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SUMMARY

Submission: 
The Applicant is seeking approval of a 505(b)(1) New Drug Application (NDA 206619) for a fixed 
dose combination (FDC) film coated tablet containing 75 mg paritaprevir (ABT-450), 50 mg 
ritonavir, and 12.5 mg ombitasvir (ABT-267), co-packaged with a film coated tablet containing 250 
mg dasabuvir (ABT-333), indicated for the treatment of genotype-1 chronic hepatitis C infection, 
including patients with cirrhosis.  During the development of the FDC tablet and the ABT-333 
tablet, a variety of investigational formulations were used and in vitro (dissolution) and/or in vivo 
(bioavailability/bioequivalence) studies supported the bridging of formulations throughout the 
product’s development.

Review: 
The Biopharmaceutics review for this NDA is focused on the evaluation and acceptability of:

1) the proposed dissolution methodology for each active in the proposed product
2) the proposed dissolution acceptance criteria for each active in the proposed product
3) the bridging of the formulations throughout development
4) pivotal BE study M14-196 and the 3 relative BA studies: M12-683, M13-391, and M13-331
5) the bio-analytical methods of each active and their method validation
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5)  Bio-analytical methods:
The bio-analytical methods used to measure concentrations of Ombitasvir, Paritaprevir, 
Ritonavir, and Dasabuvir and its metabolite in human plasma were sensitive, selective, accurate 
and reproducible. The proposed bio-analytical methods are suitable and validated.  The stability 
of each of the five analytes was demonstrated during sample processing and long-term storage.

RECOMMENDATION:

From a Biopharmaceutics perspective NDA 206619 for ombitasvir/paritaprevir/ritonavir FDC 
Tablets (12.5mg/75mg/50mg) co-packaged with dasabuvir Tablets (250 mg) is recommended for 
APPROVAL.   

Elsbeth Chikhale, Ph.D.                                          Angelica Dorantes, Ph.D.   
Biopharmaceutics Reviewer                                      Biopharmaceutics Team Leader
Office of New Drug Quality Assessment                 Office of New Drug Quality Assessment
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Kinetic Solubility of  Ombitasvir, ABT-450, and Ritonavir Drug Substances in 50 
mM sodium phosphate, pH 6.8 with 0.3% (w/v) POE10LE at 37 °C:
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 Paddle Speed:
A paddle speed of 75 rpm was chosen  

. 
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Reviewer’s initial assessment of the proposed dissolution acceptance criterion for 
Ombitasvir/ABT-450/Ritonavir FDC Tablets:  NOT ACCEPTABLE

The following information request was sent to the Applicant on July 11, 2014:
Although we acknowledge that your proposed product is an immediate release dosage 
form,  ombitasvir, ABT-450, and ritonavir 
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Proposed dissolution acceptance criterion for Dasabuvir (ABT-333) Tablets:   
Q= % at 15 minutes

Applicant’s justification for the proposed dissolution acceptance criterion for ABT-333 Tablets:
Release and stability testing for the primary stability batches of the 250 mg tablets manufactured at 
AbbVie's in North Chicago (formerly Abbott, Abbott Park), lot numbers 12-003123, 12-003124 
and 12-003125, were performed using the proposed commercial dissolution method in 0.05 M 
sodium phosphate buffer, pH 6.8 with 15 mM CTAB. The primary stability batches, including the 
batch used in the pivotal BE study (lot 12-003123), were also used as clinical supplies for the Phase 
3 clinical trials.
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During the teleconference held between the Applicant and FDA, on July 24, 2014, the Applicant 
agreed to implement an acceptance criterion of Q = % in 15 minutes for Dasabuvir Tablets 
(ABT-333).

Reviewer’s overall assessment for the proposed revised dissolution acceptance criterion for 
Dasabuvir (ABT-333) Tablets:  ACCEPTABLE

For ABT-333 Tablets, the revised dissolution acceptance criterion of Q = % at 15 minutes is 
acceptable.

BRIDGING  OF  THE  FORMULATIONS:

The following formulations were used during the development of the Ombitasvir/ABT-
450/Ritonavir Tablets:
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The following formulations were used during the development of ABT-333 Tablets.

The in vitro dissolution profiles for the Phase 3 ABT-333 (250 mg)  tablets that were 
assessed in the relative bioavailability/bioequivalence studies, Study M13-330 (food effect on the 
ABT-333 250 mg  tablet manufactured in North Chicago, IL) (Lot No. 12-003123), Study 
M13-331 (which compared ABT-333 250 mg  tablet, Lot No. 12-003057, to the reference 
400 mg tablet) and the to-be-marketed formulation that was assessed in Study M14-196 (which 
compared ABT-333 250 mg to-be-marketed tablet manufactured at the Sligo, Ireland site to the 
reference ABT-333 250 mg  Phase 3 tablet manufactured at the North Chicago, IL site, 
Lot No. 13-002795), are illustrated in the following figure.
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The bioavailability and bioequivalence studies bridging several developmental and commercial 
formulations of the Ombitasvir/Paritaprevir (ABT-450)/Ritonavir Tablets as well as the ABT-333 
Tablets, are discussed in a separate section of this review (see below under bioavailability and 
bioequivalence studies).

Reviewer’s assessment of the bridging studies:  SATISFACTORY
For the FDC drug product, there was no change between the Phase 3 drug product and the 
proposed drug product. Nevertheless, dissolution data were provided to indicate that tablet coating 
did not significantly affect the dissolution profiles of this FDC tablet. For the ABT-333 tablet, the 
Phase 3 drug product and the proposed drug product were manufactured at different drug product 
manufacturing sites. The BE study that support this manufacturing site change (M14-196) is
discussed and evaluated in a separate section of this review (see below). Additional bridging 
bioequivalence/relative bioavailability studies (M-13-331, M12-683 and M13-391) are also 
discussed in a separate section of this review (see below). Overall, adequate bridging was 
performed throughout drug product development.
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BIOAVAILABILITY AND BIOEQUIVALENCE  STUDIES:

The main (pivotal) bioequivalence study is Study M14-196, bridging the 250 mg ABT-333 tablets
manufactured in North Chicago, IL with the 250 mg ABT-333 tablets manufactured in Sligo, 
Ireland.  In addition, Biopharmaceutics was asked to review the bioequivalence study M13-331 for 
ABT-333 tablets, and the relative bioavailability studies, M 12-683 and M-13-391 for the 
Ombitasvir/ ABT-450/Ritonavir Tablets.

 BIOEQUIVALENCE STUDY No. 14-196:
This study was designed to determine the bioequivalence between the 250 mg ABT-333 tablets 
manufactured in North Chicago, IL, used in the Phase 3 study, and the 250 mg ABT-333 tablets 
manufactured at the commercial drug product manufacturing site in Sligo, Ireland. These tablets
are identical in composition but manufactured at different sites using a similar process.

The study synopsis and provided results are copied here:
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Mean ABT-333 Plasma Concentration-Time Profiles, Linear and Log-linear Scales:

   

Mean ABT-333 M1 Metabolite Plasma Concentration-Time Profiles, Linear and Log-linear 
Scales:

  

The results of the study indicate  that the administration of the ABT-333 250 mg  Phase 3 
tablet (Regimen A) under fed conditions resulted in ≤ 10% decrease in ABT-333 and ABT-333 M1 
metabolite Cmax and AUC central values relative to the reference ABT-333 400 mg Phase 2b tablet
(Regimen B). The test ABT-333 250 mg  Phase 3 tablet (Regimen A) was bioequivalent 
under fed conditions, to the reference ABT-333 400 mg Phase 2b tablet (Regimen B) as the 90% 
confidence intervals from the analyses of the relative bioavailability ratios for Cmax and AUC were 
within the bioequivalence range of 0.80 to 1.25.
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The Applicant reported the following results for ABT-267:
Relative Bioavailability and 90% Confidence Intervals for ABT-267:

This study shows that at the 150 mg ABT-450 dose, following administration of the ABT-
450/ritonavir/ABT-267 co-formulated tablet, ABT-450 has 93% and 63% higher maximum
observed plasma concentration (Cmax) and area under the plasma concentration-time curve
(AUC) values, respectively, compared to the  tablet (with ritonavir SGC and ABT-267 ). 

The bioavailability of ABT-267 from the  ABT-450/r/ABT-267 co-formulated tablets is
comparable (Cmax and AUC met the bioequivalence criteria) to that from the ABT-267  tablets 
at the 25 mg dose. This study supports the bridging of the developmental formulations for the ABT-
450/ritonavir/ABT-267 Tablets.  Since ritonavir is a booster and does not have direct antiviral 
activity at the studied doses, the relative bioavailability of ritonavir itself is not considered clinically 
relevant in this study.

It is noted that 42 adult male and female subjects (N = 42) were enrolled in the study, and 37 
subjects (32 males and 5 females) completed all three periods of the study. 
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The following 5 subjects prematurely discontinued from the study:
 Subject 1001 (42 year-old White male) discontinued from the study due to a family emergency 

after receiving Regimen C on Day 1 of Period 1.
 Subject 1004 (46 year-old White male) discontinued from the study due to a schedule conflict 

after receiving Regimen C on Day 1 of Period 2.
 Subject 1015 (24 year-old White male) discontinued from the study due to elevated alkaline 

phosphatase levels (> 116 U/L) on Day 2 (118 U/L) and Day 7 (119 and 120 U/L) after 
receiving Regimen A on Day 1 of Period 1. The subject was confined from the afternoon of Day 
–1 through the morning of Day 4 of Period 1. The elevated alkaline phosphatase levels were not
considered adverse events.

 Subject 1021 (24 year-old Black male) discontinued from the study due to an elevated 
creatinine level (> 115 μMol/L) on Day 7 (127 μMol/L) after receiving Regimen A on Day 1 of 
Period 1. The subject had been released from confinement on Day 4 of Period 1. The elevated 
creatinine level was not considered an adverse event.

 Subject 1056 (22 year-old White male) discontinued from the study due to adverse events of 
elevated ALT and AST values (> 3 times ULN) on Days 7 through 11 of Period 2 (Table 19) 
after receiving Regimen F on Day 1 of Period 2. The subject had been released from 
confinement on Day 4 of Period 2.

Reviewer’s Note: The inspections for the clinical and analytical sites of the previously presented 
bioavailability/ bioequivalence studies were not needed and therefore were not requested to the 
Office of Scientific Investigations.

BIO-ANALYTICAL METHOD:

The following information request was sent to the Applicant on 7/11/14:
Provide the location of the Bio-analytical methods (description and validation) used for the analysis of 
ombitasvir, ABT-450 and ritonavir in studies 13-391 and 12-683, and the location of the Bio-analytical 
methods (description and validation) used for the analysis of ABT-333 and it’s metabolite in studies 13-331 
and 14-196.  For each method, provide a summary table.

Applicant’s response dated 7/25/14:
The following compound identifications were used:

Ombitasvir:                            ABT-267, A-1233617, A1233617
ABT-450:                               A-1043422, A1043422
ABT-333:                               A-998821, A998821
ABT-333 metabolite (M1):   A-1041392, A1041392
Ritonavir:                               A-84538, A84538, Ritonavir, or RTV

 Study M-13-391: The bio-analytical method 1 for study M-13-391, for the measurement of 
ABT-450 (A-1043422) and ritonavir (A-84538) and ABT-267 (A1233617) in human 
plasma uses a protein precipitation and on-line solid phase extraction HPLC tandem mass 
spectrometric method. 

 Study M12-683: The bio-analytical method 2 (for study M12-683) for the measurement of 
ABT-450 (A-1043422) and ritonavir (A-84538) in human plasma uses a salting-out assisted 
liquid/liquid extraction HPLC tandem mass spectrometric method.  
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Dasabuvir (using USP <711> Table 1):
Q =  % at 15 minutes

3)  Bridging of the formulations:
Adequate bridging was performed throughout the drug product development.

4)  Bioequivalence/Relative Bioavailability studies:
 The results for pivotal bioequivalence study M14-196 indicate that the 250 mg ABT-333 

tablets manufactured in North Chicago, IL, used in the Phase 3 study, and the 250 mg ABT-
333 tablets manufactured at the commercial drug product manufacturing site in Sligo, 
Ireland, are bioequivalent.  

 The results from study M13-331 indicate that the ABT-333 250 mg  Phase 3 
tablets are bioequivalent to the ABT-333 400 mg Phase 2b tablets.

 For the ombitasvir, paritaprevir and ritonavir FDC tablets, the results from relative 
bioavailability studies M12-683 and M13-391 indicate that several single component and 
FDC formulations of the ombitasvir, paritaprevir and ritonavir tablets used during the drug 
product development have different ABT-450 bioavailabilities due to the boosting effect of 
ritonavir on ABT-450 or due to the manufacturing process changes  

.

5)  Bio-analytical method:
The bio-analytical methods used to measure concentrations of Ombitasvir, Paritaprevir, 
Ritonavir, and Dasabuvir and its metabolite in human plasma were sensitive, selective, accurate 
and reproducible. The proposed bio-analytical methods are suitable and validated.  The stability 
of each of the five analytes was demonstrated during sample processing and long-term storage.

RECOMMENDATION:

From a Biopharmaceutics perspective NDA 206619 for ombitasvir, paritaprevir and ritonavir
FDC Tablets (12.5mg/75mg/50mg) co-packaged with dasabuvir Tablets (250 mg) is 
recommended for APPROVAL.   
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infection. The primary efficacy endpoint of all pivotal trials was SVR12 defined as HCV 
RNA less than the lower limit of quantification (LLOQ) 12 weeks after the last dose.  
Overall, SVR12 > 90 % was observed across the 6 clinical trials.     
 
1.1 Recommendation 
 
The Office of Clinical Pharmacology (OCP) has reviewed the information in this NDA 
and the information provided supports the approval of the application. The clinical 
pharmacology review team has the following recommendations which are different from 
the Applicant’s proposed label: 
 
Extrinsic Factor (Drug-Drug Interactions): 
 

1. Co-administration of VIEKIRA PAK™ with estrogen containing products is 
contraindicated because of the observed higher rate of ALT elevations after co-
administration of VIEKIRA PAK™ with estrogen containing products in the 
drug-drug interaction trial, Phase 2 trials, and Phase 3 trials.  

2. Co-administration of VIEKIRA PAK™ with darunavir is not recommended due to 
the decrease in the mean Ctrough of darunavir observed in the drug-drug interaction 
trial after administration of VIEKIRA PAK™ with various darunavir regimens.  

3. When VIEKIRA PAK™ is co-administered with amlodipine, the following 
recommendation is proposed,”Exposure to amlodipine was increased when 
amlodipine was co-administered with VIEKIRA PAK™.  Caution should be used 
and dose reduction for amlodipine should be considered.  Clinical monitoring is 
recommended”. 

4. When VIEKIRA PAK™ is co-administered with furosemide, the following 
recommendation is proposed,” Clinical monitoring of patients is recommended 
and therapy should be individualized according to patient’s response”. 

5. When VIEKIRA PAK™ is co-administered with buprenorphine/naloxone, 
clinical monitoring for sedation and cognitive effects is recommended and a dose 
reduction of buprenorphine may be considered.   

6. The final clinical recommendations regarding the use of VIEKIRA PAK™ with 
cyclosporine, tacrolimus, and omeprazole were under discussion at the time of 
finalizing this review. 

 
Intrinsic Factor (Hepatic Impairment): 
 

1. VIEKIRA PAK™ is contraindicated for use in subjects with severe hepatic 
impairment. 

2. The safety and efficacy of VIEKIRA PAK™ after multiple dose administration 
has not been established in HCV infected patients with decompensated cirrhosis. 
Hence, VIEKIRA PAK™ is not recommended to be used in patients with 
moderate hepatic impairment.  
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Dose and Treatment Duration (Overall Population): 
 

1. VIEKIRA PAK™ should always be co-administered with ribavirin for 12 weeks 
for the entire cohort of GT1a infected non-cirrhotic HCV patients in order to 
minimize virologic failures (both on-treatment and relapse). 

2. VIEKIRA PAK™ plus ribavirin should be co-administered for 24 weeks for all 
GT1a infected (treatment naïve and treatment experienced) cirrhotic HCV 
patients to minimize virologic failures due to relapse. 

 
 

1.2 Postmarketing Commitments or Requirements 
 
None 
 
1.3 Summary of Important Clinical Pharmacology and Biopharmaceutics 

Findings 
 
1.3.1 Dose Selection and Exposure-response (efficacy) analyses 
 
Dose selection 
 
Dose selection was based on efficacy, safety and resistance variables and exposure-
response analyses utilizing data from: 

• Dose ranging studies with each of the DAA (ABT-450, ABT-267, ABT-33) as 
monotherapy and in combination with pegIFN + RBV,  

• Dose ranging evaluation for pegIFN-free regimens utilizing different DAA 
combinations with a range of ABT-450 doses, with/without ABT-333 (250 mg 
BID), with/without ABT-267 (25 mg QD) along with or without Ribavirin (RBV) 
in different arms. This strategy was based on the greater potency of ABT-450 in 
decreasing the viral load following monotherapy in treatment-naïve HCV-infected 
subjects. Final dosing regimen to carry forward in phase 3 trials were determined 
based on study M11-652 which contained both GT1a and GT1b infected 
treatment naïve and treatment experienced patients.  

 
In GT1b infected patients, the % SVR12 were high both in presence or absence of RBV 
with the 3-DAA regimen and the virological failures were too low to judge whether 
RBV provided any additional value. Thus 3-DAA regimen without RBV was proposed 
to be suitable for this population. 

 
In GT1a infected patients, absence of either RBV or any DAA component (ABT-233 or 
ABT-267) resulted in incrementally higher virological failure. Removal of either ABT-
333 or ABT-267 from the 3-DAA + RBV regimen was associated with a substantially 
higher virologic failure rate in HCV GT1a-infected treatment-experienced subjects 
(19.2% to 50%, compared to 4% for 3-DAA+RBV regimen). Thus, RBV containing 3-
DAA regimen was found to be suitable for the majority of these patients.  
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In cirrhotic subjects, only RBV containing regimens were evaluated since these patients 
are known to be hard to treat and there is lack of suitable follow-on treatment options. 
The different duration of treatment (12 week vs 24-weeks) were tested (Study M13-099) 
in these cirrhotic patients to come up with final dosing proposal. 
 
Exposure-efficacy relationship 
 
GT1a-infected subjects receiving 3-DAA+RBV:  
 
No trends in % SVR12 were observed for ABT-333 exposures. There was a shallow E-R 
relationship for % SVR12 for ABT-450, ABT-267 and RBV exposures. Females had 
numerically higher (5-9%) efficacy response than males in respective lower quartiles of 
exposures (Q1/Q2) of ABT-450, ABT-267 or RBV, which could be attributable to 
exposure differences since females had higher exposures of ABT-450 (1.8-fold AUC) 
and ABT-267 (1.7-fold AUC) than males for the same dosing regimen. Alternatively, 
these relationship trends were not peculiar to gender and may be attributable to body 
weight differences, since similar E-R relationship trends were observed in subgroup 
based on baseline body weight threshold of 80 kg.  
 
The Applicant’s multivariate logistic regression analysis for SVR12 response identified 
ABT-267 exposure, RBV exposure, absence of RBV, baseline viral load, IL28B 
genotype and Hispanic/Latino ethnicity as the significant predictors of probability of 
SVR12. This model predicts that a 50% decrease in ABT-267 AUC would result in a 
decrease of 3.4% in SVR12 and a 2-fold increase in ABT-267 AUC would result in an 
increase of 1.3% in SVR12 for a reference population. The ABT-450 exposure was not 
statistically significantly correlated to the SVR12 after inclusion of ABT-267 and RBV 
exposures in the model. Combining with the fact that ABT-450 showed the highest 
potency in decreasing viral load in monotherapy trials with each of the three DAAs, this 
suggests that the efficacy response is on saturation part of E-R relationship curve with 
respect to ABT-450 exposure. Thus a reduction in exposure to 50% from the mean 
exposure in the population for ABT-267 / ABT-450 may not reduce the overall efficacy 
by a substantial margin. Overall, the lowest quartiles of exposures of ABT-267 and RBV 
still had SVR12 above 90% across different subgroups (gender/body weight) and thus no 
dose adjustment is recommended for these subgroups based on the exposure-efficacy 
analyses. 
 
GT1a-infected naïve subjects without cirrhosis receiving 3-DAA:  
 
No trends in % SVR12 were observed for ABT-333 or ABT-450 exposures. There was a 
shallow E-R relationship for % SVR12 with respect to ABT-267 exposures. Due to higher 
rates of relapse with this regimen in GT1a-infected subjects (5.4%) compared to 3 DAA 
+ RBV (1.7%) and higher rates of on treatment virologic failure (3.0% versus 0.5%) this 
regimen is not recommended for subjects for GT1a-infected naïve subjects without 
cirrhosis. 
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GT1b-infected subjects receiving 3-DAA or 3-DAA + RBV:  
 
No exposure-response (E-R) relationship was observed for % SVR12 for any of the ABT-
450, ABT-333, ABT-267 or RBV exposures and % SVR12 were uniformly high (97%-
100%) across all the exposure quartiles.   
 
1.3.2 Exposure-safety relationship 
 
There was positive exposure-response relationship for safety signals of drug induced 
rash, ALT elevations, total bilirubin elevations and hemoglobin reductions with ABT-450 
exposures. Also there was an E-R relationship for total bilirubin elevations and 
hemoglobin reductions with ABT-333 and ribavirin exposures. 
 
Drug-Induced Rash (Moderate/Severe):  
Incidence of drug-induced rash was higher in 3-DAA ± RBV treatment compared to 
placebo. Presence of RBV in the treatment regimen was associated with higher incidence 
of rash compared to no RBV. This safety event had higher incidences for higher ABT-
450 exposures (AUC). 
 
ALT Elevations:  
ABT-450 AUC and baseline ALT levels were significantly associated as predictors of 
post-baseline ≥Grade 3 ALT (>5×ULN) elevations. Also hormonal use was associated 
with an increased likelihood of on-treatment ≥Grade 3 ALT elevations. The multivariate 
logistic regression analysis of this safety signal predict a 2-fold increase in ABT-450 
exposure would increase the incidence of ≥Grade 3 ALT elevations from the observed 
0.91% incidence to 1.4%. For comparison, approximately 2.6% of the Phase 3 population 
used hormonal products and the observed incidence rate of ≥Grade 3 ALT elevations was 
5.5% in this population. 
 
Bilirubin Elevations:  
Presence of RBV in the treatment regimen was strongly associated with more ≥ Grade 3 
(> 3×ULN) total bilirubin elevation. Only 0.39% subjects (n/N=2/509) had ≥ Grade 3 
total bilirubin elevations in the absence of RBV compared to 5.1% subjects 
(n/N=81/1584) in the presence of RBV. ABT-450, ribavirin exposures and baseline 
elevated bilirubin levels were associated with post-baseline ≥ Grade 2/3 bilirubin 
elevations. Multivariate logistic regression predicted that increasing ABT-450 exposure 
by 2-fold would increase the incidence of ≥Grade 3 total bilirubin elevations to ~6.0% 
from an observed incidence of 4.0% for the population mean ALT-450 exposures. 
 
Decreases in Hemoglobin Levels (Anemia):  
Presence of ribavirin and higher ribavirin exposures were significant predictors of 
decreases in hemoglobin levels to ≥Grade 2 levels (< 10 g/dL) of hemoglobin) in addition 
to sex (female), baseline hemoglobin (baseline ≥Grade 1), and hormonal use. There was 
no association between ABT-333 or ritonavir exposures and reduction in hemoglobin 
levels in the multivariate logistic regression analysis. ABT-450 and ribavirin had shallow 
E-R relationship while ABT-267 and hormone use have shallow negative relationship. 
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Given the observed ≥ Grade 2 decrease in hemoglobin level incidence of 5.21% 
(n/N=109/2093) corresponding to the mean ABT-450 exposure, a 2-fold increase from 
mean in ABT-450 exposure is predicted to produce ~6.9% incidence of ≥ Grade 2 
hemoglobin decrease events. 
 
Overall, from the E-R relationships for safety and efficacy, a change in exposure within 
the window of 0.5- to 2.0-fold from the population mean exposures for ABT-450, ABT-
267 or ABT-333 are not anticipated to alter the benefit/risk profile to an extent which 
would necessitate any dosing changes.   
 
1.3.3 Absorption, Distribution, Metabolism, and Excretion 
 
ABT-450 
 
Absorption:  ABT-450 shows moderate permeability.  The absolute bioavailability of 
ABT-450 was not determined. ABT-450 is a substrate of P-glycoprotein (P-gp) 
transporters. The tmax of ABT-450 is approximately 4-5 hours.     
    
Distribution:  The protein binding of ABT-450 is > 97 % over a concentration range of 
0.1 µM to 10 µM (0.08-8 µg/mL). The blood-to-plasma concentration ratio was 0.7 in 
humans, indicating that ABT-450 is preferentially distributed in the plasma compartment 
of whole blood. The results of renal- and hepatic impairment trials showed that the 
unbound fraction of ABT-450 was similar across the various renal- and hepatic 
impairment groups, except for mild and moderate hepatic impairment groups where 
fraction unbound was ~30% lower relative to subjects with normal liver function. 
 
Metabolism: ABT-450 is primarily metabolized by CYP3A enzymes.  ABT-450 was the 
predominant circulating radioactive species (~88.9 % of the drug related radioactivity) in 
plasma.  In plasma, 5 ABT-450 metabolites were identified, including M2, M29, and 
trace levels of M3, M13, and M6. In urine, M13 is the major component (accounting for 
8.57 % of the administered radioactive dose) and in feces, M29 is the major component 
(accounting for 59.9 % of the administered radioactive dose). 
 
Excretion:  Approximately 88 % of the administered radioactive dose was recovered in 
feces and 8.76 % of the administered radioactive dose was recovered in the urine. 
Unchanged ABT-450 accounted for 1.1 % of the radioactivity in the feces and 0.05 % of 
the radioactivity in the urine.   
 
ABT-267 
 
Absorption:  ABT-267 shows moderate permeability. The absolute bioavailability of 
ABT-267 was not determined. ABT-267 is a substrate of P-gp transporters. The tmax of 
ABT-267 is approximately 4-5 hours.     
   
Distribution:  The protein binding of ABT-267 is 99.9 % over a concentration range of 
0.1 µM to 10 µM (0.09-9 µg/mL).  The blood-to-plasma concentration ratio was 0.49 in 
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humans, indicating that ABT-267 is preferentially distributed in the plasma compartment 
of whole blood. The results of renal- and hepatic impairment trials showed that the 
unbound fraction of ABT-267 was similar across the various renal- and hepatic 
impairment groups, except for severe renal impairment group and severe hepatic 
impairment group where fraction unbound was ~ 2-folds higher than fraction unbound in 
subjects with normal renal function or normal hepatic function. 
 
Metabolism: ABT-267 undergoes amide hydrolysis.  Unchanged ABT-267 accounted for 
8.85 % of the total radioactivity in plasma. In plasma, 13 metabolites were identified; 
M23, M29, M36, and M37 were present as major circulating metabolites.  
 
Excretion:  Approximately 90 % of the administered radioactive dose was recovered in 
feces and 1.91 % of the administered radioactive dose was recovered in the urine.  
Unchanged ABT-267 accounted for 87.8 % of the radioactivity in the feces and 0.03 % in 
the urine.    
 
ABT-333 
 
Absorption: ABT-267 shows high permeability.  The absolute bioavailability of a single 
oral 250 mg dose of ABT-333 under non-fasting conditions was estimated to be 46 %. 
ABT-333 is a substrate of P-gp transporters. The tmax of ABT-333 is approximately 3 
hours.      
    
Distribution:  The protein binding of ABT-333 is 99.9 % over a concentration range of 
0.1 µM to 10 µM (0.05-5 µg/mL).  The blood-to-plasma concentration ratio was 0.7 in 
humans, indicating that ABT-333 is preferentially distributed in the plasma compartment 
of whole blood. The results of hepatic impairment trial showed that the unbound fraction 
of ABT-333 in subjects with mild- and moderate hepatic impairment was approximately 
50 % lower as compared to subjects with normal hepatic function.  The unbound fraction 
of ABT-333 in subjects with severe hepatic impairment was ~27% lower than the 
unbound fraction in subjects with normal hepatic function.  The results of the renal 
impairment trial showed that the unbound fraction of ABT-333 was similar across the 
various renal impairment groups.     
 
Metabolism: ABT-333 is primarily metabolized by CYP2C8 enzymes.  Unchanged ABT-
333 accounted for approximately 60 % of the total radioactivity in plasma. 7 metabolites 
(M1, M2, M3, M4, M5, M6, and M11) were observed in plasma; AUC0-∞ of M1 was 
about 22 % of the total drug related material in plasma.  M1 was the major component in 
the feces with a mean of ~32 % of the administered radioactive dose, followed by 
unchanged parent drug (26 %), M2 (15 %), and M5 (11 %).  M1 was the major 
component in the urine (0.85 %).   
 
Excretion:  Approximately 94 % of the administered radioactive dose was recovered in 
feces and 2.05 % of the administered radioactive dose was recovered in the urine (0.03 % 
as unchanged ABT-333).  ABT-333 M1 was the major component in the feces with ~32 
% of the administered radioactive dose, followed by unchanged ABT-333 (26 % of the 
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administered radioactive dose). Unchanged ABT-333 accounted for 0.03 % of the total 
radioactivity in the urine.  
 
1.3.4 Intrinsic factors 
 
Hepatic Impairment: 
 
Mild:  Based on the magnitude of changes observed in the pharmacokinetics of ABT-450, 
ritonavir, ABT-267, ABT-333, and ABT-333 M1 in the mild hepatic impairment group 
(Child-Pugh Category 5-6) and the available efficacy and safety data in patients with 
compensated cirrhosis (M13-099), VIEKIRA PAK™ can be co-administered to patients 
with mild hepatic impairment (Child-Pugh Category A, score 5-6).   
 
Moderate:  Based on available pharmacokinetic data after single dose administration, 
VIEKIRA PAK™ can be administered to patients with moderate hepatic impairment 
(Child-Pugh Category B, score 7-9). However, the safety and efficacy of VIEKIRA 
PAK™ after multiple dose administration has not been established in patients with 
decompensated cirrhosis. Hence, VIEKIRA PAK™ is not recommended to be used in 
patients with moderate hepatic impairment(Child-Pugh Category B, score 7-9).  
 
Severe:   The use of VIEKIRA PAK™ is contraindicated in patients with severe hepatic 
impairment (Child Pugh Category C, score 10-15) due to an approximately 10-fold 
increase in the mean AUC of ABT-450 and increased risk of ALT elevation. 
 
Renal Impairment: 
 
No dose adjustments of VIEKIRA PAK™ are needed in patients with mild (CrCl 60-89 
mL/min), moderate (CrCl 30-59 mL/min), and severe (CrCl 15-29 mL/min) renal 
impairment. Of note, pharmacokinetic data are not available regarding the use of 
VIEKIRA PAK™ in patients with End Stage Renal Disease (ESRD).     
 
1.3.5 Extrinsic factors 
 
Effect of Food: 
 
Moderate Fat:  After administration of ABT-267/ABT-450/ritonavir coformulated tablets 
with a moderate fat meal (617 Kcal, 29 % calories from fat), the mean Cmax and AUC of 
ABT-450 increased by 367 % and 210 %, respectively, the mean Cmax and AUC of 
ritonavir increased by 63 % and 48 %, respectively, and the mean Cmax and AUC of 
ABT-267 increased by 127 % and 81 %, respectively.  After administration of ABT-333 
with a moderate fat meal (612 Kcal, 21 % calories from fat), the mean Cmax and AUC of 
ABT-333 increased by 52 % and 29 %, respectively.  
  
High Fat:  After administration of ABT-267/ABT-450/ritonavir coformulated tablets 
with a high fat meal (917 Kcal, 60 % calories from fat), the mean Cmax and AUC of ABT-
450 increased 300 % and 179 %, respectively, the mean Cmax and AUC of ritonavir 
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increased by 50 % and 43 %,respectively, and the mean Cmax and AUC of ABT-267 
increased by 106 % and 76 %, respectively. After administration of ABT-333 with a high 
fat meal (850 Kcal, 59 % calories from fat), the mean Cmax and AUC of ABT-333 
increased by 41 % and 21 %, respectively.  
 
Of note, ABT-267/ABT-450/ritonavir co-formulated tablets and ABT-333 tablets were 
administered with food in all Phase 1, 2, and 3 trials.   
 
VIEKIRA PAK™ should always be taken with a meal.  Differences in exposures of 
ABT-450, ritonavir, ABT-267, and ABT-333 observed after administration of ABT-
267/ABT-450/ritonavir coformulated tablets and ABT-333 tablets under moderate fat 
conditions and high fat conditions are not expected to be clinically relevant.  
 
Drug-Drug Interactions 
 
ABT-450:  Primarily metabolized by CYP3A enzymes.  Co-administration of ABT-450 
with ritonavir, a potent inhibitor of CYP3A enzymes, increased the mean Cmax and AUC 
of ABT-450 by 28-fold and 48-fold, respectively. ABT-450 is an inhibitor of CYP2C8 
and UGT1A1 enzymes. ABT-450 is a substrate of P-gp, BCRP, OATP1B1, OATP1B3, 
and MRP2 transporters.  ABT-450 is an inhibitor of P-gp, BCRP, OATP1B1, OATP1B3, 
MRP2, and BSEP transporters. ABT-450 is not an inhibitor of renal transporters (OAT1, 
OAT3, OCT2, MATE-1, and MATE-2K).       
 
ABT-267:  CYP3A enzymes play a minor role in the metabolism of ABT-267.  It is an 
inhibitor of UGT1A1 enzymes.  ABT-267 is a substrate of P-gp and BCRP. ABT-267 is 
not an inhibitor of renal transporters (OAT1, OAT3, OCT2, MATE-1, and MATE-2K).           
             
ABT-333:  Primarily metabolized by CYP2C8 enzymes with minor contributions from 
CYP3A. ABT-333 is an inhibitor of CYP2C8, CYP2C9, CYP2C19, and UGT1A1 
enzymes.   ABT-333 is a substrate of P-gp and BCRP and an inhibitor of P-gp, BCRP, 
and MRP2.  ABT- 333 is not an inhibitor of renal transporters (OAT1, OAT3, OCT2, 
MATE-1, and MATE-2K).           
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The clinical development program for the 3-DAA regimen included data from 6 Phase 3 
randomized and controlled trials.  Efficacy data from 10 arms in which subjects received 
the 3-DAAs ± RBV were used to compare efficacy results and to perform the integrated 
efficacy analyses across the trials.  All efficacy data through post treatment week 12 for 
all subjects in the 10 treatment arms were included for assessing SVR12 [HCV RNA less 
than the lower limit of quantification (LLOQ) 12 weeks after the last dose], the primary 
efficacy end point.  Evaluation of secondary end point of ALT normalization in the 
placebo controlled analysis set assessed the risk difference of the combined 3-DAA 
+RBV arms to the combined placebo arms stratified by treatment status (naïve and 
experienced) and HCV subgenotype.  The secondary end point of percentage of subjects 
with hemoglobin decrease during treatment was compared between subjects in the 3-
DAA +RBV and 3-DAA arms stratified by study, prior treatment experience, and HCV 
subgenotype.         
 
Table 5 shows the key design features of the Phase 3 trials. 
 

Table 5:  Key Design Features of Phase 3 Trials 
 

 
Source:  Table 2 on Page 9 of Clinical Overview Section (Section 2.5)   
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Figure 1 shows the SVR12 rates observed in the 6 Phase 3 Clinical Trials.  
 

Figure 1:  SVR12 rates observed in the 6 Phase 3 Clinical Trials 

 
Source:  Fig 4 on Page 52 in the Clinical Overview Section (Section 2.5)  
 
In addition to the 6 Phase 3 trials, data from two supportive, un-controlled Phase 2 trials 
(M11-652 and M14-103) were used in the overall efficacy assessment of the 3-DAA 
regimens, however; the data were not included in the primary analysis of efficacy. M11-
652 was conducted in HCV GT1-infected, treatment-naïve subjects and previous null 
responders to pegIFN and RBV treatment. ABT-450 (  tablets), 
ritonavir, ABT-267 and/or ABT-333 ± RBV were administered for 8, 12 or 24 weeks.  
M14-103 was conducted in HCV GT1-infected (1a and non-1a), noncirrhotic, pegIFN 
and RBV treatment-naïve or treatment-experienced, adult subjects on a stable opioid 
replacement therapy of methadone or buprenorphine ± naloxone for ≥ 6 months prior to 
screening.  The 3-DAA+RBV regimen was administered for 12 weeks.    
 
It should be noted that in the entire drug development program, no efficacy or safety data 
were generated in the HCV-infected patients with decompensated cirrhosis.    
 
The applicant conducted a comprehensive clinical pharmacology program to evaluate the 
pharmacokinetics (2 trials), ADME properties (3 trials), effect of food (2 trials), effect of 
renal- and hepatic impairment (2 trials), effect on QT prolongation (1 trial) and potential 
for drug-drug interactions (25 trials).   In addition, intensive and sparse data from Phase 2 
and Phase 3 trials were used for population pharmacokinetic analysis and exploring 
exposure-response (safety and efficacy) relationships.   
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2.2.2 What is the basis for selecting the response endpoints (i.e., clinical or 
surrogate endpoints) or biomarkers (collectively called pharmacodynamics 
[PD]) and how are they measured in clinical pharmacology and clinical 
studies? 

 
The primary efficacy end point of all pivotal trials was SVR12 defined as HCV RNA less 
than the lower limit of quantification (LLOQ) 12 weeks after the last dose.  SVR12 has 
been demonstrated to be a validated surrogate marker to demonstrate efficacy of 
medications being developed to treat HCV infection and is the recommended primary end 
point in the “Draft Guidance for Industry Chronic Hepatitis C Virus Infection:  
Developing Direct-Acting Antiviral Drugs for Treatment”.   
 
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? 

 
Yes. The relevant analytes (ABT-450, ritonavir, ABT-267, ABT-333, ABT-333 
M1[active metabolite of ABT-333] and ribavirin) and concomitantly administered drugs 
(in drug-drug interaction trials) were measured in plasma using validated LC/MS/MS 
analytical methods. There was a good correlation between the exposures of ABT-333 and 
ABT-333 M1; therefore, the applicant did not include ABT-333 M1 in the population 
pharmacokinetic analysis and exposure-response analysis.   
 
2.2.4 Exposure-response 
 
2.2.4.1 What are the characteristics of the exposure-response relationships (dose 

response, concentration-response) for efficacy? 
 
GT1b-infected subjects receiving 3-DAA or 3-DAA + RBV:  
 
No exposure-response (E-R) relationship was observed for % SVR12 with respect to 
ABT-450, ABT-333, ABT-267 or RBV exposure and % SVR12 were uniformly high 
(97%-100%) across all the exposure quartiles. 
 
GT1a-infected naïve subjects without cirrhosis receiving 3 DAA:  
 
No trends in % SVR12 were observed for ABT-333 exposures. There was a shallow E-R 
relationship for % SVR12 for ABT-267 exposures and at very low exposures for ABT-
450 (Figure 2). 
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Figure 2:  Univariate exposure-response relationship for % SVR12 in GT1a-infected 
naïve subjects without cirrhosis receiving 3 DAA (no Ribavirin): panel A for ABT-
267 AUC, panel B for ABT-450 AUC. All panels depict efficacy response trends 
(blue line) for overall population and efficacy response subgrouped by gender 
(blue/red symbols). The units of AUC are µg*hr/mL. (The blue and red lines at the 
bottom of each graph demarcate the range of exposure for each quartile of exposure in 
each subgroup shown with same colored symbol)        
A.                                                           B. 

  
Source:  Reviewer’s analysis  
 
GT1a-infected subjects receiving 3-DAA+RBV: 
 
No trends in % SVR12 were observed for ABT-333 exposures. There was a shallow E-R 
relationship for % SVR12 for ABT-450, ABT-267 and RBV exposures (Figure 3 panels 
A-C). When the E-R for efficacy (% SVR12) response data was analyzed by subgroups of 
gender, females had numerically higher efficacy (5-9%) response than males in the 
respective lower quartiles of exposures (Q1/Q2) of ABT-450, ABT-267 or RBV. On a 
population basis, females had higher exposures of ABT-450 (1.8-fold AUC) and ABT-
267 (1.7-fold AUC) than males for the same dosing regimen. Thus, aligned with the 
observed E-R relationships, higher exposures to ABT-450 and ABT-267 may have 
helped females overcome high viral load to achieve numerically better SVR12 than males 
(Figure 3 panel D). These relationship trends were not peculiar to gender and can very 
well be attributable to body weight differences across genders, since similar E-R 
relationship trends were observed when the population was subgrouped based on baseline 
body weight threshold of 80 kg instead of gender (data not shown).  
 
The Applicant’s multivariate logistic regression analysis for SVR12 response identified 
ABT-267 exposure, RBV exposure, absence of RBV, baseline viral load, IL28B 
genotype and Hispanic/Latino ethnicity as the significant predictors of probability of 
SVR12. The estimates of logistic regression parameters for the final model and the odds 
ratios for each of the covariates are shown in Table 6 and Table 7 respectively.  
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Figure 3:  Exposure-response relationship for % SVR12 in GT1a-infected subjects 
receiving 3 DAA + Ribavirin: panel A for ABT-450 AUC, panel B for ABT-267 
AUC, panel C for RBV AUC; panel D shows relationship of % SVR12 with baseline 
viral load. All panels depict efficacy response trends (blue line) for overall 
population and efficacy response subgrouped by gender (blue/red symbols). The 
units of AUC are µg*hr/mL and baseline viral load (VLBL) is shown in log scale. 
(The blue and red lines at the bottom of each graph demarcate the range of exposure for 
each quartile of exposure in each subgroup shown with same colored symbol)     
A.                                                       B. 

  
C.                                                       D.  

  
Source:  Reviewer’s analysis  
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Table 6: Estimates of logistic regression parameters for SVR12 response 
 

 
 
Source: Sponsor’s Exposure-Response Report R&D/14/0049, page 3 
 
 
Table 7: Estimates of odds ratios for each covariate towards SVR12 response 

 
Source: Sponsor’s Exposure-Response Report R&D/14/0049, page 4 

 
This model predicts that a 50% decrease in ABT-267 AUC would result in a decrease of 
3.4% in SVR12 and a 2-fold increase in ABT-267 AUC would result in an increase by 
1.3% in SVR12 for a reference population of subjects with IL28B non-CC genotype and 
non-Hispanic/Latino ethnicity. The ABT-450 exposure was not statistically significantly 
correlated to the efficacy metric (SVR12) after inclusion of ABT-267 and RBV exposures 
in the model. Combining with the fact that ABT-450 showed the highest potency in 
decreasing viral load in monotherapy trials with each of the three DAAs, this suggests 
that the efficacy response is on saturation part of E-R relationship curve with respect to 
ABT-450 exposure. Thus a 50% reduction in ABT-267 / ABT-450 exposure may not 
reduce the overall efficacy by a substantial margin. Overall, the lowest quartiles of 
exposures in males of ABT-267 and RBV still had mean estimates of SVR12 to be above 
90% and thus no dose adjustment is recommended for any of the subgroups based on this 
E-R analysis for efficacy.   
 
All the E-R analyses mentioned here were carried out with response data from six phase 
3 studies (M11-646, M13-098, M13-099, M13-389, M13-96, and M14-002) and a phase 
2 study (M14-103) in HCV genotype-1 infected adult subjects (N=2060). The exposure 
variables were calculated based on individual bayes estimates from population-PK model 
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for each of the drug molecules. Results from E-R analyses using Ctrough as the exposure 
metric were consistent with results from AUC as the exposure metric (data not shown). 
 
2.2.4.2 What are the characteristics of the exposure-response relationships (dose 

response, concentration-response) for safety? 
 
There was positive exposure-response relationship for safety signals of drug induced 
rash, ALT elevations, total bilirubin elevations and hemoglobin reductions with ABT-450 
exposures. Also there was an E-R relationship for total bilirubin elevations and 
hemoglobin reductions with ABT-333 and ribavirin exposures. 
 
Drug-Induced Rash (Moderate/Severe) 
Incidence of drug-induced rash was higher in 3-DAA ± RBV treatment compared to 
placebo. Presence of RBV in the treatment regimen was associated with higher incidence 
of rash compared to no RBV. This safety event had higher incidences for higher ABT-
450 exposures (AUC) as seen in Figure 4. 
 
Figure 4:  Drug induced rash vs. exposures (AUC) of components of 3-DAA ± RBV 
regimen 

  
Source: Sponsor’s Exposure-Safety Response Report R&D/14/0048, Figure 8, Page 31 

 

ALT Elevations 
ABT-450 AUC and baseline ALT levels were significantly associated as predictors of 
post-baseline elevations in ≥Grade 3 ALT (>5×ULN) levels. Also hormonal use was 
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associated with an increased likelihood of on-treatment ≥Grade 3 ALT elevations. Most 
of the subjects had Grade 1 ALT elevation at baseline and it resolved with treatment, but 
some patients had exposure dependent further increase in ALT elevation as shown in 
Figure 5. The multivariate logistic regression analysis of this safety signal predict a 2-
fold increase in ABT-450 exposure would increase the odds of ≥Grade 3 ALT elevations 
by 1.6-fold and thus the incidence of ≥Grade 3 ALT elevations from the observed 0.91% 
(n/N=19/2093) incidence to 1.4%. For comparison, approximately 2.6% of the Phase 3 
population used hormonal products and the observed incidence rate of ≥Grade 3 ALT 
elevations was 5.5% in this population. 
 
Figure 5:  Grade Shift in Lab Abnormality of ALT elevation vs. exposures (AUC) of 
components of 3-DAA ± RBV regimen 
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Source: Sponsor’s Exposure-Safety Response Report R&D/14/0048, Figure 9, Page 33 
 
Bilirubin Elevations  
Presence of RBV in the treatment regimen was strongly associated with ≥ Grade 3 total 
bilirubin elevation. Only 0.39% subjects (n/N=2/509) had ≥ Grade 3 total bilirubin 
elevations in the absence of RBV compared to 5.1% subjects (n/N=81/1584) in the 
presence of RBV. ABT-450, ribavirin exposures and baseline elevated bilirubin levels 
were associated with post-baseline ≥ Grade 2/3 bilirubin elevations (Figure 6). 
Multivariate logistic regression of this safety signal predicted that increasing ABT-450 
exposure by 2-fold would increase the odds of ≥ Grade 3 total bilirubin elevations to 1.5-
fold and thus the incidence of ≥ Grade 3 total bilirubin elevation from the observed 4.0% 
(n/N=83/2093) incidence to 6.0%. 
 

Decreases in Hemoglobin Levels (Anemia) 
Presence of ribavirin and higher ribavirin exposures were significant predictors of 
decreases in hemoglobin levels to ≥Grade 2 (<10 g/dL hemoglobin) (Figure 7). Female 
sex, hemoglobin baseline status (baseline ≥Grade 1), and estrogen-containing therapy use 
were associated with decreases in hemoglobin levels (≥Grade 2). There was no 
association between ABT-333 or ritonavir exposures and reduction in hemoglobin levels 
in the multivariate logistic regression analysis. ABT-450 and ribavirin had shallow E-R 
relationship to the response of decrease in hemoglobin levels while ABT-267 and 
hormone use have shallow negative relationship. Given the observed ≥ Grade 2 decrease 
in hemoglobin level incidence of 5.21% (n/N=109/2093) corresponding to the mean 
ABT-450 exposure, a 2-fold increase from mean in ABT-450 exposure is predicted to 
produce ~6.9% incidence of ≥ Grade 2 hemoglobin decrease events.  
 
Given the small increase in the predicted incidence of this adverse event with doubling of 
ABT-450 exposure, increases in ABT-450 exposure by up to 2-fold is not expected to 
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adversely affect the safety profile substantially. 
 
2.2.4.3 Does this drug prolong the QT or QTc interval?  
 
No significant QTc prolongation effect for a combination of ABT-450 with ritonavir plus 
ABT-267 and ABT-333 was detected in this TQT study (conducted using moxifloxacin 
as active control). Using individual corrected QT(QTcF) interval, the largest upper 
bounds of the 2-sided 90% CI for the mean differences between therapeutic dose and 
placebo, and between supratherapeutic doses (ABT-450 350 mg (using  

 tablets) + ABT-267 50 mg + ABT-333 500 mg +Ritonavir 150 mg) and 
placebo were below 10 ms, the threshold for regulatory concern as described in ICH E14 
guidelines.  
 
Figure 6:  Grade Shift in Lab Abnormality of Total Bilirubin elevation vs. exposures 
(AUC) of components of 3-DAA ± RBV regimen 
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Source: Sponsor’s Exposure-Safety Response Report R&D/14/0048, Figure 10, Page 35 

 
Figure 7:  Grade Shift in Lab Abnormality of Hemoglobin Level vs. exposures 
(AUC) of components of 3-DAA ± RBV regimen 
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Source: Sponsor’s Exposure-Safety Response Report R&D/14/0048, Figure 11, Page 37 
 
 
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?  

 
The benefit/risk based on dose-exposure-response analyses for efficacy and safety 
support the following dosing recommendations:  
 
3-DAA regimen (without RBV) for 12 weeks in GT1b-infected non-cirrhotic 
population: There was no additional benefit of RBV in this population. 
 
3-DAA+RBV regimen for 12 weeks in GT1b-infected cirrhotic population: Study 
M13-099 had GT1b-infected cirrhotic population treated for either 12-weeks or 24-weeks 
with 3-DAA+RBV. There was just one relapse incidence in the GT1b population. There 
was no additional benefit of 24-weeks duration over 12-weeks duration for the relapse 
incidences across treatment-naïve as well as treatment-experienced population (Table 8). 
Thus, 12-week treatment regimen with 3-DAA+RBV is suitable for this population. 
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Table 8: Effect of treatment duration on SVR12 response and virologic failure due to 
relapse in GT1b-infected patients with compensated cirrhosis treated with 3-
DAA+RBV regimen (Study M13-099) 
 

 n/N (%) 3-DAA + RBV  
x 12 weeks 

3-DAA + RBV  
x 24 weeks 

 SVR12 Relapse SVR12 Relapse 
GT 1b naïve 22/22 (100%) 0/22 (0%) 18/18 (100%) 0/18 (0%) 

GT 1b experienced 
       -prior null 
       -prior partial 
       -prior relapse 

45/46 (97.8%) 
     25/25 (100%) 
       6/7   (85.7%) 
     14/14 (100%) 

1/46 (2.2%) 
     0/25 (0%) 
     1/7   (14.3%) 
     0/14 (0%) 

33/33 (100%) 
     20/20 (100%) 
       3/3   (100%) 
     10/10 (100%) 

0/33 (0%) 
     0/20 (0%) 
     0/3   (0%) 
     0/10 (0%) 

    Source:  Reviewer’s analysis  
 
3-DAA+ RBV regimen for 12 weeks in GT1a-infected treatment-naïve and 
treatment experienced non-cirrhotic population: Inclusion of RBV in the treatment 
regimen was identified as an important predictor of SVR12 response in a multivariate 
regression analysis in the GT1a population, with presence of RBV in the treatment 
regimen associated with a higher SVR12. The on-treatment virologic failures were also 
lower in 3-DAA+ RBV 12 week regimen (0.5% in treatment naïve and 0% in treatment 
experienced) as compared to the 3-DAA 12 week regimen (3.0%) in GT1a treatment 
naïve population (Table 9). These on-treatment failures with 3-DAA regimen were not 
localized exclusively in low exposure quartiles of ABT-450, ABT-267 or ABT-333 
(Figure 8). Therefore, increasing exposures (i.e. doses) of the 3-DAAs (ABT-450/ABT-
267/ABT-333) may not compensate for the lack of RBV in the treatment regimen for 
avoiding on-treatment virological failures in this population. The presence of RBV also 
correlated with lower virological relapse (1.7% in treatment naïve and 3.5% in treatment 
experienced) as compared to just 3-DAA regimen (5.4%) as shown in Table 9. The 
analysis of relapsers across the GT1a-infected population suggests that all of the relapsers 
had generally higher baseline viral loads (>5.5 on log10 scale) as shown in Figure 9.  
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Table 9: SVR12 and virological failures in GT1a treatment naïve and treatment 
experienced non-cirrhotic patients treated with 3-DAA or 3-DAA+RBV regimen for 
12 weeks 
 GT1a Treatment Naive GT1a Treatment 

Experienced 

 Study M14-002 Study M14-002 
& M11-646 

Study M13-098 

Treatment 3-DAA + Placebo 

(n=202) 

3-DAA + RBV 
(n=419) 

3-DAA + RBV 
(n=173)  

SVR12 (ITT*) 182/202 (90.1%) 401/419 (95.7%) 166/173 (96.0%) 

On-Treatment 
Virological failure 

(virological 
breakthrough) 

6/202 (3.0%) 2/419 (0.5%) 0/173 (0.0%) 

Relapse 11/202 (5.4%) 7/419 (1.7%) 6/173 (3.5%) 
Prior null: 4/87 (4.6%) 

Prior partial: 0/36 (0.0%) 

Prior relapse: 2/50 (4.0%) 
*5 cirrhotic patients who were in ITT set were removed from the above study populations to reflect the 
analysis for just the non-cirrhotic patients. 
Source:  Reviewer’s analysis 
 
Figure 8. Exposure-response relationship for probability of on-treatment virological 
failure with predicted Ctrough concentrations of different drug components in 
GT1a-infected treatment-naïve subjects receiving either 3-DAA (blue symbols) or 3-
DAA+RBV (red symbols): panel A for ABT-450 Ctrough, panel B for ABT-267 
Ctrough, panel C for ABT-333 Ctrough. All Ctrough values are in ug/mL. (The blue 
and red lines at the bottom of each graph demarcate the range of exposure for each 
quartile of exposure in each treatment arm shown with same colored symbol)      
A.                                                       B. 

  
C.                                                        
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Source:  Reviewer’s analysis  
 
Figure 9. GT1a-infected patients who had relapse on 3-DAA or 3-DAA+RBV regimens 
have generally a high baseline viral load.     

 
Source:  Reviewer’s analysis 
 
 
3-DAA+ RBV regimen for 24 weeks in GT1a-infected treatment-naïve and 
treatment-experienced cirrhotic population: 
 
In GT1a-infected cirrhotic population (study M13-099) treated with 3-DAA+RBV, the 
24-week treatment duration resulted in lower relapse incidences compared to 12-week 
treatment duration across both treatment-naïve (3.6% vs. 7.8%) and treatment-
experienced (0% vs. 11.8%) population (Table 10). Thus, 24-week treatment regimen 
with 3-DAA+RBV is suitable for these populations.    
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Table 12:  Comparison of the steady state exposures between healthy volunteers and       
HCV genotype 1 infected patients (non-cirrhotics) for the 3-DAA                  
combination administered using the Phase 3 formulation 
 

 
Source:  Table 40 on Page 122 of report R&D/14/0047 
 
Overall, the exposures (AUC) of ABT-267, ABT-450, ritonavir, and ABT-333 were 
lower in HCV-1 infected patients as compared to healthy volunteers.  In contrast, a 
similar comparison of exposures between HCV-1 infected patients and healthy volunteers 
from Phase 2 trials indicated that the exposures of ABT-267, ABT-450, ritonavir, and 
ABT-333 were similar between healthy volunteers and patients.   
 
The lower estimated Cmax,ss observed in Phase 3 studies for ABT-267, ABT-333 and 
ritonavir and the lower Cmax,ss and AUC24,ss for ABT-450 could be due to the 
pharmacokinetic sample collection scheme used. In the Phase 2 studies, intensive 
pharmacokinetic samples were collected in a subset of subjects and samples near Cmax,ss 
(2 hour and 4 hour on Day 1) were collected in all (~600) subjects in the Phase 2b study 
(Study M11-652). In comparison, only sparse samples were collected in the Phase 3 
studies. Dosing information for DAAs was recorded based on the MEMS cap for 
ribavirin with the assumption that subjects took DAAs and ribavirin at the same time. 
The only exception was Study M13-099 (cirrhotic subjects), that had a 2 hour 
pharmacokinetic sample and used a MEMS cap on all DAAs and ribavirin.  The 
exposures for subjects in this study were higher than in other Phase 3 studies but 
comparable to those in healthy subjects.  
 
Hence, due to the potential impact of differences in pharmacokinetic sampling scheme, 
no definitive conclusions can be drawn regarding whether there are differences in the 
pharmacokinetics between HCV-infected patients and healthy volunteers.   
 
Cirrhosis status was a significant covariate for ABT-450 and ABT-333 exposures, but not 
the ABT-267 or RBV exposure. In the pooled patient population from six phase 3 studies 
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and a phase 2 study (M14-103), after adjusting for the important PK covariates of sex, 
concomitant RBV and concomitant methadone use, the exposures (AUC calculated from 
population-PK model) in cirrhotic patients (n=371) were 2.7-fold for ABT-450 and 1.4-
fold for ABT-333 compared to non-cirrhotic patients (n=1689) as shown in Table 13. 
 
Table 13: Comparison of exposures in cirrhotic vs. non-cirrhotic patients after 
adjusting for sex, concomitant RBV and concomitant methadone use 

Parameter Comparison Ratio (90% CI) 
ABT-450 AUC Cirrhotic/Non-Cirrhotic 2.7 (2.44, 3.00) 
ABT-333 AUC Cirrhotic/Non-Cirrhotic 1.4 (1.35, 1.49) 
ABT-267 AUC Cirrhotic/Non-Cirrhotic 1 (0.92, 1.00) 
RBV AUC Cirrhotic/Non-Cirrhotic 0.93 (0.91, 0.96) 

          Source: Reviewer’s analysis 
 
2.2.5.3 What are the characteristics of drug absorption? 
 
ABT-450 
 
ABT-450 membrane apparent permeability (Papp) in Caco-2 cells ranged from 6.7 – 9.8 × 
10-6

 cm/sec at concentrations ≤ 10 μM.  The absolute bioavailability of ABT-450 was not 
determined.  The tmax of ABT-450 is approximately 4-5 hours.     
 
