with GS-5885 (source: Study Report Table 10-1)
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Table 3: Statistical comparisons of TMC435 plasma pharmacokinetic parameter
estimates following administration of TMC435 alone or in combination with GS-5885
(source: Study Report Table 10-2)

Pharmacokinetics of GS-5885
Steady-state GS-5885 plasma concentrations were higher following coadministration with
TMC435 compared to administration of GS-5885 alone (Figure 3). GS-5885 AUC and Cmax
increased by 1.9- and 1.8-fold following coadministration with TMC435 (Table 4). Half-life was
largely unchanged, suggesting that TMC435 primarily impacts the bioavailability of GS-5885
rather than its clearance. The increases in GS-5885 exposures are statistically significant
(Table 3).
Reviewer Comments:
Mean GS-5885 exposures upon coadministration with TMC435 were approximately 30% higher
in Cohort 1 compared to Cohort 2 (the difference between mean TMC435 exposures in the
presence of GS-5885 between cohorts was approximately 10%, despite the high interindividual
variability observed in TMC435 exposures throughout the TMC435 development program),
which may reflect the influence of gender on GS-5885 exposures (10.7% and 59.1% female in
Cohorts 1 and 2, respectively).
Figure 3: Mean ± SD GS-5885 concentration-time profile following administration of GS5885 alone (closed circles) or in combination with SMV (open circles) (semi-log scale;
source: Study Report Figure 10-2)
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Table 4: GS-5885 plasma pharmacokinetic parameters following administration of GS5885 alone or in combination with TMC435 (source: Study Report Table 10-3)

Table 5: Statistical comparisons of GS-5885 plasma pharmacokinetic parameter
estimates following administration of GS-5885 alone or in combination with TMC435
(source: Study Report Table 10-4)

Conclusion
In the study, the steady-state pharmacokinetics of TMC435 (simeprevir) and GS-5885
(ledipasvir) in plasma were evaluated following administration of TMC435 and GS-5885 alone
and in combination. Following coadministration, exposures (AUCtau) of TMC435 and GS-5885
increased by approximately 2.4-fold and 1.8-fold, respectively. These increases are likely due
to a two-way presystemic interaction (i.e. inhibition of P-gp in the gut) as half-life was not
substantially affected.
A 30 mg dose of GS-5885 was used in this study rather than the proposed marketed dose of 90
mg; however, as intestinal efflux transport does not appear to be saturated at a dose of 90 mg, it
is expected that the magnitude of the pharmacokinetic interaction will be similar to that observed
in this study. Based on the safety profile of ledipasvir, no reduction in ledipasvir dose is
necessary when coadministered with simeprevir. However, evidence of an exposure-safety
relationship for simeprevir in Phase 3 trials (in which higher simeprevir exposures were
associated with a higher incidence of rash) and the large degree of interindividual variability in
simeprevir pharmacokinetics preclude the concomitant use of simeprevir with ledipasvir.
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Table 1: Bioanalytical assay validation (source: Study Report Table 7-6)

Results
Trial Population
Seventeen healthy subjects between the ages of 19 and 45 were enrolled in and completed the
study. The majority of subjects were male (64.7%). Most of the subjects were white (52.9%)
and the remainder were black or African American; 47.1% of subjects reported that they were of
Hispanic or Latino ethnicity.
Pharmacokinetics of Sofosbuvir
Upon coadministration with GS-5885, SOF plasma concentrations were initially higher
compared to when SOF is administered alone; between 3 and 4 h postdose, SOF plasma
concentrations were lower in the presence of GS-5885 compared to SOF alone (Figure 1). SOF
AUC and Cmax increased slightly more than two-fold following coadministration with GS-5885
and half-life was slightly longer (Table 2). SOF concentrations were BLQ after 5 h postdose,
consistent with its short half-life (~0.5 hours).
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Figure 1: Mean ± SD SOF concentration-time profile following administration alone
(circles) or in combination with GS-5885 (squares) (semi-log scale; source: Study Report
Figure 10-1)

Table 2: SOF plasma pharmacokinetic parameters following administration alone or in
combination with GS-5885 (source: Study Report Table 10-1)
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Table 3: Statistical comparisons of SOF plasma pharmacokinetic parameter estimates
following administration of SOF alone or in combination with GS-5885 (source: Study
Report Table 10-2)

Pharmacokinetics of GS-566500
Upon coadministration of SOF and GS-5885, GS-566500 exposures (AUC and Cmax) were
higher compared to following administration of SOF alone (Table 4). These increases were
statistically significant (outside the predefined equivalence boundaries of 70-143%) but are
unlikely to be clinically relevant as GS-566500 is a minor circulating metabolite with a short halflife (approximately 2 h, Study GS-US-334-0131) that accounts for approximately 7% of drugrelated material AUC (Study P7977-0312).
Table 4: Statistical comparisons of GS-566500 plasma pharmacokinetic parameter
estimates following administration of SOF alone or in combination with GS-5885 (source:
Study Report Table 10-4)

Pharmacokinetics of GS-331007
Upon coadministration of SOF and GS-5885, plasma concentrations of the predominant
circulating SOF-related compound GS-331007 paralleled those of SOF and were initially slightly
higher before decreasing (6-8 h postdose) to slightly lower plasma concentrations than those
observed after administration of SOF alone (Figure 2). GS-331007 AUC increased
approximately 20% and Cmax decreased approximately 20% following coadministration of SOF
and GS-5885, with no change in half-life (Table 5). These differences are not considered
clinically relevant.
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Figure 2: Mean ± SD GS-331007 concentration-time profile following administration of
SOF alone (circles) or in combination with GS-5885 (squares) (semi-log scale; source:
Study Report Figure 10-3)

Table 5: GS-331007 plasma pharmacokinetic parameters following administration of SOF
alone or in combination with GS-5885 (source: Study Report Table 10-5)
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Table 6: Statistical comparisons of GS-331007 plasma pharmacokinetic parameter
estimates following administration of SOF alone or in combination with GS-5885 (source:
Study Report Table 10-6)

Pharmacokinetics of GS-5885
Steady-state GS-5885 plasma concentrations were slightly lower following coadministration with
SOF compared to administration of GS-5885 alone (Figure 3). These minor differences in GS5885 plasma concentrations in the presence or absence of SOF were reflected in the estimated
pharmacokinetic parameters (Table 7), although the 90% confidence intervals for AUCtau, Cmax,
and Ctau were within traditional equivalence boundaries (80-125%), suggesting that SOF
coadministration does not significantly influence GS-5885 PK (Table 8).
Figure 3: Mean ± SD GS-5885 concentration-time profile following administration of GS5885 alone (circles) or in combination with SOF (squares) (semi-log scale; source: Study
Report Figure 10-4)

APPEARS THIS WAY ON ORIGINAL
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Table 6: GS-5885 plasma pharmacokinetic parameters following administration of GS5885 alone or in combination with SOF (source: Study Report Table 10-7)

Table 7: Statistical comparisons of GS-5885 plasma pharmacokinetic parameter
estimates following administration of GS-5885 alone or in combination with SOF (source:
Study Report Table 10-8)

Conclusion
In the study, the single-dose pharmacokinetics of sofosbuvir and the sofosbuvir metabolites GS566500 and GS-331007 and the multiple-dose pharmacokinetics of GS-5885 in plasma were
evaluated following administration of SOF and GS-5885 alone and in combination. Following
coadministration of SOF and GS-5885, GS-331007 and GS-5885 exposures were not
substantially affected, but exposures of SOF and GS-566500 increased by approximately 2-fold
and 1.8-fold, respectively. The increases in SOF and GS-566500 AUC and Cmax are likely due
at least in part to inhibition of P-gp and BCRP by GS-5885 (SOF is a substrate of P-gp and
BCRP; GS-331007 is not). The increases in SOF and GS-566500 exposure are not expected to
be clinically relevant given the favorable safety profile for SOF and the short half-lives for both
SOF and GS-566500 (approximately 0.5 and 2 h, respectively). Additionally, they are relatively
minor components of total SOF-related material exposures compared to the predominant
circulating metabolite, GS-331007.
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4.2.4.7 GS-US-334-0146 (Leslie): A Phase 1, Open Label Drug Interaction Study
Evaluating the Effect of Sofosbuvir or GS-5885 on the Pharmacokinetics of a
Representative Hormonal Contraceptive Medication, Norgestimate/Ethinyl Estradiol
Trial Period and Site
3 Nov 2012 to 13 Mar 2013

(b) (4)

