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1 Executive Summary 
 
The applicant, Bristol Myers Squib (BMS), resubmitted a 505(b)(1) New Drug 
Application (NDA) subsequent to a Complete Response (CR) letter that was issued by 
the Division of Antiviral Products on November 25, 2014.  The CR letter was issued 
because there was insufficient information to establish the safety and efficacy of 
daclatasvir subsequent to the withdrawal of the asunaprevir NDA on October 6, 2014. 
 
The resubmission contained the AI444218 trial (ALLY-3), a clinical trial that evaluated 
the combination of daclatasvir and sofosbuvir in genotype 3 chronic hepatitis C infected, 
treatment naïve or treatment experienced subjects.  The trial evaluated the combination of 
daclatasvir 60 mg once daily plus sofosbuvir 400 mg once daily which was administered 
for 12 weeks.  For the AI444218 trial, the administered daclatasvir and sofosbuvir 
formulations were the Phase 3 formulation and the U.S commercially marketed 
formulations, respectively. 
 
With the exception of the pharmacometrics information for the AI444218 trial, including 
the population pharmacokinetic (PK) analysis, no new clinical pharmacology information 
was reviewed as part of the resubmission. For this review, the pharmacometrics review is 
included in section 3.  Daclatasvir clinical pharmacology related review information is 
provided in the original submission (NDA 206843, SDN 2).  The proposed revisions to 
the relevant clinical pharmacology sections of the proposed daclatasvir U.S. prescribing 
information are outlined in section 2. 

1.1 Recommendation  
 
The Office of Clinical Pharmacology (OCP) has reviewed the information in this NDA 
resubmission and the information provided supports the approval of the application. 

1.2 Postmarketing Commitments or Requirements 

There are no postmarketing commitments or requirements for this NDA.
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Table 1: Drugs that are Contraindicated with DAKLINZA 
 

Mechanism of 
Interaction 

    Clinical Comment Drugs that are 
Contraindicated with 
DAKLINZAa 

Strong induction 
of CYP3A by 
coadministered 
drug 

May lead to loss of 
virologic response to 
DAKLINZA 

Anticonvulsants 
phenytoin, carbamazepine,  

Antimycobacterial agents 
rifampin  

Herbal products 
St. John’s wort (Hypericum 
perforatum) 

    a
 This table is not a comprehensive list of all drugs that strongly induce CYP3A  
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Applicant proposed language Proposed review team changes  
 

 
 
 

 
Clinical pharmacology reviewer comment: The separate entries for 
erythromycin, dilatiazem, and verapamil should be deleted and combined 
into a single entry for moderate CYP3A inhibitors. The examples listed 
below are included in the draft February 2012 drug interaction 
guidance.   
 
Table 3: Established and Other Potentially Significant Drug Interactions 

a
 The direction of the arrow (↑ = increase, ↓ = decrease) indicates the direction of the 

change in pharmacokinetic parameters. 
 

Concomitant Drug Class: 
Drug Name 

Effect on 
Concentration

a
 

Clinical Comment 

Moderate CYP3A 
inhibitors 
atazanavir, ciprofloxacin, 
darunavir/ritonavir, 
diltiazem, erythromycin, 
fluconazole, 
fosamprenavir, verapamil 

↑ Daclatasvir Monitor for daclatasvir 
adverse events. 
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Applicant proposed language Proposed review team changes  

 
 
 
 

 

 
Table 3: Established and Other Potentially Significant Drug Interactions 
Clinical pharmacology reviewer note: the examples listed below are 
included in the draft February 2012 drug interaction guidance 

 
The direction of the arrow (↑ = increase, ↓ = decrease) indicates the direction of the 

change in pharmacokinetic parameters. 
b   

These interactions have been studied [see Clinical Pharmacology (12.3, Table 6 and   
   Table 7)]. 

 
Review team changes to the table subsequent to the  applicant’s 
acceptance of review team changes for moderate CYP3A inducers 
 

 

Concomitant Drug Class: 
Drug Name 

Effect on 
Concentration

a
 

Clinical Comment 

Moderate CYP3A 
inducers 

bosentan, efavirenz b, 
etravirine, modafinil, 
nafcillin 

↓ Daclatasvir Increase DAKLINZA dose to 
90 mg once daily when 
coadministered with moderate 
inducers of CYP3A. 

Concomitant Drug Class: 
Drug Name 

Effect on 
Concentration

a
 

Clinical Comment 

Moderate CYP3A 
inducers 
bosentan, dexamethasone, 
efavirenz b, etravirine, 
modafinil, nafcillin, 
rifapentine 

↓ Daclatasvir Increase DAKLINZA dose to 
90 mg once daily when 
coadministered with moderate 
inducers of CYP3A. 
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a
 The direction of the arrow (↑ = increase, ↓ = decrease) indicates the direction of the 

change in pharmacokinetic parameters. 
b   

These interactions have been studied [see Clinical Pharmacology (12.3, Table 6 and   
   Table 7)]. 
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a
 The direction of the arrow (↑ = increase, ↓ = decrease) indicates the direction of the 
change in pharmacokinetic parameters. 

b   
These interactions have been studied [see Clinical Pharmacology (12.3, Table 6 and   

   Table 7)]. 

 

digoxin concentrations by 
decreasing dosage by 
approximately 30-50% or by 
modifying the dosing 
frequency and continue 
monitoring. 
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Review team edits and comments subsequent to applicant’s request to 
retain list of medications and in section 7 
 
The retention of this information in section 7 was acceptable. 
 
Any medications that are listed in the USPI that are predicted to either 
not interact with daclatasvir or vice versa should be based on the entire 
drug-drug interaction profile that includes not only cytochrome P450 
mediated interactions but also transporter based interactions. Therefore 
DAVP has edited the list to only include medications where data 
currently exists that supports the lack of a predicted interaction (if data 
[e.g. transporter info] is not available to make a determination, the 
medication was also excluded).  
 
The inclusion of peginterferon alfa, ribavirin, or antacids was 
considered acceptable based on the available supportive information 
that was included as part of the original DCV NDA submission. 
 
Drugs without Clinically Significant Interactions with DAKLINZA 

 
  Based on the results of drug interaction trials [see Clinical 
Pharmacology (12.3)], no clinically relevant changes in exposure were 
observed for cyclosporine, escitalopram, ethinyl estradiol/norgestimate, 
methadone, midazolam, tacrolimus, or tenofovir with concomitant use 
of daclatasvir. No clinically relevant changes in daclatasvir exposure 
were observed with cyclosporine, escitalopram, famotidine, omeprazole, 
sofosbuvir, tacrolimus, or tenofovir. No clinically relevant interaction is 
anticipated for daclatasvir or the following concomitant medications: 
peginterferon alfa, ribavirin, or antacids. 
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Section 12.2-Pharmacodynamics 
 

Applicant proposed language Proposed review team changes  
 
Cardiac Electrophysiology 

 
Cardiac Electrophysiology 
At a dose 3 times the maximum recommended dose, daclatasvir does 
not prolong the QT interval to any clinically relevant extent. 
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C24h  (ng/mL)  
Mean ± standard 
deviation 

182 ± 137 

 Median (range) 148(21-1050) 
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Applicant proposed language Proposed review team changes  
 
Absorption and Bioavailability 
 
In HCV-infected subjects following multiple oral doses of daclatasvir 
tablet ranging from 1 mg to 100 mg once daily, peak plasma 
concentrations occurred  2 hours post dose. 
 
In vitro studies with human Caco-2 cells indicated that daclatasvir is a 
substrate of P-gp. The absolute bioavailability of the tablet formulation is 
67%. 

 

 
Absorption and Bioavailability 
 
In HCV-infected subjects following multiple oral doses of daclatasvir 
tablet ranging from 1 mg to 100 mg once daily, peak plasma 
concentrations occurred within 2 hours post dose. 
 
In vitro studies with human Caco-2 cells indicated that daclatasvir is a 
substrate of P-gp. The absolute bioavailability of the tablet formulation 
is 67%. 
 

 
Applicant proposed language  Proposed review team changes (changes are highlighted) 
 
Effect of Food on Oral Absorption 
 
In healthy subjects, administration of a daclatasvir 60 mg tablet after a 
high-fat, high-caloric meal (951 total kcal) decreased daclatasvir Cmax and 
AUC(0-inf) by 28% and 23%, respectively, compared with fasted 
conditions. Administration of a daclatasvir 60 mg tablet after a low-fat, 
low-caloric meal (277 total kcal)  
compared with fasted conditions [see Dosage and Administration (2)]. 
 

 
Clinical pharmacology reviewer comment: the breakdown of the 
calories for the specified meal was added, consistent with the current 
recommendations for section 12 labeling. 
 
Effect of Food on Oral Absorption 
 
In healthy subjects, administration of a daclatasvir 60 mg tablet after a 
high-fat, high-caloric meal (approximately 951 total kcal, 492 kcal from 
fat, 312 kcal from carbohydrates, 144 kcal from protein) decreased 
daclatasvir Cmax and AUC(0-inf) by 28% and 23%, respectively, 
compared with fasted conditions.  A food effect was not observed with 
administration of a daclatasvir 60 mg tablet after a low-fat, low-caloric 
meal (approximately 277 total kcal, 41 kcal from fat, 190 kcal from 
carbohydrates, 44 kcal from protein) compared with fasted conditions 
[see Dosage and Administration (2)]. 
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Applicant proposed language Proposed reviewer changes (changes are highlighted) 
 
Distribution 
 
Protein binding of daclatasvir in HCV-infected subjects was 
approximately 99% and independent of dose at the dose range studied (1-
100 mg). In subjects who received daclatasvir 60 mg tablet orally 
followed by 100 µg [13C,15N]-daclatasvir intravenous dose, estimated 
volume of distribution at steady state was 47.1 L. 
 

 
Distribution 
 
With multiple dosing, protein binding of daclatasvir in HCV-infected 
subjects was approximately 99% and independent of dose at the dose 
range studied (1-100 mg). In subjects who received daclatasvir 60 mg 
tablet orally followed by 100 µg [13C,15N]-daclatasvir intravenous dose, 
estimated volume of distribution at steady state was 47 L. 
 

 
Applicant proposed language Proposed review team changes (changes are highlighted) 
 
Metabolism 
 

 daclatasvir is a substrate of 
CYP3A, with CYP3A4 being the primary CYP isoform responsible for 
metabolism. Following single-dose oral administration of 25 mg 14C-
daclatasvir in healthy subjects, the majority of radioactivity in plasma was 
predominately attributed to parent drug ( % or greater). 
 
 

 
Metabolism 
 
Daclatasvir is a substrate of CYP3A, with CYP3A4 being the primary 
CYP isoform responsible for metabolism. Following single-dose oral 
administration of 25 mg 14C-daclatasvir in healthy subjects, the majority 
of radioactivity in plasma was predominately attributed to parent drug 
(97% or greater). 
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Applicant proposed language Proposed review team changes (changes are highlighted) 
 
Elimination 
 
Following single-dose oral administration of 25 mg 14C-daclatasvir in 
healthy subjects, 88% of total radioactivity was recovered in feces (53% 
of the dose as unchanged ) and 6.6% of the dose was excreted in the 
urine (primarily as unchanged ). Following multiple-dose 
administration of daclatasvir in HCV-infected subjects, with doses 
ranging from 1 mg to 100 mg once daily, the terminal elimination half-life 
of daclatasvir ranged from approximately 12 to 15 hours. In subjects who 
received daclatasvir 60 mg tablet orally followed by 100 µg [13C,15N]-
daclatasvir intravenous dose, the total clearance was 4.24 L/h. 
 
 

 
Elimination 
 
Following single-dose oral administration of 25 mg 14C-daclatasvir in 
healthy subjects, 88% of total radioactivity was recovered in feces (53% 
of the dose as unchanged daclatasvir) and 6.6% of the dose was excreted 
in the urine (primarily as unchanged daclatasvir). Following multiple-
dose administration of daclatasvir in HCV-infected subjects, with doses 
ranging from 1 mg to 100 mg once daily, the terminal elimination half-
life of daclatasvir ranged from approximately 12 to 15 hours. In subjects 
who received daclatasvir 60 mg tablet orally followed by 100 µg 
[13C,15N]-daclatasvir intravenous dose, the total clearance was 4.2 L/h. 
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Applicant proposed language Proposed review team changes (changes are highlighted) 
 
Specific Populations 
 
Renal Impairment 
 
The pharmacokinetics of daclatasvir following a single 60 mg oral dose 
was studied in non–HCV-infected subjects with renal impairment. Using a 
regression analysis, the predicted AUC(0-inf) of daclatasvir was estimated 
to be 26 %, %, and % higher in subjects with creatinine 
clearance (CLcr) values of 60, 30, and 15 mL/min, respectively, relative 
to subjects with normal renal function (CLcr of 90 mL/min, defined using 
the Cockcroft-Gault CLcr formula)  daclatasvir unbound 
AUC(0-inf) was predicted to be 18 %, 39 % and 51 % higher for 
subjects with CLcr values of 60, 30 and 15 mL/min, respectively, relative 
to subjects with normal renal function. Using observed data, subjects with 
end-stage renal disease requiring hemodialysis had a % increase in 
daclatasvir AUC(0-inf) and a 20 % increase in unbound AUC(0-inf) 
compared to subjects with normal renal function. [See Use in Specific 
Populations (8.6).] 
 
Daclatasvir is highly protein bound to plasma proteins and is unlikely to 
be removed by dialysis.  
 

Clinical Pharmacology reviewer comment: The unbound concentrations 
referenced in the applicant’s original proposed language were analyzed 
using a partially validated LC/MS/MS method in EDTA anticoagulated 
plasma by  (TNJM08147.00).  Based on the long term 
stability data referenced in another method validated under study 
number TNJS07-177a, the generated long term stability data appears to 
cover the duration of long term stability data necessary for daclatasvir 
unbound concentrations from the AI444063 trial (no specific 
information was provided regarding whether fresh calibration 
standards were used for the long term stability experiments). 
 
Original review team recommendation 
 
Specific Populations 
 
Renal Impairment 
 
The pharmacokinetics of daclatasvir following a single 60 mg oral dose 
was studied in non–HCV-infected subjects with renal impairment. 
Using a regression analysis, the predicted AUC(0-inf) of daclatasvir was 
estimated to be 26%, 60%, and 80% higher in subjects with creatinine 
clearance (CLcr) values of 60, 30, and 15 mL/min, respectively, relative 
to subjects with normal renal function (CLcr of 90 mL/min, defined 
using the Cockcroft-Gault CLcr formula). Using observed data, subjects 
with end-stage renal disease requiring hemodialysis had a 27% increase 
in daclatasvir AUC(0-inf) compared to subjects with normal renal 
function as defined using the Cockcroft-Gault CLcr formula [See Use in 
Specific Populations (8.6).] 
 
Daclatasvir is highly protein bound to plasma proteins and is unlikely to 
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be removed by dialysis.  
 
Review team comments subsequent to applicant’s request to retain 
unbound daclatasvir data 
 
The retention of unbound daclatasvir data was acceptable.  
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Applicant proposed language Proposed review team changes (changes highlighted) 
 
Drug Interactions 
 
Transporters 
Daclatasvir is a substrate of P-gp. However, cyclosporine, which inhibits 
multiple transporters including P-gp, did not have a clinically relevant 
effect on the pharmacokinetics of daclatasvir. Daclatasvir, in vitro, did not 
inhibit organic cation transporter (OCT) 2 and did not have a clinically 
relevant effect on the pharmacokinetics of tenofovir, a substrate of organic 
anion transporters (OAT) . Daclatasvir demonstrated inhibitory 
effects on digoxin (a P-gp substrate) and rosuvastatin (an OATP 1B1, 
OATP 1B3, and BCRP substrate) in drug-drug interaction trials. 
 

 
Drug Interactions 

 
Transporters 
Daclatasvir is a substrate of P-gp. However, cyclosporine, which 
inhibits multiple transporters including P-gp, did not have a clinically 
relevant effect on the pharmacokinetics of daclatasvir. Daclatasvir, in 
vitro, did not inhibit organic cation transporter (OCT) 2 and did not 
have a clinically relevant effect on the pharmacokinetics of tenofovir, an 
organic anion transporter (OAT) substrate. Daclatasvir demonstrated 
inhibitory effects on digoxin (a P-gp substrate) and rosuvastatin (an 
OATP 1B1, OATP 1B3, and BCRP substrate) in drug-drug interaction 
trials. 
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Applicant proposed language Proposed review team changes  
 
Table 4:-Effect of DAKLINZA on the Pharmacokinetics of Concomitant 
Drugs 

Concomitant 
Drug 

Co 

administered 
Drug Dose 

<TRADE-
NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of 

Coadministered Drug 
Combination/No 

Combination (90% CI) 

Cmax AUC Cmin
a 

Cyclosporine 400 mg single 
dose 

60 mg QD 

 
Concomitant 

Drug 
Co 

administered 
Drug Dose 

<TRADE-
NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of 

Coadministered Drug 
Combination/No 

Combination (90% CI) 

Cmax AUC Cmin
a 

Escitalopram 10 mg QD 60 mg QD 

 
 
 
 

 
Clinical Pharmacology reviewer comment: in Table 4, for certain 
concomitant medications, the drug-drug interaction data was 
recommended for deletion since the 90% CIs for Cmax, AUC, and Cmin 
were within 80% to 125%. 
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Concomitant 
Drug 

Co 

administered 
Drug Dose 

<TRAD
E-

NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of Coadministered Drug 
Combination/No Combination (90% 

CI) 

Cmax AUC Cmin
a 

 
 

Concomitant 
Drug 

Co 

administered 
Drug Dose 

<TRADE-
NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of Coadministered 

Drug Combination/No 
Combination (90% CI) 

Cmax AUC Cmin
a 
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Concomitant 

Drug 
Co 

administered 
Drug Dose 

<TRADE-
NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of Coadministered 

Drug Combination/No 
Combination (90% CI) 

Cmax AUC Cmin
a 

Tenofovir 
disoproxil 
fumarate 

300 mg QD 60 mg QD 

a Cmin was defined as either the Ctau or the Ctrough concentration value. 
 

Concomitant 
Drug 

Co 

administered 
Drug Dose 

<TRADE-
NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of Coadministered 

Drug Combination/No 
Combination (90% CI) 

Cmax AUC Cmin
a 
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Concomitant 
Drug 

Co 

administered 
Drug Dose 

<TRADE
-NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of Daclatasvir 

Combination/No Combination 
(90% CI) 

Cmax AUC Cmin
a 

Efavirenz 600 mg once 
daily 

60 mg 
once daily 
(reference 

arm)  
120 mg 

once daily  
(test arm) 

 
 
 

1.67 
 (1.51, 
1.84, 

 
 
 

1.37  
(1.21, 
1.55) 

 
 
 

0.83  
(0.69, 
1.00) 

a Cmin was defined as either the Ctau or the Ctrough concentration value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Non dose normalized  
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Applicant proposed language Proposed review team changes (changes highlighted) 
Table 5: Effect of Coadministered Drugs on DAKLINZA 
Pharmacokinetics 

a Cmin was defined as either the Ctau or the Ctrough concentration value 
 

Concomitant 
Drug 

Co 

administered 
Drug Dose 

<TRADE-
NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of Daclatasvir 

Combination/No Combination 
(90% CI) 

Cmax AUC Cmin
a
 

Famotidine 40 mg single 
dose 

60 mg 
single dose 

0.56 
(0.46, 
0.67) 

0.82 
(0.70, 
0.96) 

0.89 
(0.75, 
1.06) 

Table 5: Effect of Coadministered Drugs on DAKLINZA 
Pharmacokinetics 

a Cmin was defined as either the Ctau or the Ctrough concentration value 
 

Concomitant 
Drug 

Co 

administere
d Drug Dose 

<TRADE-
NAME-

DCV> Dose 

Ratio of Pharmacokinetic 
Parameters of Daclatasvir 

Combination/No 
Combination (90% CI) 

Cmax AUC Cmin
a
 

Famotidine 40 mg single 
dose 

60 mg single 
dose 

 (2 hours after 
famotidine 

administration) 

0.56 
(0.46, 
0.67) 

0.82 
(0.70, 
0.96) 

0.89 
(0.75, 
1.06) 
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Applicant proposed language Proposed review team changes (changes highlighted) 
Table 5: Effect of Coadministered Drugs on DAKLINZA 
Pharmacokinetics 

a Cmin was defined as either the Ctau or the Ctrough concentration value 
 

Concomitant 
Drug 

Co 

administered 
Drug Dose 

<TRADE-
NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of Daclatasvir 

Combination/No Combination 
(90% CI) 

Cmax AUC Cmin
a
 

Omeprazole 40 mg QD 60 mg 
single dose 

0.64 
(0.54, 
0.77) 

0.84 
(0.73, 
0.96) 

0.92 
(0.80, 
1.05) 

Table 5: Effect of Coadministered Drugs on DAKLINZA 
Pharmacokinetics 

a Cmin was defined as either the Ctau or the Ctrough concentration value 
 

Concomitant 
Drug 

Co 

administere
d Drug Dose 

<TRADE-
NAME-

DCV> Dose 

Ratio of Pharmacokinetic 
Parameters of Daclatasvir 

Combination/No 
Combination (90% CI) 

Cmax AUC Cmin
a
 

Omeprazole 40 mg single 
dose 

60 mg single 
dose 

0.64 
(0.54, 
0.77) 

0.84 
(0.73, 
0.96) 

0.92 
(0.80, 
1.05) 
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Patient prescribing information 

 
Applicant proposed changes  Proposed review team changes  
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Applicant proposed changes  Proposed review team changes  
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3 Pharmacometrics review 
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were the same as the previous model with the exception of including sofosbuvir treatment 
as a covariate on CL/F and F. Daclatasvir PK in HCV-infected subjects was described by 
a two-compartment model, with absorption modeled as a zero-order release followed by 
first-order absorption into the central compartment. PK parameter estimates were of no 
significant difference with the previous model. Identified covariates that affect 
daclatasvir exposure were the same as identified in the previous analysis (Clinical 
Pharmacology Review for daclatasvir, NDA 206843, SDN 2).  

The applicant’s updated model was assessed by the FDA reviewer. The model is 
adequate and deemed acceptable for describing the observed exposures from the studies 
included in the analysis. The reviewer’s analysis of covariates effect on daclatasvir PK 
was similar to that of the applicant. The effects of sex, race, body weight, and some other 
laboratory parameters on daclatasvir clearance (CL/F) are presented in Figure 1. 

Covariates of interest that may affect daclatasvir exposure include race, body weight, and 
age. Black subjects have 13% higher AUC than white subjects. Subjects >=65 years old 
have 10.5% higher AUC than those < 65 years old. All of these differences were in the 
range of 80-125% and were not considered clinically significant. Therefore, no dose 
adjustments based on race, age were necessary. 

Female subjects were estimated to have a 25% lower clearance and a 31% higher AUC 
relative to male subjects.  This exposure change was investigated further as female 
subjects were also observed to have a higher SVR12 rate (93.6%) than male subjects 
(85.6%) in study AI444218 who were infected with HCV genotype 3. However, the 
observed difference in SVR12 rate may also be confounded by baseline cirrhosis status 
instead of exposure. The SVR12 rate was much lower in cirrhotic subjects (62.5%) 
compared to that in non-cirrhotic subjects (96.3%). Furthermore, in study AI444218, 
male subjects were more likely to have cirrhosis than female subjects (27% male subjects 
and 13% female subjects were cirrhotic, respectively). Given that other patient factors 
may be contributing to the observed difference in response rate between males and 
females and as a 30% difference in exposure does not warrant dose adjustment for other 
intrinsic and extrinsic factors, this difference in exposure between genders is not 
considered to be clinically relevant.  
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4 days of once-daily daclatasvir administration. Exposure of daclatasvir was similar 
between healthy and HCV-infected subjects. 

Table X:  Population Pharmacokinetic Estimates for Daclatasvir in Chronic 
Hepatitis C Infected Subjects Receiving Daclatasvir 60 mg Once Daily and 
Sofosbuvir 400 mg Once Daily 

Parameters 
Daclatasvir 60 mg once daily 

(N=152) 
AUC0-24h (ng.h/mL)  
Mean ± standard deviation  10973 ± 5288 
Median (range)  9680 (3807-41243) 
C24h (ng/mL)  
Mean ± standard deviation 182± 137 
 Median (range) 148(21-1050) 

 

Gender 
Population pharmacokinetic analyses in HCV-infected subjects estimated that female 
subjects have a 30% higher daclatasvir AUC compared to male subjects. This 
difference in daclatasvir AUC is not considered clinically relevant.  

2 PERTINENT REGULATORY BACKGROUND 
BMS resubmitted NDA206843 for daclatasvir to support the use of daclatasvir (DCV) in 
combination with other antiviral agent (sofosbuvir, SOF) for the treatment of chronic 
hepatitis C virus genotype 3 (GT-3) infection. In this resubmission for DCV, the 
applicant submitted efficacy and safety data from a new pivotal phase 3 study AI444218 
(N=152) that was conducted in HCV GT-3 infected treatment-experienced and treatment-
naïve subjects with and without cirrhosis. An updated population PK study that contains 
PK data from AI444218 was included in this resubmission. The focus of this 
pharmacometrics review is to evaluate the population PK and assess covariate effects on 
DCV pharmacokinetics.  

3 RESULTS OF APPLICANT’S ANALYSIS 

3.1 Population PK Analysis 
Objectives: the primary objectives of the submitted population PK analysis were to:  

• Update the prior PPK analysis (11 clinical studies) with new data from study 
AI444218 (GT-3 HCV subjects) 

• Evaluate the influence, in any, of sofosbuvir on the pharmacokinetics of DCV. 

• Estimate pharmacokinetic (PK) parameters for each subject for subsequent 
evaluation of the exposure SVR 12 response (E-R) relationship. 

Data: The updated population PK datasets included 2301 HCV-infected subjects and 
20165 quantifiable plasma concentrations from 12 clinical studies, adding 152 subjects 
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and 1080 PK concentrations from study AI444218 (N=152). All subjects in study 
AI444218 were HCV genotype (GT) 3 positive and received SOF as a concomitant 
medication, in addition to the 211 subjects in the previous analysis from study AI444040. 

The baseline demographics of subjects included in the population PK datasets is 
summarized in Table 1. 

Table 1: Summary of Baseline Demographics of the Final Dataset for Population PK 
Analysis 

  

 
Source: Table 4.1.4.3-1 on page 25 of applicant’s population PK report 
Population PK Models:  

Base Model: The applicant used the previously developed model structure as the base 
model for the revised analysis. The base model had the same model structure and 
covariate effects as the prior final model, however, the parameters were re-estimated 
using the augmented dataset. The effect of SOF treatment was evaluated in a univariate 
screen on CL/F, F (with and without IIV) and Vc/F and those interactions that were 
determined to be significant were added to the final model. 

The base model of daclatasvir was a two-compartment model with zero-order release and 
first order absorption, as shown in Figure 2. 
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Modest inter-individual variability was observed, 35.6% for CL/F and 27.0% for Vc/F. 
Shrinkage estimates for CL/F, Vc/F, and Ka were 5.7%, 16.4%, and 29.2%, respectively. 

 

Table 2: Parameter Estimate of the Updated Final Model 

 

 

Source: Table 6.1.3-1 on page 53 of applicant’s population PK report 
Model Evaluation: The final model was evaluated with the goodness-of-fit (GOF) plots 
produced with S-PLUS (Version 8.1) or R. Prediction corrected visual predictive check 
(pcVPC) was created to show the time course of the predicted mean and spread of 
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Figure 4: Visual Predictive Check for All Data 

 

Source: Figure 6.1.3-2 on page 56 of applicant’s population PK report 
Reviewer’s Comments: 

• The applicant’s population PK analysis is appropriate and acceptable. The 
goodness-of-fit plots and the visual predictive check indicate that the updated 
population PK model is adequate in characterizing the PK profile of daclatasvir 
in subjects with HCV infections. The inter-individual variability for CL/F and 
Vc/F are modest. Shrinkages for CL/F, Vc/F and Ka are small. The estimated PK 
parameters, such as CL/F and Vc/F appear reasonable. The applicant’s analyses 
were verified by the reviewer, with no significant discordance identified (see 
reviewer’s analysis). 

 

Effect of Covariates on daclatasvir PK 

Covariates retained in the previous model included sex, baseline body weight, race, ALT, 
baseline creatinine clearance (CRCL), and virus genotype (GT1A vs. non-GT1A). In the 
updated model, in addition to these covariates, additional covariate of sofosbuvir (SOF) 
on daclatasvir PK parameters was estimated. The impact of significant covariates on the 
daclatasvir PK parameters is illustrated in Figure 5. Of note, females subjects have a 25% 
lower CL/F than male subjects.  

The impact of covariates on AUC is presented in Figure 6. Female subjects were 
estimated to have a 30% higher AUC than male subjects. Black subjects were estimated 
to have an AUC 10% higher than white and Asian subjects. Subjects co-administered 
SOF were estimated to have a 10% lower AUC than those subjects not administered 
SOF.  
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Figure 5: Impact of Covariates on PK Parameters of the Updated Model 

 

Source: Figure 6.1.4.1-1 on page 58 of applicant’s population PK report 
Figure 6: Impact of Covariates on AUCss 

 

Source: Figure 6.1.4.2-1 on page 59 of applicant’s population PK report 
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Reviewer’s comments: The impact of covariates on daclatasvir AUC (≤30%) is not likely 
to be clinically relevant. In study AI444218, the major covariate that significantly 
impacts SVR12 rate is cirrhosis status. In a total of 152 subjects in study AI444218, 
subjects without cirrhosis achieved a SVR12 rate of 96.3%, while subjects with cirrhosis 
achieved cirrhosis of 62.5%. Daclatasvir exposure in subjects with or without cirrhosis is 
similar. 
 

4 REVIEWER’S ANALYSIS 

4.1 Introduction 
The submitted population PK model included data from 12 clinical studies. This model is 
updated from that provided in the original submission and includes patients administered 
daclatasvir with sofosbuvir.  As this is the regimen under consideration for approval, it is 
of interest to know the adequacy of the model in describing the observed data and the 
effects of covariates of interest (such as age, race, and body weight) on daclatasvir PK. 
As such, the pharmacometrics reviewer performed independent analysis with an aim to 
evaluate the submitted model and assessed the effect of covariates on daclatasvir 
exposure. The primary objective was to evaluate whether the results from population PK 
analysis will support the applicant’s claims in the label and to inform summary PK 
parameters (AUC and C0h) in the label. 

4.2 Objectives 
Analysis objectives are to: 

1. Evaluate the adequacy of the applicant’s final model in describing the observed 
daclatasvir concentrations after the proposed dosing regimen. 

2. Evaluate the effect of covariates of interest, such as, age, weight, race, and other 
factors, on daclatasvir exposure (steady state AUC). 

3. Estimate the pre-dose plasma concentration of daclatasvir at steady state under the 
proposed dosing regimen 

4.3 Methods 

4.3.1 Data Sets 
Data sets used are summarized in Table 3. 

Table 3:  Analysis Data Sets 

Study Number Name  Link to EDR 

AI444218 ppk.xpt \\cdsesub1\evsprod\NDA206843\0034\m5\datasets\dcv-
pop-pk-ally-3\analysis\legacy\datasets 

4.3.2 Software 
NONMEM (Version 7.2) installed on a 48-core Linux cluster was used for the population 
PK analysis. An R package “popPK” developed by FDA was used for population PK 
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graphing and reporting; SAS for windows 9.3 was used for all other graphing and 
statistical analyses.  

4.3.3 Models 
The applicant’s population PK datasets and final model were used for testing the 
adequacy of the submitted final model and estimating PK parameters. The dataset name 
and its location are summarized in Table 3. 

4.4 Results 

4.4.1 Population PK Analysis 
The reviewer conducted population PK analysis with the applicant’s models. The results 
of the applicant’s population PK analysis can be repeated. The PK parameter estimates 
from the reviewer’s model were similar to those of the applicant’s analysis (Table 4).  

4.4.2 Goodness-of-fit plots for the final model 
The final model was evaluated by assessing the goodness-of-fit plots as shown in Figure 
7, which shows the population prediction and individual prediction versus observed 
daclatasvir concentrations for all subjects. The individual predictions versus observed 
concentrations stratified by study are shown in Figure 8. As shown, the fittings are good 
across all studies, suggesting that the observations were well captured. 