ABT-267 
 
ABT-267 membrane apparent permeability (Papp) in MDCK cells ranged from 0.9-3.3 × 
10-6

 cm/sec at concentrations ≤ 10 μM.  The absolute bioavailability of ABT-267 was not 
determined.  The tmax of ABT-267 is approximately 4-5 hours.     
 
ABT-333 
 
ABT-333 membrane permeability in Caco-2 cells was independent of pH and 
concentration, with values which ranged from 36.5 to 51.9 × 10-6

 cm/sec at drug 
concentrations of 0.5 and 5 μM.  Based on the results of a trial conducted using a single 
intravenous microdose of 100 µg 14C-ABT-333 and ABT-333 400 mg tablet, the  
absolute bioavailability of ABT-333 under non-fasting conditions was estimated to be 46 
%. The tmax of ABT-333 is approximately 3 hours.      
 
2.2.5.4 What are the characteristics of drug distribution? 
 
ABT-450 
 
The protein binding of ABT-450 is > 97 % over a concentration range of 0.1 µM to 10 
µM (0.08-8 µg/mL). The blood-to-plasma concentration ratio was 0.7 in humans, 
indicating that ABT-450 was preferentially distributed in the plasma compartment of 
whole blood. The results of renal- and hepatic impairment trials showed that the unbound 
fraction of ABT-450 was similar across the various renal- and hepatic impairment 
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groups, except for mild and moderate hepatic impairment groups where fraction unbound 
was ~30% lower relative to subjects with normal liver function. 
   
ABT-267 
 
The protein binding of ABT-267 is 99.9 % over a concentration range of 0.1 µM to 10 
µM (0.09-9 µg/mL).  The blood-to-plasma concentration ratio was 0.49 in humans, 
indicating that ABT-267 was preferentially distributed in the plasma compartment of 
whole blood. The results of renal- and hepatic impairment trials showed that the unbound 
fraction of ABT-267 was similar across the various renal- and hepatic impairment groups 
, except for severe renal impairment group and severe hepatic impairment group where 
fraction unbound was ~ 2-fold higher than fraction unbound in subjects with normal renal 
function or normal hepatic function. 
 
ABT-333 
 
The protein binding of ABT-333 is 99.9 % over a concentration range of 0.1 µM to 10 
µM (0.05-5 µg/mL).  The blood-to-plasma concentration ratio was 0.7 in humans, 
indicating that ABT-333 was preferentially distributed in the plasma compartment of 
whole blood. The results of the hepatic impairment trial showed that the unbound fraction 
of ABT-333 in subjects with mild- and moderate hepatic impairment was approximately 
50 % lower as compared to subjects with normal hepatic function.  The unbound fraction 
of ABT-333 in subjects with severe hepatic impairment was 27% lower than unbound 
fraction in subjects with normal hepatic function.  The results of the renal impairment 
trial showed that the unbound fraction of ABT-333 was similar across the various renal 
impairment groups.     
 
2.2.5.5 Does the mass balance trial suggest renal or hepatic as the major route of 

elimination? 
 
The results of the mass balance trials suggest that ABT-450 (co-administered with 
ritonavir), ABT-267 and ABT-333 and their metabolites are primarily eliminated through 
the hepatobilary route.   
 
2.2.5.6 What are the characteristics of drug metabolism? 
 
ABT-450 (co-administered with ritonavir) 
 
The results of the mass balance trial showed that ABT-450 was the predominant 
circulating radioactive species (~88.9 % of the drug related radioactivity) in plasma.  In 
plasma, 5 ABT-450 metabolites were identified, including M2, M29, and trace levels of 
M3, M13, and M6. In urine, M13 was the major component (accounting for 8.57 % of the 
administered radioactive dose) and in feces, M29 was the major component (accounting 
for 59.9 % of the administered radioactive dose). 
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ABT-267 
 
The results of the mass balance trial showed that unchanged ABT-267 accounted for 8.85 
% of the total radioactivity in plasma. In plasma, 13 metabolites were identified; M23, 
M29, M36, and M37 were present as major circulating metabolites.  
 
ABT-333  
 
The results of the mass balance trial showed unchanged ABT-333 accounted for 
approximately 60 % of the total radioactivity in plasma. 7 metabolites (M1, M2, M3, M4, 
M5, M6, and M11) were observed in plasma; AUC0-∞ of M1 (active metabolite) was 
about 22 % of the total drug related material in plasma.  M1 was the major component in 
the feces with a mean of ~32 % of the administered radioactive dose, followed by 
unchanged parent drug (26 %), M2 (15 %), and M5 (11 %).  M1 was the major 
component in the urine (0.85 %).  
  
2.2.5.7 What are the characteristics of drug excretion? 
 
ABT-450 (co-administered with ritonavir)  
 
Approximately 88 % of the administered radioactive dose was recovered in feces and 
8.76 % of the administered radioactive dose was recovered in the urine. Unchanged 
ABT-450 accounted for 1.1 % of the radioactivity in the feces and 0.05 % in the urine.   
 
ABT-267 
 
Approximately 90 % of the administered radioactive dose was recovered in feces and 
1.91 % of the administered radioactive dose was recovered in the urine.  Unchanged 
ABT-267 accounted for 87.8 % of the radioactivity in the feces and 0.03 % in the urine.    
 
ABT-333 
 
Approximately 94 % of the administered radioactive dose was recovered in feces and 
2.05 % of the administered radioactive dose was recovered in the urine (0.03 % as 
unchanged ABT-333).  ABT-333 M1 was the major component in the feces with ~32 % 
of the administered radioactive dose, followed by unchanged ABT-333 (26 % of the 
administered radioactive dose). Unchanged ABT-333 accounted for 0.03 % of the total 
radioactivity in the urine. Of note, ABT-333 M1 showed comparable anti HCV activity in 
cell culture based on a study conducted using HCV genotype 1a and 1b replicon systems. 
 
2.2.5.8 Based on the PK parameters, what is the degree of linearity or nonlinearity in 

the dose-concentration relationship? 
ABT-450  
 
For ABT-267/ABT-450/ritonavir co-formulated tablets, increasing the dose of ABT-450 
by 33 % increased the mean AUC of ABT-450 by ~2.5 fold. As there were only two 
doses of ABT-450 available as part of the coformulated tablets, no definitive conclusions 
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ABT-333 M1  
 
The median [range] inter subject variability (% CV) of ABT-333 M1 Cmax and AUC12 
was 37 % (22% to 57 %) and 40 % (25 % to 69 %) across the single- and multiple doses 
conducted with various formulations in healthy volunteers. 
 
2.3 Intrinsic Factors 
 
2.3.1 What intrinsic factors (age, gender, race, weight, height, disease, genetic 

polymorphism, pregnancy, & organ dysfunction) influence exposure &/or 
response and what is the impact of any differences in exposure on the PDs? 
What dosage regimen adjustments, if any, are recommended for each of these 
subgroups? 

 
2.3.2 Based upon what is known about exposure-response relationships and their 

variability and the groups studied, healthy volunteers vs. patients vs. specific 
populations (examples shown below), what dosage regimen adjustments, if 
any, are recommended for each of these groups? If dosage regimen 
adjustments are not based upon exposure-response relationships, describe the 
alternative basis for the recommendation.  

 
2.3.2.1 Elderly  
 
Elderly status (>65 yr) was a statistically significant covariate for ABT-450, ABT-267, 
ABT-333 and RBV exposures. When adjusted for other important covariates of sex, 
cirrhosis status, concomitant RBV and concomitant methadone, the exposures (AUC) in 
elderly patients (age>65 yr; n=127) were 1.1- to 1.3-fold compared to non-elderly 
patients (age ≤65 yr; n=1933) as shown in Table 14. These changes in exposures in 
elderly subjects are not expected to be clinically relevant. 
 
Table 14: Comparison of exposures in elderly vs. non-elderly population after 
adjusting for sex, cirrhosis status, and concomitant RBV and concomitant 
methadone use 
 

Parameter Comparison Ratio (90% CI) 
ABT-450 AUC Elderly/Non-elderly 1.3 (1.12, 1.54) 
ABT-333 AUC Elderly/Non-elderly 1.1 (1.00, 1.16) 
ABT-267 AUC Elderly/Non-elderly 1.2 (1.11, 1.24) 
RBV AUC Elderly/Non-elderly 1.2 (1.11, 1.22) 

         Source: Reviewer’s analysis 
 
2.3.2.2 Pediatrics 
 
The safety and efficacy of the 3-DAA regimen in pediatric chronic hepatitis C infected 
patients has not been established.  In addition, no pharmacokinetic data on the 3-DAA 
regimen are available in the pediatric chronic hepatitis C infected patients.     
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2.3.2.3 Gender  
 
Gender was a significant covariate for ABT-450, ABT-267, ABT-333 and RBV 
exposures. When adjusted for other important covariates of cirrhosis status, concomitant 
RBV and concomitant methadone, the exposures (AUC) in female patients (n=856) were 
1.8-fold for ABT-450, 1.3-fold for ABT-333, 1.7-fold for ABT-267 and 1.2-fold for RBV 
compared to male patients (n=1204) as shown in Table 15. Correspondingly the efficacy 
(SVR12) was slightly higher in females as compared to males as shown above in section 
2.2.4.1 (E-R relationship for efficacy). Gender, by itself, was not found to be an 
important covariate for any safety events when considered separately from concomitant 
hormonal (estrogen/progestin containing products) use (which is mostly in females). 
Thus, no dose modifications are recommended based on gender.  
 
Table 15: Comparison of exposures in females vs. males after adjusting for cirrhosis 
status, concomitant RBV and concomitant methadone use 
 

Parameter Comparison Ratio (90% CI) 
ABT-450 AUC Female/Male 1.8 (1.66, 1.95) 
ABT-333 AUC Female/Male 1.3 (1.27, 1.36) 
ABT-267 AUC Female/Male 1.7 (1.66, 1.76) 
RBV AUC Female/Male 1.2 (1.16, 1.21) 

          Source: Reviewer’s analysis 
 
2.3.2.4 Race 
 
Race (Black vs. Other) or ethnicity (Hispanic/Latino ethnicity vs. Others) were not found 
to be significant covariates for exposures derived from population-pk analyses of Phase 
1b/2 or Phase 3 data for the DAAs, ritonavir and ribavirin. In phase 3 studies with the 
ABT-450/r/ABT-267 co-formulated tablet, when adjusted for other important covariates 
of sex, cirrhosis status, concomitant RBV and concomitant methadone administration:  

• the exposures (AUC) in asian patients (n=34) were 1.3-fold for ABT-450, 1.4-
fold for ABT-333, 1.1-fold for ABT-267 and no change for RBV compared to 
white patients (n=1880) 

• the exposures (AUC) in black patients (n=125) were 1.3-fold for ABT-450, 1.1-
fold for ABT-333, 1.0-fold for ABT-267 and 1.0-fold for RBV compared to white 
patients (n=1880) 

 
These differences are not expected to be clinically relevant.  
 
It should be noted that in a study in healthy volunteers (n=18), steady state ABT-450 Cmax 
and AUC in Chinese and Japanese subjects were 2.5- to 3.2-fold and 2.9- to 3.7-fold of 
exposures in Caucasian subjects. This increase is not caused by an increase in ritonavir 
exposure. ABT-267 and ABT-333 were slightly higher in Asians compared to 
Caucasians. These observed exposures were not adjusted for covariates that are known to 
affect ABT-450 exposures; therefore, the above recommendations based on population 
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PK analysis regarding no clinical relevant difference in exposures as a function of race 
are considered acceptable by the review team. 
 
2.3.2.5 Renal impairment  
 
The pharmacokinetics of a single dose of ABT-450/r 150/100 mg and ABT-267 25 mg ± 
ABT-333 400 mg were evaluated in subjects with mild (CLcr: 60 to 89 mL/min), 
moderate (CLcr: 30 to 59 mL/min), and severe (CLcr: 15 to 29 mL/min) renal 
impairment. Table 16 shows the summary of the mean pharmacokinetic parameters of 
ABT-450   (based on total concentrations) in the various renal impairment groups after 
administration of the 3-DAA regimen. 

Table 16:  Summary of the Mean Pharmacokinetic Parameters of ABT-450 (based 
on total concentrations) in the Various Renal Impairment Groups after 
Administration of the 3-DAA Regimen 

 
  Source:  Section of Table 10 (Page 112) from Clinical Study Report of M12-193 
 
Table 17 shows the least squares mean ratio and 90 % CI of ABT-450 pharmacokinetic 
parameters in the various renal impairment groups. 
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Table 17:  Least Squares Means Ratio and 90 % CI of ABT-450 Pharmacokinetic 
Parameters in the Various Renal Impairment Groups 

 
Source:  Section of Table 13 (Page 116) from Clinical Study Report of M12-193 
 
Table 18 shows the summary of the mean pharmacokinetic parameters of ABT-267 
(based on total concentrations) in the various renal impairment groups after 
administration of the 3-DAA regimen. 

Table 18:  Summary of the Mean Pharmacokinetic Parameters of ABT-267 in the 
Various Renal Impairment Groups after Administration of the 3-DAA Regimen 

 
  Source:  Section of Table 24 (Page 146) from Clinical Study Report of M12-193 
 
 
Table 19 shows the least squares mean ratio and 90 % CI of ABT-267 pharmacokinetic 
parameters in the various renal impairment groups. 
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Table 19:  Least Squares Mean Ratio and 90 % CI of ABT-267 Pharmacokinetic 
Parameters in the Various Renal Impairment Groups 

 
    Source:  Section of Table 27 (Page 150) from Clinical Study Report of M12-193 
 
Table 20 shows the summary of the mean pharmacokinetic parameters of ABT-333 and 
ABT-333 M1 in the various renal impairment groups (based on total concentrations) after 
administration of the 3-DAA regimen. 

Table 20:  Summary of the Mean Pharmacokinetic Parameters of ABT-333 and 
ABT-333 M1 in the Various Renal Impairment Groups after Administration of the 
3-DAA Regimen 

 
                          Source:  Table 31 (Page 166) from Clinical Study Report of M12-193 
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Table 21 shows the least squares mean ratio and 90 % CI of ABT-333 and ABT-333 M1 
pharmacokinetic parameters in the various renal impairment groups. 
 

Table 21:  Least Squares Mean Ratio and 90 % CI of ABT-333 and ABT-333 M1 
Pharmacokinetic Parameters in the Various Renal Impairment Groups 

 
     Source:  Table 34 (Page 170) from Clinical Study Report of M12-193 
 
The fraction of the dose excreted unchanged in the urine (fe) was < 2 % for all DAAs and 
ritonavir.  Overall, the changes in exposures of ABT-450, ritonavir, ABT-267, ABT-333, 
and ABT-333 M1 in subjects with mild-, moderate- and severe renal impairment are not 
expected to be clinically relevant.  Of note, pharmacokinetic data are not available on the 
use of the 3-DAA regimen in subjects with End Stage Renal Disease (ESRD).     
 
2.3.2.6 Hepatic impairment  
 
The pharmacokinetics of a single dose of 200 mg ABT-450 (using  
tablets), 100 mg ritonavir, 25 mg ABT-267, and 400 mg ABT-333 were evaluated in 
subjects with mild hepatic impairment (Child-Pugh Category A; score of 5-6), moderate 
hepatic impairment (Child-Pugh Category B, score of 7-9) and severe hepatic impairment 
(Child-Pugh Category C, score of 10-15).  
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Table 22 shows the summary of the mean pharmacokinetic parameters of ABT-450   
(based on total concentrations) in the various hepatic impairment groups after 
administration of the 3-DAA regimen. 
 

Table 22:  Summary of the Mean Pharmacokinetic Parameters of ABT-450   (based 
on total concentrations) in the Various Hepatic Impairment Groups after 
Administration of the 3-DAA Regimen 

 
                  Source:  Table 10 (Page 87) from Clinical Study Report of M12-215 
 
Table 23 shows the least squares mean ratio and 90 % CI of ABT-450 pharmacokinetic 
parameters in the various hepatic impairment groups. 

Table 23:  Least Squares Means Ratio and 90 % CI of ABT-450 Pharmacokinetic 
Parameters in the Various Hepatic Impairment Groups 

 
              Source:  Table 13 (Page 89) from Clinical Study Report of M12-215 

 
Table 24 shows the summary of the mean pharmacokinetic parameters of ABT-267 
(based on total concentrations) in the various hepatic impairment groups after 
administration of the 3-DAA regimen. 
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Table 24: Summary of the Mean Pharmacokinetic Parameters of ABT-267 (based 
on total concentrations) in the Various Hepatic Impairment Groups after 
Administration of the 3-DAA Regimen 

 
                   Source:  Table 20 (Page 107) from Clinical Study Report of M12-215 
 
Table 25 shows the least squares mean ratio and 90 % CI of ABT-267 pharmacokinetic 
parameters in the various hepatic impairment groups. 

Table 25:  Least Squares Means Ratio and 90 % CI of ABT-267 Pharmacokinetic 
Parameters in the Various Hepatic Impairment Groups 

 
               Source:  Table 20 (Page 109) from Clinical Study Report of M12-215 
 
Table 26 shows the summary of the mean pharmacokinetic parameters of ABT-333 
(based on total concentrations) in the various hepatic impairment groups after 
administration of the 3-DAA regimen. 
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Table 26: Summary of the Mean Pharmacokinetic Parameters of ABT-333 (based 
on total concentrations) in the Various Hepatic Impairment Groups after 
Administration of the 3-DAA Regimen 

 
                  Source:  Table 25 (Page 118) from Clinical Study Report of M12-215 
 
Table 27 shows the summary of the mean pharmacokinetic parameters of ABT-333 M1 
(based on total concentrations) in the various hepatic impairment groups after 
administration of the 3-DAA regimen. 

Table 27: Summary of the Mean Pharmacokinetic Parameters of ABT-333 M1 
(based on total concentrations) in the Various Hepatic Impairment Groups after 
Administration of the 3-DAA Regimen 

 
                  Source:  Table 26 (Page 118) from Clinical Study Report of M12-215 
 
Table 28 shows the least squares mean ratio and 90 % CI of ABT-333 and ABT-333 M1 
pharmacokinetic parameters in the various hepatic impairment groups. 
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Table 28:  Least Squares Means Ratio and 90 % CI of ABT-333 and ABT-333 M1 
Pharmacokinetic Parameters in the Various Hepatic Impairment Groups 

 

 
                  Source:  Table 20 (Page 122) from Clinical Study Report of M12-215 
 
Based on the magnitude of changes observed in the pharmacokinetics of ABT-450, 
ritonavir, ABT-267, ABT-333, and ABT-333 M1 in the mild hepatic impairment group 
and the available efficacy and safety data in subjects with compensated cirrhosis (M13-
099), the 3-DAA regimen can be co-administered to subjects with mild hepatic 
impairment.  Based on available pharmacokinetic data after single dose administration, 
VIEKIRA PAK™ can be administered to patients with moderate hepatic impairment 
(Child-Pugh Category B, score 7-9), however, the safety and efficacy of VIEKIRA 
PAK™ after multiple dose administration has not been established in patients with 
decompensated cirrhosis.  Hence, VIEKIRA PAK™ will not be recommended for use in 
patients with decompensated liver disease.  The use of VIEKIRA PAK™ is 
contraindicated in patients with severe hepatic impairment due to approximately 10-fold 
increase in the mean AUC of ABT-450 and increase in associated risk of ALT elevations.  
   
2.3.2.7 What pregnancy and lactation use information is there in the application?  
 
There were no trials evaluating the use of the 3-DAA regimen in pregnant or lactating 
women that were included in the NDA submission. 
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2.4 Extrinsic Factors 
 
2.4.1 What extrinsic factors influence dose-exposure and/or response, and what is 

the impact of any differences in exposure on response?  
 
The applicant evaluated two extrinsic factors- the effect of food on the pharmacokinetics 
on ABT-267/ABT-450/ritonavir co-formulated tablets and ABT-333 tablets (discussed in 
section 2.5.3) and the potential for drug-drug interactions when ABT-267/ABT-
450/ritonavir (administered as individual products or as ABT-267/ABT-450/ritonavir 
coformulated tablets) and ABT-333 were co-administered with other antiviral and non-
antiviral drugs (discussed in section 2.4.2).  
 
2.4.2 Drug-drug interactions  
 
2.4.2.1 Is there an in vitro basis to suspect in vivo drug-drug interactions?  
 
Yes, there is in vitro basis to suspect enzyme- and transporter mediated in vivo drug-drug 
interactions. CYP3A plays a major role in the metabolism of ABT-450 and ritonavir, 
whereas the contribution of CYP3A in the metabolism of ABT-267 and ABT-333 is 
minor. ABT-267 primarily undergoes amide hydrolysis.  CYP2C8 plays a major role in 
the metabolism of ABT-333 and a minor role in the metabolism of ABT-450 and ABT-
267. ABT-450, ABT-333, ABT-333 M1 and ABT-267 are substrates for the efflux 
transporters P-gp and BCRP.  Ritonavir is a substrate of P-gp but not BCRP. 
  
See sections 2.4.2.2 and 2.4.2.3 for additional information. 
 
2.4.2.2 Is the drug a substrate of CYP enzymes? Is metabolism influenced by 

genetics?  
 
Yes, ABT-450 and ritonavir are substrates of CYP3A enzymes and ABT-333 is a 
substrate of CYP2C8 enzymes. There was no impact of CYP2C8 polymorphism on the 
systemic exposures of ABT-333; the applicant did not evaluate the impact of CYP3A 
polymorphism on ABT-450 and ritonavir.  
 
2.4.2.3 Is the drug an inhibitor and/or an inducer of CYP enzymes?  
 
Inhibition of metabolic enzymes by ABT-267, ABT450, ritonavir, and ABT-333  
 
Table 29 shows the [I]/Ki estimates of ABT-267, ABT-450, ritonavir, ABT-333 and 
ABT-333 M1. “[I]” was based on the mean of the total Cmax observed across the Phase 1 
studies conducted using the Phase 3 formulation.    
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CYP2C9: In vitro data suggested that ritonavir and ABT-333 are inhibitors of CYP2C9; 
however, the results of the drug-drug interaction trial (M12-198) of the 3-DAA regimen 
with warfarin (a sensitive substrate of CYP2C9) showed minimal change in the systemic 
exposure of warfarin (≤ 12 %).  Hence, the 3-DAA regimen is not expected to alter the 
exposures of CYP2C9 substrates via inhibition of CYP2C9. 
 
CYP2C19:  In vitro data suggested that ABT-333 and ritonavir are weak inhibitors of 
CYP2C19. In contrast, the results of the drug-drug interaction trial (M12-199) with 
omeprazole suggested that the mean systemic exposure of omeprazole (a sensitive 
CYP2C19 substrate), decreased when co-administered with the 3-DAA regimen, 
primarily due to CYP2C19 induction by ritonavir. Hence, the 3-DAA regimen is not 
expected to increase the exposures of CYP2C19 substrates via inhibition of CYP2C19.  
 
CYP3A: Ritonavir is a potent CYP3A inhibitor, hence, the combination of ABT-
267/ABT-450/ritonavir and ABT-333 is expected to increase the systemic exposures of 
CYP3A substrates.  The results of drug-drug interaction trials of the 3-DAA regimen with 
tacrolimus (M13-491) and cyclosporine (CYP3A substrates with narrow therapeutic 
index; trial M13-103) showed a significant increase in the mean systemic exposure of 
tacrolimus and cyclosporine.     
 
 Induction of metabolic enzymes by ABT-267, ABT450, ritonavir, and ABT-333  
 
ABT-450 is not an inducer of CYP1A2 and 2B6 mRNA expression when tested up to 10 
μM in cultured human hepatocytes.  ABT-450 induces CYP3A4 mRNA expression in 
vitro (31% of the response of positive control rifampin in human hepatocytes from three 
donors); however, the co-administration with ritonavir is expected to result in a net 
inhibitory net effect on CYP3A.  In human hepatocytes, ritonavir (1 µM) induces 
CYP2B6, CYP2C8, and CYP3A4 mRNA expression; however, the net effect of ritonavir 
is expected to be CYP inhibition.   ABT-267 is not an inducer of CYP1A2, 2B6 or 3A4 
mRNA expression at concentrations up to 3 μM.  ABT-333 and ABT-333 M1 are not 
inducers of CYP1A2, CYP2B6 and CYP3A4 at concentrations up to 50 µM.    
 
2.4.2.4 Is the drug a substrate and/or an inhibitor of P-glycoprotein transport 

processes?  
 
ABT-450, ritonavir, ABT-333, and ABT-333 M1 are substrates of the P-glycoprotein 
transporters with net efflux ratios of 13.1, 26.1, 6.4, and 32.5, respectively. No in vitro 
efflux by P-gp was observed for ABT-267, however, in the more sensitive triple 
knockout mouse model, ABT-267 was shown to be a P-gp substrate.   
 
Based on in vitro assessments, ABT-450, ABT-333, and ritonavir are inhibitors of P-gp; 
however, the results of the drug-drug interaction trial of the 3-DAA regimen with digoxin 
(M12-201) did not show a significant change in the exposure of digoxin, a sensitive 
substrate of P-gp transporters. 
 

Reference ID: 3630826



 50 

2.4.2.5 Are there other metabolic/transporter pathways that may be important?  
 
Yes, in addition to the CYP and transporter pathways described in sections 2.4.2.2, 
2.4.2.3., and 2.4.2.4, there are other metabolic/transporter pathways that may be 
important. 
 
UGT1A1 Enzyme Inhibition: 
 
In vitro, ABT-450, ABT-267, ABT-333, ABT-333 M1 and ritonavir are inhibitors of 
UGT1A1 (ritonavir is also an inducer of UGT1A1). The results of the drug-drug 
interaction trial conducted with raltegravir (M13-392) showed that the mean AUC12hrs of 
raltegravir (a UGT1A1 substrate) increased by 135 % when raltegravir was co-
administered with the 3-DAA regimen.   
 
OATP Transporters 
 
Based on in vitro assessments, ABT-450 and ABT-333 M1 are substrates for the hepatic 
uptake transporters OATP1B1 and OATP1B3.  No OATP-mediated uptake was observed 
for ABT-333, ABT-267 or ritonavir.  Only ABT-450 is anticipated to inhibit OATP1B1 
and OATP1B3.   
 
BSEP and MRP2 Transporters 
 
ABT-450, ABT-333, and ABT-333 M1 are inhibitors of MRP2.  ABT-267 and ritonavir 
are weak inhibitors of MRP2. ABT-450 and ritonavir are inhibitors of BSEP. Weak 
inhibition of BSEP was observed for ABT-267, ABT-333, and ABT-333 M1.     
 
Renal Transporters 
 
Based on in vitro assessments, ABT-450, ABT-267, ABT-333, ABT-333 M1 and 
ritonavir are not anticipated to inhibit OAT1, OAT3, OCT2, MATE-1 and MATE-2K.  
Of note, the results of the drug-drug interaction trial with tenofovir (M13-783) did not 
show a significant change in the exposures of tenofovir (a sensitive OAT1 substrate). 
 
2.4.2.6 Does the label specify co-administration of another drug and, if so, has the 

interaction potential between these drugs been evaluated?  
 
Yes, the label will specify the co-administration of VIEKIRA PAK™ with ribavirin 
depending on the HCV genotype-subtype (genotype 1a or 1b) and cirrhosis status 
(presence or absence).  Please refer to section 2.1.2 for further information. 
 
Ribavirin does not share common disposition pathways with the DAAs and is not 
expected to contribute to DAA drug interactions.  Further, the lack of interaction between 
DAAs and ribavirin was confirmed in both, Phase 2 as well as Phase 3 population 
pharmacokinetic analyses.  
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2.4.2.7 What other co-medications are likely to be administered to the target patient 
population?  

 
Other medications likely to be co-administered in HCV infected patients include 
antiretroviral medications for treatment of HIV-1 infection, immunosuppresants, opioid 
substitution therapy, antidepressants, antihypertensives, and sleep aids.  Please refer to 
the prescribing information for the list of co-medications that are likely to be 
administered to the target patient population.    
 
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?  

 
The applicant evaluated mechanism based interactions, interactions with concomitant 
medications used in specific populations, and commonly prescribed concomitant 
medications. The drug-drug interaction trials were conducted in healthy volunteers using 
ABT-450, ritonavir, ABT-267, administered with or without ABT-333.  Although 
ribavirin is part of the proposed treatment regimen (depending on genotype-subtype and 
presence/absence of cirrhosis), it was not used in any healthy volunteer drug-drug 
interaction trials.  Ribavirin does not share common disposition pathways with the DAAs 
and is not expected to contribute to DAA drug interactions. Furthermore, given the 
toxicity of ribavirin, it is inappropriate to dose ribavirin in healthy volunteers for the 
duration of the drug-drug interaction trials.   
 
The majority of the drug-drug interaction assessments were conducted under steady state 
conditions except in cases where the objective of the trial were to assess the effect of the 
3-DAA regimen on sensitive substrates of enzymes (for example DDI trial with warfarin; 
M12-198) or transporters (for example DDI trial with digoxin; M12-201).  In such cases, 
the effect of steady state pharmacokinetics of the 3-DAA regimen on single dose 
pharmacokinetics of the sensitive substrate was assessed.  Similarly, the effect of steady 
state pharmacokinetics of potent CYP3A inhibitors (ketoconazole; M12-189) and 
inducers (carbamazepine; M14-027) on single dose administration of the 3-DAA regimen 
was assessed.      
 
Several formulations of ABT-450, ABT-267 and ABT-333 were used in drug-drug 
interaction trials. Of note, after a single dose administration to healthy volunteers under 
non-fasting conditions, the mean AUC0-∞ of ABT-450 when administered as ABT-
267/ABT-450/ritonavir coformulated tablets (to-be-marketed formulation) was ~60 % 
higher as compared with ABT-450 exposures when administered as  

 tablets (ABT-450  tablets were used in 11 DDI  trials).  The mean 
systemic exposures of ABT-450 and ritonavir (administered as ABT-450/ritonavir co-
formulated tablets+ABT-267 tablets) were similar to the mean systemic exposures of 
ABT-450 and ritonavir after administration of ABT-267/ABT-450/ritonavir coformulated 
tablets. Further, the mean systemic exposures of ABT-267 and ABT-333 were similar 
across the various formulations used in the drug-drug interaction trials.   
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The applicant used a mechanism based approach and a quantitative analysis approach to 
determine if the clinical recommendations based on data collected in DDI trials using the 
ABT-450  tablets can be applied to the ABT-267/ABT-450/ritonavir coformulated 
tablets.  Overall, the applicant’s proposed approach was found to be acceptable.            
 
Contraindicated Drugs 
 
Carbamazepine (CYP3A inducer) 
 
Figure 10 shows the least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-
267, ABT-333, ABT-333 M1, and carbamazepine. 
 
Figure 10:  Least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-267, 
ABT-333, ABT-333 M1, and carbamazepine 
 

 

 

 
Source:  Fig 8 from Clinical Pharmacology Summary (Section 2.7.2), Page 64 

 
Clinical Recommendation: The co-administration of VIEKIRA PAK™ and 
carbamazepine is contraindicated due to significant decrease in the exposures of ABT-
450, ABT-267, and ABT-333. 
 
Gemfibrozil (CYP2C8 inhibitor) 
 
Figure 11 shows the least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-
333, and ABT-333 M1 after co-administration of ABT-450, ritonavir, and ABT-333 with 
gemfibrozil.  
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Figure 11:  Least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-333, 
and ABT-333 M1 after co-administration of ABT-450, ritonavir, and                  
ABT-333 with gemfibrozil  

 

 
Source:  Fig 4 from Clinical Pharmacology Summary (Section 2.7.2), Page 55  

 
Clinical Recommendation:  The co-administration of VIEKIRA PAK™ with gemfibrozil 
is contraindicated due to significant increase in the exposures of ABT-333. 
 
Efavirenz Containing Regimens 
 
Co-administration of VIEKIRA PAK™ with efavirenz containing regimens is 
contraindicated due to poor tolerability and cases of ALT elevations observed in the 
drug-drug interaction trial conducted with Atripla® (M13-104).  The applicant conducted 
trial M13-783 in which the potential for drug-drug interaction between ABT-450, 
ritonavir, ABT-267, ABT-333 and emtricitabine/tenofovir (Truvada®) was evaluated.  
The results of the trial showed that that VIEKIRA PAK™ can be co-administered with 
Truvada® without any dose adjustments. Because Atripla® contains efavirenz (in addition 
to emtricitabine and tenofovir), the results of trial M13-104 suggest that the adverse 
events observed in the trial may be attributed to efavirenz in the regimen.  Hence, the 
clinical recommendation applies to all efavirenz containing regimens.    
 
Estrogen Containing Products 
 
The risk of post baseline ALT elevations was noted to be higher in subjects who received 
estrogen containing medications.  The applicant conducted a drug-drug interaction trial 
(M12-205) to characterize the potential for drug-drug interaction between the 3-DAA 
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regimen and oral contraceptives.  Table 31 below outlines the trial design. 

Table 31:  Outline of Trial M12-205 

 
Source: Page 110 of the Clinical Pharmacology Summary (Section 2.7.2) 

  
The summary of pharmacokinetic data does not indicate that the oral contraceptives had a 
clinically relevant impact on the pharmacokinetics of the individual components of the 3-
DAA regimen.    
 
In arms 1 and 2, ALT elevations (≥ Grade 1) were observed in 6 out of the 9 subjects.  
Out of the 6 subjects, Grade 3 ALT elevations were observed in 2 subjects.  The ALT 
levels subsequently normalized in these two subjects after discontinuation of both ABT-
267/ABT-450/ritonavir and norgestimate/ethinyl estradiol.  In the remaining 4 subjects 
who showed Grade 1 elevations, ALT levels normalized after completion of ABT-
267/ABT-450/ritonavir (± ABT-333) dosing.  
 
In Arm 3, there were no discontinuations and all 12 subjects completed the trial.  In Arm 
4, 9 out of the 12 showed ≥ Grade 1 ALT elevations (2 subjects showed Grade 3 ALT 
elevations and 1 subject showed Grade 4 ALT elevation).   
 
Summary of Grade 3+ ALT elevations observed in Phase 2 and 3 Trials  
 
Table 32 summarizes the post baseline Grade 3+ (> 5 X upper limit of normal) ALT 
elevations observed in the expanded Phase 2 and 3 clinical trials. 
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Table 32:  Post baseline Grade 3+ (> 5 X upper limit of normal) ALT elevations 
observed in the expanded Phase 2 and 3 clinical trials 
 

 
Note:  The expanded Phase 2/3 analysis set included all Phase 2/3 interferon free trials using at least 2-DAAs (ABT-450/r ±ABT-
333±ABT-267 and all Phase 3 trials).  The following trials were pooled for the analysis: M11-652 (all arms), M12-998, M12-746, 
M13-386, M11-646, M13-098, M13-389, M13-961, M14-002, M14-103, and M13-099  
Source: Applicant’s response to Labeling Comments submitted on August 29, 2014   

  
Overall, 112/3039 (~3.7 %) subjects were using estrogen containing products.  Out of the 
112 subjects, 23 subjects (~21 %) were using ethinyl estradiol containing products and 
89/112 subjects (~79 %) were using other estrogen containing products. Out of the 7 
subjects who were on estrogen containing products and showed Grade 3+ ALT 
elevations, 6 subjects were using combined contraceptives [3 subjects were using 
Levonorgestrel 0.25 mg/0.03 mg EE; 1 subject was using desogestrel 0.15 mg +0.03 mg 
EE; 1 subject was using Nuvaring® (etonogestrel/ethinyl estradiol) and 1 subject was 
using estrogen NOS with testosterone] and 1 subject was using estradiol for post-
menopausal use.   Overall, the risk of post baseline serum ALT elevation appears to be 
higher in subjects taking estrogen containing products and the following recommendation 
is proposed: 
 
Clinical Recommendation:  Co-administration of VIEKIRA PAK™ with estrogen 
containing products is contraindicated.  Progestin only contraceptives may be used with 
VIEKIRA PAK™.   
 
The final recommendation regarding the use of estrogen containing products with 
VIEKIRA PAK™ was under discussion with the applicant at the time of finalizing this 
review.  
 
Co-Administration Not Recommended 
 
Darunavir 
 
Figure 12 shows the least squares mean ratio and 90 % CI of darunavir administered 
once daily in the morning (without ritonavir), darunavir administered once daily in the 
evening (with ritonavir) and darunavir administered twice daily (evening dose of 
darunavir administered with ritonavir) with ABT-267/ABT-450/ritonavir and ABT-333 
as compared with when given alone. 
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Figure 12:  Least squares mean ratio and 90 % CI of darunavir after the various 
aforementioned regimens  

 

 
 

Source:  Part of Fig 32 from Clinical Pharmacology Summary (Section 2.7.2), Page 194  
 
Clinical Recommendation:  Co-administration of VIEKIRA PAK™ with darunavir is not 
recommended due to the decrease in Ctrough of darunavir after administration of various 
aforementioned darunavir regimens.  Of note, decreases in darunavir Ctrough of similar 
magnitude were previously observed when darunavir 600/100 mg twice daily was co-
administered with telaprevir and boceprevir.  The approved prescribing information of 
telaprevir and boceprevir does not recommend co-administration of darunavir/ritonavir 
with telaprevir and boceprevir, respectively.    
 
 Rilpivirine 
 
Figure 13 shows the least squares mean ratio and 90 % CI of rilpivirine given in the 
morning under fed conditions, given in the evening under fed conditions and given under 
“semi fasting” conditions [3 hours after evening snack] with ABT-450/ritonavir, ABT-
267 and ABT-333. 
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Figure 13:  least squares mean ratio and 90 % CI of rilpivirine after the various 
aforementioned regimens 

 

 
 

 
Source:  Part of Fig 32 from Clinical Pharmacology Summary (Section 2.7.2), Page 194  

 
Clinical Recommendation:  Co-administration of VIEKIRA PAK™ with rilpivirine is not 
recommended based on concerns of QT prolongation which can be associated with 
increase in rilpivirine Cmax observed after administration of various rilpivirine regimens.   
 
Atazanavir 
 
Figure 14 shows the least squares mean ratio and 90 % CI of ABT-450 (solid symbol) 
and ritonavir (open symbol) after co-administration of ABT-450/ritonavir, ABT-267, 
ABT-333 with atazanavir given in the morning (300 mg once daily) and evening (300 mg 
with 100 mg ritonavir).  
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Figure 14:  Least squares mean ratio and 90 % CI of ABT-450 (solid symbol) and  
ritonavir (open symbol) after co-administration of ABT-450/ritonavir, ABT-267, 
ABT-333 with atazanavir given in the morning (300 mg once daily) and evening (300 
mg with 100 mg ritonavir)  

 

 

 

 

 
Source:  Part of Fig 33 from Clinical Pharmacology Summary (Section 2.7.2), Page 196  

 
Clinical Recommendation: Co-administration of VIEKIRA PAK™ with atazanavir 
(evening administration) is not recommended due to significant increase in the systemic 
exposure of ABT-450.  Of note, VIEKIRA PAK™ can be co-administered with atazanavir 
300 mg once daily (morning administration) without any dose adjustments.  
 
Lopinavir/ritonavir (Kaletra®) 
 
Figure 15 shows the least squares mean ratio and 90 % CI of ABT-450 (solid symbol) 
and ritonavir (open symbol) after co-administration of ABT-450/ritonavir, ABT-267, and  
ABT-333 with lopinavir/ritonavir 800 mg/100 mg once daily (administered in the 
evening) and 400/100 mg twice daily.   
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Figure 15: Least squares mean ratio and 90 % CI of ABT-450 (solid symbol) and 
ritonavir (open symbol) after co-administration of ABT-450/ritonavir, ABT-267, 
and ABT-333 with lopinavir/ritonavir 800 mg/100 mg once daily (administered in 
the evening) and 400/100 mg twice daily 

 

 

 

 

 
Source:  Part of Fig 33 from Clinical Pharmacology Summary (Section 2.7.2), Page 196  

 
Clinical Recommendation: Co-administration of VIEKIRA PAK™ with 
lopinavir/ritonavir is not recommended due to significant increase in the systemic 
exposure of ABT-450 and due to the higher total daily dose of ritonavir (300 mg as 
compared with 100 mg when the 3-DAA regimen is given without lopinavir/ritonavir).    
 
Dose Adjustment/Monitoring Recommended 
 
Ketoconazole (CYP3A and P-glycoprotein inhibitor) 
 
Figure 16 shows the least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-
267, ABT-333, ABT-333 M1, and ketoconazole after co-administration of ABT-
267/ABT-450/ritonavir and ABT-333 with ketoconazole 400 mg once daily. 
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Figure 16:  Least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-267, 
ABT-333, ABT-333 M1, and ketoconazole after co-administration of ABT-267/ABT-
450/ritonavir and ABT-333 with ketoconazole 400 mg once daily. 
 

  
Source:  Part of Fig 9 from Clinical Pharmacology Summary (Section 2.7.2), Page 61  

 
Clinical Recommendation: Due to increase in the mean AUC of ketoconazole, when 
VIEKIRA PAK™ is co-administered with ketoconazole, the maximum dose of 
ketoconazole should be limited to 200 mg per day.  Of note, the increase in mean 
ketoconazole AUC (~2.1 fold) is similar to the mean increase in ketoconazole AUC 
observed when ketoconazole is co-administered with protease inhibitors such as 
saquinavir/ritonavir (1000/100 mg) twice daily (~2.68 fold increase in mean AUC of 
ketoconazole) and fosamprenavir/ritonavir (700/100 mg) twice daily (~2.69 fold increase 
in mean AUC of ketoconazole).  The approved prescribing information of saquinavir and 
fosamprenavir does not recommend doses of ketoconazole greater than 200 mg per day.  
 
Digoxin (P-glycoprotein substrate) 
 
Figure 17 shows the least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-
267, ABT-333, ABT-333 M1, and digoxin after co-administration of ABT-267, ABT-
450, ritonavir, ABT-333 and digoxin.   
 
 
 
 
 
 
 
 

Reference ID: 3630826



 61 

 
Figure 17:  Least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-267, 
ABT-333, ABT-333 M1, and digoxin after co-administration of ABT-267, ABT-450, 
ritonavir, ABT-333 and digoxin   

 

 
Source:  Part of Fig 7 from Clinical Pharmacology Summary (Section 2.7.2), Page 66  

 
Clinical Recommendation:  When VIEKIRA PAK™ is co-administered with digoxin, no 
dose adjustment of digoxin is necessary; appropriate monitoring of serum digoxin levels 
is recommended.   
 
Warfarin (CYP2C9 substrate[S-Warfarin] and CYP3A4 substrate [R-Warfarin]) 
 
Figure 18 shows the least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-
267, ABT-333, ABT-333 M1, S-warfarin, and R-warfarin after co-administration of 
ABT-267, ABT-450, ritonavir, and ABT-333 with warfarin. 
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Figure 18 :  Least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-267,     
ABT-333, ABT-333 M1, S-warfarin, and R-warfarin after co-administration of 
ABT-267, ABT-450, ritonavir, and ABT-333 with warfarin 

 

  
Source:  Part of Fig 5 from Clinical Pharmacology Summary (Section 2.7.2), Page 57  

 
Clinical Recommendation:  When VIEKIRA PAK™ is co-administered with warfarin, no 
dose adjustment of warfarin is necessary; appropriate monitoring of international 
normalized ratio (INR) is recommended.   
 
Amlodipine (CYP3A Substrate) 
 
Figure 19 shows the least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-
267, ABT-333, ABT-333 M1, and amlodipine after co-administration of ABT-267/ABT-
450/ritonavir and ABT-333 with amlodipine. 
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Figure 19:  Least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-267, 
ABT-333, ABT-333 M1, and amlodipine after co-administration of ABT-267/ABT-
450/ritonavir and ABT-333 with amlodipine 

 

 
Source:  Part of Fig 26 from Clinical Pharmacology Summary (Section 2.7.2), Page 119 

 
Clinical Recommendation:  Exposure to amlodipine was increased when amlodipine was 
co-administered with VIEKIRA PAK™.  Caution should be used and dose reduction for 
amlodipine should be considered.  Clinical monitoring is recommended”. 
 
Furosemide (UGT Substrate and Excreted through the Renal Route) 
   
Figure 20 shows the least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-
267, ABT-333, ABT-333 M1, and furosemide after co-administration of ABT-267/ABT-
450/ritonavir and ABT-333 with furosemide. 
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Figure 20:  Least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-267, 
ABT-333, ABT-333 M1, and furosemide after co-administration of ABT-267/ABT-
450/ritonavir and ABT-333 with furosemide 

 

  
Source:  Part of Fig 26 from Clinical Pharmacology Summary (Section 2.7.2), Page 119 

 
Clinical Recommendation:  When VIEKIRA PAK™ is co-administered with furosemide, 
clinical monitoring of patients is recommended and therapy should be individualized 
based on patient’s response. 
 
Alprazolam (CYP3A substrate)  
 
Figure 21 shows the least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-
267, ABT-333, ABT-333 M1, and alprazolam after co-administration of ABT-267/ABT-
450/ritonavir and ABT-333 with alprazolam. 
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Figure 21:  Least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-267, 
ABT-333, ABT-333 M1, and alprazolam after co-administration of ABT-267/ABT-
450/ritonavir and ABT-333 with alprazolam 

 

 
Source:  Part of Fig 25 from Clinical Pharmacology Summary (Section 2.7.2), Page 117 

 
Clinical Recommendation:  When VIEKIRA PAK™ is co-administered with alprazolam, 
clinical monitoring of patients is recommended.  A decrease in alprazolam dose can be 
considered based on clinical response.  
 
Pravastatin (OATP1B1 and OATP1B3 substrate) and Rosuvastatin (OATP1B1, 
OATP1B3, and BCRP substrate) 
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Figure 22 shows the least squares mean ratio and 90 % CI of pravastatin after co-
administration of ABT-450, ritonavir, ABT-267, and ABT-333 with pravastatin.  
 

Figure 22: Least squares mean ratio and 90 % CI of pravastatin after co-
administration of ABT-450, ritonavir, ABT-267, and ABT-333 with pravastatin  

 

  
Source:  Part of Fig 10 from Clinical Pharmacology Summary (Section 2.7.2), Page 69 

 
Clinical Recommendation:  When VIEKIRA PAK™ is co-administered with pravastatin, 
the dose of pravastatin should not exceed 40 mg per day.   
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Figure 23 shows the least squares mean ratio and 90 % CI of rosuvastatin after co-
administration of ABT-450, ritonavir, ABT-267, and ABT-333 with rosuvastatin.  
 

Figure 23:  Least squares mean ratio and 90 % CI of rosuvastatin after co-
administration of ABT-450, ritonavir, ABT-267, and ABT-333 with rosuvastatin  

 

  
 
Source:  Part of Fig 10 from Clinical Pharmacology Summary (Section 2.7.2), Page 69 

 
Clinical Recommendation:  When VIEKIRA PAK™ is co-administered with rosuvastatin, 
the dose of rosuvastatin should not exceed 10 mg per day.  
 
Buprenorphine/Naloxone (Buprenorphine is metabolized by various CYP enzymes such 
as CYP3A4, CYP2C8, CYP2C9, CYP2C19) and UGT enzymes (UGT1A1, UGT1A3, 
UGT2B7, and UGT2B17) 
 
Figure 24 shows the least squares mean ratio and 90 % CI of buprenorphine, 
norbuprenorphine, and naloxone after co-administration of ABT-267/ABT-450/ritonavir 
and ABT-333 with buprenorphine/naloxone.  
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Figure 24:  Least squares mean ratio and 90 % CI of buprenorphine, 
norbuprenorphine, and naloxone after co-administration of ABT-267/ABT-
450/ritonavir and ABT-333 with buprenorphine/naloxone 

 

 
 

Source: Part of Fig 22 from Clinical Pharmacology Summary (Section 2.7.2), Page 107 
   
 
Clinical Recommendation: When VIEKIRA PAK™ is co-administered with 
buprenorphine/naloxone, clinical monitoring for sedation and cognitive effects is 
recommended and a dose reduction of buprenorphine may be considered.   
 
Cyclosporine and Tacrolimus (CYP3A and P-gp substrates) 
 
Cyclosporine 
 
Table 33 shows the point estimate and 90 % CI of the pharmacokinetic parameters of 
cyclosporine after co-administration of ABT-450, ritonavir, ABT-267, and ABT-333 with 
cyclosporine.  
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Table 33:  Point estimate and 90 % CI of the pharmacokinetic parameters of  
cyclosporine after co-administration of ABT-450, ritonavir, ABT-267, and ABT-333 
with cyclosporine  
 

 
 
Dose normalized AUC and C24 of cyclosporine increased by ~6-fold and ~16-fold after 
co-administration of the 3-DAA regimen (Arm 3) as compared to administration of 
cyclosporine alone. Of note, the magnitude of increase in AUC (generally considered to 
be associated with efficacy) was lower than the magnitude of increase in C24 (monitored 
in the clinical setting to adjust the dose of cyclosporine).   
 
Clinical Recommendation:  Under discussion at the time of completion of this review. 
 
Tacrolimus    
 
Table 34 shows the point estimate and 90 % CI of the pharmacokinetic parameters of 
tacrolimus after co-administration of ABT-450, ritonavir, ABT-267, and ABT-333 with 
tacrolimus.  
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Table 34: Point estimate and 90 % CI of the pharmacokinetic parameters of 
tacrolimus after co-administration of ABT-450, ritonavir, ABT-267, and ABT-333 
with tacrolimus 
 

 
Dose normalized AUC and C24 of tacrolimus increased by ~57-fold and ~17-fold after 
co-administration of the 3-DAA regimen (Arm 3) as compared to administration of 
tacrolimus alone. Of note, the magnitude of increase in AUC (generally considered to be 
associated with efficacy) was higher than the magnitude of increase in C24 (monitored in 
the clinical setting to adjust the dose of tacrolimus).   
 
Clinical Recommendation:  Under discussion at the time of completion of this review. 
 
Omeprazole (CYP2C19 Substrate/Inhibitor and Gastric Acid Reducing Agent) 
 
Figure 25 shows the least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-
267, ABT-333, ABT-333 M1, and Omeprazole after co-administration of ABT-
267/ABT-450/ritonavir and Omeprazole  
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 Figure 25: Least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-267, 
ABT-333, ABT-333 M1 and Omeprazole after co-administration of ABT-267/ABT-
450/ritonavir and Omeprazole  

 

    

 
 
Clinical Recommendation:  Under discussion at the time of completion of this review. 
 
 
No Dose Adjustment Recommended 
 
No dose adjustments are recommended when VIEKIRA PAK™ is co-administered with 
the following: Methadone, Progestin only contraceptives, Atazanavir (morning 
administration), Raltegravir, Emtricitabine/Tenofovir, Escitalopram, Duloxetine, and 
Zolpidam.  
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2.4.2.9 Is there a known mechanistic basis for pharmacodynamic drug-drug 
interactions, if any?  

 
 
There is no known mechanistic basis for pharmacodynamic drug-drug interactions with 
VIEKIRA PAK™. 
 
2.4.2.10 Are there any unresolved questions related to metabolism, active metabolites, 

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

and represent significant omissions?  
 
The proposed total daily doses of ABT-267 (25 mg), ABT-450 (150 mg), ritonavir (100 
mg) and ABT-333 (500 mg) are appropriate.  The need for ribavirin in genotype 1a 
patients without cirrhosis and the duration of therapy in all genotype 1a patients with 
cirrhosis was under discussion at the time of finalizing this review.    
 
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?  

 
Please refer to biopharmaceutics review. 
 
2.5.2 What is the relative bioavailability of the proposed to-be-marketed 

formulation to the pivotal clinical trial?  
 
The ABT-267/ABT-450/ritonavir coformulated tablet formulation used in all pivotal 
Phase 3 trials is identical in composition to the to-be-marketed ABT-267/ABT-
450/ritonavir coformulated tablet; therefore, no relative bioavailability study was 
conducted. ABT-333 250 mg formulation used in all pivotal Phase 3 trials 
(manufactured at North Chicago, IL) is identical in composition to the to-be-marketed 
ABT-333 tablets (manufactured at Sligo, Ireland); however the applicant conducted a 
bioequivalence trial (M14-196) to compare the systemic exposures of ABT-333 
manufactured at the two sites.  Please refer to the biopharmaceutics review for further 
details.     
 
2.5.2.1 What data support or do not support a waiver of in vivo BE data?  
 
Not applicable to this NDA.  
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2.5.4 When would a fed BE study be appropriate and was one conducted?  
 
Not applicable to this NDA.  
 
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?  
 
The active moieties were identified in the plasma using validated LC/MS/MS methods. 
 
2.6.2 Which metabolites have been selected for analysis and why?  
 
The applicant only selected to analyze ABT-333 M1, an active metabolite of ABT-333.  
The Cmax and AUC ratio of ABT-333 M1 metabolite: ABT-333 was 0.64 and 0.57, 
respectively, across healthy volunteer trials which evaluated the to-be-marketed regimen.  
The applicant selected to analyze ABT-333 M1 because it showed comparable anti HCV 
activity in cell culture based on a study conducted using HCV genotype 1a and 1b 
replicon systems. ABT-333 M1 was also assessed in drug-drug interaction trials and 
Phase 3 trials; however, ABT-333 M1 was not included in the population 
pharmacokinetic analysis.  Please see the response to question 2.2.3 for additional 
information. 
 
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?  
 
The analytical methods measured the total concentrations, as was appropriate.  The 
protein binding of ABT-450 (> 97 %), ABT-267 (>99 %), and ABT-333 (>99%) suggest 
that ABT-450, ABT-267, and ABT-333 are almost entirely bound to plasma proteins.   
 
2.6.4 What bioanalytical methods are used to assess concentrations?  
 
Please refer to individual trial reviews for detailed information related to calibration 
standards, quality control samples, precision and accuracy.  Overall, the bioanalytical 
methods were found to be acceptable.  
 
3 Labeling Recommendations 
 
Labeling recommendations were under discussion at the time of finalizing this review.   
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4 Appendices 

4.1 Individual Trial Reviews 

4.2 Pharmacometric Review (Page 407) 
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PK Assessment of ABT-450, with or without ritonavir 
Reviewer:  Vikram Arya, Ph.D., FCP 
 
M10-749   
 
Title 
 
A Double-Blind, Randomized, Placebo-Controlled, Nonfasting Study in 
Healthy Adults to Evaluate the Safety, Tolerability, and 
Pharmacokinetic Profiles of Single Doses of ABT-450 With and 
Without Ritonavir 
 
Trial  Period 
 
January 21, 2009 through July 20, 2009    
Final report date: July 20, 2010    
 
Trial  Objectives 
 
The primary objectives of this study were: 
 

• Assess the safety, tolerability, and pharmacokinetics of single, oral doses of 
ABT-450 under nonfasting conditions in healthy adult subjects in Substudy 1. 

• Assess the safety, tolerability, and pharmacokinetics of escalating, single, oral 
doses of ABT-450 with ritonavir (ABT-450/r) under nonfasting conditions in 
healthy adult subjects in Substudy 2. 

 
Trial Design 
 
This was a Phase 1 study consisting of 2 substudies: 
 
Substudy 1: 
 
Single dose, double-blind, placebo-controlled, nonfasting study conducted according to a 
randomized, sequential design in 24 subjects. Subjects (8 subjects per group; 3 sequential 
groups) were randomized in a 3:1 ratio (active:placebo) to receive a single dose of ABT-
450 or placebo. After assessment of ABT-450 safety, tolerability and pharmacokinetics in 
the first group, successive groups were enrolled to further characterize the 
pharmacokinetics of ABT-450.  
 
Table 1 shows the ABT-450 doses used in substudy 1. 
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Substudy 2: 
 
Substudy 2 was to commence after completion of substudy 1.  Substudy 2 was a double-
blind, placebo-controlled, nonfasting single ascending dose (SAD) in the presence of 
ritonavir, study was conducted according to a randomized, sequential design. The study 
was conducted in 8 sequential groups, in which escalating doses of ABT-450/r were 
assessed. Of note, Group 8 was not dosed as planned in the protocol.  
 
Table 2 shows the doses of ABT-450 and ritonavir used in substudy 2. 
 

 
 
Dose escalation was to proceed after an evaluation of the safety and pharmacokinetic data 
obtained from the preceding group.  Groups 3a, 3b and 4 were to be dosed in parallel 
with each other since the ABT-450 dose in each of these groups was lower than the dose 
in Group 2.  The dose of ritonavir was ≤ 200 mg in substudy 2. The maximum dose of 
ABT-450/r to be administered in Substudy 2 was not to exceed 1000 mg/200 mg. The 
dose of ritonavir was ≤ 200 mg.   
 
Drug Administration 
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7.4 % % 
ABT-450 
(urine) 

0.01-3.01 0.01 0.025,0.312,2.60 2.7 % to 
3.7 % 

-1 % to 4 % 

Ritonavir 0.005-2.41 0.005 0.01,0.274,1.96 1.8 % to 
2.8 % 

2.6 % to 3.6 %     
 

 
 
 
 
Subject Disposition and Demographics  
 
Table 4 shows the disposition of subjects in sub-study 1. 
 

 
 
Table 5 shows the disposition of subjects in sub-study 2. 
 