Trial Rationale
In this study, the effects of ledipasvir (LDV) and sofosbuvir (SOF) on the pharmacokinetics (PK)
of ethinyl estradiol and norgestimate (Ortho Tri-Cyclen® Lo, an oral contraceptive [OC]) as well
as the effects of Ortho Tri-Cyclen® Lo on the PK of LDV and SOF were evaluated.
Trial Design
This was an open-label, fixed-sequence, multiple-dose study with a 28-day Lead-in period (Day
L1 to Day L28) for eligible subjects who had not been taking OC for at least one menstrual cycle
or to synchronize menstrual cycles followed by an 84-day dosing period (Day 1 to Day 84)
covering three menstrual cycles (Days 1-28, 29-56, and 57-84).
Cycle 1, Weeks 1-4: OC once daily
Cycle 2, Weeks 1, 3-4: OC once daily; Week 2 (Days 36-42): OC plus SOF once daily
Cycle 3, Weeks 1-2: OC plus LDV once daily (Days 57-70); Weeks 3-4: OC once daily
On days of serial blood sample collection, study drugs were administered in the morning within
5 minutes of consuming a moderate-fat meal following an overnight 8-hour fast.
Rationale for Dose Selection
The dose of GS-5885 90 mg was selected based on antiviral activity and a favorable safety
profile in patients infected with HCV genotype 1a in study GS-US-256-0102. The dose of SOF
400 mg was selected based on antiviral activity and a favorable safety profile in patients
infected with HCV genotype 1 (Study P7977-0422, PROTON). These doses were evaluated as
a fixed-dose combination in Phase 3 studies. The doses of ethinyl estradiol 25 ug and
norgestimate 180/215/250 ug are the approved doses of Ortho Tri-Cyclen® Lo for oral
contraception.
Investigational Product
(b) (4)
LDV 90 mg film-coated oral tablets
contained the inactive
ingredients copovidone, lactose monohydrate, microcrystalline cellulose, croscarmellose
sodium, magnesium stearate, polyvinyl alcohol, titanium dioxide, polyethylene glycol, and talc
(b) (4)
SOF 400 mg film-coated oral tablets were
yellow and capsule-shaped and contained the inactive ingredients mannitol, microcrystalline
cellulose, croscarmellose sodium, colloidal silicon dioxide, magnesium stearate, polyvinyl
(b) (4)
(b) (4)
alcohol, titanium dioxide,
talc, and yellow iron oxide
Ortho Tri-Cyclen Lo white tablets contained norgestimate/ethinyl estradiol 180/25 ug, light blue
tablets contained norgestimate/ethinyl estradiol 215/25 ug, dark blue tablets contained
norgestimate/ethinyl estradiol 250/25 ug, and dark green tablets contained only inactive
ingredients (refer to package insert, Janssen Pharmaceuticals, Inc.; Lot 2BM413).
Key Inclusion and Exclusion Criteria
Subjects were healthy, nonpregnant, nonlactating, nonsmoking, premenopausal females
between the ages of 18 and 45 years, inclusive, with a BMI between 19 and 30 kg/m2 and
creatinine clearance ≥80 mL/min. Subjects had to agree to be abstinent or use an additional
nonhormonal contraceptive during the study and for at least 30 days after the last dose of LDV.
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Table 2: Bioanalytical assay validation for norgestrel, norgestimate, ethinyl estradiol,
and 17-desacetyl norgestimate (NGMN) (source: Study Report Table 7-7)

Results
Trial Population
Twenty-one healthy female subjects between the ages of 26 and 45 were enrolled in the study;
fifteen were dosed with study drugs and completed the study (the other six were alternates and
only completed the lead-in period). All subjects were white and were of Hispanic or Latino
ethnicity.
Pharmacokinetics of NGMN
The NGMN mean concentration-time profiles were similar following administration of OC alone
or in combination with SOF or LDV (data not shown). Accordingly, NGMN pharmacokinetic
parameters were similar regardless of treatment (Table 3). The 90% CIs the GLSM ratios of
AUCtau, Cmax, and Ctau were within the predefined no-effect boundaries, indicating that SOF or
LDV did not significantly impact NGMN PK (Table 4).
Table 3: NGMN plasma pharmacokinetic parameters following administration of OC
alone or in combination with LDV or SOF (source: Study Report Table 10-1)
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Table 4: Statistical comparisons of NGMN plasma pharmacokinetic parameter estimates
following administration of OC alone or in combination with LDV or SOF (source: Study
Report Table 10-2)

Pharmacokinetics of norgestrel
The norgestrel mean concentration-time profiles were similar following administration of OC
alone or in combination with LDV but were higher in combination with SOF (Figure 1).
Norgestrel median t1/2 was slightly longer following coadministration of OC and SOF or LDV
compared to OC alone (Table 5). The point estimates for the GLSM ratios of norgestrel AUCtau,
Cmax, and Ctau were approximately 20% higher following coadministration of OC and SOF
compared to administration of OC alone (Table 6).
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Figure 1: Mean ± SD norgestrel concentration-time profile following administration alone
(Xs) or in combination with SOF (inverted triangles) or LDV (squares) (semi-log scale;
source: Study Report Figure 10-1)

Table 5: Norgestrel plasma pharmacokinetic parameters following administration of OC
alone or in combination with SOF or LDV (source: Study Report Table 10-3)
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Table 6: Statistical comparisons of norgestrel plasma pharmacokinetic parameter
estimates following administration of OC alone or in combination with SOF or LDV
(source: Study Report Table 10-4)

Pharmacokinetics of EE
The EE mean concentration-time profile was slightly higher following administration of OC plus
LDV compared to OC alone, with OC plus SOF falling in between (Figure 2). Slight elevations
in EE exposure parameters were also observed in the presence of SOF and LDV (Table 7), with
increases in EE AUCtau and Cmax of approximately 10-15% and 20-40% in presence of SOF and
LDV, respectively, although only Cmax was statistically significantly increased following
combination treatment with OC and LDV (Table 8).
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Figure 2: Mean ± SD EE concentration-time profile following administration alone (Xs) or
in combination with SOF (inverted triangles) or LDV (squares) (semi-log scale; source:
Study Report Figure 10-3)

Table 5: EE plasma pharmacokinetic parameters following administration of OC alone or
in combination with SOF or LDV (source: Study Report Table 10-5)
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Table 6: Statistical comparisons of EE plasma pharmacokinetic parameter estimates
following administration of OC alone or in combination with SOF or LDV (source: Study
Report Table 10-6)

Pharmacokinetics of SOF and its metabolites GS-566500 and GS-331007
Following coadministration of SOF and OC, the mean SOF, GS-566500, and GS-331007 AUC
and Cmax values were comparable historical values (Table 7). The median SOF and GS-331007
half-lives are similar to the SOF and GS-331007 half-lives described in the current sofosbuvir
(Sovaldi®) label (0.4 and 27 h, respectively).
Table 7: Plasma pharmacokinetic parameters of SOF, GS-566500, and GS-331007
following administration of SOF alone (historical data; GS-US-334-0101) or in
combination with OC (source: Study Report Table 10-7 and GS-US-334-0101)
PK
SOF mean (%CV)
GS-566500 mean (%CV) GS-331007 mean (%CV)
Parameter SOF+OC
Historical
SOF+OC
Historical
SOF+OC
Historical
AUC
829.4
787.7
1002.2
1063.1
9906.7
10228.8
(h.ng/mL)
(61.3)
(36.6)
(26.3)
(32.7)
(18.5)
(17.9)
Cmax
671.1
928.7
212.1
311.5
1417.9
1058.5
(ng/mL)
(93.1)
(52.3)
(27.0)
(38.7)
(31.7)
(17.3)
Clast
28.3
8.83 (27.9) 13.4 (20.0) 13.10
141.3
16.15
(ng/mL)
(124.8)
(17.38)
(19.8)
(30.30)
a
Tmax (h)
2.00 (1.50, 0.50 (0.50, 2.50 (2.00, 1.00 (1.00, 4.00 (3.00, 2.00 (1.50,
3.00)
0.50)
4.00)
1.50)
4.02)
3.00)
Tlasta (h)
4.00 (4.00, 3.02 (3.00, 12.00
10.00
24.00
72.00
5.00)
4.00)
(12.00,
(10.00,
(24.00,
(72.00,
14.00)
12.00)
24.00)
95.93)
a
t1/2 (h)
0.53 (0.38, 0.41 (0.40, 2.46 (2.31, 2.38 (2.17, 27.98
28.14
0.70)
0.52)
2.73)
2.56)
(19.82,
(24.03,
38.10)
32.45)
CL/F
621202.6
603805.1
NA
NA
NA
NA
(mL/h)
(52.2)
(55)
a
median (Q1, Q3)
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Pharmacokinetics of LDV
Following coadministration of LDV and OC, the mean LDV AUCtau and Cmax were comparable
historical values (Table 8).
Table 8: Plasma pharmacokinetic parameters of LDV following administration of LDV
alone (historical data; GS-US-334-0101) or in combination with OC (source: Study Report
Table 10-8 and GS-US-334-0101)
PK Parameter
LDV mean (%CV)
LDV+OC
Historical
AUCtau (h.ng/mL) 13278.4 (35.5)
11866.9 (26.2)
Cmax (ng/mL)
698.5 (33.9)
755.5 (24.7)
Ctau (ng/mL)
513.0 (38.0)
374.9 (28.8)
a
Tmax (h)
5.00 (5.00, 5.00)
4.50 (4.50, 4.50)
Tlasta (h)
24.00 (24.00,
24.00 (24.00,
24.00)
24.00)
t1/2a (h)
73.13 (57.38,
37.03 (27.70,
84.01)
45.33)
CL/F (mL/h)
7746.9 (40.1)
8029.7 (23.6)
a
median (Q1, Q3)
Pharmacodynamic markers (LH, FSH, and progesterone)
Serum concentrations of LH and FSH were assessed predose on Day 14 of each cycle and
serum concentrations of progesterone was assessed predose on Day 21 of each cycle (Table
9).
Table 9. Serum concentrations of LH, FSH, and progesterone following administration of
OC alone or in combination with SOF or LDV (source: Study Report Table 10-9)