Figure 7: Predicted versus Observed Plasma Daclatasvir concentrations (the black 
lines are line of identity and the dashed red lines are smooth lines) 
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Parameter Estimate RSE(%) 

CL (Clearance (L/hr)) 1.74 0.9% 

Weight on Vc/F 0.597 7.8% 

GENDER F on CL/F -0.264 6.6% 

V2-IBW (Power of IBW on Central Volume -0.221 10.9% 

Race Black on CL/F -0.0959 27.7% 

Race Asian on CL/F 0.0645 31.3% 

Race Other on CL/F -0.15 39.9% 

Race Black on Vc/F 0.00132 1417.7% 

Race ASIAN on Vc/F 0.196 14.5% 

Race Other oON -0.175 44.1% 

ALT Time Varying on CL/F -0.0331 19.1% 

Baseline CRCL on CL/F 0.142 16.8% 

GENO type 1A ON CL/F 0.0778 17.5% 

SOF on F 0.937 2.4% 

SOF on CL/F 0.0446 41% 

   

Inter-Individual Variability Estimates (omega^2)   

Omega(CL) 0.127 3.6% 

Omega(Vc) 0.0728 11% 

Omega(KA) 2.28 5.5% 

Residual Error  

Additive 0.166(2.2%) 
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Table 5: Summary of Individual Empirical Bayes’ Estimates 

Parameters  N Mean SD 5th 

percentile 
95th 

percentile  

CL/F (L/h) 

White 1577 5.90 2.25 5.79 6.01 

Black 162 5.44 2.28 5.09 5.79 

Asian but not 
Japanese 

185 5.75 2.12 5.44 6.06 

Japanese 339 5.41 1.83 5.22 5.61 

Male 1257 6.51 2.27 3.47 10.64 

Female 1044 4.87 1.69 2.65 8.05 

< 65 years 1984 5.86 2.20 2.97 10.05 

≥ 65 years 317 5.18 2.02 2.82 9.44 

AUCss(0-24) 

(µg h/mL) 

 

White 1577 11719 4634 11490 11948 

Black 162 12887 5031 12017 13668 

Asian but not 
Japanese 

185 11908 4622 11237 12578 

Japanese 339 12279 3988 11853 12705 

Other      

Male 1257 10378 3751 5640 17280 

Female 1044 13811 4831 7446 22612 

< 65 years 1984 11732 4554 5968 20184 

≥ 65 years 317 13215 4705 6355 21314 

 

With the updated model, the exposure (AUC0-24 and C24h) of daclatasvir after 60 mg once 
daily in adult subjects with HCV infections was estimated. The steady state trough 
concentration 24 hours after the previous dose was estimated. The results are summarized 
in Table 6. The population estimated exposure to daclatasvir was found in agreement 
with the observed values. 
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Table 6: Population pharmacokinetic Estimates of Daclatasvir 60 mg Once Daily in 
Subjects with HCV infections 

5 LISTING OF ANALYSES CODES AND OUTPUT FILES 
File 
Name 

Description Location in \\cdsnas\pharmacometrics\ 

Run48.sas Post NONMEM 
analysis of the 
final model 

~\Daclatasvir_NDA206843_034_FL\Daclatasvir_NDA206843S34_F\PPK 
Analyses\Ex17_daclatasvir_ally3_nm_output 

Run50.sas Post NONMEM 
analysis of the 
final model for 
estimating C0h 

Daclatasvir_NDA206843_034_FL\ 

l\PPK Analyses\Ex17_daclatasvir_ally3\nm_output\run50 

 

Parameter Study  

AI444218 

DCV 60 mg 
QD+SOF 400 
mg QD 

N=152 

 

Study 

AI447028 

DCV 60 mg 
QD+ASV: 
100 mg BID 

N=640 

Study 

AI444011 

DCV 60 mg 
QD 

+P/R 

N=194 

Combined Study of 
AI444010, 
AI444021,AI444040,
AI447026,AI444011,
AI444024,AI447011,
AI447028,AI444014,
AI444031,AI447017,
AI444218 

N=1888 

AUC24h (ng·h/mL)     

Mean ± SD 10973±5288 12283±4519 10905±4363 12212±4607 

Median  

(Range) 

(5th to 95th 
percentile) 

9680 

(3807-41243) 

(4951-20327) 

11740 

(4190-33856) 

9811 

(4060-29878) 

11457 

(3808-41243) 

C0h (ng/mL)     

Mean ± SD 182±137 222±116 189±113 215±119 

Median 

Range 

5th to 95th percentile 

148 

(21-1050) 

(54-420) 

197 

(40-842) 

(82-437) 

148 

(48-762) 

(62-408) 

189 

(21-1050) 

(77-437) 
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submitted to the Applicant to perform the analysis using 1x 30 mg tablets vs. one 60 mg 
tablet.

On a submission dated June 08. 2014, the Applicant provided a response to this request 
which can be summarized as follows:

A relative bioavailability study was conducted in vivo which demonstrated 

bioequivalence of a single 60 mg Phase 3/commercial tablet relative to two 30 mg 

Phase 2 tablets. The 30-mg and 60-mg Phase 3/commercial tablets are manufactured 

from the . The  between the two dose strengths 

are the tablet weight, color . 

Thus, in vivo BE of the lower strength (30 mg) can be waived based on dissolution tests 

and an in vivo study on the highest strength (60 mg) per the FDA guidances.

The rational to compare dissolution profiles of two 30-mg tablets to one 60-mg tablet 

are: 

1) If an in vivo BE was conducted, it would have used two 30-mg tablets vs. one 

60-mg tablet. Therefore, for the in vitro dissolution study, the same comparison 

was performed; 

2) The solubility of daclatasvir dihydrochloride is pH dependent. Sink conditions 

do not exist in two of the three recommended media (pH 4.5 and 6.8). Thus, the 

amount dissolved would be solubility limited, resulting in dissolution 

differences between different strengths.

Reviewer’s Comments
The rationale for using 2x30 mg tablets in the dissolution studies is acceptable given that 
the 30mg tablets were shown to be BE to the 60 mg tablets. Therefore, the biowaiver for 
the BA/BE requirements for the 30 mg tablets is granted.

 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.

 Is there any in vitro alcohol dose-dumping information submitted? What 
data are provided to support the Applicant’s claim (e.g. lack of dose-
dumping in the presence of alcohol)?

Not applicable.
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1.3 Summary of Important Clinical Pharmacology and Biopharmaceutics 
Findings 

 
1.3.1 Exposure-response (efficacy) analysis 
 
Exposure-response analyses for efficacy or safety were provided by the applicant for the 
Dual therapy. The applicant did not submit exposure-response analyses for efficacy or 
safety for the Quad therapy and the review team determined that it was not necessary to 
submit the analyses for review.   A detailed discussion of the asunaprevir or daclatasvir 
exposure-response analyses for efficacy is provided in the Pharmacometrics review 
(section 4).   
 
No major differences were identified across the asunaprevir or daclatasvir exposure range 
in evaluating the exposure-response relationship for efficacy when the overall 
information from the Phase 3 trials was analyzed.  A lower sustained virologic response 
rate was observed in subjects with Y93H or L31F/I/M/V baseline NS5A polymorphisms.  
A consistent daclatasvir exposure-response relationship was not observed for this 
subpopulation. 
 
1.3.2 Exposure-safety analyses 
 
The exposure-safety analyses evaluated whether there was a potential relationship 
between predicted asunaprevir or daclatasvir exposure and liver function related 
laboratory abnormalities.  During the drug development program, higher asunaprevir 
exposure was observed in subjects with clinically relevant liver function related 
laboratory abnormalities. This was not observed for daclatasvir.  Only a limited number 
of Grade 3 or higher liver function related laboratory abnormalities were observed with 
the proposed asunaprevir or daclatasvir dosage regimens. 
 
During the NDA review, a potential safety issue was identified in subjects with pyrexia 
and increased eosinophils with or with liver function abnormalities. The issue was 
identified in the AI447026 trial that enrolled only Japanese subjects. The exposure-safety 
analysis evaluated only the data from the Phase 3 trials that studied the Dual therapy to 
avoid the potential confounding effects on the adverse events of interest from pegylated 
interferon alfa and ribavirin.  Based on the analyses, neither asunaprevir nor daclatasvir 
exposure in these subjects appear to play a major role in contributing to the reported 
adverse events of interest. 
 
1.3.3 Pharmacokinetics 
 
Information on the pharmacokinetics of asunaprevir or daclatasvir from the multiple 
dosing trials in hepatitis C infected subjects is displayed in Table 1 and Table 2, 
respectively.  The results of the population PK analysis for the Phase 3 trials are 
displayed in section 2. 
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Table 1-Asunaprevir pharmacokinetic parameters in subjects with multiple dosing 
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Table 3-Applicant’s relapse results for Dual therapy 
 
AI447026 

Relapse 

Prior partial 
or null  

responders 

Interferon 
intolerant or 

ineligible 
 n (%) n (%) 
Yes 6/76 (8%) 10/129 (8%) 

 
AI447028 

Relapse 
Treatment 

naive 

Prior partial 
or null  

responders 

Interferon 
intolerant or 

ineligible 
 n (%) n (%) n (%) 
Yes 5/189 (3%) 7/174 (4%) 12/204 (6%) 

 
Denominator is subjects with undetectable HCV RNA at end of treatment 
 
Table 4-Applicant’s SVR12 results for Quad therapy 
 
AI447029 

SVR12 Genotype 1 Genotype 4 
 N=354 N=44 
 n (%) n (%) 
Yes 330 (93%) 44 (100%) 

 
Table 5-Applicant’s relapse results for Quad therapy 
 
AI447029 

Relapse Genotype 1 Genotype 4 
 n (%) n (%) 
Yes 8/337 (2%) 0/43 (0%) 

 
 
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? 

 
Please see the response in 2.2.1.  The SVR12 has been demonstrated to be a valid 
surrogate to establish the efficacy of medications for the treatment of chronic hepatitis C 
infection. 
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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? 

 
The relevant analytes were measured in plasma including using validated LC/MS/MS 
analytical methods.  The analytes that were measured were asunaprevir, daclatasvir, and 
concomitant medications of interest in the drug-drug interaction trials. 
 
2.2.4 Exposure-response 

 
2.2.4.1 What are the characteristics of the exposure-response relationships (dose 

response, concentration-response) for efficacy? 
 
No major differences were identified across the asunaprevir or daclatasvir exposure range 
in evaluating the exposure-response relationship for efficacy (see Figure 2). 
 
Figure 2-Exposure-response analyses for asunaprevir or daclatasvir exposure versus 
SVR 12 (Pooled data from AI447026 and AI447028) 

Daclatasvir 

 

 
Note: The points are observed quartile mean. The shaded areas are model-estimated 95% CI based on a 
logistic analysis. 
 
A lower SVR12 rate was observed in subjects with Y93H or L31F/I/M/V baseline NS5A 
polymorphisms.  A consistent daclatasvir exposure-response relationship was not 
observed for the two subpopulations (see Figure 3). 
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Figure 3-Exposure-response analyses for daclatasvir exposure versus SVR12 with 
Y93H or L31F/I/M/V baseline NS5A polymorphisms 
 

  

 

 
2.2.4.2 What are the characteristics of the exposure-response relationships (dose 

response, concentration-response) for safety? 
 
Higher asunaprevir exposure was observed in subjects with clinically relevant liver 
function related laboratory abnormalities. This was not observed for daclatasvir.  Only a 
limited number of Grade 3 or higher liver function-related laboratory abnormalities were 
observed with the proposed asunaprevir or daclatasvir dosage regimens.  
 
A potential safety issue was identified in subjects with pyrexia and increased eosinophils 
with or with liver function abnormalities from the AI447026 trial that enrolled only 
Japanese subjects.  Based on the available information, asunaprevir or daclatasvir 
exposure in these subjects does not appear to play a major role in contributing to the 
reported adverse events of interest. 
 
2.2.4.3 Does this drug prolong the QT or QTc interval?  
 
Asunaprevir 
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Daclatasvir 
 
A total of 56 subjects received daclatasvir 60 mg, daclatasvir 180 mg, placebo and 
moxifloxacin 400 mg. No significant QTc prolongation effects of daclatasvir doses of 60 
mg and 180 mg were detected in the TQT trial. The largest upper bounds of the 2-sided 
90% CI for the mean differences between daclatasvir 60 mg and placebo, and between 
daclatasvir 180 mg and placebo were below 10 ms, the threshold for regulatory concern 
as described in ICH E14 guidelines. The largest lower bound of the 2-sided 90% CI for 
the ΔΔQTcF for moxifloxacin was greater than 5 ms, indicating that assay sensitivity was 
established. 
 
Table 6-Point Estimates and the 90% CIs Corresponding to the Largest Upper 
Bounds for daclatasvir (60 mg and 180 mg) and the Largest Lower Bound for 
Moxifloxacin (FDA Analysis)  

 
Note: daclatasvir is BMS-790052 
* Multiple endpoint adjustment was not applied. The largest lower bound after Bonferroni adjustment for 4 
timepoints is 8.7 ms.  
 
 No exposure-response relationship was evident between ΔΔQTcF and daclatasvir 
concentrations. 
 
2.2.4.4 Is the dose and dosing regimen selected by the applicant consistent with the 

known relationship between dose-concentration-response, and are there any 
unresolved dosing or administration issues?  
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The dose and dosing regimen selected by the applicant is supported by the exposure- 
response or exposure-safety relationship for asunaprevir and daclatasvir which indicate 
the absence of any exposure related virologic response or safety issues for the Phase 3 
trials. 
 
Asunaprevir 

Daclatasvir 
 
During the end of Phase 2 review, the Phase 2 trial results indicated that similar antiviral 
activity was achieved when the following dosing daclatasvir regimens: 10 mg, 20 mg, or 
60 mg once daily with pegylated interferon alfa and ribavirin. 

 
Overall, the combined safety and efficacy analyses indicated that 60 mg was an 
appropriate daclatasvir dose to evaluate in the Phase 3 trials. Additionally, no  exposure-
response relationships between safety events and daclatasvir exposure were identified 
during Phase 2 suggesting that doses of 60 mg would not lead to an increase in adverse 
events compared to lower daclatasvir  doses. 
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Table 9-Information on asunaprevir and asunaprevir metabolites in feces 
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2.4.2.5 Are there other metabolic/transporter pathways that may be important?  
 
Based on the information provided in the current NDA submissions, no additional CYP 
enzyme metabolism pathways and transporters are relevant that have not been discussed 
in this section. 
 
 
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?  

 
The concomitant use of asunaprevir and daclatasvir were evaluated in a drug-drug 
interaction trial.  No efficacy or safety issues related to changes in asunaprevir or 
daclatasvir exposure due to potential drug-drug interaction issues were identified in 
clinical trials with concurrent use of these medications.  Similarly, while a drug-drug 
interaction trial was not conducted for asunaprevir coadministered with daclatasvir plus 
pegylated interferon alpha and ribavirin, no efficacy or safety issues were identified in 
clinical trials with concurrent use of these medications.  
 
2.4.2.7 What other co-medications are likely to be administered to the target patient 

population?  

 
Based on the potential for a drug-drug interaction with asunaprevir or daclatasvir, the 
applicant has sufficiently evaluated the appropriate representative medications likely to 
be administered to chronic hepatitis C infected patients.   
 
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?  

 
Please see section 1.3.9 for a list of potential drug-drug interactions that warrant either a 
contraindication or a dosage adjustment. 
 
2.4.2.9 Is there a known mechanistic basis for pharmacodynamic drug-drug 

interactions, if any?  

 
There are no pharmacodynamic drug-drug interactions for asunaprevir and daclatasvir. 
 
2.4.2.10 Are there any unresolved questions related to metabolism, active metabolites, 

metabolic drug interactions, or protein binding?  
 
There are no unresolved questions related to metabolism, active metabolites, metabolic 
drug interactions, or protein binding. 
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2.4.3 What issues related to dose, dosing regimens, or administration are unresolved 
and represent significant omissions?  

 
No issues related to dose, dosing regimens, or administration are unresolved or that 
represent significant omissions. 
 
2.5 General Biopharmaceutics 
 
2.5.1 Based on the biopharmaceutics classification system (BCS) principles, in what 

class is this drug and formulation? What solubility, permeability, and 
dissolution data support this classification?  

 
According to the applicant,  BCS Class 2 compounds 
based on the solubility data and the PAMPA permeability model. 
 
2.5.2 What is the relative bioavailability of the proposed to-be-marketed 

formulation to the pivotal clinical trial?  
 
According to the biopharmaceutics reviewer, no major differences exist between the to-
be-marketed formulations of asunaprevir and daclatasvir and the formulations that were 
administered in the two Phase 3 trials. 
 
2.5.2.1 What data support or do not support a waiver of in vivo BE data?  
 
A biowaiver of in vivo BE data for the daclatasvir 30 mg tablet was requested.  Please see 
the biopharmaceutics review for further information. 
 
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?  

Asunaprevir 
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Daclatasvir 
 
For the daclatasvir Phase 3 tablets, when a single dose of daclatasvir 60 mg was 
administered with a high fat meal, the daclatasvir Cmax, AUC(0-t) and AUC(0-inf) were 
decreased by 28%, 24% and 23%, respectively, when compared with a single dose of 
daclatasvir 60 mg administered under fasted conditions.  The 90% confidence intervals 
for daclatasvir Cmax, AUC(0-t) and AUC(0-inf) were all not within the standard “no effect” 
90% confidence interval limits of 80%-125%.  The specific 90% confidence intervals 
were 66% to 79% for Cmax, 72% to 80% for AUC(0-t) and 73% to 80% for AUC(0-inf).   A 
food effect was observed on daclatasvir exposure when administered with high fat meals 
with the daclatasvir Phase 3 tablets Based on the daclatasvir exposure-response 
information, the recommendation to administer daclatasvir with or without food is 
acceptable. 
 
2.5.4 When would a fed BE study be appropriate and was one conducted?  

 
This question is not applicable to the asunaprevir or daclatasvir NDA submissions. 
 
2.5.5 How do the dissolution conditions and specifications ensure in vivo 

performance and quality of the product?  
 
Please refer to the asunaprevir or daclatasvir biopharmaceutics review for information 
regarding dissolution conditions and specifications. 
 
2.5.6 What other significant, unresolved issues related to in vitro dissolution or in 

vivo BA and BE need to be addressed?  
 
There are no in vivo BA and BE issues that need to be addressed for the asunaprevir or 
daclatasvir NDA submissions.  Please refer to the asunaprevir or daclatasvir 
biopharmaceutics review for information regarding the review of the in vitro dissolution 
data for asunaprevir or daclatasvir. 
 
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?  
 
Asunaprevir or daclatasvir plasma samples and whole blood or plasma samples for 
concomitant medications were analyzed using LC/MS/MS analytical methods. 
 
Which metabolites have been selected for analysis and why?  
 
2.6.2 Which metabolites have been selected for analysis and why? 
 
There were no metabolites that were routinely analyzed to further characterize the 
exposure, exposure-response for efficacy, or exposure-safety of asunaprevir or 
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daclatasvir. 
 
2.6.3 For all moieties measured, is free, bound, or total measured? What is the basis 

for that decision, if any, and is it appropriate?  
 
For asunaprevir or daclatasvir, total plasma concentrations were determined with specific 
exceptions (e.g. hepatic or renal impairment trials).  The plasma protein binding of 
asunaprevir or daclatasvir is concentration independent according to the in vitro data.  
Analysis of free or pharmacologically active concentrations is not expected to provide 
additional information to further characterize the exposure, exposure-response, or 
exposure-safety of asunaprevir or daclatasvir. 
 
2.6.4 What bioanalytical methods are used to assess concentrations?  
 
Please see the individual trial reviews in section 4 for information regarding the 
bioanalysis of asunaprevir, daclatasvir or concomitant medications in the clinical trials.   
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3  Labeling Recommendations 

 
The applicant’s proposed language and the clinical pharmacology reviewer’s preliminary proposed modifications for the asunaprevir 
or daclatasvir U.S. prescribing information are displayed below.   
 
Asunaprevir  
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Section 7 
 

Applicant proposed language Proposed reviewer changes  
Table 6 

 
 
 
 
 
 
 
 
 
 
 
 

b 
These interactions have been studied [see Clinical Pharmacology (12.3, Table 6 and 

Table 7)]. 

 
 
 
 
 
 
 
 

 

 
 

 

 

 

 
Clinical pharmacology reviewer comment: The separate entries for 

 should be deleted and a 
separate table included for strong CYP3A inhibitors or moderate CYP3A 
inducers. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Strong CYP3A inhibitors 
Examples: 
clarithromycin, conivaptan,  
itraconazole, ketoconazole,  
nefazodone, posaconazole,, 
telaprevir, telithromycin, 
voriconazole , and certain 
HIV protease inhibitors 
(e.g. indinavir, nelfinavir, 
ritonavir, saquinavir).  

↑ Daclatasvir The dose of <TRADENAME-
DCV> should be reduced to 
30 mg once daily when 
coadministered with strong 
inhibitors of CYP3A. 

Moderate CYP3A 
inducers 
Examples: 
Bosentan, efavirenz, 
modafinil, nafcillin  
 

↓ Daclatasvir The dose of <TRADENAME-
DCV> should be increased to 
90 mg once daily when 
coadministered with moderate 
inducers of CYP3A. 

66
Reference ID: 3615478

(b) (4)

(b) (4)
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Applicant proposed changes  Proposed reviewer changes  
 
Table 6:-Effect of <TRADENAME-DCV> on the Pharmacokinetics of 
Concomitant Drugs 

Concomitant 
Drug 

Co 

administered 
Drug Dose 

<TRADE-
NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of 

Coadministered Drug 
Combination/No 

Combination (90% CI) 

Cmax AUC Cmin
g 

 
 

Clinical pharmacology reviewer note: the Cmin should be defined as  a 
footnote: 
 
gThe Cmin was defined either  as  the Ctau or the Ctrough daclatasvir 
concentration value. 
 

 
Applicant proposed changes  Proposed reviewer changes  
 
Table 6:-Effect of <TRADENAME-DCV> on the Pharmacokinetics of 
Concomitant Drugs 

Concomitant 
Drug 

Co 

administered 
Drug Dose 

<TRADE-
NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of 

Coadministered Drug 
Combination/No 

Combination (90% CI) 

Cmax AUC Cmin 

 

 
Clinical pharmacology reviewer note: The data for asunaprevir should be 
deleted because it assumes that the differences in asunaprevir exposure are 
dose proportional. Based on the available information, the changes in 
asunaprevir exposure do not appear to be dose proportional. A statement 
regarding the potential interaction for asunaprevir plus daclatasvir is 
included in section 7. 
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Applicant proposed changes  Proposed reviewer changes  
 
Table 6:-Effect of <TRADENAME-DCV> on the Pharmacokinetics of 
Concomitant Drugs 

Concomitant 
Drug 

Co 

administered 
Drug Dose 

<TRADE-
NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of 

Coadministered Drug 
Combination/No 

Combination (90% CI) 

Cmax AUC Cmin 

 
 

 
Table 6:-Effect of <TRADENAME-DCV> on the Pharmacokinetics of 
Concomitant Drugs 

Concomitant 
Drug 

Co 

administered 
Drug Dose 

<TRADE-
NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of 

Coadministered Drug 
Combination/No 

Combination (90% CI) 

Cmax AUC Cmin 

Cyclosporine 400 mg single 
dose 

60 mg QD 
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Applicant proposed changes  Proposed reviewer changes  
 
Table 6:-Effect of <TRADENAME-DCV> on the Pharmacokinetics of 
Concomitant Drugs 

Concomitant 
Drug 

Co 

administered 
Drug Dose 

<TRADE-
NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of 

Coadministered Drug 
Combination/No 

Combination (90% CI) 

Cmax AUC Cmin 

 
 

 
Table 6:-Effect of <TRADENAME-DCV> on the Pharmacokinetics of 
Concomitant Drugs 

Concomitant 
Drug 

Co 

administered 
Drug Dose 

<TRADE-
NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of 

Coadministered Drug 
Combination/No 

Combination (90% CI) 

Cmax AUC Cmin 
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Applicant proposed changes  Proposed reviewer changes  
 
Table 6:-Effect of <TRADENAME-DCV> on the Pharmacokinetics of 
Concomitant Drugs 

Concomitant 
Drug 

 

Co 

administered  

Drug Dose 

<TRADE
-NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of Coadministered 

Drug Combination/No 
Combination (90% CI) 

Cmax AUC Cmin 

 
Clinical pharmacology reviewer note: The bolded drug-drug interaction 
data can be deleted because the low exposure oral contractive comparison 
is not critical to management of a potential drug-drug interaction. 
Table 6:-Effect of <TRADENAME-DCV> on the Pharmacokinetics of 
Concomitant Drugs 

Concomitant 
Drug 

 

Co 

administered  

Drug Dose 

<TRADE
-NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of Coadministered 

Drug Combination/No 
Combination (90% CI) 

Cmax AUC Cmin 
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Table 6:-Effect of <TRADENAME-DCV> on the Pharmacokinetics of 
Concomitant Drugs 

Concomitant 
Drug 

Co 

Administer 

ed Drug 
Dose 

<TRADE
-NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic Parameters 
of Coadministered Drug 

Combination/No Combination (90% 
CI) 

Cmax AUC Cmin 

Methadone 40-120 mg 
QD 

individualiz
ed dosed 

60 mg QD 

d
 Evaluated in adults on stable methadone maintenance therapy. 

 
Clinical pharmacology reviewer note: the total and  PK data 
should also be added. In addition, the following note should be added 
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Table 7: Effect of Coadministered Drugs on <TRADENAME-DCV> 
Pharmacokinetics 
 

Concomitant 
Drug 

Co 

administered 
Drug Dose 

<TRADE
-NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of Daclatasvir 

Combination/No Combination 
(90% CI) 

Cmax AUC Cmin 

Atazanavir/ 
ritonavir 

300 mg/100 
mg QD 

20 mg QD 

 
 

 
Clinical pharmacology reviewer note: The data for daclatasvir should be 
deleted because it assumes that the differences in daclatasvir exposure are 
dose proportional. Based on the available information, the changes in 
daclatasvir exposure do not appear to be dose proportional. Information 
regarding the potential interaction for atazanavir/ritonavir plus 
daclatasvir is included in section 7. 

 
Table 7: Effect of Coadministered Drugs on <TRADENAME-DCV> 
Pharmacokinetics 
 

Concomitant 
Drug 

Co 

administered 
Drug Dose 

<TRADE
-NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of Daclatasvir 

Combination/No Combination 
(90% CI) 

Cmax AUC Cmin 

Efavirenz 600 mg QD 60 mg QD 

120 
mg QD 

 
 

 
Clinical pharmacology reviewer note: The data for daclatasvir should be 
deleted because it assumes that the differences in daclatasvir exposure are 
dose proportional. Based on the available information, the changes in 
daclatasvir exposure do not appear to be dose proportional.  Information 
regarding the potential interaction for efavirenz plus daclatasvir is 
included in section 7. 
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Table 7: Effect of Coadministered Drugs on <TRADENAME-DCV> 
Pharmacokinetics 
 

Concomitant 
Drug 

Co 

administered 
Drug Dose 

<TRADE
-NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of Daclatasvir 

Combination/No Combination 
(90% CI) 

Cmax AUC Cmin 

Famotidine 40 mg single 
dose 

60 mg 
single 
dose 

0.56 
(0.46, 
0 ) 

0.82 
(0.70, 
0.96) 

0.89 
(0.75, 
1.06) 

 
 

Table 7: Effect of Coadministered Drugs on the Pharmacokinetics of 
<TRADENAME-DCV>  
 

Concomitant 
Drug 

Co 

administered 
Drug Dose 

<TRADE
-NAME-
DCV> 
Dose 

Ratio of Pharmacokinetic 
Parameters of Daclatasvir 

Combination/No Combination 
(90% CI) 

Cmax AUC Cmin 

Famotidine 40 mg single 
dose 

60 mg 
single 
dose 

0.56 
(0.46, 
0.67) 

0.82 
(0.70, 
0.96) 

0.89 
(0.75, 
1.06) 
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Patient prescribing information 

 
Applicant proposed changes  Proposed reviewer changes  
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Applicant proposed changes  Proposed reviewer changes  
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4 Appendices 
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4.1 Individual Trial Reviews 

 

 
Trial Reviews Page Numbers 
Absolute/Relative bioavailability trials 92 
Drug-drug interaction trials 129 
Food effect trials 332 
Hepatic impairment trials 339 
Mass balance trials 356 
Multiple dosing trials 375 
Renal impairment trials 390 
In vitro studies 411 
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Pharmacokinetics of BMS-
790052 when Administered 
as the Phase 3  

 Tablet in 
Healthy Subjects 
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AI444044 
 
1. Title 
 
Final Clinical Study Report for Study AI444044 Study of the Absolute Oral 
Bioavailability of BMS-790052 in Healthy Subjects 
 
2. Information Regarding the Clinical Trial Site and Duration of the Trial 
 
The trial was conducted at one site from April 18, 2012 (trial initiation) to May 10, 2012 
(trial completion). 
 
3. Objectives 
 
The objectives of the trial included evaluating the absolute bioavailability of daclatasvir. 
 
4. Trial Design 
 
AI444044 was an open label clinical trial that enrolled healthy subjects 18 to 49 years 
old.  Information on the trial design is displayed in Figure 1.   
 
Figure 1-AI444044 trial design 
 

 
 
5. Excluded Medications, Restrictions or Exceptions 
 
Unless otherwise approved, prescription medications or nonprescription acid modifying 
medications were not permitted within 4 weeks and nonprescription medications, 
including herbal products, were not permitted within 2 weeks prior to medication 
administration.  In general, prescription and nonprescription medications, including 
herbal products, were not permitted during the trial. 
 
6. Dosage and Administration 
  
The trial design, including the dose that was administered, is specified in Figure 1.  The 
single 60 mg daclatasvir oral dose was administered under fasted conditions after fasting 
for 10 hours.  For daclatasvir, the applicant is proposing to administer the medication 
with or without food.   
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7. Rationale for Doses Used in the Trial 
 
The daclatasvir single dose of 60 mg is consistent with the proposed dosage regimen of 
60 mg once daily.  The 100 microgram stable labeled daclatasvir dose was selected based 
on recommendations regarding microdosing. 
 
8. Drugs Used in the Trial 
 
Information regarding the daclatasvir formulations that were administered in the trial is 
displayed in Table 1. 
 
Table 1-Information on the daclatasvir formulations administered in the AI444044 
trial 
 

 
 
9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical 
Analysis 
 
Sample Collection 
 
The blood samples that were obtained included daclatasvir blood samples at predose and 
up to 72 hours postdose. 
 
Bioanalysis 
 
The method and bioanalysis of daclatasvir are acceptable.  Daclatasvir plasma samples 
were analyzed using a validated LC/MS/MS method in EDTA anticoagulated plasma by 
BMS (930057408).  The blood samples for analysis of daclatasvir appear to have been 
collected in tubes containing EDTA.   
 
For the AI444044 plasma samples that were analyzed for daclatasvir, the lower limit of 
quantification for daclatasvir was 2 ng/mL and the upper limit of quantification was 500 
ng/mL for the non stable labeled daclatasvir analyte and the lower limit of quantification 
for daclatasvir was 0.02 ng/mL and the upper limit of quantification was 5 ng/mL for the 
stable labeled daclatasvir analayte.  There were no precision or accuracy issues identified 
for daclatasvir based on the bioanalytical report.  For the AI444044 trial, for the non 
stable labeled daclatasvir analyte, precision and accuracy were evaluated using plasma 
daclatasvir quality control (QC) samples at 5 ng/mL, 35 ng/mL, 250 ng/mL and 380 
ng/mL.  The corresponding daclatasvir inter-run accuracy values were 5.2% for 5 ng/mL, 
3.1% for 35 ng/mL, 3.4% for 250 ng/mL and 2.6% for 380 ng/mL.  The daclatasvir inter-
run precision values were 2.7% for 5 ng/mL, 2.3% for 35 ng/mL, 1.7% for 250 ng/mL 
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and 1.6% for 380 ng/mL.  For the stable labeled daclatasvir analyte, precision and 
accuracy were evaluated using plasma daclatasvir quality control (QC) samples at 0.05 
ng/mL, 0.35 ng/mL, 2.5 ng/mL and 3.8 ng/mL.  The corresponding daclatasvir inter-run 
accuracy values were 2.4% for 0.05 ng/mL, -1.1% for 0.35 ng/mL, 2.1% for 2.5 ng/mL 
and 2.4% for 3.8 ng/mL.  The daclatasvir inter-run precision values were 3.7% for 0.05 
ng/mL, 1.7% for 0.35 ng/mL, 1.7% for 2.5 ng/mL and 1.4% for 3.8 ng/mL.   
 
For the AI444044 trial, in response to an information request, the applicant stated that the 
daclatasvir plasma samples were stored at the trial site at -20°C for up to 15 days and the 
bioanalytical laboratory at -20°C for up to 27 days.  For the 930057408 method, the 
generated long term stability data for daclatasvir included stability data in EDTA 
anticoagulated plasma at -20°C for 154 days.  For the AI444044 trial, the generated long 
term stability data appears to cover the duration of long term stability data necessary for 
daclatasvir. 
 
Pharmacokinetic Assessments 
 
Noncompartmental analysis was performed for daclatasvir.  For the noncompartmental 
analysis, daclatasvir plasma pharmacokinetic parameters were calculated, including tmax, 
Cmax, and AUC(0-inf) for both the non stable labeled daclatasvir analyte and the stable 
labeled daclatasvir analyte. 
 
Statistical Analysis 
 
The absolute bioavailability for daclatasvir was calculated using the following equation: 
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Table 4-Statistical analyses for daclatasvir 
 

 
 
10.4 Safety Analysis 
 
No deaths, serious adverse events or adverse events resulting in discontinuation were 
reported for the trial.   
 
11. Discussion and Conclusions 
 
Based on the results from the AI444044 trial, the absolute bioavailability of daclatasvir is 
67%. 
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8. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical 
Analysis 
 
Sample Collection 
 
Table 2 - PK sampling schedule 

 
 
Bioanalytical method for DCV 
 
The method and bioanalysis of DCV is acceptable.  
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Pharmacokinetic Assessments 
 
Noncompartmental analysis was performed for DCV.  The PK parameters assessed 
include tmax, Cmax, C24h,  AUC(0-t), AUC(inf), and T-HALF.  
 