 
 
Table 6 shows the demographic summaries of all randomized subjects. 
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Pharmacokinetics 
 
Sub-study 1  
 
Fig 1 shows the mean and standard deviation plasma concentration time profiles of ABT-
450. 
 

 
 
Table 7 shows the mean ± SD pharmacokinetic parameters of the various ABT-450 doses 
in the trial    
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After single dose administration of ABT-450 alone, the plasma concentrations reached 
peak levels within 2 hours.  The mean terminal half-lives were approximately 3 hours.  
The mean fraction of the ABT-450 doses recovered in the urine were < 0.1 % for the 72 
hour collection interval.   
 
Fig 2 shows the mean + standard deviation dose normalized ABT-450 Cmax and AUCinf 
versus dose following single dose administration.   
 

 
Dose-normalized ABT-450 Cmax and AUC∞ values increased over the 300 to 900 mg dose 
range. The dose-normalized Cmax and AUC values for ABT-450 were statistically 
significantly (p ≤ 0.021) different across the doses of 300 mg to 900 mg.  
 
Sub-study 2  
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Fig 3 shows the mean (SD) plasma concentration time profiles of ABT-450 after 
administration of various doses of ABT-450/ritonavir (linear and log linear scale). 
 

  
Table 8 shows the mean ± SD pharmacokinetic parameters of ABT-450 after 
administration of single dose ABT-450 with ritonavir.    
 

 
 
Consistent with the nonlinearity observed in the Cmax and AUC of ABT-450 alone, the 
pharmacokinetics of ABT-450 with ritonavir increased in a similar non-proportional 
manner. A 16-fold increase in ABT-450 dose (from 25 to 400 mg; both doses 
administered with 100 mg ritonavir) increased the mean dose normalized Cmax and AUC 
values of ABT-450 by > 50-fold (from 4.17 ng*hr/mL/mg to 203 ng*hr/mL/mg). 
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Effect of Ritonavir on ABT-450 Pharmacokinetics 
 
Fig 4 shows the mean (SD) plasma concentration-time profiles of ABT-450 300 mg 
given alone and with ritonavir 100 mg  
 

 
The mean Cmax and AUC of ABT-450 at the 300/100 mg ABT-450/ritonavir dose  
increased by 28- and 48-fold, respectively as compared to administration of 300 mg 
ABT-450 alone.  The mean t1/2 of ABT-450 increased from 3 to 5 hours when co-
administered with ritonavir. with C12 value of ABT-450 300 mg dose when dosed with 
ritonavir 100 mg was approximately 6-fold higher than the mean Cmax of ABT-450 300 
mg without ritonavir.    
 
Effect of Different Doses of Ritonavir on the Pharmacokinetics of Same Dose of ABT-450  
 
Fig 5 shows the mean (SD) plasma concentration-time profiles of ABT-450 100 mg 
given with various doses of ritonavir (50 mg, 100 mg, and 200 mg).    
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Increasing the dose of ritonavir from 50 mg to 100 mg increased mean ABT-450 Cmax 
and AUC of ABT-450 by 2-3 fold.  Increasing the ritonavir dose from 100 to 200 mg 
increased the mean Cmax and AUC by 1.6 to 2-fold.  At the 400 mg dose of ABT-450 
(profile not shown in the figure above), changing the ritonavir dose from 50 to 100 mg 
led to a 1.5- to 2-fold increase in ABT-450 Cmax and AUC. 
 
Mean t1/2 of ABT-450 did not appear to change with ritonavir dose. The mean t1/2 of 
ABT-450 100 mg when dosed with ritonavir 50 to 200 mg ranged from 5.5 to 6.4 hours 
and the mean t1/2 of ABT-450 400 mg when dosed with ritonavir 50 and 100 mg were 
4.0 and 4.9 hours, respectively. 
 
Effect of Same Dose of Ritonavir on the Pharmacokinetics of Different Doses of ABT-450  
 
The pharmacokinetics of increasing ABT-450 dose when dosed with the same doses of 
ritonavir was evaluated by dosing ABT-450 25 to 400 mg with ritonavir 100 mg.    
Fig 6 shows the mean (SD) plasma concentration-time profiles and pharmacokinetic 
parameters of 25 to 400 mg ABT-450 dosed with ritonavir 100 mg. 
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Fig 9 shows the mean ± SD dose-normalized  ABT-450 Cmax and AUC∞ plotted vs ABT-
450 coadministered with ritonavir 50 mg and 100 mg 
 

 
 
At a 100 mg ritonavir dose, increasing ABT-450 dose from 25 to 400 mg increased the 
mean dose-normalized ABT-450 Cmax and AUC by approximately 60- and 50-fold, 
respectively.  The dose-normalized Cmax and AUC values for ABT-450 were statistically 
significantly (p ≤ 0.001) different across the doses of 25 mg to 400 mg. Tmax values were 
not statistically significantly different (p = 0.647) across these doses. 
 
Pharmacokinetics of Ritonavir when Dosed with ABT-450 
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Fig 10 shows the mean (SD) plasma concentration-time profiles and pharmacokinetic 
parameters of ritonavir after co-administration of various doses of ABT-450 and 
ritonavir.  
 

 
 
Table 8 shows the mean ± SD pharmacokinetic parameters of ritonavir after 
administration of single dose ABT-450 with ritonavir.    
 

 
 
Ritonavir exposure increased more than proportionally with dose. This was expected as 
ritonavir in the dose range of 50 to 200 mg has been shown to have nonlinear increases in 
exposure. 
Fig 11 shows the mean ± SD dose-normalized ritonavir Cmax and AUC∞ plotted versus 
ritonavir dose  
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Keeping the dose of ABT-450 constant and increasing ritonavir dose increased the 
exposure of ABT-450. Despite the nonlinear increase in ritonavir exposure from 50 to 
200 mg, increasing ritonavir dose 4-fold from 50 to 200 mg increased the mean Cmax and 
AUC of ABT-450 100 mg by approximately 5-fold which is proportional to the increase 
in ritonavir dose. Similarly, at an ABT-450 400 mg dose, increasing the ritonavir dose 
from 50 to 100 mg increased the Cmax and AUC of ABT-450 by 1.5 to 2-fold which is 
proportional to the increase in ritonavir dose. 
 
Correlation Between Cmax and AUC of 100 mg Ritonavir with ABT-450 Dose 
 
Fig 12 shows the correlation between Cmax and AUC of 100 mg ritonavir with ABT-450 
dose. 
 

 
 
 
Urinary Excretion of ABT-450 
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For Substudy 1, the mean fractions of ABT-450 doses recovered unchanged in urine 
ranged from 0.009% to 0.096% over the 72 hour collection period. When ABT-450 was 
dosed with ritonavir, the mean fractions of ABT-450 doses recovered unchanged in urine 
ranged from 0% at the 25/100 mg dose level to 1.17% at the 400/100 mg dose level. 
 
Safety  
 
No subjects discontinued the study due to an adverse event, and no serious adverse events 
or deaths were reported. Transient increases in indirect bilirubin were observed at the 
highest doses of ABT-450/r. These asymptomatic elevations in indirect bilirubin returned 
to normal levels within approximately 2 days. 
 
Conclusion  
 

• ABT-450 exhibited supraproportional increase in exposure with dose at ABT-450 
doses of 300 to 900 mg without ritonavir and doses of 25 to 400 mg with 
ritonavir. 

• Ritonavir co-administration significantly increased the Cmax and AUC of ABT-
450.  

• The mean percentages of the ABT-450 dose recovered in urine were less than 
0.1% when ABT-450 was administered alone and less than 1.7% when ABT-450 
was dosed with ritonavir, indicating that renal elimination is a minor elimination 
pathway. 
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Trial to Determine Absolute Bioavailability of ABT-333 
Reviewer:  Vikram Arya, Ph.D., FCP 
 
M11-030   
 
Title 
 
Evaluation of the intravenous pharmacokinetics of a microdose of  
ABT-333 and the absolute bioavailability of ABT-333 tablet in Healthy 
Subjects 
 
Trial  Period 
 
September 8, 2009 through October 14, 2009  
Final report date: September 27, 2010  
 
Trial  Objectives 
 
The objective of this study was to determine the absolute bioavailability of ABT-333 400 
mg tablet formulation in healthy adults.  
 
Trial  Design 
 
Phase 1, dual-dose, open-label study conducted in adult male subjects (N =8).  The  
study drug was to be administered on Study Day 1 as one ABT-333 400 mg tablet, 
followed by a single dose of 100 µg 14C-ABT-333 containing not more than 10 kBq (270 
nCi) from an intravenous solution formulation over 15 minutes.  The intravenous 
formulation was administered 2 hours 45 minutes after administration of the tablet. 
 
Rationale for Dose Selection 
 
The dose of ABT-333 used in the trial (400 mg) was the ABT-333 dose planned for the 
Phase 2b trials.  The data from trial M13-331 established similarity of exposures between 
the ABT-333 400 mg dose and the to-be-marketed ABT-333 250 mg dose (administered 
as the 250 mg  tablet formulation).  Hence, the results from this trial are 
applicable to the clinically recommended dose and formulation.    
 
Of note, the actual dose of 14C-ABT-333 administered to each subject was slightly 
different than the nominal dose mentioned in the protocol and was calculated post-
injection based on the dose volume, dose amount, and the radioactive dose. The actual 
single dose of 14C-ABT-333 was 84 µg for Subjects 1605, 1611, and 1620 and 85 µg for 
Subjects 1609, 1610, 1615, 1617, and 1618. Though the planned dose in the study was 
100 µg, the actual dose administered was lower than 100 µg because of specific activity 
of the starting material and the Administration of Radioactive Substances Advisory 
Committee (ARSAC) limits on the maximum amount of radioactivity that can be 
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Table 3 shows the mean ± SD pharmacokinetic parameters of ABT-333 and 14C-ABT-
333.   
 

 
M1 Metabolite   
 
Fig 2 shows the mean (+SD) M1 and 14C-M1 metabolite plasma concentration time 
profile (log-linear scale). 
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Table 4 shows the mean ± SD pharmacokinetic parameters of M1 metabolite and 14C-M1 
metabolite.   
 

 
Assessment of Absolute Bioavailability  
 
Table 5 shows the assessment of absolute bioavailability, calculated using the ratio of 
observed dose normalized (non-logarithmically transformed) AUC∞ for oral and 
intravenous formulations.  
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Table 6 shows the results of the paired t-test for ABT-333 beta (terminal phase 
elimination rate constant), logarithm transformed AUCt/Dose, AUC∞/Dose, and 
estimated absolute bioavailability (95 % confidence interval).   
 

 
 
Safety  
 
No deaths, other serious adverse events, treatment emergent adverse events, or 
discontinuations due to adverse events occurred during the study.  
 
Results  
 

• The mean absolute bioavailability of ABT-333 is approximately 46 %.  
• The mean terminal half-life (5-6 hours) for ABT-333 was comparable after oral 

administration and intravenous administration, suggesting that terminal phase 
observed after oral administration represents the elimination phase.  

• The mean systemic clearance of ABT-333 following IV dosing (~30 L/hr) was 
lower than the hepatic blood flow (~90 L/hr in a 70 kg individual) indicating that 
ABT-333 is not a high extraction ratio drug.  
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• The mean volume of distribution of ABT-333 following IV dosing (401 L) is 
greater than total body water (~0.5 L/kg or 35 L in a 70 kg individual), thus, 
suggesting tissue binding.   

• The mean AUC ratio for the metabolite to parent (M1:ABT-333) was higher 
following oral administration (0.37) compared to IV administration (0.13). This 
suggests that more metabolite is formed after oral administration compared to IV 
administration and indicates the involvement of first pass metabolism in the 
disposition of ABT-333.   

 
Conclusion  
 
The mean absolute bioavailability of ABT-333 is approximately 46 %. ABT-333 does not 
appear to be a high extraction drug.  First pass metabolism is involved in the formation of 
M1, the major metabolite of ABT-333.     
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Mass Balance Trial of ABT-450 
Reviewer:  Vikram Arya, Ph.D., FCP 
 
M10-798   
 
Title 
 
Absorption, Distribution, Metabolism and Excretion (ADME) Study of  
[1 4C] ABT-450/r in Healthy Male Subjects Following a Single Oral 
Dose Administration  
 
Trial  Period 
 
July 19, 2012 through August 16, 2012   
Final report date: June 28, 2013  
 
Trial  Objectives 
 
The objective of this study was to evaluate the absorption, distribution, 
metabolism and excretion of [1 4C] ABT-450/r in healthy male subjects 
following a single oral dose.  
 
Trial Design 
 
Phase 1, single-dose, open-label, single center, ADME, mass balance study. Four adult 
male subjects (N = 4) were selected to participate in the study.  On the morning of study 
Day 1, subjects received a single oral dose of [14C] ABT-450 and ritonavir under non-
fasting conditions. The study drug, ABT-450 (200 mg active, 100 μCi [14C]) and 
ritonavir, 100 mg was administered as four (4 × 50 mg)  ABT-450 
and one 100 mg capsule of ritonavir. The single dose of study drug was taken orally in 
the morning on Study Day 1 and the total amount of liquid taken was approximately 240 
mL, 30 minutes after starting a standardized breakfast (providing 40 % of the daily 
calories from fat and up to 45 % of the daily calories from carbohydrates; approximately 
1900 calories/day). The radioactive dose level was approximately 100 μCi per subject. 
 
Subjects were confined to the study site and supervised starting on the day prior to dosing 
(Study Day –1) and for a minimum of 120 hours, post-dose, or up to a maximum of 
312 hours, post-dose. Excreta and blood for determination of the mass balance of [14C] 
ABT-450 were collected for up to a maximum of 312 hours after dose. Subjects were 
released from the study site at any time after 120 hours post-dose, if either of the 
following conditions were met: 1) greater than 90% of the total radioactivity had been 
recovered, or 2) less than 1% of the radioactive dose had been excreted in two 
consecutive 24-hour urine and fecal collection periods.  
 
Dose Selection  
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The radioactive dose of 100 μCi was chosen so that the radiation burden for healthy 
volunteers remains below 2 mrem. An ABT-450 dose of 200 mg was chosen since this 
represented the higher end of doses that were being evaluated in the Phase 2 studies and 
provided the opportunity to characterize ABT-450 metabolites when dosed with 100 mg 
ritonavir as compared to lower doses. 

 
The dose administered to each subject ranged from 205-207 mg (112-114 µCi) and was 
close to the target dose of 200 mg (100 µCi).  The doses were calculated using the 
individual unit dose fill weights, the concentration of radioactivity in the dose 
formulation (7.81 X 107 dpm/g), and the specific activity of [14C] ABT-450 in the dose 
formulation (0.55 µCi/mg).   
 
Sample Collection 
 
Plasma Samples 
 
Two blood samples (approximately 10 mL each) for ABT-450/ritonavir assay, total 
radioactivity assay, metabolite identification, and metabolite profile were collected by 
venipuncture into potassium (K2) EDTA vacutainer collection tubes at the following 
times:  0 hour (pre-dose) and up to 312 hours after dosing of ABT-450/r on study day 1 
or until 90 % of the administered radioactivity had been recovered or less than 1 % of the 
radioactive dose had been recovered in two consecutive 24-hour urine and fecal sample 
collection periods.  
 
For metabolite profil ing, the plasma samples were pooled at  the following 
times for the 4 subjects:   (0,  1,  2,  4,  6,  8,  10,  and 12 hours).   
 
Urine Samples 
 
Subjects were instructed to collect their urine for pre-dose sampling starting 
approximately 12 hours prior to dosing and the entire sample was retained for baseline 
drug assay (pre-dosing sample). Thereafter, urine was collected during the following 
specified intervals: 0 to 12, 12 to 24, 24 to 48, 48 to 72, 72 to 96, 96 to 120, 120 to 144, 
144 to 168, 168 to 192, 192 to 216, 216 to 240, 240 to 264, 264 to 288 and 288 to 312 
hours after dosing.  
 
For metabolite profiling, the urine samples were pooled at the following times for the 4 
subjects:  (0-12, 12-24, 24-48, 48-72, 72-96, 96-120, 120-144, and 144-168 hours).  
 
Fecal Samples 
 
Fecal samples were collected pre-dose (upon check-in before dosing) and in the 
following dosing intervals: 0 to 24, 24 to 48, 48 to 72, 72 to 96, 96 to 120, 120 to 144, 
144 to 168, 168 to 192, 192 to 216, 216 to 240, 240 to 264, 264 to 288 and 288 to 312 
hours. 
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Pharmacokinetics 
 
Pharmacokinetic Parameters of ABT-450 and Ritonavir  
 
Table 2 shows the mean ± SD pharmacokinetic parameters of ABT-450 and ritonavir. 
 

 
 
The pharmacokinetic parameters of ABT-450 and ritonavir at the 200/100 mg dose were 
comparable to historical data.   
 
Total Radioctivity  
 
Table 3 shows the summary of the pharmacokinetic parameters of total radioactivity in 
plasma following a 200/100 mg oral dose of [14C]ABT-450/ritonavir.     
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Table 4 shows the summary of the pharmacokinetic parameters of [14C]ABT-
450/ritonavir and relative percent of metabolites in plasma.     
 

 
 
Recovery of Radioctivity in Urine and Feces  
 
Fig 1 shows the cumulative percent of mean total radioactivity recovered in the urine and 
feces (linear scale). 
 

 
 
 
Table 5 shows the total percent recovery of radioactive dose for [14C] ABT-450 and 
metabolites in feces and urine.  
 

 
 
 

100
Reference ID: 3630826



Identification of ABT-450 Metabolites  
 
Fig 2 shows the mean ABT-450 and metabolite concentration-time profiles in plasma 
(log-linear scale). 
 

 
 
Table 6 shows the metabolites of ABT-450 (A-1043422) identified in plasma. 
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Fig 3 shows the proposed metabolic pathway of ABT-450 in humans. 
 

 
 
 
Safety  
 
No deaths, other serious adverse events, treatment emergent adverse events, or 
discontinuations due to adverse events occurred during the study.  One treatment-
emergent adverse event, constipation (reported by three subjects), was assessed by the 
Investigator as mild in severity, self-limited, and having a reasonable possibility of being 
related to the study drug. 
 
Conclusion   
 

• Unchanged ABT-450 was the major component of drug-related radioactivity in 
plasma. 

o The plasma AUC of ABT-450 represented approximately 88.9 % of the 
drug related radioactivity in plasma.    

• 87.8 % of the administered radioactive dose was recovered in feces and 8.76 % of 
the administered radioactive dose was recovered in the urine. 

o Unchanged ABT-450 recovered in the feces and urine represented 1.15 % 
of the administered radioactive dose. 

• In plasma, 5 ABT-450 metabolites were identified, including M2, M29, and trace 
levels of M3, M13, and M6.  

o In urine, M13 was the major component (accounting for 8.57 % of the 
administered radioactive dose) 

o In feces, M29 was the major component (accounting for 59.9 % of the 
administered radioactive dose) 
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Mass Balance Trial of ABT-267  
Reviewer:  Vikram Arya, Ph.D., FCP 
 
M12-186   
 
Title 
 
Absorption, Distribution, Metabolism and Excretion (ADME) Study of  
[1 4C] ABT-267 in Healthy Male Subjects Following a Single Oral Dose 
Administration  
 
Trial  Period 
 
October 11, 2012 through November 7, 2012   
Final report date: August 1, 2013   
 
Trial  Objectives 
 
The objective of this study was to evaluate the absorption, distribution, metabolism and 
excretion of [14C] ABT-267 in healthy male subjects following a single oral dose. 
 
Trial  Design 
 
Phase 1, single-dose, open-label, single center, ADME, mass balance study. Four adult 
male subjects (N = 4) were selected to participate in the study.  On the morning of study 
Day 1, subjects received a single oral dose of [14C] ABT-267 under non-fasting 
conditions.  The study drug,  ABT-267 (25 mg active, 100 µCi [14C]) was administered as 
a single liquid filled capsule. ABT-267 was taken with approximately 240 mL, 30 
minutes after starting a standardized breakfast. The radioactive dose level was 
approximately 100 μCi per subject. 
 
Rationale for Dose Selection 
 
The radioactive dose of 100 μCi was chosen so that the radiation burden for healthy 
volunteers remains below 2 mRem. An ABT-267 dose of 25 mg was used as 25 mg once 
daily dose was being tested in Phase 2 trials and was the dose selected for Phase 3 
evaluation.   
 
Sample Collection 
 
Plasma Samples 
 
Two blood samples (approximately 10 mL each) for ABT-267 assay, total radioactivity 
assay, metabolite identification, and metabolite profile were collected by venipuncture 
into potassium (K2) EDTA vacutainer collection tubes at 0 hour (pre-dose) and up to 312 
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hours after dosing of ABT-267 on study day 1 or until either 90 % of the radioactivity 
had been recovered or less than 1 % of the radioactive dose had been recovered in two 
consecutive 24-hour urine and fecal collection periods.   
 
For metabolite profiling, the plasma samples were pooled from 0-192 hours for the 4 
subjects.  Samples at these time points from the 4 subjects were pooled to obtain one 
sample per time point and used for metabolite profiling.   
 
Urine Samples 
 
Subjects were instructed to collect their urine for pre-dose sampling starting 
approximately 12 hours prior to dosing, thereafter, urine was collected during the 
specified intervals following dosing. Urine was collected at the following time intervals:  
0 to 12, 12 to 24, 24 to 48, 48 to 72, 72 to 96, 96 to 120, 120 to 144, 144 to 168, 168 to 
192, 192 to 216, 216 to 240, 240 to 264, 264 to 288 , 288 to 312, 312 to 366, and 336-360 
hours after dosing or until either 90 % of the administered radioactivity had been 
recovered or until less than 1% of the radioactive dose had been recovered in two 
consecutive 24-hour urine and fecal collection periods. To ensure complete urine 
collection, subjects were instructed to void into a container at the conclusion of each 
collection interval. 
 
For metabolite profiling, three representative urine samples (12-24, 48-72, and 168-192 
hours) across the entire time profile of urine were selected to evaluate the metabolite 
profile in urine.  Samples at these time points from the 4 subjects were pooled to obtain 
one sample per time point and used for metabolite profiling.   
 
Fecal Samples 
 
Fecal samples were collected pre-dose (upon check-in before dosing) and quantitatively 
for the following intervals after dosing: 0 to 24, 24 to 48, 48 to 72, 72 to 96, 96 to 120, 
120 to 144, 144 to 168, 168 to 192, 192 to 216, 216 to 240, 240 to 264, 264 to 288 and 
288 to 312, 312 to 336, and 336 to 360 hours or until either 90% of the administered 
radioactivity had been recovered or until less than 1% of the radioactive dose had been 
recovered in two consecutive 24-hour urine and fecal collection periods. All feces 
collected during a collection interval were kept frozen until the end of the interval. 
 
For metabolite profiling, the fecal samples were pooled from 0-192 hours for the 4 
subjects.  Samples at these time points from the 4 subjects were pooled to obtain one 
sample per time point and used for metabolite profiling.   
 
Pharmacokinetic Analysis  
 
The pharmacokinetic parameters of ABT-267 and metabolites were determined using 
non-compartmental methods. 
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Total Radioctivity  
 
Table 4 shows the summary of the pharmacokinetic parameters of total radioactivity in 
plasma following a 25 mg (100 µCi) oral dose of [14C]ABT-267     
 

 
 
Table 5 shows the summary of the pharmacokinetic parameters of [14C]ABT-267 and 
relative percent of metabolites in plasma.     
 

106
Reference ID: 3630826



 
 
Recovery of Radioctivity in Urine and Feces  
 
Fig 1 shows the cumulative percent of mean total radioactivity recovered in the urine and 
feces (linear scale). 
 

 
Table 6 shows the total percent recovery of radioactive dose for [14C] ABT-267 and 
metabolites in feces and urine.  
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Identification of ABT-267 Metabolites  
 
Fig 2 shows the mean ABT-267 and metabolite concentration-time profiles in plasma 
(linear scale). 
 

 
 
Table 7 shows the metabolites of ABT-450 (A-1043422) identified in plasma. 
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Fig 3 shows the proposed metabolic pathway of ABT-267 in humans. 
 

 
Safety  
 
No deaths, other serious adverse events, or discontinuations due to adverse events 
occurred during the study.  The treatment-emergent adverse event of skin irritation was 
assessed by the investigator as mild in severity and having no reasonable probability of 
being related to the study drug.  
 
Conclusion   
 

• Unchanged ABT-267 accounted for 8.85 % of the total radioactivity in plasma.  
• 90.2 % of the administered radioactive dose was recovered in the feces with 

limited radioactivity (1.91 %) found in urine.   
o About 87.8 % of the administered radioactive dose was excreted in feces 

as unchanged ABT-267, indicating that ABT-267 was mainly eliminated 
as unchanged parent drug in the feces. 

• In plasma, 13 metabolites were identified: M23, M29, M36, and M37 were 
present as major circulating metabolites.    
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Mass Balance Trial of ABT-333 
Reviewer:  Vikram Arya, Ph.D., FCP 
 
M13-329   
 
Title 
 
Absorption, Distribution, Metabolism and Excretion (ADME) Study of  
[1 4C] ABT-333 in Healthy Male Subjects Following a Single Oral Dose 
Administration  
 
Trial  Period 
 
April 12, 2012 through May 20, 2012   
Final report date: May 28, 2013    
 
Trial  Objectives 
 
The objective of this study was to evaluate the absorption, distribution, metabolism and 
excretion of [14C] ABT-333 in healthy male subjects following a single oral dose. 
 
Trial  Design 
 
Phase 1, single-dose, open-label, single center, ADME, mass balance study. Four adult 
male subjects (N = 4) were selected to participate in the study.  On the morning of study 
Day 1, subjects received a single oral dose of [14C] ABT-333 under non-fasting 
conditions.  The study drug, ABT-333 (400 mg active, 100 µCi [14C]) was administered 
as a liquid suspension.  The total amount of liquid taken, which included the [14C] ABT-
333 oral suspension was approximately 240 mL, 30 minutes after starting a standardized 
breakfast. The radioactive dose level was approximately 100 μCi per subject. 
 
Rationale for Dose Selection 
 
The radioactive dose of 100 μCi was chosen so that the radiation burden for healthy 
Volunteers remains below 2 mRem. An ABT-333 dose of 400 mg was used as 400 mg 
twice daily dose was being evaluated in Phase 2 trials and an equivalent ABT-333 dose 
of 250 mg (in terms of ABT-333 systemic exposures) was evaluated in Phase 3 trials.   
 
Sample Collection 
 
Plasma Samples 
 
Two blood samples (approximately 10 mL each) for total radioactivity assay, ABT-333 
assay, M1 assay, other metabolic assay, and metabolite profile or identification were 
collected at 0 hour (pre-dose and up to 312 hours after dosing of ABT-333 on study day 1 
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or until either 90 % of the radioactivity had been recovered or less than 1 % of the 
radioactive dose had been recovered in two consecutive 24-hour urine and fecal 
collection periods.   
 
For metabolite profiling, the plasma samples were pooled from 0-12 hours for the 4 
subjects.  Samples at these time points from the 4 subjects were pooled to obtain one 
sample per time point and used for metabolite profiling.   
 
Urine Samples 
 
Subjects were instructed to collect their urine for pre-dose sampling starting 
approximately 12 hours prior to dosing, thereafter, urine was collected during the 
specified intervals following dosing. Urine was collected at the following time intervals:  
0 to 12, 12 to 24, 24 to 48, 48 to 72, 72 to 96, 96 to 120, 120 to 144, 144 to 168, 168 to 
192, 192 to 216, 216 to 240, 240 to 264, 264 to 288 and 288 to 312 hours after dosing or 
until either 90 % of the administered radioactivity had been recovered or until less than 
1% of the radioactive dose had been recovered in two consecutive 24-hour urine and 
fecal collection periods. To ensure complete urine collection, subjects were instructed to 
void into a container at the conclusion of each collection interval. 
 
For metabolite profiling, urine samples were pooled at the following time points for the 4 
subjects: (0-12 and 12-24 hours). Samples at these time points from the 4 subjects were 
pooled to obtain one sample per time point and used for metabolite profiling.   
 
Fecal Samples 
 
Fecal samples were collected pre-dose (upon check-in before dosing) and quantitatively 
for the following intervals after dosing: 0 to 24, 24 to 48, 48 to 72, 72 to 96, 96 to 120, 
120 to 144, 144 to 168, 168 to 192, 192 to 216, 216 to 240, 240 to 264, 264 to 288 and 
288 to 312 hours or until either 90% of the administered radioactivity had been recovered 
or until less than 1% of the radioactive dose had been recovered in two consecutive 24-
hour urine and fecal collection periods. All feces collected during a collection interval 
were kept frozen until the end of the interval. 
 
For metabolite profiling, fecal samples were pooled at the following time points for the 4 
subjects: (0-24, 24-48, 48-72, 72-96, 96-120, 120-144, 144-168, 168-192, and 192-216 
hours).  Samples at these time points from the 4 subjects were pooled to obtain one 
sample per time point and used for metabolite profiling.   
 
Pharmacokinetic Analysis  
 
The pharmacokinetic parameters of ABT-333 and metabolites were determined using 
non-compartmental methods. 
 
Results 
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Total Radioctivity  
 
Table 4 shows the summary of the pharmacokinetic parameters of total radioactivity in 
plasma following a 400 mg oral dose of [14C]ABT-333     
 

 
 
Table 5 shows the summary of the pharmacokinetic parameters of [14C]ABT-333 and 
relative percent of metabolites in plasma.     
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Recovery of Radioctivity in Urine and Feces  
 
Fig 1 shows the cumulative percent of mean total radioactivity recovered in the urine and 
feces (linear scale). 
 

 
 
Table 6 shows the total percent recovery of radioactive dose for [14C] ABT-333 and 
metabolites in feces and urine.  
 

 
 
Identification of ABT-333 Metabolites  
 
Fig 2 shows the mean ABT-333 and metabolite concentration-time profiles in plasma 
(linear scale). 
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Table 7 shows the metabolites of ABT-333 identified in plasma. 
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Fig 3 shows the proposed metabolic pathway of ABT-333 in humans. 
 

 
Safety  
 
No deaths, other serious adverse events, or discontinuations due to adverse events 
occurred during the study. One treatment emergent adverse event, headache, was 
assessed by the investigator as having a reasonable possibility of being related to the 
study drug and was mild in severity.    
 
Conclusion   
 

• Unchanged ABT-333 accounted for approximately 60 % of the two total 
radioactivities in plasma.    

• Seven metabolites (M1, M2, M3, M4, M5, M6, and M11) were observed in 
plasma 

o  AUC0-∞ of M1 was about 22 % of total drug related material in plasma (or 
37 % of the unchanged parent drug). 

• 94.4 % of the administered radioactive dose was recovered in the feces with 
limited radioactivity (2.02%) found in urine.   

o M1 was the major component in the feces with a mean of ~32 % of the 
administered radioactive dose, followed by unchanged parent drug (26 %), 
M2 (15 %), and M5 (11 %).   

o M1 was the major component in the urine (0.85 %).   
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Effect of Food on ABT-450/r/ABT-267 Coformulated Tablets 
Reviewer:  Vikram Arya, Ph.D., FCP 
 
M11-389   
 
Title 
 
A Pharmacokinetic Study to Evaluate the Effect of Food on the Oral 
Bioavailability of ABT-450/ritonavir/ABT-267 (ABT-450/r/ABT-267) 
Co-formulated Tablets 
 
Trial  Period 
 
Feb 26, 2013 through April 12, 2013 
Final report date: November 6, 2013 
 
Trial  Objectives 
 
The objective of this study was to determine the effect of food on the bioavailability of 
ABT-450, ritonavir, and ABT-267 from the ABT-450/r/ABT-267 co-formulated tablet 
formulation. 
 
Trial  Design 
 
This was a Phase 1, single-dose, open-label, randomized, three-period, crossover study 
designed to evaluate the effect of moderate-fat and high-fat meals on the bioavailability 
of ABT-450/r/ABT-267 co-formulated tablets.  
 
Adult male and female subjects (N = 21) were randomly assigned in equal numbers to 
receive one of the three sequences of Regimens A, B, and C as shown in Table 1 below. 
 

 
 
The study drug was administered in the morning on study day 1 of each period as 
follows: 
 
Regimen A: Two ABT-450/r/ABT-267 75/50/12.5 mg co-formulated tablets (total 
dose of 150/100/25 mg) administered under fasting conditions. 
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Regimen B: Two ABT-450/r/ABT-267 75/50/12.5 mg co-formulated tablets (total 
dose of 150/100/25 mg) administered under non-fasting conditions with a moderate-fat 
breakfast. 
 
Regimen C:  Two ABT-450/r/ABT-267 75/50/12.5 mg co-formulated tablets (total 
dose of 150/100/25 mg) administered under non-fasting conditions with a high-fat 
breakfast. 
 
Table 2 shows the meal content for day 1 of each period. 
 

 
 
Rationale for Dose Selection 
 
The dose of ABT-450 (150 mg), ritonavir (100 mg) and ABT-267 (25 mg) evaluated in 
the trial is identical to the dose of ABT-450, ritonavir, and ABT-267 doses used in the 
pivotal Phase 3 trials.   
 
Drug Administration 
 
For Regimen A, each dose of study drug was taken orally with approximately 240 mL of 
water after a 10-hour fast and approximately 4 hours before lunch. For Regimens B and 
C, each dose of study drug was taken orally approximately 30 minutes after starting a 
moderate-fat or a high-fat breakfast, respectively.   
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Trial Population 
 
Subject Disposition and Demographics  
 
21 subjects were enrolled in the trial and 18 subjects completed the trial.  3 subjects were 
discontinued due to the following reasons: 
 

• Subject 112, a 42-year-old White female, was discontinued from the study due 
to a positive pregnancy result on Day 7 (Day –1, Period 2), and therefore, did 
not receive Regimen A (fasting) and Regimen B (moderate-fat breakfast).  

• Subject 115, a 46-year-old White male, was discontinued from the study due to 
Applicant’s discretion at Period 2 check-in (Day –1), and therefore, did not 
receive Regimen A (fasting) and Regimen C (high-fat breakfast). 

• Subject 120, a 32-year-old White female, was discontinued from the study due 
to out of range labs (positive cotinine) at Period 2 check-in (Day –1), and 
therefore, did not receive Regimen B (moderate-fat breakfast) and Regimen C 
(high-fat breakfast). 

 
Table 4 shows the subject inclusion by regimen and analyses.   
 

 
 
Table 5 shows the demographics of all subjects enrolled in the trial. 
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Pharmacokinetics 
 
ABT-450 
 
Table 6 shows the mean ± SD pharmacokinetic parameters of ABT-450 after 
administration of various regimens.  
 

 
 
Table 7 shows the statistical comparison of the pharmacokinetic parameters of ABT-450 
after the various regimens. 
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Ritonavir  
 
Table 8 shows the mean ± SD pharmacokinetic parameters of ritonavir after 
administration of the various regimens.   
 

 
 
Table 9 shows the statistical comparison of the pharmacokinetic parameters of ritonavir  
after the various regimens. 
 

 
 
ABT-267  
 
Table 10 shows the mean ± SD pharmacokinetic parameters of ABT-267 after 
administration of the various regimens.   
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Table 11 shows the statistical comparison of the pharmacokinetic parameters of ABT-267 
after the various regimens. 
 

 
 
Safety  
 
No deaths, other serious adverse events or discontinuations due to adverse events 
occurred during the study.  
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Results  
 
Relative to single dose administration of ABT-450/r/ABT-267 co-formulated tablet 
formulation under fasting conditions: 
 

• Administration of ABT-450/r/ABT-267 co-formulated tablet formulation 
under moderate fat conditions increased the mean Cmax and AUC∞ of ABT-
450 by 367 % and 210 %, respectively, increased the mean Cmax and AUC∞ of 
ritonavir by 63 % and 48 %, respectively, and increased the mean Cmax and 
AUC∞ of ABT-267 by 127 % and 81 %, respectively.  

• Administration of ABT-450/r/ABT-267 co-formulated tablet formulation 
under high fat conditions increased the mean Cmax and AUC∞ of ABT-450 by 
300 % and 179 %, respectively, increased the mean Cmax and AUC∞ of 
ritonavir by 50 % and 43 %, and increased the mean Cmax and AUC∞ of ABT-
267 by 106 % and 76 %, respectively.  
 

Conclusion  
 
ABT-450/r/ABT-267 co-formulated tablet formulation should be taken with food.  The 
differences in systemic exposure of ABT-450, ritonavir, and ABT-267 after 
administration of ABT-450/r/ABT-267 co-formulated tablet formulation under moderate 
fat and high fat conditions is not expected to be clinically relevant.    
 
Of note, ABT-450/r/ABT-267 co-formulated tablet formulation were administered with 
food in the pivotal Phase III trials in which the safety and efficacy of ABT-450, ritonavir, 
ABT-267 (and the other drugs of the proposed regimen) was evaluated.   
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Regimen C:  One 250 mg ABT-333  tablet administered under non-fasting 
conditions with a high-fat breakfast. 
 
Table 2 shows the meal content for day 1 of each period. 
 

 
 
Rationale for Dose Selection 
 
The dose of ABT-333 (250 mg) is the dose used in the Phase 3 trials.  
 
Drug Administration 
 
For Regimen A, each dose of study drug was taken orally with approximately 240 mL of 
water after a 10-hour fast and approximately 4 hours before lunch. For Regimens B and 
C, each dose of study drug was taken orally approximately 30 minutes after starting a 
moderate-fat or a high-fat breakfast, respectively.   
 
On Days 2 and 3 of each period, breakfast was served following collection of the 
morning blood sample, lunch at approximately 4 hours after breakfast, dinner at 
approximately 6 hours after lunch, and a snack at approximately 4 hours after dinner. 
Meals were served at approximately the same time each day and the subjects abstained 
from all other food and beverage. 
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Drug-Drug Interaction Trial with Carbamazepine 
Reviewer:  Vikram Arya, Ph.D., FCP 
 
M14-027   
 
Title 
 
A Phase 1, Open Label,  Study to Assess the Pharmacokinetics,  Safety, 
and Tolerability of the Co-Administration of Carbamazepine with 
ABT-450, Ritonavir, and ABT-267 (ABT-450/r/ABT-267), with and 
without ABT-333 in Healthy Adult Subjects.  
 
Trial  Period 
 
March 27 2013 to July 3, 2013    
Final report date: Jan 27, 2014     
 
Trial  Design 
 
Phase 1, single-center, multiple-dose, sequential, open-label study. 
 
Arm 1:  ABT-450/r/ABT-267 and ABT-333 with carbamazepine. 
Arm 2:  ABT-450/r/ABT-267 with carbamazepine. 
 
After meeting the selection criteria, subjects were sequentially enrolled as shown in table 
1 below. 
 

 
 
Regimen A:  Single dose of ABT-450/r/ABT-267 150/100/25 mg +ABT-333 250 mg on 
Day 1, Period 1, followed by a washout of 7 days. 
 
Regimen B:  Carbamazepine 200 mg once daily from day 1 to day 3 in Period 2, 
carbamazepine 200 mg twice daily from day 4 to day 24 in period 2 + single dose of 
ABT-450/r/ABT-267 150/100/25 mg +ABT-333 250 mg on day 22 in Period 2. 
 
Regimen C:  Single dose of ABT-450/r/ABT-267 150/100/25 mg on Day 1, Period 1 
followed by a washout interval of at least 7 days. 
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Regimen D:  Carbamazepine 200 mg once daily from day 1 to day 3 in Period 2, 
carbamazepine 200 mg twice daily from day 4 to day 24 in period 2 + single dose of 
ABT-450/r/ABT-267 150/100/25 mg on day 22 in Period 2. 
 
Carbamazepine induces its own metabolism and hence the half-life is also variable. 
Autoinduction is completed after 3 to 5 weeks of a fixed dosing regimen.  The initial half 
life of carbamazepine ranges from 25 to 65 hours and decreases to 12 to 17 hours after 
repeated doses. Carbamazepine is anticipated to take about 21 days to reach steady-state; 
hence, the DAAs were added on Day 22 after carbamazepine reached steady state. The 
label recommends starting carbamazepine treatment at a low initial daily dosage with a 
gradual increase. Thus, in Period 2, carbamazepine was dosed as 200 mg QD for Days 1 
to 3, followed by 200 mg BID doses from Days 4 to 25.  Carbamazepine dosing on day 
23 and 24 maintained the enzyme induction and allowed determination of the half-lives 
and concentrations of the DAAs in the presence of the carbamazepine.   CYP3A4 was 
identified as the major isoform responsible for the formation of the active metabolite, 
carbamazepine-10,11-epoxide (CBZE), from carbamazepine. CBZE exposures were 
expected to increase in the presence of a CYP3A4 inhibitor like ritonavir and hence, 
plasma samples were also analyzed for CBZE. 
 
Of note, Arm 2 was not conducted and regimen C and regimen D were not 
administered because per the sponsor’s assessment, the pharmacokinetic data 
collected from arm 1 was adequate for assessing the extent of the drug-drug 
interaction expected between 2 DAAs and carbamazepine. 
 
Carbamazepine, ABT-450/r/ABT-267 and ABT-333 were taken orally with 
approximately 240 mL of water approximately 30 minutes after the start of breakfast in 
the morning.   In the evening, carbamazepine was taken orally with approximately 240 
mL of water approximately 30 minutes after the start of the evening snack.  
 
Subjects received a standardized diet, providing approximately 40% of the daily calories 
from fat and up to 45 % of daily calories from carbohydrates at each meal during 
confinement (approximately 2200 calories/day).  The meal content was identical on the 
pharmacokinetic sampling days (Period 1, Day 1 and Period 2, Days 21 and 22).     
 
Reviewer’s Note: 
 
The carbamazepine (Tegretol®) label recommends administration of carbamazepine 
doses with meals.   The DAAs were given with food in Phase 2- and Phase 3 studies. 
Additionally, all Phase 1 studies have evaluated the pharmacokinetics of DAAs when 
administered with food. Hence, in the current study DAAs and carbamazepine were given 
with food. 
 
Rationale for Conducting the Trial  
 
ABT-450, ABT-333 and ABT-267 have been shown to be in vitro substrates of CYP3A 
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Pharmacokinetics 
 
ABT-450  
 
Table 5 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 1. 
 

 
 
Ritonavir 
 
Table 6 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 1. 
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ABT-267 
 
Table 7 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 1. 
 

 
 
ABT-333 and M1 Metabolite   
 
Table 8 shows the mean ± SD pharmacokinetic parameters of ABT-333 and M1 
metabolite in Arm 1. 
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Carbamazepine and Carbamazepine Metabolite (CBZE)    
 
Table 9 shows the mean ± SD pharmacokinetic parameters of carbamazepine and CBZE 
in Arm 1. 
 

 
 
Statistical Evaluation of the Pharmacokinetic Parameters 
 
Fig 1 shows the statistical comparison of the pharmacokinetic parameters of ABT-450, 
ritonavir, ABT-267, ABT-333, ABT-333 M1 metabolite, carbamazepine, and CBZE. 
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Reviewer’s Interpretation of Alteration in Exposures of the Various Medications 
Evaluated in Trial M14-027  

• The systemic exposure of ABT-450, ritonavir, ABT-267, and ABT-333 
significantly decreased when co-administered with carbamazepine.  Although 
CYP enzymes have a different degree of involvement in the metabolism of the 
DAAs (major pathway for ABT-450 metabolism compared with minor 
contribution to the metabolism of ABT-333 and ABT-267), the DAAs are 
substrates of P-glycoprotein (P-gp).  Since carbamazepine is an inducer of 
CYP3A and P-glycoprotein, the decrease in systemic exposures of DAAs may be 
due to the combined induction effect of carbamazepine on CYP3A and P-gp.  

• The systemic exposures of M1, a metabolite of ABT-333, were decreased in the 
presence of carbamazepine, suggesting that CYP3A4 may not play a major role in 
the formation of M1 metabolite. This observation is further supported by the fact 
that in presence of gemfibrozil, a potent CYP2C8 inhibitor, the systemic exposure 
of ABT-333 (primarily metabolized by CYP2C8) was increased approximately 11-
fold whereas the AUC of the M1 metabolite was decreased by approximately 78 
%, thereby suggesting that CYP2C8 may play a role in the formation of the M1 
metabolite (trial M12-196). 

• The increase in the exposures of carbamazepine and decrease in the exposures of 
CBZE may be due to CYP3A inhibition by ritonavir. Of note, increase in the 
exposures of carbamazepine when combined with protease inhibitors has been 
previously observed when carbamazepine was co-administered with Prezista.   

 
Safety  
 
No deaths or other serious serious adverse events were reported in this study. Increases in 
ALT and AST were observed when DAAs were co-dosed with carbamazepine. After Day 
22, when DAAs were co-dosed with carbamazepine, in all 12 subjects,  an elevated ALT 
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and AST trend on Study Days 23 through 27 compared with baseline (Day –1) through 
Day 21 was noted.  Per the sponsor, in 8 of these subjects the ALT and AST levels were 
higher than the ULN, but predominantly below 3 × ULN, and subsequently returned to 
baseline levels.  In Subjects 105 and 112, ALT and AST levels exceeded the upper limit 
of the reference range.  For subject 105, the ALT and AST levels returned to baseline in 
1.5 months; for subject 112, the AST level returned to baseline in 10 days.   It should be 
noted that similar increase in ALT and AST was also noted in another trial (Study M13-
104) where the induction effect of efavirenz was evaluated using ATRIPLA (efavirenz, 
emtricitabine and tenofovir) administered with an ABT-450/r + ABT-333 regimen. Study 
M13-104 was discontinued for safety and tolerability reasons (nausea, vomiting, and liver 
function test elevations). 
 
Results  
 
Co-administration of ABT-450/r/ABT-267 and ABT-333 with carbamazepine: 
  

• Decreased the mean Cmax and AUC of ABT-450 by 66 % and 70 %, respectively. 
• Decreased the mean Cmax and AUC of ritonavir by 83 % and 87 %, respectively. 
• Decreased the mean Cmax and AUC of ABT-267 by 31 % and 31%, respectively. 
• Decreased the mean Cmax and AUC of ABT-333 by 55 % and 70 %, respectively. 
• Decreased the mean Cmax and AUC of ABT-333 M1 metabolite by 8 % and 32 %, 

respectively. 
• Increased the mean Cmax and AUC of carbamazepine by 10 % and 17 %, 

respectively. 
• Decreased the mean Cmax and AUC of CBZE by 16 % and 25 %, respectively. 

 
 
Conclusion  
 
Based on decrease in exposures of all the DAAs when combined with carbamazepine 
(which may potentially decrease in the efficacy of the DAA regimen) and observations of 
increase in ALT and AST enzymes,  co-administration of ABT-450/ritonavir/ABT-267 + 
ABT-33 with strong CYP3A inducers such as carbamazepine is not recommended.     
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Drug-Drug Interaction Trial with Gemfibrozil 
Reviewer:  Vikram Arya, Ph.D., FCP 
 
M12-196   
 
Title 
 
Effect of CYP2C8 Inhibitor,  Gemfibrozil,  on the Pharmacokinetics of 
ABT-333 and ABT-450 with Ritonavir (ABT-450/r) when 
Coadministered in Healthy Adult Subjects.  
 
Trial  Period 
 
March 5, 2012 to May 21, 2012    
Final report date: December 3, 2012    
 
Trial  Objectives 
 
The objective of the trial was to evaluate the effect of the CYP2C8 inhibitor, gemfibrozil, 
on the pharmacokinetics of the 2-DAA combination ABT-333 and ABT-450/ritonavir 
when co-administered in healthy subjects. 
 
Trial Design 
 
Phase 1, single-center, multiple-dose, open-label, two period study to evaluate the effect 
of gemfibrozil on two DAAs (ABT-333 and ABT-450/r) when dosed in combination. 
 
ABT-333 (400 mg) and ABT-450/r (150/100 mg) were administered on Study Days 1 
and 6, approximately 30 minutes after starting a standardized breakfast.  On Study Days 
4, 5, 7, and 8, gemfibrozil (600 mg) was administered approximately 30 minutes before 
the start of a standardized breakfast. Only on study day 6, the morning doses of 
gemfibrozil, ABT-333, and ABT-450/r were co-administered approximately 30 minutes 
after start of the breakfast.  On study days 4 through 8, the evening dose of gemfibrozil 
were administered approximately 30 minutes before the start of an evening snack. All 
doses of study drug were taken orally with approximately 240 mL of water. 
 
Subjects received a standardized diet, providing approximately 40 % of the daily calories 
from fat and up to 45 % of daily calories from carbohydrates (approximately 1900 
calories/day), for all meals during confinement.  The meal content was identical on the 
intensive pharmacokinetic sampling days (study day 1 and study day 6).   
 
Rationale for Conducting the Trial  
 
In vitro studies in human liver microsomes in the presence of known inhibitors of specific 
CYP  P450 indicated that CYP2C8 had the most significant impact on the metabolism of 
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Table 3 below shows the demographic summary of all subjects enrolled in the trial. 
 

 
 
Pharmacokinetics 
 
ABT-333  
 
Table 4 below shows the mean ± SD pharmacokinetic parameters of ABT-333 and ABT-
333 M1 metabolite on study day 1 and study day 6. 
 

 
 
Following coadministration of gemfibrozil 600 mg BID with ABT-333 400 mg on Study 
Day 6, ABT-333 exposure was approximately 10-fold higher and ABT-333 M1 
metabolite exposure was approximately 4-fold lower compared to ABT-333 administered 
without gemfibrozil on Study Day 1. The mean terminal phase elimination half-lives of 
ABT-333 and ABT-333 M1 metabolite were prolonged from approximately 5 hours on 
Study Day 1 to 90 and 80 hours, respectively, on Study Day 6. As blood samples were 
collected only up to 72 hours after dosing on Study Day 6, the half-lives of ABT-333 and 
ABT-333 M1 metabolite may be underestimated as the estimated t½ is longer than the 
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sample collection duration. AUC∞ was not reported for Study Day 6 because the 
extrapolated area was greater than 50 %. 
ABT-450  
 
Table 5 below shows the mean ± SD pharmacokinetic parameters of ABT-450 on study 
day 1 and study day 6. 
 

 
 
Ritonavir  
 
Table 6 below shows the mean ± SD pharmacokinetic parameters of ritonavir on study 
day 1 and study day 6. 
 

 
 
Gemfibrozil  
 
The mean ± gemfibrozil plasma concentration at 2 and 4 hours after the morning dose on 
day 6 was 22000 ± 8660 ng/mL and 10000 ± 3280 ng/mL, respectively.  
 
Statistical Evaluation of the Pharmacokinetic Parameters 
 
Fig 1 shows the statistical comparison of the pharmacokinetic parameters of ABT-450, 
ritonavir, ABT-267, ABT-333, and ABT-333 M1 metabolite. 
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Reviewer’s Interpretation of Alteration in Exposures of the Various Medications 
Evaluated in Trial M12-196 
 

• The mean systemic exposures of ABT-333 (a CYP2C8 substrate) were increased 
by 11-fold when ABT-450/3 + ABT-333 was co-administered with gemfibrozil (a 
CYP2C8 inhibitor).   

• The mean systemic exposures of the ABT-333 M1 metabolite were decreased by 
78 %, suggesting that the conversion of ABT-333 to ABT-333 M1 metabolite may 
be mediated, in part, by CYP2C8. 

• Gemfibrozil, in addition to being a CYP2C8 inhibitor, is also an inhibitor of 
OATP1B1 transporters. This may explain the mean increase in the systemic 
exposure of ABT-450 (a substrate of OATP1B1) by approximately 38 % when 
ABT-450/ritonavir +ABT-333 was co-administered with gemfibrozil.   

  
Safety  
 
No deaths, other serious adverse events or discontinuations due to adverse events 
occurred during the study.  One subject discontinued from the study due to pruritus after 
receiving ABT-333 400 mg and ABT-450/r 150/100 mg on Study Day 1. One subject 
had an adverse event of elevated triglyceride levels on Study Day 30, which occurred 
beginning 22 days after receiving the last dose of gemfibrozil 600 mg BID + ABT-333 
400 mg + ABT-450/r 150/100 mg on Study Day 8.   
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Results   
 
Co-administration of ABT-450/r and ABT-333 with gemfibrozil: 
  

• Increased the mean Cmax and AUC of ABT-450 by 21 % and 38 % , respectively. 
• Decreased the mean Cmax and AUC of ritonavir by 16 % and 10 % , respectively. 
• Increased the mean Cmax and AUC of ABT-333 by 101 % and 1025 % , 

respectively. 
• Decreased the mean Cmax and AUC of ABT-333 M1 metabolite by 95 %  and 78 

%, respectively. 
 
Conclusion  
 
Co-administration of the DAA regimen (ABT-450/r/267 +ABT-333) and gemfibrozil is 
contraindicated based on following: 

• Significant increase in the exposures of ABT-333. 
• Safety findings from the Phase 2 trials that suggest that ABT-333 doses greater 

than the exposures observed with ABT-333 400 mg (based on the Phase 2 
formulation; equivalent in terms of systemic exposures to the 250 mg  
formulation used in this trial and the clinically recommended formulation) were 
associated with hemoglobin decrease and potential to prolong the QTc.  
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Drug-Drug Interaction Trial with Atripla 
Reviewer:  Vikram Arya, Ph.D., FCP 
 
M13-104   
 
Title 
 
A Phase 1, Open Label Study to Assess the Pharmacokinetics, Safety,  
and Tolerability of the Co-Administration of Atripla (efavirenz, 
emtricitabine, and tenofovir disoproxil fumarate) and ABT-333 plus 
ABT-450 with Ritonavir (ABT-450/r),  with and without ABT-267 in 
Healthy Adult Subjects.  
 
Trial  Period 
 
January 17, 2012 to March 24, 2012    
Final report date: October 9, 2012     
 
Trial  Objectives 
 
The objectives were to evaluate the pharmacokinetics, safety and tolerability of the 
coadministration of ABT-333 plus ABT-450/r with and without ABT-267 on efavirenz, 
emtricitabine, and tenofovir disoproxil fumarate (Atripla) at steady state in healthy 
subjects, and to evaluate the pharmacokinetics, safety and tolerability of Atripla on 
coadministration of ABT-333 plus ABT-450/r with and without ABT-267 at steady state 
in healthy subjects. 
 
Trial  Design 
 
This was a Phase 1, single center, randomized, multiple-dose, non-fasting, open-label 
study to evaluate the coadministration of efavirenz, emtricitabine, and tenofovir  
disoproxil fumarate (Atripla) with 2 direct-acting antiviral agents (DAAs) (Arm 1: ABT-
333 and ABT-450/r) or with 3 DAAs (Arm 2: ABT-333, ABT-450/r, and ABT-267).  
 
Table 1 shows the dosing sequences in the trial: 
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In Arm 1 Cohort 1, ABT-333 400 mg BID and ABT-450/r 150/100 mg QD were to be 
administered for 28 days.  Starting on study day 15, efavirenz, emtricitabine, and 
tenofovir disoproxil fumarate (Atripla) was to be administered for 14 days (study day 15 
through 28).   In Arm 1 Cohort 2, efavirenz, emtricitabine, and tenofovir disoproxil 
fumarate (Atripla) was to be administered for 28 days (study days 1 through 28).  Starting 
on study day 15, ABT-333 400 mg BID and ABT-450/r 150/100 mg QD were to be 
administered for 14 days (study day 15 through 28).    
 
Arm 1 consisted of 16 subjects: Cohort 1 (N =9) and Cohort 2 (N = 7). This study 
was terminated during Arm 1 (Study Day 17 of Period 2) due to safety reasons.  
None of the subjects completed the study. 
 
Major Safety Findings from the Trial: 
 

• Subject 503, a 30 year-old White/Hispanic male, discontinued from the study 
due to nausea and vomiting on Study Day 15; headache on Study Day 16; and 
ear pain and elevations of ALT and AST on Study Day 17. The last dosing of 
study drugs occurred on the morning of Study Day 15. 

• Subject 504, a 25 year-old Black male, discontinued from the study due to 
dizziness, headache and vomiting on Study Day 17. The last dosing of study 
drugs occurred on the morning of Study Day 16. 

• Subject 506, a 46 year-old Black male, discontinued from the study due to 
nausea on Study Day 15 and moderate elevations of ALT and AST on 
Study Day 17. The last dosing of study drugs occurred on the evening of 
Study Day 15. 

• Subject 507, a 30 year-old White male, discontinued from the study due to 
presyncope on Study Day 15 and altered mood on Study Day 16. The last 
dosing of study drugs occurred on the evening of Study Day 15. 

• Subject 508, a 34 year-old Black male, discontinued from the study due to 
feeling abnormal, vomiting, dizziness, hot flush, haemoptysis and nausea on 
Study Day 15 and elevations of ALT and AST on Study Day 17. The last 
dosing of study drugs occurred on the morning of Study Day 15. 

• Subject 509, a 42 year-old Black-American Indian/Alaska Native male, 
discontinued from the study due to elevation of ALT on Study Day 17. The 
last dosing of study drugs occurred on the morning of Study Day 17. 

• Subject 510, a 47 year-old White male, discontinued from the study due to 
dizziness and elevation of ALT on Study Day 17. The last dosing of study 
drugs occurred on the morning of Study Day 17. 

• Subject 514, a 36 year-old White male, discontinued from the study due to hot 
flush, vomiting, presyncope and elevation of ALT on Study Day 17. The last 
dosing of study drugs occurred on the morning of Study Day 17. 