Conclusion
In the study, the steady-state pharmacokinetics of ethinyl estradiol (EE), norelgestromin
(NGMN), and norgestrel were evaluated following administration of norgestimate and ethinyl
estradiol alone (Ortho TriCyclen® Lo [OC]) or in combination with sofosbuvir (SOF) or ledipasvir
(LDV). (Norgestimate plasma concentrations were below the limit of quantitation.) The steadystate pharmacokinetics of SOF and LDV in the presence of OC were compared to historical
pharmacokinetic data.
Statistically significant increases were observed for norgestrel AUCtau and Ctau (approximately
20%) following coadministration of OC. It should be noted that the magnitude of the increases
may be greater in the presence of SOF and LDV, as LDV increases exposures of SOF and GS566500 (GS-US-334-0101). However, as SOF and GS-566500 have short systemic half-lives
(approximately 2 h or less), it appears more likely that GS-331007 is the perpetrator of this
pharmacokinetic drug interaction. In addition, the increases in norgestrel exposures are unlikely
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to be clinically relevant because the biologic activity of norgestrel is limited due to its high affinity
binding to sex hormone-binding globulin (SHBG).
A statistically significant increase in EE Cmax (approximately 40%, accompanied by a statistically
non-significant 20% increase in AUC) was observed following coadministration of OC and LDV.
The magnitude of the increase in EE Cmax is comparable to the difference in mean EE Cmax
values between Ortho TriCyclen® Lo (containing 25 ug EE) and Ortho TriCyclen® (containing
35 ug EE) listed in the respective package inserts. (The increase in EE AUC in the presence of
LDV is less than the difference in mean EE AUC values between Ortho TriCyclen® Lo and
Ortho TriCyclen®).
The pharmacokinetics of SOF and LDV were comparable to historical data (GS-US-334-0101).
The results of this study indicate that Ortho TriCyclen® Lo (ethinyl estradiol 25 ug and
norgestimate 180/215/250 ug) can be coadministered with SOF 400 mg and LDV 90 mg (as
individual components or in combination) without dose adjustment. While increases in
norgestrel and EE exposures were observed in combination with SOF and LDV, respectively,
these increases are not expected to be clinically relevant, especially as the duration of LDV and
SOF administration will be limited to 24 weeks of treatment. Following consultation with the
OCP Reproductive and Urologic Products team, and in light of the relatively short duration of the
LDV/SOF regimen, no dose adjustments in ethinyl estradiol, norgestimate, SOF, or LDV are
needed when these products are used concomitantly.
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4.2.5 In vitro Studies (Leslie)
1. Absorption
• AD-256-2108: Permeability of GS-5885 across Caco-2 monolayers
• AD-256-2144: Effect of P-gp expression on LDV accumulation
• AD-256-2150: Effect of BCRP expression on LDV cellular accumulation
Summary: LDV had moderate to high permeability across Caco-2 monolayers; however, in
overexpressing MDCKII cells, LDV was transported by P-gp and BCRP and this transport was
shown to be specific through the use of probe inhibitors. In the absence of human mass
balance or absolute bioavailability data characterizing the extent of absorption, the in vitro data
indicating LDV efflux by P-gp and BCRP, as well as in vivo data from drug-drug interaction trials
evaluating the PK of LDV in combination with P-gp and BCRP inhibitors such as ritonavir
(Bierman et al. J Antimicrob Chemother 2010) and cobicistat (Lepist et al. Antimicrob Agents
Chemother 2012), suggest that LDV should not be definitively classified as a high permeability
drug (extent of absorption in humans >90% of dose administered; FDA Guidance for Industry:
Waiver of In Vivo Bioavailability and Bioequivalence Studies for IR Solid Oral Dosage Forms
Based on BCS).
2. Distribution
• AD-256-2094: GS-5885 protein binding
Summary: LDV was highly protein-bound (>99.8%) in plasma from all species evaluated (mice,
rats, dogs, monkeys, and humans. LDV was not a substrate for the hepatic uptake transporters
OCT1, OATP1B1, or OATP1B3 (studies listed under Section 4).
3. Metabolism and elimination
• AD-256-2098: CYP phenotyping of GS-5885
Summary: Rates of LDV metabolism were low for all CYP isoforms evaluated, suggesting that
there will not be substantial metabolism of GS-5885 by CYP1A2, CYP2C8, CYP2C9, CYP2C19,
CYP2D6, or CYP3A4 in vivo.
4. Drug interaction potential
• AD-256-2139: LDV as a substrate for human OATP1B1 and 1B3
• AD-256-2096: CYP inhibition potential of GS-5885
• AD-256-2133: Human microsomal CYP2B6 inhibition potential of GS-5885
• AD-256-2097: Induction of metabolizing enzymes by GS-5885
• AD-256-2146: Induction potential of GS-5885 in cultured human hepatocytes
• AD-256-2109: Effect of GS-5885 on the accumulation of model substrates in P-gp,
MRP2, and BCRP overexpressing cells
• AD-256-2132: Human UGT1A1 inhibition potential of GS-5885
• AD-256-2134: GS-5885 inhibition of human OATP1B1 and 1B3
• AD-256-2140: Inhibition studies of LDV with human MRP4, BSEP, OAT1, OAT3,
OCT2, and MATE1 transporters
• AD-256-2143: Inhibition and substrate studies of LDV with human OCT1 transporter
• AD-337-2001: Effect of SOF and LDV on the bidirectional permeability of tenofovir
DF through Caco-2 monolayers
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Summary: LDV did not inhibit CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, or CYP2D6 at
concentrations up to 25 uM and was a weak inhibitor of CYP3A (IC50: 9.9 uM).
LDV inhibited P-gp and BCRP efflux by 46.3% and 38.1%, respectively, at the anticipated LDV
Cmax of 1 uM. LDV (1-25 uM) and SOF (1000 uM) independently decreased the transcellular
efflux of tenofovir disoproxil fumarate in Caco-2 cells, suggesting that coadministration of LDV
and/or SOF with drugs that are substrates for P-gp and/or BCRP may lead to increased
absorption and systemic exposures of the coadministered drug.
LDV inhibited UGT1A1, with a Cmax/IC50 ratio of 0.126. LDV inhibited OATP1B1 and OATP1B3
with IC50 values of 3.5 and 6.5 uM, respectively, and Cmax/ IC50 values for OATP1B1 and
OATP1B3 of 0.29 and 0.15, respectively. LDV inhibited BSEP with an IC50 of approximately 6
uM, giving a Cmax/IC50 ratio of 0.17. Although the LDV Cmax/IC50 ratios for UGT1A1, OATP1B1,
OATP1B3, and BSEP were above 0.1 (suggesting the potential for drug interactions), the Rvalue is <1.25. According to the draft Guidance for Industry (Drug Interaction Studies — Study
Design, Data Analysis, Implications for Dosing, and Labeling Recommendations), this indicates
that the potential for LDV drug interactions with OATP1B1, OATP1B3, UGT1A1, and BSEP
substrates is low. Furthermore, the high degree of LDV plasma protein binding makes it unlikely
that these interactions will be clinically relevant; thus, no additional in vivo studies are being
requested at this time.
LDV (6 uM) was a weak inhibitor of OCT2 (13% inhibition) and appeared to activate MATE1
(18% stimulation). The clinical relevance of these relatively minor interactions is likely limited.
LDV (up to 10 uM) did not activate AhR and weakly activated PXR; activation of CAR was not
evaluated in this study. At a LDV concentration of 1 uM (expected Cmax), LDV increased mean
CYP2B6 and CYP3A activity by approximately 50% and 30%, respectively, over vehicle control.
These increases in enzyme activity may be clinically significant for concomitantly administered
drugs that are a substrate of one or both of these enzymes and have a narrow therapeutic
range. LDV did not induce CYP1A2, CYP2C9, P-gp, or UGT1A1 at concentrations up to 10 uM.

AD-256-2108: Permeability of GS-5885 across Caco-2 cell monolayers
Introduction
In this study, the bidirectional permeability of GS-5885 was determined using human colon
carcinoma (Caco-2) cells.
Materials and Methods
Caco-2 cells between passages 62 and 70 were grown to confluence for at least 21 days on 24well PET plates (BD Biosciences). Immediately prior to assay initiation, TEER values were
assessed to evaluate membrane integrity. Forward (apical to basolateral, A to B) and reverse
(basolateral to apical, B to A) permeability of GS-5885 was determined over 120 minutes. The
efflux ratio was calculated as the average reverse apparent permeability (Papp) divided by the
average forward Papp (Papp,B:A/Papp,A:B). Propanol and vinblastine served as the transporter
negative and positive controls, respectively. Experimental conditions were conducted in
duplicate and samples were analyzed by LC-MS/MS.
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Results
At a concentration of 1 uM, GS-5885 had high permeability in the forward direction and medium
permeability in the reverse direction (average Papp values of 1.76 and 0.68, respectively) and an
efflux ratio of 0.38, indicating no significant efflux transport (Table 1).
Table 1: Bidirectional permeability of GS-5885 across Caco-2 monolayers (source: Study
Report Table 1)

Conclusion
GS-5885 had medium to high permeability through Caco-2 cell monolayers, suggesting that
intestinal absorption of the soluble dose should be high after oral administration. Active efflux
appeared to be minimal.