Statistical Analysis 
 
To assess the bioavailability of the  tablet and the  tablet 
relative to the reference capsule, ratios of geometric means and the corresponding 90% 
confidence intervals (CIs) for BMS-790052 Cmax, C24, AUC(0-T), and AUC(INF) were 
estimated. In addition, the effect of famotidine on the pharmacokinetics of BMS-790052 
were estimated by ratios of geometric means and the corresponding 90% CIs for BMS-
790052 Cmax, C24, AUC(0-T), and AUC(INF). The capsule dosed under fasted conditions 
was used as the reference when estimating the relative bioavailability for the two tablet 
formulations. The  tablet, dosed alone under fasted conditions, was used as 
the reference when estimating bioavailability versus the  tablet. 
Although not specified in the study protocol, when the 90% CIs for any of the planned 
and unplanned analyses was completely contained within the bounds (0.80, 1.25), the test 
and reference products were concluded to have "similar bioavailability". 
 
9. Results  
 
9.1  Subject Demographics and Disposition 
 
Eighteen subjects were enrolled and received study medication. All of them completed 
the study as planned. Subject disposition is summarized by treatment in Table 3. 
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Table 3-Subject Demographics 

 
 
 
9.2 Concomitant Medications 
 
The concomitant medications that were administered in the trial are not expected to 
significantly alter the conclusions of the trial. 
 
9.3 Pharmacokinetic and Statistical Analysis  
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medications were not permitted within 4 weeks and nonprescription medications, 
including herbal products, were not permitted within 2 weeks prior to medication 
administration.  In general, prescription and nonprescription medications, including 
herbal products, were not permitted during the trial. 
 
6. Dosage and Administration 
  
The trial arms, including the doses that were administered and information regarding 
whether daclatasvir was administered under fed or fasted conditions, are specified in 
Figure 1.  Subjects were required to fast for 10 hours before dosing in all treatment arms, 
and in treatments C and D, daclatasvir was administered 30 minutes after the start of the 
meal.  For daclatasvir, the applicant is proposing to administer the medication with or 
without food.  The four day washout period appears to be adequate for daclatasvir.  
Information regarding the light and high fat meals that were administered is provided in 
Table 1 A and 1B. 
 
Table 1A-Example of the light meal administered in the AI444039 trial 
 

 
 
Table 1B-Example of the high fat meal administered in the AI444039 trial 
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7. Rationale for Doses Used in the Trial 
 
The daclatasvir single dose of 60 mg is consistent with the proposed dosage regimen of 
60 mg once daily.   
 
8. Drugs Used in the Trial 
 
Information regarding the daclatasvir formulations that were administered in the trial is 
displayed in Table 2. 
 
Table 2-Information on the daclatasvir formulation administered in the AI444039 
trial 
 

 
 
9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical 
Analysis 
 
Sample Collection 
 
The blood samples that were obtained included daclatasvir blood samples at predose and 
up to 72 hours postdose. 
 
Bioanalysis 
 
The method and bioanalysis of daclatasvir are acceptable.  Daclatasvir plasma samples 
were analyzed using a validated LC/MS/MS method in K2EDTA anticoagulated plasma 
by  (TNJM1113.00).  The blood samples for analysis of daclatasvir appear 
to have been collected in tubes containing K2EDTA.   
 
For the AI444039 plasma samples that were analyzed for daclatasvir, the lower limit of 
quantification for daclatasvir was 2 ng/mL and the upper limit of quantification was 2000 
ng/mL.  There were no precision or accuracy issues identified for daclatasvir based on the 
bioanalytical report.  For the AI444039 trial, precision and accuracy were evaluated using 
plasma daclatasvir quality control (QC) samples at 6 ng/mL, 60 ng/mL, 800 ng/mL and 
1600 ng/mL.  The corresponding daclatasvir inter-run accuracy values were 5.3% for 6 
ng/mL, 1.5% for 60 ng/mL, 1.8% for 800 ng/mL and 1.9% for 1600 ng/mL.  The 
daclatasvir inter-run precision values were 11.4% for 6 ng/mL, 3% for 60 ng/mL, 2.7% 
for 800 ng/mL and 3.3% for 1600 ng/mL.  In addition, for the daclatasvir dilution QC 
samples at 10000 ng/mL, the inter-run accuracy and precision were -4.3% and 1.4%, 
respectively. 
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Of the samples selected for incurred sample reanalysis for daclatasvir (total number less 
than 150), all samples were within 20% using the percentage values of the repeat and 
original concentrations.  However, it is not clear whether the total number of daclatasvir 
samples that were reanalyzed represents 7% of the total number of samples that were 
initially analyzed. 
 
For the AI444039 trial, in response to an information request, the applicant stated that the 
daclatasvir plasma samples were stored at the trial site at -20°C for up to 20 days and the 
bioanalytical laboratory at -20°C for up to 27 days.  For the TNJM1113.00 method, the 
generated long term stability data for daclatasvir included stability data in K2EDTA 
anticoagulated plasma at -20°C and-70°C for 93 days.  For the AI444039 trial, the 
generated long term stability data appears to cover the duration of long term stability data 
necessary for daclatasvir. 
 
Pharmacokinetic Assessments 
 
Noncompartmental analysis was performed for daclatasvir.  For the noncompartmental 
analysis, daclatasvir plasma pharmacokinetic parameters were calculated, including tmax, 
Cmax, and AUC(0-inf). 
 
Statistical Analysis 
 
For the food effect analysis, statistical analyses were conducted and 90% confidence 
intervals were derived comparing daclatasvir administered with high fat or light meals 
(test arm) compared to daclatasvir administered under fasted conditions (reference arm). 
For the bioavailability comparison, statistical analyses were conducted and 90% 
confidence intervals were derived comparing daclatasvir Phase 3 tablets (test arm) to 
daclatasvir Phase 2 tablets (reference arm) with 90% confidence interval limits of 80% to 
125% as the acceptance criteria for comparability in daclatasvir exposure. 
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10. Results  
 
10.1 Subject Demographics  
 
Table 3-AI444039 subject demographics 

 
 
10.2 Concomitant Medications 
 
The concomitant medications that were administered in the trial included acetaminophen 
and amoxicillin.  The conclusions of the trial are not expected to be significantly altered 
by the concomitant medications that were administered in the trial. 
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11. Discussion and Conclusions 
 
Based on the results from the AI444039 trial, the following conclusions can be made. 
 

• For the daclatasvir Phase 3 tablets, when a single dose of daclatasvir 60 mg was 
administered with a high fat meal, the daclatasvir Cmax, AUC(0-t) and AUC(0-inf) 
were decreased by 28%, 24% and 23%, respectively, when compared with a 
single dose of daclatasvir 60 mg administered under fasted conditions.  The 90% 
confidence intervals for daclatasvir Cmax, AUC(0-t) and AUC(0-inf) were all not 
within the standard “no effect” 90% confidence interval limits of 80%-125%. 

• For the daclatasvir Phase 3 tablets, when a single dose of daclatasvir 60 mg was 
administered with a light meal, the daclatasvir Cmax was decreased by 3%, and 
AUC(0-t) and AUC(0-inf) were both decreased by less than 1% when compared with 
a single dose of daclatasvir 60 mg administered under fasted conditions.  The 90% 
confidence intervals for daclatasvir Cmax, AUC(0-t) and AUC(0-inf) were all within 
the standard “no effect” 90% confidence interval limits of 80%-125%. 

• For the daclatasvir Phase 3 tablets, when a single dose of daclatasvir 60 mg was 
administered with a high fat meal, the daclatasvir Cmax, AUC(0-t) and AUC(0-inf) 
were decreased by 26%, 24% and 23%, respectively, when compared with a 
single dose of daclatasvir 60 mg administered with light meals.  The 90% 
confidence intervals for daclatasvir Cmax, AUC(0-t) and AUC(0-inf) were all not 
within the standard “no effect” 90% confidence interval limits of 80%-125%. 

• Under fasted conditions, when a single dose of daclatasvir 60 mg was 
administered as a 60 mg Phase 3 tablet, the daclatasvir Cmax was unchanged and 
the AUC(0-t) and AUC(0-inf) were both decreased by less than 1%, when compared 
with a single dose of daclatasvir 60 mg administered as two 30 mg Phase 2 
tablets.  The 90% confidence intervals for daclatasvir Cmax, AUC(0-t) and AUC(0-

inf) were all within the standard “no effect” 90% confidence interval limits of 
80%-125%. 

 
A food effect was observed on daclatasvir exposure when administered with high fat 
meals that was not observed with light meals with a single daclatasvir 60 mg dose using 
the Phase 3 tablets.  Comparable daclatasvir exposure was not observed with high fat 
meals compared to light meals (the 90% confidence interval limits for Cmax, AUC(0-t) and 
AUC(0-inf)  were not within 80% to 125%) with a single daclatasvir 60 mg dose using the 
Phase 3 tablets.  Under fasted conditions, for a single daclatasvir 60 mg dose, comparable 
daclatasvir exposure was observed when comparing daclatasvir Phase 3 tablets to Phase 2 
tablets (the 90% confidence interval limits for Cmax, AUC(0-t) and AUC(0-inf)  were within 
80% to 125%). 
 
Based on the information from the AI444039 trial and the daclatasvir exposure-response 
information, the recommendation to administer daclatasvir with or without food is 
acceptable. 
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AI444005 
 
1. Title 
 
Study To Evaluate The Effect Of The CYP3A4 Inhibitor Ketoconazole On The 
Pharmacokinetics Of BMS-790052 In Healthy Subjects 
 
2. Information Regarding the Clinical Trial Site and Duration of the Trial 
 
The trial was conducted at one site (MDS Pharma) from March 12, 2009 (trial initiation) 
to April 5, 2009 (trial completion). 
 
3. Objectives 
 
The primary objective of the trial was to evaluate the potential drug-drug interaction 
between daclatasvir and ketoconazole. 
 
4. Trial Design 
 
AI444005 was an open label clinical trial that enrolled healthy subjects 18 to 49 years 
old.  Information on the trial design is displayed in Figure 1.   
 
Figure 1-AI444005 trial design 
 

 
 
5. Excluded Medications, Restrictions or Exceptions 
 
Unless otherwise approved, prescription medications or nonprescription acid modifying 
medications were not permitted within 2 weeks and nonprescription medications, 
including herbal products, were also not permitted within 2 weeks prior to medication 
administration.  In general, prescription and nonprescription medications, including 
herbal products, were not permitted during the trial. 
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6. Dosage and Administration 
  
The trial arms, including the dosage regimens that were administered, are specified in 
Figure 1.  On days 1 and 9, after fasting for 10 hours, doses were administered under 
fasted conditions.  The U.S prescribing information (USPI) for ketoconazole does not 
provide specific dosing recommendations with regards to food or meals.  For daclatasvir, 
the applicant is proposing to administer the medication with or without food.  
 
7. Rationale for Doses Used in the Trial 
 
The daclatasvir single dose of 10 mg for daclatasvir was selected to account for a 
potential drug-drug interaction.  The ketoconazole dosage regimen of 400 mg once daily 
is a recommended maintenance dosage regimen in adults. 
 
8. Drugs Used in the Trial 
 
Daclatasvir was provided as 10 mg hard gelatin capsules (batch number 8K42126).  
There were no specific details provided regarding the ketoconazole formulation that was 
administered. 
 
9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical 
Analysis 
 
Sample Collection 
 
According to the trial report the blood samples that were obtained included daclatasvir 
blood samples beginning on day 1 at predose and up to 96 hours postdose and on day 9 at 
predose and up to 120 hours postdose.  
 
Bioanalysis 
 
The method and bioanalysis of daclatasvir are acceptable.  Daclatasvir plasma samples 
were analyzed using a validated LC/MS/MS method in EDTA anticoagulated plasma by 

 (TNJM07177.00).  The blood samples for analysis of daclatasvir appear to 
have been collected in tubes containing EDTA.   
 
For the AI444005 plasma samples that were analyzed for daclatasvir, the lower limit of 
quantification for daclatasvir was 0.05 ng/mL and the upper limit of quantification was 
50 ng/mL.  There were no precision or accuracy issues identified for daclatasvir based on 
the bioanalytical report.  For the AI444005 trial, precision and accuracy were evaluated 
using plasma daclatasvir quality control (QC) samples at 0.150 ng/mL, 2 ng/mL, 20 
ng/mL, and 40 ng/mL.  The corresponding daclatasvir inter-run accuracy values were 
2.7% for 0.150 ng/mL, -0.5% for 2 ng/mL, 2% for 20 ng/mL, and -0.3% for 40 ng/mL.  
The daclatasvir inter-run precision values were 8.2% for 0.150 ng/mL, 4% for 2 ng/mL, 
5.9% for 20 ng/mL, and 5.5% for 40 ng/mL.  In addition, for the daclatasvir dilution QC 
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samples at 200 ng/mL, the inter-run accuracy and precision were 0% and 5.4%, 
respectively. 
 
Of the samples selected for incurred sample reanalysis for daclatasvir (total number less 
than 30), all samples were within 20% using the percentage values of the repeat and 
original concentrations.  However, it is not clear whether the total number of daclatasvir 
samples that were reanalyzed represents 7% of the total number of samples that were 
initially analyzed. 
 
For the AI444005 trial, in response to an information request, the applicant stated that the 
daclatasvir plasma samples were stored at the trial site at -20°C for up to 36 days, and the 
bioanalytical laboratory at -20°C for up to 9 days.  For daclatasvir, the generated long 
term stability data included stability data in EDTA anticoagulated plasma at -20°C for 
387 days and -70°C for 7 days (of note,  long term stability for the  0.15 ng/mL QC failed 
at 70°C for 14 days).   For the AI444005 trial, the generated long term stability data 
appears to covers the duration of long term stability data necessary for daclatasvir. 
 
Pharmacokinetic Assessments 
 
Noncompartmental analysis was performed for daclatasvir.  For the noncompartmental 
analysis, daclatasvir plasma pharmacokinetic parameters were calculated, including tmax, 
Cmax, and AUC(0-inf). 
 
Statistical Analysis 
 
Statistical analyses were conducted and 90% confidence intervals were derived 
comparing ketoconazole coadministered with daclatasvir (test arm) compared to 
daclatasvir administered alone (reference arm). 
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10. Results  
 
10.1 Subject Demographics  
 
Table 1-AI444005 subject demographics 
 

 
 
10.2 Concomitant Medications 
 
No concomitant medications were administered in the trial. 
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10.3 Pharmacokinetic and Statistical Analysis  
 
Table 2-Single dosing daclatasvir pharmacokinetic parameters with daclatasvir 10 
mg or ketoconazole 400 mg once daily combined with daclatasvir 10 mg  
 

 
 

 
Table 3-Statistical analyses for daclatasvir 
 

 
 

 
 
10.4 Safety Analysis 
 
No deaths, serious adverse events or adverse events resulting in discontinuation were 
reported for the trial.   
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11. Discussion and Conclusions 
 
Based on the results from the AI444005 trial, the following conclusions can be made. 
 

• When ketoconazole 400 mg once daily was coadministered with a single dose of 
daclatasvir 10 mg, the daclatasvir Cmax, AUC(0-t) and AUC(0-inf) were increased by 
57%, 194% and 200%, respectively, when compared with a single dose of 
daclatasvir 10 mg.  The 90% confidence intervals for daclatasvir Cmax, AUC(0-t) 
and AUC(0-inf) were all not within the standard “no effect” 90% confidence 
interval limits of 80%-125%. 
 

The applicant is proposing a dose adjustment with concomitant use of strong CYP3A 
inhibitors and daclatasvir when daclatasvir .  The 
applicant is proposing to include the following recommendation in the daclatasvir U.S. 
prescribing information: The dose of DCV should be reduced to 30 mg once daily when 
coadministered with ketoconazole or other strong inhibitors of CYP3A4. 
 
For strong CYP3A inhibition, the proposed dosage adjustment for daclatasvir would be 
expected to mitigate but not completely compensate for the changes in daclatasvir 
exposure due to drug-drug interactions.  However, considering that only a 30 mg tablet 
will be available for dosage adjustments, the proposed dosage adjustment is reasonable if 
supported by concerns regarding safety. 
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AI444008 
 
1. Title 
 
Study to Evaluate the Effect of BMS-790052 on the Pharmacokinetics of the CYP3A4 
Probe Midazolam Administered Orally in Healthy Subjects 
 
2. Information Regarding the Clinical Trial Site and Duration of the Trial 
 
The trial was conducted at PPD from October 29, 2008 (trial initiation) to December 1, 
2008 (trial completion). 
 
3. Objectives 
 
The primary objective of the trial was to evaluate the potential drug-drug interaction 
between daclatasvir and midazolam. 
 
4. Trial Design 
 
AI444008 was an open label clinical trial that enrolled healthy subjects 18 to 49 years 
old.  Information on the trial design is displayed in Figure 1.   
 
Figure 1-AI444008 trial design 
 

 
 
5. Excluded Medications, Restrictions or Exceptions 
 
Unless otherwise approved, prescription medications were not permitted within 4 weeks 
and prescription or nonprescription acid modifying medications, nonprescription 
medications, including herbal products, were not permitted within 2 weeks prior to 
medication administration.  In general, prescription and nonprescription medications, 
including herbal products, were not permitted during the trial. 
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6. Dosage and Administration 
  
The trial arms, including the dosage regimens that were administered, are specified in 
Figure 1.  After fasting for a minimum of 10 hours on dosing days, doses were 
administered under fasted conditions.  The U.S prescribing information (USPI) for 
midazolam does not provide specific dosing recommendations with regards to food or 
meals.  For daclatasvir, the applicant is proposing to administer the medication with or 
without food.  
 
7. Rationale for Doses Used in the Trial 
 
The dosage regimen of 60 mg once daily for daclatasvir is the proposed recommended 
dosage regimen. There are no recommended midazolam dosage regimens for adults using 
the midazolam oral syrup in the U.S. prescribing information for the oral syrup.  
 
8. Drugs Used in the Trial 
 
Daclatasvir was provided as 10 mg capsules (batch number 8F4183).  Midazolam was 
provided by the investigator as a 2 mg/mL oral syrup (lot number 856963A). 
 
9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical 
Analysis 
 
Sample Collection 
 
The blood samples that were obtained included daclatasvir blood samples beginning on 
day 6 at predose and up to 24 hours postdose and midazolam blood samples beginning on 
days 1 and 6 at predose and up to 24 hours postdose.  
 
Bioanalysis 
 
The method and bioanalysis of daclatasvir and midazolam are acceptable.  Daclatasvir 
plasma samples were analyzed using a validated LC/MS/MS method in EDTA 
anticoagulated plasma by  (TNJM08199) and midazolam plasma samples 
were also analyzed using a validated LC/MS/MS method by .  The blood 
samples for analysis of daclatasvir and midazolam appears to have been collected in 
tubes containing EDTA.   
 
For the AI444008 plasma samples that were analyzed for daclatasvir, the lower limit of 
quantification for daclatasvir was 0.5 ng/mL and the upper limit of quantification was 
500 ng/mL.  There were no precision or accuracy issues identified for daclatasvir based 
on the bioanalytical report.  For the AI444008 trial, precision and accuracy were 
evaluated using plasma daclatasvir quality control (QC) samples at 1.5 ng/mL, 20 ng/mL, 
200 ng/mL, and 400 ng/mL.  The corresponding daclatasvir inter-run accuracy values 
were 1.3% for 1.5 ng/mL, 4.5% for 20 ng/mL, 1% for 200 ng/mL, and -3.8% for 400 
ng/mL.  The daclatasvir inter-run precision values were 12.8% for 1.5 ng/mL, 6.1% for 

223
Reference ID: 3615478

(b) (4)

(b) (4)



20 ng/mL, 5.1% for 200 ng/mL, and 3.6% for 400 ng/mL.  In addition, for the daclatasvir 
dilution QC samples at 5000 ng/mL, the inter-run accuracy and precision were -9.4% and 
2.8%, respectively. 
 
For the midazolam AI444008 plasma samples, the lower limit of quantification was 0.1 
ng/mL and the upper limit of quantification was 50 ng/mL.  There were no precision or 
accuracy issues identified for midazolam based on the bioanalytical report.  For the 
AI444008 trial, precision and accuracy were evaluated using plasma midazolam quality 
control (QC) samples at 0.3 ng/mL, 3 ng/mL, 20 ng/mL, and 40 ng/mL.  The 
corresponding midazolam inter-run accuracy values were 2% for 0.3 ng/mL, 3.3% for 3 
ng/mL, 3.5% for 20 ng/mL, and -0.3% for 40 ng/mL.  The midazolam inter-run precision 
values were 9.2% for 0.3 ng/mL, 4.7% for 3 ng/mL, 4.1% for 20 ng/mL, and 5.9% for 40 
ng/mL. 
 
For the AI444008 trial, in response to an information request, the applicant stated that the 
daclatasvir plasma samples were stored at the trial site at -20°C for up to 10 days, at the 
central laboratory at -20°C for up to 43 days and the bioanalytical laboratory at -20°C for 
up to 69 days and midazolam plasma samples were stored at the trial site at -80°C for up 
to 13 days, at the central laboratory at -80°C for up to 43 days and the bioanalytical 
laboratory at -70°C for up to 19 days.  For the TNJM08199 method, the generated long 
term stability data for daclatasvir included stability data in EDTA anticoagulated plasma 
at -20°C for 1081 days (of note, the long term stability experiment at -20°C for 1039 days 
failed at 1.5 ng/mL).  For midazolam, the generated long term stability data included 
stability data in EDTA anticoagulated plasma at -20°C and -70°C for 269 days and at 
20°C for 655 days (there was also failed long term stability data in EDTA anticoagulated 
plasma at -20°C and -70°C that was generated for 270 days).   The generated long term 
stability data appears to covers the duration of long term stability data necessary for the 
AI444008 trial for midazolam and for daclatasvir. 
 
Pharmacokinetic Assessments 
 
Noncompartmental analysis was performed for midazolam and daclatasvir.  For the 
noncompartmental analysis, the plasma pharmacokinetic parameters that were calculated 
included tmax, Cmax, and AUC(0-tau) for daclatasvir and tmax, Cmax, and AUC(0-inf) for 
midazolam.  
 
Statistical Analysis 
 
Statistical analyses were conducted and 90% confidence intervals were derived 
comparing midazolam coadministered with daclatasvir (test arm) compared to midazolam 
administered alone (reference arm). 
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10. Results  
 
10.1 Subject Demographics  
 
Table 1-AI444008 subject demographics 
 

 
 
10.2 Concomitant Medications 
 
The only concomitant medication administered in the trial was ibuprofen in one subject.  
The conclusions of the trial are not expected to be significantly altered by the 
concomitant medication that was administered in the trial. 
 
10.3 Pharmacokinetic and Statistical Analysis  
 
Table 2-Single dosing midazolam pharmacokinetic parameters with midazolam 0.5 
mg or midazolam 0.5 mg single dose combined with daclatasvir 60 mg once daily 
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Table 3-Statistical analyses for midazolam 
 

 

 
 
Table 4-Multiple dosing daclatasvir pharmacokinetic parameters with midazolam 
0.5 mg single dose combined with daclatasvir 60 mg once daily 
 

 

 
 

10.4 Safety Analysis 
 
No deaths or serious adverse events were reported for the trial.  Two subjects 
discontinued from the trial due to adverse events of vivid dreams. 
 
11. Discussion and Conclusions 
 
Based on the results from the AI444008 trial, the following conclusions can be made. 
 

• When  a single dose of midazolam 5 mg was coadministered with 
daclatasvir 60 mg once daily, the midazolam Cmax, AUC(0-t), and AUC(0-inf) were 
decreased  by 5%, 13% and 13%, respectively, when compared with a single dose 
of midazolam 5 mg.  The 90% confidence intervals for midazolam Cmax, AUC(0-t), 
and AUC(0-inf) were all within the standard “no effect” 90% confidence interval 
limits of 80%-125%. 
 

No clinically relevant changes in midazolam exposure were observed with concurrent use 
of daclatasvir. 
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AI444012 
 
1. Title 
 
Study To Evaluate The Effect Of Rifampin On The Pharmacokinetics Of BMS-790052 In 
Healthy Subjects 
 
2. Information Regarding the Clinical Trial Site and Duration of the Trial 
 
The trial was conducted at one site (Inje University, Korea) from November 5, 2009 (trial 
initiation) to November 28, 2009 (trial completion). 
 
3. Objectives 
 
The primary objective of the trial was to evaluate the potential drug-drug interaction 
between daclatasvir and rifampin. 
 
4. Trial Design 
 
AI444012 was an open label clinical trial that enrolled healthy subjects 18 to 49 years 
old.  Information on the trial design is displayed in Figure 1.   
 
Figure 1-AI444012 trial design 
 

 

 
 
5. Excluded Medications, Restrictions or Exceptions 
 
Unless otherwise approved, prescription medications were not permitted within 4 weeks 
and nonprescription medications, including herbal products, and prescription or 
nonprescription acid modifying medications were not permitted within 2 weeks prior to 
medication administration.  In general, prescription and nonprescription medications, 
including herbal products, were not permitted during the trial. 
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Bioanalysis 
 
The method and bioanalysis of daclatasvir are acceptable.  Daclatasvir plasma samples 
were analyzed using a validated LC/MS/MS method in EDTA anticoagulated plasma by 

 (TNJM08199.00 and TNJM08199.01).  The blood samples for analysis of 
daclatasvir appear to have been collected in tubes containing K2EDTA.   
 
For the AI444012 plasma samples that were analyzed for daclatasvir, the lower limit of 
quantification for daclatasvir was 0.5 ng/mL and the upper limit of quantification was 
500 ng/mL.  There were no precision or accuracy issues identified for daclatasvir based 
on the bioanalytical report.  For the AI444012 trial, precision and accuracy were 
evaluated using plasma daclatasvir quality control (QC) samples at 1.5 ng/mL, 20 ng/mL, 
200 ng/mL, and 400 ng/mL.  The corresponding daclatasvir inter-run accuracy values 
were 4.7% for 1.5 ng/mL, -1% for 20 ng/mL, -1% for 200 ng/mL, and -2% for 400 
ng/mL.  The daclatasvir inter-run precision values were 8.5% for 1.5 ng/mL, 4.9% for 20 
ng/mL, 3.8% for 200 ng/mL, and 3.9% for 400 ng/mL.  In addition, for the daclatasvir 
dilution QC samples at 5000 ng/mL, the inter-run accuracy and precision were -11.2% 
and 5.9%, respectively. 
 
Of the samples selected for incurred sample reanalysis for daclatasvir (total number less 
than 40), all samples were within 20% using the percentage values of the repeat and 
original concentrations.  However, it is not clear whether the total number of daclatasvir 
samples that were reanalyzed represents 7% of the total number of samples that were 
initially analyzed. 
 
For the AI444012 trial, in response to an information request, the applicant stated that the 
daclatasvir plasma samples were stored at the trial site at -20°C for up to 25 days, at the 
central laboratory at -20°C for up to 59 days and the bioanalytical laboratory at -20°C for 
up to 19 days.  For the TNJM08199 (and TNJM08199.01) method, the generated long 
term stability data for daclatasvir included stability data in EDTA anticoagulated plasma 
at -20°C for 1081 days (of note, the long term stability experiment at -20°C for 1039 days 
failed at 1.5 ng/mL).  For the AI444012 trial, the generated long term stability data 
appears to covers the duration of long term stability data necessary for daclatasvir. 
 
Pharmacokinetic Assessments 
 
Noncompartmental analysis was performed for daclatasvir.  For the noncompartmental 
analysis, daclatasvir plasma pharmacokinetic parameters were calculated, including tmax, 
Cmax, and AUC(0-inf). 
 
Statistical Analysis 
 
Statistical analyses were conducted and 90% confidence intervals were derived 
comparing rifampin coadministered with daclatasvir (test arm) compared to daclatasvir 
administered alone (reference arm). 
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10. Results  
 
10.1 Subject Demographics  
 
Table 2-AI444012 subject demographics 
 

 
 
10.2 Concomitant Medications 
 
No concomitant medications were administered in the trial. 
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10.3 Pharmacokinetic and Statistical Analysis  
 
Table 3-Single dosing daclatasvir pharmacokinetic parameters with daclatasvir 60 
mg or rifampin 600 mg once daily combined with daclatasvir 60 mg  
 

 
 
Table 4-Statistical analyses for daclatasvir 
 

 
 
10.4 Safety Analysis 
 
No deaths, serious adverse events or adverse events resulting in discontinuation were 
reported for the trial.   
 
11. Discussion and Conclusions 
 
Based on the results from the AI444012 trial, the following conclusions can be made. 
 

• When rifampin 600 mg once daily was coadministered with a single dose of  
daclatasvir 60 mg, the  daclatasvir Cmax, AUC(0-t) and AUC(0-inf) were decreased 
by 56%, 78% and 79%, respectively, when compared with a single dose of 
daclatasvir 60 mg.  The 90% confidence intervals for daclatasvir Cmax, AUC(0-t) 
and AUC(0-inf) were all not within the standard “no effect” 90% confidence 
interval limits of 80%-125%. 
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The applicant is proposing to contraindicate concomitant use of strong CYP3A inducers 
with daclatasvir.  Based on the changes in daclatasvir exposure that were observed in the 
AI444012 trial, the contraindication is appropriate. 
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AI444014 
 
Reviewer note: only a brief review of the information relevant to the ribavirin or 
daclatasvir pharmacokinetic information is discussed below. 
 
1. Title 
 
A Phase 2a Study of BMS-790052 in Combination with Peginterferon Alfa-2a (Pegasys) 
and Ribavirin (Copegus) in Treatment Naïve Subjects with Chronic Hepatitis C Virus 
Genotype 1 Infection 
 
2. Summary Information  
 
Ribavirin 
 
Pharmacokinetic data was generated for ribavirin with or without various dosage 
regimens of daclatasvir. 
 
Bioanalytical 
 
Only the bioanalytical information for ribavirin is discussed in detail in this review.  The 
proposed U.S. prescribing information for daclatasvir does not include information 
regarding the magnitude of change in daclatasvir exposure with concomitant use of 
pegylated interferon and ribavirin from the AI444014 trial. 
 
The method and bioanalysis of ribavirin are acceptable.  Ribavirin plasma samples were 
analyzed using a validated LC/MS/MS method in K2EDTA anticoagulated plasma by 
PPD.  The blood samples for analysis of ribavirin appear to have been collected in tubes 
containing K2EDTA.   
 
For the AI444014 plasma samples that were analyzed for ribavirin, the lower limit of 
quantification for ribavirin was 5 ng/mL and the upper limit of quantification was 5000 
ng/mL.  There were no precision or accuracy issues identified for ribavirin based on the 
bioanalytical report.  For the AI444014 trial, precision and accuracy were evaluated using 
plasma ribavirin quality control (QC) samples at 15 ng/mL, 40 ng/mL, 150 ng/mL, 600 
ng/mL and 3800 ng/mL.  The corresponding ribavirin inter-run accuracy values were 
2.36% for 15 ng/mL, -1.72% for 40 ng/mL, 1.9% for 150 ng/mL, 3.76% for 600 ng/mL 
and 1.51% for 3800 ng/mL.  The ribavirin inter-run precision values were 2.17% for 15 
ng/mL, 7.59% for 40 ng/mL, 2.32% for 150 ng/mL, 1.94% for 600 ng/mL and 4.18% for 
3800 ng/mL.  In addition, for the ribavirin dilution QC samples at 10000 ng/mL, the 
inter-run accuracy and precision were 1.35% and 6.01%, respectively. 
 
For the AI444014 trial, in response to an information request, the applicant stated that the 
ribavirin plasma samples were stored at the trial site at -20°C for up to 2 days, at the 
central laboratory at -70°C for up to 42 days and the bioanalytical laboratory at -20°C for 
up to 18 days.  For ribavirin, the generated long term stability data included stability data 
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in K2EDTA anticoagulated plasma at -20°C and -70°C for 453 days.  The generated long 
term stability data appears to covers the duration of ribavirin long term stability data 
necessary for the AI444014 trial. 
 
Table 1-Multiple dosing ribavirin pharmacokinetic parameters with pegylated 
interferon and ribavirin or pegylated interferon and ribavirin combined with 
various daclatasvir dosage regimens  
 

 

 
 
Note: Subjects administered pegylated interferon 180 µg subcutaneously weekly plus 
ribavirin 400 mg (<75 kg) or 600 mg (>75 kg) in the morning and 600 mg in the evening 
with food. 
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Table 2-Statistical analyses for ribavirin 
 

 

 
 
Daclatasvir 
 
Table 3-Multiple dosing daclatasvir pharmacokinetic parameters with pegylated 
interferon and ribavirin or pegylated interferon and ribavirin combined with 
various daclatasvir dosage regimens 
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3. Discussion and Conclusions 
 
Based on the results from the AI444014 trial, the following conclusions can be made. 
 

• When pegylated interferon and ribavirin were coadministered with 
daclatasvir 60 mg once daily, the ribavirin Cmax, AUC(0-tau), and C12h were 
decreased  by 6%, 6% and 2%, respectively, when compared with pegylated 
interferon and ribavirin pegylated interferon and ribavirin administered alone.  
The 90% confidence intervals for the ribavirin AUC(0-tau), and C12h were both 
within the standard “no effect” 90% confidence interval limits of 80%-125% but 
the ribavirin Cmax, was not within 80%-125%. 
 

No ribavirin dose adjustment is necessary when pegylated interferon and ribavirin are 
coadministered with daclatasvir 60 mg once daily based on the available efficacy data 
with concomitant use of these medications. 
 