• Subject 515, a 29 year-old White male, discontinued from the study due to 
feeling abnormal, dizziness, headache and nausea on Study Day 15; chills on 
Study Day 16; and tinnitus on Study Day 17. The last dosing of study drugs 
occurred on the evening of Study Day 15. 
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Pharmacokinetic Assessments  
 
Since the study was terminated during Arm 1 (study day 17 of period 2) due to safety 
reasons (tolerability and increased enzyme levels), no statistical analysis was performed 
on the pharmacokinetic data and no drug drug interaction between Atripla and DAAs 
(ABT-333 and ABT-450/r) was evaluated.     
 
Conclusion   
 
Co-administration of the 3-DAA regimen (ABT-450/r/ABT-267 + ABT-333) with 
efavirenz based regimens is contraindicated.  
 
Reviewer’s Note: 
 
The applicant conducted trial M13-783 in which the potential for drug-drug interaction 
between the 3-DAA regimen and emtricitabine/tenofovir (Truvada) was evaluated.  The 
results of the trial showed that the 3-DAA regimen can be co-administered with Truvada 
without any dose adjustments. Because Atripla contains efavirenz (in addition to 
emtrcitabine and tenofovir), the results of trial M13-104 suggest that the adverse events 
observed in the trial may be attributed to efavirenz in the regimen.  Hence, the clinical 
recommendation applies to all efavirenz containing regimens.    
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Drug-Drug Interaction Trial with Oral Contraceptives 
Reviewer:  Vikram Arya, Ph.D., FCP 
 
M12-205   
 
Title 
 
A Phase 1, Open Label Study to Assess the Pharmacokinetics, Safety,  
and Tolerability of  the Co-Administration of an Oral Contraceptive 
with Combination Therapy of ABT-450, Ritonavir, ABT-267 (ABT-
450/r/ABT-267) with our Without ABT-333 in Healthy Premenopausal 
Female Subjects.    
 
Trial  Period 
 
June 6, 2013 through February 20, 2014   
Final report date: March 19, 2014   
 
Trial  Objectives 
 

• [Arm 1 and Arm 2] To evaluate the effect of combination therapy of 
ABT-450/r/ABT-267 with or without ABT-333 on the pharmacokinetics, 
safety, and tolerability of a COC containing Ethinyl Estradiol (EE) + 
Norgestimate (NGM) at steady-state in healthy premenopausal female subjects. 

• [Arm 1 and Arm 2] To determine the effect of a COC containing EE + NGM 
on the pharmacokinetics, safety, and tolerability of combination therapy of 
ABT-450/r/ABT-267 with or without ABT-333 at steady-state in healthy 
premenopausal female subjects. 

• [Arm 3] To evaluate the effect of combination therapy of ABT-450/r/ABT-267 
with ABT-333 on the pharmacokinetics, safety and tolerability of a progestin only 
pill (POP) containing norethindrone (NET) at steady-state in healthy 
premenopausal female subjects. 

• [Arm 3] To determine the effect of a POP containing NET on the 
pharmacokinetics, safety, and tolerability of combination therapy of ABT-
450/r/ABT-267 with ABT-333 at steady-state in healthy premenopausal 
female subjects. 

• [Arm 4] To evaluate the effect of combination therapy of ABT-450/r/ABT-267 
with ABT-333 on the pharmacokinetics, safety and tolerability of a COC 
containing EE + NET oral contraceptive at steady-state in healthy 
premenopausal female subjects. 

• [Arm 4] To determine the effect of a COC containing EE + NET on the 
pharmacokinetics, safety, and tolerability of combination therapy of ABT-
450/r/ABT-267 with ABT-333 at steady-state in healthy premenopausal 
female subjects 
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Trial Design 
 
Phase 1, single-center, randomized, multiple-dose, non-fasting, open-label, four arm 
study to evaluate the effect of 2- and 3-DAA combinations (ABT-450/r/ABT-267 with 
our without ABT-333) on the pharmacokinetics, safety, and tolerability of an EE+NGM 
containing COC, and vice versa.   
 
Arms 1 and 2 
 
After meeting the selection criteria, the subjects for Arm 1 and Arm 2 were enrolled in 
the following schedule: 
 
• Subjects who were currently taking Ortho-Cyclen or equivalent for at least 3 months 

were enrolled on the first day of the next 28-day pack of Ortho-Cyclen therapy. An 
equivalent of Ortho-Cyclen was defined as one that contained EE and NGM with same 
doses as in Ortho-Cyclen. 

• Subjects who were currently on EE and NGM based COC but with different doses 
compared to Ortho-Cyclen were enrolled if they were willing to switch to Ortho-
Cyclen. 

• Subjects who were currently receiving hormonal contraceptives other than the 
combination of EE and NGM were washed-out of current therapy for 14 days prior to 
confinement on Study Day –1. 

 
Arms 3 
 
• Subjects who were currently taking Jolivette or equivalent for at least 

3 months. An equivalent of Jolivette was defined as one that contained NET 
with same dose as in Jolivette. 

 
• Subjects who were currently receiving hormonal contraceptives other than the 

POP containing NET were washed-out of current therapy for 14 days prior to 
confinement on Study Day –1. 

 
Arms 4 
 
• Subjects who were currently taking Balziva or equivalent for at least 3 months 

were enrolled on the first day of the next 28-day pack of Balziva therapy. An 
equivalent of Balziva was defined as one that contained EE and NGM with 
same doses as in Balziva. 

• Subjects who were currently on EE and NET based COC but with different 
doses compared to Balziva were enrolled if they were willing to switch to 
Balziva. 

• Subjects who were currently receiving hormonal contraceptives other than the 
combination of EE and NET were washed-out of current therapy for 14 days 
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prior to confinement on Study Day –1. 
 

Equal number of subjects (planned: 12 subjects per arm) were to be randomly 
assigned to Arms 1 and 2, however enrollment was discontinued (N = 4 for Arm 1 
and N = 6 for Arm 2) due to ALT elevations and a different progestin (NET) was 
evaluated in Arm 3.  
 
Equal number of subjects (12 subjects per arm) were sequentially (no randomization) 
assigned to Arms 3 and 4. Based on safety results from Arm 3, the effect of 3-DAA 
combination (ABT-450/r/ABT-267 + ABT-333) on the pharmacokinetics, safety, and 
tolerability of a COC containing EE + NET and vice versa was evaluated in Arm 4. 
Arm 4 would have been discontinued had the Arm 3 PK data demonstrated a > 2.5-fold 
increase in mean AUC values for NET. This proposal was based primarily on the 
magnitude of interaction observed when EE/NET was dosed with atazanavir; a 2.1-fold 
increase in NET AUC was observed. The interaction with atazanavir is mediated by 
UGT1A1 inhibition and possibly by CYP 3A4 inhibition, and a similar interaction can be 
expected with the 3-DAA regimen, which contains UGT 1A1 inhibitors (DAAs) and a 
strong CYP 3A4 inhibitor and UGT 1A1 inducer (ritonavir). 
 
Arm 4 was prematurely discontinued due to safety reasons and none of the subjects 
completed arm 4.  The last dose of the study drug was administered on day 15.  
 
Table 1 shows the various sequence groups in the trial. 
 

 
 
Study drug was administered beginning on study day 1 as follows: 
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Regimen A:  Ortho-Cyclen (EE/NGM 35/250 μg) QD administered under non-fasting 
conditions for 9 days (Study Days 1 through 9). 
 
Regimen B:  Ortho-Cyclen (EE/NGM 35/250 μg) QD administered under non-fasting 
conditions for 12 days (Study Days 10 through 21). ABT-450/r/ABT-267 150/100/25 mg 
QD + ABT-333 250 mg BID administered under non-fasting conditions for 19 days 
(Study Days 10 through 28) with the QD doses being administered in the morning. 
 
Regimen C Ortho-Cyclen (EE/NGM 35/250 μg) QD administered under non-fasting 
conditions for 12 days (Study Days 10 through 21). ABT-450/r/ABT-267 150/100/25 mg 
QD administered under non-fasting conditions for 19 days (Study Days 10 through 28). 
 
Regimen D Jolivette (NET 0.35 mg) QD administered under non-fasting conditions for 3 
days (Study Days 1 through 3). 
 
Regimen E Jolivette (NET 0.35 mg) QD administered under non-fasting conditions for 
14 days (Study Days 4 through 17). ABT-450/r/ABT-267 150/100/25 mg QD + ABT-333 
250 mg BID administered under non-fasting conditions for 21 days (Study Days 4 
through 24) with QD doses being administered in the morning. 
 
Regimen F:   Balziva (EE/NET 35 μg/0.4 mg) QD administered under non-fasting 
conditions for 7 days (Study Days 1 through 7). 
 
Regimen G:  Balziva (EE/NET 35 μg/0.4 mg) QD administered under non-fasting 
conditions for 14 days (Study Days 8 through 21). ABT-450/r/ABT-267 150/100/25 mg 
QD + ABT-333 250 mg BID administered under non-fasting conditions for 21 days 
(Study Days 8 through 28) with the QD doses being administered in the morning. 
 
 
In Arm 1, Arm 2 and Arm 4, subjects were to be confined to the study site and supervised 
for approximately 30 days.  Confinement began on the day prior to dosing (Study Day –
1) and was to end after the collection of the 24-hour DAA blood sample and completion 
of all scheduled study procedures on Study Day 29. In Arms 1 and 2, intensive 
pharmacokinetic sampling for ABT-450, ritonavir, ABT-267, ABT-333 and ABT-333 
M1 (ABT-333 and ABT-333 M1 for Arm 1) occurred on Study Days 10, 21 and 28 and 
for EE and NGM metabolites, norelgestromin (NGMN), and norgestrel (NG) occurred on 
Study Days 9, 10 and 21. In Arm 4, intensive pharmacokinetic sampling for ABT-450, 
ritonavir, ABT-267, ABT-333 and ABT-333 M1 was to occur on Study Days 8, 21 and 
28 and for EE and NET on Study Days 7, 8 and 21. Arm 4 was prematurely discontinued 
due to safety reasons therefore intensive pharmacokinetic sampling actually occurred on 
Study Day 8 for DAAs and Study Days 7 and 8 for EE and NET. 
 
In Arm 3, subjects were confined to the study site and supervised for approximately 26 
days.  The confinement began on the day prior to dosing (Study Day –1) and ended after 
the collection of the 24-hour DAA blood sample and completion of all scheduled study 

161
Reference ID: 3630826



procedures on Study Day 25 for Arm 3. Intensive pharmacokinetic sample for ABT-450, 
ritonavir, ABT-267, ABT-333 and ABT-333 M1 occurred on Study Days 4, 17, and 24 
and for NET occurred on Study Days 3, 4, and 17. 
 
Subjects received a standardized diet, providing approximately 40% of the daily calories 
from fat and up to 45% of the daily calories from carbohydrates (approximately 2,200 
calories/day), for all meals during confinement. 
 
In the morning of study day 1, each dose of study drug was taken orally with 
approximately 240 mL of water approximately 30 minutes after the start of breakfast. 
Each evening dose of ABT-333 (for Arms 1, 3 and 4) was taken orally with 
approximately 240 mL of water approximately 30 minutes after the start of the evening 
snack.  
 
Rationale for Conducting the Trial  
 
Oral contraceptives containing a combination of an EE and a progestin are among the 
most frequently used methods of birth control. EE is metabolized by sulfotransferases, 
CYP3A4, and UGTs. The metabolism of most of the progestins is not well established; 
however, CYP3A4 and UGTs may play a role in their metabolism. Therefore, the 
metabolism of EE, NGM, and NET may be affected by drugs that alter activity of 
UGTs or sulfate conjugation, by drugs that are inhibitors or inducers of CYP3A4, or via 
other mechanisms. The DAA regimens contain ABT-450 and ritonavir, which are 
potent inhibitors of UGT 1A1 and CYP 3A, respectively. In addition, ritonavir induces 
UGT 1A1. Therefore, the sponsor evaluated the effect of DAAs on the metabolism 
of oral contraceptives.  
 
Rationale for Dose Selection 
 
The dose of ABT-450 (150 mg once daily), ritonavir (100 mg once daily), ABT-267 (25 
mg once daily), and ABT-333 (250 mg twice daily) evaluated in the trial is identical to 
the dose of ABT-450, ritonavir, ABT-267, and ABT-333 doses used in Phase 3 trials.  
The doses of oral contraceptives used in the trial are the approved doses.     
 
Identity of Investigational Products 
 
Table 2 shows the identity of the investigational products used in the trial.  
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• Female had negative results for pregnancy test performed at screening on a urine 
specimen obtained within 28 days prior to initial study drug administration, and 
prior to dosing a serum sample obtained on study day -1. 

• Body mass index (BMI) was ≥ 18 to < 30 Kg/m2.  
 
Exclusion Criteria: 
 

• Required any over-the-counter and/or prescription medication, vitamins, and 
herbal supplements on a regular basis. 

• Used any medications (prescription and over-the-counter), vitamins, and/or herbal 
supplements within the 2-week period prior to the first dose of study drug 
administration or within 10 half-lives of the respective medication, whichever was 
longer. 

• Used known inhibitors (e.g., ketoconazole) or inducers (e.g., carbamazepine) of 
cytochrome P450 3A (CYP3A) or cytochrome P450 2C8 (CYP2C8) (e.g., 
gemfibrozil, montelukast), or OATP1B1 (e.g. cyclosporine) within 1 month prior 
to study drug administration. 

• Received any investigational product within a time period equal to 10 half-lives of 
the product, if known, or a minimum of 6 weeks prior to study drug 
administration. 

• Consumed grapefruit, star fruit, Seville oranges, or products containing any of 
these ingredients within the 72-hour period prior to study drug administration. 

 
Pharmacokinetic Analysis  
 
The pharmacokinetic parameters were computed using non-compartmental methods.   
 
Protocol and Changes to Analysis 
 
Subjects in arms 1 and 2 were enrolled under the original protocol.  Per amendment # 1, 
the trial design was modified to include arm 3 and optional arm 4 and the entry criteria 
was modified for subjects enrolling into arm 3 and optional arm 4.  Amendment # 2 
provided details of the pharmacokinetic results from arm 3 which would result in arm 4 
of the study not being initiated or being discontinued.  
 
Since Arm 4 was prematurely discontinued on Study Day 15, statistical analysis could 
not be performed on study days as indicated in the protocol. Instead, statistical analysis 
for determination of effect of the 3-DAA combination on EE + NET combined oral 
contraceptives was performed for Study Days 7 and 8 and steady-state analysis was 
performed when  EE+ NET was administered without DAAs (Study Days 5, 6, 7 and 8). 
No statistical analysis was performed for DAA pharmacokinetic data. 
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Results 
 
Bioanalytical methods 
 
Table 3 shows the summary of the bioanalytical assay parameters 
 

Analyte  Calibration 
Curve Range 
(ng/mL) 

LLOQ 
(ng/mL) 

QC 
Concentrations 
(ng/mL) 

% CV % Bias 

ABT-450 0.6-431 0.6 1.38, 40, 344 5.6 % to 8.8 % -3.5 % to -1.4 % 
Ritonavir 4.71-3380 4.71 11, 320, 2760 3.2 % to 7 % -1.1 % to 2.5 % 
ABT-267 0.417-299 0.41 1.04, 30.2, 260 5.2 to 17.3 % -2.6 % to 0 % 
ABT-333 4.39-3150  4.39 11, 319, 2740 6.4 % to 10.9 % -6.9 % to 2.5 % 
ABT-333 M1 4.58-3290 4.58 10.7, 311, 2680 3.5 % to 10.2 % -4.9 % to -2.6 % 
Ethinyl 
Estradiol 

0.002-2.05 0.002 0.004, 0.08, 1.62 4 %-9.1 % -9.3 % to-2.5 % 

Norelgestromin 0.02-10.4 0.02 0.05, 0.646, 8.08 1.9 %-4.3% -12.7 % to -9.3 % 
Norgestrel 0.02-10.3 0.02 0.05, 0.63, 7.89 10.7 % to 18.2 % -6.3 % to -5.2 % 
Norethindrone 0.1-60 0.1 0.3, 1.87, 46.9 6.8 %-8.5 % -3.4 % to 3.7 % 

 
Subject Disposition and Demographics  
 
Table 4 below shows the disposition of subjects enrolled in the trial: 
 

 
 
The data of all subjects were included in the analysis with the following exceptions: 
 

• Subject 101 (Arm 1), a 25 year old White female, withdrew consent due to a 
family emergency. The last dosing of study drug occurred in the morning on 
Study Day 6.  No PK data was collected and the subject was excluded from all 
pharmacokinetic summaries and analysis. 

• Subject 104 (Arm 2), a 26 year old Asian female, was prematurely discontinued 
on day study day 25 due to grade 3 ALT elevations.  The last dose of study drug 
occurred in the morning on Study Day 25; pharmacokinetic samples collected on 
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study days 27 and 28 were excluded and the subject was excluded from statistical 
analysis of the pharmacokinetic parameters of the DAAs. 

• Subject 107 (Arm 2), a 27 year old Asian female, was prematurely discontinued 
on Study Day 21 due to due to grade 3 ALT elevations. The last dose of study 
drug occurred in the morning on Study Day 21, therefore, pharmacokinetic 
samples collected on days 26, 27, and 28 were excluded and the subject was 
excluded from statistical analysis of the pharmacokinetic parameters of the 
DAAs. 

• Subject 401 (Arm 4), a 31 year old White female, withdrew consent; subject 
experienced multiple adverse events and wanted to stop dosing. The last dose of 
study drug occurred in the morning on Study Day 14. 

• Subject 406 (Arm 4), a 37 year old Black female, was prematurely discontinued 
due to an adverse event of transaminases increased that began on Study Day 11. 
The last dose of study drug occurred in the morning on Study Day 13. 

 
Table 5 below shows the demographic summary of all subjects. 
 

 
 
Pharmacokinetics 
 
Arm 1 (ABT-450/r/ABT-267, ABT-333 and Ortho Cyclen) and Arm 2 (ABT-450/r/ABT-
267 and Ortho Cyclen) 
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ABT-450 
 
Table 6 shows the mean ± SD pharmacokinetic parameters of ABT-450 (Arms 1 and 2) 
 

 
 
Ritonavir (Arm 1 and 2)  
 
Table 7 shows the mean ± SD pharmacokinetic parameters of ritonavir (Arms 1 and 2) 
 

 
 
ABT-267 (Arm 1 and 2)  
 
Table 8 shows the mean ± SD pharmacokinetic parameters of ABT-267 (Arms 1 and 2) 
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ABT-333 and ABT-333 M1 Metabolite (Arm 1)  
 
Table 9 shows the mean ± SD pharmacokinetic parameters of ABT-333 (Arms 1) 
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Ethinyl Estradiol PK (Arms1 and 2) 
 
Table 10 shows the mean ± SD pharmacokinetic parameters of ethinyl estradiol (Arms 1 
and 2) 
 

 
 
Norelgestromin PK (Arms1 and 2) 
 
Table 11 shows the mean ± SD pharmacokinetic parameters of norelgestromin (Arms 1 
and 2) 
 

 
 
Norgestel PK (Arms1 and 2) 
 
Table 12 shows the mean ± SD pharmacokinetic parameters of norgestrel (Arms 1 and 2) 
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Arm 3 (ABT-450/r/ABT-267, ABT-333 Jolivette) 
 
Table 13 shows the mean ± SD pharmacokinetic parameters of ABT-450 (Arm 3) 
 
 

 
 
Table 14 shows the mean ± SD pharmacokinetic parameters of Ritonavir (Arm 3) 
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Table 15 shows the mean ± SD pharmacokinetic parameters of ABT-267 (Arm 3) 
 

 
 
Table 16 shows the mean ± SD pharmacokinetic parameters of ABT-333 and ABT-333 
M1 metabolite (Arm 3) 
 

 
 
Table 17 shows the mean ± SD pharmacokinetic parameters of Norethindrone (Arm 3) 
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Arm 4 (ABT-450/r/ABT-267, ABT-333 and Balziva) 
 
Table 18 shows the mean ± SD pharmacokinetic parameters of ABT-450 (Arm 4) 
 

 
 
Table 19 shows the mean ± SD pharmacokinetic parameters of ritonavir (Arm 4) 
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Table 20 shows the mean ± SD pharmacokinetic parameters of ABT-267 (Arm 4) 
 

 
 
Table 21 shows the mean ± SD pharmacokinetic parameters of ABT-333 and ABT-333 
M1 metabolite 267 (Arm 4) 
 

 
 
Table 22 shows the mean ± SD pharmacokinetic parameters of ethinyl estradiol (Arm 4) 
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Table  23 shows the mean ± SD pharmacokinetic parameters of Norethindrone (Arm 4) 
 

 
 
Statistical Comparison of the Phaarmacokinetic Parameters  
 
Effect of DAAs on the COC Containing EE +NGM (Arms 1 and 2) 
 
Fig 1 shows the least squares mean ratios of Cmax, AUC, and Ctrough and 90 % 
Confidence Intervals for EE, NGMN, and NG  (Study Day 21/Study Day 9), Arms 1 and 
2. 
 

 
 

174
Reference ID: 3630826



Effect of COC Containing EE+NGM on DAAs (Arms 1 and 2) 
Fig 2 shows the least squares mean ratios of Cmax, AUC, and Ctrough and 90 % 
Confidence Intervals for DAAs (Study Day 21/Study Day 28), Arms 1 and 2 
 

 
 
Effect of DAAs on POP Containing NET (Arm 3) 
 
Fig 3 shows the least squares mean ratios of Cmax, AUC, and Ctrough and 90 % 
Confidence Intervals for NET (Study Day 17/Study Day 3), Arm 3 
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Effect of NET on DAAs (Arm 3) 
 
Fig 4 shows the least squares mean ratios of Cmax, AUC, and Ctrough and 90 % 
Confidence Intervals for DAAs (Study Day 17/Study Day 24), Arm 3 
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Effect of COC Containing EE+NET on DAAs (Arms 4) 
 
Fig 5 shows the least squares mean ratios of Cmax, AUC, and Ctrough and 90 % 
Confidence Intervals for EE and NET  (Study Day 8/Study Day 7), Arm 4.  
 

 
 
Conclusion  
 
Due to the ALT elevations observed in Arms 1, 2 and 4, co-administration of the 3-DAA 
regimen with oral contraceptives containing ethinyl estradiol is contraindicated.  
 
Progestin only contraceptives can be co-administered with the 3-DAA regimen without 
any dose adjustments.   
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Drug-Drug Interaction Trial with Darunavir/ritonavir 
Reviewer:  Vikram Arya, Ph.D., FCP 
 
M12-202   
 
Title 
 
A Phase 1, Open Label Study to Assess the Pharmacokinetics, Safety,  
and Tolerability of the Co-administration of Darunavir Once Daily 
Administered in the Evening with ABT-450, Ritonavir, ABT-267 
(ABT-450/r/ABT-267) in the Morning With and Without Twice a Day 
ABT-333 in Healthy Adult Subjects  
 
Trial  Period 
 
May 13, 2013 to July 23, 2013      
Final report date: March 14, 2014          
 
Reviewer’s Note:  As the proposed labeling recommendations in NDA 
206619 are based on 3 DAAs (ABT-450/ritonavir/ABT-267 and ABT-
333), the results section in this review focuses only on the results 
observed with 3DAAs. 
 
Trial  Objectives 
 
The objectives of the trial were: 

• to determine the pharmacokinetics, safety, and tolerability of the combination of 
ABT-450/ritonavir and ABT-267 with or without ABT-333 when dosed with 
darunavir once daily administered in the evening in healthy subjects.  

• to determine the pharmacokinetics, safety, and tolerability of darunavir and 
ritonavir administered once daily in the evening when co-administered with a 
combination of ABT-450/ritonavir/ABT-267 with or without ABT-333 in healthy 
subjects.   

 
Trial  Design 
 
Phase 1, single-center, randomized, multiple dose, non-fasting, open-label trial. 
 
Table 1 shows the dosing sequences 
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  Table 2 shows the various treatments administered in the trial. 
 

 
 
Of note, based on the results of Arm1 from the trial, the applicant made a decision 
not to conduct Arm 2 of the trial.  
 
Rationale for Conducting the Trial  
 
The trial was conducted to collect quantitative drug-drug interaction information for the 
safe and effective use of darunavir/ritonavir once daily administered in the evening with 
the 3-DAA regimen in HIV/HCV co-infected population.  
 
Rationale for Dose Selection 
 
The doses of ABT-450 (150 mg once daily), ritonavir (100 mg once daily), ABT-267 (25 
mg) and ABT-333 (400 mg) were the doses that were determined to be safe and 
efficacious in the Phase 2 trials.  Further, these doses (or doses that provided comparable 
systemic exposures) were also evaluated in the Phase 3 trials.  The dose of darunavir 
/ritonavir 800/100 mg once daily is the approved dose. 
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Trough Concentrations 
 

• Cohort 1: Blood samples for measurement of DAA and ritonavir trough 
concentrations were collected immediately prior to the morning dose on Study 
Days 8, 11, 13, 23, 25, and 27. 

 
• Cohort 2: Blood samples for measurement of ritonavir were collected 

immediately prior to the evening dose on Study Days 8, 10 and 12, and for 
measurement of DAA and ritonavir immediately prior to the morning dose on 
Study Days 23, 25, and 27. 

 
Blood Samples for Darunavir: 
 
Cohort 2 

• Prior to evening dose of darunavir (0 hour) and at 1, 2, 3, 4 (Study Day 14), 6 
(Study Day 14), 9 (Study Day 14), 12 (Study Day 14), 16 (Study Day 14) and 
24 (Study Day 14) hours after evening dosing on Study Day 13. 

 
Cohorts 1 and 2 
 

• Prior to evening dose of darunavir (0 hour) and at 1, 2, 3, 4 (Study Day 28), 6 
(Study Day 28), 9 (Study Day 28), 12 (Study Day 28), 16 (Study Day 28), 24 
(Study Day 28), 36 (Study Day 29), 48 (Study Day 29) and 72 (Study Day 30) 
hours after evening dosing on Study Day 27 or upon subject discontinuation due 
to an adverse event. 
 

Trough Concentrations 
 

• Cohort 2: Blood samples for measurement of darunavir trough concentrations 
were collected immediately prior to the evening dose on Study Days 8, 10, 
and 12. 

• Cohorts 1 and 2: Blood samples for measurement of darunavir trough 
concentrations were drawn immediately prior to the evening dose on Study 
Days 22, 24 and 26. 

Pharmacokinetic Analysis  
 
The pharmacokinetic parameters of ABT-450, ritonavir, ABT-267, ABT-333, ABT-333 
M1 and darunavir were computed using non-compartmental methods.   
 
Results 
 
Bioanalytical methods 
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Table 4 provides the summary of the bioanalytical assay parameters.  
 
Analyte  Calibration 

Curve Range 
(ng/mL) 

LLOQ 
(ng/mL) 

QC 
Concentrations 
(ng/mL) 

% CV % Bias 

ABT-450 0.6-431 0.6 1.58, 26.4, 330 2.2 % to 5.4 % 3.4 % to 8.9 % 
Ritonavir 4.71-3380 4.71 12.7, 211,2640 3.5 % to 5.6 % 3.8 % to 6.3 % 
ABT-267 0.417-299  0.41 1.09, 18.1, 227 3.3 % to  4.4 % 3.1 % to 4.4 % 
ABT-333 4.39-3150  4.39 11.7, 195, 2430 3 % to 5.3 % 3.6 % to 5.3 % 
ABT-333 M1 4.58-3290 4.58 12, 199, 2490 2.5 % to 3.5 % 2 % to 3.3 % 
Darunavir 25-12500   25 75, 6250, 9750    4.9 % to 6.2 % -4.1 % to -3.5 % 
 
Subject Disposition and Demographics  
 
Table 5 below shows the shows the overall demographic summary of all subjects enrolled 
in the trial. 
 

 
 
Pharmacokinetics 
 
Arm 1 
 
ABT-450  
 
Table 6 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm1. 
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Ritonavir 
 
Table 7 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 1. 
 

 
 

ABT-267 
 
Table 8 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 1. 
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ABT-333  
 
Table 9 shows the mean ± SD pharmacokinetic parameters of ABT-333 in Arm 1. 
 

 
 
 

ABT-333 M1  
 
Table 10 shows the mean ± SD pharmacokinetic parameters of ABT-333 M1 in Arm 1. 
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Darunavir  
 
Table 11 shows the mean ± SD pharmacokinetic parameters of darunavir in Arm 1. 

 

 
 
Statistical Comparison of the Pharmacokinetic Parameters: 
 
Effect of Darunavir on DAAs 
 
Fig 2 shows the least squares mean (LSM) ratios of Cmax, AUC, and Ctrough and 90 % 
Confidence Intervals (CIs) of the DAAs. 

 
 
 
 

185
Reference ID: 3630826



Effect of DAAs on Darunavir 
 
Fig 3 shows the least squares mean (LSM) ratios of Cmax, AUC, and Ctrough and 90 % 
Confidence Intervals (CIs) of darunavir and ritonavir (co-administered with darunavir in 
the evening)  

 
 
Results  
 

• Co-administration of ABT-450/r, ABT-267 and ABT-333 with darunavir once 
daily (administered in the evening with ritonavir 100 mg )  

o Decreased the mean Cmax and AUC of ABT-450 by 30 % and 19 %, 
respectively, and increase the mean Ctrough of ABT-450 by 59 % 
respectively.   

o Increased the Cmax, AUC, and Ctrough of ritonavir (comparison based on day 
28 vs day 14 of Arm 1, Cohort 1) by 18 %, 70 %, and 1315 % (data not 
shown in figure 2).  

o Decreased the mean Cmax, AUC, and Ctrough of ABT-267 by 13 %, 13 %, 
and 13 %, respectively.    

o Decreased the mean Cmax, AUC, and Ctrough of ABT-333 by 25 %, 28 %, 
and 35 %, respectively.    

o Decreased the mean Cmax, AUC, and Ctrough of ABT-333 M1 by 30 %, 31 
%, and 38 %, respectively.    

o Decreased the mean Cmax and Ctrough of darunavir by 20 % and 45 %, 
respectively, and increased the mean AUC of darunavir by 34 %.  

o Increased the mean Cmax, AUC, and Ctrough of ritonavir (comparison based 
on day 28 vs day 14 of Arm 1, Cohort 2) by 153 %, 176 %, and 781 %, 
respectively.  

 
Conclusion  
 

• Co-administration of the 3-DAA regimen with Darunavir/ritonavir (800 mg/100 
mg once daily administered in the evening) is not recommended is due to 
decrease in the mean Ctrough of darunavir.  
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Drug-Drug Interaction Trial with Darunavir/ritonavir 
Reviewer:  Vikram Arya, Ph.D., FCP 
 
M13-506   
 
Title 
 
A Phase 1, Open Label Study to Assess the Pharmacokinetics, Safety,  
and Tolerability of  the Co-administration of Darunavir with ABT-
450/ritonavir (ABT-450/r) and ABT-267 and/or ABT-333 in Healthy 
Adult Subjects  
 
Trial  Period 
 
Feb 9, 2012 to December 21, 2012     
Final report date: September 25, 2013         
 
Reviewer’s Note:  As the proposed labeling recommendations in NDA 
206619 are based on 3 DAAs (ABT-450/ritonavir/ABT-267 and ABT-
333), the results section in this review focuses only on the results 
observed with 3DAAs. 
 
Trial  Objectives 
 
The objectives of the trial were: 

• to evaluate the pharmacokinetics, safety, and tolerability of the combination of 
ABT-450/ritonavir with ABT-267 and/or ABT-333 when co-administered with 
darunavir at steady state in healthy subjects.  

• to evaluate the pharmacokinetics, safety, and tolerability of darunavir when co-
administered with a combination of ABT-450/ritonavir and ABT-267 and/or 
ABT-333 at steady state in healthy subjects 

 
Trial  Design 
 
Phase 1, single-center, randomized, multiple dose, non-fasting, open-label trial. 
 
Table 1 shows the dosing sequences 
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Table 2 shows the various treatments administered in the trial. 
 

 
 
Rationale for Conducting the Trial  
 
The trial was conducted to collect quantitative drug-drug interaction information for the 
safe and effective use of darunavir with the 3-DAA regimen in HIV/HCV co-infected 
population.  
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Pharmacokinetic Analysis  
 
The pharmacokinetic parameters of ABT-450, ritonavir, ABT-267, ABT-333, ABT-333 
M1 and daruanvir were computed using non-compartmental methods.   
 
Results 
 
Bioanalytical methods 
 
Table 4 provides the summary of the bioanalytical assay parameters.  
 
Analyte  Calibration 

Curve Range 
(ng/mL) 

LLOQ 
(ng/mL) 

QC 
Concentrations 
(ng/mL) 

% CV % Bias 

ABT-450 0.595-428 0.595 1.53, 26.1, 325 3.5 % to 7.8 % -0.4 % to 2 % 
Ritonavir 4.93-3540 4.93 13.5, 229,2850 3.5 % to 4.8 % 0.4 % to 4.4 % 
ABT-267 0.424-305 0.424 1.18, 20.1, 251 3.4 % to  7 % 2 % to 4.2 % 
ABT-333 4.57-3290  4.57 12.3, 209, 2610 4.2 % to 5.4 % -4.2 % to 1.6 % 
ABT-333 M1 4.72-3400 4.72 12.2, 208, 2590 2.5 % to 4.3 % -1.4 % to 1.6 % 
Darunavir 25-12,500   25 75,6250, 9750   2.8 % to 4.8 % 0.2 % to 1.3 % 
 
Subject Disposition and Demographics  
 
Seventy two subjects were enrolled in the trial.  6 subjects prematurely discontinued the 
trial and 2 subjects withdrew consent from the trial.   
 

• Subject 602, a 31-year-old Black male, discontinued from the study due to 
erythema, skin swelling, skin sensitization and urticaria on Study Day 26 while 
receiving Regimen B (ABT-333 400 mg BID + ABT-450/r 150/100 mg QD + 
darunavir 800 mg QD) in Period 2 of Arm 1/Cohort 2. The last dosing of 
study drugs occurred on the evening of Study Day 26. 

• Subject 651, a 26-year-old Black male, discontinued from the study due to 
vomiting on Study Day 15 while receiving Regimen E (ABT-450/r 
150/100 mg QD + ABT-267 25 mg QD + darunavir 800 mg QD) in Period 2 
of Arm 2/Cohort 2. The last dosing of study drugs occurred on the morning of 
Study Day 16. 

• Subject 667, a 40-year-old White female, discontinued from the study due to 
vomiting on Study Day 15 while receiving Regimen E (ABT-450/r 
150/100 mg QD + ABT-267 25 mg QD + darunavir 800 mg QD) in Period 2 
of Arm 2/Cohort 2. The last dosing of study drugs occurred on the morning of 
Study Day 15. 

• Subject 706, a 47-year-old White male, discontinued from the study due to 
maculopapular rash on Study Day 11 while receiving Regimen I (darunavir 
800 mg QD + RTV 100 mg QD) in Period 1 of Arm 3/Cohort 2. The last 
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dosing of study drugs occurred on Study Day 8. The subject developed 
pruritus and skin irritation to the chest, upper back, arms, neck and face. 

• Subject 751, a 54-year-old White male, discontinued from the study due to 
maculopapular rash on Study Day 9 while receiving Regimen L (darunavir 
600 mg BID + RTV 100 mg BID) in Period 1 of Arm 4/Cohort 2. The last 
dosing of study drugs occurred on Study Day 9.  

• Subject 768, a 27-year-old White male, discontinued from the study due to 
maculopapular rash on Study Day 10 while receiving Regimen L (darunavir 
600 mg BID + RTV 100 mg BID) in Period 1 of Arm 4/Cohort 2. The last 
dosing of study drugs occurred on Study Day 10.  

• Subject 752, a 43-year-old White male, withdrew consent from the study due 
to a family emergency while receiving Regimen K (ABT-333 400 mg BID + 
ABT-450/r 150/100 mg QD + ABT-267 25 mg QD + darunavir 600 mg BID + 
RTV 100 mg QPM) in Period 2 of Arm 4/Cohort 1. The last dosing of study 
drugs occurred on Study Day 22. 

• Subject 767, a 47-year-old Black male, withdrew consent from the study due 
to a family emergency while receiving Regimen J (ABT-333 400 mg BID + 
ABT-450/r 150/100 mg QD + ABT-267 25 mg QD) in Period 1 of 
Arm 4/Cohort 1. The last dosing of study drugs occurred on Study Day 12. 

 
Table 5 below shows the shows the overall demographic summary of all subjects enrolled 
in the trial. 
 

 
 
Pharmacokinetics 
 
Note:  Only the results from Arm 3 (Regimens G, H, and I) and Arm 4 (Regimens J, K, 
and L) are presented in this review. 
 
Arm 3 
 
ABT-450  
 
Table 6 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 3 
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Ritonavir 
 
Table 7 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 3 
 

 
 
ABT-267 
 
Table 8 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 3 
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ABT-333  
 
Table 9 shows the mean ± SD pharmacokinetic parameters of ABT-333 in Arm 3 
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ABT-333 M1  
 
Table 10 shows the mean ± SD pharmacokinetic parameters of ABT-333 M1 in Arm 3 

 
 

Darunavir  
 
Table 11 shows the mean ± SD pharmacokinetic parameters of darunavir in Arm 3 
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Arm 4 
 
ABT-450  
 
Table 12 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 4 
 
 

 
 

Ritonavir 
 
Table 13 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 4 
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ABT-267  
 
Table 14 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 4 

 

 
 
ABT-333  
 
Table 15 shows the mean ± SD pharmacokinetic parameters of ABT-333 in Arm 4 
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ABT-333 M1 
 
Table 16 shows the mean ± SD pharmacokinetic parameters of ABT-333 M1 in Arm 4 
 

 
 

Darunavir 
 
Table 17 shows the mean ± SD pharmacokinetic parameters of darunavir in Arm 4 
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Statistical Comparison of the Pharmacokinetic Parameters: 
 
Fig 1 shows the least squares mean (LSM) ratios of Cmax, AUC, and Ctrough and 90 % 
Confidence Intervals (CIs) for the DAAs (Arm 3 and 4), ritonavir (Arm 3) and darunavir 
(Arm 3 and Arm 4) 
 

 

 
 
Results  
 

• Co-administration of ABT-450/r, ABT-267 and ABT-333 with darunavir once 
daily (administered in the morning with the 3-DAA regimen) [Arm 3]   

o Increased the mean Cmax, AUC, and Ctrough of ABT-450 by 54 %, 30 %, 
and 30 %, respectively.   

o There were no significant changes in the mean pharmacokinetic 
parameters of ritonavir (using ritonavir given as part of the 3-DAA 
regimen as reference), ABT-267, ABT-333, and ABT-333 M1. 

o Decreased the mean Cmax, AUC, and Ctrough of daruanvir by 7 %, 23 %, 
and 48 %, respectively.  
 Increased ritonavir (using ritonavir given as part of DRV/rtv 

800/100 mg as reference) mean Cmax and AUC by 70 % and 37 %, 
respectively and decreased mean Ctrough by 31 %.    

• Administration of ABT-450/r, ABT-267 and ABT-333 with daruanvir twice daily 
(evening dose of darunavir administered with ritonavir)[Arm 4] 
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The decrease in the Ctrough of DRV observed in trials M13-506 and M12-202 was similar 
to the decrease in DRV Ctrough when darunavir (600/100 mg twice daily) was co-
administered with telaprevir  (42 % decrease [with telaprevir 750 mg every 8 hours] and 
58 % decrease [with telaprevir 1125 mg every 12 hours] and boceprevir (59 % 
decrease).  Of note, the approved prescribing information of telaprevir and boceprevir 
recommends against co-administration of darunavir/ritonavir with telaprevir 
darunavir/ritonavir with boceprevir, respectively.  
 
The figure below compares the darunavir Ctrough when administered alone (twice daily 
and once daily in the morning in trial M13-506 and once daily in the evening in trial 
M12-202) or with the 3-DAA regimen in trial M13-506  

 
Source:  Summary of Darunavir Drug-Drug Interaction Trials submitted by the applicant on November 27, 
2013. 
 
Comparison of the mean Ctrough of darunavir across the trials the various regimens 
suggest that the mean Ctrough of DRV twice daily when co-administered with the 3-DAA 
regimen is lower than the mean Ctrough of darunavir after the once daily regimens. 
Hence, based on the available information, co-administration of the 3-DAA regimen with 
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DRV/rtv once daily (morning administration and evening administration) and DRV/rtv 
twice daily is not recommended. 
 
Considering the importance of providing multiple treatment options for HIV/HCV 
coinfected population and to further assess the clinical relevance of the decrease in 
darunavir Ctrough,  the applicant is currently evaluating the co-administration of DRV/rtv 
and the 3-DAA regimen as part of trial M14-004.   
 
At least 20 HIV patients who are currently on DRV/r (800/100 mg) once daily will be 
randomized (1:1) into: 
 

• Group 1 (n=10): Patients will continue on the DRV/r (800/100 mg) once daily 
regimen. 

• Group 2 (n=10): Patients will be switched to DRV/r (600/100 mg) twice daily 
regimen.    

 
DRV exposure should be evaluated in all patients (n=20) using a mixture of intensive 
pharmacokinetic sampling and sparse sampling.  The results from the assessments 
described above are expected to provide additional information regarding the safe and 
effective use of the 3-DAA regimen with darunavir.    
 
Conclusion  
 

• Co-administration of the 3-DAA regimen with Darunavir/ritonavir (800 mg/100 
mg once daily; darunavir given in the morning with the DAA regimen) is not 
recommended due to the decrease in the mean Ctrough of darunavir. 

• Co-administration of the 3-DAA regimen with Darunavir/ritonavir (600 mg/100 
mg twice daily; darunavir given in the morning with the DAA regimen and in the 
evening with ritonavir) is not recommended due to the decrease in the Ctrough of 
darunavir. 
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Drug-Drug Interaction Trial with Rilpivirine 
Reviewer:  Vikram Arya, Ph.D., FCP 
 
M13-782   
 
Title 
 
A Phase 1, Open Label Study to Assess the Pharmacokinetics, Safety,  
and Tolerability of  the Co-administration of Rilpivirine with ABT-
450/ritonavir (ABT-450/r) and ABT-267 with ABT-333 in Healthy 
Adult Subjects  
 
Trial  Period 
 
November 12, 2012 to June 21, 2013    
Final report date: November 7, 2013       
 
Trial  Objectives 
 
The objectives of the trial were: 

• to evaluate the pharmacokinetics, safety, and tolerability of the combination of 
ABT-450/ritonavir plus ABT-267 with ABT-333 when co-administered with 
rilpivirine at steady state in healthy subjects.  

• to evaluate the pharmacokinetics, safety, and tolerability of rilpivirine when co-
administered with a combination of ABT-450/ritonavir plus ABT-267 with ABT-
333 at steady state in healthy subjects 

 
Trial  Design 
 
Phase 1, single-center, randomized, multiple dose, non-fasting, open-label study.  After 
meeting the selection criteria, 20 subjects per arm were assigned randomly in equal 
numbers (10 subjects per cohort) to one of the two treatment sequences (cohorts) as 
shown in table 1 below.  
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events (subjects 113 and 307) or due to investigator discretion (subject 120).  The 
pharmacokinetic data from these 3 subjects was excluded from all statistical analysis of 
the pharmacokinetic parameters.    
 
 
Pharmacokinetics 
 
Arm 1  
 
ABT-450  
 
Table 5 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 1. 
 

 
 
Ritonavir 
 
Table 6 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 1. 
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ABT-267 
 
Table 7 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 1. 
 

 
 
ABT-333  
 
Table 8 shows the mean ± SD pharmacokinetic parameters of ABT-333 in Arm 1. 
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ABT-333 M1  
 
Table 9 shows the mean ± SD pharmacokinetic parameters of ABT-333 M1 in Arm 1. 
 

 
 
Rilpivirine 
 
Table 10 shows the mean ± SD pharmacokinetic parameters of rilpivirine in Arm 1. 
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Fig 1 shows the statistical comparison of the pharmacokinetic parameters of ABT-450, 
ritonavir, ABT-267, ABT-333, ABT-333 M1 metabolite and rilpivirine in Arm 1. 
 

 

 
 
Arm 2 
 
Table 11 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 2. 
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Table 12 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 2. 
 

 
 
Table 13 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 2. 
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ABT-333 
 
Table 14 shows the mean ± SD pharmacokinetic parameters of ABT-333 in Arm 2. 
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Table 15 shows the mean ± SD pharmacokinetic parameters of ABT-333 M1 in Arm 2. 
 

 
Rilpivirine 
 
Table 16 shows the mean ± SD pharmacokinetic parameters of rilpivirine in Arm 2. 
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Fig 2 shows the statistical comparison of the pharmacokinetic parameters of ABT-450, 
ritonavir, ABT-267, ABT-333, ABT-333 M1 metabolite and rilpivirine in Arm 2. 
 

  
Arm 3 
 
Table 17 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 3. 
 

 
 
Table 18 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 3. 
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ABT-267 
 
Table 19 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 3. 
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ABT-333 
 
Table 20 shows the mean ± SD pharmacokinetic parameters of ABT-333 in Arm 3. 
 

 
Table 21 shows the mean ± SD pharmacokinetic parameters of ABT-333 M1 in Arm 3. 
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Rilpivirine 
 
Table 22 shows the mean ± SD pharmacokinetic parameters of rilpivirine in Arm 3. 
 

 
Fig 3 shows the statistical comparison of the pharmacokinetic parameters of ABT-450, 
ritonavir, ABT-267, ABT-333, ABT-333 M1 metabolite and rilpivirine in Arm 3. 
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Reviewer’s Assessment of the Clinical Relevance of the Increase in Rilpivirine Exposures 
Observed in the Various Arms of Trial M13-782 
 
The mean systemic exposure (AUC) of rilpivirine increased by 224 %, 243 %, and 150 % 
in Arms 1, 2 and 3, respectively.  The increase in rilpivirine exposures was expected as 
rilpivirine is a substrate of CYP3A4 and ritonavir is a potent inhibitor of CYP3A4.  In 
fact, the magnitude of increase in rilpivirine exposure observed in this (M13-782) trial 
was greater than the magnitude of increase in rilpivirine exposure when rilpivirine is co-
administered with boosted protease inhibitors, thereby suggesting that additional enzymes 
and transporters may be involved in rilpivirine disposition when rilpivirine was co-
administered with the 3-DAAs.    
 
Arm 3 was conducted following Arm 1 and before Arm 2. In Arm 3, rilpivirine was 
administered with an evening snack, coinciding with the evening dose of ABT-333 
starting on Study Day 15 but separated from administration of ABT-450/r + ABT-267 by 
~12 hours, with the hypothesis that separation of rilpivirine dosing from ABT-450/r + 
ABT-267 may decrease the magnitude of the interaction. Rilpivirine Cmax, AUC24, and C24 

values during coadministration with the 3-DAA combination at steady state (Study Day 
27) in Arm 3 were increased by 116%, 150%, and 187%, respectively, suggesting a 15% 
to 25% lower extent of interaction compared with Arm 1. 
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In Arm 2, rilpivirine was administered with an evening snack during Period 1 of Cohort 2 
(Study Days 1 to 14), and subsequently administered at night during Period 2 (Cohorts 1 
and 2), approximately 4 hours after dinner and without an evening snack. In this way, 
rilpivirine was administered under semi-fasting conditions, separated from ABT-450/r + 
ABT-267 administration by ~16 hours and the evening dose of ABT-333 by ~3 hours. 
Rilpivirine Cmax, AUC24 and C24 values during coadministration with the 3-DAA  
combination at steady state (Study Day 27) in Arm 2 were increased by 200 %, 243 %, 
and 273%, respectively, compared with rilpivirine administered alone at steady-state 
(Study Day 13). Administration of rilpivirine alone with food during Period 1 (Study 
Days 1 to 14), followed by administration under semi-fasting conditions when 
coadministered with DAAs during Period 2 (Study Days 15 to 28) was expected to 
reduce the extent of the drug-drug interaction. However, the magnitude of the interaction 
in Arm 2 was similar to when all of the agents were coadministered simultaneously in 
Arm 1. 
 
In all the rilpivirine dosing strategies investigated in the trial (rilpivirine given in the 
morning under fed conditions, rilpivirine given in the evening (under fed conditions) and 
rilpivirine given under “semi fasting” conditions (3 hours after evening snack), the 
increases in rilpivirine exposures is of clinical concern.  The approved prescribing 
information of rilpivirine (EDURANT) provides the following information: 
 
When supratherapeutic doses of 75 mg once daily and 300 mg once daily of EDURANT were 
studied in healthy adults, the maximum mean time-matched (95% upper confidence bound) 
differences in QTcF interval from placebo after baseline-correction were 10.7 (15.3) and 
23.3 (28.4) milliseconds, respectively. Steady-state administration of EDURANT 75 mg once 
daily and 300 mg once daily resulted in a mean steady-state Cmax approximately 2.6-fold and 
6.7-fold, respectively, higher than the mean Cmax observed with the recommended 25 mg once 
daily dose of EDURANT 
 
The Cmax of rilpivirine at the 25 mg once daily, 75 mg once daily, and 300 mg once daily 
doses were 220 ng/mL, 605 ng/mL, and 1620 ng/mL, respectively (Information taken 
from the Clinical Pharmacology Review of NDA 202022 available at Drugs@FDA).  Of 
note, the increased steady-state rilpivirine Cmax values during co-administration with the 
DAAs across Arms 1-3 were in the same range (100 % to 200 %, ratio: 2 to 3-fold) as 
those observed following administration of the supratherapeutic 75 mg QD rilpivirine 
dose relative to the therapeutic dose of 25 mg QD. 
 
Safety  
 
No deaths occurred during the study. One subject experienced a serious adverse event of 
abortion spontaneous after the completion of the study (25 days following the last dose of 
study drug).  Two subjects discontinued from the study due to non-serious adverse 
events; one of these subjects discontinued for maculopapular rash that occurred while the 
subject was receiving rilpivirine alone in Cohort 2 of Arm 3. One subject discontinued 
for blood creatine phosphokinase increase while receiving DAAs + rilpivirine in Cohort 2 
of Arm 1. 
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Results  
 

• Co-administration of ABT-450/r, ABT-267 and ABT-333 with rilpivirine (Arm 1) 
increased the mean Cmax, AUC, and C24 of rilpivirine by 154 %, 224 %, and 162 
%, respectively, as compared to administration of rilpivirine alone (day 14).  
There were no significant changes in the mean pharmacokinetic parameters of 
ABT-450, ritonavir, ABT-267, ABT-333, and ABT-333 M1. 

• Administration of rilpivirine under “semi fasting” conditions (Arm 2) increased 
the mean Cmax, AUC, and C24 of rilpivirine by 200 %, 243 %, and 272 %, 
respectively, as compared to administration of rilpivirine alone (day 13).  There 
were no significant changes in the mean pharmacokinetic parameters of ABT-
450, ritonavir, ABT-267, ABT-333, and ABT-333 M1. 

• Administration of rilpivirine with an evening snack (Arm 3; evening 
administration) increased the mean Cmax, AUC, and C24 of rilpivirine by 116 %, 
150 %, and 187 %, respectively, as compared to administration of rilpivirine 
alone (day 13).  There were no significant changes in the mean pharmacokinetic 
parameters of ABT-450, ritonavir, ABT-267, ABT-333, and ABT-333 M1. 

 
Conclusion  
 
Co-administration of the 3-DAA regimen (ABT-450/r/ABT-267 with ABT-333) with 
rilpivirine is not recommended based on concerns of QT prolongation which can be 
associated with increase in rilpivirine exposures observed in this trial (M13-782). 
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Drug-Drug Interaction Trial with Atazanavir 
Reviewer:  Vikram Arya, Ph.D., FCP 
 
M13-394   
 
Title  
 
A Phase 1, Open Label Study to Assess the Pharmacokinetics, Safety,  
and Tolerability of  the Co-administration of Atazanavir with ABT-
450/ritonavir (ABT-450/r) and ABT-267 with or without ABT-333 in 
Healthy Adult Subjects  
 
Trial  Period 
 
November 13, 2012 to June 05, 2013    
Final report date: March 14, 2014        
 
Reviewer’s Note:  As the proposed labeling recommendations in NDA 
206619 are based on 3 DAAs (ABT-450/ritonavir/ABT-267 and ABT-
333), the results section in this review focuses only on the results 
observed with 3DAAs. 
 
Trial  Objectives 
 
The objectives of the trial were: 

• to evaluate the pharmacokinetics, safety, and tolerability of the combination of 
ABT-450/ritonavir and ABT-267 with or without ABT-333 when co-administered 
with atazanavir at steady state in healthy subjects.  

• to evaluate the pharmacokinetics, safety, and tolerability of atazanavir when co-
administered with a combination of ABT-450/ritonavir and ABT-267 with or 
without ABT-333 at steady state in healthy subjects 

 
Trial  Design 
 
Phase 1, single-center, randomized, multiple dose, non-fasting, open-label trial. Based on 
the results from Arm 1, Arm 3 was dosed prior to Arm 2.  The trial was designed to 
enroll up to 72 subjects (24 subjects per arm assigned in a 1:1 ratio to Cohort 1 or Cohort 
2 (12 subjects per cohort).  Table 1 shows the trial design. 
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Table 2 shows the various treatments administered in the trial. 
 

 
 
Of note, in Arm 1, atazanavir was administered in the morning and in Arm 3, atazanavir 
was administered in the evening.  Ritonavir (100 mg) was administered with atazanavir 
during study days 1 to 14 in Cohort 2 across Arms 1, 2, and 3 and with the evening dose 
of atazanavir during study days 15 to 28 in Arm 3.      
 
Rationale for Conducting the Trial  
 
The trial was conducted to collect quantitative drug-drug interaction information for the 
safe and effective use of Atazanavir (combined with ritonavir administered separately or 
the ritonavir administered as part of the 3-DAA regimen) with the 3-DAA regimen in 
HIV/HCV co-infected population.  
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Table 4 provides the summary of the bioanalytical assay parameters.  
 
Analyte  Calibration 

Curve Range 
(ng/mL) 

LLOQ 
(ng/mL) 

QC 
Concentrations 
(ng/mL) 

% CV % Bias 

ABT-450 0.595-406 0.595 1.57, 26.2, 328 3.8 % to 9.6 % -10.7 % to -9.1 % 
Ritonavir 4.91-3340 4.91 12.4,207,2580 4.9 % to 5.6 % -5.8 % to -3.2 % 
ABT-267 0.46-314 0.46 1.18, 20.1, 251 2.7 % to  6.1 % -8.4 % to -6.6 % 
ABT-333 4.53-3090  4.53 12, 200, 2500 5.7 % to 6.2 % -2.5 % to 0 % 
ABT-333 M1 4.73-3220 4.73 11.6, 193, 2420 3.8 % to 6 % -6.2 % to -5.2 % 
Atazanavir 10-10,000   10 30,75,300,1200, 

7500   
4.19 % to 5.40 
% 

0.984 % to 2.98 
% 

 
Subject Disposition and Demographics  
 
Table 5 below shows the shows the overall demographic summary of all subjects enrolled 
in the trial. 
 

 
 
Out of the 72 subjects enrolled in the trial, the data from 71 subjects was included in the 
pharmacokinetic analysis and 66 subjects who completed dosing were included in the 
statistical analysis of the pharmacokinetic parameters.  Six subjects discontinued from the 
study during the dosing periods and 1 subject was lost to follow up after completing 
dosing. 
 

• Subject 107 (30-year-old White male) was discontinued from the study in 
Period 2 of Arm 1, Cohort 1 after Study Day 20 dosing due to a family 
emergency. 

• Subject 110 (24-year-old Black female) was discontinued from the study in 
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Period 2 of Arm1, Cohort 1 after Study Day 15 dosing due to an adverse event. 
• Subject 202 (25-year-old White female) was discontinued from the study in 

Period 2 of Arm 2, Cohort 1 after Study Day 24 dosing due to an adverse 
event. 

• Subject 210 (23-year-old White male) was discontinued from the study in 
Period 2 of Arm 2, Cohort 1 after Study Day 21 dosing due to an adverse 
event. 

• Subject 214 (33-year-old White male) completed the dosing in Arm 2, 
Cohort 2 but was lost to follow up. 

• Subject 223 (38-year-old White male) was discontinued from the study in 
Period 1 of Arm 2, Cohort 2 after Study Day 10 dosing due to an adverse 
event. This subject was not included for pharmacokinetic parameters 
determination or in the statistical analyses of pharmacokinetic parameters. 

• Subject 305 (27-year-old White female) was discontinued from the study after 
completing dosing in Period 2 of Arm 3, Cohort 1 after Study Day 24 dosing 
due to an adverse event.  

 
Pharmacokinetics 
 
Note:  Only the results from Arm 1 and Arm 3 are presented in this review. 
 
Arm 1  
 
ABT-450  
 
Table 6 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 1. 
 

 
 

Ritonavir 
 
Table 7 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 1. 
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ABT-267 
 
Table 8 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 1. 
 

 
 
ABT-333  
 
Table 9 shows the mean ± SD pharmacokinetic parameters of ABT-333 in Arm 1. 
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ABT-333 M1  
 
Table 10 shows the mean ± SD pharmacokinetic parameters of ABT-333 M1 in Arm 1. 
 

 
 

Atazanavir 
 
Table 11 shows the mean ± SD pharmacokinetic parameters of atazanavir in Arm 1. 
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Fig 1 shows the statistical comparison of the pharmacokinetic parameters of ABT-450, 
ritonavir, ABT-267, ABT-333, ABT-333 M1 metabolite and atazanavir in Arm 1. 
 

 

 

 

226
Reference ID: 3630826



Arm 3 
 
Table 12 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 3. 
 

 
 
Table 13 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 3. 
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Table 14 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 3. 
 