AD-256-2144: Effect of P-glycoprotein expression on ledipasvir accumulation in vitro
Introduction
In this study, P-glycoprotein (P-gp) transport of ledipasvir (LDV) was determined using
overexpressing cells (MDCKII-MDR1) in the presence and absence of the P-gp inhibitors
verapamil and cyclosporine A (CsA).
Materials and Methods
MDCKII-WT and MDCKII-MDR1 cells were grown to 70-90% confluence in 48-well plates.
Intracellular uptake of a mixture of [3H]LDV (Moravek Biochemicals and Radiochemicals) and
LDV (final concentration: 0.5 uM) was determined in a cell suspension after a 10 minute
incubation at 37ºC. Verapamil (100 uM) and CsA (10 uM) were added to the reaction mixture
as positive controls. Experimental conditions were conducted in triplicate and the assay was
conducted in duplicate. Radioactivity in the cell lysate was determined by scintillation counting.
Results
Approximately 70% less LDV accumulated in P-gp overexpressing cells compared to wild-type
cells (Table 1). In the presence of the P-gp inhibitors CsA and verapamil, LDV accumulation in
overexpressing and wild-type cells was comparable (Table 1). As expected, the P-gp inhibitors
had no effect on LDV accumulation in wild-type cells.
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Table 1: Accumulation of LDV in MDCKII-WT and MDCKII-MDR1 cells (source: Study Report
Table 1)

Conclusion
LDV is transported by P-gp in overexpressing MDCKII-MDR1 cells. Transport was
demonstrated to be P-gp specific as it was inhibited by verapamil and CsA.

AD-256-2150: Effect of BCRP expression on ledipasvir cellular accumulation in vitro
Introduction
In this study, Breast Cancer Resistance Protein (BCRP) transport of ledipasvir (LDV) was
determined using overexpressing cells (MDCKII-BCRP) in the presence and absence of the
BCRP inhibitor cyclosporine A (CsA).
Materials and Methods
MDCKII-WT and MDCKII-MDR1 cells were grown to 70-90% confluence in 48-well plates.
Intracellular uptake of a mixture of [3H]LDV (Moravek Biochemicals and Radiochemicals) and
LDV (final concentration: 0.5 uM) was determined in a cell suspension after a 60 minute
incubation at 37ºC. The BCRP inhibitor CsA (10 uM) was added to the reaction mixture to
evaluate transport specificity. Uptake of prazosin (10 uM) was also assessed as a positive
control. Radioactivity in the cell lysate was determined by scintillation counting.
Results
Approximately 60% less LDV accumulated in BCRP overexpressing cells compared to wild-type
cells (Table 1). In the presence of the BCRP inhibitor CsA, LDV accumulation in
overexpressing and wild-type cells was comparable (Table 1). As expected, CsA had no
substantial effect on LDV accumulation in wild-type cells.
Table 1: Accumulation of LDV and the positive control prazosin in MDCKII-WT and MDCKIIBCRP cells (source: Appendix Tables 1-4)
Uptake as % of WT (mean ± SD)
WT
BCRP
10 uM CsA
+
+
0.5 uM LDV
100 ± 0
130 ± 90
38 ± 9.2
135 ± 21
10 uM Prazosin
100
162
6
93
Conclusion
LDV was transported by BCRP in overexpressing MDCKII-BCRP cells and transport was
inhibited by CsA.
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AD-256-2094: In vitro determination of GS-5885 protein binding by equilibrium dialysis
Introduction
In this study, the protein binding of GS-5885 in CD-1 mouse, Sprague-Dawley rat, Beagle dog,
Cynomolgus monkey, and human plasma was evaluated using equilibrium dialysis.
Materials and Methods
GS-5885 was added to pooled plasma from at least three males and three females from each
species (rat, dog, mouse, monkey, and human) to final concentrations of 2 and 10 uM.
Equilibrium dialysis with phosphate buffer was conducted at 37ºC for 30 hours. Competitive
equilibrium dialysis was also conducted with cell culture medium (10% fetal bovine serum) in
place of phosphate buffer. Experimental conditions were conducted in triplicate and samples
were analyzed using LC-MS/MS.
Results
Less than 1% of GS-5885 was unbound in plasma from all species evaluated (Table 1).
Table 1: GS-5885 protein binding in plasma (source: Study Report Table 1)

Conclusion
GS-5885 was highly bound to plasma proteins in all species tested (>99%) at both GS-5885
concentrations that were evaluated.
AD-256-2098: Cytochrome P450 phenotyping of GS-5885
Introduction
In this study, the cytochrome P450 (CYP) isoforms involved in GS-5885 metabolism were
identified in human CYP enzyme preparations.
Materials and Methods
GS-5885 or positive control probe substrates (final concentration: 5 uM) were incubated with
bacterially-expressed human CYP enzyme preparations coexpressed with human NADPH
cytochrome P450 reductase (Bactosomes™, Cypex Ltd.) for 0, 5, 15, 30, or 45 min at 37ºC in
the presence of NADPH. Drug concentrations were assessed by LC-MS/MS and were used to
(b) (4)
determine the rate of metabolism. Assays were conducted
Results
Rates of GS-5885 metabolism were low for all CYP isoforms evaluated (range: 0.12-0.47 min-1,
Table 1).
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Table 1: Rates of GS-5885 and probe substrate metabolism by human CYP isoforms (source:
Study Report Table 1)

Conclusion
Metabolism rates of GS-5885 were low for all CYP isoforms evaluated, suggesting that there will
not be substantial metabolism of GS-5885 by CYP1A2, CYP2C8, CYP2C9, CYP2C19,
CYP2D6, or CYP3A4 in vivo.

AD-256-2139: In vitro assessment of ledipasvir as a substrate for human OATP1B1 and
OATP1B3
Introduction
In this study, OATP1B1 and OATP1B3 transport of ledipasvir (LDV) was evaluated using
transfected Chinese hamster ovary (CHO) cells in the presence and absence of the OATP
inhibitor rifampicin.
Materials and Methods
CHO cells (wild-type or transfected with human OATP1B1 or OATP1B3) were stimulated with
sodium butyrate and grown to confluence in 48-well plates. Cells were trypsinized and
resuspended in assay buffer containing GS-5885 (final concentration: 0.4 uM) in the presence
or absence of rifampicin (final concentration: 40 uM) at 37ºC for 1 min. The OATP substrate
atorvastatin (0.1 uM) served as a positive control and antipyrin (10 uM), a compound with high
passive permeability, was a negative control. Drug concentrations in cell lysates were
determined by scintillation counting or LC-MS/MS.
Results
The LDV uptake rate was approximately 60% lower in cells transfected with OATP1B1 or
OATP1B3 compared to wild-type cells (Table 1), indicating negligible OATP-mediated uptake.
The OATP inhibitor rifampicin did not substantially influence LDV uptake rate in OATP1B1 or
OATP1B3 transfected cells, while the uptake rate decreased by approximately 9- and 15-fold in
OATP1B1 and OATP1B3 transfected cells, respectively, in the presence of rifampicin (Table 1).
As expected, antipyrin uptake was not affected by OATP1B1 or OATP1B3 expression or by
rifampicin.
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Table 1: Uptake rate of LDV and control compounds in transfected and wild-type CHO cells
(source: Study Report Tables 2 and 3)
Uptake Rate
0.1 uM LDV
0.1 uM atorvastatin
10 uM antipyrin
(pmol/min/1x106cells)
Rifampicin
+
+
+
CHO-WT
3.4
1.4
0.4
0.6
16
16
CHO-OATP1B1
1.5
1.0
6.9
0.8
16
17
CHO-OATP1B3
1.3
0.7
7.4
0.8
17
17
OATP1B1/WT ratio
0.4
16
1.0
OATP1B3/WT ratio
0.4
17
1.1
Conclusion
LDV is not a substrate of OATP1B1 or OATP1B3 in transfected CHO cells.
AD-256-2096: In vitro assessment of human liver cytochrome P450 inhibition potential of
GS-5885
Introduction
In this study, the potential for GS-5885 to inhibit human cytochrome P450 (CYP) isoforms was
assessed using isoform-specific probe substrates in human hepatic microsomal fractions.
Materials and Methods
Probe substrates were incubated with human liver microsomes and NADPH at 37ºC in the
presence of GS-5885 (up to 25 uM) or control inhibitors (Table 1). Drug concentrations were
assessed by LC-MS/MS and were used to calculate IC50 values. Assays were conducted (b)
(4)
Table 1. CYP isoform-specific probe substrates and control inhibitors
CYP
Probe substrate
Conc.
Inc. time Control inhibitor
isoform
(uM)
(min)
CYP1A2
CYP2C8
CYP2C9
CYP2C19
CYP2D6
CYP3A
CYP3A

phenacetin
paclitaxel
tolbutamide
S-mephenytoin
dextromethorphan
midazolam
testosterone

30
7.5
120
25
5
2.5
50

5
30
60
60
30
5
5

-napthoflavone
montelukast
sulfaphenazole
tranylcypromine
quinidine
ketoconazole
ketoconazole

Conc.
range
(uM)
0-3
0-3
0-10
0-50
0-3
0-3
0-3

Results
GS-5885 IC50 values were high for all CYP isoforms evaluated (range: 9.9 to >25 uM, Table 2).
In contrast, control inhibitors had low IC50 values, indicating potent inhibition.
Table 1: GS-5885 and control inhibitor IC50 values on CYP isoform activity (source: Study
Report Table 1)
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Conclusion
GS-5885 did not inhibit CYP1A2, CYP2C8, CYP2C9, CYP2C19, or CYP2D6 at concentrations
up to 25 uM and was a weak inhibitor of CYP3A (IC50: 9.9 uM). Although this result in a ratio of
total Cmax to IC50 for CYP3A is approximately 0.1, the extent of plasma protein binding (>99%)
makes it unlikely that CYP3A inhibition by GS-5885 will be clinically relevant.
AD-256-2133: In vitro assessment of human CYP2B6 inhibition potential of GS-5885
Introduction
In this study, the potential for GS-5885 to inhibit human cytochrome P450 isoform 2B6
(CYP2B6) was assessed using the probe substrate bupropion in human hepatic microsomal
fractions.
Materials and Methods
Bupropion (110 uM) was incubated with human liver microsomes and NADPH at 37ºC for 5 min
in the presence of GS-5885 (0.1-25 uM) or the control inhibitor ticlopidine (0-25 uM). Drug
concentrations were assessed by LC-MS/MS and were used to calculate IC50 values. Assays
(b) (4)
were conducted
Results
The GS-5885 IC50 value for CYP2B6 was greater than 25 uM, compared to an IC50 of 1.27 for
the CYP2B6 inhibitor ticlopidine (Table 1).
Table 1: GS-5885 and control inhibitor IC50 values on CYP2B6 activity (source: Study Report
Table 1)

Conclusion
GS-5885 did not inhibit CYP2B6 at concentrations up to 25 uM.