The trial did not provide a direct comparison of the daclatasvir exposure in the presence 
and absence of pegylated interferon and ribavirin. The daclatasvir exposure from the 
AI444014 trial with 60 mg once daily dosing plus pegylated interferon and ribavirin 
appear to be consistent with the daclatasvir exposure from the AI444004 trial with 60 mg 
once daily dosing in hepatitis C infected, genotype 1 subjects, however the number of 
subjects from AI444004 was limited (n=4). 
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AI444020 
 
1. Title 
 
The Effect of the Co-administration of BMS-790052 on the Pharmacokinetics of a 
Combined Oral Contraceptive Containing Ethinyl Estradiol and Norgestimate (Ortho Tri- 
Cyclen®) in Healthy Female Subjects 
 
2. Information Regarding the Clinical Trial Site and Duration of the Trial 
 
The trial was conducted at various sites from October 26, 2009 (trial initiation) to 
February, 8, 2010 (trial completion). 
 
3. Objectives 
 
The primary objective of the trial was to evaluate the potential drug-drug interaction 
between daclatasvir and a combined oral contraceptive: ethinyl estradiol and 
norgestimate (Ortho Tri-Cyclen).  
 
4. Trial Design 
 
AI444020 was an open label clinical trial that enrolled healthy female subjects 18 to 45 
years old.  Information on the trial design is displayed in Figure 1.   
 
Figure 1-AI444020 trial design 
 

 
 
5. Excluded Medications, Restrictions or Exceptions 
 
Prescription medications or nonprescription acid modifying medications were not 
permitted within 4 weeks (unless otherwise approved) and nonprescription medications, 
including herbal products, were not permitted within 2 weeks prior to medication 
administration.  The use of approved oral contraceptives was noted as an exception.  In 
general, prescription and nonprescription medications, including herbal products, were 
not permitted during the trial. 
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6. Dosage and Administration 
  
The trial arms are specified in Figure 1.  The ethinyl estradiol and norgestimate 
contraceptive product (Ortho Tri-Cyclen) contains .035 mg of ethinyl estradiol combined 
with one of the following strengths of norgestimate:  0.18 mg (week 1), 0.215 mg (week 
2) and 0.25 mg (week 3), with each of the different combinations of ethinyl estradiol and 
norgestimate administered daily for seven days followed by seven daily doses of inactive 
tablets.  On days when pharmacokinetic samples were drawn in cycle 1 and during 
concomitant administration of Ortho Tri-Cyclen and daclatasvir in cycle 2, after fasting 
for a minimum of 10 hours, doses were administered under fasted conditions.  The U.S. 
prescribing information (USPI) for Ortho Tri-Cyclen does not provide specific dosing 
recommendations with regards to food or meals. For daclatasvir, the applicant is 
proposing to administer the medication with or without food.  
 
7. Rationale for Doses Used in the Trial 
 
The dosage regimen of 60 mg once daily for daclatasvir is the proposed recommended 
dosage regimen. The ethinyl estradiol and norgestimate doses are consistent with the 
information in the Ortho Tri-Cyclen U.S. prescribing information. 
 
8. Drugs Used in the Trial 
 
Information regarding the daclatasvir formulation that was administered in the trial is 
displayed in Table 1.  There were no specific details provided regarding the ethinyl 
estradiol and norgestimate (Ortho Tri-Cyclen) formulation that was administered. 
 
Table 1-Information on the daclatasvir formulation administered in the AI444020 
trial 
 

 
 

9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical 
Analysis 
 
Sample Collection 
 
The blood samples that were obtained included ethinyl estradiol blood samples and blood 
samples to measure norgestimate metabolites (e.g. norelgestromin, norgestrel) beginning 
on days 49 and 77 at predose and up to 24 hours postdose.   
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Bioanalysis 
 
The method and bioanalysis of ethinyl estradiol, norelgestromin, and norgestrel are 
acceptable.  Two separate methods were used: one for ethinyl estradiol and norgestrel and 
a second method for norelgestromin.  Ethinyl estradiol, norelgestromin, and norgestrel 
plasma samples were analyzed using validated LC/MS/MS methods by .  Both 
methods were validated in plasma containing potassium oxalate and sodium fluoride.  
The blood samples for analysis of ethinyl estradiol, norelgestromin, and norgestrel 
appears to have been collected in tubes containing potassium oxalate and sodium 
fluoride.   
 
For the AI444020 plasma samples that were analyzed for ethinyl estradiol, the lower limit 
of quantification for ethinyl estradiol was 2 pg/mL and the upper limit of quantification 
was 500 pg/mL.  The ethinyl estradiol concentrations for the calibration curve standards 
and quality control (QC) samples that were evaluated during the method validation did 
not exactly match the ethinyl estradiol concentrations for the calibration curve standards 
and QC samples that were evaluated during the AI444020 bioanalysis, however the 
reported ethinyl estradiol concentration data is acceptable based on the available 
bioanalytical information.  There were no precision or accuracy issues identified for 
ethinyl estradiol based on the bioanalytical report.  For the AI444020 trial, precision and 
accuracy were evaluated using plasma ethinyl estradiol QC samples at 5 pg/mL, 10 
pg/mL, 30 pg/mL, 100 pg/mL and 400 pg/mL.  The corresponding ethinyl estradiol inter-
run accuracy values were -6.5% for 5 pg/mL, -4.7% for 10 pg/mL, -4.79% for 30 pg/mL, 
-5.71% for 100 pg/mL and -4.61% for 400 pg/mL.  The ethinyl estradiol inter-run 
precision values were 5.26% for 5 pg/mL, 4.87% for 10 pg/mL, 2.91% for 30 pg/mL, 
4.57% for 100 pg/mL and 4.06% for 400 pg/mL.   
 
For norelgestromin, the lower limit of quantification was 0.02 ng/mL and the upper limit 
of quantification was 10 ng/mL.  The norelgestromin concentrations for the calibration 
curve standards and QC samples that were evaluated during the method validation did not 
exactly match the norelgestromin concentrations for the calibration curve standards and 
QC samples that were evaluated during the AI444020 bioanalysis, however the reported 
norelgestromin concentration data is acceptable based on the available bioanalytical 
information.  There were no precision or accuracy issues identified for norelgestromin 
based on the bioanalytical report.  For the AI444020 trial, precision and accuracy were 
evaluated using plasma norelgestromin QC samples at 0.05 ng/mL, 0.13 ng/mL, 0.45 
ng/mL, 1.5 ng/mL and 7.6 ng/mL.  The corresponding norelgestromin inter-run accuracy 
values were 2.49% for 0.05 ng/mL, 2.62% for 0.13 ng/mL, 3.22% for 0.45 ng/mL, 2.3% 
for 1.5 ng/mL and 3.01% for 7.6 ng/mL.  The norelgestromin inter-run precision values 
were 4.31% for 0.05 ng/mL, 3.31% for 0.13 ng/mL, 3.01% for 0.45 ng/mL, 2.03% for 1.5 
ng/mL and 2.44% for 7.6 ng/mL.   
 
For norgestrel, the lower limit of quantification was 50 pg/mL and the upper limit of 
quantification was 25000 pg/mL.  The norgestrel concentrations for the calibration curve 
standards and QC samples that were evaluated during the method validation did not 
exactly match the norgestrel concentrations for the calibration curve standards and QC 
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samples that were evaluated during the AI444020 bioanalysis, however the reported 
norgestrel concentration data is acceptable based on the available bioanalytical 
information, .  There were no precision or accuracy issues identified for norgestrel based 
on the bioanalytical report.  For the AI444020 trial, precision and accuracy were 
evaluated using plasma norgestrel QC samples at 125 pg/mL, 300 pg/mL, 1200 pg/mL, 
4000 pg/mL and 20000 pg/mL.  The corresponding norelgestrel inter-run accuracy values 
were 4.85% for 125 pg/mL, -2% for 300 pg/mL, 2.13% for 1200 pg/mL, 1.01% for 4000 
pg/mL and 1.47% for 20000 pg/mL.  The norelgestrel inter-run precision values were 
11.6% for 125 pg/mL, 6.43% for 300 pg/mL, 3.79% for 1200 pg/mL, 4.51% for 4000 
pg/mL and 3.95% for 20000 pg/mL.   
 
For the AI444020 trial, in response to an information request, the applicant stated that the 
ethinyl estradiol plasma samples were stored at the trial site at -70°C for up to 35 days, at 
the central laboratory at -70°C for up to 48 days and the bioanalytical laboratory at -70°C 
for up to 9 days, norgestrel plasma samples were stored at the trial site at -70°C for up to 
35 days, at the central laboratory at -70°C for up to 48 days and the bioanalytical 
laboratory at -70°C for up to 17 days and the norelgestromin plasma samples were stored 
at the trial site at -70°C for up to 35 days, at the central laboratory at -70°C for up to 48 
days and the bioanalytical laboratory at -70°C for up to 24 days.  The generated long term 
stability data for ethinyl estradiol included stability data in plasma containing potassium 
oxalate and sodium fluoride at -20°C for 323 days and at-70°C for 811 days.  For 
norelgestromin, the generated long term stability data included stability in plasma 
containing potassium oxalate and sodium fluoride at-70°C for 515 days. The generated 
long term stability data for norgestrel included stability data in plasma containing 
potassium oxalate and sodium fluoride at -20°C for 328 days and at-70°C for 811 days.  
For the AI444020 trial, the generated long term stability data appears to covers the 
duration of long term stability data necessary for ethinyl estradiol, norgestrel and 
norelgestromin. 
 
Pharmacokinetic Assessments 
 
Noncompartmental analysis was performed for ethinyl estradiol, norelgestromin, and 
norgestrel.  For the noncompartmental analysis, ethinyl estradiol, norelgestromin, and 
norgestrel plasma pharmacokinetic parameters were calculated, including tmax, Cmax, and 
AUC(0-tau).   
 
Statistical Analysis 
 
Statistical analyses were conducted that included the following comparisons and 90% 
confidence intervals were derived for ethinyl estradiol, norelgestromin or norgestrel with 
concomitant use of ethinyl estradiol and norgestimate (Ortho Tri-Cyclen) with daclatasvir 
(test arms) compared to ethinyl estradiol and norgestimate (Ortho Tri-Cyclen) 
administered alone (reference arm). 
 
 
 

240
Reference ID: 3615478



 
 
 
 
10. Results  
 
10.1 Subject Demographics  
 
Table 2-AI444020 subject demographics 
 

 
 
10.2 Concomitant Medications 
 
The concomitant medications that were administered in the trial included acetaminophen. 
The conclusions of the trial are not expected to be significantly altered by the 
concomitant medications that were administered in the trial. 
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10.3 Pharmacokinetic and Statistical Analysis  
 
Ethinyl estradiol 
 
Table 3-Multiple dosing ethinyl estradiol pharmacokinetic parameters with ethinyl 
estradiol and norgestimate (Ortho Tri-Cyclen) or with ethinyl estradiol and 
norgestimate (Ortho Tri-Cyclen) combined with daclatasvir 60 mg once daily 
 

 

 
 
Table 4-Statistical analyses for ethinyl estradiol 
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Norelgestromin 
 
Table 5-Multiple dosing norelgestromin pharmacokinetic parameters with ethinyl 
estradiol and norgestimate (Ortho Tri-Cyclen) or with ethinyl estradiol and 
norgestimate (Ortho Tri-Cyclen) combined with daclatasvir 60 mg once daily 
 

 

 
 
Table 6- Statistical analyses for norelgestromin 
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Norgestrel 
 
Table 7- Multiple dosing norgestrel pharmacokinetic parameters with ethinyl 
estradiol and norgestimate (Ortho Tri-Cyclen) or with ethinyl estradiol and 
norgestimate (Ortho Tri-Cyclen) combined with daclatasvir 60 mg once daily 
 

 

 
 
Table 8- Statistical analyses for norgestrel 
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10.4 Safety Analysis 
 
No deaths or serious adverse events were reported for the trial.  There was one adverse 
events leading to discontinuation in a subject that did not receive daclatasvir. 
 
11. Discussion and Conclusions 
 
Based on the results from the AI444020 trial, the following conclusions can be made. 
 

• Ethinyl estradiol: When daclatasvir 60 mg once daily was coadministered with 
ethinyl estradiol and norgestimate (Ortho Tri-Cyclen), the ethinyl estradiol Cmax 
and the AUC(0-tau) were increased by 11% and 1%, respectively, when compared 
with ethinyl estradiol and norgestimate (Ortho Tri-Cyclen) administered alone.  
The 90% confidence intervals for ethinyl estradiol Cmax and AUC(0-tau) were both 
within the standard “no effect” 90% confidence interval limits of 80%-125%. 

• Norelgestromin: When daclatasvir 60 mg once daily was coadministered with 
ethinyl estradiol and norgestimate (Ortho Tri-Cyclen), the norelgestromin Cmax 
and the AUC(0-tau) were increased by 6% and 12%, respectively, when compared 
with ethinyl estradiol and norgestimate (Ortho Tri-Cyclen) administered alone.  
The 90% confidence intervals for norelgestromin Cmax and AUC(0-tau) were both 
within the standard “no effect” 90% confidence interval limits of 80%-125%. 

• Norgestrel: When daclatasvir 60 mg once daily was coadministered with ethinyl 
estradiol and norgestimate (Ortho Tri-Cyclen), the norgestrel Cmax and the  
AUC(0-tau) were increased by 7% and 12%, respectively, when compared with 
ethinyl estradiol and norgestimate (Ortho Tri-Cyclen) administered alone.  The 
90% confidence intervals for norgestrel Cmax and AUC(0-tau) were both within the 
standard “no effect” 90% confidence interval limits of 80%-125%. 
 

No clinically relevant changes in ethinyl estradiol, norelgestromin or norgestrel exposure 
were observed with concurrent use of daclatasvir.  
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AI444024 trial 

 
1. Title 
 
The Effect of the Coadministration of a Proton Pump Inhibitor (Omeprazole) on the 
Pharmacokinetics of BMS-790052 in Healthy Subjects 
 
2. Information Regarding the Clinical Trial Site and Duration of the Trial 
 
The trial was conducted by Bristol-Myers Squibb from October 7, 2011 to November 18, 
2010.  
 
3. Objectives 
 
The primary objective was to assess the effect of omeprazole on the single-dose PK of 
BMS-790052 at steady state in healthy subjects. 
 
The secondary objective was to assess the safety and tolerability of BMS-790052 when 
administered alone and with omeprazole in healthy subjects. 
 
4. Trial Design 
 
 
This was a randomized, open-label study in healthy subjects. All subjects were screened 
within 21 days prior to dosing on Day 1. Eligible subjects were randomized to receive 
BMS-790052 20 mg (Sequence 1) or BMS-790052 60 mg (Sequence 2). Subjects were 
admitted to the clinical research facility on Day -1 and were confined to the clinical 
research facility until discharge on Day 10. On Day 1, subjects received a single oral dose 
of BMS-790052 20 mg (Treatment A) or 60 mg (Treatment B). Following a 48-hour 
washout, subjects received QD oral doses of omeprazole 40 mg from Day 3 to Day 7 
(Treatment C), concurrent single doses of omeprazole 40 mg and BMS-790052 20 mg 
(Treatment D) or 60 mg (Treatment E) on Day 8, and a single dose of omeprazole 40 mg 
on Day 9 (Treatment F). The dose of BMS-790052 a subject received on Day 8 was the 
same as the dose he/she received on Day 1.  
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Figure 1: Study Design Schematic 

 
 
5. Excluded Medications, Restrictions or Exceptions 
 
No concomitant medications (prescription, over-the-counter or herbal) were administered 
during study unless they were prescribed by the investigator for treatment of specific 
clinical events. Any concomitant therapies must be recorded on the CRF.   
 
6. Rationale for Doses Used in the Trial 
 
Omeprazole was administered at the highest approved dose regimen, 40 mg QD. 
Omeprazole’s inhibitory effect on acid secretion increases with repeated QD dosing, 
reaching maximal effect after 4 days. In this study, BMS-790052 was administered 
simultaneously with omeprazole on the morning of Day 8, after 6 days of dosing with 
omeprazole alone, to ensure that the maximal PD effect of omeprazole was achieved 
prior to concomitant dosing. BMS-790052 was administered at the lowest dose (20 mg) 
and the highest dose (60 mg) evaluated in a Phase 2b study in the HCV population. The 
dosage regimen of BMS-790052 (i.e. DCV 60 mg) is consistent with the recommended 
DCV dosage regimen in the proposed DCV U.S. prescribing information.   
 
BMS-790052 has a solubility of 0.11 mg/mL at pH 5, the gastric pH that was anticipated 
to be reached (or exceeded) after steady-state administration of omeprazole 40 mg QD. 
At this gastric pH, the maximum dose of BMS-790052 that can be dissolved when 
administered with 240 mL of water is approximately 26 mg. Therefore, at steady-state, 
omeprazole 40 mg QD was expected to decrease BMS-790052 exposure when 
coadministered with a dose of 60 mg BMS-790052, but to have minimal effect when 
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coadministered with a dose of BMS-790052 20 mg. 
 
7. Drugs Used in the Trial 
 

• BMS-790052 was supplied by BMS as plain, round, biconvex, bevel-edged, film-
coated white tablets containing either 10 mg (Product batch number 8J43343) or 
30 mg (Product batch number 9C55376) of drug substance as the free base, BMS-
790052-05.  

• Omeprazole 40 mg delayed-release capsules were sourced by the clinical site 
from a single commercial lot. 

 

8. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical 
Analysis 
 
Sample Collection 
 
Table 1 - PK sampling schedule for DCV 

 
 
 
Bioanalytical method for DCV 
 
The method and bioanalysis of DCV is acceptable. 
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Pharmacokinetic Assessments 
 
Noncompartmental analysis was performed for DCV. The PK parameters assessed 
include tmax, Cmax, C24h,  AUC0-T, and AUCINF, and T-half.  
 
Statistical Analysis 
 
To assess the effects of omeprazole on BMS-790052, point estimates and 90% 
confidence intervals for the ratios of the geometric means for BMS-790052 Cmax, 
AUC(0-T), and AUC(INF), with and without omeprazole were constructed. BMS-790052 
alone will be used as the reference in the comparisons. Similar analyses will be 
conducted for BMS-790052 C24. 
 
9. Results  
 
9.1  Subject Demographics and Disposition 
 
Of the 24 subjects (12 subjects per treatment sequence) who were treated in the study, 22 
subjects (11 per treatment sequence) completed the study as planned. Two (2) subjects 
withdrew consent following family emergencies. (Table 2). 
 
 
 
 
 
 
 

249
Reference ID: 3615478



Table 2-Subject Demographics 

 
 
9.2 Concomitant Medications 
 
The concomitant medications that were administered in the trial are not expected to 
significantly alter the conclusions of the trial. 
 
9.3 Pharmacokinetic and Statistical Analysis  
 
Effect of omeprazole  on the PK of BMS-790052 (DCV)  
 
Mean BMS-790052 plasma concentrations versus time plots for each treatment are 
provided Figure 2. 
 
Figure 2 - Mean Plasma Concentration-Time Profiles for BMS-790052 by 
Treatment in Healthy Subjects (Linear Scale) 
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Results of the statistical analysis of the effect of omeprazole on BMS-790052 exposure 
when coadministered with BMS-790052 20 mg and 60 mg are summarized in Table 3 
and Table 4.  
 
Table 3- Effect of Omeprazole on PK Parameters of BMS-790052 20 mg 

 
 
 
Table 4- Effect of Omeprazole on PK Parameters of BMS-790052 60 mg 

 
 
9.5 Safety Analysis 
 
A total of 13 treatment-emergent AEs were reported by 5 (21%) subjects during the 
study. Each of these 5 subjects reported AEs during treatment with omeprazole 40 mg 
QD alone, most commonly constipation (3 [12.5%] subjects). One subject reported AEs 
during treatment with BMS-790052 60 mg alone (somnolence) and in combination with 
omeprazole (increased alkaline phosphatase, rhinorrhoea). No AEs were reported during 
treatment with BMS-790052 20 mg alone or in combination with omeprazole. All AEs 
were assessed by the investigator as mild in intensity and unrelated to treatment and 
resolved prior to study completion. There were no deaths, serious adverse events, or 
treatment discontinuations due to AEs. 
 
10. Sponsor’s Conclusions 
 
Disorders of gastric acid secretion are prevalent within the HCV population. Thus, it is 
anticipated that BMS-790052 will frequently be coadministered with acid-suppressing 
medications. The most common therapeutic approach involves administration of a proton 
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pump inhibitor (PPI) to reduce gastric acid secretion. Administration of a PPI suppresses 
gastric acid secretion, resulting in increased gastric pH. BMS-790052 has pH-dependent 
solubility, as demonstrated by nonclinical data where the solubility of the  di-
hydrochloride salt was decreased from 20 mg/mL at pH 2.0 to 0.11 mg/mL and 0.015 
mg/mL at pH 5.0 and 7.0, respectively. This study was conducted to assess the effect of 
omeprazole 40 mg QD, a commonly administered PPI, on BMS-790052 exposures when 
coadministered with single oral doses of 20 mg and 60 mg BMS-790052. Omeprazole 
was dosed for 6 days in order to ensure steady state and maximum PD effect was 
achieved prior to coadministration with BMS-790052. 
 

• Coadministration of BMS-790052 20 mg with omeprazole 40 mg resulted in an 
approximate 20% decrease in BMS-790052 Cmax, while BMS-790052 
AUC(INF) was unaffected.  

• Coadministration of BMS-790052 60 mg with omeprazole 40 mg resulted in 
approximate 36% and 16% decreases in BMS-790052 Cmax and AUC(INF), 
respectively. 

• Single oral doses of BMS-790052 20 mg and 60 mg, administered alone and with 
omeprazole, were generally safe and well tolerated by the healthy subjects in this 
study. 

 
11. Reviewer’s Assessment 
 
The AI444034 trial adequately assessed the effect of omeprazole on the single-dose PK 
of BMS-790052 at steady state in healthy subjects. The larger impact on BMS-790052 
exposures observed at the higher dose of 60 mg compared to 20 mg was expected. 
Reduced solubility (due to increased gastric pH) is expected to have a larger impact at 
higher doses as less drug (as a percentage of the administered dose) is in solution and 
thus available for absorption into systemic circulation. The sponsor’s conclusions are 
valid and no DCV dose adjustment is needed when coadministered with omeprazole 40 
mg    
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AI444027 
 
1. Title 
 
Open-Label Multiple-Dose Study to Assess the Effect of BMS-790052 on the 
Pharmacokinetics of Digoxin in Healthy Subjects 
 
2. Information Regarding the Clinical Trial Site and Duration of the Trial 
 
The trial was conducted at PPD from October 7, 2010 (trial initiation) to November 18, 
2010 (trial completion). 
 
3. Objectives 
 
The primary objective of the trial was to evaluate the potential drug-drug interaction 
between daclatasvir and digoxin. 
 
4. Trial Design 
 
AI444027 was an open label clinical trial that enrolled healthy subjects 18 to 40 years 
old.  Information on the trial design is displayed in Figure 1.   
 
Figure 1-AI444027 trial design 
 

 
 
5. Excluded Medications, Restrictions or Exceptions 
 
Prescription medications or nonprescription acid modifying medications were not 
permitted within 4 weeks (unless otherwise approved) and nonprescription medications, 
including herbal products, were not permitted within 2 weeks prior to medication 
administration.  In general, prescription and nonprescription medications, including 
herbal products, were not permitted during the trial. 
 
6. Dosage and Administration 
  
The trial arms, including the dosage regimens that were administered, are specified in 
Figure 1.  On days 10 and 20, after fasting for a minimum of 10 hours, doses were 
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administered under fasted conditions.  The U.S prescribing information (USPI) for 
digoxin does not provide specific dosing recommendations with regards to food or meals.  
For daclatasvir, the applicant is proposing to administer the medication with or without 
food.  
 
7. Rationale for Doses Used in the Trial 
 
The dosage regimen of 60 mg once daily for daclatasvir is the proposed recommended 
dosage regimen.  The digoxin dosage regimen of 0.125 mg once daily is within the range 
of recommended maintenance dosage regimens in adults. 
 
8. Drugs Used in the Trial 
 
Daclatasvir was provided as 30 mg tablets (batch number 9C553756).  There were no 
specific details provided regarding the digoxin formulation that was administered. 
 
9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical 
Analysis 
 
Sample Collection 
 
The blood samples that were obtained included digoxin blood samples beginning on days 
10 and 20 at predose and up to 24 hours postdose.  
 
Bioanalysis 
 
The method and bioanalysis of digoxin are acceptable.  Digoxin plasma samples were 
analyzed using a validated LC/MS/MS method in K2EDTA anticoagulated plasma by 

.  Of note, during the method validation, a digoxin response that exceeded 20% was 
observed in samples containing digoxin d3 (the internal standard) and is not anticipated to 
have a major impact assuming the effects are relatively constant. The blood samples for 
analysis of digoxin appear to have been collected in tubes containing K2EDTA.   
 
For the AI444027 plasma samples that were analyzed for digoxin, the lower limit of 
quantification for digoxin was 0.01 ng/mL and the upper limit of quantification was 10 
ng/mL.  There were no precision or accuracy issues identified for digoxin based on the 
bioanalytical report.  For the AI444027 trial, precision and accuracy were evaluated using 
plasma digoxin quality control (QC) samples at 0.025 ng/mL, 0.075 ng/mL, 0.3 ng/mL, 
1.25 ng/mL and 7.5 ng/mL.  The corresponding digoxin inter-run accuracy values were 
0.0548% for 0.025 ng/mL, 1.13% for 0.075 ng/mL, 2.93% for 0.3 ng/mL, 1.32% for 1.25 
ng/mL and -5.14% for 7.5 ng/mL.  The digoxin inter-run precision values were 8.11% for 
0.025 ng/mL, 2.76% for 0.075 ng/mL, 3.26% for 0.3 ng/mL, 1.77% for 1.25 ng/mL and 
4.3% for 7.5 ng/mL.   
 
For the AI444027 trial, in response to an information request, the applicant stated that the 
digoxin plasma samples were stored at the trial site at -20°C for up to 9 days and the 
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bioanalytical laboratory at -20°C for up to 56 days.  For digoxin, the generated long term 
stability data included stability data in K2EDTA anticoagulated plasma at -20°C and -
70°C for 286 days.  For the AI444027 trial, the generated long term stability data appears 
to covers the duration of long term stability data necessary for digoxin. 
 
Pharmacokinetic Assessments 
 
Noncompartmental analysis was performed for digoxin.  For the noncompartmental 
analysis, digoxin plasma pharmacokinetic parameters were calculated, including tmax, 
Cmax, and AUC(0-tau). 
 
Statistical Analysis 
 
Statistical analyses were conducted and 90% confidence intervals were derived 
comparing digoxin coadministered with daclatasvir (test arm) compared to digoxin 
administered alone (reference arm). 
 
10. Results  
 
10.1 Subject Demographics  
 
Table 1-AI444027 subject demographics 
 

 
 
10.2 Concomitant Medications 
 
The concomitant medications that were administered in the trial were cetirizine (one 
subject) and a multivitamin (one subject).  The conclusions of the trial are not expected to 
be significantly altered by the concomitant medications that were administered in the 
trial. 
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10.3 Pharmacokinetic and Statistical Analysis  
 
Table 2-Multiple dosing digoxin pharmacokinetic parameters with digoxin 0.125 mg 
once daily or digoxin 0.125 mg once daily combined with daclatasvir 60 mg once 
daily 
 

 
 

 
Table 3-Statistical analyses for digoxin 
 

 
 

   Reviewer note: the Cmin was defined as the plasma trough concentration 24 hours     
   postdose. 
 
10.4 Safety Analysis 
 
No deaths or serious adverse events were reported for the trial. One adverse event leading 
to discontinuation was reported: uriticaria which was treated with cetirizine that resolved 
within 3 days. 
 
11. Discussion and Conclusions 
 
Based on the results from the AI444027 trial, the following conclusions can be made. 
 

• When  digoxin 0.125 mg once daily was coadministered with 
daclatasvir 60 mg once daily, the  digoxin Cmax, AUC(0-tau) and Cmin were 
increased by 65%, 27% and 18%, respectively, when compared with digoxin 
0.125 mg once daily.  The 90% confidence intervals for digoxin Cmax, AUC(0-tau) 
and Cmin were all not within the standard “no effect” 90% confidence interval 
limits of 80%-125%. 
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In the U.S prescribing information for digoxin, for drug-drug interactions resulting in an 
increase in digoxin concentrations greater than 50%, the recommendation states the 
following prior to starting an interacting concomitant medication: 
Measure serum digoxin concentrations before initiating concomitant drugs.  Reduce 
digoxin concentrations by decreasing dose by approximately 30-50% or by modifying the 
dosing frequency and continue monitoring.  
 
A recommendation will be sent to the applicant recommending revising the clinical 
comment in section 7 of the proposed U.S. prescribing information for the daclatasvir-
digoxin drug-drug interaction to include this information to be consistent with the 
recommendation in the U.S. prescribing information for digoxin. 
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AI444032 
 
1. Title 
 
A One-Way Drug-Drug Interaction Study To Assess The Effect Of Ritonavir-Boosted 
Atazanavir On The Pharmacokinetics, Safety And Tolerability Of BMS-790052 In 
Healthy Subjects 
 
2. Information Regarding the Clinical Trial Site and Duration of the Trial 
 
The trial was conducted at one site from March 1, 2011 (first screening) to April 13, 2011 
(last follow up). 
 
3. Objectives 
 
The primary objective of the trial was to evaluate the potential drug-drug interaction 
between daclatasvir and atazanavir/ritonavir. 
 
4. Trial Design 
 
AI444032 was an open label clinical trial that enrolled healthy subjects 18 to 49 years 
old.  Information on the trial design is displayed in Figure 1.   
 
Figure 1-AI444032 trial design 
 

 
 
5. Excluded Medications, Restrictions or Exceptions 
 
Unless otherwise approved, prescription medications or nonprescription acid modifying 
medications were not permitted within 4 weeks and nonprescription medications, 
including herbal products, were not permitted within 2 weeks prior to medication 
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administration.  In general, prescription and nonprescription medications, including 
herbal products, were not permitted during the trial. 
 
6. Dosage and Administration 
  
The trial arms, including the dosage regimens that were administered, are specified in 
Figure 1.  On days 4, 10, and 14, after fasting for 10 hours, doses were administered 
under fed conditions.  According to the atazanavir U.S prescribing information (USPI), 
atazanavir is to be administered with food.  For daclatasvir, the applicant is proposing to 
administer the medication with or without food.  
 
7. Rationale for Doses Used in the Trial 
 
The dosage regimen of 60 mg once daily for daclatasvir is the proposed recommended 
dosage regimen.  In treatment B, the daclatasvir dosage regimen was changed to 20 mg 
once daily to account for a potential drug-drug interaction.  The atazanavir/ritonavir 
dosage regimen of 300 mg/100 mg once daily is the recommended dosage regimen for 
the treatment of HIV infection. 
 
8. Drugs Used in the Trial 
 
Information regarding the medications that were administered in the trial is displayed in 
Table 1.   
 
Table 1-Information on the medications administered in the AI444032 trial 
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9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical 
Analysis 
 
Sample Collection 
 
The blood samples that were obtained included daclatasvir blood samples beginning on 
days 4 and 14 at predose and up to 24 hours postdose and atazanavir blood samples were 
obtained starting on day 14 at predose and up to 24 hours postdose.   
 
Bioanalysis 
 
Note: The bioanalytical information for atazanavir was not reviewed because the 
applicant is not proposing to include atazanavir pharmacokinetic data in the daclatasvir 
U.S. prescribing information. The atazanavir pharmacokinetic data is included in this 
trial review for information purposes only. 
 
The method and bioanalysis of daclatasvir was acceptable.  Daclatasvir plasma samples 
were analyzed using a validated LC/MS/MS method in EDTA anticoagulated plasma by 

 (TNJM08199.02).  The blood samples for analysis of daclatasvir appear to 
have been collected in tubes containing K2EDTA as an anticoagulant.   
 
For the AI444032 plasma samples that were analyzed for daclatasvir, the lower limit of 
quantification for daclatasvir was 0.5 ng/mL and the upper limit of quantification was 
500 ng/mL.  There were no precision or accuracy issues identified for daclatasvir based 
on the bioanalytical report.  For the AI444032 trial, precision and accuracy were 
evaluated using plasma daclatasvir quality control (QC) samples at 1.5 ng/mL, 20 ng/mL, 
202 ng/mL (the bioanalytical report notes that this should have been prepared at 200 
ng/mL), and 400 ng/mL.  There were also dilution QCs prepared at 5000 ng/mL.  The 
corresponding daclatasvir inter-run accuracy values were -4% for 1.5 ng/mL, -7.5% for 
20 ng/mL, -5.4% for 202 ng/mL, and -4% for 400 ng/mL.  The daclatasvir inter-run 
precision values were 5.1% for 1.5 ng/mL, 3.9% for 20 ng/mL, 2.9% for 202 ng/mL, and 
3.3% for 400 ng/mL.  In addition, for the daclatasvir dilution QC samples at 5000 ng/mL, 
the inter-run accuracy and precision were -11.6% and 3.2%, respectively. 
 
Of the samples selected for incurred sample reanalysis for daclatasvir (total number less 
than 50), only one sample was not within 20% using the percentage values of the repeat 
and original concentrations.  However, it is not clear whether the total number of 
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daclatasvir samples that were reanalyzed represents 7% of the total number of samples 
that were initially analyzed. 
 