 
 
ABT-333 
 
Table 15 shows the mean ± SD pharmacokinetic parameters of ABT-333 in Arm 3. 
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Table 16 shows the mean ± SD pharmacokinetic parameters of ABT-333 M1 in Arm 3. 
 

 
 

Atazanavir  
 
Table 17 shows the mean ± SD pharmacokinetic parameters of atazanavir in Arm 3. 
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Fig 2 shows the statistical comparison of the pharmacokinetic parameters of ABT-450, 
ritonavir, ABT-267, ABT-333, ABT-333 M1 metabolite and atazanavir in Arm 3. 
 

 

 
 
Reviewer’s Assessment of the Results from Trial M13-394  
 
Co-administration of atazanavir with the 3 DAAs in the morning (Arm 1) increased 
ABT-450 Cmax AUC24 and C24 by 45%, 93%, and 226 %, respectively. Atazanavir is a 
known inhibitor of CYP3A and OATP transporters and ABT-450 has been shown to be a 
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substrate of CYP3A and OAT; therefore, the increase in the exposure of ABT-450 may 
be due to the inhibition of CYP3A and OATP by atazanavir.   When evening doses of 
atazanavir and ritonavir were co-administered with the 3-DAA regimen (Arm 3), ABT-
450 Cmax and AUC were 2.2- and 3.2-fold, respectively, of those observed when the 3-
DAA regimen was administered without atazanavir and ritonavir. The higher extent of 
drug-drug interaction observed in Arm 3 compared to Arm 1 may be due to the increased 
daily dose of ritonavir (200 mg in Arm 3 compared to 100 mg in 
Arm 1). 
 
Safety  
 
No deaths, serious adverse events, or other significant adverse events were reported 
during the study.  Five subjects discontinued from the study due to the occurrence of at 
least one adverse event.   
 
Results  
 

• Co-administration of ABT-450/r, ABT-267 and ABT-333 with atazanavir (Arm 
1)  

o Increased the mean Cmax, AUC, and C24 of ABT-450 by 45 %, 93 %, and 
226 %, respectively.   

o There were no significant changes in the mean pharmacokinetic 
parameters of atazanavir, ritonavir, ABT-267, ABT-333, and ABT-333 
M1. 

• Administration of ABT-450/r, ABT-267 and ABT-333 with atazanavir (Arm 3) 
o Increased the mean Cmax, AUC, and C24 of ABT-450 by 118 %, 216 %, 

and 1095 %, respectively.  
o Increased the mean Cmax, AUC, and C24 of ritonavir by 59 %, 218 %, and 

2365 %, respectively in Cohort 1 and 34 %, 124 %, and 1317 %, 
respectively, in Cohort 2.  

o Increased the mean Cmax, AUC, and C24 of atazanavir by 2 %, 20 %, and 
67 %, respectively.   

o There were no significant changes in the mean pharmacokinetic 
parameters of ABT-267, ABT-333, and ABT-333 M1. 

 
Conclusion  
 
Morning Administration:  ABT-450/r/ABT-267 once daily with ABT-333 twice daily 
can be administered with atazanavir in the morning without any dose adjustments.  As 
ritonavir is part of the ABT-450/ritonavir/ABT-267 coformulated tablet, an additional 
dose of ritonavir with atazanavir is not needed.    
 
Evening Administration: Administration of ABT-450/r/ABT-267 once daily with ABT-
333 twice daily and atazanavir (administered in the evening) is not recommended.  
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Drug-Drug Interaction Trial with Lopinavir/Ritonavir  
Reviewer:  Seong Jang, Ph.D. 
 
 
A Phase 1, Open-Label Study to Assess the Pharmacokinetics, Safety and Tolerability of 
the Coadministration of Lopinavir/ritonavir (LPV/r) Once Daily with ABT-450 Plus 
Ritonavir (ABT-450/r) and ABT-267 With or Without ABT-333 in Healthy Adult Subjects 
(M13-013) 
 
Study period: 29 December 2012 to 02 May 2013 
 
Objectives: The objectives of this study were: 

a. To determine the pharmacokinetics, safety and tolerability of the combination of ABT-450/r 
and ABT-267 with or without ABT-333 when dosed with LPV/ritonavir (LPV/r) once daily 
in healthy subjects. 

b. To determine the pharmacokinetics, safety and tolerability of LPV/r once daily when 
coadministered with a combination of ABT-450/r and ABT-267 with or without ABT-333 in 
healthy subjects 

 
Methodology:  
This Phase 1, single center, randomized, multiple-dose, non-fasting, open-label study was 
designed to evaluate the combination of LPV/r and 2 or 3 Direct Acting Antivirals (DAAs) 
(ABT-450/r, ABT-333 and ABT-267, or ABT-450/r and ABT-267, depending on the arm of the 
study). Arm 1 evaluated the combination of LPV/r and 3 DAA combination (ABT-450/r, ABT-
267 and ABT-333). Arm 2 evaluated the combination of LPV/r and 2 DAA combination (ABT-
450/r and ABT-267).  
 
Adult male and female subjects (N = 48) in general good health were selected to participate in 
the study according to the selection criteria. 
 

 Regimens  
Arm Cohort N Period 1  Period 2 
Arm 1 1 12 A  B 

 2 12 C  B 
Arm 2a 1 12 D  E 

 2 12 F  E 
a.     In Arm 2/Cohort 1, Subject 202 prematurely discontinued study drug due to an adverse event after receiving ABT-450/r + 

ABT-267 + LPV/r on Study Day 23. 
 
Study drug was administered starting on Study Day 1as follows: 
 
Regimen A ABT-333 400 mg twice daily (BID) + ABT-450/r 150/100 mg once daily (QD) + 

ABT-267 25 mg QD administered under non-fasting conditions with QD doses 
being administered in the morning 

Regimen B ABT-333 400 mg BID + ABT-450/r 150/100 mg QD + ABT-267 25 mg QD 
administered under non-fasting conditions with QD doses being administered in the 
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morning + LPV/r 800/200 mg QD administered in the evening under non-fasting 
conditions 

Regimen C LPV/r 800/200 mg QD administered in the evening under non-fasting conditions 
Regimen D ABT-450/r 150/100 mg QD + ABT-267 25 mg QD administered in the morning 

under non-fasting conditions 
Regimen E ABT-450/r 150/100 mg QD + ABT-267 25 mg QD administered in the morning 

under non-fasting conditions + LPV/r 800/200 mg QD administered in the evening 
under non-fasting conditions 

Regimen F LPV/r 800/200 mg QD administered in the evening under non-fasting conditions 
 
Each dose of study drug was taken orally with approximately 240 mL of water approximately 30 
minutes after the start of breakfast for the morning doses of all drugs and approximately 30 
minutes after the start of the evening snack for the LPV/r, and the evening doses of ABT-333 as 
appropriate. 
Subjects were confined to the study site and supervised for approximately 32 days in each study 
period. Confinement in each period began on Study Day –1 (1 day prior to the dosing day) and 
ended after the collection of the 72-hour blood samples and completion of the scheduled study 
procedures on Study Day 31. Subjects returned for an outpatient safety visit on Study Day 38 (a 
visit window of +2 days is allowed to accommodate subject scheduling). In each arm of the 
study, blood samples for pharmacokinetic analysis were collected as described in the protocol. 
Intensive pharmacokinetic sampling occurred on Study Days 14, 15 and 28 in Cohort 1 and on 
Study Days 13, 15 and 28 in Cohort 2. 
 
Number of Subjects (Planned and Analyzed): 
In Arm 1; Planned: 24, Entered: 24, Completed: 24, Evaluated for Safety: 24, Evaluated for 
Pharmacokinetics (PK): 24 
In Arm 2; Planned: 24, Entered: 24, Completed: 23, Evaluated for Safety: 24, Evaluated for PK: 
23 (except for Arm 2 [Cohort 2, Period 1], N = 23) 
For the 48 subjects in Arm 1 and Arm 2, the mean age was 37.8 years (ranging from 23 to 54 
years), the mean weight was 80.9 kg (ranging from 52.3 to 107.0 kg) and the mean height was 
174.7 cm (ranging from 149.5 to 191.2 cm). 
 
Diagnosis and Main Criteria for Inclusion: 
Subjects were male and female volunteers whose ages were between 18 and 55 years. Subjects in 
the study were judged to be in general good health based on the results of medical history, 
physical examination, vital signs, 12-lead electrocardiogram (ECG) and laboratory tests. Females 
were postmenopausal for at least 2 years or surgically sterile, and were not pregnant or 
breastfeeding. Males were surgically sterile, sexually inactive or practiced birth control. 
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Test Product, Dose/Strength/Concentration, Mode of Administration and Lot Number: 
 

 ABT-267 ABT-450/r ABT-333 LPV/ritonavir 
Dosage Form Tablet Tablet Tablet Tablet 
Mode of 
Administration 

Oral Oral Oral Oral 

Strength (mg) 25 75/50 400 200/50 
Bulk Product Lot 
Number 

11-002033 12-002722 12-001228 12- 
007812/21096AA 

Potency (% of Label 
Claim) 

NA NA 

Manufacturing Site AbbVie, 
Lake County, IL 

AbbVie, 
Lake County, IL 

AbbVie, 
Lake County, IL 

AbbVie, 
Lake County, IL 

Manufacturing Date    NA 
Finishing Lot Number 12-007665 12-007666 12-007667 12-007668 and 

12-008043 
Expiration/Retest 
Date 

 NA = Not Available 

 
Duration of Treatment: 
Subjects in Arm 1 (Cohort 1: Regimens A and B; Cohort 2: Regimens C and B) were dosed 
between the dates of 09 January 2013 and 05 February 2013; Arm 2 (Cohort 1: Regimens D and 
E; Cohort 2: Regimens F and E) were dosed between the dates of 13 March 2013 and 09 April 
2013. 
 
Criteria for Evaluation: 
Pharmcokinetics: The pharmacokinetic parameter values of ABT-333, ABT-333 M1, ABT-450, 
ritonavir, ABT-267, and lopinavir were estimated using noncompartmental methods. These 
included: the maximum observed plasma concentration (Cmax), time to Cmax (peak time, Tmax), 
apparent terminal phase elimination rate constant (β), terminal phase elimination half-life (t1/2), 
area under the plasma concentration-time curve (AUC) from time 0 to 12 hours (AUC12, BID 
dosing only) and from time 0 to 24 hours (AUC24, QD dosing only). Dose-normalized Cmax, 
AUC12 or AUC24, and C12 or C24 values were calculated by dividing each of these 
pharmacokinetic parameters by the administered dose. For the ABT-333 M1 metabolite, the dose 
of ABT-333 was used to dose normalize the pharmacokinetic parameters. 
 
Safety Endpoints: Safety was evaluated based on assessments of adverse events, vital signs, 
physical examinations, ECGs and laboratory tests. 
 
Statistical Methods: 
Pharmacokinetic: Pharmacokinetic:  
Cohort 1: To assess the effect of LPV/r on ABT-450, ABT-333 (ABT-333 if applicable in an 
arm) and ABT-267, a repeated measure analysis was performed for the natural logarithms of 
ABT-450, ABT-333 (ABT-333 if applicable in an arm) and ABT-267. Cmax and AUC utilizing 
data from Study Days 14 and 28 from Cohort 1 of each Arm. A separate analysis was performed 
for each arm. The model had day as a fixed effect and subject as a random effect. Additionally, 
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the ABT-450, ABT-333 (ABT-333 if applicable in an arm) and ABT-267 Cmax and AUC ratios 
were estimated by taking the ratio of corresponding Study Day 28 versus Study Day 14 values, 
obtained from the repeated measures analysis of the difference of mean logarithms. The 90% 
confidence intervals were obtained for those ratio estimates by the exponentiation of the 
endpoints of confidence intervals for the difference of mean logarithms obtained within the 
framework of the repeated-measures analysis model. 
 
Cohort 2: To assess the effect of ABT-450/r, ABT-333 (ABT-333 if applicable in an arm) and 
ABT-267 on LPV, a repeated measure analysis was performed for the natural logarithms of LPV 
Cmax and AUC utilizing data from Study Days 13 and 28 from Cohort 2 of each Arm. A separate 
analysis was performed for each Arm. The model had day as a fixed effect and subject as a 
random effect. Additionally, the LPV Cmax and AUC ratios were estimated by taking the ratio of 
corresponding Study Day 28 versus Study Day 13 values, obtained from the repeated measures 
analysis of the difference of mean logarithms. The 90% confidence intervals were obtained for 
those ratio estimates by the exponentiation of the endpoints of confidence intervals for the 
difference of mean logarithms obtained within the framework of the repeated-measures analysis 
model. 
 
Safety: Adverse events were coded using the current version of the Medical Dictionary for 
Regulatory Activities (MedDRA). The number and percentage of subjects having treatment-
emergent adverse events (i.e., any event that begins or worsens in severity after initiation of 
randomized study drug) were tabulated by primary System Organ Class (SOC) and MedDRA 
Preferred Term with a breakdown by period within each arm. The tabulation of the number of 
subjects with treatment-emergent adverse events also was provided with further breakdowns by 
severity rating and relationship to study drug. Within each period, subjects reporting more than 
one adverse event for a given MedDRA Preferred Term was counted only once for that term 
using the most severe incident. Subjects reporting more than one type of event within a SOC 
were counted only once for that SOC. 
 
Laboratory test values and vital signs measurements that are very high or very low, according to 
predefined criteria, were identified. 
 
Results: 
Pharmacokinetics:  
The effects of LPV/r on ABT-450, ABT-333 (ABT-333 if applicable in an arm) and ABT-267, a 
repeated measure analysis are summarized in Table 1-4. For the two one-sided tests based on the 
analysis of log-transformed PK parameters, the 90% confidence intervals and the corresponding 
point estimates of relative bioavailability are presented in the Tables. 
 
The effects of LPV/r on ABT-450 with (Arm 1/Cohort 1) or without (Arm 2/Cohort 1) ABT-333 
are summarized in Table 1. Following co-administration of LPV/r with ABT-450/r, ABT-267 
and ABT-333, ABT-450 AUC24 and C24 values were 1.9-fold and 8.2-fold, respectively, of those 
observed during administration of ABT-450/r, ABT-267 and ABT-333 without LPV/r (p < 0.05). 
However, ABT-450 Cmax values following co-administration of LPV/r with ABT-450/r, ABT-
267 and ABT-333 were comparable to the administration of DAAs alone (p > 0.05). Following 
co-administration of LPV/r with ABT-450/r and ABT-267 (i.e., without ABT-333 in Arm 
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2/Cohort 1), ABT-450 Cmax, AUC24 and C24 values were 1.8-fold, 3.5-fold and 14.8-fold, 
respectively, of those observed during administration of ABT-450/r and ABT-267 without LPV/r 
(p < 0.05). The quantitative difference in the changes in ABT-450 exposure due to LPV/r with or 
without ABT-333 indicates that ABT-333 played a role in the interaction between ABT-450 and 
LPV/r. 
 
Table 1. The effects of LPV/r 800/200 mg QD on ABT-450 with (Arm 1/Cohort 1) or without 
(Arm 2/Cohort 1) ABT-333 

  Central Valuea Ratio of Central Valuesd 

Arm/Cohort ABT-450 
Pharmacokinetic 

Parameter 

Study 
Day 28 

Study 
Day 14 

Point 
Estimateb 

90% Confidence 
Intervalc 

1/1 Cmax 2050 2062 0.994 0.789 – 1.253 
(N = 12) AUC24 21413 11424 1.874 1.397 – 2.515 

 C24 321 39 8.229 5.179 – 13.074 
2/1 Cmax 2348 1318 1.783 1.262 – 2.518 
(N = 11) AUC24 21894 6172 3.547 2.366 – 5.319 

 C24 334 22.6 14.783 9.409 – 23.226 
a.     Exponentiation of the least squares means for logarithms. 
b.    Exponentiation of the difference (test minus reference) of the least squares means for logarithms. 
c.     Exponentiation of the endpoints of confidence intervals for the difference of logarithms means. 
d.    Study Day 28: Study Day 14. 
 

The steady-state effect of LPV/r on the pharmacokinetics of ritonavir was evaluated by 
comparing ritonavir exposures on Study Day 28 and Study Day 14 in Cohort 1 and Study Day 28 
and Study Day 13 in Cohort 2 in each Arm (Arm 1: with ABT-333 and Arm 2: without ABT-
333). In Cohort 1, 300 mg dose of ritonavir on Study Day 28 was compared to 100 mg dose of 
ritonavir on Study Day 14. In Cohort 2, 300 mg dose of ritonavir on Study Day 28 was compared 
to 200 mg dose of ritonavir on Study Day 13. The ratio (Study Day 28/Study Day 14, Cohort 1 
and Study Day 28/Study Day 13, Cohort 2) of central values for ritonavir Cmax, AUC24 and C24 
and the 90% confidence intervals are presented in Table 2. 
 
Addition of LPV/r to the 3 DAA regimen or the 2 DAA regimen (Cohort 1) increased ritonavir 
Cmax and AUC values by up to 3.1-fold, while ritonavir Ctrough values increased by 19-fold and 
23-fold, respectively, compared to the co-administration of 3 DAAs and 2 DAAs without LPV/r. 
Following addition of the 3 DAA or 2 DAA regimens to steady-state LPV/r (Cohort 2), ritonavir 
Cmax and AUC were increased by approximately 20% to 60% and C24 increased by up to 8.4-
fold. These changes are due to higher dose of ritonavir during co-administration of DAAs with 
LPV/r compared to the administration of DAAs (Cohort 1) or LPV/r (Cohort 2) alone. 
 
Table 2. The steady-state effect of LPV/r 800/200 mg QD on the pharmacokinetics of ritonavir 
in Cohort 1 and Cohort 2 in each Arm (Arm 1: with ABT-333 and Arm 2: without ABT-333) 

 
  Central Valuea Ratio of Central Valuesd 
Arm/Cohort Ritonavir 

Pharmacokinetic 
Parameter 

Study 
Day 28 

Study 
Day 14 

Point  
Estimateb 

90% Confidence 
Intervalc 
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a.     Exponentiation of the least squares means for logarithms. 
b.    Exponentiation of the difference (test minus reference) of the least squares means for logarithms.  
c.     Exponentiation of the endpoints of confidence intervals for the difference of logarithms means. 
d.    Cohort 1 = Study Day 28:Study Day 14; Cohort 2 = Study Day 28:Study Day 13. 

 
The effects of LPV/r 800/200 mg QD on ABT-267 with (Arm 1/Cohort 1) or without (Arm 
2/Cohort 1) ABT-333 are summarized in Table 3. There were no clinically meaningful changes 
in ABT-267 due to the coadministration of LPV/r 800/200 mg QD regardless of ABT-333.   
 
Table 3. The steady state effects of LPV/r 800/200 mg QD on ABT-267 with (Arm 1/Cohort 1) 
or without (Arm 2/Cohort 1) ABT-333 

  Central Valuea Ratio of Central Valuesd 

Arm/Cohort ABT-267 
Pharmacokinetic 

Parameter 

Study 
Day 28 

Study 
Day 14 

Point 
Estimateb 

90% Confidence 
Intervalc 

1/1 Cmax 110 126 0.87 0.825 – 0.922 
(N = 12) AUC24 1384 1421 0.97 0.935 – 1.015 

 C24 29.5 26.6 1.10 1.060 – 1.159 
2/1 Cmax 111 115 0.97 0.867 – 1.084 
(N = 11) AUC24 1390 1271 1.09 1.003 – 1.193 

 C24 30.9 25.0 1.23 1.128 – 1.353 
a.     Exponentiation of the least squares means for logarithms. 
b.    Exponentiation of the difference (test minus reference) of the least squares means for logarithms. 
c.     Exponentiation of the endpoints of confidence intervals for the difference of logarithms means. 
d.    Study Day 28: Study Day 14. 

 
The effects of LPV/r 800/200 mg QD on ABT-333 and its metabolite M1 are summarized in 
Table 4. Following co-administration of LPV/r with ABT-450/r, ABT-267 and ABT-333, ABT-
333 Cmax, AUC12 and C12 were statistically significantly lower (p < 0.05) by 44%, 46% and 53%, 
respectively, compared to the co-administration of ABT-450/r, ABT-267 and ABT-333 without 
LPV/r. Similarly, following co-administration of LPV/r with ABT-450/r, ABT-267 and ABT-
333, ABT-333 M1 Cmax, AUC12 and C12 were statistically significantly lower (p < 0.05) by 39%, 
38% and 50%, respectively, compared to the co-administration of ABT-450/r, ABT-267 and 
ABT-333 without LPV/r. 

1/1 Cmax 2723 1740 1.565 1.336 – 1.833 
(N = 12) AUC24 28740 10951 2.624 2.319 – 2.970 

 C24 703 36.1 19.460 15.934 – 23.767 
1/2 Cmax 2767 2363 1.171 1.010 – 1.358 
(N = 12) AUC24 27226 17739 1.535 1.363 – 1.728 

 C24 294 35.1 8.389 6.829 – 10.305 
2/1 Cmax 2678 1492 1.795 1.300 – 2.479 
(N = 11) AUC24 26169 8463 3.092 2.356 – 4.059 

 C24 668 28.9 23.161 15.545 – 34.507 
2/2 Cmax 3255 2466 1.320 1.163 – 1.498 
(N = 12) AUC24 30466 18884 1.613 1.482 – 1.757 

 C24 222 31.1 7.132 5.702 – 8.921 
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Table 4. The steady-state effect of LPV/r 800/200 mg QD on the pharmacokinetics of ABT-333 
and ABT-333 M1 

 Ratio of Central Valuesd 
 ABT-333 Central Valuea  
 

Arm/Cohort 
Pharmacokinetic 

Parameter 
Study 
Day28 

Study 
Day 14 

Point           90% Confidence 
Estimateb                    Intervalc 

    ABT-333 
1/1 Cmax 709 1270 0.558              0.474 – 0.658 
(N = 12) AUC12 4675 8586 0.544              0.459 – 0.645 

 C12 165 349 0.473              0.389 – 0.575 
ABT-333 M1 Metabolite 

1/1 Cmax 494 812 0.608 0.521 – 0.710 
(N = 12) AUC12 3129 5052 0.619 0.516 – 0.743 

 C12 96 193 0.498 0.384 – 0.647 
 a.     Exponentiation of the least squares means for logarithms. 
b.    Exponentiation of the difference (test minus reference) of the least squares means for logarithms. 
c.     Exponentiation of the endpoints of confidence intervals for the difference of logarithms means. 
d.    Study Day 28: Study Day 14. 

 
 
The steady-state effect of ABT-450/r and ABT-267 with (Arm 1/Cohort 2) and without (Arm 
2/Cohort 2) ABT-333 on the pharmacokinetics of lopinavir was evaluated by comparing 
ritonavir exposures on Study Day 28 and Study Day 13 (Table 5). Lopinavir exposures (Cmax and 
AUC) were comparable (up to ± 20% change) with and without co-administration of 3 DAAs 
and 2 DAAs. However, Ctrough (C24) was up to 3.5-fold higher during co-administration of DAA 
regimens with LPV/r.  
 
Table 5. The steady effect of ABT-333 400 mg twice daily (BID) + ABT-450/r 150/100 mg once 
daily (QD) on the PK of Lopinavir 

  Central Valuea Ratio of Central Values 

Arm/Cohort 
Lopinavir PK 

Parameter 
Study 
Day28 

Study 
Day13 

Point 
Estimateb 

90% Confidence 
Intervalc 

1/2 Cmax 13457 15598 0.863 0.797 – 0.934 
(N = 12) AUC24 200027 213237 0.938 0.869 – 1.013 

 C24 4742 1493 3.177 2.486 – 4.060 
2/2 Cmax 16311 15515 1.051 0.949 – 1.165 
(N = 12) AUC24 245220 209688 1.169 1.086 – 1.260 

 C24 5608 1601 3.503 2.690 – 4.563 
a.     Exponentiation of the least squares means for logarithms. 
b.    Exponentiation of the difference (test minus reference) of the least squares means for logarithms. 
c.     Exponentiation of the endpoints of confidence intervals for the difference of logarithms means. 
d.    Study Day 28: Study Day 13. 

 
Safety Results: 

238
Reference ID: 3630826



The regimens were generally well tolerated. The majority of adverse events occurring in this 
study were mild in severity. Several of these adverse events were gastrointestinal or neurologic 
in nature, and were attributed to LPV/r. No new safety findings of concern occurred during this 
study, and there were no clinically significant abnormal vital signs, ECG, or laboratory 
measurements. 
No deaths or other serious adverse events were reported in this study. One subject discontinued 
study drug due to elevations in ALT and AST which were assessed by the investigator as mild 
with a reasonable possibility of being related to LPV/r and resolved 13 days after discontinuation 
of study drug. Results of other safety analyses including individual subject changes, changes 
over time, and individual clinically significant values for vital signs, ECG, and laboratory 
measurements were unremarkable for each treatment group. 
 
Conclusions: 
 
Co-administration of LPV/r with the 3 DAA regimen had minimal to moderate effect (up to ± 50 
% changes) on steady-state pharmacokinetics of the DAAs other than ABT-450. Overall, ABT-
450 exposures (AUC and Ctrough) increased by 1.9-fold and by 8.2-fold, respectively, during co-
administration with LPV/r QD compared to the administration of 3 DAAs alone. 
 
Co-administration of LPV/r with the 2 DAA regimen of ABT-450/r and ABT-267 had minimal 
effect (up to ± 24% changes) on steady-state pharmacokinetics of ABT-267. However, ABT-450 
Cmax, AUC and C24 values increased by 1.8-fold, 3.5-fold and 14.8-fold, respectively, during co-
administration with LPV/r compared to the administration of 2 DAAs alone. 
 
Addition of LPV/r to the 3 DAA regimen or the 2 DAA regimen (Cohort 1) increased ritonavir 
Cmax and AUC values by up to 3.1-fold, while ritonavir Ctrough values increased by 19-fold and 
23-fold, respectively, compared to the co-administration of 3 DAAs and 2 DAAs without LPV/r. 
Following addition of the 3 DAA or 2 DAA regimens to steady-state LPV/r (Cohort 2), ritonavir 
Cmax and AUC were increased by approximately 20% to 60% and C24 increased by up to 8.4-
fold. These changes are due to higher dose of ritonavir during co-administration of DAAs with 
LPV/r compared to the administration of DAAs (Cohort 1) or LPV/r (Cohort 2) alone. 
 
Addition of LPV/r to the 3 DAA regimen decreased ABT-333 and its metabolite M1 exposure by 
40-50% compared to the administration of 3 DAA alone. 
 
Lopinavir exposures (Cmax and AUC) were comparable (up to ± 20% change) with and without 
co-administration of 3 DAAs and 2 DAAs. However, Ctrough (C24) was up to 3.5-fold higher 
during co-administration of DAA regimens with LPV/r. However, despite up to 3.5-fold increase 
in lopinavir Ctrough during co-administration of LPV/r 800/200 mg QD with DAAs, lopinavir 
Ctrough values were comparable to those observed with the administration of LPV/r 400/100 mg  
BID alone. Hence, these changes in lopinavir exposures are not expected to have any adverse 
effects on the safety or efficacy of the LPV/r regimen. 
 
The regimens were generally well tolerated. The majority of adverse events occurring in this 
study were mild in severity. One subject discontinued study drug due to elevations in ALT and 
AST which were assessed by the investigator as mild with a reasonable possibility of being 
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related to LPV/r and resolved 13 days after discontinuation of study drug. Several of these 
adverse events were gastrointestinal or neurologic in nature, and were attributed to LPV/r. No 
new safety findings of concern occurred during this study, and there were no other clinically 
significant abnormal vital signs, ECG, or laboratory measurements. No deaths or other serious 
adverse events were reported in this study. Results of other safety analyses including individual 
subject changes, changes over time, and individual clinically significant values for vital signs, 
ECG, and laboratory measurements were unremarkable for each treatment group. 
 
Reviewer’s conclusion and labeling recommendation:  
Based on the results of this study, the sponsor proposed that Lopinavir/ritonavir (800/200 mg 
once daily) should not be co-administered with 3 DAA  regimens because of an 
increase in ABT-450 exposures (Cmax and AUC increases up to 3.1-fold) and due to higher total 
doses of ritonavir (300 mg/day). The reviewer agreed with the sponsor’s labeling proposal 
regarding the drug interaction between Lopinavir/ritonavir (800/200 mg once daily) and DAA 
regimens. It also should be noted that Lopinavir/ritonavir decreased ABT-333 and its metabolite 
M1 exposure by 40-50%. 
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Drug-Drug Interaction Trial with Lopinavir/Ritonavir  
Reviewer:  Seong Jang, Ph.D. 
 
 
A Phase 1, Open-Label Study to Assess the Pharmacokinetics, Safety and Tolerability of 
the Coadministration of Lopinavir/ritonavir (LPV/r) with ABT-450 Plus Ritonavir (ABT-
450/r) and ABT-267 and/or ABT-333 in Healthy Adult Subjects (M13-492) 
 
Study period: 17 January 2012 to 19 March 2013 
 
Objectives: The objectives of this study were: 

• To determine the pharmacokinetics, safety and tolerability of the combination of ABT-
450/r with ABT-267 and/or ABT-333 when dosed with LPV/r in healthy subjects. 

• To determine the pharmacokinetics, safety and tolerability of LPV/r when coadministered 
with a combination of ABT-450/r with ABT-267 and/or ABT-333 in healthy subjects. 

 
Methodology:  
This was a Phase 1, single center, randomized, multiple-dose, non-fasting, open-label study 
which evaluated the combination of LPV/r and 2 or 3 Direct Acting Antivirals (DAA) (ABT-
450/r and ABT-333, ABT-450/r and ABT-333 and ABT-267, or ABT-450/r and ABT-267, 
depending on the arm of the study). Adult male and female subjects in general good health were 
selected to participate in the study according to the selection criteria. 
 
After meeting the selection criteria, 12 subjects in Arm 1, Arm 2, Arm 3 and 24 subjects in Arm 
4 were randomly assigned in equal numbers to one of two treatment sequences. Arm 5 was not 
done. 
 

 Regimens  
Arm Cohort N Period 1  Period 2 
Arm 1 1 12 A  B 

 2 12 C  B 
Arm 2a 1 12 D  E 

 2 12 F  E 
Arm 3a 1 12 G  H

B  2 12 F  H 
Arm 4a 1 24 G  H 

 2 24 F  E 
a.     Based on a review of the pharmacokinetic, safety, and tolerability results of the previous arm(s), a decision was made 

whether to conduct the next sequential arm (Arms 2, 3 or 4). Doses in Arm 2, Arm 3, and Arm 4 (Regimens D to H) could 
have been modified based on pharmacokinetic, safety, and tolerability results from previous arm(s). Doses in Arm 2, Arm 3 
and Arm 4 could have been as low as 0 mg and did not exceed ABT-450/r 250/100 mg once daily (QD), ABT-333 800 mg 
twice daily (BID), ABT-267 100 mg QD, and LPV/r 800/200 mg QD or BID.. 

 
Study drugs were administered on Study Days 1 through 28 as shown in the following table: 
 
Regimen A ABT-333 400 mg BID + ABT-450/r 150/100 mg QD administered under non-

fasting conditions 
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Regimen B ABT-333 400 mg BID + ABT-450/r 150/100 mg QD + LPV/r 400/100 mg BID 
administered under non-fasting conditions 

Regimen C LPV/r 400/100 mg BID administered under non-fasting conditions 
Regimen D ABT-333 400 mg BID + ABT-450/r 150/100 mg QD + ABT-267 25 mg QD 

administered under non-fasting conditions 
Regimen E ABT-333 400 mg BID + ABT-450/r 150/100 mg QD + ABT-267 25 mg QD + 

LPV/r 400/100 mg BID under non-fasting conditions 
Regimen F LPV/r 400/100 mg BID administered under non-fasting conditions 
Regimen G ABT-267 25 mg QD + ABT-450/r 150/100 mg QD administered under non-fasting 

conditions 
Regimen H ABT-267 25 mg QD + ABT-450/r 150/100 mg QD + LPV/r 400/100 mg BID 

under non-fasting conditions 
 
Each dose of study drug was taken orally with approximately 240 mL of water approximately 30 
minutes after the start of breakfast for the morning doses of all drugs and approximately 30 
minutes after the start of the evening snack for the evening doses of ABT-333 and LPV/r, as 
appropriate. 
Arms 2, 3 and 4 were conducted sequentially. Based on a review of the available 
pharmacokinetic, safety and tolerability results of the previous arm(s), a decision was made 
whether to conduct the next sequential arm (Arms 2, 3 or 4). An additional 12 subjects in equal 
numbers in Arm 2 and Arm 3 and an additional 24 subjects in Arm 4 were randomly assigned to 
the same study design as Arm 1. Doses in Arm 2, Arm 3 and Arm 4 (Regimens D to H) were 
modified based on pharmacokinetic, safety and tolerability results of the previous arm(s). Doses 
in Arm 2, Arm 3 and Arm 4 could have been as low as 0 mg and did not exceed ABT-450/r 
250/100 mg QD, ABT-333 800 mg BID, ABT-267 100 mg QD and LPV/r 800/200 mg QD or 
BID. 
Arm 4 was divided into 2 groups such that approximately half the subjects in each arm were 
dosed separately from the other half. 
In each arm, subjects were confined to the study site and supervised for approximately 32 days. 
Confinement began on Study Day –1 (day prior to initial dosing day) and ended after the 
collection of the 72-hour blood sample and completion of the scheduled study procedures on 
Study Day 31. Subjects were to return for an outpatient safety visit on Study Day 38 (a visit 
window of +2 days was allowed to accommodate subject scheduling). In each arm of the study, 
blood samples for pharmacokinetic analysis were collected as described in the protocol. 
Intensive pharmacokinetic sampling occurred on Study Days 14 and 28 in Arm 1 and on Study 
Days 14, 15 and 28 in Arm 2, Arm 3 and Arm 4. 
Pharmacokinetics, safety, and tolerability were assessed throughout the study. A blood sample 
was collected from each subject to obtain a sample of genetic material deoxyribonucleic 
acid/ribonucleic acid (DNA/RNA). 
Plasma concentrations of ABT-450, ritonavir, ABT-267, ABT-333, ABT-333 M1 metabolite 
were determined using a validated liquid chromatography method with tandem mass 
spectrometric detection. The lower limits of quantitation (LLOQ) for ABT-450, ritonavir ABT-
267, ABT-333 and ABT-333 M1 metabolite were established at 0.513 ng/mL, 5.19 ng/mL, 1.26 
ng/mL, 1.06 ng/mL and 2.14 ng/mL, respectively. 
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Plasma concentrations of lopinavir were determined using a validated liquid chromatography 
method with tandem mass spectrometric detection. The LLOQ for lopinavir was established at 
19.6 ng/mL and 18.7 ng/mL. 
 
Number of Subjects (Planned and Analyzed): 
Planned: 84, Entered: 60, Completed: 60, Evaluated for Safety: 60, Evaluated for 
Pharmacokinetics: 60 
For the 60 subjects who participated in the study, the mean age was 38.6 years (ranging from 20 
to 55 years), the mean weight was 79.0 kg (ranging from 54 to 103 kg) and the mean height was 
175 cm (ranging from 155 to 192 cm). 
 
Diagnosis and Main Criteria for Inclusion: 
Subjects were male and female volunteers whose ages were between 18 and 55 years. Subjects in 
the study were judged to be in general good health based on the results of medical history, 
physical examination, vital signs, laboratory profile, and a 12-lead electrocardiogram (ECG). 
Females were postmenopausal for at least 2 years or surgically sterile, and were not pregnant or 
breastfeeding. Males were surgically sterile, sexually inactive or practiced birth control. 
 
Test Product, Dose/Strength/Concentration, Mode of Administration and Lot Number: 
 

 
ABT-267 ABT-450 Ritonavir ABT-333 Lopinavir/ritonavir 

Dosage Form 
 Tablet  Tablet Soft Gelatin 

Capsule Tablet Tablet 

Strength (mg) 25 50 100 400 200/50 

Bulk Product Lot Number 11-002033 11-000781 11-005635 11-000511 11-005630 

Manufacturing Site AbbVie Inc, 
 

AbbVie Inc, Lake 
County, IL 

AbbVie Inc, Lake 
County, IL 

AbbVie Inc, Lake 
County, IL 

AbbVie Inc, 
Barceloneta, PR 

Finishing Lot Number – Arms 1 and 2 11-005455 11-005537 11-005539 11-005536 11-005538 

Expiration/Retest Date – Arms 1 and 2 

Finishing Lot Number – Arms 3 and 4 12-003254 12-003260 12-003261 -- 12-003262 

Expiration/Retest Date – Arms 3 and 4 

 
Duration of Treatment: 
Subjects received study drugs for 28 continuous days. 
 
Criteria for Evaluation: 
Pharmcokinetics: Values for the pharmacokinetic parameters of ABT-333, ABT-333 M1, ABT-
450, ritonavir, ABT-267 and lopinavir including the maximum observed plasma concentration 
(Cmax), the time to Cmax (Tmax), pre-dose trough plasma concentration (Ctrough, C12, C24), and the 
area under the plasma concentration-time curve (AUC) were determined using 
noncompartmental methods. The terminal phase elimination rate constant (β) and terminal 
elimination half-life (t1/2) were calculated using noncompartmental methods on Day 28 only. 
 
Safety Endpoints: Safety and tolerability were assessed by monitoring adverse events, physical 
examinations, clinical laboratory tests, 12-lead ECGs, and vital signs. 
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Statistical Methods: 
Pharmacokinetic: Plasma concentrations and pharmacokinetic parameters values of ABT-267, 
ABT-450, ritonavir, lopinavir, ABT-333 and ABT-333 M1 were tabulated for each subject and 
for each of the regimens containing administrations of the respective compounds, and summary 
statistics were computed for each sampling time and each parameter. 
A repeated measures analysis were used to assess the steady-state of each analyte (when 
applicable) on the Ctrough value (prior to the morning dose for all analytes with exception of prior 
to evening dose for lopinavir if lopinavir is dosed QD in the evening) utilizing corresponding 
data from Study Days 6, 8, 11, 13, 14, 15, 20, 22, 25, 27, 28, and 29 for Arm 1 and data from 
Study Days 8, 11, 13, 14, 15, 16, 20, 25, 27, 28, and 29 for Arms 2, 3 and 4. 
A separate analysis was performed for each cohort in each Arm. Arms 3 and 4 Ctrough data from 
Study Days 6 (Study Day 6 for Arm 1 only), 8, 11, 13, 14 and 15 will be used to assess the 
steady-state of DAAs in Cohort 1 and LPV/r in Cohort 2, while Ctrough data from Study Days 16 
(Day 16 for Arms 2, 3 and 4), 20, 22 (Day 22 for Arm 1 only), 25, 27, 28 and 29 will be used to 
assess the steady-state of DAAs and LPV/r during coadministration in both Cohorts 1 and 2 of 
each arm. 
For the pharmacokinetic parameters, Cmax and AUC, repeated measure analyses was performed 
to assess the effect of LPV/r on ABT-450, ABT-333 (ABT-333 if applicable in an arm) and 
ABT-267 (ABT-267 if applicable in an arm) and to assess the effect of ABT-450/r, ABT-333 
and/or ABT-267 on lopinavir. 
A separate analysis was performed for each arm. The logarithmic transformation was used for 
Cmax and AUC unless the data show that the logarithm had substantial non-symmetry. Since 
Arms 3 and 4 had exactly the same design and regimen, an analysis was also performed by 
combining data of Arms 3 and 4. 
 
Results: 
Pharmacokinetics:  
The steady-state effects of LPV/r on the PK of ABT-450, ABT-333 and ABT-267 in different 
arms, a repeated measure analysis, are summarized in Table 1. The steady state effects of 3 DAA 
and 2 DAA (either ‘ABT-450/r and ABT-333’ or ‘ABT-450/r and ABT-267’) on the PK of LPV 
and ritonavir are also summarized in Table 1. For the two one-sided tests based on the analysis of 
log-transformed PK parameters, the 90% confidence intervals and the corresponding point 
estimates of relative bioavailability are presented in the Table. 
 
ABT-450:  
During coadministration with LPV/r, ABT-450 Cmax and AUC were 2.3-fold and 3.0-fold, 
respectively, of those during the administration of ABT-450/r and ABT-333 without LPV/r (Arm 
1). Similarly, ABT-450 C24 values during coadministration with LPV/r were 6.3-fold (p < 0.05) 
of those with ABT-450/r and ABT-333 administered without LPV/r.  
 
ABT-450 Cmax and AUC increased statistically significantly (p < 0.05) by 104% to 117% 
(ratios: 2.04 to 2.173) when 3 DAAs (ABT-450/r, ABT-267 and ABT-333) were coadministered 
with LPV/r compared to administration of the 3 DAAs without LPV/r (Arm 2). Similarly, ABT-
450 C24 values during coadministration of 3 DAAs with LPV/r were 2.4-fold of those during 
administration of 3 DAAs without LPV/r; however, this increase was not statistically significant 
(p > 0.05). 
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There were statistically significant (p < 0.05) increases in ABT-450 exposure (Cmax, AUC24 and 
C24) when ABT-450/r and ABT-267 were coadministered with LPV/r (Arms 3 and 4). During 
coadministration of ABT-450/r and ABT-267 with LPV/r, ABT-450 Cmax and AUC values were 
4.8-fold and 6.1-fold, respectively, of those during the administration of ABT-450/r and ABT-
267 without LPV/r. Similarly, ABT-450 C24 values during coadministration of ABT-450/r and 
ABT-267 with LPV/r were 12.3-fold of those with ABT-450/r and ABT-267 without LPV/r. 
 
Reviewer’s comments: The magnitude (i.e., fold difference) of interaction between lopinavir/r 
and ABT-450 was highest in the 2-DAA regimen of ABT-450/r + ABT-267. It should be noted 
that ABT-450 exposure is lower in 2-DDA regimen of ABT-450/r + ABT-267 compared with 3-
DAA of ABT-450/r + ABT-267 + ABT-333 or 2-DAA of ABT-450/r + ABT-333. Thus, the 
interaction between lopinavir/r and ABT-450 appears to be affected by co-administration with 
ABT-267 and/or ABT-333.     
 
Ritonavir:  
Overall, the ritonavir exposure was increased when 3 DDA and 2 DAA regimens were 
coadministered with LPV/r. The increases in ritonavir exposure are considered to be due to 
higher dose of ritonavir during co-administration of DAAs with LPV/r compared to the 
administration of DAAs alone.  
 
ABT-267: 
There were no clinically meaningful changes in the ABT-267 exposure by co-administraion with 
LPV/r 400/100 mg BID.  
 
ABT-333 and its metabolite, ABT-333 M1: 
There were no clinically meaningful changes in the ABT-333 and ABT-333 M1 exposure by co-
administration with 400/100 mg BID. It should be noted that ABT-333 and ABT-333 M1 
exposure was decreased by approximately 50% when it was co-administered with LPV/r 800/200 
mg QD (see the results of Study M13-013).  
 
Lopinavir: 
Lopinavir exposures (Cmax, AUC and C24) were comparable (up to ± 20% change) with and 
without co-administration of 3-DAA and 2-DAA regimens. 
 
Table 1.  

 Ratio of Central Values
a

 

 Pharmacokinetic          Central Value
b              

Point 90% Confidence 
Analyte Arm/Cohort Parameter Day 28 Day 14 Estimate

c Interval 
ABT-450 1/1 Cmax (ng/mL) 2460 1070 2.305 1.283 – 4.142 

  AUC24 (ng•h/mL) 18300 6130 2.984 1.323 – 6.729 
  C24 (ng/mL) 133 21.0 6.336 1.984 – 20.230 
 2/1 Cmax (ng/mL) 1740 854 2.040 1.299 – 3.204 
  AUC24 (ng•h/mL) 11000 5080 2.173 1.634 – 2.890 
  C24 (ng/mL) 48.8 20.7 2.358 1.003 – 5.546 
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 3 + 4/1 Cmax (ng/mL) 1830 385 4.760 3.544 – 6.393 
  AUC24 (ng•h/mL) 14200 2330 6.102 4.295 – 8.669 
  C24 (ng/mL) 104 8.46 12.331 7.298 – 20.835 

Ritonavir 1/1 Cmax (ng/mL) 2760 1900 1.452 1.144 – 1.843 
  AUC24 (ng•h/mL) 27800 12400 2.247 1.937 – 2.607 
  C24 (ng/mL) 337 54.2 6.220 4.332 – 8.932 
 1/2 Cmax (ng/mL) 1500 640 2.348 2.026 – 2.721 
  AUC24 (ng•h/mL) 18100 6810 2.659 2.330 – 3.034 
  C24 (ng/mL) 241 193 1.251 0.908 – 1.724 
 2/1 Cmax (ng/mL) 1800 1160 1.554 1.157 – 2.089 
  AUC24 (ng•h/mL) 21100 10300 2.045 1.491 – 2.805 
  C24 (ng/mL) 324 61.7 5.254 3.334 – 8.279 
 2/2 Cmax (ng/mL) 2040 930 2.196 1.558 – 3.096 
  AUC24 (ng•h/mL) 19700 10900 1.802 1.574 – 2.062 
  C24 (ng/mL) 277 205 1.350 1.025 – 1.778 
 3 + 4/1 Cmax (ng/mL) 2410 1390 1.737 1.392 – 2.167 
  AUC24 (ng•h/mL) 23500 8420 2.784 2.423 – 3.200 
  C24 (ng/mL) 326 32.6 10.018 7.656 – 13.109 
 3 + 4/2 Cmax (ng/mL) 2510 1110 2.255 1.947 – 2.613 
  AUC24 (ng•h/mL) 24700 12300 2.014 1.881 – 2.157 
  C24 (ng/mL) 331 237 1.398 1.228 – 1.591 

ABT-267 2/1 Cmax (ng/mL) 147 129 1.139 1.010 – 1.284 
  AUC24 (ng•h/mL) 1970 1680 1.168 1.066 – 1.280 
  C24 (ng/mL) 46.3 37.5 1.236 1.140 – 1.339 
 3 + 4/1 Cmax (ng/mL) 121 113 1.071 1.012 – 1.134 
  AUC24 (ng•h/mL) 1650 1320 1.252 1.188 – 1.319 
  C24 (ng/mL) 36.7 24.9 1.475 1.387 – 1.569 

ABT-333 1/1 Cmax (ng/mL) 736 966 0.762 0.579 – 1.001 
  AUC12 (ng•h/mL) 4780 5930 0.805 0.594 – 1.090 
  C12 (ng/mL) 144 195 0.737 0.577 – 0.941 
 2/1 Cmax (ng/mL) 873 879 0.993 0.754 – 1.309 
  AUC12 (ng•h/mL) 6220 6710 0.927 0.746 – 1.152 
  C12 (ng/mL) 226 334 0.677 0.571 – 0.802 

ABT-333 M1 1/1 Cmax (ng/mL) 662 721 0.918 0.650 – 1.298 
  AUC12 (ng•h/mL) 4180 4250 0.983 0.647 – 1.492 
  C12 (ng/mL) 129 116 1.114 0.728 – 1.704 
 2/1 Cmax (ng/mL) 594 503 1.179 0.823 – 1.689 
  AUC12 (ng•h/mL) 4030 3560 1.133 0.844 – 1.521 
  C12 (ng/mL) 134 164 0.813 0.687 – 0.963 

Lopinavir 1/2 Cmax (ng/mL) 8790 10100 0.871 0.790 – 0.960 
  AUC12 (ng•h/mL) 87700 87500 1.003 0.943 – 1.066 
  C12 (ng/mL) 5900 4830 1.223 1.063 – 1.406 
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 2/2 Cmax (ng/mL) 9410 10800 0.870 0.762 – 0.994 
  AUC12 (ng•h/mL) 90300 95800 0.942 0.810 – 1.096 
  C12 (ng/mL) 5930 5170 1.148 0.932 – 1.415 
 3 + 4/2 Cmax (ng/mL) 11200 10600 1.062 0.990 – 1.140 
  AUC12 (ng•h/mL) 108000 95700 1.132 1.091 – 1.174 
  C12 (ng/mL) 7250 5420 1.337 1.259 – 1.420 

 
Safety Results: 
The regimens were generally well tolerated. The majority of adverse events occurring in this 
study were mild in severity. Events of diarrhea appeared to be more common with combination 
DAA + lopinavir/r dosing. Six subjects experienced low-grade elevations of ALT (maximum 
elevation 108 U/L) with DAAs or lopinavir/r alone, and with DAA + lopinavir/r combination 
dosing. The elevations were asymptomatic and resolved by the final study visit. Elevations of 
total bilirubin (primarily indirect) are consistent with inhibition of the bilirubin transporter, 
organic anion transporting polypeptide 1B1 (OATP1B1), by ABT-450. No new safety findings 
of concern occurred during this study, and there were no clinically significant abnormal vital 
signs, ECG, or laboratory measurements. No deaths or other serious adverse events were 
reported in this study. Results of other safety analyses including individual subject changes, 
changes over time, and individually clinically significant values for vital signs, ECG, and 
laboratory measurements were unremarkable for each treatment group. 
 
Conclusions: 
 
Coadministration of lopinavir/r with the 3-DAA regimen had no clinically relevant effect (up to 
± 30% change) on steady-state pharmacokinetics of the DAAs other than ABT-450. Overall, 
ABT-450 exposures (Cmax, AUC and Ctrough) increased by up to 135% during coadministration 
compared to the administration of DAAs alone. 
Coadministration of lopinavir/r with the 2-DAA regimen of ABT-450/r and ABT-333 had no 
clinically relevant effect (up to ± 25% change) on steady-state pharmacokinetics of ABT-333 
and ABT-333 M1; however, ABT-450 Cmax, AUC and C24 values were about 2.3-fold, 3.0 and 
6.3-fold, respectively, of those during the administration of ABT-450/r and ABT-333 alone. 
Coadministration of lopinavir/r with the 2-DAA regimen of ABT-450/r and ABT-267 had no 
clinically relevant effect (up to ± 50% increase) on steady-state pharmacokinetics of ABT-267; 
however, the magnitude of interaction between lopinavir/r and ABT-450 was highest in the 2-
DAA regimen of ABT-450/r + ABT-267. ABT 450 Cmax, AUC and Ctrough were 4.8-fold, 6.1-
fold, and 12.3-fold, respectively, of those during the coadministration of the 2-DAA regimen 
without lopinavir/r. 
 
Reviewer’s conclusion and labeling recommendation:  
Based on the results of this study and Study M13-013, the sponsor proposed that 
Lopinavir/ritonavir (both 400/100 mg BID and 800/200 mg once daily) should not be co-
administered with 3 DAA  regimens because of an increase in ABT-450 exposures and 
due to higher total doses of ritonavir (300 mg/day). The reviewer agreed with the sponsor’s 
labeling proposal regarding the drug interaction between Lopinavir/ritonavir (both 400/100 mg 
BID and 800/200 mg once daily) and DAA regimens. Unlike the results of Study M13-013, 
Lopinavir/ritonavir 400/100 mg BID did not affect ABT-333 and its metabolite M1 exposure. 
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Drug-Drug Interaction Trial with Ketoconazole 
Reviewer:  Vikram Arya, Ph.D., FCP 
 
M12-189   
 
Title 
 
A Phase 1, Open Label Study to Evaluate the Effect of Ketoconazole 
(KTZ) on the Pharmacokinetics, Safety, and Tolerability of a Single 
dose of ABT-450 Plus Ritonavir Plus ABT-267 (ABT-450/r/ABT-267), 
With and Without ABT-333 in Healthy Adult Subjects.  
 
Trial  Period 
 
January 15, 2013 February 22, 2013    
Final report date: July 29, 2013      
 
Reviewer’s Note:  As the proposed labeling recommendations in NDA 
206619 are based on 3 DAAs (ABT-450/ritonavir/ABT-267 and ABT-
333), the results section in this review focuses only on the results 
observed with 3DAAs. 
 
Trial  Objectives 
 
The objective of the trial was to determine the effect of steady state KTZ on the 
pharmacokinetics, safety and tolerability of a single dose of ABT-450/r/ABT-267 with 
and without ABT-333 in healthy subjects. The trial  also evaluated the effect of single-
dose DAAs on the pharmacokinetics, safety and tolerability of steady-state KTZ. 

 
Trial Design 
 
Phase 1, single-center, randomized, multiple dose, non-fasting, open-label study to 
evaluate the pharmacokinetics, safety, tolerability of KTZ and 2-or 3-DAAs when given 
alone or in combination. Adult male and female subjects (N = 24) were selected to 
participate in the study and were randomly assigned in equal numbers to one of two 
sequence groups as shown in table 1 below: 
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Each dose of the study drug was taken orally with approximately 240 mL of water 
approximately 30 minutes after the start of breakfast.  A washout interval of 7 days 
separated the dose of Period 1 from the first dose of Period 2.  Subjects received a 
standardized diet, providing approximately 40% of the daily calories from fat and up to 
45% of daily calories from carbohydrates, for each meal during confinement. The total 
daily calories were approximately 2200 calories/day. Starting with lunch on Study Day –
1 until after the 96-hour blood collection on Study Day 14, the subjects consumed only 
the scheduled meals provided  
 
Reviewer’s Note: 
 
The label of KTZ (Nizoral ®)label indicates that the oral bioavailability of ketoconazole 
is maximal when taken with a meal.  
 
Rationale for Conducting the Trial  
 
ABT-450, ABT-333 and ABT-267 have been shown to be in vitro substrates of CYP3A 
and ritonavir is a CYP3A4 substrate and inhibitor.  KTZ, an azole antifungal agent, is a 
reversible inhibitor of CYP3A.  Hence, this trial was designed to evaluate the effect of 
ketoconazole on the disposition of the DAAs.   
 
Rationale for Dose Selection 
 
The doses of ABT-450 (150 mg once daily), ritonavir (100 mg once daily), ABT-267 (25 
mg) and ABT-333 (250 mg) were the doses evaluated in Phase 3 trials.  The dose of KTZ 
(400 mg once daily) is the dose used in CYP3A inhibition studies.   
  
Identity of Investigational Products 
 
Table 2 shows the identity of the investigational products used in the trial. 
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Subject Disposition and Demographics  
 
Adult male and female subjects (N = 24) were enrolled in the study and all subjects 
completed the study.  
 
Table 4 below shows the shows the demographic summary of all subjects enrolled in the 
trial. 
 

 
 
Concomitant Medications and Supplements 
 
Four subjects reported taking concurrent medication during the study; three subjects used 
topical vaseline on day 9 for either dry lips or for irritation at the ECG site and one 
subject took prune juice on day 11.  None of the concurrent medications or supplements 
is expected to alter the results of the trial.     
 
Pharmacokinetics 
 
ABT-450 (Arm 1) 

 
Table 5 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 1. 
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Table 6 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 1. 
 

 
 
ABT-267 (Arm 1) 
 
Table 7 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 1. 
 

 
 
ABT-333 and ABT-333 M1 metabolite (Arm 1) 
 
Table 8 shows the mean ± SD pharmacokinetic parameters of ABT-333 and ABT-333 
M1 metabolite in Arm 1. 
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Ketoconazole (Arm 1)  
 
Table 9 shows the mean pharmacokinetic parameters of ketoconazole in Arm 1. 
 

 
 
Statistical Evaluation of the Pharmacokinetic Parameters 
 
Fig 1 shows the statistical comparison of the pharmacokinetic parameters of ABT-450, 
ritonavir, ABT-267, ABT-333, ABT-333 M1 metabolite and ketoconazole. 
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Reviewer’s Interpretation of the Increase in Exposures of the Various Medications 
Evaluated in Trial M12-189  
 

• Ketoconazole is a potent CYP3A/Pgp inhibitor and ABT-450 is a substrate of 
CYP3A and P-gp.  Although ABT-450 was co-administered with ritonavir in trial 
M12-189, the additional effect of ketoconazole on ABT-450 exposures over that of 
ritonavir 100 mg was comparable to the effect of ritonavir 200 mg on 100 ABT-
450 exposures (trial M10-749); results from trial M10-749 showed that by 
increasing the ritonavir dose from 100 mg to 200 mg, ABT-450 (100 mg dose) 
mean Cmax and AUC increased by 1.6- to 2-fold, respectively, but the ABT-450 
mean t1/2 did not appear to change with ritonavir dose.. 

• Ritonavir, ABT-333, and ABT-267 are substrates of P-gp (ABT-267 is also a 
substrate of BCRP); hence, the increase in exposures of ABT-333, ABT-267, and 
ritonavir may be due to P-gp inhibition. 

• Ketoconazole is a CYP3A substrate; hence increase in ketoconazole exposures 
may be due to the CYP3A inhibitory effect of ritonavir.  However, the increase in 
ketoconazole exposures observed in this trial appear to be lower than the increase 
in ketoconazole exposures observed in other trials conducted with antiretroviral 
protease inhibitor combinations as shown the following table:  
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Drug-Drug Interaction Trial with Digoxin 
Reviewer:  Vikram Arya, Ph.D., FCP 
 
M12-201   
 
Title 
 
A Phase 1, Open Label Study to Assess the Pharmacokinetics, Safety,  
and Tolerability of the Co-Administration of Digoxin with 
Combination of ABT-450 with Ritonavir (ABT-450/r), with ABT-267 
and/or ABT-333 in Healthy Adult Subjects.  
 
Trial  Period 
 
September 7, 2012 to March 25, 2013    
Final report date: October 14, 2013       
 
Reviewer’s Note:  As the proposed labeling recommendations in NDA 
206619 are based on 3 DAAs (ABT-450/ritonavir/ABT-267 and ABT-
333), the results section in this review focuses only on the results 
observed with the 3 DAAs. 
 