137
Reference ID: 3540737

AD-256-2097: Induction of metabolizing enzymes by GS-5885
Introduction
In this study, the potential of GS-5885 to activate the aryl hydrocarbon receptor (AhR) and the
pregnane X receptor (PXR) and potentiate induction of drug metabolizing enzymes was
evaluated using the hematoma-derived cell lines DRE12.6 (expressing AhR and a luciferase
reporter linked to enhancer regions of CYP3A4) and DPX2 (expressing PXR and a luciferase
reporter linked to enhancer regions of CYP1A2).
Materials and Methods
DPX2 and DRE12.6 cells were plated in 96-well plates and allowed to recover for 24 h. Cells
were incubated in 150 uL/well containing 0.5-20 uM b-naphthoflavone (AhR activator, DRE12.6
cells) or 10 uM rifampicin, mifepristone, or androstanol (PXR activators, DPX2 cells) for 24 h.
Medium was replaced with 50 uL Bright-Glo™ luciferase substrate and fluorescence was
measured after 5 min to measure reporter gene expression. Well conditions were assessed in
(b) (4)
triplicate and assays were conducted
Results
At concentrations up to 10 uM, GS-5885 did not activate AhR, while the positive control 
naphthoflavone activated AhR at higher concentrations (Table 1). At the highest concentration
tested, GS-5885 increased CYP1A2 expression by about 71% of the increase observed after
treatment with androstanol, a weak AhR activator (Table 1).
Table 1: Activation of PXR and AhR by GS-5885 and control compounds (source: Study Report
Tables 2 and 3)
Fold
induction
PXR (CYP1A2)
AhR (CYP3A4)
over 0.1%
DMSO ctrl
-naphthoConc. (uM) GS-5885
rifampicin
mifepristone androstanol GS-5885
flavone
0.5
1.08
1
2.85
1.06
1.71
3
2.72
0.93
5
5.33
10
4.08
27.32
15.55
5.76
0.79
10.35
20
7.67
Conclusion
At concentrations up to 10 uM, GS-5885 does not activate AhR and may be a weak activator of
PXR. Induction of metabolizing enzymes regulated by PXR (including CYP1A2, CYP2B6,
CYP2C9, CYP2C19, CYP3A, and UGT1A1) is possible at pharmacological concentrations of
GS-5885 (1 uM or less), though unlikely due to the high degree of plasma protein binding. Note
that activation of the constitutive androstane receptor (CAR, implicated in regulation of CYP2B6,
CYP2C9, CYP2C19, CYP3A4, and UGT1A1) by GS-5885 was not evaluated in this study.
References
Sinz, Wallace, Sahi AAPS J. Jun 2008; 10(2): 391-400
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AD-256-2146: Evaluation of induction potential of GS-5885 in cultured human
hepatocytes
Introduction
In this study, the potential of GS-5885 to potentiate induction of drug transporters (P-gp) and
metabolizing enzymes (CYP1A2, CYP2B6, CYP3A, CYP2C9, and UGT1A1) was evaluated
using primary cultured human hepatocytes from three donors.
Materials and Methods
Cultured human hepatocytes were plated in collagen l-coated 24-well plates and incubated in
150 uL/well containing 1, 3, or 10 uM GS-5885 or positive control inducers (CYP1A2: 50 uM
omeprazole, CYP2B6 and P-gp: 1 mM phenobarbital, CYP2C9 and CYP3A4: 10 uM rifampicin,
UGT1A1: 20 uM 
-naphthoflavone) for three days. Induction of CYP1A2, CYP2B6, and CYP3A
activity were measured using catalytic activity assays (probe substrates: 100 uM phenacetin,
250 uM bupropion, and 200 uM testosterone, respectively) and LC-MS/MS quantitation and
induction of CYP1A2, CYP2B6, CYP3A4, CYP2C9, P-gp, and UGT1A1 mRNA expression were
assessed using real-time RT-PCR. Well conditions were assessed in triplicate and assays were
(b) (4)
conducted
Results
At concentrations up to 10 uM, GS-5885 did not activate AhR, while the positive control 
naphthoflavone activated AhR at higher concentrations (Table 1). At the highest concentration
tested, GS-5885 increased CYP1A2 expression by about 71% of the increase observed after
treatment with androstanol, a weak AhR activator (Table 1).
Figure 1: Induction of CYP1A2, CYP2B6, CYP3A, CYP2C9, UGT1A1, and P-gp by GS-5885
and control compounds (mean values are displayed for 1 uM GS-5885 and positive controls;
asterisk indicates that data from one lot of hepatocytes was removed due to positive control
induction <2-fold; source: Study Report Tables 6-14)

139
Reference ID: 3540737

Conclusion
At concentrations up to 10 uM, GS-5885 was a weak inducer of CYP2B6 and CYP3A. At the
pharmacologically relevant concentration (expected Cmax) of 1 uM, GS-5885 increased mean
CYP2B6 and CYP3A mRNA expression by 2.0- and 2.6-fold, respectively, compared to vehicle
control. The increases in CYP2B6 and CYP3A mRNA expression are below the conservative
cut-off of 4-fold induction (Fahmi et al. DMD 2010) and are not expected to result in clinically
significant induction.

AD-256-2109: Effect of GS-5885 on the accumulation of model substrates in Pglycoprotein (Pgp), multidrug resistance associated protein 2 (MRP2) and breast cancer
resistance protein (BCRP) overexpressing cells
Introduction
In this study, inhibition of efflux transport via P-gp, MRP2, and BCRP by GS-5885 was
determined using overexpressing MDCKII cells.
Materials and Methods
MDCKII-WT, MDCKII-MDR1, MDCKII-MRP2, and MDCKII-BCRP cells were grown to
confluence in black 96-well plates with clear bottoms. Intracellular accumulation of 10 uM
calcein AM (P-gp and MRP2 substrate) or 10 uM Hoechst 33342 (BCRP substrate) with or
without GS-5885 (concentration range: 1-1000 nM) was determined after 1, 2, or 3 h
incubations (for MDCKII-MDR1, MDCKII-MRP2, and MDCKII-BCRP cells, respectively) at 37ºC.
Fluorescence of the cell lysate was determined. The percent inhibition was calculated by
calculated the ratio of total fluorescence of transfected to wild-type cells in the presence (RatioI)
or absence (RatioNI) of GS-5885: [(RatioI-RatioNI)/(1-RatioNI)]x100.
Results
Dose-dependent inhibition of BCRP and P-gp transport was observed, with IC50 values <1 uM
and approximately 1 uM, respectively (Tables 1 and 2). No dose-dependent inhibition of MRP2
efflux was observed (Table 3).
Table 1: GS-5885 inhibition of BCRP efflux of Hoechst 33342 in MDCKII- BCRP cells (source:
Study Report Table 1)
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Table 2: GS-5885 inhibition of P-gp efflux of calcein in MDCKII- MDR1 cells (source: Study
Report Table 3)

Table 3: GS-5885 inhibition of MRP2 efflux of calcein in MDCKII- MRP2 cells (source: Study
Report Table 2)

Conclusion
GS-5885 inhibited P-gp and BCRP efflux by 46.3% and 38.1%, respectively, at the anticipated
GS-5885 Cmax of 1 uM. Coadministration of GS-5885 with drugs that are substrates for P-gp
and/or BCRP may lead to increased absorption of the coadministered drug.
AD-256-2132: In vitro assessment of human UGT1A1 inhibition potential of GS-5885
Introduction
In this study, inhibition of UGT1A1 catalytic activity by GS-5885 was determined using
microsomal fractions from baculovirus-expressed human UGT1A1 insect cells (Supersomes™).
Materials and Methods
The UGT1A1 substrate estradiol (10 uM) was incubated with Supersomes™ (0.25 mg/mL
protein), UDP-glucuronic acid (5 mM), and alamethicin (25 ug/mL) in the presence or absence
of GS-5885 (concentration range: 0.4-100 uM) or the positive control inhibitor silybin
(concentration range: 0-100 uM) for 30 min at 37ºC. Concentrations of the UGT1A1-specific
metabolite estradiol 3-glucuronide were assessed by LC-MS/MS and were used to determine
(b) (4)
the rate of metabolism. Assays were conducted
Results
The GS-5885 IC50 value for UGT1A1 was 7.95 uM, compared to an IC50 of 2.99 uM for the
UGT1A1 inhibitor silybin (Table 1).
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Table 1: GS-5885 and control inhibitor IC50 values on UGT1A1 activity (source: Study Report
Table 1)

Conclusion
Although the ratio of the total Cmax to IC50 is greater than 0.1 (0.126), UGT1A1 inhibition by GS5885 is not likely to be clinically relevant due to the extent of GS-5885 plasma protein binding
(>99%).