For the AI444032 trial, in response to an information request, the applicant stated that the 
daclatasvir plasma samples were stored at the trial site at -20°C for up to 16 days and the 
bioanalytical laboratory at -20°C for up to 8 days.  For the TNJM08199.02 method, the 
generated long term stability data for daclatasvir included stability data in EDTA 
anticoagulated plasma at -20°C for 1081 days (of note, the long term stability experiment 
at -20°C for 1039 days failed at 1.5 ng/mL).  For the AI444032 trial, the generated long 
term stability data appears to covers the duration of long term stability data necessary for 
daclatasvir. 
 
Pharmacokinetic Assessments 
 
Noncompartmental analysis was performed for daclatasvir and atazanavir.  For the 
noncompartmental analysis, daclatasvir and atazanavir plasma pharmacokinetic 
parameters were calculated, including tmax, Cmax, and AUC(0-tau).   
 
Statistical Analysis 
 
Statistical analyses were conducted and 90% confidence intervals were derived 
comparing atazanavir/ritonavir coadministered with daclatasvir (test arm) compared to 
daclatasvir administered alone (reference arm).  The analysis was also performed with the 
test arm dose normalized to daclatasvir 60 mg. 
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10. Results  
 
10.1 Subject Demographics  
 
Table 2-AI444032 subject demographics 
 

 
 
10.2 Concomitant Medications 
 
The concomitant medications administered in the trial included acetaminophen.  The 
conclusions of the trial are not expected to be significantly altered by the concomitant 
medications that were administered in the trial. 
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10.3 Pharmacokinetic and Statistical Analysis  
 
Daclatasvir 
 
Table 3-Multiple dosing daclatasvir pharmacokinetic parameters with daclatasvir 
60 mg once daily or atazanavir/ritonavir 300 mg/100 mg once daily combined with 
daclatasvir 20 mg once daily (or dose normalized to 60 mg) 
 

 
 
Table 4-Statistical analyses for daclatasvir 
 

 
 
Note: the dose normalized daclatasvir pharmacokinetic parameters and statistical 
analysis assumes that daclatasvir exposure is dose proportional from 20 to 60 mg. 
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Atazanavir 
 
Table 5-Multiple dosing atazanavir pharmacokinetic parameters with 
atazanavir/ritonavir 300 mg/100 mg once daily combined with daclatasvir 20 mg 
once daily or historical data 
 

 
 
10.4 Safety Analysis 
 
No deaths, serious adverse events or adverse events resulting in discontinuation were 
reported for the trial.   
 
11. Discussion and Conclusions 
 
Based on the results from the AI444032 trial, the following conclusions can be made. 
 

• When daclatasvir 20 mg once daily was coadministered with atazanavir/ritonavir 
300 mg/100 mg once daily, the dose normalized daclatasvir Cmax, AUC(0-tau) and 
C24h were increased by 35%, 110% and 265%, respectively, when compared with 
daclatasvir 60 mg once daily.  The 90% confidence intervals for daclatasvir Cmax, 
AUC(0-tau) and C24h were all not within the standard “no effect” 90% confidence 
interval limits of 80%-125%. 

• There does not appear to be any significant differences in atazanavir exposure 
when daclatasvir 20 mg once daily was coadministered with atazanavir/ritonavir 
300 mg/100 mg once daily based on comparisons to historical data. 

 
However, it is important to note that based on the analysis that was conducted during the 
NDA review, dose proportionality was not observed for daclatasvir. 
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The applicant is proposing a dose adjustment with concomitant use of strong CYP3A 
inhibitors and daclatasvir .  The 
applicant is proposing to include the following recommendation in the daclatasvir U.S. 
prescribing information: The dose of DCV should be reduced to 30 mg once daily when 
coadministered with atazanavir/ritonavir or other strong inhibitors of CYP3A4. 
 
Atazanavir is a moderate CYP3A inhibitor.  It is not clear whether atazanavir when 
combined with ritonavir is a strong CYP 3A inhibitor.  For strong CYP3A inhibition, the 
proposed dosage adjustment for daclatasvir would be expected to mitigate but not 
completely compensate for the changes in daclatasvir exposure due to drug-drug 
interactions.  However, considering that only a 30 mg tablet will be available for dosage 
adjustments, the proposed dosage adjustment is reasonable if supported by concerns 
regarding safety.  A similar rationale would be applicable to a potential drug-drug 
interaction between atazanavir/ritonavir and daclatasvir. 
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AI444033 
 
1. Title 
 
An Open-Label Two-Way Drug-Drug Interaction Study To Assess The Effect Of 
Tenofovir On The Pharmacokinetics Of BMS-790052 And The Effect Of 
BMS-790052 On The Pharmacokinetics Of Tenofovir In Healthy Subjects 
 
2. Information Regarding the Clinical Trial Site and Duration of the Trial 
 
The trial was conducted at one site from January 27, 2011 (first screening) to March 22, 
2011 (last follow up). 
 
3. Objectives 
 
The primary objective of the trial was to evaluate the potential drug-drug interaction 
between daclatasvir and tenofovir. 
 
4. Trial Design 
 
AI444033 was an open label clinical trial that enrolled healthy subjects 18 to 49 years 
old.  Information on the trial design is displayed in Figure 1.   
 
Figure 1-AI444033 trial design 
 

 
 
Note: there was no washout between periods. 
 
5. Excluded Medications, Restrictions or Exceptions 
 
Unless otherwise approved, prescription medications or nonprescription acid modifying 
medications were not permitted within 4 weeks and nonprescription medications, 
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including herbal products, were not permitted within 2 weeks prior to medication 
administration.  In general, prescription and nonprescription medications, including 
herbal products, were not permitted during the trial. 
 
6. Dosage and Administration 
  
The trial arms, including the dosage regimens that were administered, are specified in 
Figure 1.  On day 7 for each treatment period, after fasting for 10 hours, doses were 
administered under fed conditions.  According to the tenofovir U.S prescribing 
information (USPI), tenofovir can be administered with or without food.  For daclatasvir, 
the applicant is proposing to administer the medication with or without food.  
 
7. Rationale for Doses Used in the Trial 
 
The dosage regimen of 60 mg once daily for daclatasvir is the proposed recommended 
dosage regimen.  The tenofovir dosage regimen of 300 mg once daily is the 
recommended dosage regimen for the treatment of HIV or hepatitis B infection. 
 
8. Drugs Used in the Trial 
 
Information regarding the medications that were administered in the trial is displayed in 
Table 1.   
 
Table 1-Information on the medications administered in the AI444033 trial 
 

 
 

9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical 
Analysis 
 
Sample Collection 
 
The blood samples that were obtained included daclatasvir blood samples beginning on  
day 7 (treatments  A and C) at predose and up to 24 hours postdose and tenofovir blood 
samples were obtained starting on day 7 (treatments B and C) at predose and up to 24 
hours postdose.   
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Bioanalysis 
 
The method and bioanalysis of daclatasvir and tenofovir are acceptable.  Daclatasvir 
plasma samples were analyzed using a validated LC/MS/MS method in EDTA 
anticoagulated plasma by  (TNJM08199.02) and tenofovir plasma samples 
were analyzed using a validated LC/MS/MS method in K2EDTA anticoagulated plasma 
by .  The blood samples for analysis of daclatasvir and tenofovir appears to 
have been collected in tubes containing K2EDTA as an anticoagulant.   
 
For the AI444033 plasma samples that were analyzed for daclatasvir, the lower limit of 
quantification for daclatasvir was 0.5 ng/mL and the upper limit of quantification was 
500 ng/mL.  There were no precision or accuracy issues identified for daclatasvir based 
on the bioanalytical report.  For the AI444033 trial, precision and accuracy were 
evaluated using plasma daclatasvir quality control (QC) samples at 1.5 ng/mL, 20 ng/mL, 
200 ng/mL, and 400 ng/mL.  The corresponding daclatasvir inter-run accuracy values 
were -2.7% for 1.5 ng/mL, -4% for 20 ng/mL, -3% for 200 ng/mL, and -1.8% for 400 
ng/mL.  The daclatasvir inter-run precision values were 4.6% for 1.5 ng/mL, 1.9% for 20 
ng/mL, 1.8% for 200 ng/mL, and 4.7% for 400 ng/mL.  In addition, for the daclatasvir 
dilution QC samples at 5000 ng/mL, the inter-run accuracy and precision were -3.6% and 
12.1%, respectively. 
 
For tenofovir, the lower limit of quantification was 1 ng/mL and the upper limit of 
quantification was 500 ng/mL.  There were no precision or accuracy issues identified for 
tenofovir based on the bioanalytical report.  For the AI444033 trial, precision and 
accuracy were evaluated using tenofovir QC samples at 3 ng/mL, 20 ng/mL, 200 ng/mL, 
and 400 ng/mL.  The 20 ng/mL tenofovir QC was not evaluated as part of the method 
validation.  The corresponding tenofovir inter-run accuracy values were 1.7% for 3 
ng/mL, 4% for 20 ng/mL, 2.5% for 200 ng/mL, and 1.8% for 400 ng/mL.  The tenofovir 
inter-run precision values were 2.2% for 3 ng/mL,.4.8% for 20 ng/mL, 2.1% for 200 
ng/mL, and 1.8% for 400 ng/mL. 
 
Of the samples selected for incurred sample reanalysis for daclatasvir (approximately 50 
in total), all samples were within 20% using the percentage values of the repeat and 
original concentrations.  Of the samples selected for incurred sample reanalysis for 
tenofovir (approximately 50 in total), all samples were within 20% using the percentage 
values of the repeat and original concentrations.  However, it is not clear whether the 
total number of daclatasvir or tenofovir samples that were reanalyzed represents 7% of 
the total number of samples that were initially analyzed. 
 
For the AI444033 trial, in response to an information request, the applicant stated that the 
daclatasvir plasma samples were stored at the trial site at -20°C for up to 31 days and the 
bioanalytical laboratory at -20°C for up to 7 days and the tenofovir plasma samples were 
stored at the trial site at -20°C for up to 31 days and the bioanalytical laboratory at -20°C 
for up to 6 days.  For the TNJM08199.02 method, the generated long term stability data 
for daclatasvir included stability data in EDTA anticoagulated plasma at -20°C for 1081 
days (of note, the long term stability experiment at -20°C for 1039 days failed at 1.5 
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ng/mL).  The generated long term stability data for tenofovir included stability data in 
K2EDTA anticoagulated plasma at -70°C for 239 days and stability data in EDTA 
anticoagulated plasma at -20°C for 96 days using a different tenofovir method (study 
number TSLS04-032).  For the AI444033 trial, the generated long term stability data 
appears to covers the duration of long term stability data necessary for daclatasvir and for  
tenofovir at-20°C if the different methods do not impact long term tenofovir stability. 
 
Pharmacokinetic Assessments 
 
Noncompartmental analysis was performed for daclatasvir and tenofovir.  For the 
noncompartmental analysis, daclatasvir and tenofovir plasma pharmacokinetic 
parameters were calculated, including tmax, Cmax, and AUC(0-tau).   
 
Statistical Analysis 
 
Statistical analyses were conducted that included the following comparisons and 90% 
confidence intervals were derived: a) tenofovir coadministered with daclatasvir (test arm) 
compared to tenofovir administered alone (reference arm), and b) daclatasvir 
coadministered with tenofovir (test arm) compared to daclatasvir administered alone 
(reference arm). 
 
10. Results  
 
10.1 Subject Demographics  
 
Table 2-AI444033 subject demographics 
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10.2 Concomitant Medications 
 
The concomitant medications administered in the trial included acetaminophen.  The 
conclusions of the trial are not expected to be significantly altered by the concomitant 
medications that were administered in the trial. 
 
10.3 Pharmacokinetic and Statistical Analysis  
 
Tenofovir 
 
Table 3-Multiple dosing tenofovir pharmacokinetic parameters with tenofovir 300 
mg once daily or tenofovir 300 mg once daily combined with daclatasvir 60 mg once 
daily 
 

 
 
Table 4-Statistical analyses for tenofovir  
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Daclatasvir 
 
Table 5-Multiple dosing daclatasvir pharmacokinetic parameters with daclatasvir 
60 mg once daily or tenofovir 300 mg once daily combined with daclatasvir 60 mg 
once daily 
 

 
 
Table 6-Statistical analyses for daclatasvir 
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10.4 Safety Analysis 
 
No deaths or serious adverse events were reported for the trial.  One subject discontinued 
from the trial due to adverse events. 
 
11. Discussion and Conclusions 
 
Based on the results from the AI444033 trial, the following conclusions can be made. 
 

• When  daclatasvir 60 mg once daily was coadministered with tenofovir 300 mg 
once daily, the  tenofovir Cmax was decreased by 5% and the AUC(0-tau) and 
C24hwere increased by 10% and 17%, respectively, when compared with tenofovir 
300 mg once daily.  The 90% confidence intervals for tenofovir Cmax,           
AUC(0-tau), and C24h were all within the standard “no effect” 90% confidence 
interval limits of 80%-125%. 

• When  daclatasvir 60 mg once daily was coadministered with tenofovir 300 mg 
once daily, the  daclatasvir  Cmax, AUC(0-tau) and C24h were increased by 6%, 10% 
and 15%, respectively, when compared with daclatasvir 60 mg once daily.  The 
90% confidence intervals for daclatasvir Cmax and the AUC(0-tau) were both  
within the standard “no effect” 90% confidence interval limits of 80%-125% but 
daclatasvir C24hwas not within the standard “no effect” 90% confidence interval 
limits of 80%-125%. 

 
A dose adjustment for daclatasvir is not necessary with concomitant use of tenofovir 
based on the information from the AI444033 trial and the absence of anticipated safety 
issues from the daclatasvir exposure-safety information. 
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AI444034 trial 

 
1. Title 
 
A one-way drug-drug interaction study to assess the effect of efavirenz on the PK, safety 
and tolerability of BMS-790052 in healthy subjects 
 
2. Information Regarding the Clinical Trial Site and Duration of the Trial 
 
The trial was conducted by Bristol-Myers Squibb from February 17, 2011 to April 27, 
2011.  
 
3. Objectives 
 
The primary objective was to assess the effect of multiple oral doses of 600 mg efavirenz 
once daily (QD) on the PK of daclatasvir (BMS-790052) at steady state in healthy 
subjects. 
 
The secondary objective was to assess the safety of multiple oral doses of BMS-790052 
given alone and together with multiple doses of efavirenz. 
 
4. Trial Design 
 
The study was an open-label, three-treatment, single-sequence, multiple-dose, one-way 
interaction study in healthy subjects. Subjects were screened and enrolled up to 21 days 
prior to Day 1. Subjects were admitted to the clinical facility one day prior to dosing 
(Day -1). All subjects received 3 treatments, A, B and C, sequentially (Figure 1). 
 

• Treatment A: Multiple doses of BMS-790052 60 mg (2 x 30-mg tablets), orally, 
QD, administered after a light breakfast in the morning on Days 1 to 4. 

• Treatment B: Multiple doses of efavirenz 600 mg, orally, QD, administered in the 
evening at bed time on Days 5 to 13 together with BMS-790052 60 mg (2 x 30-
mg tablets), orally, QD, administered after a light breakfast in the morning on 
Days 5 to 13. 

• Treatment C: Multiple doses of efavirenz 600 mg, orally, QD, administered in the 
evening at bed time on Days 14 to 18 together with BMS-790052 120 mg (4 x 30-
mg tablets), orally, QD, administered after a light breakfast in the morning on 
Days 14 to 18.    
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Figure 1: Study Design Schematic 

 
 
5. Excluded Medications, Restrictions or Exceptions 
 
No concomitant medications (prescription, over-the-counter or herbal) are to be 
administered during study unless they are prescribed by the investigator for treatment of 
specific clinical events. Any concomitant therapies must be recorded on the CRF.   
 
6. Rationale for Doses Used in the Trial 
 
The dosage regimen of BMS-790052 (i.e. DCV 60 mg) is consistent with the 
recommended DCV dosage regimen in the proposed DCV U.S. prescribing information.  
The dose of 600 mg efavirenz is the dose in the efavirenz U.S. prescribing information. 
During the last 5 days of co-administration with efavirenz, a higher dose of 120 mg 
BMS-790052 was selected as the potential existed for a 50% decrease in BMS-790052 
exposure. 
 
7. Drugs Used in the Trial 
 

• BMS-790052-05 supplied by BMS: 30 mg film coated tablets; Batch # 0L58822.  
• Efavirenz obtained by the pharmacy of PRA: 600 mg film coated tablets; Batch # 

NN32040 
 
 

8. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical 
Analysis 
 
Sample Collection 
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Table 1 - PK sampling schedule for DCV and efavirenz 
 

 
 
Bioanalytical method for DCV and efavirenz 
 
The method and bioanalysis of DCV is acceptable. 
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The method and bioanalysis of efavirenz are acceptable. Efavirenz plasma samples were 
analyzed using a validated LC/MS/MS method in K2EDTA plasma by  

. 
 
The lower limit of quantification for efavirenz was 10.0 ng/mL and the upper limit of 
quantification was 2000 ng/mL.  There were no precision or accuracy issues identified for 
efavirenz based on the bioanalytical report.  The precision and accuracy were evaluated 
using plasma efavirenz QC samples at five concentration levels: 30.0 ng/mL, 160 ng/mL, 
800 ng/mL, 1600 ng/mL, and 20,000 ng/mL (diluted to 1000 ng/mL). 
 
Analyte interference evaluation showed that human plasma blanks fortified with DCV 
(4000 ng/mL) had no interference on the quantification of efavirenz.  
 
Twenty four study samples (~ 20% of the total efavirenz plasma samples) were selected 
for incurred sample reanalysis for efavirenz, all samples were within 10% (Note: two 
third samples within 20% considered acceptable) using the percentage values of the 
repeat and original concentrations. 
 
All samples were analyzed within the 260 days demonstrated long-term storage stability 
in human plasma containing K2EDTA at -20 °C or colder. 
 
Pharmacokinetic Assessments 
 
Noncompartmental analysis was performed for DCV. The PK parameters assessed 
include tmax, Cmax, C24h,  AUCTau, and AUCTau/D.  
 
Statistical Analysis 
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Statistical analysis was conducted on the PK parameters of BMS-790052 with and 
without dose normalization. To assess the effect of concomitant administration of 
efavirenz on the PK of BMS-790052, point estimates and 90% confidence intervals (CIs) 
for the ratios of the geometric means for non-dose-normalized BMS-790052 Cmax, 
AUCTau and C24 parameters were constructed when BMS-790052 was administered with 
(Treatment C) and without (Treatment A) efavirenz. BMS-790052 60 mg (Treatment A) 
was used as the reference in the comparisons. Similar analyses were conducted for dose-
normalized BMS-790052 Cmax/D, AUCTau/D and C24/D parameters. 
 
9. Results  
 
9.1  Subject Demographics and Disposition 
 
A total of 42 subjects were screened, and 17 of these subjects were included in the study. 
A total of 15 subjects completed the study (Table 2). 
 
Table 2-Subject Demographics 

 
 
9.2 Concomitant Medications 
 
The concomitant medications that were administered in the trial are not expected to 
significantly alter the conclusions of the trial. 
 
9.3 Pharmacokinetic and Statistical Analysis  
 
Effect of efavirenz on the PK of BMS-790052 (DCV)  
 
Arithmetic mean ± SD BMS-790052 plasma concentration-time profiles (linear and semi-
logarithmic) are given in Figure 2. 
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Figure 2 - Arithmetic Mean ± SD Concentration-Time Profiles (Linear and Semi-
Logarithmic) for BMS-790052 in Plasma Following 4 Days of BMS-790052 60 mg 
QD Treatment (Treatment A) or 5 Days of BMS-790052 120 mg QD + Efavirenz 600 
mg QD Treatment (Treatment C) 
 

 
 
A summary of statistical analysis results of the effect of efavirenz on the steady state PK 
of BMS-790052 is shown in Table 3.  
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Table 3-Summary of Statistical Analysis Results of the Effect of Efavirenz on the 
Steady State PK of BMS-790052   

 
 
 
Table 4 shows the predicted BMS-790052 PK parameters if a 90-mg BMS-790052 dose 
would be co-administered with efavirenz assuming dose proportionality of BMS790052 
in the 60-120 mg range. These predictions indicate that a 90-mg BMS-790052 dose co-
administered with efavirenz is expected to give an AUC(TAU) similar to that of a 60-mg 
BMS-790052 dose administered alone. 
 
Table 4- Summary of Statistical Analysis Results of Predicted BMS-790052 Plasma 
PK Parameters Following 5 Days of 90 mg BMS-790052 QD + 600 mg Efavirenz QD 
Treatment 

 
 
Additionally, as shown in Figure 3, BMS-790052 trough concentrations (C24) showed a 
decline during treatment with 60 mg BMS-790052 in the presence of 600 mg efavirenz 
(Treatment B). The plot does not indicate that maximal induction of CYP3A4 by 
efavirenz was reached at the start of Treatment C (i.e. on Day 14; 120 mg BMS-790052 
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in combination with efavirenz). The two similar (dose-normalized) trough levels (C24) 
on Days 18 and 19 suggest that steady state had been reached for 120 mg BMS-790052 in 
the presence of efavirenz at that time.  
 
Figure 3: Geometric Mean C24 levels of BMS-790052 Following 60 mg BMS-790052 
+ 600 mg Efavirenz QD Treatment (Treatment B –Day 5-13) 
 

 
Note: the dashed line represents the trough concentrations during Treatment C (120 mg 
BMS-790052 + 600 mg efavirenz) divided by two 
 
Efavirenz Trough Concentrations 
Geometric mean efavirenz trough concentration-time profiles in plasma (linear) are 
presented in Figure 4. Efavirenz trough concentrations showed an increase during 
Treatment B from Day 7 until Day 13 and thereafter these trough concentrations did not 
change during Treatment C on Days 15 and 18 indicating that the higher dose of BMS-
790052 in Treatment C did not decrease efavirenz exposure. 
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Figure 4: Geometric Mean Plasma Trough Concentrations of Efavirenz Following 9 
Days of BMS-790052 60 mg + Efavirenz 600 mg QD Treatment (Treatment B; Day 
5-13) and 5 Days of BMS-790052 120 mg QD + Efavirenz 600 mg QD Treatment 
(Treatment C; Day 14-18) 
 

 
 
9.5 Safety Analysis 
 
Administration of multiple oral doses of BMS-790052 and efavirenz was generally safe 
and well-tolerated in the 17 healthy male and female subjects exposed. A total of 16 
subjects (94.1%) experienced TEAEs in this study. The most frequently TEAEs that were 
reported by the subjects were headache, dizziness, insomnia, diarrhoea, fatigue, flushing, 
paraesthesia and skin irritation. The majority of the TEAEs were considered to be related 
to the study medication. Sixteen subjects (94.1%) reported treatment-related TEAEs and 
these treatment-related TEAEs were mainly nervous system disorders with the highest 
incidence seen for headache, and psychiatric disorders with the highest incidence seen for 
insomnia. These treatment-related nervous system disorders and psychiatric disorders 
were reported in relatively large numbers during Treatment B, but in smaller numbers 
during Treatment C. These TEAEs are typical for efavirenz treatment. 
 
10. Sponsor’s Conclusions 
 
Patients receiving treatment with BMS-790052 will frequently receive treatment with 
efavirenz, a preferred non-nucleoside reverse transcriptase inhibitor as part of the initial 
HAART regimen for treatment of HIV infection. Efavirenz is a moderate-to-strong 
CYP3A4 inducer. Therefore, it was necessary to evaluate to what extent co-
administration of BMS-790052 and efavirenz altered the PK of DCV (BMS-790052). 
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• Co-administration of BMS-790052 120 mg with efavirenz 600 mg resulted in 
BMS-790052 exposure that was higher than administration of BMS-790052 60 
mg alone. 

• Dose-normalized Cmax, AUCTAU, and C24 of BMS-790052 (to 60 mg) were 
decreased by 17%, 32%, and 59%, respectively, during co-administration with 
600 mg efavirenz. 

• Co-administration of BMS-790052 90 mg with efavirenz 600 mg is predicted to 
give an exposure (AUCTAU) similar to 60 mg BMS-790052 administered alone. 
The predicted BMS-790052 PK parameters if a 90-mg BMS-790052 dose would 
be co-administered with efavirenz showed an increase of 25% for the Cmax and a 
decrease of 38% for the C24. 

• Administration of multiple oral doses of BMS-790052 when given alone was 
generally safe and well-tolerated in a group of 17 healthy male and female 
subjects. 

• Administration of multiple oral doses of BMS-790052 when given in combination 
with efavirenz showed an AE pattern that was consistent with efavirenz treatment 
without increased severity of AEs when given with BMS-790052. 

• Co-administration of BMS-790052 120 mg (as compared to the 60 mg dose) with 
efavirenz 600 mg did not decrease efavirenz exposure as assessed by trough 
concentrations. 

 
11. Reviewer’s Assessment 
 
The AI444034 trial adequately assessed the effect of coadministration of multiple (QD) 
oral doses of efavirenz 600 mg (CYP3A4 inducer) on the PK of daclatasvir at steady state 
in healthy subjects. Overall, the sponsor’s conclusions are valid and the proposed DCV 
dose adjustment from 60 mg to 90 mg when coadministered with moderate CYP3A4 
inducer including efavirenz is acceptable. However, it is important to note that based on 
the analysis that was conducted during the NDA review, dose proportionality was not 
observed for daclatasvir. 
 
 
 

282
Reference ID: 3615478



AI444054 
 
1. Title 
 
A Phase 1 Open-label, Single-sequence Study to Evaluate the Effect of  Concomitant 
Administration of Multiple Doses of Daclatasvir (BMS-790052) on the Single-dose 
Pharmacokinetics of Rosuvastatin in Healthy Subjects 
 
2. Information Regarding the Clinical Trial Site and Duration of the Trial 
 
The trial was conducted at one site (Healthcare Discoveries) from May 15, 2012 (trial 
initiation) to June 28, 2012 (trial completion). 
 
3. Objectives 
 
The primary objective of the trial was to evaluate the potential drug-drug interaction 
between daclatasvir and rosuvastatin. 
 
4. Trial Design 
 
AI444054 was an open label clinical trial that enrolled healthy subjects 18 to 49 years 
old.  Information on the trial design is displayed in Figure 1.   
 
Figure 1-AI444054 trial design 
 

 
 
5. Excluded Medications, Restrictions or Exceptions 
 
Unless otherwise approved, prescription or nonprescription acid modifying medications 
were not permitted within 4 weeks and prescription and nonprescription medications, 
including herbal products, were not permitted within 2 weeks prior to medication 
administration.  In general, prescription and nonprescription medications, including 
herbal products, were not permitted during the trial. 
 
6. Dosage and Administration 
  
The trial arms, including the dosage regimens that were administered, are specified in 
Figure 1.  After fasting for a minimum of 10 hours on dosing days, doses were 
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administered under fasted conditions.  The U.S prescribing information (USPI) for 
rosuvastatin states that the medication can be administered with or without food.    For 
daclatasvir, the applicant is proposing to administer the medication with or without food.  
 
7. Rationale for Doses Used in the Trial 
 
The dosage regimen of 60 mg once daily for daclatasvir is the proposed recommended 
dosage regimen.  The rosuvastatin single dose of 10 mg is consistent with the range of 
recommended dosage regimens in adults. 
 
8. Drugs Used in the Trial 
 
Information regarding the daclatasvir formulation that was administered in the trial is 
displayed in Table 1.  There were no specific details provided regarding the rosuvastatin 
formulation that was administered. 
 
Table 1-Information on the daclatasvir formulation administered in the AI444054 
trial 
 

 
 
9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical 
Analysis 
 
Sample Collection 
 
The blood samples that were obtained included rosuvastatin blood samples beginning on 
days 1 and 10 at predose and up to 96 hours postdose.  
 
Bioanalysis 
 
The method and bioanalysis of rosuvastatin are acceptable.  Rosuvastatin plasma samples 
were analyzed using a validated LC/MS/MS method in K3EDTA anticoagulated plasma 
by PPD.  The blood samples for analysis of rosuvastatin appear to have been collected in 
tubes containing K2EDTA.   
 
For the AI444054 plasma samples that were analyzed for rosuvastatin, the lower limit of 
quantification for rosuvastatin was 0.1 ng/mL and the upper limit of quantification was 
100 ng/mL. Based on the response to an information request, the lower limit of 
quantification (LLOQ) in runs 9 and 10 were raised to 0.2 ng/mL subsequent to the 
rejection of the 0.1 ng/mL LLOQ in both runs.  There were no precision or accuracy 
issues identified for rosuvastatin based on the bioanalytical report.  For the AI444054 
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trial, precision and accuracy were evaluated using plasma rosuvastatin quality control 
(QC) samples at 0.3 ng/mL, 0.8 ng/mL, 3.2 ng/mL, 12 ng/mL and 75 ng/mL.  The 
corresponding rosuvastatin inter-run accuracy values were 0.964% for 0.3 ng/mL, -1.8% 
for 0.8 ng/mL, -1.98% for 3.2 ng/mL, -0.446% for 12 ng/mL and 0.377% for 75 ng/mL.  
The rosuvastatin inter-run precision values were 9.37% for 0.3 ng/mL, 5.64% for 0.8 
ng/mL, 5.57% for 3.2 ng/mL, 4.43% for 12 ng/mL and 5.11% for 75 ng/mL. 
 
For the AI444054 trial, in response to an information request, the applicant stated that the 
rosuvastatin plasma samples were stored at the trial site at -70°C for up to 24 days and 
the bioanalytical laboratory at -70°C for up to 41 days.  For rosuvastatin, the generated 
long term stability data included stability data in K3EDTA anticoagulated plasma at           
-70°C for 86 days and in K2EDTA anticoagulated plasma at -20°C and -70°C for 485 
days using a different method (393).   For the AI444054 trial, the generated long term 
stability data appears to covers the duration of long term stability data necessary for 
rosuvastatin. 
 
Pharmacokinetic Assessments 
 
Noncompartmental analysis was performed for rosuvastatin.  For the noncompartmental 
analysis, the plasma pharmacokinetic parameters that were calculated included tmax, Cmax, 
and AUC(0-inf) for rosuvastatin.  
 
Statistical Analysis 
 
Statistical analyses were conducted and 90% confidence intervals were derived 
comparing rosuvastatin coadministered with daclatasvir (test arm) compared to 
rosuvastatin administered alone (reference arm). 
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10. Results  
 
10.1 Subject Demographics  
 
Table 2-AI444054 subject demographics 
 

 
 
10.2 Concomitant Medications 
 
The concomitant medications administered in the trial included magnesium hydroxide 
and various laxatives.  The conclusions of the trial are not expected to be significantly 
altered by the concomitant medications that were administered in the trial. 
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10.3 Pharmacokinetic and Statistical Analysis  
 
Table 3-Single dosing rosuvastatin pharmacokinetic parameters with rosuvastatin 
10 mg or rosuvastatin 10 mg once daily combined with daclatasvir 60 mg once daily 
 

 
 
 
Table 4-Statistical analyses for rosuvastatin 
 

 
 
10.4 Safety Analysis 
 
No deaths or serious adverse events were reported for the trial.  One subject discontinued 
from the trial due to adverse events. 
 
11. Discussion and Conclusions 
 
Based on the results from the AI444054 trial, the following conclusions can be made. 
 

• When  a single dose of rosuvastatin 10 mg was coadministered with daclatasvir 
60 mg once daily, the  rosuvastatin Cmax, AUC(0-t), and AUC(0-inf) were increased  
by 104%, 63% and 58%, respectively, when compared with a single dose of 
rosuvastatin 10 mg.  The 90% confidence intervals for rosuvastatin Cmax, AUC(0-

t), and AUC(0-inf) were all not within the standard “no effect” 90% confidence 
interval limits of 80%-125%. 
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The changes in rosuvastatin exposure are similar to the changes in rosuvastatin exposure 
that are included in the rosuvastatin U.S. prescribing information (USPI) for 
darunavir/ritonavir, where rosuvastatin Cmax and AUC were increased by 140% and 50%, 
respectively and eltrombopag, where rosuvastatin Cmax and AUC were increased by 
100% and 60%, respectively (in the eltrombopag USPI, the Cmax and AUC(0-inf)  were 
increased by 103% and 55%, respectively).  There are no specific recommendations 
regarding concomitant use of either of these medications with rosuvastatin in the 
rosuvastatin U.S. prescribing information, other than stating that caution should be used 
with concomitant use of rosuvastatin and protease inhibitors that are combined with 
ritonavir. 
 
The applicant is proposing to include the following recommendation in the daclatasvir 
U.S. prescribing information:  Caution should be used when daclatasvir is coadministered 
with rosuvastatin or other substrates of OATP 1B1, OATP 1B3, or BCRP.   The 
recommendation is consistent with the information in the rosuvastatin U.S. prescribing 
information. 
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AI444064 trial 

 
1. Title 
 
A Phase 1, Open-Label, Drug-Drug Interaction Study between Methadone and 
Daclatasvir (Part 1), and between Buprenorphine/Naloxone and Daclatasvir (Part 2). 
[Note: The sponsor stated that Part 2 will be reported separately due to potential slow 
enrollment. Only Part 1 was reviewed here]  
 
2. Information Regarding the Clinical Trial Site and Duration of the Trial 
 
The trial (Part 1) was conducted at Anaheim Clinical Trials, Anaheim, CA and Yale 
University School of Medicine, New Haven, CT by Bristol-Myers Squibb from 
December 5, 2012 to April 26, 2013.  
 