Trial  Objectives 
 
To evaluate the pharmacokinetics, safety and tolerability of a single dose of digoxin when 
co-administered with a combination of ABT-450 with ritonavir (ABT-450/r), and ABT-
267 with or without ABT-333 in healthy subjects at steady state and to evaluate the  
pharmacokinetics, safety and tolerability of the combination of ABT-450/r, and ABT-267 
with or without ABT-333 at steady state when co administered with a single dose of 
digoxin in healthy subjects. 

 
Trial Design 
 
Phase 1, single-center, multiple-dose, sequential, open-label study designed to evaluate 
the co-administration of digoxin with two and three DAAs: Arm 1: ABT-450/r, ABT-267 
and ABT-333 with digoxin; Arm 2: ABT 450/r and ABT-267 with digoxin. Based on the 
results from Arm 1 and Arm 2, the sponsor made a decision regarding whether to conduct 
the next sequential Arm 3. Doses in Arm 3 (Regimen E and Regimen F) could have been 
modified based on safety, tolerability and pharmacokinetic results from the preceding 
arm(s). Doses in Arm 3 would not have exceeded ABT-450/r 250/100 mg QD, ABT 333 
800 mg BID, ABT-267 100 mg QD and digoxin 0.5 mg single dose. Arm 3 was not 
conducted. 
 
Fig 1 shows the study schematic of the trial: 
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Subjects randomized to Arm 1 received regimen A in period 1 and regimen B in period 2.  
Subjects randomized to Arm 2 received regimen C in period 1 and regimen D in period 2.   
 
Reviewer’s Note:  The “DAAs” in the schematic above refer to the 3-DAAs (ABT-450/r, 
ABT-267, and ABT-333) and the 2-DAAs (ABT-450/r and ABT-267). Subjects 
randomized to Arm 1 received 3-DAAs in Period 2 (treatment B) whereas subjects 
randomized to Arm 2 received 2-DAAs in Period 2.   
 
Table 1 shows the various dosing regimens in the trial. 
 

 
 
Subjects received a standardized diet, providing approximately 40% of the daily calories 
from fat and up to 45% of daily calories from carbohydrates (approximately 1900 
calories/day).  During  period 1, study drug was administered approximately 30 minutes 
after the start of a standardized breakfast.  During period 2, for morning dosing, the study 
drug was administered approximately 30 minutes after the start of a standardized 
breakfast; the evening dose was administered approximately 30 minutes after the start of 
an evening snack.  The meal content was identical on pharmacokinetic sampling days.   
 
Each dose of the study drug was taken orally with approximately 240 mL of water 
approximately 30 minutes after the start of breakfast.  A washout interval of 7 days 
separated the dose of Period 1 from the first dose of Period 2.    
 
Rationale for Conducting the Trial  
 
The transmembrane transporter P-gp is an efflux transporter present in the gut, liver and 
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ALT and the data from this subject was not included in the statistical analysis of the 
DAAs and digoxin pharmacokinetic parameters for period 2.  
 
Table 4 below shows the shows the demographic summary of all subjects enrolled in the 
trial. 
 

 
 
Pharmacokinetics 
 
Note:  Only the results from Arm 1 are presented in this review. 
 
ABT-450 (Arm 1) 
 
Table 5 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 1. 
 

 
 
Ritonavir (Arm 1) 
 
Table 6 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 1. 
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ABT-267 (Arm 1) 
 
Table 7 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 1. 
 

 
 
ABT-333 (Arm 1) 
 
Table 8 shows the mean ± SD pharmacokinetic parameters of ABT-333 and ABT-333 
M1 in Arm 1. 
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Digoxin (Arm 1) 
 
Fig 2 shows the mean digoxin plasma concentration-time profiles in Arm 1. 
 

 
 
Table 9 shows the mean ± SD pharmacokinetic parameters of digoxin in Arm 1. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

262
Reference ID: 3630826



  

Statistical Evaluation of the Pharmacokinetic Parameters 
 
Fig 3 shows the statistical comparison of the pharmacokinetic parameters of ABT-450, 
ritonavir, ABT-267, ABT-333, ABT-333 M1 metabolite and digoxin in Arm 1. 
 

  
 

 Safety  
 
No deaths or serious adverse events were reported in the trial.  
 
Results  
 
Co-administration of ABT-450/r, ABT-267 and ABT-333 with digoxin: 
  

• Increased the mean Cmax and AUC of digoxin by 15 % and 16 %, respectively.  
• Did not significantly alter the mean Cmax and AUC of ABT-450, ritonavir, ABT-

267, ABT-333, and ABT-333M1.  
 
Conclusion  
 
The 3-DAA regimen (ABT-450/ritonavir,  ABT-267, and ABT-333) can be 
co-administered with digoxin without any dose adjustments.  
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Drug-Drug Interaction Trial with Warfarin 
Reviewer:  Seong Jang, Ph.D. 
 
An Open-Label Phase 1 Study to Assess the Effect of the Combination of ABT-450 plus 
Ritonavir (ABT-450/r) with ABT-267 and/or ABT-333 on the Pharmacokinetics, Safety and 
Tolerability of Warfarin Sodium in Healthy Subjects (M12-198) 
 
Study period: 05 October 2012 to 30 May 2013 
 
Objectives: The objectives of this study were: 

• To evaluate the pharmacokinetics, safety and tolerability of a single dose of warfarin 
sodium when co-administered with a combination of ABT-450 with ritonavir (ABT-450/r) 
and ABT-267 with or without ABT-333 in healthy subjects at steady state. 

• To evaluate the pharmacokinetics, safety and tolerability of the combination of ABT-450/r, 
and ABT-267 with or without ABT-333 at steady state when co-administered with a single 
dose of warfarin sodium in healthy subjects. 

 
Reviewer’s comments: The effect of single dose of warfarin on the steady state exposure of 2 or 3 
DAAs was not reviewed because it is not clinically meaningful (note that warfarin is a drug has 
long half-life [3- 5 days] and is mostly given as multiple dose in clinical settings) and not the 
purpose of the study.   
 
Methodology:  
This was a Phase 1, single-center, open-label, sequential, multiple-dose study. Adult male and 
female subjects in general good health were selected to participate in the study according to the 
selection criteria. Arms were enrolled sequentially; 12 subjects were enrolled per arm, each arm 
consisting of two periods. Subjects in each arm were to complete both Period 1 and Period 2. 
Arm 3 was not conducted. 
 
Study drug was administered as follows: 
 
Regimen A: Warfarin sodium 5 mg single dose + 10 mg single dose Vitamin K1 on Study Day 1 

followed by a washout interval of at least 14 days. 
Regimen B: ABT-450/r 150/100 mg once daily (QD) + ABT-267 25 mg QD + ABT-333 400 

mg twice daily (BID) from Study Days 1 to 24, warfarin sodium 5 mg single dose + 
10 mg single dose Vitamin K1 on Study Day 15 in Period 2. 

Regimen C: Warfarin sodium 5 mg single dose + 10 mg single dose Vitamin K1 on Study Day 1 
followed by a washout interval of at least 14 days. 

Regimen D: ABT-450/r 150/100 mg QD + ABT-267 25 mg QD on from Study Days 1 to 24, 
warfarin sodium 5 mg single dose + 10 mg single dose Vitamin K1 on Study Day 15 
in Period 2. 

 
In Period 1, single doses of warfarin sodium 5 mg and Vitamin K1 10 mg were administered on 
Study Day 1 under non-fasting conditions. In Period 2, all study drugs were taken orally with 
approximately 240 mL of water approximately 30 minutes after the start of breakfast in the 
morning. In Arm 1, the evening ABT-333 dose was taken orally with approximately 240 mL of 
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water approximately 30 minutes after the start of the evening snack. A washout period of at least 
14 days separated the two periods. Blood samples for R- and S-warfarin were collected by 
venipuncture prior to dosing (0 hour) and at 1, 2, 3, 4, 5, 6, 9, 12, 16, 20, 24, 48, 60, 72, 96, 120, 
144, 168, 192, 216 and 240 hours after dosing in Period 1, Study Day 1 and prior to dose (0 
hour) and at 1, 2, 3, 4, 5, 6, 9, 12, 16, 20, 24, 48, 60, 72, 96, 120, 144, 168, 192, 216 and 240 
hours in Period 2, Study 15. Blood samples for ABT-267, ABT-450, ritonavir, ABT-333 and 
ABT-333 M1 metabolite (ABT-333 M1) were collected by venipuncture prior to dosing 
(0 hour) and at 1, 2, 3, 4, 5, 6, 9, 12 and 16 hours after dosing on Study Day 14 and prior to 
dosing (0 hour) and at 1, 2, 3, 4, 5, 6, 9, 12 and 16 hours after dosing on Study Day 15. Trough 
samples were collected prior to morning direct-acting antiviral agent (DAA) doses on Days 9, 
13, 16, 18, 20, 22 and 25. Plasma concentrations of ABT-450, ritonavir, ABT-267, ABT-333 and 
ABT-333 M1 were determined using a validated protein precipitation and on-line solid phase 
extraction method with liquid chromatography and tandem mass spectrometric detection (LC-
MS/MS). No metabolites for ABT-450, ritonavir, ABT-267 and ABT-333 were assayed for this 
study, except ABT-333 M1. The lower limits of quantitation (LLOQ) for ABT-450, ritonavir, 
ABT-267, ABT-333 and ABT-333 M1 were established at 0.595 ng/mL, 4.71 ng/mL, 0.417 
ng/mL, 4.39 ng/mL and 4.58 ng/mL, respectively, using a 100 μL plasma sample. 
 
Plasma concentrations of R- and S-warfarin were determined using a validated extraction and 
high performance liquid chromatography method with tandem mass spectrometric detection. The 
LLOQ for R- and S-warfarin in plasma was established at 5 ng/mL. 
 
Number of Subjects (Planned and Analyzed): 
Planned: 36; Entered: 24 (Arm 3 was not conducted); Completed: 23; Evaluated for Safety: 24; 
Evaluated for Pharmacokinetics: 23  
 
For the 24 subjects who participated in the study, the mean age was 36.9 years (ranging from 20 
to 55 years), the mean weight was 78.4 kg (ranging from 66 to 96 kg) and the mean height was 
175 cm (ranging from 160 to 193 cm). 
 
Diagnosis and Main Criteria for Inclusion: 
Subjects were male and female volunteers between 18 and 55 years, inclusive. Subjects in the 
study were judged to be in general good health based on the results of medical history, physical 
examination, vital signs, laboratory profile, and 12-lead electrocardiogram (ECG). Females were 
either postmenopausal for at least 2 years or surgically sterile and were not pregnant. Males were 
either surgically sterile or practicing at least one of the acceptable methods of birth control. 
 
Test Product, Dose/Strength/Concentration, Mode of Administration and Lot Number: 

 ABT-450 Ritonavir ABT-267 
Dosage Form Tablet Soft Gelatin Capsule Tablet 
Strength (mg) 50 mg 100 mg 25 mg Bulk 
Manufacturing Site AbbVie North Chicago, IL AbbVie North Chicago, IL AbbVie North Chicago, IL 
Finishing Lot Number 12-006142 12-006227 12-006141 
Expiration Date 

 ABT-333 Warfarin sodium Vitamin K1 

Dosage Form Tablet Tablet Tablet 
Strength (mg) 400 mg 5 mg 5 mg 
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Manufacturing Site AbbVie North Chicago, IL Barr Laboratories Aton, Pharm, Inc. 
Finishing Lot Number 12-006143 12-006296 12-006298 
Expiration Date 

 
Duration of Treatment: Dosing for Arm 1 began on 05 October 2012 and ended on 07 
December 2012. Dosing for Arm 2 began on 22 March 2013 and ended on 30 May 2013. 
 
Criteria for Evaluation: 
Pharmacokinetic: Values for the pharmacokinetic parameters of ABT-267, ABT-450, ritonavir, 
ABT-333, ABT-333 M1 and R- and S-warfarin were estimated using noncompartmental 
methods. These included: the maximum observed plasma concentration (Cmax), the time to Cmax 
(Tmax), and the pre-dose plasma concentration (Ctrough, C24, C12), the area under the plasma 
concentration-time curve (AUC) from time 0 to 24 hours (AUC24) for ABT-450, ritonavir and 
ABT-267, the AUC from time 0 to 12 hours (AUC12) for ABT-333 and ABT-333 M1, the AUC 
from time 0 to the last measureable concentration (AUCt), and AUC from time 0 to infinity 
(AUCinf) for R- and S-warfarin, the apparent terminal phase elimination rate constant (β), and the 
terminal phase elimination half-life (t½) for R- and S-warfarin. Dose-normalized parameters were 
also calculated Cmax, C24, C12, AUCt, AUCinf, AUC24 and AUC12. 
 
The effect of single dose of warfarin on the steady state exposures of 2 or 3 DAAs was evaluated 
by comparing the 2-DAA or 3-DAA exposures (Study Day 15) when the 2 DAAs or 3 DAAs 
were administered in the presence of warfarin to the 2 DAAs or 3 DAAs steady-state exposures 
(Study Day 14) where the 2 DAAs or 3 DAAs were administered without warfarin. The effect of 
steady state 2 DAAs or 3 DAAs on the single dose of warfarin was evaluated by comparing 
Study Day 15 (Period 2) R- and S-warfarin exposures when warfarin was administered with 2 or 
3 DAAs to Study Day 1 (Period 1) exposures when warfarin was administered alone. 
 
Safety Endpoints: Safety was evaluated based on assessments of adverse events, vital signs, 
physical examinations, ECGs and laboratory tests. 
 
Statistical Methods: 
Pharmacokinetic: To assess the effect of ABT-450/r, ABT-333 and ABT-267 on R-warfarin and 
S-warfarin, a repeated-measures analysis was performed for the natural logarithms of Cmax, AUC 
and Ctrough utilizing data from Period 1, Study Day 1 and Period 2, Study Day 15. A separate 
analysis was performed for R-warfarin and S-warfarin and for each arm. The model had day as a 
fixed effect with two levels (Period 1, Study Day 1 and Period 2, Study Day 15) and subject as a 
random effect. Additionally, the Cmax, AUC and Ctrough ratios were estimated by taking the ratio 
of Period 2, Study Day 15 versus Period 1, Study Day 1 values, obtained from the repeated 
measures analysis of the difference of mean logarithms. The 90% confidence intervals were 
obtained for those ratio estimates by exponentiation of the endpoints of confidence intervals for 
the difference of mean logarithms obtained within the framework of the repeated-analysis model. 
 
Safety: Adverse events were coded using the current version of the Medical Dictionary for 
Regulatory Activities (MedDRA). The number and percentage of subjects having treatment-
emergent adverse events (i.e., any event that begins or worsens in severity after initiation of 
randomized study drug) were tabulated by primary System Organ Class (SOC) and MedDRA 
Preferred Term with a breakdown by period within each arm. The tabulation of the number of 
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subjects with treatment-emergent adverse events also was provided with further breakdowns by 
severity rating and relationship to study drug. Within each period, subjects reporting more than 
one adverse event for a given MedDRA Preferred Term was counted only once for that term 
using the most severe incident. Subjects reporting more than one type of event within a SOC 
were counted only once for that SOC. 
 
Laboratory test values and vital signs measurements that are very high or very low, according to 
predefined criteria, were identified. 
 
Results: 
Pharmacokinetics: The effect of steady-state ABT-450, ritonavir, ABT-267 and ABT-333 (i.e., 3 
DAAs) on a single dose of warfarin was evaluated by comparing Study Day 15 (Period 2) R- and 
S-warfarin exposures when warfarin was administered with ABT-450, ritonavir, ABT-267 and 
ABT-333 to Study Day 1 (Period 1) exposures when warfarin was administered alone (Arm 1). 
R- and S-warfarin Tmax values increased slightly from 1.9 to 2.9 hours (R-) and from 1.6 to 2.3 
hours (S-). R- and S-warfarin t1/2 values did not change in the presence of the DAAs. Compared 
to the R- and S-warfarin exposures when warfarin was administered alone, both R- and S-
warfarin AUCinf showed a statistically significant decrease of 12% (p < 0.05), in the presence of 
steady state ABT-450/r, ABT-267 and ABT-333 (Table 1). R- and S-warfarin Cmax and C24 
values were not statistically significantly different (p > 0.05) in the presence of the DAAs (Table 
1). 
 
Table 1. The effect of steady-state ABT-450, ritonavir, ABT-267 and ABT-333 on a single dose 
of warfarin (Arm 1) 
 

 
  Ratio of Central Values 

 
Pharmacokinetic 
Parameter 

Central Valuea  
Point 

Estimated 

 
90% Confidence 

Interval P1D1b P2D15b 

R-Warfarin     
Cmax (ng/mL) 237 249 1.053 0.945 – 1.174 
AUCinf (ng•h/mL) 18200 15900 0.877 0.811 – 0.948 
C24 (ng/mL) 151 142 0.939 0.836 – 1.054 
S-Warfarin     
Cmax (ng/mL) 266 255 0.959 0.854 – 1.076 
AUCinf (ng•h/mL) 9730 8570 0.880 0.805 – 0.962 
C24 (ng/mL) 87.7 83.2 0.949 0.883 – 1.020 

a. Antilogarithm of the least squares means for logarithms. 
b. Period 1, Study Day 1 (P1D1): Warfarin 5 mg single dose + Vitamin K1 10 mg single dose. 
c. P2D15: ABT-450/r 150/100 mg QD + ABT-267 25 mg QD + ABT-333 400 mg BID + warfarin 5 mg single dose + Vitamin 
K1 10 mg single dose. 
d. Antilogarithm of the difference of the least squares means for logarithms. 
 
The effect of steady-state ABT-450, ritonavir and ABT-267 (i.e., 2 DAAs) on a single dose of 
warfarin was evaluated by comparing Study Day 15 (Period 2) R- and S-warfarin exposures 
when warfarin was administered with ABT-450, ritonavir and ABT-267 to Study Day 1 
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(Period 1) exposures when warfarin was administered alone (Arm 2). R- and S-warfarin Tmax 
increased slightly from 2.1 to 3.6 hours and 1.8 to 2.8 hours, respectively. R- and S-warfarin t1/2 
values did not change in the presence of the DAAs. Compared to the R- and S-warfarin exposure 
when warfarin was administered alone, R- and S-warfarin showed statistically significant (p < 
0.05) decreases of 13% to 16% for AUCinf and of 11% to 13% for C24 in the presence of steady 
state ABT-450/r and ABT-267 (Table 2). R- and S-warfarin Cmax were not statistically 
significantly different (p > 0.05) in the presence of the DAAs (Table 2). 
 
Table 2. The effect of steady-state ABT-450, ritonavir, and ABT-267 on a single dose of 
warfarin (Arm 2) 
 
  Ratio of Central Values 
 

Pharmacokinetic 
Parameter 

Central Valuea  
Point 

Estimated 

 
90% Confidence 

Interval P1D1b P2D15c
 

R-Warfarin     
Cmax (ng/mL) 265 255 0.960 0.878 – 1.051 
AUCinf (ng•h/mL) 19300 16700 0.866 0.823 – 0.911 
C24 (ng/mL) 175 153 0.872 0.836 – 0.910 
S-Warfarin     
Cmax (ng/mL) 267 240 0.900 0.818 – 0.991 
AUCinf (ng•h/mL) 13000 11000 0.845 0.755 – 0.947 
C24 (ng/mL) 105 93.5 0.888 0.844 – 0.933 
a. Antilogarithm of the least squares means for logarithms. 
b. P1D1:  Warfarin 5 mg single dose + Vitamin K1 10 mg single dose. 
c. P2D15:  ABT-450/r 150/100 mg QD + ABT-267 25 mg QD + warfarin 5 mg single dose + Vitamin K1  10 mg single dose. 
d. Antilogarithm of the difference of the least squares means for logarithms. 

 
Safety: The DAAs co-administered with warfarin sodium in all the arms of this study were 
generally well tolerated by the subjects. One subject was discontinued from the study due to an 
adverse event of rhabdomyolysis, which was assessed by the investigator as being severe and 
having a reasonable possibility of being related to the DAAs. In this subject, the CPK had never 
been within normal limits since screening and was significantly elevated prior to initiation of the 
DAA regimen. CPK declined once the DAAs were started, but again increased significantly, 
which led to study drug discontinuation. Elevation/fluctuation of CPK before DAA 
administration suggests causes other than DAA therapy may have precipitated the event. The 
remaining treatment-emergent adverse events having a reasonable possibility of being related to 
the DAAs were self-limited and mild in severity. 
 
No deaths or other serious adverse events were reported in this study. 
 
There were no clinically meaningful or significant trends noted among the potentially clinically 
significant laboratory values in this study. No new safety signals or unexpected toxicities were 
observed when the DAAs were co-administered with warfarin sodium. 
 
Conclusions:  
Three DAA Combination + Warfarin  
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Drug-Drug Interaction Trial with Furosemide or Amlodipine Besylate   
Reviewer:  Seong Jang, Ph.D. 
 
 
A Phase 1, Open-Label Study to Assess the Pharmacokinetics, Safety and Tolerability of 
the Co-administration of Furosemide or Amlodipine Besylate with Combination of ABT-
450, Ritonavir, ABT-267 (ABT-450/r/ABT-267) and ABT-333 in Healthy Adult Volunteers 
(M14-325) 
 
Study period: 16 September 2013 to 25 November 2013 
 
Objectives: The objective of this study was to determine the effect of steady-state ABT-
450/r/ABT-267 and ABT-333 on the pharmacokinetics, safety and tolerability of a single dose of 
furosemide or amlodipine besylate in healthy subjects. In addition, the effect of a single dose of 
furosemide or amlodipine besylate on the pharmacokinetics, safety and tolerability of steady-
state ABT-450/r/ABT-267 and ABT-333 was also determined. 
 
Reviewer’s comments: The effect of a single dose of amlodipine on the PK of ABT-450/r, ABT-
267 and ABT-333 is not clinically meaningful because the PK of steady state amlodipine would 
not be similar to that of a single dose. The half-life of amlodipine is approximately 30-60 hours. 
Thus, the results of this study (i.e., the effect of a single dose of amlodipine on the PK of ABT-
450/r, ABT-267 and ABT-333) are not informative to predict the clinically relevant effect of 
amlodipine on the PK of ABT-450/r, ABT-267 and ABT-333 unless the PK of ABT-450/r, ABT-
267 and ABT-333 were affected substantially due to the single dose of amlodipine so that it is 
obvious to recommend a contraindication of DAAs with amlodipine (this is not the case based on 
the sponsor’s study report). Thus, the effect of a single dose of amlodipine on the PK of ABT-
450/r, ABT-267 and ABT-333 was not reviewed. However, the half-life of furosemide is 
approximately 2 hours so that the effects of a single dose of furosemide on the PK of ABT-450/r, 
ABT-267 and ABT-333 are considered to be similar to those of steady state furosemide. 
Accordingly, the effect of a single dose of furosemide on the PK of ABT-450/r, ABT-267 and 
ABT-333 in this study was reviewed.  
 
Methodology:  
This was a Phase 1, single-center, open-label, sequential, multiple-dose study. Adult male and 
female subjects in general good health were selected to participate in the study according to the 
selection criteria. The study consisted of two independent parts, Part I and Part II. Enrolled 
subjects were assigned into either Part I or Part II so that 12 subjects were enrolled in Part I and 
14 subjects were enrolled in Part II. 
 

 Single Dose of Furosemide  
and Potassium Bicarbonate ABT-450/r/ABT-267 
(Part I) OR Single Dose of (QD) and ABT-333 

Part Treatment Subjects Amlodipine Besylate (Part II) (BID) 
I Furosemide 12 Study Day 1 and Study Day 17 Study Days 3 – 18 
II Amlodipine Besylate 14 Study Day 1 and Study Day 25 Study Days 11 – 34 
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In Part I, a single dose of furosemide 20 mg with 20 mEq oral potassium bicarbonate was 
administered in the morning on Study Day 1 followed by a washout period for 2 days (through 
morning of Study Day 3). Starting on Study Day 3, ABT-450/r/ABT-267 150/100/25 mg was 
administered once daily (QD) in the morning and ABT-333 250 mg was administered twice daily 
(BID) for 16 days (Study Days 3 through 18). On Study Day 17, a single dose of furosemide 20 
mg was administered with 20 mEq oral potassium bicarbonate.  
 
In Part II, a single dose of amlodipine besylate 5 mg was administered in the morning on Study 
Day 1 followed by a washout period for 10 days (through morning of Study Day 11). Starting on 
Study Day 11, ABT-450/r/ABT-267 150/100/25 mg was administered QD in the morning and 
ABT-333 250 mg was administered BID for 24 days (Study Days 11 through 34). On Study Day 
25, a single dose of amlodipine besylate 5 mg was administered. Each dose of study drug was 
taken orally with approximately 240 mL of water approximately 30 minutes after the start of 
breakfast for all morning doses and approximately 30 minutes after the start of the evening snack 
for the evening dose of ABT-333. 
 
Blood samples for furosemide were collected by venipuncture prior to dosing (0 hour) and at 0.5, 
1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 16 and 24 hours after dosing in Part I, Study Day 1 and prior to 
dose (0 hour) and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 16, 24, 36, and 48 hours after dosing 
in Part I, Study Day 17. Blood samples amlodipine were collected by venipuncture prior to 
dosing (0 hour) and at 1, 2, 3, 4, 6, 8, 10, 12, 16, 24, 48, 72, 96, 120, 168, and 240 hours after 
dosing in Part II, Study Day 1 and prior to dose (0 hour) and at 1, 2, 3, 4, 6, 8, 10, 12, 16, 24, 48, 
72, 96, 120, 168, and 240 hours after dosing in Part II, Study Day 25. Blood samples for ABT-
267, ABT-450, ritonavir, ABT-333 and ABT-333 M1 metabolite (ABT-333 M1) were collected 
by venipuncture prior to dosing (0 hour) and at 1, 2, 3, 4, 5, 6, 8, 10, 12 and 16 hours after dosing 
in Part I on Study Day 16 and in Part II on Study Day 24 and prior to dosing (0 hour) and at 1, 2, 
3, 4, 5, 6, 8, 10, 12, 16, 24 hours after dosing in Part I on Study Day 17 and in Part II on Study 
Day 25. 
 
Plasma concentrations of ABT-450, ritonavir, ABT-267, ABT-333 and ABT-333 M1 were 
determined using a validated protein precipitation and on-line solid phase extraction method with 
liquid chromatography and tandem mass spectrometric detection (LC-MS/MS). No metabolites 
for ABT-450, ritonavir, ABT-267 and ABT-333 were assayed for this study, except ABT-333 
M1. The lower limits of quantitation (LLOQ) for ABT-450, ritonavir, ABT-267, ABT-333 and 
ABT-333 M1 were established at 0.590 ng/mL 5.04 ng/mL, 0.446 ng/mL, 4.77 ng/mL and 4.75 
ng/mL, respectively, using a 100 μL plasma sample. 
Plasma concentrations of furosemide were determined using a validated extraction and high 
performance liquid chromatography method with tandem mass spectrometric detection. The 
LLOQ for furosemide in plasma was established at 5 ng/mL. 
Plasma concentrations of amlodipine were determined using a validated extraction and high 
performance liquid chromatography method with tandem mass spectrometric detection. The 
LLOQ for amlodipine in plasma was established at 50 pg/mL using a 0.500 mL plasma sample. 
 
Number of Subjects (Planned and Analyzed): 
Planned: 26; Entered: 26; Completed: 26; Evaluated for Safety: 26; Evaluated for 
Pharmacokinetics: 26. 
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For the 26 subjects who participated in the study, the mean age was 38.5 years (ranging from 22 
to 55 years), the mean weight was 76.6 kg (ranging from 57 to 96 kg) and the mean height was 
173 cm (ranging from 153 to 192 cm). 
 
Diagnosis and Main Criteria for Inclusion: 
Subjects were male and female volunteers between 18 and 55 years, inclusive. Subjects in the 
study were judged to be in general good health based on the results of medical history, physical 
examination, vital signs, laboratory profile, and 12-lead electrocardiogram (ECG). Females were 
either postmenopausal for at least 2 years or surgically sterile or practicing protocol defined birth 
control and were not pregnant. Males were either surgically sterile or practicing at least one of 
the acceptable methods of birth control. 
 
Test Product, Dose/Strength/Concentration, Mode of Administration and Lot Number: 
 

 
Investigational 
Products 

ABT-450/ 
Ritonavir/ 
ABT-267 

 
ABT-333 

 
Furosemide  

Amlodipine 
Besylate 

 
Potassium 

Bicarbonate 
Dosage Form Tablet Tablet Tablet Tablet Tablet 
Strength (mg) 75/50/12.5 250 20 5 2000 (20 mEq) 
Bulk Product 12-008149 13-000242 13-004117 13-004089 13-004433 
Lot Number      
Manufacturing AbbVie, AbbVie, Sanofi Aventis Pfizer Nomax Inc. 
Site Cork, Ireland North Chicago, IL    
Finishing Lot 13-004143 13-004144 13-004145 13-004146 13-004491 
Number      
Expiration 
Date 

 
Duration of Treatment: 
Dosing for Part I began on 15 October 2013 and ended on 01 November 2013. Dosing for Part II 
began on 08 October 2013 and ended on 10 November 2013. 
 
Criteria for Evaluation: 
Pharmacokinetic: Values for the pharmacokinetic parameters of ABT-267, ABT-450, ritonavir, 
ABT-333, ABT-333 M1, furosemide and amlodipine were estimated using noncompartmental 
methods. These included: the maximum observed plasma concentration (Cmax), the time to Cmax 
(Tmax), and the pre-dose plasma concentration (Ctrough, C24, C12), the area under the plasma 
concentration-time curve (AUC) from time 0 to 24 hours (AUC24) for ABT-450, ritonavir and 
ABT-267, the AUC from time 0 to 12 hours (AUC12) for ABT-333 and ABT-333 M1, the AUC 
from time 0 to the last measureable concentration (AUCt), and AUC from time 0 to infinity 
(AUCinf) for furosemide and amlodipine, the apparent terminal phase elimination rate constant 
(β), and the terminal phase elimination half-life (t1/2) the apparent oral clearance value (CL/F) 
and the apparent volume of distribution (Vdβ/F) for furosemide and amlodipine.  
In Part I, the effect of single dose of furosemide on the steady state exposures of 3 DAAs was 
evaluated by comparing the 3-DAA exposures (Study Day 17) when the 3 DAAs were 
administered in the presence of furosemide to the 3 DAAs steady-state exposures (Study Day 16) 
where the 3 DAAs were administered without furosemide. The effect of steady state 3 DAAs on 
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the single dose of furosemide was evaluated by comparing Study Day 17 exposures when 
furosemide was administered with 3 DAAs to Study Day 1 exposures when furosemide was 
administered alone. 
In Part II, the effect of single dose of amlodipine besylate on the steady state exposures of 3 
DAAs was evaluated by comparing the 3-DAA exposures (Study Day 25) when the 3 DAAs 
were administered in the presence of amlodipine besylate to the 3 DAAs steady-state exposures 
(Study Day 24) where the 3 DAAs were administered without amlodipine besylate. The effect of 
steady state 3 DAAs on the single dose of amlodipine was evaluated by comparing Study Day 25 
exposures when amlodipine besylate was administered with 3 DAAs to Study Day 1 exposures 
when amlodipine besylate was administered alone. 
 
Safety Endpoints: The following safety evaluations were performed during the study: adverse 
event monitoring and vital signs, physical examination, ECG and laboratory tests. 
 
Statistical Methods: 
Pharmacokinetic: To assess the effect of a single dose furosemide or amlodipine on steady-state 
ABT-450, ritonavir, ABT-267, and ABT-333, a repeated measure analysis was performed for the 
natural logarithms of ABT-450, ritonavir, ABT-267, and ABT-333 and ABT-333 M1 Cmax, AUC, 
C24 and C12 values utilizing data from Study Days 16 and 17 for Part I, and 24 and 25 for Part II. 
A separate analysis was performed for each part. The model had day as a fixed effect and subject 
as a random effect. Additionally, ratios of the ABT-450, ritonavir, ABT-267, ABT-333 and 
ABT-333 M1 Cmax and AUC when administered with furosemide or amlodipine besylate to that 
of administrated without furosemide or amlodipine besylate were estimated by taking the ratio of 
corresponding Study Day 17 versus Study Day 16 values for furosemide, and Study Day 25 
versus Study Day 24 for amlodipine besylate, obtained from the repeated measures analysis of 
the difference of mean logarithms. The 90% confidence intervals were obtained for those ratio 
estimates by the exponentiation of the endpoints of confidence intervals for the difference of 
mean logarithms obtained within the framework of the repeated-analysis model. 
To assess the effect of steady-state DAAs on a single dose of furosemide or amlodipine besylate, 
a repeated measure analysis was performed for the natural logarithms of the Cmax and AUC 
values of furosemide or amlodipine, utilizing data from Study Days 1 and 17 for furosemide and 
Study Days 1 and 25 for amlodipine. A separate analysis was performed for each part. The 
model had day as a fixed effect and subject as a random effect. Additionally, the ratio of 
furosemide and or amlodipine Cmax and AUC when administered with DAAs to that of 
administered without DAAs was estimated by taking the ratio of Study Day 17 versus Study Day 
1 values for furosemide and Study Day 25 versus Study Day 1 for amlodipine, obtained from the 
repeated measures analysis of the difference of mean logarithms. The 90% confidence intervals 
were obtained for those ratio estimates by the exponentiation of the endpoints of confidence 
intervals for the difference of mean logarithms obtained within the framework of the repeated-
analysis model. 
To assess steady state of ABT-450, ritonavir, ABT-267, ABT-333 and ABT-333 M1 when dosed 
without furosemide or amlodipine besylate, a repeated measures analysis were performed on the 
trough concentration measurements of Days 10, 13, 16 and 17 for Part I and Days 18, 21, 24 and 
25 for Part II. A separate analysis was performed for each part. Within the framework of 
repeated measure analysis, pair-wise tests and trend analyses were performed on the contrasts in 
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the study day effects to determine the earliest day after which there was no statistically 
significant change. 
 
Safety: Adverse events were coded using the current version of the Medical Dictionary for 
Regulatory Activities (MedDRA). The number and percentage of subjects having treatment-
emergent adverse events (i.e., any event that begins or worsens in severity after initiation of 
randomized study drug) were tabulated by primary System Organ Class (SOC) and MedDRA 
Preferred Term with a breakdown by period within each arm. The tabulation of the number of 
subjects with treatment-emergent adverse events also was provided with further breakdowns by 
severity rating and relationship to study drug. Within each period, subjects reporting more than 
one adverse event for a given MedDRA Preferred Term was counted only once for that term 
using the most severe incident. Subjects reporting more than one type of event within a SOC 
were counted only once for that SOC. 
Laboratory test values and vital signs measurements that are very high or very low, according to 
predefined criteria, were identified.  
 
Results: 
Pharmacokinetics:  
Part 1 (Furosemide): The effect of a single dose of furosemide on the PK of ABT-450/r/ABT-
267 + ABT-333 was summarized in Table 1. No clinically meaningful changes in the PK 
parameters of ABT-450/r/ABT-267 + ABT-333 were observed when co-administered with a 
single dose of furosemide.  
 
Table 1. Effect of a single dose of furosemide on the PK of ABT-450/r/ABT-267 + ABT-333 
 

 
 

Pharmacokinetic 
Parameter 

Central Valuea Ratio of Central Values 

Day 16b Day 17c Point Estimated 
90% Confidence 

Interval 

ABT-450 

Cmax (ng/mL) 1440 1330 0.925 0.628 – 1.360 
AUC24 (ng•h/mL) 6390 5860 0.916 0.695 – 1.208 

C24 (ng/mL) 15.2 19.3 1.264 1.159 – 1.379 

Ritonavir 

Cmax (ng/mL) 1460 1610 1.101 0.957 – 1.266 
AUC24 (ng•h/mL) 9070 9460 1.043 0.919 – 1.183 

C24 (ng/mL) 34.6 37.0 1.072 0.985 – 1.167 

ABT-267 

Cmax (ng/mL) 136 155 1.136 1.025 – 1.260 
AUC24 (ng•h/mL) 1490 1590 1.065 1.009 – 1.124 

C24 (ng/mL) 29.3 32.7 1.115 1.076 – 1.155 

ABT-333 

Cmax (ng/mL) 1130 1270 1.122 0.962 – 1.308 
AUC24 (ng•h/mL) 7600 8260 1.087 0.961 – 1.230 

C24 (ng/mL) 313 330 1.055 0.979 – 1.137 

ABT-333 
M1 

Cmax (ng/mL) 669 741 1.109 0.902 – 1.362 
AUC24 (ng•h/mL) 4000 4110 1.027 0.862 – 1.223 
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Figure 1. Mean amlodipine concentration-time profiles in Part 2 (Amlodipine besylate with and 
without ABT-450/r/ABT-267+ABT-333) 
 
Safety Results: 
The DAAs co-administered with furosemide and potassium bicarbonate in Part I and with 
amlodipine besylate in Part II of this study were well tolerated by the subjects. Adverse events 
were all mild, with no apparent pattern in their nature or frequency. No adverse events were 
considered to be related to any of the study drugs. 
No deaths or other serious adverse events were reported in this study. 
There were no clinically meaningful or significant trends noted among the potentially clinically 
significant laboratory values in this study. No new safety signals or unexpected toxicities were 
observed when the DAAs were co-administered with either furosemide and potassium 
bicarbonate or amlodipine besylate. 
 
Conclusions:  
Part 1: Furosemide  
When the 3-DAA regimen (ABT-450/r/ABT-267 150/100/25 mg QD and ABT-333 250 mg 
BID) was co-dosed with a single 20 mg oral dose of furosemide steady-state exposures of ABT-
450, ritonavir, ABT-267, ABT-333 and ABT-333 M1 were minimally affected, except for a 26% 
increase in ABT-450 Ctrough. Co-administration with the ABT-450/r/ABT-267 150/100/25 mg 
QD and ABT-333 250 mg BID regimen had minimal impact on furosemide AUC values (up to 
11% increase), but increased furosemide Cmax by 42%. Caution is warranted when co-
administering furosemide with the 3-DAA regimen and monitoring of the clinical response is 
recommended. 
 
Part 2: Amlodipine  
Co-administration with the ABT-450/r/ABT-267 150/100/25 mg QD and ABT-333 250 mg BID 
regimen increased amlodipine Cmax and AUC by 26% and 157%, respectively. When co-
administering amlodipine with the 3-DAA regimen, caution is warranted and  reduction 
in the dose of amlodipine should be considered. 
 
Safety: 
The safety profile of the DAAs co-administered with furosemide and potassium bicarbonate in 
Part I and amlodipine besylate in Part II in this study administered as a single dose was 
comparable to that of the DAAs administered alone. 
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Drug-Drug Interaction Trial with Alprazolam or Zolpidem Tartrate  
Reviewer:  Seong Jang, Ph.D. 
 
 
A Phase 1, Open-Label Study to Assess the Pharmacokinetics, Safety and Tolerability of 
the Co-administration of Alprazolam or Zolpidem Tartrate with Combination of ABT-450, 
Ritonavir, ABT-267 (ABT-450/r/ABT-267) and ABT-333 in Healthy Adult Volunteers 
(M14-324) 
 
Study period: 30 September 2013 to 06 December 2013 
 
Objectives: The objective of this study was to determine the effect of steady-state ABT-
450/r/ABT-267 and ABT-333 on the pharmacokinetics, safety and tolerability of single dose 
alprazolam or zolpidem tartrate in healthy subjects. In addition, the effect of single dose 
alprazolam or zolpidem tartrate on the pharmacokinetics, safety and tolerability of steady-state 
ABT-450/r/ABT-267 and ABT-333 was also determined. 
 
Methodology:  
This was a Phase 1, single center, multiple-dose, open-label study to evaluate the 
pharmacokinetics, safety and tolerability of a three direct-acting antiviral agent (DAA) 
combination (ABT-450/r/ABT-267 + ABT-333) and alprazolam or zolpidem tartrate when given 
alone and in combination. This study consisted of two independent parts (Part I and Part II). 
Adult male and female subjects (N = 24) in general good health were selected to participate in 
the study according to the selection criteria. Having met the selection criteria, subjects were 
assigned to Part I or Part II of the study as shown in the following table. 
 
  Study Drug Regimens 
Part N Interacting Drug DAAs 
I 12 Alprazolam 0.5 mg: 

Study Days 1 and 18 
ABT-450/r/ABT-267 150/100/25 mg QD + ABT-333 250 mg BID: Study 
Days 4 to 21 

II 12 Zolpidem tartrate 5 mg: 
Study Days 1 and 17 

ABT-450/r/ABT-267 150/100/25 mg QD + ABT-333 250 mg BID: Study 
Days 3 to 18 

DAAs = Direct-acting antiviral agents; QD = Once daily; BID = Twice daily 
 
Part I: A single dose of alprazolam 0.5 mg was administered in the morning of Study Day 1 
followed by a washout period for 3 days (through morning of Study Day 4). Starting on Study 
Day 4, ABT-450/r/ABT-267 150/100/25 mg was administered once daily (QD) in the morning 
and ABT-333 250 mg was administered twice daily (BID) for 18 days (Study Days 4 through 
21). On Study Day 18, a single dose of alprazolam 0.5 mg was administered. 
Part II: A single dose of zolpidem tartrate 5 mg was administered in the morning of Study Day 1 
followed by a washout period for 2 days (through morning of Study Day 3). Starting on Study 
Day 3, ABT-450/r/ABT-267 150/100/25 mg was administered QD in the morning and ABT-333 
250 mg was administered BID for 16 days (Study Days 3 through 18). On Study Day 17, a single 
dose of zolpidem tartrate 5 mg was administered. 
 
Each dose of study drug was taken orally with approximately 240 mL of water approximately 30 
minutes after the start of breakfast for all morning doses and approximately 30 minutes after the 
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start of the evening snack for the evening dose of ABT-333. The dose of alprazolam on Study 
Day 18 (Part I) and the dose of zolpidem tartrate on Study Day 17 (Part II) were administered in 
the morning at the same time as the direct-acting antiviral agents (DAAs). 
Subjects were confined to the study site and supervised for approximately 23 days for Part I and 
20 days for Part II. Confinement began on Study Day –1 (one day prior to initial dosing day) for 
both study parts and ended after the collection of the 96-hour alprazolam blood sample and 
completion of the scheduled study procedures on Study Day 22 for Part I, or after the collection 
of the 48-hour zolpidem tartrate blood sample and completion of the scheduled study procedures 
on Study Day 19 for Part II. Subjects returned for an outpatient safety visit on Study Day 31 for 
Part I or Study Day 28 for Part II (a visit window of ± 2 days was allowed to accommodate 
subject scheduling). 
 
In Part I, blood samples for assay of ABT-450, ritonavir, ABT-267, ABT-333 and ABT-333 M1 
metabolite were collected by venipuncture on the following days: Prior to the morning dose on 
Study Days 11 and 14; prior to dosing (0-hour) and at 1, 2, 3, 4, 5, 6, 8, 10, 12 and 16 hours after 
the morning dose on Study Day 17; prior to dosing (0-hour) and at 1, 2, 3, 4, 5, 6, 8, 10, 12, 16, 
24 (Study Day 19) hours after the morning dose on Study Day 18, or upon subject 
discontinuation due to an adverse event. 
 
Blood samples for assay of alprazolam were collected by venipuncture on the following days: 
Prior to dosing (0-hour) and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 16, 24 (Study Day 2), 36 
(Study Day 2), 48 (Study Day 3), and 72 (Study Day 4) hours after the morning dose on Study 
Day 1; prior to dosing (0-hour) and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 16, 24 (Study Day 
19), 36 (Study Day 19), 48 (Study Day 20), 72 (Study Day 21), and 96 (Study Day 22) hours 
after the morning dose on Study Day 18, or upon subject discontinuation due to an adverse event. 
In Part II, blood samples for assay of ABT-450, ritonavir, ABT-267, ABT-333 and ABT-333 M1 
metabolite were collected by venipuncture on the following days: Prior to the morning dose on 
Study Days 10 and 13; prior to dosing (0-hour) and at 1, 2, 3, 4, 5, 6, 8, 10, 12 and 16 hours after 
the morning dose on Study Day 16; prior to dosing (0-hour) and at 1, 2, 3, 4, 5, 6, 8, 10, 12, 16 
and 24 (Study Day 18) hours after the morning dose on Study Day 17, or upon subject 
discontinuation due to an adverse event. 
 
Blood samples for assay of zolpidem were collected by venipuncture on the following days: 
Prior to dosing (0-hour) and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 16 and 24 (Study Day 2) 
hours after the morning dose on Study Day 1; prior to dosing (0-hour) and at 0.5, 1, 1.5, 2, 2.5, 3, 
4, 5, 6, 8, 10, 12, 16, 24 (Study Day 18), 36 (Study Day 18) and 48 (Study Day 19) hours after 
the morning dose on Study Day 17, or upon subject discontinuation due to an adverse event. 
 
Plasma concentrations of ABT-450, ritonavir, ABT-267, ABT-333 and ABT-333 M1 metabolite 
were determined using a validated liquid chromatography method with tandem mass 
spectrometric detection. The lower limits of quantitation (LLOQ) for ABT-450, ritonavir, ABT-
267, ABT-333 and ABT-333 M1 metabolite were established 0.590 ng/mL, 5.04 ng/mL, 0.446 
ng/mL, 4.77 ng/mL and 4.75 ng/mL, respectively. 
Plasma concentrations of alprazolam were determined using a validated liquid chromatography 
method with tandem mass spectrometric detection. The LLOQ for alprazolam was established at 
0.100 ng/mL. Plasma concentrations of zolpidem were determined using a validated liquid 
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chromatography method with tandem mass spectrometric detection. The LLOQ for zolpidem 
was established at 0.25 ng/mL. 
 
Number of Subjects (Planned and Analyzed): 
Planned: 24, Entered: 24, Completed: 24, Evaluated for Safety: 24, Evaluated for 
Pharmacokinetics: 24 
For the 24 subjects who participated in the study, the mean age was 37.4 years (ranging from 22 
to 55 years), the mean weight was 79.8 kg (ranging from 52 to 101 kg) and the mean height was 
174 cm (ranging from 154 to 184 cm). 
 
Diagnosis and Main Criteria for Inclusion: 
Subjects were male and female volunteers whose ages were between 18 and 55 years. Subjects in 
the study were judged to be in general good health based on the results of medical history, 
physical examination, vital signs, 12-lead electrocardiogram (ECG) and laboratory tests. Females 
were postmenopausal for at least 2 years, surgically sterile or practice birth control, and were not 
pregnant or breastfeeding. Males were surgically sterile or practiced birth control. 
 
Test Product, Dose/Strength/Concentration, Mode of Administration and Lot Number: 
 

 ABT-450/ritonavir/  Xanax® Ambien® 
ABT-267 ABT-333 (alprazolam) (zolpidem tartrate) 

Dosage Form 

Strength 

Bulk Product Lot 
Number 
 

Tablet 

75/50/12.5 mg 

12-008149 

 

Tablet 

250 mg 

13-000242 

Tablet 

0.5 mg 

13-004390 

Tablet 

5 mg 

13-004389 

Manufacturing 
Site 

AbbVie, Inc.  
Cork, Ireland 

AbbVie, Inc. 
North Chicago, IL 

 

Pfizer 
New York, NY 

 

Sanofi Aventis 
Bridgewater, NJ 

 
Finishing 
Sublot Number 

 

13-004139                    13-004140                13-004141 13-00414 

 
Duration of Treatment: 
In Part I, twelve subjects received alprazolam 0.5 mg on Study Days 1 and 18, and ABT-
450/r/ABT-267 150/100/25 mg QD + ABT-333 250 mg BID on Study Days 4 to 21. In Part II, 
twelve subjects received zolpidem tartrate 5 mg on Study Days 1 and 17, and ABT-450/r/ABT-
267 150/100/25 mg QD + ABT-333 250 mg BID on Study Days 3 to 18. 
 
Criteria for Evaluation: 
Pharmcokinetics: The pharmacokinetic parameter values of were estimated using 
noncompartmental methods. For ABT-450, ritonavir, ABT-267, ABT-333 and ABT-333 M1 
metabolite: the maximum observed plasma concentration (Cmax), time to Cmax (peak time, Tmax), 
plasma trough concentration (Ctrough: C12 or C24), and area under the plasma concentration-time 
curve during a dosing interval (AUCtau: AUC0-12 or AUC0-24). For alprazolam and zolpidem 
tartrate: Cmax, Tmax, apparent terminal phase elimination rate constant (β), terminal phase 
elimination half-life (t1/2), area under the plasma concentration-time curve from time 0 to the 
time of the last measurable concentration (AUCt), AUC from time 0 to infinite time (AUC∞), 
apparent oral clearance value (CL/F) and apparent volume of distribution (Vdβ/F). 
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Safety Endpoints: Safety was evaluated based on assessments of adverse events, vital signs, 
physical examinations, ECGs and laboratory tests. 
 
Statistical Methods: 
Pharmacokinetic: To assess the effect of a single dose alprazolam or zolpidem tartrate on steady-
state ABT-450, ritonavir, ABT-267 and ABT-333, a repeated measure analysis was performed 
for the natural logarithms of ABT-450, ritonavir, ABT-267, ABT-333 and ABT-333 M1 Cmax 
and AUC values utilizing data from Study Days 17 and 18 for Part I (alprazolam part) and Study 
Days 16 and 17 for Part II (zolpidem tartrate part). Additionally, ratios of the ABT-450, 
ritonavir, ABT-267, ABT-333 and ABT-333 M1 Cmax and AUC were estimated by taking the 
ratio of corresponding Study Day 18 versus Study Day 17 values for Part I (alprazolam part) and 
Study Day 17 versus Study Day 16 values for Part II (zolpidem tartrate part), obtained from the 
repeated measures analysis of the difference of mean logarithms. 
To assess the effect of steady-state DAAs on a single dose of alprazolam or zolpidem tartrate, a 
repeated measure analysis was performed for the natural logarithms of alprazolam or zolpidem 
Cmax and AUC values utilizing data from Study Days 1 and 18 for Part I (alprazolam part), and 
Study Days 1 and 17 for Part II (zolpidem tartrate part). Additionally, the ratio of alprazolam or 
zolpidem Cmax and AUC was estimated by taking the ratio of corresponding Study Day 18 versus 
Study Day 1 values for Part I (alprazolam part), and Study Day 17 versus Study Day 1 values for 
Part II (zolpidem tartrate part), obtained from the repeated measures analysis of the difference of 
mean logarithms. 
To assess steady state of ABT-450, ritonavir, ABT-267 and ABT-333, a repeated measures 
analysis was performed on the logarithmic transformed pre-dose concentration measurements of 
Study Days 11, 14, 17 and 18 in Part I and Study Days 10, 13, 16 and 17 in Part II. Within the 
framework of the repeated measures analysis, the hypothesis of no difference between Study Day 
18 and each of Study Days 17, 14 and 11 in Part I or between Study Day 17 and each of Study 
Days 16, 13 and 10 for Part II was tested with a significance level of 0.05 for each test to 
determine the earliest day after which there was not a statistically significant change. In addition, 
a test was performed on a contrast in the means chosen to be sensitive to a linear trend across all 
days to determine whether there was a linear trend from Study Day 11 to Study Day 18 for Part I 
or from Study Day 10 to Study Day 17 for Part II. 
 
Safety: Adverse events were coded using the Medical Dictionary for Regulatory Activities 
(MedDRA). The number and percentage of subjects who had treatment-emergent adverse events 
(i.e., any event that began or worsened in severity after initiation of study drug) were tabulated 
by primary System Organ Class (SOC) and MedDRA Preferred Term with a breakdown by the 
following study time segments within each part of the study. The tabulation of the number of 
subjects with treatment-emergent adverse events was also provided with further breakdowns by 
severity rating and relationship to study drug. Laboratory test values, vital signs measurements 
that were potentially clinically significant, according to predefined criteria, were identified. 
 
Results: 
Pharmacokinetics:  
 
Part I: Interaction with alprazolam 
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The effect of a single dose of alprazolam on the PK of DAAs was evaluated by comparing the 
exposures on Study Day 18 to Study Day 17. The Cmax, AUCtau and Ctrough ratios of central 
values and 90% confidence intervals for the comparison are presented in Table 1. The PK of 
ABT-450, ritonavir, ABT-267, ABT-333 and ABT-333 M1 metabolite were minimally affected 
by a single dose of alprazolam. 
 
Table 1.  Effect of a single dose of alprazolam (0.5 mg) on the PK of ABT-450, ritonavir, ABT-
267, ABT-333 and ABT-333 M1 metabolite.  
 

  
  Ratio of Central Values

a
 

  
Analyte 

 
Pharmacokinetic 
Parameter 

Central Value  
Point 

Estimate 

 
90% Confidence 

Interval Day 18 Day 17 

ABT-450 Cmax (ng/mL) 626 686 0.913 0.636 – 1.310 
 AUC0-24 (ng•h/mL) 3630 3765 0.964 0.734 – 1.267 
 C24 (ng/mL) 15.6 13.9 1.120 1.022 – 1.228 

Ritonavir Cmax (ng/mL) 1095 1187 0.923 0.838 – 1.017 
 AUC0-24 (ng•h/mL) 6957 7273 0.957 0.887 – 1.031 
 C24 (ng/mL) 31.0 30.6 1.013 0.942 – 1.090 

ABT-267 Cmax (ng/mL) 140 143 0.983 0.928 – 1.040 
 AUC0-24 (ng•h/mL) 1584 1587 0.998 0.960 – 1.037 
 C24 (ng/mL) 33.2 33.8 0.982 0.933 – 1.035 

ABT-333 Cmax (ng/mL) 789 850 0.928 0.825 – 1.044 
 AUC0-24 (ng•h/mL) 5430 5539 0.980 0.866 – 1.110 
 C24 (ng/mL) 229 229 1.001 0.869 – 1.154 

ABT-333 Cmax (ng/mL) 485 517 0.937 0.770 – 1.140 
M1 Metabolite AUC0-24 (ng•h/mL) 3032 3075 0.986 0.822 – 1.182 

 C24 (ng/mL) 110 105 1.053 0.942 – 1.177 
Study Day 17: ABT-450/r/ABT-267 150/100/25 mg QD + ABT-333 250 mg BID 
Study Day 18: ABT-450/r/ABT-267 150/100/25 mg QD + ABT-333 250 mg BID + alprazolam 0.5 mg 
a. Study Day 18:Study Day 17. 
 
The steady-state effect of ABT-450/r/ABT-267 and ABT-333 on alprazolam was evaluated by 
comparing the exposures on Study Day 18 to Study Day 1. The Cmax, AUCt and AUC∞ ratios of 
central values and 90% confidence intervals for the comparison are presented in Table 2. The 
alprazolam AUC value was increased by 34% due to the co-administration of 3-DAAs.  
 
Table 2. The steady-state effect of ABT-450/r/ABT-267 and ABT-333 on the PK of alprazolam 

  
  Ratio of Central Values

a
 

  
Analyte 

 
Pharmacokinetic 
Parameter 

Central Value  
Point 

Estimate 

 
90% Confidence 

Interval Day 18 Day 1 

Alprazolam Cmax (ng/mL) 7.09 6.52 1.086 1.030 – 1.145 
 AUCt (ng•h/mL) 174 131 1.326 1.156 – 1.521 
 AUC∞ (ng•h/mL) 184 137 1.336 1.151 – 1.550 

Study Day 1: Alprazolam 0.5 mg 
Study Day 18: ABT-450/r/ABT-267 150/100/25 mg QD + ABT-333 250 mg BID + alprazolam 0.5 mg 
a. Study Day 18:Study Day 1. 
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Reviewer’s comments: The sponsor proposed that caution is warranted and clinical monitoring 
is recommended when alprazolam administered with the 3-DAA regimen. We agreed with the 
sponsor’s labeling proposal related to the interaction between alprazolam and 3-DAA regimen. 
 
Part II: Interaction with zolpidem 
The effect of zolpidem tartrate on DAAs at steady state was evaluated by comparing the 
exposures on Study Day 17 to Study Day 16. The Cmax, AUCtau and Ctrough ratios of central 
values and 90% confidence intervals for the comparison are presented in Table 3. There were no 
clinically meaningful changes (<50% decrease or <2-fold increase) in the PK of ABT-450, 
ritonavir, ABT-267, ABT-333 and ABT-333 M1 metabolite when zolpidem was administered 
with 3 DAAs. 
 
Table 3.  Effect of a single dose of zolpidem (5 mg) on the PK of ABT-450, ritonavir, ABT-267, 
ABT-333 and ABT-333 M1 metabolite.  
 

  
  Ratio of Central Values

a
 

  
Analyte 

 
Pharmacokinetic 
Parameter 

Central Value  
Point 

Estimate 

 
90% Confidence 

Interval Day 18 Day 17 

ABT-450 Cmax (ng/mL) 1446 2295 0.630 0.463 – 0.857 
 AUC0-24 (ng•h/mL) 6284 9240 0.680 0.546 – 0.848 
 C24 (ng/mL) 20.0 16.3 1.228 1.095 – 1.377 

Ritonavir Cmax (ng/mL) 1813 1849 0.981 0.884 – 1.088 
 AUC0-24 (ng•h/mL) 10248 10587 0.968 0.882 – 1.063 
 C24 (ng/mL) 37.6 36.5 1.029 0.966 – 1.097 

ABT-267 Cmax (ng/mL) 149 139 1.071 0.998 – 1.149 
 AUC0-24 (ng•h/mL) 1549 1498 1.034 1.000 – 1.069 
 C24 (ng/mL) 32.8 31.4 1.043 1.004 – 1.084 

ABT-333 Cmax (ng/mL) 1095 1180 0.928 0.838 – 1.028 
 AUC0-24 (ng•h/mL) 6948 7291 0.953 0.843 – 1.077 
 C24 (ng/mL) 238 259 0.919 0.834 – 1.014 

ABT-333 Cmax (ng/mL) 716 851 0.842 0.706 – 1.004 
M1 Metabolite AUC0-24 (ng•h/mL) 3928 4722 0.832 0.709 – 0.976 

 C24 (ng/mL) 104 121 0.855 0.761 – 0.959 
Study Day 16: ABT-450/r/ABT-267 150/100/25 mg QD + ABT-333 250 mg BID 
Study Day 17: ABT-450/r/ABT-267 150/100/25 mg QD + ABT-333 250 mg BID + zolpidem tartrate 5 mg 
a. Study Day 17: Study Day 16. 
 