AD-256-2134: In vitro assessment of GS-5885 inhibition of human OATP1B1 and
OATP1B3
Introduction
In this study, inhibition of uptake transport via OATP1B1 or OATP1B3 by GS-5885 was
determined using overexpressing CHO cells.
Materials and Methods
Wild-type CHO cells or CHO cells transfected with OATP1B1 or OATP1B3 were seeded in
black 96-well plates with clear bottoms. Sodium butyrate (10 mM) was added to increase
protein expression and the cells were grown to confluence. Intracellular accumulation of 2 uM
Fluo-3 with or without GS-5885 (concentration range: 0.14 to 100 uM) was determined after a 1
h incubation at 37ºC. Fluorescence of the cell lysate was determined. The percent inhibition
was calculated using the following equation: 1-[OATPI-WTNI)/(OATPNI-WTNI)]*100, where
OATPI is the fluorescence in OATP-transfected cells in the presence of GS-5885 and OATPNI
and WTNI are the fluorescence values of OATP-transfected and untransfected cells,
respectively, in the absence of GS-5885.
Results
Dose-dependent inhibition of OATP1B1 and OATP1B3 transport was observed, with IC50 values
3.5 uM and 6.5 uM, respectively (Table 1). The positive control rifampicin inhibited OATP1B1
and OATP1B3 with IC50 values of 1.4 and 2.7 uM, respectively.
Table 1: GS-5885 and rifampicin inhibition of OATP1B1 and OATP1B3 uptake of Fluo-3 in
CHO-transfected cells (source: Study Report Table 1)
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Conclusion
GS-5885 inhibited OATP1B1 and OATP1B3 efflux with IC50 values of 3.5 and 6.5 uM,
respectively. The ratios of the GS-5885 Cmax to IC50 values for OATP1B1 and OATP1B3 are
0.29 and 0.15, respectively, suggesting that inhibition of these transporters is possible at
pharmacological concentrations, though the high degree of plasma protein binding (>99%)
makes inhibition unlikely.
AD-256-2140: In vitro inhibition studies of ledipasvir with human MRP4, BSEP, OAT1,
OAT3, OCT2 and MAT1 transporters
Introduction
In this study, inhibition of transport via MRP4 (ABCC4), BSEP (ABCB11), OAT1 (SLC22A6),
OAT3 (SLC22A8), OCT2 (SLC22A2), and MATE1 (SLC47A1) by GS-5885 was determined
using overexpressing OAT1, OAT3, OCT2, or MATE1 cells or MRP4- or BSEP-containing
membrane vesicles.
Materials and Methods
Vesicular transport inhibition assays – Membrane vesicles (50 ug protein/well) made from Sf9
cells transfected with BSEP or HEK293 cells transfected with MRP4 were incubated with the
probe substrates 2 uM taurocholate or 0.2 uM DHEAS, respectively, in the presence or absence
of ATP. Ledipasvir (concentration range: 0.01-6 uM) or positive control inhibitors 20 uM
cyclosporine A or 150 uM MK571 were added. Reactions were started by the addition of 12 mM
ATP and stopped after 5 min. The amount of substrate inside vesicles was determined by liquid
scintillation counting. All assays were performed in duplicate.
Cellular transport inhibition assays – CHO cells transfected with OCT2, OAT1, or MATE1 or 293
FlpIn cells transfected with OAT3 were incubated with the probe substrates triethylamine (TEA),
PAH, TEA, or estrone-3-sulfate, respectively, in the presence or absence of ledipasvir
(concentration range: 0.01-6 uM) or the positive control inhibitors verapamil, benzbromarone,
quinidine, or probenecid, respectively. The amount of substrate in cell lysate was determined
by liquid scintillation counting or fluorescence reading.
Results
Ledipasvir inhibited taurocholate transport by BSEP in membrane vesicles, with an IC50 value of
approximately 6 uM. Ledipasvir also inhibited TEA uptake by OCT2-transfected CHO cells,
although inhibition was weak (13% inhibition at the highest ledipasvir concentration evaluated).
Ledipasvir did not inhibit transport by MRP4, OAT1, OAT3, or MATE1. Ledipasvir appeared to
increase MATE1 transport by approximately 20% incubation (Figure 1). The mechanism for the
apparent activation is unknown. In the transport assay, cells were incubated with ledipasvir and
TEA for 20 minutes, making it highly unlikely that induction (e.g. via nuclear receptor such as
PXR) occurred in such a short time period. There are no reports of MATE1 activation by drugs
in the literature at present.
Table 1: Effect of ledipasvir on BSEP, MRP4, OCT2, OAT1, OAT3, and MATE1 transport
activity (source: Study Report Table 2)
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Figure 1: Ledipasvir activation of MATE1 transport activity (source: Study Report Figure 4)

Conclusion
Ledipasvir inhibited BSEP transport activity with an IC50 of approximately 6 uM, giving a
Cmax/IC50 ratio of 0.17. The potential for presystemic drug interactions mediated by BSEP
exists; the high degree of plasma protein binding (>99%) makes drug interactions less likely
when ledipasvir is in the systemic circulation. Ledipasvir was a weak inhibitor of OCT2 (13%
inhibition in the presence of 6 uM ledipasvir) and appeared to activate MATE1 (18% stimulation
in the presence of 6 uM ledipasvir. The clinical relevance of these relatively minor interactions
is likely limited.
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AD-256-2143: In vitro inhibition and substrate studies of ledipasvir with human OCT1
transporter
Introduction
In this study, interactions between ledipasvir and the uptake transporter OCT1 (SLC22A1) were
evaluated using overexpressing OCT1 cells and the probe substrate triethylamine (TEA).
Materials and Methods
For the inhibition assay, CHO cells transfected with OCT1 were incubated with in the presence
or absence of ledipasvir (concentration range: 0.01-6 uM) or the positive control inhibitor
verapamil (100 uM). For the substrate assay, CHO cells transfected with OCT1 or empty vector
were incubated with ledipasvir (1 and 5 uM) for 2 and 20 min at 37ºC. The amount of substrate
in cell lysate was determined by liquid scintillation counting or fluorescence reading.
Results
Ledipasvir did not inhibit TEA uptake by OCT1 at concentrations up to 6 uM (Figure 1).
Ledipasvir was not a substrate of OCT1 as TEA accumulation in OCT1-transfected cells was
less than two-fold that observed in control cells (Table 1).
Figure 1: Ledipasvir activation of MATE1 transport activity (source: Study Report Figure 4)

Table 1: OCT1-mediated transport of ledipasvir (source: Study Report Table 4)

Conclusion
Ledipasvir was not transported by or an inhibitor of the OCT1 uptake transporter in transfected
CHO cells using the probe substrate TEA.
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AD-337-2001: Effect of sofosbuvir and ledipasvir on the bidirectional permeability of
tenofovir disoproxil fumarate through Caco-2 monolayers
Introduction
In this study, the effect of ledipasvir (LDV) and sofosbuvir (SOF) on the bidirectional
permeability of tenofovir disoproxil fumarate (TDF) was determined using human colon
carcinoma (Caco-2) cells and the P-gp and BCRP inhibitor ritonavir (RTV).
Materials and Methods
Caco-2 cells were grown to confluence for at least 21 days on 12-well Transwell plates
(Corning). Forward (apical to basolateral, A to B) and reverse (basolateral to apical, B to A)
permeability of TDF (50 uM) was determined over 120 minutes. The efflux ratio was calculated
as the average reverse apparent permeability (Papp) divided by the average forward Papp
(Papp,B:A/Papp,A:B). Digoxin served as the transporter positive control. Experimental conditions
were conducted in duplicate and samples were analyzed by LC-MS/MS.
Results
At a concentration of 1 uM, TDF had medium forward permeability with an efflux ratio of 18,
indicating significant efflux transport (Table 1). The positive control inhibitor RTV reduced the
efflux ratio to 1.3, suggesting involvement of P-gp and/or BCRP in TDF transport. At
concentrations of 1, 5, and 25 uM, LDV also reduced the efflux ratio (range: 1.5-2.5) and at a
concentration of 1000 uM, SOF reduced the efflux ratio to 2.1.
The increase in forward TDF recovery (from 54% to 80%) in the presence of SOF suggests that
SOF may inhibit metabolism of TDF, possibly via shared routes of metabolism as both are
nucleotide-based drugs.
Table 1: Effect of LDV, SOF, or RTV on the bidirectional permeability of TDF across Caco-2
monolayers (source: Study Report Table 1)
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Conclusion
Ledipasvir (concentration range: 1-25 uM) inhibited P-gp- and/or BCRP-mediated transcellular
transport of TDF in Caco-2 cells, reducing the efflux ratio from 18 without ledipasvir to 1.5-2.5
with ledipasvir. In addition, 1000 uM sofosbuvir inhibited P-gp- and/or BCRP-mediated
transcellular transport of TDF, resulting in an efflux ratio from 2.1. Recovery of TDF in the
forward direction was increased in the presence of sofosbuvir, suggesting that TDF metabolism
may be inhibited by sofosbuvir; this is not surprising, as both are nucleotide drugs and may
compete for metabolism and activation. The results of this study indicate that both ledipasvir
and sofosbuvir have the potential to increase intestinal absorption of TDF or other P-gp and
BCRP substrates drugs that are coadministered with ledipasvir and/or sofosbuvir.
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Results of Sponsor’s Analysis
Introduction