3. Objectives 
 
The primary objective of the Part 1 of the trial was to assess the effect of steady-state 
daclatasvir (DCV; BMS-790052) on the PK of methadone. The secondary objectives for 
Part 1 were to characterize the PK of DCV coadministered with methadone and to assess 
the effect of steady-state DCV on the pharmacodynamics (PD) of methadone utilizing the 
Clinical Opiate Withdrawal Scale (COWS), Subjective Opiate Withdrawal Scale 
(SOWS), Objective Opiate Withdrawal Scale (OOWS) and Opiate Overdose Assessment 
(OOA). 
 
4. Trial Design 
 
The study was an open label clinical trial that enrolled patients on a stable dose of 
methadone QD (Figure 1). Total 38 subjects were enrolled. Of these, 14 subjects entered 
Part 1 and all completed the study. 
 
Figure 1: Study Design Schematic 

 
 
5. Excluded Medications, Restrictions or Exceptions 
 
No concomitant medications (prescription, over-the-counter or herbal) were administered 
during study unless they were prescribed by the investigator for treatment of specific 
clinical events. Any concomitant therapies must be recorded on the CRF.   
 
6. Rationale for Doses Used in the Trial 
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The dosage regimen of DCV 60 mg is consistent with the recommended DCV dosage 
regimen in the DCV U.S. prescribing information.   
 
7. Drugs Used in the Trial 
 
Information regarding DCV administered in the trial is displayed in Table 1.  Methadone 
was purchased as commercially available product by the clinical site. 
 
Table 1-Information on the medications administered in the trial 

 
 

8. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical 
Analysis 
 
Sample Collection 
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Table 2 - PK sampling schedule 
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Bioanalytical method for methadone enatiomers 
 
The method and bioanalysis of methadone enatiomers are acceptable. Methadone plasma 
samples were analyzed using a validated LC/MS/MS method in tripotassium EDTA 
plasma by  
 
The lower limit of quantification for both (R)- and (S)- methadone was 5.00 ng/mL and 
the upper limit of quantification was 1000 ng/mL.  There were no precision or accuracy 
issues identified for methadone enatiomers based on the bioanalytical report.  The 
precision and accuracy were evaluated using plasma (R)- and (S)- methadone QC 
samples at five concentration levels: 10 ng/mL, 25 ng/mL, 70 ng/mL, 200 ng/mL, and 
750 ng/mL. 
 
Analyte interference evaluation showed that human plasma blanks fortified with DCV 
(4000 ng/mL) had no interference on the quantification of (R)- and (S)- methadone.  
 
Approximately 10% of the study samples were selected for incurred sample reanalysis for 
(R)- and (S)- methadone, all samples were within 15% (Note: within 20% considered 
acceptable) using the percentage values of the repeat and original concentrations. 
 
All samples were analyzed within the 365 days demonstrated long-term storage stability 
in human plasma containing tripotassium EDTA at -20 °C or colder. 
 
Pharmacokinetic Assessments 
 
Noncompartmental analysis was performed for (R)-, (S)- methadone , and DCV.  The PK 
parameters assessed include tmax, Cmax, C24h, and AUC(tau).   
 
Statistical Analysis 
 
To assess the effect of steady-state DCV on the dose-normalized (to 40 mg) PK 
(AUC(tau), Cmax, and C24) of R-methadone, S-methadone, and total methadone after 
multiple doses administration of methadone with or without coadministration of DCV, a 
general linear mixed effect model with treatment as fixed effect variable and subject as 
repeated measures were fitted to the log transformed PK parameters for use in estimation 
of effects and construction of CIs. A 90% CI for the AUC(tau), Cmax and C24 ratio of the 
geometric means (GMR, [methadone+DCV]/methadone) was computed from the above 
model after back-transformation. If the 90% CIs of the GMRs 
([methadone+DCV]/methadone) for AUC(tau) and Cmax for both R-methadone and S-
methadone fell within the pre-specified bound [0.70, 1.43], it was concluded that the 
coadministration of DCV did not affect the PK of methadone. 
 
The steady-state PK parameters of DCV were summarized by parts using descriptive 
statistics. Summary statistics were provided for Tmax. 
 
9. Results  
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9.1  Subject Demographics and Disposition 
 
The treated subjects were mostly male (71.4%) and white (92.9%) with a mean BMI of 
24.7 kg/m2 and a mean age of 29.6 years (Table 3). 
 
Table 3 Subject demographics 

 
 
9.2 Concomitant Medications 
 
The concomitant medications that were administered in the trial are not expected to 
significantly alter the conclusions of the trial. 
 
9.3 Pharmacokinetic and Statistical Analysis  
 
(R)- Methadone 
 
Mean plasma concentration-time profile for dose-normalized (to 40 mg) R-methadone is 
presented in Figure 2. 
 
Figure 2 - Plot of Mean (+SD) Dose-normalized (to 40mg) R-Methadone Plasma 
Concentration Profile vs. Time 
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Statistical analyses of dose-normalized R-methadone Cmax, C24, and AUC(tau) are 
presented in Table 4. 
 
Table 4 -Statistical Analysis of Dose-normalized (to 40 mg) R-Methadone PK 
Parameters 

 
Treatment Code: A: Methadone 40-120mg QD on Day 1, B: Methadone 40-120mg QD and Daclatasvir 
60mg QD on Day 2-9. 
 
(S)- Methadone 
 
Mean plasma concentration-time profile for dose-normalized (to 40 mg) S-methadone is 
presented in Figure 3. 
 
Figure 3 - Plot of Mean (+SD) Dose-normalized (to 40mg) S-Methadone Plasma 
Concentration Profile vs. Time 
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Statistical analyses of dose-normalized S-methadone Cmax, C24, and AUC(tau) are 
presented in Table 5. 
 
Table 5 -Statistical Analysis of Dose-normalized (to 40 mg) S-Methadone PK 
Parameters 

 
Treatment Code: A: Methadone 40-120mg QD on Day 1, B: Methadone 40-120mg QD and Daclatasvir 
60mg QD on Day 2-9 
 
Total  Methadone 

 
Mean plasma concentration-time profile for dose-normalized (to 40 mg) total methadone 
is presented in Figure 4. 
 
Figure 4 - Plot of Mean (+SD) Dose-normalized (to 40mg) Total Methadone Plasma 
Concentration Profile vs. Time 
 

 

 
 
Statistical analyses of dose-normalized total-methadone Cmax, C24, and AUC(tau) are 
presented in Table 6. 
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Table 6 -Statistical Analysis of Dose-normalized (to 40 mg) Total Methadone PK 
Parameters 

 
Treatment Code: A: Methadone 40-120mg QD on Day 1, B: Methadone 40-120mg QD and Daclatasvir 
60mg QD on Day 2-9 
 
Daclatasvir (DCV) 
 
Mean plasma concentration-time profile for DCV is presented in Figure 5. 
 
Figure 5 - Plot of Mean (+SD) DCV Plasma Concentration Profile vs. Time 
 

 

 
 
Steady state PK parameters of DCV 60 mg QD following steady state co-administration 
of methadone 40 - 120 mg QD were numerically similar to historical reference values 
obtained in healthy subjects(Table 7). 
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Table 7- Comparison of Historical Daclatasvir Pharmacokinetic Parameters 

 
 
9.4 PD results 
 
Opiate withdrawal as assessed by the COW, SOW, and OOW scale, and opiate toxicity 
as assessed by OOA were not observed in Part 1 of this study. 
 
9.5 Safety Analysis 
 
Overall, 6 (42.9%) subjects had AEs in Part1 of this study. The most frequently AEs, 
occurring in 2 or more subjects, were nausea and pruritus. Most of the AEs were 
considered mild in intensity by the Investigator. Three subjects had 4 AEs (hand 
dermatitis, pruritus, abdominal distension and flatulence) that were considered mild and 
related to study drug by the Investigator and resolved without treatment. One AE of 
pruritus that was considered mild and unrelated to study drug was unresolved at study 
discharge. 
 
10. Sponsor’s Conclusions 
 

• The 90% CI of the geometric mean ratios of the exposure of R-methadone and S-
methadone (Cmax and AUC) when given with and without DCV were within the 
pre-defined criteria (0.70 to 1.43) indicating that coadministration of DCV did not 
have a clinically significant effect on the PK of methadone. 

• Daclatasvir PK, when coadministered with methadone, was numerically similar to 
what has been observed historically in healthy subjects receiving multiple oral 
doses of DCV 60 mg. 

• Coadministration of DCV and methadone did not result in opiate withdrawal as 
assessed by the COW, SOW, and OOW scales or opiate toxicity as assessed by 
OOA. Based on the results from the trial, the following conclusions can be made. 
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11. Reviewer’s Assessment 
 
The AI444064 trial (Part 1) adequately evaluated the drug-drug interaction potential 
when methadone and daclatasvir are coadministered. The sponsor’s conclusions are valid.  
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AI444065 
 
1. Title 
 
Open-label, Single-sequence Study to Evaluate the Pharmacokinetic Interaction Between 
Multiple Doses of Daclatasvir (BMS-790052) and a Single Dose of Cyclosporine or 
Tacrolimus in Healthy Subjects 
 
2. Information Regarding the Clinical Trial Site and Duration of the Trial 
 
The trial was conducted at ICON from July 27, 2012 (first enrollment) to October 16, 
2012 (last contact). 
 
3. Objectives 
 
The primary objective of the trial was to evaluate the potential drug-drug interaction 
between daclatasvir and cyclosporine and daclatasvir and tacrolimus. 
 
4. Trial Design 
 
AI444065 was an open label clinical trial that enrolled healthy subjects 18 to 49 years 
old.  Information on the trial design is displayed in Figure 1.   
 
Figure 1-AI444065 trial design 
 

 
 
5. Excluded Medications, Restrictions or Exceptions 
 
Unless otherwise approved, prescription or nonprescription acid modifying medications 
were not permitted within 4 weeks and prescription and nonprescription medications, 
including herbal products, were not permitted within 2 weeks prior to medication 
administration.  In general, prescription and nonprescription medications, including 
herbal products, were not permitted during the trial. 
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6. Dosage and Administration 
  
The trial arms, including the dosage regimens that were administered, are specified in 
Figure 1.  After fasting for a minimum of 10 hours before dosing, doses were 
administered under fasted conditions.  According to the respective U.S prescribing 
information (USPI), for cyclosporine, the USPI states that the medication should be 
administered consistently with regards to meals and similarly for tacrolimus, the USPI 
states that the medication should be administered consistently with regards to food.  For 
daclatasvir, the applicant is proposing to administer the medication with or without food.  
 
7. Rationale for Doses Used in the Trial 
 
The dosage regimen of 60 mg once daily for daclatasvir is the proposed recommended 
dosage regimen.  No specific rationale was provided for the tacrolimus or cyclosporine 
doses that were evaluated other than stating that both doses were anticipated to result in 
plasma concentrations. A variety of dosage regimens exist for both medications: 
tacrolimus regimens include initial dosage regimens ranging from 0.075 mg/kg/day to 0.2 
mg/kg/day in adults and cyclosporine regimens include initial dosage regimens ranging 
from 7 mg/kg/day to 9 mg/kg/day in adults. 
 
8. Drugs Used in the Trial 
 
Information regarding the medications that were administered in the trial is displayed in 
Table 1.   
 
Table 1-Information on the medications administered in the AI444065 trial 
 

 
 

9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical 
Analysis 
 
Sample Collection 
 
In group 1, the blood samples that were obtained included cyclosporine blood samples 
beginning on  days 1 and 9 at predose and up to 72 hours postdose and daclatasvir blood 
samples were obtained starting on days 8 and 9 at predose and up to 24 hours postdose.   
 
In group 2, the blood samples that were obtained included tacrolimus blood samples 
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beginning on days 1 and 13 at predose and up to 168 hours postdose and daclatasvir 
blood samples were obtained starting on days 12 and 13 at predose and up to 24 hours 
postdose.   
Bioanalysis 
 
The method and bioanalysis of daclatasvir, tacrolimus and cyclosporine are acceptable.  
Daclatasvir plasma samples were analyzed using a validated LC/MS/MS method in 
EDTA anticoagulated plasma by  (TNJM11132.01) and cyclosporine and 
tacrolimus whole blood samples were analyzed using a validated LC/MS/MS method by 

, respectively.  The cyclosporine method was validated in K2EDTA 
anticoagulated whole blood and the tacrolimus method was validated in K3EDTA 
anticoagulated whole blood.   The blood samples for analysis of daclatasvir, 
cyclosporine, and tacrolimus appear to have been collected in tubes containing K2EDTA 
as an anticoagulant.   
 
For the AI444065 plasma samples that were analyzed for daclatasvir, the lower limit of 
quantification for daclatasvir was 2 ng/mL and the upper limit of quantification was 2000 
ng/mL.  There were no precision or accuracy issues identified for daclatasvir based on the 
bioanalytical report.  For the AI444065 trial, precision and accuracy were evaluated using 
plasma daclatasvir quality control (QC) samples at 6 ng/mL, 80 ng/mL, 800 ng/mL, and 
1600 ng/mL.  The corresponding daclatasvir inter-run accuracy values were 0% for 6 
ng/mL, 1.9% for 80 ng/mL, -1.5% for 800 ng/mL, and -1.9% for 1600 ng/mL.  The 
daclatasvir inter-run precision values were 5.4% for 6 ng/mL, 4% for 80 ng/mL, 4% for 
800 ng/mL, and 4.5% for 1600 ng/mL.  In addition, for the daclatasvir dilution QC 
samples at 10000 ng/mL, the inter-run accuracy and precision were -0.1% and 3.8%, 
respectively. 
 
For tacrolimus, the lower limit of quantification was 0.25 ng/mL and the upper limit of 
quantification was 100 ng/mL.  There were no precision or accuracy issues identified for 
tacrolimus based on the bioanalytical report.  For the AI444065 trial, precision and 
accuracy were evaluated using whole blood tacrolimus QC samples at 0.6 ng/mL, 1.5 
ng/mL, 5 ng/mL, 16 ng/mL and 75 ng/mL.  The corresponding tacrolimus inter-run 
accuracy values were 1.58% for 0.6 ng/mL, -2.22% for 1.5 ng/mL, -13.1% for 5 ng/mL, -
7.97% for 16 ng/mL and -5.44% for 75 ng/mL.  The tacrolimus inter-run precision values 
were 9.07% for 0.6 ng/mL, 7.13% for 1.5 ng/mL, 5.81% for 5 ng/mL, 6.2% for 16 ng/mL 
and 6.86% for 75 ng/mL. 
 
The AI444065 bioanalytical report for cyclosporine was submitted in response to an 
information request. For cyclosporine, the lower limit of quantification was 0.1 ng/mL 
and the upper limit of quantification was 100 ng/mL.  There were no precision or 
accuracy issues identified for cyclosporine based on the bioanalytical report.  For the 
AI444065 trial, precision and accuracy were evaluated using whole blood cyclosporine 
QC samples at 0.3 ng/mL, 40 ng/mL, and 80 ng/mL.  The corresponding cyclosporine 
inter-run accuracy values were 1.6% for 0.3 ng/mL, -9.92% for 40 ng/mL, and 1.4% for 
80 ng/mL.  The cyclosporine inter-run precision values were 8.39% for 0.3 ng/mL, 6.24% 
for 40 ng/mL, and 6.60% for 80 ng/mL.  In addition, for the cyclosporine dilution QC 
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samples at 200 ng/mL, the inter-run accuracy and precision were 1.10% and 5.51%, 
respectively. 
For the AI444065 trial, in response to an information request, the applicant stated that the 
daclatasvir plasma samples were stored at the trial site at -20°C for up to 7 days and the 
bioanalytical laboratory at -20°C for up to 3 days, tacrolimus whole blood samples were 
stored at the trial site at -20°C for up to 19 days and the bioanalytical laboratory at  -20°C 
for up to 9 days and cyclosporine whole blood samples were stored at the trial site at         
-20°C for up to 13 days and the bioanalytical laboratory at  -20°C for up to 23 days.  For 
the TNJM11132.01 method, the generated long term stability data for daclatasvir 
included stability data in K2EDTA anticoagulated plasma at -20°C for 686 days and at      
-80°C for 658 days.  For tacrolimus, the generated long term stability data included 
stability data at -20°C in K2EDTA anticoagulated whole blood for 150 days.  The 
generated long term stability data for cyclosporine included stability data in K2EDTA 
anticoagulated whole blood at -20°C and -70°C for 182 days.  For the AI444065, the 
generated long term stability data appears to covers the duration of long term stability 
data necessary for daclatasvir, cyclosporine and tacrolimus. 
 
Pharmacokinetic Assessments 
 
Noncompartmental analysis was performed for daclatasvir, tacrolimus and cyclosporine.  
For the noncompartmental analysis, daclatasvir plasma pharmacokinetic parameters were 
calculated, including tmax, Cmax, and AUC(0-tau) and tacrolimus and cyclosporine whole 
blood pharmacokinetic parameters were calculated, including tmax, Cmax, and AUC(0-inf) .   
 
Statistical Analysis 
 
Statistical analyses were conducted that included the following comparisons and 90% 
confidence intervals were derived: a) cyclosporine or tacrolimus coadministered with 
daclatasvir (test arms) compared to cyclosporine or tacrolimus administered alone 
(reference arms), and b) daclatasvir coadministered with cyclosporine or tacrolimus (test 
arms) compared to daclatasvir administered alone (reference arms). 
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10. Results  
 
10.1 Subject Demographics  
 
Table 2-AI444065 subject demographics 
 

 
 
10.2 Concomitant Medications 
 
No concomitant medications were administered in the trial. 
 
10.3 Pharmacokinetic and Statistical Analysis  
 
Cyclosporine 
 
Table 3-Single dosing cyclosporine pharmacokinetic parameters with cyclosporine 
400 mg or cyclosporine 400 mg combined with daclatasvir 60 mg once daily 
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Table 4-Statistical analyses for cyclosporine 
 

 
 
 
Tacrolimus 
 
Table 5- Single dosing tacrolimus pharmacokinetic parameters with tacrolimus 5 
mg or tacrolimus 5 mg combined with daclatasvir 60 mg once daily 
 

 
 
Table 6-Statistical analyses for tacrolimus 
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Daclatasvir 
 
Cyclosporine-daclatasvir 
 
Table 7-Multiple dosing daclatasvir pharmacokinetic parameters with cyclosporine 
400 mg or cyclosporine 400 mg combined with daclatasvir 60 mg once daily 
 

 
 
Table 8-Statistical analyses for daclatasvir 
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Tacrolimus-daclatasvir 
 
Table 9-Multiple dosing daclatasvir pharmacokinetic parameters with tacrolimus 5 
mg or tacrolimus 5 mg combined with daclatasvir 60 mg once daily 
 

 
 
Table 10-Statistical analyses for daclatasvir 
 

 
 
10.4 Safety Analysis 
 
No deaths, serious adverse events or adverse events leading to discontinuation were 
reported for the trial. 
 
11. Discussion and Conclusions 
 
Based on the results from the AI444065 trial, the following conclusions can be made. 
 

• Cyclosporine: When  daclatasvir 60 mg once daily was coadministered with a 
single dose of cyclosporine 400 mg, the  cyclosporine Cmax was decreased by  4% 
and the AUC(0-t) and AUC(0-inf) were increased by 2% and 3%, respectively, when 
compared with cyclosporine 400 mg.  The 90% confidence intervals for 
cyclosporine Cmax, AUC(0-t) and AUC(0-inf) were all within the standard “no 
effect” 90% confidence interval limits of 80%-125%. 
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• Tacrolimus: When daclatasvir 60 mg once daily was coadministered with a single 
dose of tacrolimus 5 mg, the tacrolimus Cmax  was increased by 5% and the 
AUC(0-t) and AUC(0-inf) were both decreased by less than 1%, when compared 
with tacrolimus 5 mg.  The 90% confidence intervals for tacrolimus Cmax, AUC(0-

t) and AUC(0-inf) were all within the standard “no effect” 90% confidence interval 
limits of 80%-125%. 

• Daclatasvir (with concomitant use of cyclosporine): When  daclatasvir 60 mg 
once daily was coadministered with a single dose of cyclosporine 400 mg, the  
daclatasvir  Cmax, AUC(0-tau) and C24h were increased by 4%, 40% and 56%, 
respectively, when compared with daclatasvir 60 mg once daily.  Only the 90% 
confidence interval for daclatasvir Cmax was within the standard “no effect” 90% 
confidence interval limits of 80%-125%. 

• Daclatasvir (with concomitant use of tacrolimus): When  daclatasvir 60 mg once 
daily was coadministered with a single dose of tacrolimus 5 mg, the  daclatasvir  
Cmax, AUC(0-tau) and C24h were increased by 7%, 5% and 10%, respectively, when 
compared with daclatasvir 60 mg once daily.  The 90% confidence intervals for 
daclatasvir Cmax, AUC(0-t) and AUC(0-inf) were all within the standard “no effect” 
90% confidence interval limits of 80%-125%. 
 

No clinically relevant changes in cyclosporine or tacrolimus exposure were observed 
with concurrent use of daclatasvir and no clinically relevant changes in daclatasvir 
exposure were observed with concurrent use of tacrolimus.  A dose adjustment for 
daclatasvir is not necessary when coadministered with cyclosporine based on the 
information from the AI444065 trial and the absence of anticipated safety issues from the 
daclatasvir exposure-safety information. 
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AI444084 
 
1. Title 
 
An Open-Label Two-Way Drug-Drug Interaction Study to Assess the Effect of 
Daclatasvir on the Pharmacokinetics of Escitalopram and the Effect of Escitalopram on 
the Pharmacokinetics of Daclatasvir in Healthy Subjects 
 
2. Information Regarding the Clinical Trial Site and Duration of the Trial 
 
The trial was conducted at ICON from January 21, 2013 (trial initiation) to March 14, 
2013 (trial completion). 
 
3. Objectives 
 
The primary objective of the trial was to evaluate the potential drug-drug interaction 
between daclatasvir and escitalopram. 
 
4. Trial Design 
 
AI444084 was an open label clinical trial that enrolled healthy subjects 25 to 55 years 
old.  Information on the trial design is displayed in Figure 1.   
 
Figure 1-AI444084 trial design 
 

 
 
5. Excluded Medications, Restrictions or Exceptions 
 
Unless otherwise approved, prescription medications or nonprescription acid modifying 
medications were not permitted within 2 weeks and nonprescription medications, 
including herbal products, were not permitted within 4 weeks prior to medication 
administration.  In general, prescription and nonprescription medications, including 

308
Reference ID: 3615478



herbal products, were not permitted during the trial. 
 
6. Dosage and Administration 
  
The trial arms, including the dosage regimens that were administered, are specified in 
Figure 1.  After fasting for a minimum of 10 hours on days 1 to 5, days 10 to 16, and days 
17 to 23, doses were administered under fasted conditions.  According to the 
escitalopram U.S prescribing information (USPI), escitalopram can be administered with 
or without food.  For daclatasvir, the applicant is proposing to administer the medication 
with or without food.  
 
7. Rationale for Doses Used in the Trial 
 
The dosage regimen of 60 mg once daily for daclatasvir is the proposed recommended 
dosage regimen.  The escitalopram dosage regimen of 10 mg once daily is within the 
range of recommended dosage regimens in adults. 
 
8. Drugs Used in the Trial 
 
Information regarding the daclatasvir formulation that was administered in the trial is 
displayed in Table 1.  There were no specific details provided regarding the escitalopram 
formulation that was administered. 
 
Table 1-Information on the daclatasvir formulation administered in the AI444084 
trial 
 

 
 

9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical 
Analysis 
 
Sample Collection 
 
The blood samples that were obtained included daclatasvir blood samples beginning on 
days 5 and 23 at predose and up to 24 hours postdose and escitalopram blood samples 
were obtained starting on days 16 and 23 at predose and up to 24 hours postdose.   
 
Bioanalysis 
 
The method and bioanalysis of daclatasvir and citalopram are acceptable.  Daclatasvir 
plasma samples were analyzed using a validated LC/MS/MS method in EDTA 
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anticoagulated plasma by  (TNJM11132.01). However, the escitalopram 
blood samples were not analyzed using a validated method to measure escitalopram 
plasma concentrations.  Instead, a citalopram validated LC/MS/MS method in sodium 
heparin anticoagulated plasma was used by  to measure escitalopram plasma 
concentrations (escitalopram is the S-isomer of citalopram).  For the AI444084 trial, 
escitalopram calibration curve standards and citalopram quality control (QC) samples 
were evaluated.  The potential for interconversion of the S-isomer of citalopram to the R-
isomer of citalopram does not appear to a major issue, and the use of the citalopram 
method is acceptable.  The blood samples for analysis of daclatasvir and the blood 
samples from subjects that were administered escitalopram appears to have been 
collected in tubes containing K2EDTA and sodium heparin as an anticoagulant, 
respectively.   
 
For the AI444084 plasma samples that were analyzed for daclatasvir, the lower limit of 
quantification for daclatasvir was 2 ng/mL and the upper limit of quantification was 2000 
ng/mL.  There were no precision or accuracy issues identified for daclatasvir based on the 
bioanalytical report.  For the AI444084 trial, precision and accuracy were evaluated using 
plasma daclatasvir QC samples at 6 ng/mL, 80 ng/mL, 800 ng/mL, and 1600 ng/mL.  The 
corresponding daclatasvir inter-run accuracy values were 3.7% for 6 ng/mL, 1.6% for 80 
ng/mL, -0.8% for 800 ng/mL, and 1.9% for 1600 ng/mL.  The daclatasvir inter-run 
precision values were 5.9% for 6 ng/mL, 2.3% for 80 ng/mL, 4% for 800 ng/mL, and 
4.2% for 1600 ng/mL.  In addition, for the daclatasvir dilution QC samples at 10000 
ng/mL, the inter-run accuracy and precision were -6.6% and 2.9%, respectively. 
 
For blood samples from subjects that were administered escitalopram that were analyzed 
using a citalopram method, the lower limit of quantification was 1 ng/mL and the upper 
limit of quantification was 500 ng/mL.  There were no precision or accuracy issues 
identified for citalopram based on the bioanalytical report.  For the AI444084 trial, 
precision and accuracy were evaluated using citalopram QC samples at 2.5 ng/mL, 6 
ng/mL, 22.5 ng/mL, 75 ng/mL and 375 ng/mL.  The corresponding citalopram inter-run 
accuracy values were 2.04% for 2.5 ng/mL, 2.27% for 6 ng/mL, 2.24% for 22.5 ng/mL, 
2.19% for 75 ng/mL and -1.30% for 375 ng/mL.  The citalopram inter-run precision 
values were 6.45% for 2.5 ng/mL, 3.06% for 6 ng/mL, 5.44% for 22.5 ng/mL, 2.87% for 
75 ng/mL and 4.82% for 375 ng/mL. 
 
Of the samples selected for incurred sample reanalysis for daclatasvir (approximately 50 
in total), all samples were within 20% using the percentage values of the repeat and 
original concentrations.  However, it is not clear whether the total number of daclatasvir 
samples that were reanalyzed represents 7% of the total number of samples that were 
initially analyzed. 
 
For the AI444084 trial, in response to an information request, the applicant stated that the 
daclatasvir plasma samples were stored at the trial site at -20°C for up to 6 days, at the 
central laboratory at -20°C for up to 33 days and the bioanalytical laboratory at -20°C for 
up to 8 days and escitalopram plasma samples were stored at the trial site at -20°C for up 
to 6 days, at the central laboratory at -20°C for up to 21 days and the bioanalytical 
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laboratory at -20°C for up to 30 days.  For the TNJM11132.01 method, the generated 
long term stability data for daclatasvir included stability data in K2EDTA anticoagulated 
plasma at -20°C for 686 days and at -80°C for 658 days.  For escitalopram, no specific 
long term stability data was generated.  The long term stability data that was generated 
for citalopram included stability data at -20°C in sodium heparin anticogulated plasma 
for 948 days.  For the AI444084 trial, the generated long term stability data appears to 
covers the duration of long term stability data necessary for daclatasvir and escitalopram. 
Pharmacokinetic Assessments 
 
Noncompartmental analysis was performed for daclatasvir and escitalopram.  For the 
noncompartmental analysis, daclatasvir and escitalopram plasma pharmacokinetic 
parameters were calculated, including tmax, Cmax, and AUC(0-tau).   
 
Statistical Analysis 
 
Statistical analyses were conducted that included the following comparisons and 90% 
confidence intervals were derived: a) escitalopram when coadministered with daclatasvir 
(test arm) compared to escitalopram administered alone (reference arm), and b) 
daclatasvir when coadministered with escitalopram (test arm) compared to daclatasvir 
administered alone (reference arm).  The applicant proposed “no effect” bounds of 75% 
to 150% for daclatasvir and 70% to 170% for escitalopram.  The trial report states that 
the rationales for the proposed limits were based on the escitalopram literature and the 
pharmacokinetic and pharmacodyamic daclatasvir information. 
 
10. Results  
 
10.1 Subject Demographics  
 
Table 2-AI444084 subject demographics 
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10.2 Concomitant Medications 
 
No concomitant medications were administered in the trial. 
 
10.3 Pharmacokinetic and Statistical Analysis  
 
Escitalopram 
 
Reviewer note: as mentioned in section 9 (Bioanalysis), the actual reported concentration 
data was for citalopram not escitalopram. 
 
Table 3-Multiple dosing pharmacokinetic parameters for subjects receiving 
escitalopram 10 mg once daily or escitalopram 10 mg once daily combined with 
daclatasvir 60 mg once daily 
 

 

 
 
Table 4-Statistical analyses for subjects receiving escitalopram 10 mg once daily or 
escitalopram 10 mg once daily combined with daclatasvir 60 mg once daily 
 

 
 

312
Reference ID: 3615478



Daclatasvir 
 
Table 5-Multiple dosing daclatasvir pharmacokinetic parameters with escitalopram 
10 mg once daily or escitalopram 10 mg once daily combined with daclatasvir 60 mg 
once daily 

 

 
 
Table 6-Statistical analyses for daclatasvir 
 

 
 
10.4 Safety Analysis 
 
No deaths, serious adverse events or adverse events leading to discontinuation were 
reported for the trial. 
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11. Discussion and Conclusions 
 
Based on the results from the AI444084 trial, the following conclusions can be made. 
 
 

• Escitalopram: When escitalopram 10 mg once daily was coadministered with 
daclatasvir 60 mg once daily, the Cmax was decreased by less than 1% and the 
AUC(0-tau) and C24h were increased by 5% and 10%, respectively, when compared 
with escitalopram 10 mg once daily.  The 90% confidence intervals for 
escitalopram Cmax, AUC(0-tau) and C24h were all within the standard “no effect” 
90% confidence interval limits of 80%-125% or the applicant’s proposed limits of 
70% to 170%. 

• Daclatasvir :When  daclatasvir 60 mg once daily was coadministered with 
escitalopram 10 mg once daily, the  daclatasvir  Cmax, AUC(0-tau) and C24h were 
increased by 14%, 12% and 23%, respectively, when compared with daclatasvir 
60 mg once daily.  The 90% confidence interval for daclatasvir Cmax, AUC(0-tau), 
and C24h were not within the standard “no effect” 90% confidence interval limits 
of 80%-125% but were within the applicant’s proposed limits of 75% to 150%. 
 

No clinically relevant changes in escitalopram exposure were observed with concurrent 
use of daclatasvir.  A dose adjustment for daclatasvir is not necessary when 
coadministered with escitalopram based on the information from the AI444084 trial and 
the absence of anticipated safety issues from the daclatasvir exposure-safety information. 
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AI447009 
 
1. Title 
 
Open-label, Randomized, Multiple Dose, Drug-drug Interaction Study to Assess the 
Pharmacokinetics and Safety of BMS-790052 and BMS-650032 Co-administered in Healthy 
Subjects 
 
2. Information Regarding the Clinical Trial Site and Duration of the Trial 
 
The trial was conducted at PPD from May 18, 2009 (trial initiation) to July 1, 2009 (trial 
completion). 
 
3. Objectives 
 
The primary objective of the trial was to evaluate the potential drug-drug interaction between 
daclatasvir (BMS-790052) and asunaprevir (BMS-650032). 
 
4. Trial Design 
 
AI447009 was an open label clinical trial that enrolled healthy subjects 18 to 49 years old.  
Information on the trial design is displayed in Figure 1. 
 
Figure 1-AI447009 trial design 
 

 
 
 
5. Excluded Medications, Restrictions or Exceptions 
 
Unless otherwise approved, according to the trial protocol, prescription medications (except acid 
modifying medications) were not permitted within 4 weeks and nonprescription medications, 
including herbal products, and prescription and nonprescription acid modifying medications 
were not permitted within 1 week prior to medication administration.  In general, prescription 
and nonprescription medications, including herbal products, were not permitted during the trial. 
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90% confidence intervals were derived for asunaprevir or daclatasvir when comparing 
asunaprevir 200 mg twice daily coadministered with daclatasvir 30 mg once daily (Treatment C-
test arms) to asunaprevir 600 mg twice daily (Treatment A-reference arm), or daclatasvir 60 mg 
once daily (Treatment B-reference arms). 
 
10. Results  
 
10.1 Subject Demographics  
 
Table 2-AI447009 subject demographics 
 

 
 
10.2 Concomitant Medications 
 
One subject received prune juice on multiple days during the trial which is not expected to 
significantly alter the conclusions of the trial.  No other concomitant medications were 
administered in the trial. 
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10.3 Pharmacokinetic and Statistical Analysis  
 
Asunaprevir 
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• When daclatasvir exposure was dose normalized to 60 mg, the daclatasvir Cmin, Cmax, and 
AUC(0-24h) were increased by 33%, 7%, and 20%, respectively. Only the 90% confidence 
interval for daclatasvir Cmax was within the standard “no effect” 90% confidence interval 
limits of 80%-125%. 