The steady-state effect of ABT-450/r/ABT-267 and ABT-333 on zolpidem was evaluated by 
comparing the exposures on Study Day 17 to Study Day 1. The Cmax, AUCt and AUC∞ ratios of 
central values and 90% confidence intervals for the comparison are presented in Table 4. The 
zolpidem exposure (Cmax and AUC) was not affected by the co-administration of 3-DAAs. 
 
Table 4. The steady-state effect of ABT-450/r/ABT-267 and ABT-333 on the PK of zolpidem 

  
  Ratio of Central Values

a
 

   Central Value   
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Analyte Pharmacokinetic 
Parameter Day 17 Day 1 

Point 
Estimate 

90% Confidence 
Interval 

Alprazolam Cmax (ng/mL) 57.8 61.7 0.937 0.755 – 1.163 
 AUCt (ng•h/mL) 318 328 0.968 0.757 – 1.238 
 AUC∞ (ng•h/mL) 321 337 0.953 0.742 – 1.225 

Study Day 1: Zolpidem tartrate 5 mg 
Study Day 17: ABT-450/r/ABT-267 150/100/25 mg QD + ABT-333 250 mg BID + zolpidem tartrate 5 mg 
a. Study Day 17:Study Day 1.  
 
Safety Results: The regimens tested were generally well tolerated by the subjects. The only 
adverse event experienced by more than one subject in this study was somnolence, which in most 
instances appeared to be related to zolpidem tartrate administration when administered alone. 
Somnolence was an expected observation because zolpidem tartrate is prescribed as a sleep-aid, 
and it was administered in the morning in this study. All remaining adverse events were reported 
by a maximum of one subject. No deaths, serious adverse events or other significant adverse 
events were reported during the study. The majority of the treatment-emergent adverse events 
were mild in severity and assessed by the investigator as having "no reasonable possibility" of 
being related to ABT-450/r/ABT-267 and ABT-333, but having "reasonable possibility" of being 
related to alprazolam or zolpidem tartrate. No clinically significant vital signs or laboratory 
measurements were observed during the course of the study. No new safety issues were 
identified. 
 
Conclusions: 
 
Part I: DAAs + Alprazolam 
When the 3-DAA regimen (ABT-450/r/ABT-267 150/100/25 mg QD and ABT-333 250 mg 
BID) was coadministered with a single oral dose of alprazolam 0.5 mg, steady-state exposures of 
ABT-450, ritonavir, ABT-267, ABT-333 and ABT-333 M1 metabolite were minimally affected 
(≤ 12% change). Co-administration with ABT-450/r/ABT-267 150/100/25 mg QD and ABT-333 
250 mg BID had minimal impact on alprazolam Cmax (up to 9% increase), but increased the 
alprazolam AUC values by 34%. Caution is warranted and clinical monitoring is recommended 
when alprazolam is administered with the 3-DAA regimen. 
 
Part II: DAAs + Zolpidem Tartrate 
When the 3-DAA regimen (ABT-450/r/ABT-267 150/100/25 mg QD and ABT-333 250 mg 
BID) was coadministered with a single oral dose of zolpidem tartrate 5 mg, steady-state 
exposures of ritonavir, ABT-267, ABT-333 and ABT-333 M1 metabolite were minimally 
affected (≤ 17% change). However, the ABT-450 Cmax and AUC0-24 values were decreased by up 
to 37% and 32%, respectively. Coadministration with ABT-450/r/ABT-267 150/100/25 mg QD 
and ABT-333 250 mg BID had minimal impact on zolpidem tartrate Cmax and AUC values (up 
to 6% decrease). No dose adjustment is needed for zolpidem tartrate when it is administered with 
the 3-DAA regimen. 
The regimens tested were generally well tolerated by the subjects. No clinically significant vital 
signs or laboratory measurements were observed during the course of the study. No deaths or 
other serious adverse events were reported. No new safety issues were identified from this study. 
 
Reviewer’s conclusion and labeling recommendation:  
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Drug-Drug Interaction Trial with Rosuvastatin or Pravastatin 
Reviewer:  Seong Jang, Ph.D. 
 
 
A Phase 1, Open-Label Study to Assess the Pharmacokinetics, Safety and Tolerability of 
the Co-administration of Rosuvastatin or Pravastatin with Combination of ABT-450 with 
Ritonavir (ABT-450 /r), with ABT-267 and/or ABT-333 in Healthy Adult Subjects (M12-
200) 
 
Study period: 02 July 2012 to 25 October 2012 
 
Objectives: The objectives of the study were as follows: to determine the pharmacokinetics, 
safety and tolerability of the combination of ABT-450 with ritonavir (ABT-450/r), with ABT-
267 and/or ABT-333 when dosed with rosuvastatin or pravastatin in healthy subjects; and to 
determine the pharmacokinetics, safety and tolerability of rosuvastatin or pravastatin when co-
administered with a combination of ABT-450 with ritonavir (ABT-450/r), with ABT-267 and/or 
ABT-333 in healthy subjects. 
 
Methodology:  
This Phase 1, single-center, multiple-dose, sequential, open-label study was designed to evaluate 
the co-administration of rosuvastatin or pravastatin with two and three direct-acting antiviral 
agents (DAAs) (Arm 1: ABT-450/r, ABT-267 and ABT-333 with pravastatin [Cohort 1] or 
rosuvastatin [Cohort 2]) or with 2 DAAs (Arm 2: ABT-450/r and ABT-267 with pravastatin 
[Cohort 1] or rosuvastatin [Cohort 2]). Adult male and female subjects (N = 48) in general good 
health were selected to participate in the study according to the selection criteria. Arms 1 and 2 
were sequential and each consisted of 24 subjects. Each arm was further divided into Cohort 1 
and Cohort 2, which each consisted of 12 subjects. There were two periods in each arm. 
 
After meeting the selection criteria, subjects were enrolled sequentially to each arm. In both 
arms, study drugs were administered starting on Day 1 of Period 1 and Day 1 of Period 2. A 14-
day washout separated Period 1 and Period 2 in both arms.  
 
Period 1 
Arm 1, Cohorts 1 and 2: Single doses of ABT-450/r 150/100 mg, ABT-267 25 mg and ABT 333 
400 mg were administered on Day 1 under non-fasting conditions. 
 
Arm 2, Cohorts 1 and 2: Single doses of ABT-450/r 150/100 mg and ABT-267 25 mg were 
administered on Day 1 under non-fasting conditions. 
 
Period 2 
Arm 1, Cohort 1: Pravastatin 10 mg was administered QD on Days 1 to 3. ABT 450/r 150/100 
mg QD, ABT-267 25 mg QD, ABT-333 400 mg BID were co-administered along with 
pravastatin 10 mg QD on Days 4 to 17 under non fasting conditions. 
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Arm 1, Cohort 2: Rosuvastatin 5 mg was administered QD on Days 1 to 7. ABT 450/r 150/100 
mg QD, ABT-267 25 mg QD, ABT-333 400 mg BID were co-administered along with 
rosuvastatin 5 mg QD on Days 8 to 21 under non fasting conditions. 
 
Arm 2, Cohort 1: Pravastatin 10 mg was administered QD on Days 1 to 3. ABT 450/r 150/100 
mg QD and ABT-267 25 mg QD were co-administered along with pravastatin 10 mg QD on 
Days 4 to 17 under non-fasting conditions. 
 
Arm 2, Cohort 2: Rosuvastatin 5 mg was administered QD on Days 1 to 7. ABT 450/r 150/100 
mg QD and ABT-267 25 mg QD were co-administered along with rosuvastatin 5 mg QD on 
Days 8 to 21 under non-fasting conditions. 
 
Blood samples for ABT-450, ritonavir, ABT-267, ABT-333 and ABT-333 M1 metabolite (A-
1041392) were collected by venipuncture in 3 mL evacuated potassium 
ethylenediaminetetraacetic acid (K2 EDTA)-containing collection tubes. Sufficient blood was 
collected to provide approximately 1.3 mL plasma from each sample. Samples were collected on 
the following days in Arms 1 and 2:  
 
Period 1, Cohorts 1 and 2 
Day 1: prior to dosing (0 hour), 1, 2, 3, 4, 5, 6, 9, 12, 16, 24, 48, and 72 hours after dosing on 
Day 1 
 
Period 2, Cohort 1 
Day 4: prior to dosing (0 hour), 1, 2, 3, 4, 5, 6, 9, 12, and 16 hours after the morning dose 
administered on Day 4 
 
Day 17: prior to dosing (0 hour), 1, 2, 3, 4, 5, 6, 9, 12, 16, 24, 48, and 72 hours after the morning 
dose administered on Day 17 
 
Trough samples: prior to morning dose on Days 5, 9, 13, and 15 
 
Period 2, Cohort 2 
Day 8: prior to dosing (0 hour), 1, 2, 3, 4, 5, 6, 9, 12, and 16 hours after the morning dose 
administered on Day 8 
 
Day 21: prior to dosing (0 hour), 1, 2, 3, 4, 5, 6, 9, 12, 16, 24, 48, and 72 hours after the morning 
dose administered on Day 21 
 
Trough samples: prior to morning dose on Days 9, 13, 15 and 19 
 
Blood samples for pravastatin were collected in 4 mL sodium Heparin-containing collection 
tubes in Cohort 1 only. Sufficient blood was collected to provide approximately 1.6 mL plasma 
from each sample. Blood samples for rosuvastatin were collected in 2 mL K2 EDTA-containing 
collection tubes in Cohort 2 only. Sufficient blood was collected to provide approximately 0.9 
mL plasma from each sample. 
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Samples for pravastatin and rosuvastatin were collected on the following days in Period 2 of 
Arms 1 and 2: 
 
Period 2, Cohort 1 (Pravastatin) 
Days 1, 3 and 4: prior to dosing (0 hour), 1, 2, 3, 4, 5, 6, 9, 12, and 16 hours after the morning 
dose administered on Days 1, 3 and 4 
 
Day 17: prior to dosing (0 hour), 1, 2, 3, 4, 5, 6, 9, 12, 16, 24, 48, and 72 hours after the morning 
dose administered on Day 17 
 
Trough samples: prior to morning dose on Days 2, 5, 9, 13, and 15 
 
Period 2, Cohort 2 (Rosuvastatin) 
Days 1, 7 and 8: prior to dosing (0 hour), 1, 2, 3, 4, 5, 6, 9, 12, and 16 hours after the morning 
dose administered on Days 1, 7 and 8 
 
Day 21: prior to dosing (0 hour), 1, 2, 3, 4, 5, 6, 9, 12, 16, 24, 48, and 72 hours after the morning 
dose administered on Day 21 
 
Trough samples: prior to morning dose on Days 2, 5, 9, 13, 15 and 19 
 
Plasma concentrations of ABT-450, ritonavir, ABT-267, ABT-333, ABT-333 M1 metabolite 
were determined using a validated protein precipitation and on-line solid phase extraction 
method with liquid chromatography and tandem mass spectrometric detection (LCMS/MS). The 
lower limit of quantitation (LLOQ) for ABT-450, ritonavir, ABT-267, ABT-333 and ABT-333 
M1 were established at 0.595 ng/mL 4.71 ng/mL, 0.460 ng/mL, 4.53 ng/mL and 4.50 ng/mL, 
respectively. 
 
Plasma concentrations of pravastatin were determined using a validated LCMS/MS method. The 
LLOQ for pravastatin was established at 0.500 ng/mL. 
 
Plasma concentrations of rosuvastatin were determined using a validated LCMS/MS method. 
The LLOQ for rosuvastatin was established at 0.100 ng/mL. 
 
Number of Subjects (Planned and Analyzed): 
Planned: 48 (for Arms 1 and 2; Arm 3 was not conducted); Entered: 48; Completed: 45; 
Evaluated for Safety: 48; Evaluated for Pharmacokinetics: 48 
 
Arm 1 Cohort 1: For the 12 subjects who participated in Arm 1 Cohort 1, the mean age was 34.3 
years (ranging from 21 to 49 years), the mean weight was 76.7 kg (ranging from 61 to 90 kg) and 
the mean height was 172 cm (ranging from 161 to 186 cm). 
 
Arm 1 Cohort 2: For the 12 subjects who participated in Arm 1 Cohort 2, the mean age was 33.8 
years (ranging from 20 to 47 years), the mean weight was 81.0 kg (ranging from 67 to 102 kg) 
and the mean height was 175 cm (ranging from 156 to 193 cm). 
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Investigational 
Products                 ABT-267         ABT-450           Ritonavir            ABT-333         Pravastatin       Rosuvastatin 

 

Dosage Form             Tablet              Tablet             Soft Gelatin             Tablet                Tablet                 Tablet 
Capsule 

Strength (mg)             25 mg              50 mg                100 mg                400 mg               10 mg                  5 mg 
Bulk Product          11-002033       10-003507          11-005635           11-002720         12-004051          12-003992 
Lot Number 
Potency (% of                 Unknown            Unknown 
Lable Claim) 
Manufacturing          AbbVie            AbbVie               AbbVie                AbbVie            Glenmark         Astra Zeneca 
Site                                                     LCb                           LCb                            LCb                    Generics 
Finishing Lot          12-003825       12-003826          12-003828           12-003827         12-004049          12-003829 
Number 
Retest Date              

 

a.     AbbVie,   
 

Arm 2 Cohort 1: For the 12 subjects who participated in Arm 2 Cohort 1, the mean age was 32.3 
years (ranging from 22 to 55 years), the mean weight was 79.9 kg (ranging from 63 to 100 kg) 
and the mean height was 175 cm (ranging from 156 to 195 cm). 
Arm 2 Cohort 2: For the 12 subjects who participated in Arm 2 Cohort 2, the mean age was 32.1 
years (ranging from 22 to 50 years), the mean weight was 77.1 kg (ranging from 55 to 95 kg) and 
the mean height was 173 cm (ranging from 163 to 181 cm). 
 
Diagnosis and Main Criteria for Inclusion: 
Subjects were male and female volunteers between 18 and 55 years, inclusive. Subjects in the 
study were judged to be in general good health based on the results of medical history, physical 
examination, vital signs, 12-lead electrocardiogram (ECG) and laboratory tests. Females were 
postmenopausal for at least 2 years, surgically sterile and were not pregnant or breast-feeding. 
Males were surgically sterile or were practicing at least one of the acceptable methods of birth 
control specified in the protocol. 
 
Test Product, Dose/Strength/Concentration, Mode of Administration and Lot Number: 

 
b.   AbbVie, Lake County, USA 
 
Duration of Treatment: Dosing for Arm 1 began on 20 July 2012 and ended on 23 August 
2012. Dosing for Arm 2 began on 14 September 2012 and ended on 18 October 2012.  
 
Criteria for Evaluation: 
Pharmacokinetic: The pharmacokinetic parameter values of ABT-267, ABT-450, ritonavir, 
ABT-333, ABT-333 M1, pravastatin and rosuvastatin were estimated using noncompartmental 
methods. These included: the maximum observed plasma concentration (Cmax) and time to Cmax 
(Tmax), plasma trough concentration (Ctrough) [plasma concentration at 24 hours after dosing 
(C24) for ABT-267, ABT-450, ritonavir, pravastatin and rosuvastatin or plasma concentration at 
12 hours after dosing (C12) for ABT333 and ABT-333 M1], the apparent terminal phase 
elimination rate constant (β), terminal phase elimination half-life (t1/2), the area under the plasma 
concentration-time curve (AUC) from time 0 to time of the last measurable concentration 
(AUCt), the AUC from time 0 to infinity (AUC∞) and the AUC from time 0 to 24 hours (AUC24) 

290
Reference ID: 3630826

(b) (4)

(b) (4)

(b) (4)

(b) 
(4)



for ABT-267, ABT-450, ritonavir, pravastatin and rosuvastatin and the AUC from time 0 to 12 
hours (AUC12) for ABT-333 and ABT-333 M1. 
 
Safety Endpoints: Safety was evaluated based on assessments of adverse events, physical 
examinations, vital signs, ECGs and laboratory tests. 
 
Statistical Methods: 
Pharmacokinetic: Repeated measures analysis was used to assess the steady-state of each analyte 
(when applicable) on the Ctrough values (prior to the morning dose). A separate analysis was 
performed for each period of each cohort in each Arm (as appropriate). Ctrough data from Study 
Days 5, 9, 13, 15, 17, 18 for Cohort 1, and Study Days 9, 13, 15, 19, 21, 22 for Cohort 2 were 
used to assess the steady-state of DAAs in each arm. For rosuvastatin we had two terms within 
Period 2 Cohort 2 of each arm. For term 1, Ctrough data from Study Days 2, 5, 7 and 8; and for 
term 2, Ctrough data from Study Days 9, 13, 15, 19, 21, 22 were used to assess the steady state of 
rosuvastatin. The model had day as a fixed effect and subject as a random effect. Within the 
framework of the repeated measures analysis, pair-wise tests and trend analyses were performed 
on the contrasts in the study day effects to determine the earliest day after which there was no 
statistically significant change. No steady state analysis was performed for pravastatin since all 
the Ctrough values were below the limit of quantitation for all but one day for one subject. 
 
Safety: All adverse events were mapped to the Medical Dictionary for Regulatory Activities 
(MedDRA). The number and percentage of subjects having treatment-emergent adverse events 
(i.e., any event that began or worsened in severity after initiation of randomized study drug) were 
tabulated by primary System Organ Class (SOC) and MedDRA Preferred Term with a 
breakdown by the following study time segments within each cohort of each arm: 
 
Arm 1, Cohort 1: Three study time segments (Period 1 for ABT-450/r + ABT-333 + ABT-267, 
Period 2 Days 1-3 for pravastatin and Period 2 Days 4 through study completion for ABT-450/r 
+ ABT-333 + ABT-267 + pravastatin). 
Arm 1, Cohort 2: Three study time segments (Period 1 for ABT-450/r + ABT-333 + ABT-267, 
Period 2 Days 1-7 for rosuvastatin and Period 2 Days 8 through study completion for ABT-450/r 
+ ABT-333 + ABT-267 + rosuvastatin). 
Arm 2, Cohort 1: Three study time segments (Period 1 for ABT-450/r + ABT-267, Period 2, 
Days 1-3 for pravastatin and Period 2, Days 4 through study completion for ABT-450/r + ABT-
267 + pravastatin). 
Arm 2, Cohort 2: Three study time segments (Period 1 for ABT-450/r + ABT-267, Period 2, 
Days 1-7 for rosuvastatin and Period 2, Days 8 through study completion for ABT-450/r + ABT-
267 + rosuvastatin). 
 
The tabulation of the number of subjects with treatment-emergent adverse events was also 
provided with further breakdowns by severity rating and relationship to study drug. Within each 
study time segment, subjects reporting more than one adverse event for a given MedDRA 
Preferred Term were counted only once for that term using the most severe incident. Subjects 
reporting more than one type of event within a SOC were counted only once for that SOC. 
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Laboratory test values and vital signs measurements that were very high or very low, according 
to predefined criteria, were identified. 
 
Results: 
Pharmacokinetics:  
 
Arm 1 Cohort 1 
The steady-state effect of pravastatin on single dose of ABT-450/ritonavir/ABT-267 and ABY-
333 (i.e., 3 DAAs) was evaluated by comparing the exposures on Day 4 Period 2 to Day 1 Period 
1. Repeated measures analyses were performed for the natural logarithms of Cmax, AUC24 and 
C24 to assess the effect of pravastatin on ABT-450/ritonavir/ABT-267 and ABY-333. The Cmax, 
AUC24 and C24 ratios of central values and 90% confidence intervals for the comparison are 
presented in Table 1. There were no clinically significant changes (i.e., <50% decrease or <2-
fold increase) in the PK of DAAs by the coadministration with pravastatin.  
 
Table 1. The steady-state effect of pravastatin on single dose of ABT-450/ritonavir/ABT-267 
and ABY-333 (Arm 1 Cohort 1) 
 

  Central Valuea
 Ratio of Central 

Values 

 Pharmacokinetic Period 2 Period 1 Point 90% 
Analyte Parameter Day 4 Day 1 Estimate

b Confidence Interval 
 Cmax 720 752 0.957 0.692 – 1.322 

ABT-450 AUC24 4403 3909 1.126 0.917 – 1.384 
 C24 30.7 22.1 1.389 1.214 – 1.590 
 Cmax 1343 1506 0.892 0.730 – 1.089 

Ritonavir AUC24 7635 8029 0.951 0.860 – 1.051 
 C24 35.6 33.0 1.081 0.982 – 1.189 
 Cmax 132 139 0.951 0.888– 1.018 

ABT-267 AUC24 1114 1186 0.939 0.891 – 0.989 
 C24 16.1 17.2 0.936 0.886 – 0.990 
 Cmax 1148 1153 0.995 0.868 – 1.141 
ABT-333 AUC24 7372 7652 0.963 0.850 – 1.092 
 C24 330 322 1.025 0.911 – 1.153 

ABT-333 M1 
Metabolite 

Cmax 702 680 1.032 0.862 – 1.235 
AUC24 4207 4096 1.027 0.883 – 1.195 

C24 188 164 1.146 1.020 – 1.288 
Period 1 Day 1:  ABT-450/r + ABT-267 + ABT-333 
Period 2 Day 4:  ABT-450/r + ABT-267 + ABT-333+ Pravastatin 
a  Antilogarithm of the least squares means for logarithms. 
b  Antilogarithm of the difference of the least squares means for logarithms. 

 
The steady-state effect of ABT-450/r, ABT-267 and ABT-333 on pravastatin was evaluated by 
comparing the exposures of pravastatin on Day 17 Period 2 to Day 3 Period 2. Repeated 
measures analyses were performed for the natural logarithms of Cmax and AUC24 to assess the 
effect of DAAs on pravastatin. Statistical analysis was not performed on pravastatin C24 as 
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pravastatin concentrations at 24 hours post-dose were below the lower limit of quantitation for 
all but one subject on Day 4 due to its very short half-life of less than 2 hours. The Cmax and 
AUC24 ratios of central values and 90% confidence intervals for the comparison are presented in 
Table 2. 
 
Table 2. Pravastatin Cmax and AUC24 Ratios (90% Confidence Intervals) of the Central Values 
(Arm 1 Cohort 1) 

Period 2 Day 3:  Pravastatin alone 
Period 2 Day 17:  ABT-450/r + ABT-267 + ABT-333 + Pravastatin 
a.    Antilogarithm of the least squares means for logarithms. 
b.   Antilogarithm of the difference of the least squares means for logarithms. 
 
Reviewer’s comments: The increases of pravastatin Cmax and AUC24 due to co-administration 
with 3-DAAs appear to be clinically significant. However, the approved doses of pravastatin for 
adults are 40 mg QD and 80 mg QD (only for patients not reaching LDL-C goal with 40 mg). 
Thus, as the sponsor proposed, the pravastatin dose should not exceed 40 mg per day when it is 
co-administered with 3-DAAs. Similarly, the pravastatin doses should not exceed the 
recommended starting dose for other special population [e.g., 10 mg per day for patients with 
renal impairment, 20 mg per day for children (ages 8 to 13 years, inclusive) and 40 mg per day 
for adolescents]. The PK of pravastatin is directly proportional to the dose. Accordingly, it is 
acceptable the results of this study (10 mg per day of pravastatin) to extrapolate the interaction 
at the approved doses (40 mg per day of pravastatin). 
 
Arm 1 Cohort 2 
The steady-state effect of rosuvastatin on single dose of ABT-450/ritonavir/ABT-267 and ABY-
333 (i.e., 3 DAAs) was evaluated by comparing the exposures on Day 8 Period 2 to Day 1 Period 
1. Repeated measures analyses were performed for the natural logarithms of Cmax, AUC24 and 
C24 to assess the effect of rosuvastatin on ABT-450/ritonavir/ABT-267 and ABY-333. The Cmax, 
AUC24 and C24 ratios of central values and 90% confidence intervals for the comparison are 
presented in Table 3. There were no clinically significant changes (i.e., <50% decrease or <2-
fold increase) in the PK of DAAs by the co-administration with rosuvastatin. 
 
Table 3. The steady-state effect of rosuvastatin on single dose of ABT-450/ritonavir/ABT-267 
and ABY-333 (Arm 1 Cohort 2) 
 

  Central Valuea Ratio of Central 
Values 

 Pharmacokinetic Period 2 Period 1 Point 90% 
Analyte Parameter Day 4 Day 1 Estimate

b Confidence Interval 
 Cmax 700 440 1.590 1.133 – 2.232 

ABT-450 AUC24 4009 2631 1.524 1.225 – 1.895 

 Central Valuea Ratio of Central Values 

Pharmacokinetic Period 2 Period 2 Point 90% 
Parameter Day 17 Day 3 Estimateb Confidence Interval 

Cmax 25.5 18.7 1.366 1.105 – 1.690 
AUC24 88.7 48.7 1.821 1.595 – 2.078 
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 C24 29.3 20.5 1.430 1.219 – 1.676 
 Cmax 1402 1432 0.979 0.836 – 1.147 

Ritonavir AUC24 8392 8229 1.020 0.927 – 1.121 
 C24 40.3 40.3 1.000 0.895 – 1.118 
 Cmax 118 128 0.923 0.820 – 1.039 

ABT-267 AUC24 979 1105 0.886 0.829 – 0.948 
 C24 14.2 16.1 0.881 0.830 – 0.936 
 Cmax 1096 1027 1.067 0.920 – 1.236 
ABT-333 AUC24 7092 6562 1.081 0.924 – 1.264 
 C24 307 267 1.149 1.054 – 1.253 

ABT-333 M1 
metabolite 

Cmax 740 639 1.158 0.962 – 1.394 
AUC24 4281 3674 1.165 0.986 – 1.376 

C24 180 144 1.253 1.1.32 – 1.385 
Period 1 Day 1:  ABT-450/r + ABT-267 + ABT-333 
Period 2 Day 4:  ABT-450/r + ABT-267 + ABT-333+ Pravastatin 
a.     Antilogarithm of the least squares means for logarithms. 

 b.   Antilogarithm of the difference of the least squares means for logarithms. 
 
The steady-state effect of ABT-450/r, ABT-267 and ABT-333 on rosuvastatin was evaluated by 
comparing the exposures of rosuvastatin on Day 21 Period 2 to Day 7 Period 2. Repeated 
measures analyses were performed for the natural logarithms of Cmax, AUC24 and C24 to assess 
the effect of DAAs on rosuvastatin. The Cmax, AUC24 and C24 ratios of central values and 90% 
confidence intervals for the comparison are presented in Table 4. 
 
Table 4. Rosuvastatin Cmax, AUC24, and C24 ratios (90% Confidence Intervals) of the Central 
Values (Arm 1 Cohort 2) 
 

 Central Valuea Ratio of Central Values 

Pharmacokinetic Period 2 Period 2 Point 90% 
Parameter Day 21 Day 7 Estimateb Confidence Interval 

Cmax 13.8 1.93 7.133 5.107 – 9.962 
AUC24 51.1 19.7 2.593 2.094 – 3.212 

C24 0.243 0.411 0.590 0.505 – 0.690 
Period 2 Day 7: Rosuvastatin alone 
Period 2 Day 21: ABT-450/r + ABT-267 + ABT-333+ Rosuvastatin 
a. Antilogarithm of the least squares means for logarithms. 
b. Antilogarithm of the difference of the least squares means for logarithms. 
 
Reviewer’s comments: The increases of rosuvastatin Cmax and AUC24 due to co-administration 
with 3-DAAs appear to be clinically significant. However, the approved doses of rosuvastatin for 
adults and pediatric patients 10 to 17 years of age are 5-40 mg QD and 5-20 mg QD, 
respectively. Thus, as the sponsor proposed, the rosuvastatin dose should not exceed 10 mg per 
day when it is co-administered with 3 DAAs in adults. The sponsor did not propose the 
rosuvastatin dose adjustment for pediatric patients 10 to 17 years of age. In pediatric patients 10 
to 17 years of age, rosuvastatin dose should not exceed 5 mg per day when co-administered with 
3 DAAs.  
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Arm 2 Cohort 1 
The steady-state effect of pravastatin on single dose of ABT-450/ritonavir/ABT-267 (i.e., 2 
DAAs) was evaluated by comparing the exposures on Day 4 Period 2 to Day 1 Period 1. 
Repeated measures analyses were performed for the natural logarithms of Cmax, AUC24 and C24 
to assess the effect of pravastatin on ABT-450/ritonavir/ABT-267. The Cmax, AUC24 and C24 
ratios of central values and 90% confidence intervals for the comparison are presented in Table 
5. There were no clinically significant changes (i.e., <50% decrease or <2-fold increase) in the 
PK of DAAs by the co-administration with pravastatin.  
 
Table 5. The steady-state effect of pravastatin on single dose of ABT-450/ritonavir/ABT-267 
and ABY-333 (Arm 2 Cohort 1) 
 

  Central Valuea
 Ratio of Central Values 

 Pharmacokinetic Period 2 Period 1 Point 90% 
Analyte Parameter Day 4 Day 1 Estimate

b Confidence Interval 
 Cmax 284 197 1.441 1.149 – 1.807 

ABT-450 AUC24 2005 1509 1.329 1.091 – 1.618 
 C24 21.1 16.5 1.277 0.830 – 1.964 
 Cmax 814 594 1.371 1.052 – 1.786 

Ritonavir AUC24 5384 3919 1.374 0.841 – 2.243 
 C24 43.6 51.2 0.852 0.760 – 0.955 
 Cmax 124 127 0.975 0.898 – 1.058 

ABT-267 AUC24 1007 1066 0.944 0.878 – 1.016 
 C24 14.7 15.2 0.966 0.904 – 1.032 

Period 1 Day 1:  ABT-450/r + ABT-267 
Period 2 Day 4:  ABT-450/r + ABT-267 + Pravastatin 
a.     Antilogarithm of the least squares means for logarithms. 

 b.    Antilogarithm of the difference of the least squares means for logarithms. 
 
The steady-state effect of ABT-450/r and ABT-267on pravastatin was evaluated by comparing 
the exposures of pravastatin on Day 17 Period 2 to Day 3 Period 2. Repeated measures analyses 
were performed for the natural logarithms of Cmax and AUC24 to assess the effect of DAAs on 
pravastatin. Statistical analysis was not performed on pravastatin C24 as pravastatin 
concentrations at 24 hours post-dose were below the lower limit of quantitation for all but one 
subject on Day 4 due to its very short half-life of less than 2 hours. The Cmax and AUC24 ratios of 
central values and 90% confidence intervals for the comparison are presented in Table 6. 
 
Table 6. Pravastatin Cmax and AUC24 Ratios (90% Confidence Intervals) of the Central Values 
(Arm 1 Cohort 1) 
 Central Valuea Ratio of Central Values 

Pharmacokinetic Period 2 Period 2 Point 90% 
Parameter Day 17 Day 3 Estimateb Confidence Interval 

Cmax 26.3 18.4 1.428 1.086 – 1.876 
AUC24 86.0 48.8 1.763 1.456 – 2.134 
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 Central Valuea Ratio of Central Values 

Pharmacokinetic Period 2 Period 2 Point 90% 
Parameter Day 21 Day 7 Estimateb Confidence Interval 

Cmax 6.088 2.33 2.611 2.014 – 3.386 
AUC24 30.7 23.0 1.334 1.142 – 1.557 

C24 0.327 0.502 0.650 0.570 – 0.742 
Period 2 Day 7: Rosuvastatin alone 
Period 2 Day 21: ABT-450/r + ABT-267 + ABT-333+ Rosuvastatin 
a. Antilogarithm of the least squares means for logarithms. 
b. Antilogarithm of the difference of the least squares means for logarithms. 
 
Reviewer’s comments: The increases of rosuvastatin Cmax and AUC24 due to co-administration 
with 2-DAAs are quantitatively different from that due to co-administration with 2-DAAs, 
indicating that ABT-333 plays a major role in the interaction between rosuvastatin and 3 DAAs.  
 
Safety: The regimens tested were generally well tolerated by the subjects. No deaths or other 
serious adverse events were reported in this study. One subject in Arm 2 discontinued from the 
study due to an adverse event of vomiting after receiving ABT-450/r 150/100 mg QD + ABT-
267 25 mg QD+pravastatin 10 mg QD. There was no pattern to the adverse events which were 
reported. Dermatitis contact, headache, nausea and oropharyngeal pain were the only treatment-
emergent adverse events reported by more than one subject for the study in any given regimen. 
There were no clinically meaningful or significant trends noted among the potentially clinically 
significant vital signs or laboratory values in this study. 
 
Conclusions:  
Following steady-state dosing with the 3-DAA combination of ABT-450/r 150/100 mg, ABT-
267 25 mg and ABT-333 400 mg, the steady state Cmax and AUC of pravastatin were about 40% 
and 80% higher, respectively; while those of rosuvastatin were about 7.1-fold and 2.6-fold of 
those without DAAs. 
 
Following co-administration of single dose of the 3-DAA combination of ABT-450/r, ABT-267 
and ABT-333 with steady state of pravastatin or rosuvastatin, the exposures (Cmax and AUC) of 
ABT-450, ABT-267, ABT-333, ABT-333 M1 metabolite and ritonavir were similar (only up to ± 
20% change) to those achieved with single dose of the 3-DAA combination alone, except for 
ABT-450 exposures being 40% to 60% higher during co-administration with rosuvastatin. 
 
Following steady-state dosing with the 2-DAA combination of ABT-450/r 150/100 mg and 
ABT-267 25 mg, the steady state Cmax and AUC of pravastatin were about 40% and 80% higher, 
respectively; while those of rosuvastatin were about 160% and 30% higher, respectively.  
 
Following co-administration of single dose of the 2-DAA combination of ABT-450/r and ABT-
267 with steady state of pravastatin, the exposures (Cmax and AUC) of ABT-267 were similar 
(only up to 6% lower), while those of ABT-450 and ritonavir were 30% to 45% higher than those 
achieved with single dose of the 2-DAA combination alone. Following co-administration of 
single dose of the 2-DAA combination of ABT-450/r and ABT-267 with steady state of 
rosuvastatin, the exposures (Cmax and AUC) of ABT-267 and ritonavir were similar (only up to ± 
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15% change), while those of ABT-450 were 20% to 40% higher than those achieved with single 
dose of the 2-DAA combination alone. 
 
The regimens tested were generally well tolerated by the subjects. There was no pattern to the 
adverse events which were reported. 
 
There were no clinically meaningful or significant trends noted among the vital signs or 
laboratory values in this study. 
 
Labeling recommendations: The proposed labeling in Section 7.3 is acceptable.  
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Drug-Drug Interaction Trial with Buprenorphine/Naloxone 
Reviewer:  Vikram Arya, Ph.D., FCP 
 
M13-100   
 
Title 
 
An Open Label, Phase 1 Study to Assess the Effect of the Combination 
of ABT-450 plus ritonavir (ABT-450/r) with ABT-267 and/or ABT-333 
on the Pharmacokinetics, Pharmacodynamics, Safety, and Tolerability  
of Buprenorphine/Naloxone in Subjects in Stable Maintenance 
Therapy   
 
Trial  Period 
 
August 17, 2012 to August 30, 2013     
Final report date: March 25, 2014.     
 
Reviewer’s Note:  As the proposed labeling recommendations in NDA 
206619 are based on 3 DAAs (ABT-450/ritonavir/ABT-267 and ABT-
333), the results section in this review focuses only on the results 
observed with 3DAAs. 
 
Trial  Design 
 
Phase 1, single-center, open-label, sequential, multiple-dose study to evaluate the 
coadministration of buprenorphine/naloxone with DAAs. Arm 1 included administration 
of the 3-DAA regimen of ABT-450/r, ABT-267 and ABT-333 with 
buprenorphine/naloxone (BUP/NAL). The DAAs and buprenorphine/naloxone were 
administered at the same time in Arm 1. Arm 2 included administration of the 3-DAA 
regimen which included a co-formulated tablet of ABT-450, ABT-267 and ritonavir 
(ABT-450/r/ABT-267) and ABT-333 followed by the administration of 
buprenorphine/naloxone, as a formulated film, approximately 4 hours after administration 
of the DAAs. Arm 3 included the coadministration of the 2-DAA regimen of ABT-
450/r/ABT-267 with buprenorphine/naloxone. In Arm 3, the DAAs and 
buprenorphine/naloxone were administered at the same time. 
 
BUP/NAL Dosing: 
 
The dose of BUP and NAL did not differ throughout the study for a given subject; 
however, the timing of BUP and NAL doses in Arm 3 was determined based on available 
results of the preceding arms.  For Arms 1 and 3, BUP and NAL doses were administered 
at the same as the DAAs (30 minutes after the start of a standardized breakfast).  For Arm 
2, BUP/NAL was administered approximately 30 minutes after the start of a standardized 
lunch, which was approximately 4 hours following the administration of the DAAs.   
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 4 

 
Sample Collection 
 
Pharmacokinetics  
 
Arm 1, 2, 3, Study Days 9 through 25-DAA/ritonavir Sampling 
 
Prior to dosing (0 hour) and at 1, 2, 3, 4, 6, 9, 12, and 16 hours after the morning dose on 
study days 9 and 22.  A 24 hour sample was collected on study day 10 and 23; 48 and 72 
hour samples were collected on study days 24 and 25 after the morning dose on study day 
22.  Trough samples were also collected before the morning dosing on study days 11, 13, 
15, 17, and 21.     
 
 
Arms 1, 2, and 3 BUP, nor-BUP, and NAL Sampling  
 
Study days 1 through 8:  Prior to dosing (0 hour) and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 9, 12, and 
16 hours (16 hour sample was collected only in Arm 1) after dosing on study day 8.  
Trough samples were collected prior to BUP/NAL dosing on study day 7.    
 
Study days 9 through 25:   Prior to dosing (0 hour) and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 9, 12, 
and 16 hours hours after dosing on days 9 and 22.  An additional trough sample was 
collected on 24 hours after dosing on study day 9 (on study day 10) and study day 22 (on 
study day 23).  Trough samples were also collected prior to the morning dose on study 
days 11, 13, 15, 17, 21, 24, and 25.   
 
Pharmacodynamic Assessments  
 
Short Opiate Withdrawal Scale (SOWS):  The responses on the SOWS were linked to 
specific periods of time in relation to buprenorphine/naloxone drug administration (study 
days 8, 9 through 11, 13, 15, 17, 21 , and 21 through 25).   
 
Desire for Drugs Questionnaire (DDQ) Heroin:  The responses on DDQ heroin were 
linked to specified periods of time in relation to buprenorphine/naloxone drug 
administration (study days 8, 9 through 11, 13, 15, 17, 21 , and 21 through 25). 
 
Pupillometry:  Measurements to assess the pupilliary size were lined to specified periods 
of time in relation to buprenorphine/naloxone drug administration (study days 8, 9 
through 11, 13, 15, 17, 21 , and 21 through 25). 
 
Pharmacokinetic Analysis  
 
The pharmacokinetic parameters of ABT-450, ritonavir, ABT-267, ABT-333, ABT-333 
M1, BUP, nor-BUP, and NAL were determined using non-compartmental methods.   
 
Results 
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Pharmacokinetics 
 
Arm 1: 
 
ABT-450  
 
Table 5 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 1. 
 

 
 
The higher ABT-450 exposures on Day 22 compared to Day 9 represents ABT-450 
accumulation following multiple doses.  
 
Ritonavir 
 
Table 6 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 1. 
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 11 

 
 
The higher ritonavir exposures on Day 22 compared to Day 9 suggests accumulation of 
ritonavir following multiple doses.  

 
ABT-267 
 
Table 13 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 2. 

 

 
 
ABT-267 Cmax and AUC values on day 22 were slightly higher compared to day 9, which 
is consistent with the minimal accumulation of ABT-267 with multiple dosing.    
 
ABT-333 and ABT-333 M1 Metabolite 
 
Table 14 shows the mean ± SD pharmacokinetic parameters of ABT-333 and ABT-333 
M1 in Arm 2. 
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 12 

 

 
 
ABT-333 Cmax and AUC values on day 22 were slightly higher compared to day 9, which 
is consistent with the minimal accumulation of ABT-333 with multiple dosing.    
 
BUP and nor-BUP (Arm 2)  
 

 
Table 15 shows the mean ± SD pharmacokinetic parameters of BUP and nor-BUP in Arm 
2. 
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 13 

 
 
NAL (Arm 2) 
 
Table 16 shows the mean ± SD pharmacokinetic parameters of NAL in Arm 2. 
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 14 

 
 
Statistical Evaluation of the Pharmacokinetic Parameters  
 
Buprenorphine 
 
Fig 1 shows the least squares mean (LSM) ratios and 90 % confidence intervals (CI) for 
Buprenorphine (dose normalized Cmax, AUC, and C24)  
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 15 

 
Fig 2 shows the least squares mean (LSM) ratios and 90 % confidence intervals (CI) for 
Nor-BUP (dose normalized Cmax, AUC, and C24)  
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   Pharmacodynamic Assessments  
 
   Overall, there were no changes in the pupil response, SOWS response, and the DDQ      
   response after administration of the 3-DAA regimen with buprenorphine/naloxone.   
 
 Safety  
 
No death, serious adverse events, or other significant adverse events were reported in the 
trial.   
 
Results  
 
Co-administration of ABT-450/r/ABT-267 and ABT-333 (Arm 2) and 
buprenorphine/naloxone: 
  

• Increased the mean Cmax and AUC of buprenorphine by 118 % and 106 %, 
respectively. 

• Increased the mean Cmax and AUC of norbuprenorphine by 106 % and 84 %, 
respectively. 

• Cross study comparison of ABT-450, ABT-267, ABT-333, and ABT-333 M1 
exposures suggested no impact of BUP/NAL on the pharmacokinetics of the 
individual components of the 3-DAA regimen. 

 
Conclusion  
 

When the 3-DAA regimen is co-administered with buprenorphine/naloxone, clinical 
monitoring for sedation and cognitive effects is recommended and dose reduction of 
buprenorphine may be considered.  
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Drug-Drug Interaction Trial with Cyclosporine  
Reviewer:  Seong Jang, Ph.D. 
 
 
An Open-Label Phase 1 Study to Assess the Effect of the Combination of ABT-450 plus 
Ritonavir (ABT- 450/r) With ABT-333 and/or ABT-267 on the Pharmacokinetics, Safety 
and Tolerability of Cyclosporine in Healthy Subjects (M13-103) 
 
Study period: 27 February 2012 to 27 August 2012 
 
Objectives: The objectives of this study were: 

• To evaluate the effect of the combination of ABT-450/r and ABT-333 and/or ABT-267 on 
the pharmacokinetics of cyclosporine (CsA) administered as a single dose in healthy 
subjects. 

• To determine safety and tolerability of a single dose of cyclosporine when administered 
with ABT-450/r and ABT-333 and/or ABT-267 at steady state. 

• To determine the effect of a single dose of cyclosporine on the pharmacokinetics of ABT-
450/r and ABT-333 and/or ABT-267 at steady state. 

 
Reviewer’s comments: The effect of a single dose of CsA on the PK of ABT-450/r and ABT-333 
and/or ABT-267 is not clinically meaningful because the PK of steady state CsA (i.e., multiple 
dose) is substantially different from that of a single dose CsA. In addition, the CsA dose (30 mg) 
is not clinically relevant; the recommended dose is 300 mg BID as an initial dose. Thus, the 
results of this study (i.e., the effect of a single dose of CsA on the PK of ABT-450/r and ABT-333 
and/or ABT-267) are not informative to predict the effect of clinically relevant CsA on the PK of 
ABT-450/r and ABT-333 and/or ABT-267 unless the PK of ABT-450/r and ABT-333 and/or ABT-
267 were affected substantially due to the single dose of CsA so that it is obvious to recommend 
a contraindication with tacrolimus and DAAs. Thus, the effect of a single dose of CsA on the PK 
of ABT-450/r and ABT-333 and/or ABT-267 was not reviewed. In this study, a single dose of CsA 
30 mg increased the AUC of ABT-450 by 72 % and decreased the AUC of ABT-333 by 30%. 
 
Methodology:  
This was a Phase 1, single center, open-label, sequential, multiple-dose. Adult male and female 
subjects in general good health were selected to participate in the study according to the selection 
criteria. Arms were enrolled sequentially; 12 subjects were enrolled per arm, each arm consisting 
of two periods. Subjects in each arm were to complete both Period 1 and Period 2. 
 
Study drug was administered as follows: 
Regimen A   Cyclosporine 100 mg single dose 
Regimen B Cyclosporine 10 mg on Study Days 1 and 15. ABT-333 400 mg twice daily (BID) 

+ ABT-450/r 150/100 mg once daily (QD) from Study Days 1 through 21 
Regimen C Cyclosporine 100 mg single dose 
Regimen D Cyclosporine 10 mg on Study Days 1 and 15. ABT-267 25 mg QD + ABT-450/r 

150/100 mg QD from Study Days 1 through 21 
Regimen E Cyclosporine 100 mg single dose 
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Regimen F Cyclosporine 30 mg on Study Days 1 and 15. ABT-450/r 150/100 mg QD + 
ABT-333 400 mg BID + ABT-267 25 mg QD from Study Days 1 through 21 

 
In Period 1 of each arm, each dose of cyclosporine tablet was taken orally with approximately 
240 mL of water following a minimum 10-hour fast and approximately 4 hours before lunch. On 
Study Days 1 and 15 of Period 2 of each arm, cyclosporine suspension was prepared and 
administered. All other doses of study drug were taken orally with approximately 200 mL of 
water approximately 30 minutes after the start of breakfast for all morning doses and orally with 
approximately 240 mL of water approximately 30 minutes after the start of the evening snack for 
the evening doses. 
 
Blood samples for cyclosporine were collected by venipuncture prior to dosing (0 hour) and at 
0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 9, 12, 15, 18, 24, and 48 after dosing in Period 1, Study Day 1 and prior 
to dose (0 hour) and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 9, 12, 15, 18, 24, 48, 72, 96, 120, and 144 hours 
in Period 2, Study Day 1 and 15. Blood samples for ABT-267, ABT-450, ritonavir, and ABT-
333, ABT-333 M1 were collected by venipuncture prior to dosing (0 hour) and at 1, 2, 3, 4, 6, 9, 
12, 15, 18, and 24 hours after dosing on Study Day 14 and 15. Trough samples were collected 
prior to morning DAA doses on Days 9, 12, 17, 19, 21 and 24 hours after DAA dosing (Day 22). 
 
Plasma concentrations of ABT-450, ritonavir, ABT-267, ABT-333 and ABT-333 M1 were 
determined using a validated protein precipitation and on-line solid phase extraction method with 
liquid chromatography and tandem mass spectrometric detection (LC-MS/MS). No metabolites 
for ABT-450, ritonavir, ABT-267, ABT-333 and ABT-333 M1 were assayed for this study. The 
lower limits of quantitation (LLOQ) for ABT-450, ritonavir, ABT-267, ABT-333 and ABT-333 
M1 were established at 0.595, ng/mL 4.91 ng/mL, 0.424 ng/mL, 4.53 ng/mL and 4.72 ng/mL, 
respectively, using a 100 μL plasma sample. 
 
Blood concentrations of CsA were determined using a validated liquid chromatography method 
with liquid/liquid extraction with LC-MS/MS. The LLOQ for CsA was established at 5.0 ng/mL 
using a 200 µL blood sample. 
 
Number of Subjects (Planned and Analyzed): 
Planned: 48; Entered: 36; Completed: 35; Evaluated for Safety: 36; Evaluated for 
Pharmacokinetics: 34. 
For the 36 subjects who participated in the study, the mean age was 31.1 years (ranging from 20 
to 54 years), the mean weight was 79.5 kg (ranging from 56 to 103 kg) and the mean height was 
174 cm (ranging from 158 to 190 cm). 
 
Diagnosis and Main Criteria for Inclusion: 
Subjects were male and female volunteers between 18 and 55 years, inclusive. Subjects in the 
study were judged to be in general good health based on the results of medical history, physical 
examination, vital signs, laboratory profile, and 12-lead electrocardiogram (ECG). Females were 
either postmenopausal for at least 2 years or surgically sterile and were not pregnant. Males were 
either surgically sterile or practicing at least one of the acceptable methods of birth control. The 
subject's Body Mass Index (BMI) was ≥18 to < 30 kg/m2. 
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dose-normalized exposures when CsA was administered alone. The effect of steady state 2 
DAAs or 3 DAAs on the single dose of CsA was evaluated by comparing Study Day 15 (Period 
2) dose-normalized CsA exposures when CsA was administered with 2 DAAs or 3 DAAs to 
Study Day 1 (Period 1) dose-normalized exposures when CsA was administered alone. 
 
Safety Endpoints: Safety was evaluated based on assessments of adverse events, physical 
examinations, vital signs, ECG and laboratory tests.. 
 
Statistical Methods: 
Pharmacokinetic: To assess the effect of ABT-450/r, ABT-333 and ABT-267 on cyclosporine, a 
repeated measure analysis was performed for the natural logarithms of cyclosporine Cmax, AUC 
and Ctrough utilizing data from Period 1 Study Day 1, and Period 2 Study Days 1 and 15 from 
Arms 1, 2, and 3. Arm 4 was not run. A separate analysis was performed for Arms 1, 2, and 3. 
The model had day as a fixed effect with three levels ('Period 1 study day 1,' 'Period 2 study day 
1' and 'Period 2 study day 15') and subject as a random effect. Cmax, AUC and Ctrough ratios were 
estimated by taking the ratio of 'Period 2 Study Day 1' and 'Period 1 Study Day 1' and the ratio of 
'period 2 Study Day 15' and 'Period 1 Study Day 1' values, obtained from the repeated measures 
analysis of the difference of mean logarithms. The 90% confidence intervals were obtained for 
those ratio estimates by the exponentiation of the endpoints of confidence intervals for the 
difference of mean logarithms obtained within the framework of the repeated-analysis model. 
 
To assess the effect of cyclosporine on ABT-450/r, ABT-333 and ABT-267, a repeated measure 
analysis was performed for the natural logarithms of ABT-450/r, ABT-333 and ABT-267 Cmax, 
AUC and Ctrough utilizing data from Period 2 Study Days 14 and 15 from Arms 1, 2, and 3. A 
separate analysis was performed for Arms 1, 2, and 3. The model had day as a fixed effect with 
two levels ('period 2 study day 14' and 'period 2 study day 15') and subject as a random effect. 
Additionally, Cmax, AUC and Ctrough ratios were estimated by taking the ratio of 'period 2 study 
day 15' and 'period 2 study day 14' values, obtained from the repeated measures analysis of the 
difference of mean logarithms. The 90% confidence intervals were obtained for those ratio 
estimates by the exponentiation of the endpoints of confidence intervals for the difference of 
mean logarithms obtained within the framework of the repeated-analysis model. 
 
Safety: Adverse events were coded using the current version of the Medical Dictionary for 
Regulatory Activities (MedDRA). The number and percentage of subjects having treatment-
emergent adverse events (i.e., any event that begins or worsens in severity after initiation of 
randomized study drug) were tabulated by primary System Organ Class (SOC) and MedDRA 
Preferred Term with a breakdown by period within each arm. The tabulation of the number of 
subjects with treatment-emergent adverse events also was provided with further breakdowns by 
severity rating and relationship to study drug. Within each period, subjects reporting more than 
one adverse event for a given MedDRA Preferred Term was counted only once for that term 
using the most severe incident. Subjects reporting more than one type of event within a SOC 
were counted only once for that SOC. 
 
Laboratory test values and vital signs measurements that are very high or very low, according to 
predefined criteria, were identified. 
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Results: 
Pharmacokinetics:  
The effects of the combination of ABT-450/r and ABT-333 and/or ABT-267 on the 
pharmacokinetics of cyclosporine (CsA) administered as a single dose in healthy subjects are 
summarized in Tables 1-3. Repeated measures analyses were performed for the natural logarithm 
of dose-normalized CsA Cmax, C24, and AUC to assess the effect of DAAs on CsA. 
 
Table 1. The effect of ABT-333 400 mg twice daily (BID) + ABT-450/r 150/100 mg once daily 
(QD) on the PK of CsA administered as a single dose in healthy subjects (Arm 1) 

PK parameters 
Central Valuea Ratio of Central Values 

P1D1b P2D15c Point Estimated 90% CI  

Cmax/D (ng/mL/mg) 6.23 5.71 0.92 0.79 – 1.07 
AUCt/D (ng•h/mL/mg)  

19.0 
 

73.3 
 

3.86 
 

3.34 – 4.48 
AUCinf/D (ng•h/mL/mg) 20.1 90.0 4.49 3.93 – 5.12 
C24/D (ng/mL/mg) 0.09 1.20 13.5 12.1 – 15.0 

a. Antilogarithm of the least squares means for logarithms. 
b. Period 1, Day 1 (P1D1): CsA 100 mg single dose. 
c. Period 2, Day 15 (P2D15): CsA 10 mg single dose + steady-state DAAs (ABT-450/r 150/100 mg QD +ABT-333 400 mg BID). 
d. Antilogarithm of the difference of the least squares means for logarithms. 
 
Table 2. The effect of ABT-267 25 mg QD + ABT-450/r 150/100 mg QD on the PK of CsA 
administered as a single dose in healthy subjects (Arm 2) 

PK parameters 
Central Valuea Ratio of Central Values 

P1D1b P2D15c Point Estimated 90% CI  

Cmax/D (ng/mL/mg) 5.90 4.87 0.83 0.72 – 0.94 
AUCt/D (ng•h/mL/mg)  

17.2 
 

64.2 
 

3.74 
 

3.19 – 4.39 
AUCinf/D (ng•h/mL/mg) 18.1 77.5 4.28 3.66 – 5.01 
C24/D (ng/mL/mg) 0.08 1.00 12.8 10.6 – 15.6 

a. Antilogarithm of the least squares means for logarithms. 
b. Period 1, Day 1 (P1D1): CsA 100 mg single dose. 
c. Period 2, Day 15 (P2D15): CsA 10 mg single dose + steady state DAAs (ABT-450/r 150/100 mg QD + ABT-267 25 mg QD). 
d. Antilogarithm of the difference of the least squares means for logarithms. 
 
Table 3. The effect of ABT-450/r 150/100 mg QD + ABT-333 400 mg BID + ABT-267 25 mg 
QD on the PK of CsA administered as a single dose in healthy subjects (Arm 3) 

PK parameters 
Central Valuea Ratio of Central Values 

P1D1b P2D15c Point Estimated 90% CI  

Cmax/D (ng/mL/mg) 6.22 6.29 1.01 0.85 – 1.20 
AUCt/D (ng•h/mL/mg)  

19.7 
 

112 
 

5.69 
 

4.67 – 6.93 
AUCinf/D (ng•h/mL/mg) 20.7 120 5.82 4.73 – 7.14 
C24/D (ng/mL/mg) 0.082 1.29 15.8 13.8 – 18.1 

a. Antilogarithm of the least squares means for logarithms. 
b. Period 1, Day 1 (P1D1): CsA 100 mg single dose. 
c. Period 2, Day 15 (P2D15): CsA 30 mg single dose + steady state DAAs (ABT-450/r 150/100 mg QD + ABT-267 25 mg QD + 
ABT-333 400 mg BID). 
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Drug-Drug Interaction Trial with Tacrolimus  
Reviewer:  Seong Jang, Ph.D. 
 
 
An Open-Label Phase 1 Study to Assess the Effect of the Combination of ABT-450 plus 
Ritonavir (ABT-450/r) With ABT-333 and/or ABT-267 on the Pharmacokinetics, Safety 
and Tolerability of Tacrolimus in Healthy Subjects (M13-491) 
 
Study period: 01 March 2012 to 19 October 2012 
 
Objectives: The objectives of this study were: 

•  To evaluate the effect of the combination of ABT-450/r and ABT-333 and/or ABT-267 on 
the pharmacokinetics of tacrolimus administered as a single dose in healthy subjects. 

•  To determine safety and tolerability of a single dose of tacrolimus when administered with 
ABT-450/r and ABT-333 and/or ABT-267 at steady state. 

•  To determine the effect of a single dose of tacrolimus on the pharmacokinetics of ABT-
450/r and ABT-333 and/or ABT-267 at steady state. 

 
Reviewer’s comments: The effect of a single dose of tacrolimus on the PK of ABT-450/r and 
ABT-333 and/or ABT-267 is not clinically meaningful because the PK of steady state tacrolimus 
(i.e., multiple doses) is substantially different from that of a single dose tacrolimus. In addition, 
the tacrolimus dose (0.5 mg) is not clinically relevant; the recommended dose is 0.1 to 0.15 
mg/kg BID as an initial dose. Thus, the results of this study (i.e., the effect of a single dose of 
tacrolimus on the PK of ABT-450/r and ABT-333 and/or ABT-267) in this study are not 
informative to predict the effect of clinically relevant tacrolimus on the PK of ABT-450/r and 
ABT-333 and/or ABT-267 unless the PK of ABT-450/r and ABT-333 and/or ABT-267 were 
affected substantially due to the single dose of tacrolimus so that it is obvious to recommend a 
contraindication with tacrolimus and DAAs. A single dose of tacrolimus 0.5 mg decreased the 
Cmax and AUC24 of ABT-450 by 50% and 40%, respectively in this study. Thus, the effect of a 
single dose of tacrolimus on the PK of ABT-450/r and ABT-333 and/or ABT-267 was not 
reviewed.  
 