Population PK analyses of SOF, GS-331007, and LDV were performed using intensive and
sparse PK samples collected in Phase 1, 2, and 3 studies in healthy and HCV-infected subjects.
Intensive sampling entailed serial blood sampling at defined time points, and sparse sampling
(single sample) entailed blood collection at all study visits. In the population PK model-building
process, various structural, statistical, and error models were tested to determine the base model.
The population PK model development dataset for SOF included measureable PK observations
from a total of 1455 subjects (209 healthy subjects and 1246 subjects with HCV infection) across
10 clinical studies. The population PK model development dataset for GS-331007 included
measureable PK observations from a total of 1966 subjects (207 healthy subjects and 1759
subjects with HCV infection) across 10 clinical studies. The population PK model development
dataset for LDV included measureable PK observations from a total of 2150 subjects (391
healthy subjects and 1759 subjects with HCV infection) across 14 clinical studies. A summary of
the data used in these analyses are provided below in Table 1.
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Table 1: Studies used in the population pharmacokinetic analysis of SOF, GS331007, and LDV

Sponsors Summary of Clinical Pharmacology, pg 170

Sponsors Summary of Clinical Pharmacology, pg 172

SOF Population PK Summary
The final population PK model for SOF best described the plasma concentration data with a 1compartment PK model with first-order absorption, first-order elimination from the central
compartment, and an absorption lag time, with interindividual variability terms on oral clearance
(CL/F), first-order absorption rate constant (Ka), and apparent central volume (Vc/F). Covariate
analysis indicated statistically significant effects of HCV infection status (i.e., healthy subjects
versus HCV-infected subjects) and CLcr on CL/F, and the effect of meal status (fed versus fasted)
on Ka.
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Values of SOF CL/F, Vc/F, and Ka for the typical HCV-infected subject with CLcr of
106 mL/min under fasted conditions were estimated to be 305 L/h, 299 L, and 3.49 1/h
respectively (Table 2).
Table 2: Key SOF Population PK Parameter Values and Covariate Effects for
Representative Subjects Administered

Sponsors SOF Population PK Report, pg 13

Sensitivity analyses suggested that the magnitude of HCV infection status, CLcr, and meal status
on the steady-state AUCtau and Cmax of SOF was mild (Cmax: < 26%; AUCtau: < 10.5%) for HCVinfected subjects with extreme covariate values (5th and 95th percentiles) relative to the typical
HCV-infected subject. As such, these covariates are not considered to have a clinically
meaningful impact on SOF exposure (Figure 1).
Figure 2: Sensitivity plot comparing the effect of covariates on SOF steady state
exposure (AUC, Cmin and Cmax)

Sponsors SOF Population PK Report, pg 14

GS-331007 Population PK Summary

The final population PK model for GS-331007 best described the plasma concentration data with
a 2-compartment PK model with first-order absorption, first-order elimination from the central
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compartment, and an absorption lag time, with interindividual variability terms on CL/F, Ka,
Vc/F, apparent peripheral volume (Vp/F), and apparent intercompartmental clearance (Q/F).
Covariate analysis indicated statistically significant effects of CLcr, sex, RBV usage, and race on
CL/F, effects of CLcr, RBV usage, and HCV infection status on Vc/F, effects of HCV infection
status and meal status (fed versus fasted) on Ka, and effects of meal status on relative
bioavailability (F1).
Values of GS-331007 CL/F, Vc/F, Vp/F, Q/F, and Ka for the typical white male
HCV-infected subject with CLcr of 106 mL/min under fasted conditions without RBV usage were
estimated to be 31.8 L/h, 534 L, 788 L, 51.9 L/h, and 0.32 1/h, respectively (Table 3).
Table 3: Key GS-331007 Population PK Parameter Values and Covariate Effects for
Representative Subjects Administered

Sponsors GS-331007 Population PK Report, pg 13

Sensitivity analyses suggested that the effects of covariates other than CrCL are relatively small
and do not affect GS-331007 exposure in a clinically meaningful manner when compared to the
range of exposures observed in the 5th to 95th percentiles of the population. As such, these
covariates are not considered to have a clinically meaningful impact on GS-331007 exposure.
CrCL was inversely correlated with GS-331007 AUCtau and Cmax. GS-331007 AUCtau and Cmax
exhibited a mean difference of 31% and 28%, respectively, between the midpoints of the lowest
and highest quartiles of CrCL. Exposure-response analyses did not identify any relationships
between GS-331007 exposures in the Phase III trials and efficacy or safety measures. As such,
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the impact of CrCL on GS-331007 exposure in subjects with mild or normal renal impairment is
not considered clinically relevant nor does it necessitate any dose adjustments (Figure 2).
Figure 3: Sensitivity plot comparing the effect of covariates on GS-331007 steady
state exposure (AUC, Cmin and Cmax)

Sponsors GS-331007 Population PK Report, pg 14
LDV Population PK Summary

The final population PK model for LDV best described the plasma concentration data with a 2compartment PK model with first-order absorption, first-order elimination from the central
compartment, and an absorption lag time, with interindividual variability terms on CL/F, Ka,
Vc/F, and Vp/F. Covariate analysis indicated statistically significant effects of sex, body weight,
RBV usage, and HCV infection status on CL/F; effects of body weight on Vc/F; and effects of
HCV infection status (healthy versus treatment-naive versus treatment-experienced) on relative
bioavailability (F1).
Values of LDV CL/F, Vc/F, Vp/F, Q/F, and Ka for the typical male treatment-naive
HCV-infected subject weighing 80 kg without coadministration of RBV were estimated to be
13.1 L/h, 399 L, 620 L, 28.5 L/h, and 0.326 1/h, respectively (Table 4).
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Table 4: Key LDV Population PK Parameter Values and Covariate Effects for
Representative Subjects

Sponsors LDV Population PK Report, pg 11

Typical values of F1 were determined to be 1.00, 0.83, and 1.57 for treatment-naive, treatmentexperienced, and healthy subjects respectively. Sensitivity analyses suggested that the magnitude
of effects of sex, body weight, disease status, and RBV usage on LDV steady-state AUC, Cmax,
and Cmin was AUC: < 48.9%; Cmax: < 32.6%; Cmin: < 46.8% for subjects with extreme covariate
values (5th and 95th percentiles) relative to the typical subject. Ledipasvir AUCtau, Cmax, and Ctau
were approximately 77%, 58%, and 75% higher in female subjects compared with male subjects.
Ledipasvir AUCtau, Cmax, and Ctau exhibited mean differences of approximately 29%, 31%, and
25%, respectively, between the midpoints of the lower and highest quartiles of BMI. The
geometric mean AUCtau,
Cmax, and Ctau for LDV were approximately 20%, 18%, and 20% lower, respectively, in
treatment-experienced subjects relative to treatment-naive subjects (Figure 3).
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Figure 4: Sensitivity plot comparing the effect of covariates on LDV steady state
exposure (AUC, Cmin and Cmax)

Sponsors LDV Population PK Report, pg 12
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If not, what are the deficiencies?

B.2. ACCEPTANCE CRITERION
9. What is the proposed dissolution acceptance criterion for this product?

20

10. What data are available to support this criterion?

11. Is the acceptance criterion acceptable? If not, what is the recommended

criterion? Is the setting of the dissolution acceptance criteria based on
data from clinical and registration batches? If not, is the setting based
on BE or IVIVC data?

2
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12. Is dissolution testing appropriate as a tool to monitor for solid
state? What data are available to support this claim?
C) DRUG PRODUCT FORMULATION DEVELOPMENT AND

BRIDGING ACROSS PHASES

26

13. What are the highlights of the drug product formulation development?

14. Are there any manufacturing changes implemented (e.g. formulation
changes, process changes, site change, etc.) to the clinical trial
formulation? What information is available to support these changes?
15. Are all the strengths evaluated in the pivotal clinical trials? What data are
available to support the approval of lower strengths?
D) DISSOLUTION APPLICATIONS
D.1 BIOWAIVERS
16. Is there a waiver request of in vivo BE data (Biowaiver)? If yes, what
is/are the purpose/s of the biowaiver request/s? What data support the
biowaiver request/s?
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17. Is there any IVIVC information submitted? What is the regulatory
application of the IVIVC in the submission? What data are provided to
support the acceptability of the IVIVC model?
18. Is there any in vitro alcohol dose-dumping information submitted? What
data are provided to support the Applicant’s claim (e.g. lack of dosedumping in the presence of alcohol)?
D.2 SURROGATES IN LIEU OF DISSOLUTION
19. Are there any manufacturing parameters (e.g. disintegration, drug
substance particle size, etc.) being proposed as surrogates in lieu of
dissolution testing? What data are available to support the approval of
the proposed surrogate test?

30

D.3 DISSOLUTION AND QBD

30

20. Does the application contain QbD elements?
identified as a CQA for defining design space?

If yes, is dissolution

21. Was dissolution included in the DoE? What raw materials and process
variables are identified as having an impact on dissolution? What is the
risk assessment been performed to evaluate the criticality of dissolution?
22. What biopharmaceutics information is available to support the clinical
relevance of the proposed design space?
23. Is there any dissolution model information submitted as part of QbD
implementation? What is the regulatory application of the dissolution
model in the submission? What data are provided to support the
acceptability of the dissolution model?