 
However, it is important to note that based on the analyses that was conducted during the NDA 
review, dose proportionality was not observed for daclatasvir and dose proportionality could not 
be determined for asunaprevir.  The trial results do not permit a definitive conclusion to be made 
regarding whether a dose adjustment for either asunaprevir or daclatasvir is necessary when 
coadministered together. 
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TMC435HPC1005 Trial 

 
1. Title 
 
A Phase 1, 2-panel, open-label, randomized, crossover trial in healthy subjects to 
investigate the pharmacokinetic interaction between simeprevir (i.e., TMC435) and the 
NS5A inhibitor daclatasvir (i.e., BMS-790052; DCV) 
 
2. Information Regarding the Clinical Trial Site and Duration of the Trial 
 
The trial was conducted by Janssen Research & Development from May 12, 2011 to July 
13, 2011.  
 
3. Objectives 
 
The primary objective was to evaluate the effect of: 

• Steady-state concentrations of TMC435 on the steady-state pharmacokinetics of 
BMS-790052 in healthy subjects; 

• Steady-state concentrations of BMS-790052 on the steady-state pharmacokinetics 
of TMC435 in healthy subjects.  

 
The secondary objective was to explore short-term safety and tolerability following 
coadministration of TMC435 and BMS-790052 in healthy subjects. 
 
4. Trial Design 
 
The study was a Phase 1, 2-panel, open-label, randomized, 2-way crossover study in 
healthy subjects (Figure 1). Subjects were randomized within a panel. No randomization 
between panels took place. 
 
Figure 1 – Schematic Overview of the Study 
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Treatment A: BMS-790052 60 mg q.d. was administered for 7 days.  
Treatment B, TMC435 150 mg q.d. and BMS-790052 60 mg q.d. were coadministered for 7 days.  
Treatment C, TMC435 150 mg q.d. was administered for 7 days.  
Treatment D, TMC435 150 mg q.d. and BMS-790052 60 mg q.d. were coadministered for 7 days. 
 
Note: all oral administration were under fed condition. 
 
5. Excluded Medications, Restrictions or Exceptions 
 
All medication had to have been discontinued at least 14 days before the first intake of 
study drug (Day 1 of Session I), except for paracetamol (acetaminophen) or ibuprofen. 
Subjects could not use any other medication until the follow-up visit scheduled between 
5-7 days after the last intake of study medication or after dropout except for paracetamol 
or ibuprofen. Subjects could also not use any systemic herbal medications or dietary 
supplements including products containing St. John’s wort from 14 days before the first 
intake of study drug until the follow-up visit scheduled between 5-7 days after the last 
intake of study medication. 
  
6. Rationale for Doses Used in the Trial 
 
The dosage regimen of DCV (60 mg QD) and simeprevir (150 mg QD) are consistent 
with the recommended dosage regimen in the DCV and simeprevir U.S. prescribing 
information.   
 
7. Drugs Used in the Trial 
 
TMC435, 150 mg q.d. (G007), administered as 1 capsule of 150 mg (batch number: 
11B03/G007). 
 
BMS-790052, 60 mg q.d., administered as 2 tablets of 30 mg (batch number: 1B66991). 
 

8. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical 
Analysis 
 
Sample Collection 
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Table 1 - Sampling schedule 
 

 
 
Bioanalytical method for DCV(BMS-790052) 
The method and bioanalysis of DCV are acceptable. 
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Bioanalytical method for simeprevir (TMC435) 
 
The method and bioanalysis of TMC435 are acceptable. TMC435 plasma samples were 
analyzed using a validated LC/MS/MS method in human EDTA plasma by  

 
 
The lower limit of quantification for TMC435 was 2.0 ng/mL and the upper limit of 
quantification was 2000 ng/mL.  There were no precision or accuracy issues identified for 
TMC435 based on the bioanalytical report.  The precision and accuracy were evaluated 
using plasma TMC435 QC samples at four concentration levels: 2.0 ng/mL, 5.81 ng/mL, 
76.1 ng/mL, and 1560 ng/mL. 
 
Analyte interference evaluation showed that human plasma blanks had no interference on 
the quantification of TMC435.  
 
All samples were analyzed within the time (1184 days) demonstrated long-term storage 
stability in human plasma at a freezer (-20 °C or colder). 
 
Pharmacokinetic Assessments 
 
Noncompartmental analysis was performed for DCV and simeprevir.  The PK parameters 
assessed include tmax, Cmin, Cmax, Css,av, AUC(24h), AUClast, and fluctuation index (defined 
as percentage fluctuation (variation between maximum and minimum concentration at 
steady-state), calculated as: 100 x ([Cmax - Cmin] /Css,av). 
 
For drug-drug interaction assessment, Ratio Cmin,test/ref, Ratio Cmax,test/ref, and Ratio 
AUC24h,test/ref were calculated. 
 
Statistical Analysis 
 
. The primary PK parameters were Cmin, Cmax, and AUC24h,. All observations for test 
and reference, paired and unpaired, were included in the statistical analysis. The analysis 
was performed for each panel separately. For each panel, a linear mixed effects model 
was fitted on the log-transformed primary PK parameters of TMC435 (Panel 2) and 
BMS-790052 (Panel 1) with treatment, sequence, and period as fixed effects (factors) and 
subject as a random effect to estimate the least square (LS) means and intra-subject 
variance. Using these estimated LSmeans and intra-subject variance, the point estimate 
and 90% confidence intervals (CIs) for the difference in means on a log scale between 
Treatment B and 
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Treatment A (Panel 1) and between Treatment D and Treatment C (Panel 2) were 
constructed. The limits of the CIs were retransformed using antilogarithms to obtain 90% 
CIs for the ratios of the mean AUCs and Cmax of the test to reference formulation. 
 
Period effects were considered significant at the level ≤ 5% and sequence effects were 
considered significant at the level ≤10%. 
 
9. Results  
 
9.1  Subject Demographics and Disposition 
 
Table 2-Subject demographics 
 

 
 
9.2 Concomitant Medications 
 
The concomitant medications that were administered in the trial are not expected to 
significantly alter the conclusions of the trial. 
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9.3 Pharmacokinetic and Statistical Analysis  
 
Simeprevir (TMC435) 
 
The linear mean plasma concentration-time profiles of TMC435 of Treatment B (Panel 1) 
and Treatments C and D (Panel 2) are presented in Figure 2. 
 
Figure 2 - Mean Plasma Concentration-Time Curves of TMC435 (Including SD) 
After Administration of TMC435 Alone (Treatment C, Panel 2) and in Combination 
With BMS-790052 (Treatment B, Panel 1 and Treatment D, Panel 2) 

 
 
A summary list of key PK parameters of TMC435 for Treatments B, C and D is 
presented in Table 3. 
 
Table 3 - PK Results of TMC435 After Administration of TMC435 Alone 
(Treatment C) and in Combination With BMS-790052 (Treatment B and D) 
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The statistical results comparing the pharmacokinetics of TMC435 between test 
(TMC435 +BMS-790052, Treatment D) and reference treatment (TMC435 alone, 
Treatment C) in Panel 2 are presented in Table 4.  
 
Table 4 – Summary of the Statistical Analysis of the Pharmacokinetic Parameters of 
TMC435 After Administration of TMC435 Alone at 150 mg q.d. (Treatment C) and 
in Combination With BMS-790052 at 60 mg q.d. (Treatment D) in Panel 2  

 
 
After intake of TMC435 in the presence of BMS-790052, Cmin, Cmax, and AUC24h 
were 1.49, 1.39, and 1.44 fold higher, respectively, compared to after administration of 
TMC435 alone, based on the ratios of the LSmeans. 
 
For tmax of TMC435, no treatment difference was observed. 
 
No significant period or sequence effects were observed.   
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Daclatasvir (DCV, BMS-790052) 
 
The linear mean plasma concentration-time profiles of BMS-790052 of Treatments A and 
B (Panel 1) and Treatment D (Panel 2) are presented in Figure 3. 
 
Figure 3 - Mean Plasma Concentration-Time Curves of BMS-790052 (Including SD) 
After Administration of BMS-790052 Alone (Treatment A, Panel 1) and in 
Combination with TMC435 (Treatment B, Panel 1 and Treatment D, Panel 2) 

 
A summary list of key PK parameters of TMC435 for Treatments A, B, and D is 
presented in Table 5. 
 
Table 5- PK Results of BMS-790052 After Administration of BMS-790052 Alone at 
(Treatment A, Panel 1) and in Combination With TMC435 (Treatment B & D) 
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The statistical results comparing the pharmacokinetics of BMS-790052 between test 
(BMS-790052 + TMC435, Treatment B) and reference treatment (BMS-790052 alone, 
Treatment A) in Panel 1 are presented in Table 6. 
 
Table 8- Summary of the Statistical Analysis of the PK Parameters of BMS 790052 
After Administration of BMS-790052 Alone at 60 mg q.d. (Treatment A) and in 
Combination With TMC435 at 150 mg q.d. (Treatment B) in Panel 1 

 
 
After intake of BMS-790052 in the presence of TMC435, Cmin, Cmax, and AUC24h 
were, respectively, 2.68, 1.50, and 1.96 fold higher compared to after administration of 
BMS-790052 alone, based on the ratios of the LSmeans. 
 
For tmax of BMS-790052, no treatment difference was observed. 
 
A significant period effect was observed for Cmin, however, this was not considered to 
impact the overall outcome of the study, as a randomized cross-over design was applied. 
No significant sequence effects were observed. 
 
9.4 Safety Analysis 
 
No deaths or other SAEs were reported in this study. Except for 1 subject (5.3%) in Panel 
1 with a grade 1 AE (lipase increased) and a grade 3 AE (blood amylase increased) 
leading to discontinuation during coadministration of TMC435 and BMS-790052, no 
AEs leading to permanent discontinuation or grade 3 or 4 AEs were reported during this 
study. 
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10. Sponsor’s Conclusions 
 
After the combined intake of simeprevir (TMC435) and daclatasvir (BMS-790052), 
Cmin, Cmax, and AUC24h were 1.49, 1.39, and 1.44 fold higher, respectively, for 
TMC435 and 2.68, 1.50 and 1.96 fold higher, respectively, for BMS-790052, compared 
to after intake of the compounds alone, based on the ratios of the LSmeans.  
 
For tmax of TMC435 and BMS-790052, no treatment difference was observed. 
 
The combination of TMC435 150 mg q.d. and BMS-790052 60 mg q.d. was generally 
safe and well tolerated in healthy subjects. 
 
11. Reviewer’s Assessment 
 
The TMC435HPC1005 trial adequately evaluated the drug-drug interaction potential 
when simeprevir and daclatasvir are coadministered. The sponsor’s conclusions are valid.  
 
Given the magnitude of increase in DCV Cmin, Cmax and AUC24h (ranging from 1.5 
fold to 1.96 fold) when coadministered with simeprevir 150 mg in healthy subjects, a 
dose reduction (e.g. from 60 mg to 30 mg) for DCV may be considered when DCV is 
coadministered with simeprevir in patients.  
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Food effect trial-asunaprevir 
 

Trial Number Title Page Number 

 
Food effect trial-daclatasvir 
 

Trial Number Title Page Number 
AI444039 Bioavailability of BMS-

790052 Phase 3  
 Tablet Relative 

to Phase 2  
Tablet and the Effect of a 
High Fat Meal and Light 
Meal on the 
Pharmacokinetics of BMS-
790052 when Administered 
as the Phase 3  

 Tablet in 
Healthy Subjects 

122 
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1. Title 
 
Study to Assess the Effects of a High-Fat Meal on the Bioavailability of the 100 mg  

 Formulation of Asunaprevir in Healthy Subjects 
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Hepatic impairment trial-daclatasvir 
 

Trial Number Title Page Number 
AI444013 Single-Dose 

Pharmacokinetics of BMS-
790052 in Subjects with 
Hepatic Impairment 
Compared to Healthy 
Subjects 

347 
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AI444013 
 
1. Title 
 
Single-Dose Pharmacokinetics of BMS-790052 in Subjects with Hepatic 
Impairment Compared to Healthy Subjects 
 
2. Information Regarding the Clinical Trial Site and Duration of the Trial 
 
The trial was conducted at multiple sites from March 31, 2009 (trial initiation) to 
September 22, 2009 (trial completion). 
 
3. Objectives 
 
The objectives of the trial included evaluating the single dose pharmacokinetics of 
daclatasvir in subjects with hepatic impairment. 
 
4. Trial Design 
 
AI444013 was an open label clinical trial that enrolled hepatically impaired subjects 
(Child Pugh class A, B, or C) or healthy subjects 18 to 70 years old.  Information on the 
trial design is displayed in Figure 1.   
 
Figure 1-AI444013 trial design 
 

 
 
5. Excluded Medications, Restrictions or Exceptions 
 
For hepatically impaired subjects, the protocol excluded the use of specific medications.  
In healthy subjects, unless otherwise approved, prescription medications were not 
permitted within 4 weeks prior to medication administration.  Nonprescription 
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medications, including herbal products, were not permitted within 2 weeks prior to 
medication administration; however the trial allowed for exceptions in hepatically 
impaired subjects.  In general, for healthy subjects, prescription and nonprescription 
medications, including herbal products, were not permitted during the trial.  Hepatically 
impaired subjects were allowed to receive medications for the treatment of cirrhosis. 
 
6. Dosage and Administration 
  
The trial arms, including the doses that were administered, are specified in Figure 1.  
Daclatasvir was administered under fasted conditions after fasting for 10 hours. 
 
7. Rationale for Doses Used in the Trial 
 
The daclatasvir single dose of 30 mg was selected to account for potential safety issues in 
hepatically impaired subjects with increased daclatasvir exposure. 
 
8. Drugs Used in the Trial 
 
Information regarding the daclatasvir formulation that was administered in the trial is 
displayed in Table 1. 
 
Table 1-Information on the daclatasvir formulation administered in the AI444013 
trial 
 

 
 
9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical 
Analysis 
 
Sample Collection 
 
The blood samples that were obtained included daclatasvir blood samples at predose and 
up to 96 hours postdose in heptically impaired subjects and up to 72 hours postdose in 
healthy subjects. 
 
Bioanalysis 
 
The method and bioanalysis of daclatasvir are acceptable.  Daclatasvir plasma samples 
were analyzed using a validated LC/MS/MS method in EDTA anticoagulated plasma by 

 (TNJM08199.00).  The blood samples for analysis of daclatasvir appear to 
have been collected in tubes containing K2EDTA.   
 
For the AI444013 plasma samples that were analyzed for daclatasvir, the lower limit of 
quantification for daclatasvir was 0.5 ng/mL and the upper limit of quantification was 
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500 ng/mL.  There were no precision or accuracy issues identified for daclatasvir based 
on the bioanalytical report.  For the AI444013 trial, precision and accuracy were 
evaluated using plasma daclatasvir quality control (QC) samples at 1.5 ng/mL, 20 ng/mL, 
200 ng/mL and 400 ng/mL.  The corresponding daclatasvir inter-run accuracy values 
were 4% for 1.5 ng/mL, 4% for 20 ng/mL, 7% for 200 ng/mL and 2.3% for 400 ng/mL.  
The daclatasvir inter-run precision values were 8% for 1.5 ng/mL, 4.9% for 20 ng/mL, 
3.8% for 200 ng/mL and 4.4% for 400 ng/mL.  In addition, for the daclatasvir dilution 
QC samples at 5000 ng/mL (with dilution factors ranging from 10 to 20), the inter-run 
accuracy ranged from -2% to -6.4% and inter-run precision ranged from 0.9% to 6.2%. 
 
For the plasma protein binding method, daclatasvir plasma samples were analyzed using 
a validated LC/MS/MS method in EDTA anticoagulated plasma by  
(TNJM08147.00).  For the AI444013 plasma protein binding samples that were analyzed 
for daclatasvir, the lower limit of quantification for daclatasvir was 0.05 ng/mL and the 
upper limit of quantification was 50 ng/mL.  There were no precision or accuracy issues 
identified for daclatasvir based on the bioanalytical report.  For the AI444013 trial, 
precision and accuracy were evaluated using plasma daclatasvir quality control (QC) 
samples at 0.150 ng/mL, 2 ng/mL, 20 ng/mL and 40 ng/mL.  The corresponding 
daclatasvir inter-run accuracy values were 6% for 0.150 ng/mL, 6% for 2 ng/mL, 5.5% 
for 20 ng/mL and 5.8% for 40 ng/mL.  The daclatasvir inter-run precision values were 
5.8% for 0.150 ng/mL, 5.6% for 2 ng/mL, 4.6% for 20 ng/mL and 5.3% for 40 ng/mL.  In 
addition, for the daclatasvir dilution QC samples at 200 ng/mL, the inter-run accuracy 
was 0% and inter-run precision was 6.1%.  
 
Of the samples selected for incurred sample reanalysis for daclatasvir (total number less 
than 50) using method TNJM08199.00, two samples were not within 20% using the 
percentage values of the repeat and original concentrations.  However, it is not clear 
whether the total number of daclatasvir samples that were reanalyzed represents 7% of 
the total number of samples that were initially analyzed. 
 
For the AI444013 trial, in response to an information request, the applicant stated that the 
daclatasvir plasma samples were stored at the trial site at -20°C for up to 50 days, at         
-20°C for up to 109 days at the central laboratory and the bioanalytical laboratory at         
-20°C for up to 15 days.  For the TNJM08199.00 method, the generated long term 
daclatasvir stability data included stability data in EDTA anticoagulated plasma at -20°C 
for 385 days.  For the AI444013 trial, the generated long term stability data appears to 
covers the duration of long term stability data necessary for daclatasvir. 
 
Pharmacokinetic Assessments 
 
Noncompartmental analysis was performed for daclatasvir.  For the noncompartmental 
analysis, daclatasvir plasma pharmacokinetic parameters were calculated, including tmax, 
Cmax, and AUC(0-inf). 
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Statistical Analysis 
 
The statistical analyses included comparing each hepatic impairment group to the 
corresponding matched controls group and 90% confidence intervals were derived. 
 
10. Results  
 
10.1 Subject Demographics  
 
Table 2A-AI444013 subject demographics (hepatic impairment groups) 
 

 
 
Table 2B-AI444013 subject demographics (matched comtrol groups) 
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10.2 Concomitant Medications 
 
The concomitant medications that were administered in the trial included medications 
that subjects were receiving prior to the trial in the hepatically impaired groups and 
ibuprofen in the control groups.  The conclusions of the trial are not expected to be 
significantly altered by the concomitant medications that were administered in the trial. 
 
10.3 Pharmacokinetic and Statistical Analysis  
 
Table 3-Daclatasvir pharmacokinetic parameters in hepatically impaired subjects 
and control groups 
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Table 4-Daclatasvir pharmacokinetic parameters using unbound concentrations in 
hepatically impaired subjects and control groups 
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Table 5-Daclatasvir statistical analyses for hepatically impaired subjects and control 
groups 
 

 
 
Table 6-Daclatasvir protein binding and free fraction 
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Figure 2-Daclatasvir AUC(0-inf) versus albumin concentrations 
 

 
 
Figure 3-Daclatasvir free fraction versus albumin concentrations 
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10.4 Safety Analysis 
 
No deaths, serious adverse events or adverse events resulting in discontinuation were 
reported for the trial.   
 
11. Discussion and Conclusions 
 
Based on the results from the AI444013 trial, the following conclusions can be made. 
 

• When a single dose of daclatasvir 30 mg was administered, the following changes 
in daclatasvir exposure were observed when compared to the corresponding 
matched control group: 

- Child Pugh A: Cmax and AUC(0-inf) decreased by 45.5% and 42.7%, 
respectively. 

- Child Pugh B: Cmax and AUC(0-inf) decreased by 45.2% and 37.6%, 
respectively. 

- Child Pugh C: Cmax and AUC(0-inf) decreased by 54.6% and 36.2%, 
respectively. 

             For all parameters in all categories of hepatic impairment, none of the 90%  
             confidence intervals were within 80% to 125%. 

• An increased free fraction was observed for hepatically impaired subjects in Child 
Pugh categories A, B and C compared to the corresponding matched control 
group at each measured time point. 

• No discernable relationship was observed when comparing either daclatasvir 
AUC(0-inf) versus albumin concentrations or daclatasvir free fraction versus 
albumin concentrations. 

 
Overall, decreases in total daclatasvir exposure were observed in all categories of 
hepatic impairment that were evaluated (Child Pugh A, B and C).  Based on the 
available information from this trial and the daclatasvir exposure-response analysis, 
dosage adjustments are not necessary to compensate for the changes in total 
daclatasvir exposure. 
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Mass balance trial-asunaprevir 
 

 
Mass balance trial-daclatasvir 
 

Trial Number Title Page Number 
AI444006 Pharmacokinetics and 

Metabolism of [14C]-
labeled BMS-790052 in 
Healthy Male Subjects 
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AI4444006 
 
1. Title 
 
Pharmacokinetics and Metabolism of [14C]-labeled BMS-790052 in Healthy Male 
Subjects 
 
2. Information Regarding the Clinical Trial Site and Duration of the Trial 
 
The trial was conducted at one site from September 19, 2008 (trial initiation) to October 
17, 2008 (trial completion). 
 
3. Objectives 
 
The objectives of the trial included evaluating the metabolism of daclatasvir. 
 
4. Trial Design 
 
AI444006 was an open label clinical trial that enrolled healthy male subjects 18 to 45 
years old.  Information on the trial design is displayed in Figure 1.   
 
Figure 1-AI444006 trial design 
 

 
 
5. Excluded Medications, Restrictions or Exceptions 
 
Unless otherwise approved, prescription medications were not permitted within 4 weeks 
and prescription and nonprescription acid modifying medications and nonprescription 
medications, including herbal products, were not permitted within 2 weeks prior to 
medication administration.  In general, prescription and nonprescription medications, 
including herbal products, were not permitted during the trial. 
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6. Dosage and Administration 
  
The trial design, including the daclatasvir dose that was administered, is specified in 
Figure 1.  The single 25 mg daclatasvir oral dose was administered under fasted 
conditions after fasting for 10 hours.  For daclatasvir, the applicant is proposing to 
administer the medication with or without food.   
 
7. Rationale for Doses Used in the Trial 
 
The daclatasvir single dose of 25 mg was selected based on the anticipated range of 
therapeutic daclatasvir dosage regimens.   
 
8. Drugs Used in the Trial 
 
Information regarding the daclatasvir formulation that was administered in the trial is 
displayed in Table 1. 
 
Table 1-Information on the daclatasvir formulation administered in the AI444006 
trial 
 

 
 
9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical 
Analysis 
 
Sample Collection 
 
The blood samples that were obtained included daclatasvir samples at predose and up to 
144 hours postdose.  Both blood and plasma daclatasvir concentrations were measured 
for total radioactivity at predose and up to 144 hours postdose.  Samples were also 
collected at predose and up to 240 hours postdose to evaluate daclatasvir metabolites.  
Urine and fecal samples were also collected up to 240 hours. 
 
Bioanalysis 
 
The total radioactivity was measuring using liquid scintillation counting.  The 
measurement of the radioactivity will not be discussed in detail as part of this review. 
 
The method and bioanalysis of daclatasvir are acceptable.  Daclatasvir plasma samples 
were analyzed using a validated LC/MS/MS method in K2EDTA anticoagulated plasma 
by BMS (method validated under study number TSLS08-229).  The blood samples for 
analysis of daclatasvir appear to have been collected in tubes containing K2EDTA.   
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For the AI444006 plasma samples that were analyzed for daclatasvir, the lower limit of 
quantification for daclatasvir was 0.5 ng/mL and the upper limit of quantification was 
500 ng/mL.  There were no precision or accuracy issues identified for daclatasvir based 
on the bioanalytical report.  For the AI444006 trial, precision and accuracy were 
evaluated using plasma daclatasvir quality control (QC) samples at 1.5 ng/mL, 20 ng/mL, 
200 ng/mL and 400 ng/mL.  The corresponding daclatasvir inter-run accuracy values 
were 5.3% for 1.5 ng/mL, 2% for 20 ng/mL, 1% for 200 ng/mL and 0% for 400 ng/mL.  
The daclatasvir inter-run precision values were 2.8% for 1.5 ng/mL, 5.2% for 20 
ng/mL,.2.6% for 200 ng/mL and 4.9% for 400 ng/mL.  In addition, for the daclatasvir 
dilution QC samples at 5000 ng/mL, the inter-run accuracy and precision were 6.8% and 
4.4%, respectively. 
 
For the AI444006 trial, in response to an information request, the applicant stated that the 
daclatasvir plasma samples were stored at the trial site at -20°C for up to 22 days, and the 
bioanalytical laboratory at -70°C for up to 35 days.  For the daclatasvir method validated 
under study number TSLS08-229, there were no separate long term stability experiments 
that were conducted.  Instead, the method validation report references the method 
validated under study number TNJS07-177a.  The method validated under study number 
TNJS07-177a conducted long term stability experiments in EDTA anticoagulated plasma 
at -20°C for 387 days and -70°C for 7 days (of note,  long term stability for the  0.15 
ng/mL QC failed at -70°C for 14 days). There is insufficient long term stability data 
generated at -70°C for the method validated under study number TSLS07-177a. 
However, for daclatasvir in general, assuming that any method differences do not impact 
stability, there appears to be sufficient long term stability data generated by other 
methods at -70°C (e.g. 44 days of  -80°C daclatasvir long term stability data validated in 
K2EDTA anticoagulated plasma under study number TNJS11-132) to support the 
daclatasvir concentration data. 
 
Pharmacokinetic Assessments  
 
Noncompartmental analysis was performed for daclatasvir.  For the noncompartmental 
analysis, plasma pharmacokinetic parameters were calculated, including tmax, Cmax, and 
AUC.   
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10. Results  
 
10.1 Subject Demographics  
 
Table 2-AI444006 subject demographics 
 

 
10.2 Concomitant Medications 
 
No concomitant medications were administered in the trial. 
 
10.3 Pharmacokinetic and Statistical Analysis  
 
Table 3-Single dosing plasma daclatasvir pharmacokinetic parameters with 25 mg 
oral dosing of radiolabeled daclatasvir 
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Table 4-Total radioactivity plasma single dosing daclatasvir pharmacokinetic 
parameters with 25 mg oral dosing of radiolabeled daclatasvir 
 

 

 
 
Table 5-Total radioactivity blood single dosing daclatasvir pharmacokinetic 
parameters with 25 mg oral dosing of radiolabeled daclatasvir 
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Table 6-Total radioactivity recovered in feces and urine with 25 mg oral single 
dosing of radiolabeled daclatasvir 
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In a separate report evaluating daclatasvir parent drug and daclatasvir metabolites, 52.5% 
of the dose in feces and 6.4% of the dose in urine was identified as daclatasvir parent 
drug. 
 
Table 7-Percentage distribution of radioactivity and percentage of dose in 
parentheses in urine and feces with 25 mg oral single dosing of radiolabeled 
daclatasvir 
 

 Percentage distribution of radioactivity and 
percentage of doseb 

 Urine ( 0-72 h for human)C Feces (0-144 h for human)C 

Parent 96.4 (6.4) 60.3 (52.5) 

M1 ND ND 

M2 2.8 (0.2) 17.5 (15.2) 

M4 0.8 (0.1) 4.6 (4.0) 

M7 ND ND 

M9 ND ND 

M11 ND ND 

M20 ND 3.9 (3.4) 

M27 ND ND 

M6 ND 1.2 (1.0) 

M12 ND ND 

M13 ND 2.2 (1.9) 

M15 ND 1.0 (0.9) 

M16 ND 1.2 (1.0) 

M17 ND ND 

M21 ND 2.7 (2.4) 

M24 ND ND 

Totald 100 94.6 
Abbreviations: ND= not detected by radioactivity 
b. Radioactive peaks are reported as a percentage of total radioactivity eluted from the column after  
     background subtraction 
c. Percent dose recovery values for parent and metabolites in human urine and feces were calculated 

based on the mean cumulative dose recovery values in 0-72 h urine (6.61%) and 0-144 h feces 
(87.1%), respectively, which were reported in reference 6 (DCN 930036334, page 51, Table 9.2.2C). 

d. The total sample radioactivity (sum of radioactive peaks) was less that 100% due to the presence of    
     small unidentified radioactive peaks 

 
 
 
 

373
Reference ID: 3615478



10.4 Safety Analysis 
 
No deaths, serious adverse events or adverse events resulting in discontinuation were 
reported for the trial.   
 
11. Discussion and Conclusions 
 
Based on the results from the AI444006 trial, the following conclusions can be made: 
 
• In plasma, daclatasvir parent drug was the major contributor to total radioactivity. 
• For the 25 mg single dose of radiolabeled daclatasvir, the majority of the dose was 

eliminated through the fecal route (88%) with 7% eliminated renally. 
• Approximately half of the dose in feces was identified as daclatasvir parent drug 

(53%) and virtually the entire total dose in urine was identified as daclatasvir parent 
drug (6%). 
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Multiple dosing trial-asunaprevir 

Multiple dosing trial-daclatasvir 
 

Trial Number Title Page Number 
AI444004 Double-Blind, Placebo-

Controlled, Multiple 
Ascending Dose Study to 
Evaluate the 
Antiviral Activity and 
Safety, Tolerability, and 
Pharmacokinetics of BMS-
790052 in 
Subjects Infected with 
Hepatitis C Virus Genotype 
1 

382 
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AI444004 
 
1. Title 
 
Double-Blind, Placebo-Controlled, Multiple Ascending Dose Study to Evaluate the 
Antiviral Activity and Safety, Tolerability, and Pharmacokinetics of BMS-790052 in 
Subjects Infected with Hepatitis C Virus Genotype 1 
 
2. Information Regarding the Clinical Trial Site and Duration of the Trial 
 
The trial was conducted at multiple sites from May 19, 2008 (trial initiation) to June 25, 
2009 (trial completion). 
 
3. Objectives 
 
The objectives of the trial included evaluating the multiple dose pharmacokinetics of 
daclatasvir. 
 
4. Trial Design 
 
AI444004 was a clinical trial that enrolled hepatitis C infected, genotype 1 subjects 18 to 
60 years old.  Information on the trial design is displayed in Figure 1.  Subjects received 
daclatasvir or placebo for 14 days. 
 
Figure 1-AI444004 trial design 
 

 
 
5. Excluded Medications, Restrictions or Exceptions 
 
Unless otherwise approved, prescription medications were not permitted within 4 weeks 
and nonprescription medications, including herbal products, were not permitted within 2 
weeks prior to medication administration.  In general, prescription and nonprescription 
medications, including herbal products, were not permitted during the trial. 
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6. Dosage and Administration 
  
The trial arms, including the dosage regimens that were administered, are specified in 
Figure 1.  Daclatasvir or placebo was administered under fasted conditions. 
 
7. Rationale for Doses Used in the Trial 
 
The daclatasvir multiple dosing regimens of 1 mg to 100 mg were selected based on the 
anticipated range of therapeutic daclatasvir dosage regimens.   
 
8. Drugs Used in the Trial 
 
Information regarding the daclatasvir or placebo formulations that were administered in 
the trial is displayed in Table 1. 
 
Table 1-Information on the daclatasvir or placebo formulations administered in the 
AI444004 trial 
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9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical 
Analysis 
 
Sample Collection 
 
The blood samples were obtained that included the samples listed below. 
 
Table 2-AI444004 blood sampling schedule for pharmacokinetic analysis 
 

 

 
 
Bioanalysis 
 
The method and bioanalysis of daclatasvir are acceptable.  Daclatasvir plasma samples 
were analyzed using a validated LC/MS/MS method in EDTA anticoagulated plasma by 

 (TNJM07177.00).  The blood samples for analysis of daclatasvir appear to 
have been collected in tubes containing K2EDTA.   
 
For the AI444004 plasma samples that were analyzed for daclatasvir, the lower limit of 
quantification for daclatasvir was 0.05 ng/mL and the upper limit of quantification was 
50 ng/mL.  There were no precision or accuracy issues identified for daclatasvir based on 
the bioanalytical report.  For the AI444004 trial, precision and accuracy were evaluated 

384
Reference ID: 3615478

(b) (4)



using plasma daclatasvir quality control (QC) samples at 0.150 ng/mL, 2 ng/mL, 20 
ng/mL and 40 ng/mL.  The corresponding daclatasvir inter-run accuracy values were 
2.7% for 0.150 ng/mL, 2.5% for 2 ng/mL, 2% for 20 ng/mL and 2.3% for 40 ng/mL.  The 
daclatasvir inter-run precision values were 8.5% for 0.150 ng/mL, 5.3% for 2 ng/mL, 
5.5% for 20 ng/mL and 5.7% for 40 ng/mL.  In addition, for the daclatasvir dilution QC 
samples at 200 ng/mL (with dilution factors ranging from 10 to 100), the inter-run 
accuracy ranged from -1.5% to -14% and inter-run precision ranged from 3.6% to 7.6%. 
 