3
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(b) (4)

DK1206B

(b) (4)

June 2012

Clinical, Stability

DK1208B

June 2012

Clinical, Stability

DK1209B

June 2012

Clinical, Stability

13SFC001R

December 2012

Clinical, Stability

13SFC002R

December 2012

Clinical, Stability

13SFC003R

December 2012

Clinical, Stability

13SFC004R

April 2013

Clinical, Stability

13SFC005R

June 2013

Clinical, Stability

13SFC006R

August 2013

Scale-Up

DK1309B

August 2013

Scale-Up

Source: Table 1, \\cdsesub1\evsprod\NDA205834\0000\m3\32-body-data\32p-drug-prod\ldv-sof-tablet\32p5-contrdrug-prod\32p54-batch-analys ;

Since no data were submitted on the original NDA submission, the following IR was sent
to the Applicant as part of the 74-day letter:
To support the approval of the alternate manufacturing site provide:
 Dissolution profiles comparisons in three different media for the batches (at
(b) (4)
least 3) manufactured at
vs. those manufactured at Gilead
in Ireland.
On a submission dated April 25, 2014 the Applicant submitted dissolution profiles
comparisons for which statistical testing is summarized in Tables 7 and 8.
Table 7. f2 Comparison for Ledipasvir Dissolution Profiles at pH 4.5
Lot
No.

DK1204B

DK1205B

DK1208B
(b) (4)

13SFC001R
13SFC004R
13SFC005R

Table 8. f2 Comparison for Ledipasvir Dissolution Profiles at pH 6.0
Lot
No.

DK1204B

DK1205B

DK1208B
(b) (4)

13SFC001R
13SFC004R
13SFC005R
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Reviewer’s Comments
Among the three medium tested, f2 values failed at pH 4.5 and 6. According to the
Applicant, the difference in the dissolution profiles between the two manufacturing sites
was attributed to slight differences in manufacturing process parameters used at the two
(b) (4)
sites during clinical development (e.g., Gilead GSL used
during clinical manufacturing). The Applicant claims that the two manufacturing sites
have now adopted the same manufacturing process parameters. However, it was not
clear which manufacturing parameters were revised. Therefore, the following comment
was conveyed to the Applicant on an IR letter dated May 26, 2014:
On a submission dated April 30, 2014, it is suggested that the failing of similarity in
(b) (4)
dissolution between the batches manufactured at
vs. those manufactured at
Gilead Ireland is due to variations on the process parameters and that this variation
will be resolved by harmonizing the manufacturing process parameters. Provide a list
of the manufacturing parameters that will be harmonized and the specification ranges.
On a submission dated June 30, 2014 the Applicant provided table comparing the
equipment and process parameters that were harmonized. In a phone conversation with
the CMC review team, Drs. Lunn and Miller agreed that the updated process parameters
are appropriate. In addition, the Applicant provided additional profile comparisons
between batches manufactured in the two sites showing that similar in vitro performance
(e.g. f2> 50).
Therefore, the alternate manufacturing site is acceptable from biopharmaceutics
perspective.

15. Are all the strengths evaluated in the pivotal clinical trials? What data
are available to support the approval of lower strengths?
There is only one strength being proposed which was tested in phase 3 trials.
D) DISSOLUTION APPLICATIONS
D.1 BIOWAIVERS

16. Is there a request for waiver of in vivo BE data (Biowaiver)? What is/are
the purpose/s of the biowaiver request/s? What data support the
biowaiver request/s?
There were no biowaivers being request in this submission.

17. Is there any IVIVC information submitted? What is the regulatory
application of the IVIVC in the submission? What data is provided to
support the acceptability of the IVIVC?
There were no IVIVC models included.
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement

Office of Clinical Pharmacology
New Drug Application Filing and Review Form
General Information About the Submission
Information
205834
IV
DAVP
Jenny H Zheng

Brand Name
Generic Name
Drug Class
Indication(s)

OCP Team Leader

Shirley Seo

Dosage Form

Pharmacometrics Reviewer

Jeff Florian

Dosing Regimen

NDA/BLA Number
OCP Division (I, II, III, IV, V)
Medical Division
OCP Reviewer

Information
Not available
Ledipasvir/Sofosbuvir
HCV NS5A/NS5B inhibitor
Treatment of chronic hepatitis C genotype
1 in adults
90 mg ledipasvir and 400 mg sofosbuvir
fixed-Dose combination tablets
One tablet once daily with or without food
(b) (4)

Pharmacogenomics Reviewer

Sarah Dorff

Date of Submission
Estimated Due Date of OCP Review
Medical Division Due Date
PDUFA Due Date

2/10/2014
7/10/2014
10/10/2014
10/10/2014

Route of Administration
Sponsor
Priority Classification

Oral
Gilead
Priority

Clin. Pharm. and Biopharm. Information
“X” if included
at filing

Number of
studies
submitted

Number of
studies being
reviewed

Critical Comments If any

STUDY TYPE
Table of Contents present and sufficient to
locate reports, tables, data, etc.
Tabular Listing of All Human Studies
HPK Summary
Labeling
Reference Bioanalytical and Analytical
Methods
I. Clinical Pharmacology
Mass balance:
Isozyme characterization:
Transporter characterization:
Blood/plasma ratio:
Plasma protein binding:
Pharmacokinetics (e.g., Phase I) -

x
x
x
x
x

x
x
x
x
x

2
2
1
1
2

1
2
1
1
1

GS-US-256-0108

x

4

3

GS-US-256-0101, GS-US-334-0111,
GS-US-169-0105

x

2

1

GS-US-256-0102

Healthy Volunteerssingle dose:
multiple dose:
Patientssingle dose:
multiple dose:
Dose proportionality fasting / non-fasting single dose:
fasting / non-fasting multiple dose:

x

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for
NDA_BLA or Supplement 090808
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement
Drug-drug interaction studies -

18

7

GS-US-256-0129, GS-US-248-0104,
GS-US-334-0101, GS-US-334-0146,
GS-US-344-0102, GS-US-337-0128,
GS-US-337-0127

In-vivo effects on primary drug:
In-vivo effects of primary drug:
In-vitro:
Subpopulation studies ethnicity:
gender:
pediatrics:
geriatrics:
renal impairment:
hepatic impairment:
PD Phase 2:
Phase 3:
PK/PD Phase 1 and/or 2, proof of concept:

x
x
x

7

7

x
x

2
3

1
1

GS-US-344-0108
GS-US-344-0101

x

9

4

Phase 3 clinical trial:

x

3

3

P7977-0724, GS-US-344-0109, P79770523, GS-US-337-0118
GS-US-337-0102, GS-US-337-0109,
GS-US-337-0108

Data rich:

x
x

3

3

SOF, GS-331007, and LDV PopPK
reports from the FDC regiments

x

5

2

GS-US-256-0110, GS-US-337-0101

64

38

Population Analyses -

Data sparse:
II. Biopharmaceutics
Absolute bioavailability
Relative bioavailability solution as reference:
alternate formulation as reference:
Bioequivalence studies traditional design; single / multi dose:
replicate design; single / multi dose:
Food-drug interaction studies
Bio-waiver request based on BCS
BCS class
Dissolution study to evaluate alcohol induced
dose-dumping
III. Other CPB Studies
Genotype/phenotype studies
Chronopharmacokinetics
Pediatric development plan
Literature References
Total Number of Studies

x
x

On initial review of the NDA/BLA application for filing:

Content Parameter
Criteria for Refusal to File (RTF)
1 Has the applicant submitted bioequivalence data comparing to-bemarketed product(s) and those used in the pivotal clinical trials?
2 Has the applicant provided metabolism and drug-drug interaction
information?
3 Has the sponsor submitted bioavailability data satisfying the CFR
requirements?
4 Did the sponsor submit data to allow the evaluation of the validity of

Yes No N/A Comment
x
x
x
x
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement
5
6
7
8

the analytical assay?
Has a rationale for dose selection been submitted?
Is the clinical pharmacology and biopharmaceutics section of the NDA
organized, indexed and paginated in a manner to allow substantive
review to begin?
Is the clinical pharmacology and biopharmaceutics section of the NDA
legible so that a substantive review can begin?
Is the electronic submission searchable, does it have appropriate
hyperlinks and do the hyperlinks work?

x
x
x
x

Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality)
Data
9 Are the data sets, as requested during pre-submission discussions,
x
submitted in the appropriate format (e.g., CDISC)?
10 If applicable, are the pharmacogenomic data sets submitted in the
x
appropriate format?
Studies and Analyses
11 Is the appropriate pharmacokinetic information submitted?
x
12 Has the applicant made an appropriate attempt to determine reasonable x
dose individualization strategies for this product (i.e., appropriately
designed and analyzed dose-ranging or pivotal studies)?
13 Are the appropriate exposure-response (for desired and undesired
x
effects) analyses conducted and submitted as described in the
Exposure-Response guidance?
14 Is there an adequate attempt by the applicant to use exposure-response x
relationships in order to assess the need for dose adjustments for
intrinsic/extrinsic factors that might affect the pharmacokinetic or
pharmacodynamics?
15 Are the pediatric exclusivity studies adequately designed to
demonstrate effectiveness, if the drug is indeed effective?
16 Did the applicant submit all the pediatric exclusivity data, as described
in the WR?
17 Is there adequate information on the pharmacokinetics and exposurex
response in the clinical pharmacology section of the label?
General
18 Are the clinical pharmacology and biopharmaceutics studies of
x
appropriate design and breadth of investigation to meet basic
requirements for approvability of this product?
19 Was the translation (of study reports or other study information) from
another language needed and provided in this submission?

x
x

x

IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE?
_Yes
If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and provide
comments to be sent to the Applicant.
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Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day letter.
None.

Reviewing Clinical Pharmacologist

Date

Team Leader/Supervisor

Date
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