For the plasma protein binding method, daclatasvir plasma samples were analyzed using 
a validated LC/MS/MS method in EDTA anticoagulated plasma by  
(TNJM08147.00).  For the AI444004 plasma protein binding samples that were analyzed 
for daclatasvir, the lower limit of quantification for daclatasvir was 0.05 ng/mL and the 
upper limit of quantification was 50 ng/mL.  There were no precision or accuracy issues 
identified for daclatasvir based on the bioanalytical report.  For the AI444004 trial, 
precision and accuracy were evaluated using plasma daclatasvir quality control (QC) 
samples at 0.150 ng/mL, 2 ng/mL, 20 ng/mL and 40 ng/mL.  The corresponding 
daclatasvir inter-run accuracy values were 12% for 0.150 ng/mL, 4% for 2 ng/mL, -2% 
for 20 ng/mL and -1.8% for 40 ng/mL.  The daclatasvir inter-run precision values were 
8.9% for 0.150 ng/mL, 6.8% for 2 ng/mL, 11.9% for 20 ng/mL and 8.1% for 40 ng/mL.  
In addition, for the daclatasvir dilution QC samples at 200 ng/mL (with dilution factors 
ranging from 20 to 50), the inter-run accuracy ranged from 1% to 2% and inter-run 
precision ranged from 4% to 9.9%. 
 
For the AI444004 trial, in response to an information request, the applicant stated that the 
daclatasvir plasma samples were stored at the trial site at -20°C for up to 61 days, at         
-20°C for up to 52 days at the central laboratory and the bioanalytical laboratory at -20°C 
for up to 103 days.  The bioanalytical report also states that some samples were stored at-
70°C (the specific duration was not specified but it appears to be 7 days or less).  For the 
TNJM07177.00 method, the generated long term daclatasvir stability data included 
stability data in EDTA anticoagulated plasma at -20°C for 387 days and -70°C for 7 days 
(of note,  long term stability for the  0.15 ng/mL QC failed at 70°C for 14 days).  For the 
AI444004 trial, the generated long term stability data appears to covers the duration of 
long term stability data necessary for daclatasvir. 
 
Pharmacokinetic Assessments 
 
Noncompartmental analysis was performed for daclatasvir.  For the noncompartmental 
analysis, daclatasvir plasma pharmacokinetic parameters were calculated, including tmax, 
Cmax, and AUC(0-tau). 
 
Statistical Analysis 
 
The statistical analyses included deriving descriptive statistics for daclatasvir 
pharmacokinetic parameters. 
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10. Results  
 
10.1 Subject Demographics  
 
Table 3-AI444004 subject demographics 
 

 
 
10.2 Concomitant Medications 
 
The concomitant medications that were administered in the trial included various pain 
relief medications.  The conclusions of the trial are not expected to be significantly 
altered by the concomitant medications that were administered in the trial. 
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10.3 Pharmacokinetic and Statistical Analysis  
 
Table 4-Daclatasvir pharmacokinetic parameters with various daclatasvir dosage 
regimens  
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Table 5-Evaluation of relationship between dose and daclatasvir pharmacokinetic 
parameters on day 14 using a power model 
 

 
 
Clinical Pharmacology reviewer note: The trial was not powered to evaluate dose 
proportionality. 
 
Table 6-Daclatasvir protein binding (%) and free fraction (%) for various 
daclatasvir dosage regimens on Day 14  
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10.4 Safety Analysis 
 
No deaths, serious adverse events or adverse events resulting in discontinuation were 
reported for the trial.   
 
10.5 Other information 
 
Table 7-Mean change in log10 HCV RNA from baseline to day 14 
 

 

 
 
11. Discussion and Conclusions 
 
Based on the results from the AI444004 trial, the following conclusions can be made. 
 

• When daclatasvir was administered from 1 mg to 100 mg (as a  
formulation), overall, greater than dose proportional increases were observed for 
Cmax, AUC(0-tau), and Cmin when evaluated using a power model.  However, the 
trial was not powered to evaluate dose proportionality. 

• Over the range of daclatasvir multiple dosing regimens from 1 mg to 100 mg, the 
plasma protein binding was approximately 99% or greater across all the 
daclatasvir dosage regimens at predose and 2 hours postdose. 

 

389
Reference ID: 3615478

(b) (4)



Renal impairment trial-asunaprevir 

Renal impairment trial-daclatasvir 
 

Trial Number Title Page Number 
AI444063 Single Dose 

Pharmacokinetics And 
Safety Of Daclatasvir In 
Subjects With Renal 
Function Impairment 

400 
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AI444063 
 
1. Title 
 
Single Dose Pharmacokinetics And Safety Of Daclatasvir In Subjects With Renal 
Function Impairment 
 
2. Information Regarding the Clinical Trial Site and Duration of the Trial 
 
The trial was conducted at multiple sites from September 11, 2012 (trial initiation) to 
June 8, 2013 (trial completion). 
 
3. Objectives 
 
The objectives of the trial included evaluating the single dose pharmacokinetics of 
daclatasvir in subjects with renal impairment. 
 
4. Trial Design 
 
AI444063 was an open label clinical trial that enrolled renally impaired subjects or 
healthy subjects 18 years old or older.  Information on the trial design is displayed in 
Figure 1.   
 
Figure 1-AI444063 trial design 
 

 
 
 
5. Excluded Medications, Restrictions or Exceptions 
 
For healthy subjects, unless otherwise approved, the protocol excluded the use of 
medications, including nonprescription medications, herbal products, within one week 
prior to medication administration.  In general, for healthy subjects, prescription and 
nonprescription medications, including herbal products, were not permitted during the 
trial.  Renally impaired subjects and end stage renal disease subjects were allowed to 
receive medically necessary medications.  
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9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical 
Analysis 
 
Sample Collection 
 
The blood and urine samples were obtained that included the samples listed below. 
 
Table 3-AI444063 blood and urine sampling schedule for pharmacokinetic analysis 
 

 
 
Bioanalysis 
 
Clinical pharmacology reviewer note: The bioanalysis of daclatasvir urine samples will 
not be discussed because urine pharmacokinetic data is not proposed for inclusion in the 
daclatasvir U.S. prescribing information. 
 
The method and bioanalysis of daclatasvir are acceptable.  Daclatasvir plasma samples 
were analyzed using a validated LC/MS/MS method in EDTA anticoagulated plasma by 
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 (TNJM11132.01).  The blood samples for analysis of daclatasvir appear to 
have been collected in tubes containing K2EDTA.   
 
For the AI444063 plasma samples that were analyzed for daclatasvir, the lower limit of 
quantification for daclatasvir was 2 ng/mL and the upper limit of quantification was 2000 
ng/mL.  There were no precision or accuracy issues identified for daclatasvir based on the 
bioanalytical report.  For the AI444063 trial, precision and accuracy were evaluated using 
plasma daclatasvir quality control (QC) samples at 6 ng/mL, 80 ng/mL, 800 ng/mL and 
1600 ng/mL.  The corresponding daclatasvir inter-run accuracy values were 2.5% for 6 
ng/mL, 2.5% for 80 ng/mL, -2.5% for 800 ng/mL and -1.9% for 1600 ng/mL.  The 
daclatasvir inter-run precision values were 4.7% for 6 ng/mL, 3.4% for 80 ng/mL, 3.1% 
for 800 ng/mL and 3.6% for 1600 ng/mL.  In addition, for the daclatasvir dilution QC 
samples at 10000 ng/mL, the inter-run accuracy was -8.4% and inter-run precision was 
3.9%. 
 
For the plasma protein binding method, daclatasvir plasma samples were analyzed using 
a validated LC/MS/MS method in EDTA anticoagulated plasma by  
(TNJM08147.00).  For the AI444063 plasma protein binding samples that were analyzed 
for daclatasvir, the lower limit of quantification for daclatasvir was 0.05 ng/mL and the 
upper limit of quantification was 50 ng/mL.  There were no precision or accuracy issues 
identified for daclatasvir based on the bioanalytical report.  For the AI444063 trial, 
precision and accuracy were evaluated using plasma daclatasvir quality control (QC) 
samples at 0.150 ng/mL, 2 ng/mL, 20 ng/mL and 40 ng/mL.  The corresponding 
daclatasvir inter-run accuracy values were 3.3% for 0.150 ng/mL, -2.5% for 2 ng/mL,       
-8% for 20 ng/mL and -4% for 40 ng/mL.  The daclatasvir inter-run precision values were 
5.6% for 0.150 ng/mL, 3.9% for 2 ng/mL, 3.2% for 20 ng/mL and 3.3% for 40 ng/mL.  In 
addition, for the daclatasvir dilution QC samples at 200 ng/mL, the inter-run accuracy 
(with dilution factors ranging from 10 to 40), the inter-run accuracy ranged from -3.5% to   
1.5% and inter-run precision ranged from 4.1% to 4.6%.  
 
Of the samples selected for incurred sample reanalysis for daclatasvir (total number less 
than 50) using method TNJM11132.01, all samples were within 20% using the 
percentage values of the repeat and original concentrations.  However, it is not clear 
whether the total number of daclatasvir samples that were reanalyzed represents 7% of 
the total number of samples that were initially analyzed. 
 
For the AI444063 trial, in response to an information request, the applicant stated that the 
daclatasvir plasma samples were stored at the trial site at -20°C for up to 78 days, at         
-20°C for up to 70 days at the central laboratory and the bioanalytical laboratory at           
-20°C for up to 43 days.  For the TNJM11132.01 method, the generated long term 
daclatasvir stability data included stability data in K2EDTA anticoagulated plasma at        
-20°C for 686 days and at -80°C for 658 days.  For the AI444063 trial, the generated long 
term stability data appears to covers the duration of long term stability data necessary for 
daclatasvir. 
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Pharmacokinetic Assessments 
 
Noncompartmental analysis was performed for daclatasvir.  For the noncompartmental 
analysis, daclatasvir plasma pharmacokinetic parameters were calculated, including tmax, 
Cmax, and AUC(0-inf). 
 
Statistical Analysis 
 
The statistical analyses included comparing each renal impairment group to subjects with 
normal renal function and 90% confidence intervals were derived.  Additionally, a 
regression analysis was performed that excluded end stage renal disease subjects. 
 
10. Results  
 
10.1 Subject Demographics  
 
Table 4-AI444063 subject demographics  
 

 
 
10.2 Concomitant Medications 
 
The concomitant medications that were administered in the trial included medically 
necessary medications that subjects were receiving in the renally impaired or end stage 
renal disease groups.  The conclusions of the trial are not expected to be significantly 
altered by the concomitant medications that were administered in the trial. 
 
10.3 Pharmacokinetic and Statistical Analysis  
 
Clinical pharmacology reviewer note: In Group B (end state renal disease), the trial report 
states that hemodialysis occurred prior to day 1 dosing and the next hemodialysis session 
did not occur until after the 48 hour sample was collected. 
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Table 5-Regression analysis for daclatasvir for renally impaired subjects (excluding 
end stage renal disease subjects) 
 

 
 
Table 6-Regression analysis for daclatasvir for renally impaired subjects using 
unbound concentrations (excluding end stage renal disease subjects) 
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Table 7-Daclatasvir pharmacokinetic parameters for renally impaired subjects and 
normal renal function subjects 
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Table 8-Daclatasvir statistical analyses for renally impaired subjects and normal 
renal function subjects 
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Table 9-Daclatasvir protein binding and free fraction (grouped using Cockcroft-
Gault equation) 
 

 

 
 
Table 10-Daclatasvir pharmacokinetic parameters for renally impaired subjects and 
normal renal function subjects using unbound concentrations (grouped using 
Cockcroft-Gault equation) 
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Table 11-Daclatasvir statistical analyses for renally impaired subjects and normal 
renal function subjects using unbound concentrations (grouped using Cockcroft-
Gault equation) 
 

 

 
 
10.4 Safety Analysis 
 
No deaths, serious adverse events or adverse events resulting in discontinuation were 
reported for the trial.   
 
11. Discussion and Conclusions 
 
Based on the results from the AI444063 trial, the following conclusions can be made. 
 

• When a single dose of daclatasvir 60 mg was administered, using a regression 
analysis, the following changes in daclatasvir exposure were observed when 
compared to subjects with normal renal function using Cockcroft-Gault as the 
measurement of renal function: 

- 15 mL/min: Cmax and AUC(0-inf) increased by 15% and 79.6%, 
respectively and the corresponding unbound Cmax decreased by 3.2% and 
AUC(0-inf) increased by 51.2%. 
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- 30 mL/min: Cmax and AUC(0-inf) increased by 11.8% and 59.8%, 
respectively and the corresponding unbound Cmax decreased by 2.5% and 
AUC(0-inf) increased by 39.2%. 

- 60 mL/min:  Cmax and AUC(0-inf) increased by 5.8% and 26.4%, 
respectively and the corresponding unbound Cmax decreased by 1.3% and 
AUC(0-inf) increased by 18%. 

• When a single dose of daclatasvir 60 mg was administered, the following changes 
in daclatasvir exposure were observed when compared to subjects with normal 
renal function using Cockcroft-Gault as the measurement of renal function (an 
analysis was not provided for mild renal impairment subjects): 

- Group B (end stage renal disease subjects): Cmax decreased by 2.5% and 
AUC(0-inf) increased by 26.9% and the corresponding unbound Cmax 
decreased by 7.8% and AUC(0-inf)  increased by 20.1%. 

-  Group C (moderate renal impairment subjects): Cmax and AUC(0-inf) 
increased by 93.3% and 109.9%, respectively and the corresponding 
unbound Cmax and AUC(0-inf) increased by 59.1% and 72.8%, respectively. 

- Group D (severe renal impairment subjects): Cmax and AUC(0-inf) increased 
by 16.1% and 93.5%, respectively and the and the corresponding unbound 
Cmax and AUC(0-inf) increased by 1% and 68.4%, respectively. 

            For all parameters in all categories of renal impairment, none of the 90%  
            confidence intervals were within 80% to 125%. 
• No discernable changes in daclatasvir free fraction was observed for any of the    

      renally impaired groups compared to the subjects with normal renal function at  
      each measured time point. 
 
Based on the daclatasvir exposure-response or exposure-safety information, dosage 
adjustments are not necessary to compensate for the changes in daclatasvir total or 
unbound exposure based on the information from either of the analyses that were 
conducted. 
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In vitro studies 
 

NDA Page Number 
 Reviews for asunaprevir 412 
Reviews for daclatasvir 430 
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NDA 206843-summary of in vitro studies 

1) 930022297 

A) PAMPA permeability model 

 

B) Caco-2 model evaluating daclatasvir as a P-gp substrate 

 

Clinical pharmacology reviewer note: the net flux ratio for daclatasvir in the absence of P-pp 
inhibitors was 2 or greater and ratio was decreased by greater than 50% or to unity, the 
recommended criteria in the February 2012 guidance: Drug Interaction Studies -Study Design, 
Data Analysis, Implications for Dosing, and Labeling Recommendations, indicating that 
daclatasvir is a P-gp substrate.   
 
C) Caco-2 model evaluating daclatasvir as a P-gp inhibitor 
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D) Daclatasvir protein binding 
 

 
 
 
E) HEK-293 model evaluating daclatasvir as a human OATP1B1 inhibitor 
 

 
Clinical pharmacology reviewer note: the IC50 was estimated as 2.3 µM and based on the 
daclatasvir Cmax, daclatasvir potentially inhibits human OATP1B1. 
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2) 930053227 
 
HEK-293 model evaluating daclatasvir as a human OATP1B3 inhibitor 
 

 

 
 
Clinical pharmacology reviewer note: The reported IC50 for daclatasvir inhibition of human 
OATP1B3 was 5.7±1.3 µM.  Based on the daclatasvir Cmax value, daclatasvir potentially 
inhibits human OATP1B3. 
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3) 930051248 
    
   MDCK-BCRP model evaluating daclatasvir as a human BCRP inhibitor 

 

 
 
Clinical pharmacology reviewer notes: The substrate used was 1 μM of [3H]genistein.  The 
reported IC50 for daclatasvir inhibition of human BCRP was 10.9 µM.  Based on the available 
information and the daclatasvir Cmax value, daclatasvir potentially inhibits human BCRP. 
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4) 930066927 
 
MDCK-P-gp model evaluating daclatasvir as a human P-gp inhibitor 
 

 
 
Clinical pharmacology reviewer note: The substrate used was 1 μM [3H]digoxin.  Based on the 
available information, daclatasvir potentially inhibits P-gp. 
 
5) 930047552 
 
IC50 values for daclatasvir inhibition of cytochrome P450 enzymes in human liver 
microsomes 
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6) 930066932 
 
A) Study information 
 

 
 
B) Evaluation of daclatasvir as a human OCT2 inhibitor 

 

 
 
C) IC50 value for daclatasvir inhibition of human OCT2 
 

 
 

 
D) Evaluation of daclatasvir as a human OAT1 inhibitor 
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E) Evaluation of daclatasvir as a human OAT3 inhibitor 
 

 
 
F) IC50 value for daclatasvir inhibition of OAT1 and OAT3 
 

 
Clinical pharmacology reviewer note: Based on the predicted unbound Cmax/IC50 calculations, 
daclatasvir is not predicted to inhibit OAT1, OAT3 or OCT2. 

 
7) 930051246 
 
Evaluation of daclatasvir ([3H]daclatasvir) as a human BCRP substrate in MDCK-WT and 
MDCK-BCRP cells 
 

 
 
Clinical pharmacology reviewer note: the applicant states that based on a ratio of 0. 9 (as 
indicated above), daclatasvir is not a BCRP substrate. However this is not the recommended 
approach in the February 2012 guidance: Drug Interaction Studies-Study Design, Data 
Analysis, Implications for Dosing, and Labeling Recommendation.  
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8) 930066617 
 
Evaluation of daclatasvir ([3H]daclatasvir) as a human OATP1B1 or OATP1B3 substrate 
in HEK-293 cells 
 

 
 
Clinical pharmacology reviewer note: BSP (bromosulfophthalein) was used as an OATP 
inhibitor. Based on the available information, daclatasvir is not predicted to be an OATP1B1 or 
OATP1B3 substrate. 
 
9) 930066867 
 
A) Evaluation of daclatasvir metabolism to the M2 metabolite (805215) in human liver 
microsomes 
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B) Evaluation of daclatasvir metabolism to the M1 metabolite (821647) in human liver 
microsomes 
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C) Evaluation of daclatasvir metabolism to the M2 metabolite (805215) with human 
enzymes  
 

 
 
D) Evaluation of daclatasvir metabolism to the M1 metabolite (821647) with human 
enzymes  
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Clinical pharmacology reviewer note: Based on the data, daclatasvir CYP2C8 contributed to the 
formation of the M1 metabolite (821647) and CYP3A4 contributed to the formation of the M2 
metabolite (805215). 
 
10) 930069481 
 
Daclatasvir in vitro protein binding in human plasma 
 

 
 
Clinical pharmacology reviewer note: Based on the in vitro data, daclatasvir protein binding is 
concentration independent. 
 
11) 930066871 
 
Change in mRNA for CYP1A2, CYP 2B6 and CYP 3A 
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11) 930068344 
 
A) Daclatasvir R3 values for CYP induction 
 

 
 
Clinical pharmacology reviewer note; Based on the R3 values, daclatasvir is predicted to induce 
CYP2B6 and CYP3A. 
B) CYP 2B6 mechanistic static model 
 
1) Equations 
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2) Parameters 
 

 
3) Results 

 
 
Clinical pharmacology reviewer note; Based on the AUCR values, daclatasvir is not predicted to 
inhibit or induce CYP2B6. 
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4.2      Consult Reviews 
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OFFICE OF CLINICAL PHARMACOLOGY: 

PHARMACOMETRIC REVIEW 

 

NDA:  206843( Daclatasvir) and 206844 (Asunaprevir) 

Drug Daclatasvir / Asunaprevir (Abbreviated as DCV/ASV) 

Trade Name To be determined 

Pharmacometrics 
Reviewer 

Fang Li, Ph.D. 

Pharmacometrics 
Team Leader (Acting) 

Jeffry A. Florian, Ph.D. 

Clinical Pharmacology 
Review 

Stanley Au, Pharm.D. 

Clinical Pharmacology 
Team Leader 

Shirley Seo, Ph.D. 

Sponsor Bristol Myers Squibb 

Submission Type; 
Code 

Original New Drug Application (New Molecular Entity), 
Priority 

Indication Treatment of Chronic Hepatitis C Infection 

 

1 SUMMARY OF FINDINGS 

1.1 Key Review Questions 
The purpose of this review is to address the following key questions. 

1.1.1 Is there any evidence of significant exposure-response analysis for efficacy 
with asunaprevir/daclatasvir (ASV/DCV) treatment in patients infected with 
genotype 1b hepatitis C virus (HCV)? 

No, for both daclatasvir and asunaprevir, PK/PD analyses of Phase 3 data from AI447026 
and AI447028 (ASV/DCV dual therapy) showed a flat exposure-response relationship for 
efficacy endpoint (SVR12) over the exposure range observed in the Phase 3 studies. This 
flat relationship suggests that exposures for 100 mg BID ASV and 60 mg QD DCV may 
be on the plateau of the exposure-response curve. 
 
Individual daclatasvir and asunaprevir exposures for subjects receiving ASV/DCV 
treatment in the Phase 3 trials were estimated based on the final population PK models of 
daclatasvir and asunaprevir, respectively.  Estimated steady-state average concentration 
(  for ASV and 24 hours for 
DCV), from two Phase 3 studies (AI447026 and AI447028) for 100 mg BID ASV and 60 
mg QD DCV were used for exposure-response analysis.  The primary efficacy endpoint 
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SVR12 was evaluated as the dependent response measures using logistic regression 
analyses and individual Css,avg of daclatasvir and asunaprevir were treated as 
independent measures. A non-significant flat and a marginally significant shallow 
exposure-response relationship between ASV( ) and DCV (p=0.0204) exposures 
and SVR12 was identified over the range of ASV and DCV exposures observed in 
AI447026 and AI447028, as shown in Figure 1 and Table 1. The shallow exposure-
response relationship does not necessitate any dose adjustments as a means of increasing 
SVR12 rate in those subjects with the lowest exposures in the Phase 3 trials. 
 
In addition to ASV and DCV exposure, the effect of baseline factors (i.e., including 
gender and NS5A viral polymorphisms) on the probability of achieving SVR12 was 
explored by the reviewer. The NS5A polymorphisms Y93H and L31F/I/M/V were found 
to be significant predictors of SVR12. Subjects with Y93H and L31F/I/M/V were 
observed and predicted to have significantly lower SVR12 rate than subjects without the 
mutations (Figure 2).  

Figure 1: Relationship between the Proportion of Subjects Achieving SVR12 and 
either DCV or ASV Css the AI447026 and AI447028 Trials 
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Figure 3: Exposure-Reponses Relationships between ASV Exposures (AUC) and the 
Proportion of Subjects with On-treatment Grade 2 and Above Liver Enzyme (ALT, 

AST, TB) Abnormalities  

Asunaprevir Daclatasvir 

 

 

 

Note: The points are observed quartile mean. The shaded areas are model-estimated 95% CI based on a 
logistic analysis. 
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Besides liver toxicity, the FDA review team explored indications of hypersensitivity such 
as pyrexia and increased eosinophilia. The AEs of concern included pyrexia and 
increased eosinophilia within two weeks of reported pyrexia cases with or without liver 
enzyme elevation. The pharmacometrics reviewer explored the role of DCV or ASV 
exposure in subjects identified as having these AEs of concern.  A total of 16 Japanese 
subjects in study AI447026 and 3 Caucasians in study AI447028 were identified with 
pyrexia and increased eosinophilia (Table 2). As indicated in Figure 4, the exposure of 
DCV and ASV in the 16 subjects was higher than those without AEs at week 2, but the 
difference disappeared after week 2 when treatment continues.  
 
While ASV and DCV exposures in the 16 subjects with AEs of interest (pyrexia and 
eosinophilia with or with liver function abnormalities) appear to be elevated compared to 
subjects who did not experience the AEs of interest, the small number of subjects 
precludes determination of an exposure-driven relationship for the adverse events.  In 
addition, the ASV and DCV exposures for the 16 subjects were within the range of 
predicted concentrations for the 7026 and 7028 trials. Overall, we concluded that the 
differences in ASV or DCV exposure do not appear to play a major role in contributing to 
the reported AEs of interest. 
 

Table 2: Comparison of Model-Estimated ASV and DCV exposure in Japanese 
Subjects 

Group N 
ASV AUC(0-tau) 
(ng*hr/mL) 
Mean (SD) 

DCV AUC(0-tau) 
(ng*hr/mL) 
Mean (SD) 

Trial 7026 (Japan) 
Pyrexia & Eosinophilia 
Within 2 Weeks 

16 14100 (5544) 

Trial 7026 (Japan) 
No Pyrexia But increased 
eosinophils 

206 12216 (3378) 

Trial 7028  (Global) 641 12289 (4411) 
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Figure 4: PK profile at Week 2 Categorized by Occurrence of AEs of Interest in 
Japanese Subjects 

ASV PK profile at week 2 DCV PK profile at week 2 

 

1.1.3 Are there any covariates that significantly influence PK parameters of 
daclatasvir or asunaprevir and are dose adjustments needed based on these 
covariates? 

Daclatasvir: Clinical studies demonstrated that no dose adjustment was necessary in the 
following specific populations: elderly patients, males or females, patients with severe 
renal impairment, patients with liver cirrhosis, and patients with moderate to severe 
hepatic impairment.  
 
Effects of the following intrinsic factors on the pharmacokinetics of daclatasvir were 
evaluated in the population PK analysis: age, sex, body weight, race, ALT, AST, 
creatinine clearance (CrCL), and cirrhosis status.  Significant covariates identified in the 
final model included sex, race, genotype, baseline CrCL and ALT change on CL/F 
(Figure 5), and sex, race, and body weight on Vc/F. Only the impact of female gender on 
clearance was outside of the 80-125% boundary while the impact of all other significant 
covariates was within the 80-125% range. Female subjects showed a 33% higher steady 
AUC after 60 mg dose than male subjects. Dose adjustments for daclatasvir based on 
these covariates are not necessary, due to a lack of significant exposure-response 
relationships for either efficacy or safety. Other intrinsic factors were not identified as 
having a significant effect on daclatasvir clearance. 
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Figure 5: Relationship between Population PK Clearance Estimates for Daclatasvir 
and Covariates of Body Weight, Age, Baseline ALT,  Baseline CrCL, Race, and Sex 

   

   

 
Note: The box and quartile plots are based on empirical Bayesian individual estimates. 
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1.1.4 Based on the PK parameters, what is the degree of linearity or nonlinearity 
in the dose-concentration relationship? 

The dose-exposure relationship after multiple doses of DCV were explored using 
population PK datasets derived from Phase 2 and Phase 3 studies. Model-estimated 
exposure for DCV versus planned doses were summarized (Table 3, Figure 7) and 
assessed via a power model (logAUC=intercept +slope*logDose) (Table 4). The results 
indicated that the increase in DCV exposure after multiple doses was slightly more than 
dose proportional in subjects with HCV genotype 1b infection.  
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In addition to efficacy and safety data, the sponsor submitted two population PK 
analyses, one for DCV and one for ASV, as well as exposure-response analysis for 
DCV/ASV. As of this review cycle, the sponsor did not submit exposure-response 
analysis for the QUAD therapy. As a result, the focus of this pharmacometrics review 
focused solely on DCV/ASV DUAL therapy treatment.  

3 RESULTS OF SPONSOR’S ANALYSIS 

3.1 Population PK analysis-Daclatasvir 
Objectives: The objectives of the population PK analysis of daclatasvir were to: 

• Estimate typical values and inter-patient variability (IIV) of PK parameters in the 
HCV patient population. 

• Determine the effects of demographic, pathophysiologic, and hepatitis C virus 
(HCV) disease-related covariates on the PK of daclatasvir to better understand 
clinical factors that might affect the PK in individual patients. 

• Provide individual patient PK parameter estimates for subsequent exposure-
response (ER) analysis. 

Data: The population PK dataset was pooled from 11 clinical studies (AI444010, 
AI444011, AI444014, AI444021, AI444022, AI444031, AI444040, AI447011, 

, AI447026 and AI447028) . A total of 2149 subjects with 19,542 quantifiable 
plasma DCV concentrations were included in the final dataset. Among which, 1167 
subjects (54.3%) were male and 982 subjects (45.7%) were female. The datasets 
consisted of 1440 (67.0%) white, 156 (7.3%) black, and 339 (15.8%) Japanese patients. 
The summary of subject characteristics and laboratory values is demonstrated in Table 5 
and Table 6. 
 

Table 5: Summary of Baseline Demographic and Characteristics Data 
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Source: Table 3.5.3.1-1 of sponsor’s population PK report 
Table 6: Summary of Baseline Clinical Laboratory Data 

 

 

Population PK Model 

Base Model:  

The selected base model to describe the PK of DCV was a 2-compartment model as 
described in Figure 8. Absorption of DCV was modeled as zero-order release of the drug 
followed by a first-order absorption into the central compartment. Inter-individual 
variability was estimated in CL/F, Vc/F, and Ka, with interaction between CL/F and 
Vc/F. The residual error model was additive in log-transformed DCV plasma 
concentration. 

Figure 8: Two-compartment PK model with Zero-order Release and First order 
Absorption 

 

Source: Figure 5.1.1-1 of sponsor’s population PK report 
The parameter estimates for the base PK model are summarized in Table 7. The 
corresponding goodness-of-fit plots are shown in Figure 9. 
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Final Model 
Full population PK model was constructed via forward inclusion of covariates of interest 
and then reduction step by removing covariates to check MVOF. The resulted model was 
then refined to the final model.  The parameter estimates of the final model were 
summarized as shown in the Table 8. The magnitude of the intersubject variability was 
large for ka (194% CV), but was modest for CL (35.1% CV) and Vc (29.5% CV). The 
calculated η-shrinkage values were 29.2% for ka, 5.94% for CL, and 16.4% for Vc. The 
model was evaluated by goodness-of-fit plots and visual predictive checks (VPC) (Figure 
10 and Figure 11).  

The effect of covariates on daclatasvir PK and exposure are presented in Figure 12 and 
Figure 13. 

Table 8: Parameter Estimates of the Final PK Model for Daclatasvir 

 
Source:  Table 5.1.3-1 of the Sponsor’s population PK report  
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Source: Adapted from Figures 5.2.2-1 of the Sponsor’s report  

Shrinkage 
The shrinkage of the final model parameters was minimal as presented in Table 9 

Table 9: Shrinkage Estimates of Inter-Individual and Intra-Individual Variability of 
the Final Population PK Model 

 

Source: Table 5.2.4-1 of the Sponsor’s report 
 

Effect of Covariate on PK Parameters of Daclatasvir 

Figure 12: Impact of Covariate on PK Parameters of the Final Model 

 

 

Source: Figure 5.3.1-1 of the sponsor’s report 
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Effect of Covariates on Daclatasvir Exposure 

Figure 13: Impact of Covariate on Steady State AUC 

 

 

Source: Figure 5.3.2-1 of the sponsor’s report 
Reviewer’s Comment: 

• The population PK analysis is adequate in characterizing the PK profile of DCV 
in Phase II and III trials. The final model reasonably described the observed data. 
The estimated PK parameters, such as CL/F and Vc/F, are reasonable. The 
sponsor’s analyses were verified by the reviewer, with no discordance identified. 
DCV steady state concentrations from the final population PK model were used 
by the sponsor and reviewer in subsequent exposure-response analyses. 

3.2 Population PK analysis-Asunaprevir 
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3.3 Exposure-response analysis for efficacy 
Objectives: The primary objectives of exposure-response analysis of daclatasvir were to: 

• To characterize the relationship between the exposures of asunaprevir (ASV) and 
daclatasvir (DCV) and SVR12 in subjects who were HCV genotype 1b treatment 
naive, non-responders to peginterferon α(pegIFNα)/ribavirn (RBV) or interferon β 
(IFNβ)/RBV, and IFN based therapy ineligible naive/intolerant receiving DUAL 
treatment. 
 

Data: This exposure-response (E-R) efficacy analysis was performed using combined 
data in HCV-infected genotype 1b subjects who received the DUAL combination therapy 
DCV and ASV from four clinical studies (AI447011, , AI447026 and 
AI447028). The antiviral efficacy response was SVR12 (sustained virologic response at 
12 weeks post treatment). The Css,avg (average plasma concentration at steady state) for 
ASV and DCV, calculated from individual post-hoc parameter estimates based on their 
respective population pharmacokinetic (PPK) model, were used as the summary measure 
of exposures. 
 
Methods: The relationship between the probability of achieving SVR12 and the Css,avg 
for ASV and DCV was described using a logistic regression model, including 
assessments of the potential modulatory effects of selected covariates (race, baseline age, 
body weight, gender,  NS5A polymorphisms of Y93H and L31MV, etc.) on the E-R 
relationship. A basic model was first developed to establish the relationship between 
ASV and DCV exposure and SVR12 without consideration of any potential effects of 
covariates. Subsequently, a full model was developed by identifying all significant 
covariates (p<0.05) with forward addition process. Lastly the final model was reached by 
retaining all statistically significant covariates (p<0.001) following a backward 
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Figure 19: Observed Proportion and Model Predicted Probability of SVR12 versus 
Css,avg for DCV 
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Source: Figure 5.1.2 of the sponsor’s report 
Reviewer’s comments: Independent E-R analysis for safety was conducted by FDA 
reviewer. The results are shown in section 1.1.2 above. The reviewer’s analysis was in 
line with the sponsor’s analysis and we concluded that ASV and DCV exposure achieved 
by dosing DCV 60 mg QD and ASV 100 mg BID did not result in severe elevation(grade 
3 and above) of liver enzymes (ALT, AST, and total bilirubin) 
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