Methodology:  
This was a Phase 1, single center, open-label, sequential, multiple-dose. Adult male and female 
subjects in general good health were selected to participate in the study according to the selection 
criteria. Arms were enrolled sequentially; 12 subjects were enrolled per arm, each arm consisting 
of two periods. Subjects in each arm were to complete both Period 1 and Period 2. 
 
Study drug was administered as follows: 
Regimen A   Tacrolimus 2 mg single dose followed by a washout interval of at least 14 days 
Regimen B ABT-333 400 mg twice daily (BID) + ABT-450/r 150/100 mg once daily (QD) 

from Days 1 to 28, tacrolimus 0.5 mg single dose on Day 15 
Regimen C Tacrolimus 2 mg single dose followed by a washout interval of at least 14 days 
Regimen D ABT-267 25 mg QD + ABT-450/r 150/100 mg QD from Study Days 1 to 28, 

tacrolimus 0.5 mg single dose on Day 15. 
Regimen E Tacrolimus 2 mg single dose followed by a washout interval of at least 14 days 
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Regimen F ABT-333 400 mg BID + ABT-267 25 mg QD + ABT-450/r 150/100 mg QD 
from Days 1 to 28, tacrolimus 2 mg single dose on Day 15. 

 
In Period 1, each dose of tacrolimus was taken orally with approximately 240 mL of water 
following a minimum 10-hour fast and approximately 4 hours before lunch. In Period 2, all doses 
of study drug were taken orally with approximately 240 mL of water approximately 30 minutes 
after the start of breakfast for all morning doses and approximately 30 minutes after the start of 
the evening snack for the evening doses of all study medications. 
 
Blood samples for tacrolimus were collected by venipuncture prior to dosing (0 hour) and at 0.5, 
1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 16 after dosing in Period 1, Study Day 1 and prior to dose (0 
hour) and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 16 hours in Period 2, Study 15. Trough samples 
were collected prior to morning tacrolimus doses on Days 2 to 7 in Period 1 and Days 16 to 28 in 
Period 2. Blood samples for ABT-267, ABT-450, ritonavir, and ABT-333, ABT-333 M1 
metabolite (A1041392) (ABT-333 M1) were collected by venipuncture prior to dosing (0 hour) 
and at 1, 2, 3, 4, 6, 9, 12, 15 and 18 hours after dosing on Study Day 14 and prior to dosing (0 
hour) and at 1, 2, 3, 4, 6, 9, 12, 15, 18 and 24 hours after dosing on Study Day 15. Trough 
samples were collected prior to morning direct-acting antiviral agent (DAA) doses on 9, 12, 17, 
19, 21, 23, 27 and a sample on Study Day 29, 24 hours after DAA dose on Study Day 28. 
 
Plasma concentrations of ABT-450, ritonavir, ABT-267, ABT-333 and ABT-333 M1 were 
determined using a validated protein precipitation and on-line solid phase extraction method with 
liquid chromatography and tandem mass spectrometric detection (LC-MS/MS). No metabolites 
for ABT-450, ritonavir, ABT-267, ABT-333 and ABT-333 M1 were assayed for this study. The 
lower limits of quantitation (LLOQ) for ABT-450, ritonavir, ABT-267, ABT-333 and ABT-333 
M1 were established at 0.595 ng/mL 4.91 ng/mL, 0.424 ng/mL, 4.53 ng/mL and 4.72 ng/mL, 
respectively, using a 100 μL plasma sample. 
 
Blood concentrations of tacrolimus were determined using a validated protein precipitation 
followed by a liquid/liquid extraction and high performance liquid chromatography method with 
tandem mass spectrometric detection. The LLOQ for tacrolimus was established at 0.250 ng/mL 
using a 125 µL blood sample. 
 
Number of Subjects (Planned and Analyzed): 
Planned: 48; Entered: 36; Completed: 35; Evaluated for Safety: 36; Evaluated for 
Pharmacokinetics: 35. 
For the 36 subjects who participated in the study, the mean age was 37.0 years (ranging from 24 
to 55 years), the mean weight was 82.6 kg (ranging from 59 to 101 kg) and the mean height was 
176 cm (ranging from 154 to 194 cm). 
 
Diagnosis and Main Criteria for Inclusion: 
Subjects were male and female volunteers between 18 and 55 years, inclusive. Subjects in the 
study were judged to be in general good health based on the results of medical history, physical 
examination, vital signs, laboratory profile, and 12-lead electrocardiogram (ECG). Females were 
either postmenopausal for at least 2 years or surgically sterile and were not pregnant. Males were 
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C12, AUCt, and AUCinf, and the apparent terminal phase elimination rate constant (β), and the 
terminal phase elimination half-life (t1/2) for tacrolimus.  
The effect of single dose of tacrolimus on the steady state exposures of 2 DAAs or 3 DAAs was 
evaluated by comparing the 2-DAA or 3-DAA exposures (Study Day 15) when the 2 DAAs or 3 
DAAs in the presence of tacrolimus to the 2 DAAs or 3 DAAs steady state exposures (Study 
Day 14) where the 2 DAAs or 3 DAAs without tacrolimus. The effect of steady-state 2 DAAs or 
3 DAAs on the single dose of tacrolimus was evaluated by comparing Study Day 15 (Period 2) 
dose-normalized tacrolimus exposures when tacrolimus was administered with 2 DAAs or 3 
DAAs to Study Day 1 (Period 1) dose-normalized exposures when tacrolimus was administered 
alone. 
 
Safety Endpoints: Safety was evaluated based on assessments of adverse events, physical 
examinations, vital signs, ECG and laboratory tests.. 
 
Statistical Methods: 
Pharmacokinetic: To assess the effect of ABT-450/r, ABT-333 and ABT-267 on tacrolimus, a 
repeated measure analysis was performed for the natural logarithms of tacrolimus Cmax, AUC 
and Ctrough utilizing data from Period 1 Study Day 1, and Period 2 Study Days 1 and 15 from 
Arms 1, 2, and 3. Arm 4 was not run. A separate analysis was performed for Arms 1, 2, and 3. 
The model had day as a fixed effect with three levels ('Period 1 study day 1,' 'Period 2 study day 
1' and 'Period 2 study day 15') and subject as a random effect. Cmax, AUC and Ctrough ratios were 
estimated by taking the ratio of 'Period 2 Study Day 1' and 'Period 1 Study Day 1' and the ratio of 
'period 2 Study Day 15' and 'Period 1 Study Day 1' values, obtained from the repeated measures 
analysis of the difference of mean logarithms. The 90% confidence intervals were obtained for 
those ratio estimates by the exponentiation of the endpoints of confidence intervals for the 
difference of mean logarithms obtained within the framework of the repeated-analysis model. 
 
To assess the effect of tacrolimus on ABT-450/r, ABT-333 and ABT-267, a repeated measure 
analysis was performed for the natural logarithms of ABT-450/r, ABT-333 and ABT-267 Cmax, 
AUC and Ctrough utilizing data from Period 2 Study Days 14 and 15 from all arms. A separate 
analysis was performed for Arms 1, 2, and 3. The model had day as a fixed effect with two levels 
('period 2 study day 14' and 'period 2 study day 15') and subject as a random effect. Additionally, 
Cmax, AUC and Ctrough ratios were estimated by taking the ratio of 'period 2 study day 15' and 
'period 2 study day 14' values, obtained from the repeated measures analysis of the difference of 
mean logarithms. The 90% confidence intervals were obtained for those ratio estimates by the 
exponentiation of the endpoints of confidence intervals for the difference of mean logarithms 
obtained within the framework of the repeated-analysis model. 
 
Safety: Adverse events were coded using the current version of the Medical Dictionary for 
Regulatory Activities (MedDRA). The number and percentage of subjects having treatment-
emergent adverse events (i.e., any event that begins or worsens in severity after initiation of 
randomized study drug) were tabulated by primary System Organ Class (SOC) and MedDRA 
Preferred Term with a breakdown by period within each arm. The tabulation of the number of 
subjects with treatment-emergent adverse events also was provided with further breakdowns by 
severity rating and relationship to study drug. Within each period, subjects reporting more than 
one adverse event for a given MedDRA Preferred Term was counted only once for that term 
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using the most severe incident. Subjects reporting more than one type of event within a SOC 
were counted only once for that SOC. 
 
Laboratory test values and vital signs measurements that are very high or very low, according to 
predefined criteria, were identified. 
 
Results: 
Pharmacokinetics:  
The effects of the combination of ABT-450/r and ABT-333 and/or ABT-267 on the 
pharmacokinetics of tacrolimus administered as a single dose in healthy subjects are summarized 
in Tables 1-3. Repeated measures analyses were performed for the natural logarithm of dose-
normalized tacrolimus Cmax, C24, and AUC to assess the effect of DAAs on tacrolimus. 
 
Table 1. The effect of ABT-333 400 mg twice daily (BID) + ABT-450/r 150/100 mg once daily 
(QD) on the PK of tacrolimus administered as a single dose in healthy subjects (Arm 1) 

PK parameters 
Central Valuea Ratio of Central Values 

P1D1b P2D15c Point Estimated 90% CI  

Cmax/D (ng/mL/mg) 3.76 14.0 3.71 3.04 – 4.53 
AUCt/D (ng•h/mL/mg) 30.6 1810 59.3 40.4 – 87.0 
AUCinf/D (ng•h/mL/mg) 38.0 2990 78.6 55.3 – 112 
C24/D (ng/mL/mg) 0.33 8.21 25.1 17.6 – 36.0 

a. Antilogarithm of the least squares means for logarithms. 
b. Period 1, Day 1 (P1D1): Tacrolimus 2 mg single dose. 
c. Period 2, Day 15 (P2D15): ABT-450/r 150/100 mg + ABT-333 400 mg BID + tacrolimus 0.5 mg single dose. 
d. Antilogarithm of the difference of the least squares means for logarithms. 
 

 
Table 2. The effect of ABT-267 25 mg QD + ABT-450/r 150/100 mg QD on the PK of 
tacrolimus administered as a single dose in healthy subjects (Arm 2) 

PK parameters 
Central Valuea Ratio of Central Values 

P1D1b P2D15c Point Estimated 90% CI  

Cmax/D (ng/mL/mg) 4.04 17.2 4.27 3.49 – 5.22 
AUCt/D (ng•h/mL/mg) 32.6 2040 62.8 48.6 – 81.2 
AUCinf/D (ng•h/mL/mg) 41.2 3540 85.8 67.9 – 108 
C24/D (ng/mL/mg) 0.37 9.08 24.6 19.7 – 30.8 

a. Antilogarithm of the least squares means for logarithms. 
b. P1D1: Tacrolimus 2 mg single dose. 
c. P2D15: ABT-450/r 150/100 mg + ABT-267 25 mg QD + tacrolimus 0.5 mg single dose. 
d. Antilogarithm of the difference of the least squares means for logarithms. 
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Drug-Drug Interaction Trial with Omeprazole 
Reviewer:  Seong Jang, Ph.D. 
 
 
A Phase 1, Open-Label Study to Assess the Pharmacokinetics, Safety and Tolerability of 
the Coadministration of Omeprazole with Combination Therapy of ABT-450, Ritonavir, 
ABT-267 (ABT-450/r/ABT-267) With and Without ABT-333 in Healthy Adult Subjects 
(M12-199) 
 
Study period: 04 April 2013 to 04 June 2013 
 
Objectives: The objective of the study was to determine the effect of steady-state ABT-
450/r/ABT-267 with and without ABT-333 on the pharmacokinetics, safety, and tolerability of a 
single dose of omeprazole in healthy subjects. In addition, the effect of a single and repeated 
once-daily dose of omeprazole on the pharmacokinetics, safety, and tolerability of steady state 
ABT-450/r/ABT-267 with and without ABT-333 was also examined. 
 
Methodology:  
This Phase 1, single center, randomized, multiple-dose, open-label study evaluated the 
pharmacokinetics, safety, and tolerability of two and three direct-acting antiviral agents (DAA) 
combinations (ABT 450/r/ABT-267 and ABT-450/r/ABT-267 + ABT-333) and omeprazole 
when given alone and in combination. 
 
Adult male and female subjects (N = 24) in general good health were selected to participate in 
the study according to the selection criteria. After meeting the selection criteria, enrolled subjects 
were assigned in equal numbers to one of two treatment arms as follows: 
 
Arm 1: A single dose of 40 mg of omeprazole was administered on Day 1 followed by a washout 
period for 5 days (Study Days 2 through 5). Starting on Study Day 6, ABT 450/r/ABT-267 
150/100/25 mg was administered once daily (QD) and ABT-333 250 mg was administered twice 
daily (BID) for 19 days (Study Days 6 through 24). Starting on Study Day 20, 40 mg of 
omeprazole was administered QD for 5 days (Study Days 20 through 24). 
 
Arm 2: A single dose of 40 mg of omeprazole was administered on Day 1 followed by a washout 
period for 5 days (Study Days 2 through 5). Starting on Study Day 6, ABT 450/r/ABT-267 
150/100/25 mg was administered QD for 19 days (Study Days 6 through 24) and starting on 
Study Day 20, 40 mg of omeprazole was administered QD for 5 days (Study Days 20 through 
24). 
 
Each dose of DAAs was taken orally with water approximately 30 minutes after the start of 
breakfast for all morning doses and approximately 30 minutes after the start of the evening snack 
for the evening dose of ABT-333 (Arm 1). On Study Days 1, 20, and 21, omeprazole was 
administered approximately 30 minutes after the start of breakfast, and at the same time as the 
DAAs on Study Days 20 and 21. On Study Days 22 through 24, each dose of omeprazole was 
taken orally with water approximately 1 hour before the start of breakfast. 
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Blood samples for assay of ABT-450, ritonavir, ABT-267, ABT-333 and ABT-333 M1 
metabolite were collected by venipuncture on the following days: 

• Prior to dosing (0 hour) and at 1, 2, 3, 4, 5, 6, 9, 12, and 16 hours after morning dosing on 
Study Day 19. 

• Prior to dosing (0 hour) and at 1, 2, 3, 4, 5, 6, 9, 12, 16, and 24 (Study Day 21) hours after 
morning dosing on Study Day 20. 

• Prior to DAA dosing (0 hour) and at 1, 2, 3, 4, 5, 6, 9, 12, 16, 24 (Study Day 25), 48 
(Study Day 26), and 72 (Study Day 27) hours after morning dosing on Study Day 24. 

 
Additionally, trough concentration samples were drawn prior to the morning dose on Study Days 
14 and 17. 
 
Blood samples for assay of omeprazole were collected by venipuncture on the following days: 

• Prior to dosing (0 hour) and at 1, 2, 3, 4, 5, 6, 9, 12, 16, and 24 (Study Day 2) hours after 
morning dosing on Study Day 1. 

• Prior to dosing (0 hour) and at 1, 2, 3, 4, 5, 6, 9, 12, 16, and 24 (Study Day 21) hours after 
morning dosing on Study Day 20. 
 

Plasma concentrations of ABT-450, ritonavir, ABT-267, ABT-333 and ABT-333 M1 were 
determined using a validated liquid chromatography method with tandem mass spectrometric 
detection. The lower limits of quantitation (LLOQ) for ABT-450, ritonavir, ABT-267, ABT-333 
and ABT-333 M1 metabolite were established at 0.6 ng/mL, 4.71 ng/mL, 0.417 ng/mL, 4.39 
ng/mL and 4.58 ng/mL, respectively. 
 
Plasma concentrations of omeprazole were determined using a validated liquid chromatography 
method with tandem mass spectrometric detection. The LLOQ for omeprazole was established at 
1.02 ng/mL. 
 
Number of Subjects: 
Planned: 24, Entered: 24, Completed: 23, Evaluated for Safety: 24, 
Evaluated for Pharmacokinetics: 23 
For the 24 subjects who participated in the study, the mean age was 35.3 years (ranging from 24 
to 53 years), the mean weight was 77.5 kg (ranging from 55 to 105 kg) and the mean height was 
171 cm (ranging from 154 to 188 cm). 
 
Diagnosis and Main Criteria for Inclusion: 
Subjects were male and female volunteers whose ages were between 18 and 55 years, inclusive. 
Subjects in the study were judged to be in general good health based on the results of medical 
history, physical examination, vital signs, 12-lead electrocardiogram (ECG) and laboratory tests. 
Females were postmenopausal for at least 2 years , surgically sterile, or practiced birth control 
and were not pregnant or breastfeeding. Males were surgically sterile, sexually inactive or 
practiced birth control. 
 
Test and Reference Product, Dose, Mode of Administration, Lot Nos:   

Investigational 
Products 

ABT-450/Ritonavir/ABT-
267 

ABT-333 Omeprazole 
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Dosage Form Tablet Tablet Capsule 
Strength (mg) 75/50/12.5 mg 250 mg 40 mg 
Bulk Product Lot 

 
12-008149 12-007842 13-001594 

Potency (% of Label 
 

  NA 
Manufacturer AbbVie AbbVie Watson 
Finishing lot 13-001688 13-001695 13-001697 
Expiration/Retest Date 
NA = Not available    

 
Duration of Treatment: Subjects received study drug on 25 April 2013 and from 30 April 2013 
through 18 May 2013. 
 
Criteria for Evaluation: 
Pharmacokinetic: The pharmacokinetic parameter values of ABT-450, ritonavir, ABT-267, 
ABT-333, ABT-333 M1, and omeprazole were estimated using noncompartmental methods. 
These included: the maximum observed plasma concentration (Cmax), time to Cmax (peak time, 
Tmax), plasma trough concentration (Ctrough: C12 or C24), apparent terminal phase elimination rate 
constant (β), terminal phase elimination half-life (t1/2), the area under the plasma concentration-
time curve during a dosing interval (AUC0-τ: AUC12 or AUC24) for ABT-450, ritonavir, ABT-
267, ABT-333, ABT-333 M1 and AUC from time 0 to time of the last measurable concentration 
(AUCt) and AUC from time 0 to infinity (AUC∞) for omeprazole. Dose-normalized Cmax, AUC, 
and Ctrough (C12 or C24) were also provided. 
 
Safety Endpoints: Safety was evaluated based on assessments of adverse events, vital signs, 
physical examinations, ECGs and laboratory tests. 
 
Statistical Methods: 
Pharmacokinetic: To assess the effect of single and repeated once-daily dose of omeprazole on 
ABT-450, ritonavir, ABT-267, and ABT-333 (ABT-333 for Arm 1), two sets of analysis were 
performed within each arm. In the first analysis, a repeated measure analysis was performed for 
the natural logarithms of ABT-450, ritonavir, ABT-267, and ABT-333 and ABT-333 M1 (ABT-
333 and ABT-333 M1 for Arm 1) Cmax, Ctrough and AUC0-τ values utilizing data from Study Days 
19 and 20 to assess the effect of a single dose of omeprazole on the DAAs. In the second 
analysis, a repeated measure analysis was performed for the same variables analyzed above 
utilizing data from Study Days 19 and 24 to assess the effect of a QD dose of omeprazole on the 
DAAs. The model had day as a fixed effect and subject as a random effect. Additionally, the 
ratios of the ABT-450, ritonavir, ABT-267, and ABT-333 and ABT-333 M1 (ABT-333 and 
ABT-333 M1 for Arm 1) Cmax, Ctrough and AUC0-τ when administered with omeprazole to that of 
administrated without omeprazole was estimated by taking the ratio of Study Day 20 to Study 
Day 19, and Study Day 24 to Study Day 19 values, obtained from the repeated measures analysis 
of the mean of log-transformed data. Also, 90% confidence intervals for the ratios were 
provided. These confidence intervals were obtained by exponentiation of the endpoints of 
confidence intervals for the difference of mean logarithms obtained within the framework of the 
repeated measure analysis model. 
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To assess the effect of ABT-450, ritonavir, ABT-267, and ABT-333 (ABT-333 for Arm 1) on a 
single dose of omeprazole, a repeated measure analysis was performed for the natural logarithms 
Cmax, AUCt and AUCinf values of omeprazole obtained from Study Days 1 and 20. The model 
had day as a fixed effect and subject as a random effect. Additionally, the ratio of omeprazole 
Cmax, AUCt and AUCinf when administered with DAAs to that of administered without DAAs 
was estimated by taking the ratio of Study Day 20 to Study Day 1 values, obtained from the 
repeated measures analysis of the mean of log-transformed data. The 90% confidence intervals 
for the ratios were provided. These confidence intervals were obtained by exponentiation of the 
endpoints of confidence intervals for the difference of mean logarithms obtained within the 
framework of the repeated measure analysis model. A repeated measures analysis was used to 
assess the steady-state of each DAA analyte on the Ctrough values (prior to the morning dose) 
utilizing corresponding data from Study Days 14, 17, 19, and 20. A separate analysis was 
performed for Arm 1 and Arm 2. The model had day as a fixed effect and subject as a random 
effect. Within the framework of the repeated measures analysis, tests were performed on 
contrasts in the study day effects to determine the earliest day after which there was not a 
statistically significant change. In addition, a trend analysis on Ctrough versus time was performed 
by utilizing the orthogonal linear contrasts for the Study Days within the framework of the 
repeated measures analysis. 
 
Safety: Adverse events were coded using the Medical Dictionary for Regulatory Activities 
(MedDRA). The number and percentage of subjects reporting treatment-emergent adverse events 
(i.e., any event that begins or worsens in severity after initiation of study drug) was tabulated by 
primary System Organ Class (SOC) and MedDRA Preferred Term with a breakdown by the 
following study time segments within each arm: 

• Arm 1: Three study time segments (Study Days 1 – 5 for omeprazole, Study Days 6 – 19 
for ABT-450/r/ABT-267 + ABT-333, and Study Days 20 through study completion for 
ABT-450/r/ABT-267 + ABT-333 + omeprazole). 

• Arm 2: Three study time segments (Study Days 1 – 5 for omeprazole, Study Days 6 – 19 
for ABT-450/r/ABT-267, and Study Days 20 through study completion for ABT-
450/r/ABT-267 + omeprazole). 

 
The tabulation of the number of subjects with treatment-emergent adverse events were provided 
with further breakdown by severity rating and relationship to study drug. Within each study time 
segment, subjects reporting more than one adverse event for a given MedDRA Preferred Term 
were counted only once for that term using the most severe incident. Subjects reporting more 
than one type of event within a SOC were counted only once for that SOC. 
 
Laboratory test values and vital signs measurements that were potentially clinically significant, 
according to predefined criteria, were identified. 
 
Results: 
Pharmacokinetics: The effect of a single dose or multiple dosing of omeprazole on steady-state 
DAA pharmacokinetics were evaluated by comparing the DAA exposures on Study Day 20 to 
Study Day 19 and Study Day 24 to Study Day 19, respectively. The ratios of central values and 
90% confidence intervals for the comparisons are presented in Tables 1 and 2. 
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Table 1. The effect of a single dose or multiple dosing of omeprazole on steady-state DAA 
pharmacokinetics (Arm 1: ABT-450/r/ABT-267 + ABT-333)  

   
Ratio of Central Values 

   
 

Central Valuea 
Single Dose Omeprazole 

Day 20/Day 19 

Multiple Dose Omeprazole 
Day 24/Day19 

  
Analyte 

 
Parameter 
(unit) 

 
Day 
19 

 
Day 
20 

 
Day 
24 

 
Point 

b 
Estimate 

90% 

Confidence 

Interval 

 
Point 

b 
Estimate 

90% 

Confidence 

Interval 
ABT-450 Cmax 

(ng/mL) 
 

3040 
 

3060 
 

3623 
 

1.007 
 

0.882 – 1.149 
 

1.192 
 

1.044 – 1 360 

 AUC24 

(ng•h/mL) 
 

16515 
 

17198 
 

19536 
 

1.041 
 

0.902 – 1.202 
 

1.183 
 

1.025 – 1 366 
 C24 

(ng/mL) 
 

45.3 
 

52.8 
 

41.7 
 

1.165 
 

0.959 – 1.415 
 

0.921 
 

0.758 – 1 118 
Ritonavir Cmax 

(ng/mL) 
 

2067 
 

1993 
 

2143 
 

0.964 
 

0.896 – 1.038 
 

1.037 
 

0.963 – 1 116 

 AUC24 

(ng•h/mL) 
 

12685 
 

12341 
 

12956 
 

0.973 
 

0.922 – 1.026 
 

1.021 
 

0.968 – 1.077 
 C24 

(ng/mL) 
 

34.7 
 

36.0 
 

33.5 
 

1.038 
 

0.953 – 1.130 
 

0.966 
 

0.887 – 1.052 

ABT-267 Cmax 
(ng/mL) 

 
130 

 
126 

 
132 

 
0.968 

 
0.903 – 1.038 

 
1.016 

 
0.948 – 1.090 

 AUC24 

(ng•h/mL) 
 

1332 
 

1357 
 

1394 
 

1.019 
 

0.956 – 1.086 
 

1.046 
 

0.981 – 1 115 
 C24 

(ng/mL) 
 

26.9 
 

28.2 
 

28.1 
 

1.048 
 

0.983 – 1.116 
 

1.043 
 

0.979 – 1 111 

ABT-333 Cmax 
(ng/mL) 

 
1063 

 
1021 

 
1205 

 
0.960 

 
0.872 – 1.056 

 
1.133 

 
1.029 – 1.246 

 AUC12 

(ng•h/mL) 
 

7287 
 

6883 
 

7894 
 

0.945 
 

0.850 – 1.050 
 

1.083 
 

0.975 – 1.204 
 C12 

(ng/mL) 
 

281 
 

287 
 

295 
 

1.022 
 

0.903 – 1.156 
 

1.050 
 

0.928 – 1.189 
ABT-333 M1 
Metabolite 

Cmax 
(ng/mL) 

 
702 

 
711 

 
738 

 
1.012 

 
0.913 – 1.123 

 
1.051 

 
0.948 – 1.166 

 AUC12 

(ng•h/mL) 
 

4678 
 

4629 
 

4871 
 

0.989 
 

0.875 – 1.119 
 

1.041 
 

0.921 – 1.178 
 C12 

(ng/mL) 
 

170 
 

179 
 

167 
 

1.054 
 

0.888 – 1.250 
 

0.984 
 

0.829 – 1.167 

Day 19 = ABT-450/r/ABT-267 150/100/25 mg QD + ABT-333 250 mg BID 
Day 20 and 24  = ABT-450/r/ABT-267 150/100/25 mg QD + ABT-333 250 mg BID + omeprazole 40 mg  
a.      Antilogarithm of the least squares means for logarithms. 
b.     Antilogarithm of the difference of the least squares means for logarithms. 
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Table 2. The effect of a single dose or multiple dosing of omeprazole on steady-state DAA 
pharmacokinetics (Arm 2: ABT-450/r/ABT-267) 
 
 

   
Ratio of Central Values 

   
 

Central Valuea 
Single Dose Omeprazole 

Day 20/Day 19 

Multiple Dose Omeprazole 
Day 24/Day19 

  
Analyte 

 
Parameter 
(unit) 

 
Day 
19 

 
Day 
20 

 
Day 
24 

 
Point 

b 
Estimate 

90% 

Confidence 

Interval 

 
Point 

b 
Estimate 

90% 

Confidence 

Interval 
ABT-450 Cmax 

(ng/mL) 
 

2022 
 

2395 
 

2061 
 

1.184 
 

0.746 – 1.880 
 

1.019 
 

0.642 – 1.618 

 AUC24 

(ng•h/mL) 
 

11083 
 

11956 
 

10259 
 

1.079 
 

0.744 – 1.565 
 

0.926 
 

0.638 – 1 343 
 C24 

(ng/mL) 
 

29.6 
 

30.2 
 

24.7 
 

1.020 
 

0.818 – 1.273 
 

0.834 
 

0.669 – 1.041 
Ritonavir Cmax 

(ng/mL) 
 

2140 
 

2117 
 

2259 
 

0.989 
 

0.889 – 1.101 
 

1.056 
 

0.949 – 1 175 

 AUC24 

(ng•h/mL) 
 

13650 
 

13068 
 

14638 
 

0.957 
 

0.852 – 1.075 
 

1.072 
 

0.955 – 1 205 
 C24 

(ng/mL) 
 

41.0 
 

40.1 
 

43.9 
 

0.979 
 

0.886 – 1.081 
 

1.071 
 

0.970 – 1 183 

ABT-267 Cmax 
(ng/mL) 

 
138 

 
134 

 
132 

 
0.971 

 
0.815 – 1.156 

 
0.960 

 
0.807 – 1 144 

 AUC24 

(ng•h/mL) 
 

1485 
 

1492 
 

1479 
 

1.005 
 

0.891 – 1.133 
 

0.996 
 

0.883 – 1 124 
 C24 

(ng/mL) 
 

31.5 
 

31.8 
 

30.7 
 

1.008 
 

0.919 – 1.107 
 

0.973 
 

0.887 – 1.068 

Day 19 = ABT-450/r/ABT-267 150/100/25 mg QD + ABT-333 250 mg BID 
Day 20 and 24  = ABT-450/r/ABT-267 150/100/25 mg QD + omeprazole 40 mg  
a.      Antilogarithm of the least squares means for logarithms. 
b.     Antilogarithm of the difference of the least squares means for logarithms. 

 
The effect of steady-state DAAs on the single dose pharmacokinetics of omeprazole was 
evaluated by comparing the exposures of omeprazole on Study Day 20 to Study Day 1. The 
ratios of central values and 90% confidence intervals for the comparisons are presented in Table 
3. 
 
Table 3. Effect of steady-state DAAs on the single dose pharmacokinetics of omeprazole 
    Central Valuea Ratio of Central Values 

 Analyte Arm Parameter (Unit) Day 1 Day 20 Point Estimateb 90% Confidence Interval 

  
Omeprazole 

 

1 
 

Cmax (ng/mL) 
 

466 
 

288 
 

0.618 
 

0.478 – 0.797 
   AUCt (ng•h/mL) 1219 751 0.616 0.505 – 0.751 
   AUCinf (ng•h/mL) 1670 1024 0.613 0.411 – 0.915 
  2 Cmax (ng/mL) 334 159 0.475 0.288 – 0.782 
   AUCt (ng•h/mL) 1168 535 0.458 0.273 – 0.770 
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Drug-Drug Interaction Trial with Methadone 
Reviewer:  Vikram Arya, Ph.D., FCP 
 
M12-997   
 
Title 
 
An Open Label, Phase 1 Study to Assess the Effect of the Combination 
of ABT-450 plus ritonavir (ABT-450/r) with ABT-333 and/or ABT-267 
on the Pharmacokinetics, Pharmacodynamics, Safety, and Tolerability  
of Methadone in Subjects on Stable Maintenance Therapy.   
 
Trial  Period 
 
July 17, 2012 to March 12, 2013     
Final report date: October 23, 2013.     
 
Reviewer’s Note:  As the proposed labeling recommendations in NDA 
206619 are based on 3 DAAs (ABT-450/ritonavir/ABT-267 and ABT-
333), the results section in this review focuses only on the results 
observed with 3DAAs. 
 
Trial  Objectives 
 
The objective of the trial were: 
 

• To evaluate the effect of steady-state DAA dosing on the steady-state 
pharmacokinetics of methadone (R-methadone and S-methadone). 

• To evaluate the effect of steady-state DAA dosing on the pharmacodynamic 
effects of stable methadone maintenance therapy. 

• To evaluate the safety and tolerability during coadministration of DAAs and 
methadone during stable methadone maintenance therapy. 

• To characterize the pharmacokinetics of DAAs and metabolites when dosed 
with methadone. 

• To characterize the effect of different dosing schemes on DAA and methadone 
pharmacokinetics. 

 
Trial Design 
 
Phase 1, multiple-center, open-label, sequential, multiple-dose study to evaluate the co-
administration of methadone with DAAs. Arm 1 included a 3-DAA regimen of ABT-
450/r with ABT-267 and ABT-333. Arm 2 included a 2-DAA regimen of ABT-450/r 
with ABT-267. Arm 3 included a 3-DAA regimen of co-formulated tablets of ABT-450, 
ABT-267 and ritonavir (ABT-450/r/ABT-267) and ABT-333, with methadone 
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In all the arms, the study drug was administered on study day 1 as shown in table 2 
below. 
 

 
 
Rationale for Conducting the Trial  
 
Methadone is a substrate for CYP3A4, CYP2B6, CYP2C8, CYP2C19, and CYP2D6. 
CYP3A4 is involved in ABT-450 and ritonavir metabolism and CYP2C8 is involved in 
ABT-333 metabolism.  Ritonavir inhibits CYP3A4 and to a lesser extent, CYP2D6. The 
overlapping enzymes involved in the lead to the possibility of drug-drug interactions of 
methadone with ABT-450, ritonavir, ABT-333, and ABT-267.  
 
Rationale for Dose Selection 
 
The doses of ABT-450 (150 mg once daily), ritonavir (100 mg once daily), ABT-267 (25 
mg) and ABT-333 (400 mg twice daily) were the doses (or doses that provided 
comparable systemic exposures) that were determined to be safe and efficacious in the 
Phase 2 trials.  Further, these doses (or doses that provided comparable systemic 
exposures) were also evaluated in the Phase 3 trials.  The dose of methadone was 
individualized for each subject who enrolled in the trial and ranged from 20 mg to 120 
mg.  The subjects were receiving the individualized dose for at least 14 days prior to 
screening.      
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Table 5 below shows the shows the demographic summary of all subjects enrolled in the 
trial. 
 

 
 
Pharmacokinetics 
 
Note:  Only the results from Arm 1 and Arm 3 are presented in this review. 
 
Arm 1: 
 
ABT-450  
 
Table 6 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 1. 
 

 
 
Ritonavir 
 
Table 7 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 1. 
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ABT-267 
 
Table 8 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 1. 
 

 
 
ABT-333 and ABT-333 M1 
 
Table 9 shows the mean ± SD pharmacokinetic parameters of ABT-333 and ABT-333 
M1 in Arm 1. 
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Methadone  
 
Fig 1 shows the mean R-methadone plasma concentration-time profiles  
 

 
 

344
Reference ID: 3630826



Fig 2 shows the mean S-methadone plasma concentration-time profiles.   
 

 
 
 
 
 
 
Table 10 shows the pharmacokinetic parameters (Mean ±SD) of R-Methadone and S-
Methadone. 
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Arm 3: 
 
ABT-450 
 
Table 11 shows the mean pharmacokinetic parameters of ABT-450  
 

 
 
 
 
Ritonavir 
 
Table 12 shows the mean pharmacokinetic parameters of ritonavir. 
 

  
 
ABT-267 
 
Table 13 shows the mean pharmacokinetic parameters of ABT-267. 
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ABT-333 and ABT-333 M1  
 
Table 14 shows the mean pharmacokinetic parameters of ABT-333 and ABT-333 M1. 
 

 
 
Methadone  
 
Fig 3 shows the mean R-methadone plasma concentration-time profiles  
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Methadone  
 
Fig 4 shows the mean S-methadone plasma concentration-time profiles  
 

 
Table 15 shows the pharmacokinetic parameters (Mean ±SD) of R-Methadone and S-
Methadone. 
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Statitistical Evaluation of the Effect of 3-DAA on R-Methadone and S-Methadone (Arm 
3)  
 
Fig 5 shows the least squares mean ratio and 90 % confidence intervals for R-methadone 
and S-methadone dose normalized  Cmax and AUC24. 
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Based on a cross study comparison, co-administration of the 3-DAA regimen (using ABT-
450/r/ABT-267 coformulated tablet+ ABT-333) with methadone resulted in a 30 % to 80 
% lower ABT-450 Cmax and 70-90 % lower AUC relative to ABT-450 exposures when the 
3-DAA regimen (using ABT-450/r/ABT-267 coformulated tablet+ABT-333) was 
administered alone.  These results suggested that 1) simultaneous administration of the 3-
DAA regimen with methadone cannot explain the decrease in ABT-450 exposures in Arm 
1 and 2) changing the formulation from ABT-450 tablets to ABT-450/r/ABT-267 
coformulated product and staggering the dosing of the 3-DAA regimen and methadone in 
Arm 3 did not affect the extent of the interaction.  
 
ABT-450 exposures with the ABT-450/r/ABT-267 coformulated tablets versus ABT-450 

 tablets  
 
Despite the decrease in ABT-450 exposure (dosed using ABT-450/r/ABT-67 co-
formulated product) when co-dosed with methadone (based on cross study comparison), 
the ABT-450/r/ABT-267 co-formulated tablet provides ABT-450 exposures comparable 
to those from the ABT-450  formulation. 
 
Fig 8 shows the ABT-450 exposures from the ABT-450/r/ABT-267 coformulated tablets 
in subjects receiving methadone or buprenorphine/naloxone versus ABT-450 exposures 
from ABT-450  tablets in subjects not receiving methadone or 
buprenorphine/naloxone (source: White Paper submitted by the Applicant in March 2013). 
 

352
Reference ID: 3630826

(b) (4)

(b) (4)

(b) (4)





buprenorphine (with our without naloxone). All subjects were on a stable opioid 
replacement therapy for at least 6 months prior to screening.     
 
Fig 9 shows the trial design: 
 

    
ABT-450/r/ABT-267 (coformulated product) was administered orally once daily and 
ABT-333 and RBV were administered twice daily.  Plasma samples were collected on day 
1 prior to dosing; intensive PK assessments (samples collected up to 24 hours) were 
conducted on or after 2 weeks of beginning of 3-DAA treatment.  Intensive PK data was 
available from 22/38 subjects (12 subjects on stable opioid replacement therapy of 
buprenorphine ± naloxone and 10 subjects on stable methadone therapy).     
 
Table 16 shows the virologic response (SVR12, ITTpopulation) observed in the trial. 
 

 
 
Table 17 shows the comparison of the pharmacokinetic parameters of all the components 
of the DAA regimen (and ABT-333 M1) observed in trial M14-103 and in Phase 1 trials 
conducted using the Phase 3 formulation. 
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The exposures achieved for all the components of the DAA regimen (and ABT-333 M1) 
and RBV in HCV genotype 1 subjects on methadone or buprenorphine/naloxone were 
comparable to- or slightly lower than the exposures in the Phase 1 studies with the same 
formulations.   
 
Results  
 
Co-administration of ABT-450/r/ABT-267 and ABT-333 with Methadone: 
  

• Did not significantly alter the pharmacokinetic parameters of R-methadone and S-
methadone. 

• Decreased the mean Cmax of ABT-450 by 65-95 % and AUC of ABT-450 by 70-
90 % (ABT-450 administered as  tablets; cross study comparison).  

• Decreased the mean Cmax of ABT-450 by 30-80 % and AUC of ABT-450 by 70-
90 % (ABT-450 administered as ABT-450/r/ABT-267 co-formulated tablets; 
cross study comparison).  

• No significant change in the pharmacokinetics of ABT-267, ABT-333, ABT-333 
M1, and ritonavir (based on cross trial comparison). 

• No significant change in any pharmacodynamic assessments.   
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Conclusion  
 
ABT-450/ritonavir/ABT-267 and ABT-333 can be co-administered with 
methadone without any dose adjustment based on the following: 
 

• SVR1 2 data (97.4 %) from trial M14-103 in which HCV infected 
subjects stabilized on methadone therapy were administered the 
3-DAA regimen (+RBV) using the ABT-450/r/ABT-267 co-
formulated tablets.  

• Pharmacokinetic data from trial M14-103 which suggests that the 
pharmacokinetic parameters of ABT-450 using the ABT-
450/r/ABT-267 coformulated tablets were in the range of the 
pharmacokinetic parameters of ABT-450 observed in other Phase 
1 trials conducted using the ABT-450/r/ABT-267 coformulated 
tablets.  

•    Similarity between the ABT-450 exposures from the ABT-
450/r/ABT-267 co-formulated tablet  in subjects receiving 
methadone and the observed range of ABT-450 exposures from 
the ABT-450  tablet in subjects not receiving methadone. Of 
note, SVR12 rates in trial M11-652 (conducted using ABT-450 

 tablets) exceeded 90 % in both treatment naïve and 
treatment experienced subjects who received the 3-DAA regimen 
with ribavirin.  Hence, the co-formulated tablet is expected to 
provide efficacious exposures in HCV-infected patients who are 
on a stable methadone or buprenorphine/naloxone maintenance 
therapy.     
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Drug-Drug Interaction Trial with Raltegravir 
Reviewer:  Vikram Arya, Ph.D., FCP 
 
M13-392   
 
Title 
 
A Phase 1, Open Label Study to Assess the Pharmacokinetics, Safety,  
and Tolerability of the Co-administration of Raltegravir and ABT-450 
with ritonavir (ABT-450/r) with ABT-333 and/or ABT-267 in Healthy 
Adult Subjects.  
 
Trial  Period 
 
March 19, 2012 to November 8th, 2012     
Final report date: February 20, 2014       
 
Reviewer’s Note:  As the proposed labeling recommendations in NDA 
206619 are based on 3 DAAs (ABT-450/ritonavir/ABT-267 and ABT-
333), the results section in this review focuses only on the results 
observed with 3DAAs (Arm 2 in trial M13-392) 
 
Trial  Objectives 
 

• To determine the pharmacokinetics, safety, and tolerability of the combination of 
ABT-450/r  plus ABT-333, ABT-450/r plus ABT-333 plus ABT-267, and ABT-
450/r plus ABT-267 when dosed with raltegravir in healthy subjects. 

• To determine the pharmacokinetics, safety, and tolerability of raltegravir when 
coadministered with a combination of ABT-333 plus ABT-450/r, ABT-333 plus 
ABT-450/r plus ABT-267, and ABT-450/r plus ABT-267 in healthy subjects. 
 

Trial Design 
 
This was a Phase 1, multiple-dose, sequential, non-fasting, open-label study. An optional 
Arm 4 was not conducted. 
 
Having met the selection criteria, 36 subjects were enrolled to the following arms: 
 
Arm 1:  Regimen A in period 1 and regimen B in period 2.  
Arm 2:  Regimen A in period 1 and regimen C in period 2.  
Arm 3:  Regimen A in period 1 and regimen D in period 2.  
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Table 1 shows the various regimens used in the trial.  

   
The study drug was taken orally with approximately 240 mL of water approximately 30 
minutes after the start of breakfast for all morning doses and approximately 30 minutes 
after the start of the evening snack for the evening doses of raltegravir and ABT-333.  
The meal content was identical on pharmacokinetic sampling days.     
 
Rationale for Conducting the Trial  
 
The trial was conducted to provide quantitative drug-drug interaction information for the 
use of raltegravir with the 3-DAA combination. The DAAs are metabolized by CYP3A 
(ABT-450, ABT-333, and ABT-267), CYP2C8 (ABT-333 and to a lesser extent ABT-
267) and CYP2D6 (ABT-333). Raltegravir does not inhibit CYP1A2, CYP2B6, 
CYP2C8, CYP2C9, CYP2C19, CYP2D6, or CYP3A in vitro.  Further, raltegravir does 
not induce CYP1A2, CYP2B6, or CYP3A4 and does not inhibit P-gp mediated transport.  
Hence, raltegravir was not expected to alter the pharmacokinetics of the DAAs.     
 
Rationale for Dose Selection 
 
The doses of ABT-450 (150 mg once daily), ritonavir (100 mg once daily), ABT-267 (25 
mg) and ABT-333 (250 mg) were the doses evaluated in Phase 3 trials.  The dose of 
raltegravir (400 mg twice daily) is the clinically recommended dose.   
  
Identity of Investigational Products 
 
Table 2 shows the identity of investigational products used in the trial  
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% 
Raltegravir 10-10,000  10 30,75,300, 1200, 

and 7500  
3.79 % to 
7.76 %  

1.86 % to 3.06 
% 

 
Subject Disposition and Demographics  
 
36 subjects (26 males and 10 females) were enrolled in the trial and 35 subjects (26 males 
and 9 females) completed the trial.  Subject 1002 (43 year old white female) was 
discontinued from the study post AM dose in study day 2 of period 1 due to adverse 
events. The pharmacokinetic data from this subject was not included in any 
pharmacokinetic or statistical analysis.       
 
Table 4 shows the shows the demographic summary of all subjects enrolled in the trial. 

 
 
Pharmacokinetics 
 
ABT-450 (Arm 2) 
 
Table 5 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 2. 
 

 
 
The higher exposure of ABT-450 on day 17 as compared to day 4 may reflect the 
accumulation of ABT-450 upon multiple dosing.   
 
Ritonavir (Arm 2)  
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Table 6 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 2. 
 

 
 
The higher exposure of ritonavir on day 17 as compared to day 4 may reflect the 
accumulation of ritonavir upon multiple dosing.   
 
ABT-267 (Arm 2)  
 
Table 7 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 2. 
 

 
 

The higher exposure of ABT-267 on day 17 as compared to day 4 may reflect the 
accumulation of ABT-267 upon multiple dosing.   
 
ABT-333 and ABT-333 M1 (Arm 2)  
 
Table 8 shows the mean ± SD pharmacokinetic parameters of ABT-333 in Arm 2. 
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Raltegravir (Arm 2)  
 
Table 9 shows the mean ± SD pharmacokinetic parameters of raltegravir in Arm 2. 
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Statistical Evaluation of the Pharmacokinetic Parameters 
 
Effect of DAAs on Raltegravir 
 
Fig 1 shows the least squares mean ratios of Cmax, AUC12, and C12, and 90 % Confidence 
Intervals for Raltegravir (Study Day 17/Study Day 3) 
 
 

 
Co-administration of raltegravir with ABT-450/r +ABT-267 +ABT-333 (Arm 2) at 
steady state increased the mean RAL Cmax, AUC12, and C12 by approximately 100 % to 
130 % relative to the administration of raltegravir alone.   
 
Reviewer’s Note Regarding Increase in RAL exposures  
 
Co-administration of the 3-DAA regimen with Raltegravir (Arm 2) increased the mean 
raltegravir exposure Cmax and AUC12 by approximately 132 % and 135 %, respectively, 
likely due to inhibition of UGT1A1 by the DAAs.  The IC50 values for UGT1A1  inhibition 
for ABT-450, ABT-267, ABT-333 and ritonavir are 3.62, 2.12, 0.92 and 1.7 μM, 
respectively.  The M1 metabolite of ABT-333 is a weak UGT1A1inhibitor in vitro with an 
IC50 of 6.53 μM, while ritonavir is UGT inducer.    
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The increase in RAL exposure observed in this trial when RAL was co-administered with 
DAAs does not warrant a dose adjustment based on the following: 
 

1) The  approved prescribing information of raltegravir indicates that the mean RAL 
Cmax and AUC12 was increased by 315 % and 212 %, respectively when 
raltegravir was co-administered with omeprazole as compared with when 
raltegravir was administered alone.  The approved prescribing information does 
not recommend any dose adjustments when raltegravir is co-administered with 
omeprazole. 

 
Effect of Raltegravir on DAAs  
 
As the DAAs were always administered with raltegravir in the trial, the pharmacokinetic 
parameters of DAAs observed in the trial were compared with the pharmacokinetic 
parameters of DAAs observed in other trials where DAAs were administered alone. 
 
Table 10 shows the cross study comparison of the pharmacokinetic parameters of the 
various DAAs. 
 

   
A cross trial comparison of the pharmacokinetic parameters of individual DAAs observed 
in the trial compared with the pharmacokinetic parameters of DAAs observed in other 
trials suggest that raltegravir did not have a significant impact on the pharmacokinetics of 
the individual DAAs.   

 
Safety  
 
No death, serious adverse events, or other significant adverse events were reported in the 
trial.  All treatment emergent events were considered mild in severity.    
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Results  
 
Co-administration of ABT-450/r/ABT-267 and ABT-333 with Raltegravir: 
  

• Increased the mean Cmax and AUC12 of RAL by 132 % and 135 %, respectively.  
• Cross trial comparison of the systemic exposures of DAAs suggest that RAL did 

not have a significant impact on the pharmacokinetics of the individual DAAs.  
 

Conclusion  
 
ABT-450/ritonavir/ABT-267 and ABT-333 and Raltegravir can be co-
administered without any dose adjustments.  
 
 

365
Reference ID: 3630826



  

Drug-Drug Interaction Trial with Emtricitabine and Tenofovir Disoproxil 
Fumarate 
Reviewer:  Vikram Arya, Ph.D., FCP 
 
M13-783   
 
Title 
 
A Phase 1, Open Label Study to Assess the Pharmacokinetics, Safety,  
and Tolerability of the Co-Administration of Emtricitabine (Emtriva®) 
and Tenofovir Disoproxil Fumarate (Viread®) with ABT-450 plus 
Ritonavir (ABT-450/r) and ABT-267 With and Without ABT-333 in 
Healthy Adult Subjects.  
 
Trial  Period 
 
July 13, 2012 to November 17, 2012     
Final report date: June 7, 2013       
 
Reviewer’s Note:  As the proposed labeling recommendations in NDA 
206619 are based on 3 DAAs (ABT-450/ritonavir/ABT-267 and ABT-
333), the results section in this review focuses only on the results 
observed with 3 DAAs. 
 
Trial  Objectives 
 
The objective of the trial were to: 

• Evaluate the pharmacokinetics, safety and tolerability of the combination of ABT-
450/r/ABT-267 with and without ABT-333 when co-administered with 
emtricitabine (FTC) and tenofovir disoproxil fumarate (TDF) at steady state in 
healthy subjects. 

• Evaluate the pharmacokinetics, safety and tolerability of emtricitabine and 
tenofovir disoproxil fumarate when co-administered with a combination of ABT-
450/r/ABT-267 with and without ABT-333 at steady state in healthy subjects. 
 

Trial Design 
 
Phase 1, single-center, randomized, multiple dose, sequential, non-fasting, open-label 
study.  Adult male and female subjects (N = 36) were selected to participate in the study.  
18 subjects in each of the arms 1 and 2 were randomly assigned in equal numbers (9 
subjects per cohort) to one of two treatment sequences as shown in table 1 below: 
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The study drugs were administered as shown in table 2 below. 
 

 
 
All doses of study drug were taken orally with approximately 240 mL of water 
approximately 30 minutes after starting a standardized breakfast for all morning doses 
and approximately 30 minutes after starting the evening snack for the evening doses of 
ABT-333. The meal content was identical on the intensive pharmacokinetic sampling 
days for subjects within each arm/cohort. Subjects received a standardized diet, providing 
approximately 40 % of the daily calories from fat and up to 45 % of daily calories from 
carbohydrates, for each meal during confinement. The total daily calories were 
approximately 1900 calories/day. Starting with lunch on Study Day –1 until after the 96-
hour blood collection on Study Day 25, the subjects consumed only the scheduled meals 
provided.    
 
Rationale for Conducting the Trial  
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4.7 % % 
ABT-333 M1 4.73-3220 4.73 12.2,208,2590 2.5 % to 

5.4 % 
-1.6 % to -
0.5 % 

FTC 20-4000 20 40,100, 300, 
800, and 3000 

2.9 % to 
3.59 % 

-0.6 % to 
2.8 % 

TDF 5-1000 5 10, 25, 75, 200 
and 750 

4.05 % to 
4.82 % 

-3.47 % to 
0.6 % 

 
 
Subject Disposition and Demographics  
 
Adult male and female subjects (N = 36) were enrolled in the study and 35 subjects (31 
males and 4 females) completed the study. 1 subject withdrew consent after receiving a 
single dose of FTC and TDF on day 1 of period 1 in cohort 2 of arm 2.  
 
Table 5 below shows the shows the demographic summary of all subjects enrolled in the 
trial. 
 

 
 
Pharmacokinetics 
 
ABT-450/ritonavir, ABT-267, ABT-333, FTC, TDF (Arm 1) 
 
ABT-450  
 
Table 6 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 1. 
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Ritonavir   
 
Table 7 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 1. 
 

 
 
ABT-267 (Arm 1) 
 
Table 8 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 1. 
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ABT-333 and ABT-333 M1 metabolite (Arm 1) 
 
Table 9 shows the mean ± SD pharmacokinetic parameters of ABT-333 in Arm 1. 

 

 
 
Table 10 shows the mean ± SD pharmacokinetic parameters of ABT-333 M1 metabolite 
in Arm 1. 
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Emtricitabine (Arm 1)  
 
Table 11 shows the mean ± SD pharmacokinetic parameters of ABT-333 M1 metabolite 
in Arm 1. 

 
 
Tenofovir (Arm 1)  
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Table 12 shows the mean ± SD pharmacokinetic parameters of ABT-333 M1 metabolite 
in Arm 1. 

 
 
 
Statistical Evaluation of the Pharmacokinetic Parameters 
 
Fig 8 shows the statistical comparison of the pharmacokinetic parameters of ABT-450, 
ritonavir, ABT-267, ABT-333, ABT-333 M1 metabolite FTC, and TDF in Arm 1. 
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Safety  
 
No deaths or other serious adverse events were reported in this study.   
 
Results  
 
Co-administration of ABT-450/r/ABT-267 and ABT-333 with FTC and TDF: 
  

• Decreased the mean Cmax and AUC24 of ABT-450 by 32 % and 16 %, 
respectively, and increased the C24 by 6 %. 

• Decreased the mean Cmax, AUC24, and C24 of ritonavir by 17 %, 5 %, and 3 %, 
respectively.  

• Decreased the mean Cmax, AUC24, and C24 of ABT-267 by 11 %, 1 %, and 3 %, 
respectively.  

• Decreased the mean Cmax, AUC12, and C12 of ABT-333 by 15 %, 15 %, and 15 
%, respectively.  

• Decreased the mean Cmax, AUC12, and C12 of ABT-333 M1 metabolite by 12 %, 
10 %, and 6 %, respectively.  

• Increase the mean Cmax, AUC24, and C24 of FTC by 5 %, 7 %, and 9 %, 
respectively.  

• Increase the mean Cmax, AUC24, and C24 of TDF by 7 %, 13 %, and 24 %, 
respectively.  
 

Conclusion  
 
ABT-450/ritonavir/ABT-267 and ABT-333 can be co-administered with 
emtricitabine/tenofovir without any dose adjustments.   
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Drug-Drug Interaction Trial with Escitalopram or Duloxetine  
Reviewer:  Seong Jang, Ph.D. 
 
 
A Phase 1, Open-Label Study to Assess the Pharmacokinetics, Safety and Tolerability of 
the Co-administration of Escitalopram or Duloxetine with Combination Therapy of ABT-
450, Ritonavir, ABT-267 (ABT-450/r/ABT-267) With and Without ABT-333 in Healthy 
Adult Volunteers (M12-204) 
 
Study period: 07 May 2013 to 30 September 2013 
 
Objectives: The objectives of the study were to determine the effect of steady-state ABT-
450/r/ABT-267 with and without ABT-333 on the pharmacokinetics, safety and tolerability of 
single dose escitalopram or duloxetine in healthy subjects. In addition, the effect of single dose 
escitalopram or duloxetine on the pharmacokinetics, safety and tolerability of steady-state ABT-
450/r/ABT-267 with and without ABT-333 was also examined. 
 
Reviewer’s comments: The effect of a single dose of escitalopram or duloxetine on the PK of 
ABT-450/r and ABT-333 and/or ABT-267 is not clinically meaningful because the PK of steady 
state escitalopram or duloxetine would not be similar to that of a single dose. The half-life of 
escitalopram is approximately 27-33 hours and the time to reach steady state is 7-10 days. The 
half-life of duloxetine is approximately 12 hours and the time to reach steady state is 2-3 days. 
Thus, the results of this study (i.e., the effect of a single dose of escitalopram or duloxetine on the 
PK of ABT-450/r and ABT-333 and/or ABT-267) are not informative to predict the clinically 
relevant effect of escitalopram or duloxetine on the PK of ABT-450/r and ABT-333 and/or ABT-
267 unless the PK of ABT-450/r and ABT-333 and/or ABT-267 were affected substantially due to 
the single dose of escitalopram or duloxetine so that it is obvious to recommend a 
contraindication of DAAs with escitalopram or duloxetine (this is not the case based on the 
sponsor’s study report). Thus, the effect of a single dose of escitalopram or duloxetine on the PK 
of ABT-450/r and ABT-333 and/or ABT-267 was not reviewed.  
 
Methodology:  
This Phase 1, single center, multiple-dose, open-label study was designed to evaluate the 
pharmacokinetics, safety and tolerability of 2- and 3-DAA regimens (ABT-450/r/ABT-267 and 
ABT450/r/ABT-267 + ABT-333) and escitalopram or duloxetine when given alone and in 
combination. The study consisted of two independent parts, Part I and Part II. Each part 
consisted of two treatment arms, Arm 1 and Arm 2. Adult male and female subjects (N = 48) in 
general good health were selected to participate in the study according to the selection criteria. 
 
Study drug was administered as follows: 
Regimen A Escitalopram 10 mg administered under non-fasting conditions as a single dose 

on Study Day 1 followed by a washout period for 6 days (Study Days 2 through 
6). 

Regimen B ABT-333 250 mg BID + ABT-450/r/ABT-267 150/100/25 mg QD administered 
under non-fasting conditions for 20 days (Study Days 7 through 26) with the 
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QD doses being administered in the morning. On Study Day 21, escitalopram 10 
mg was administered under non-fasting conditions as a single dose. 

Regimen C ABT-450/r/ABT-267 150/100/25 mg QD administered under non-fasting 
conditions for 20 days (Study Days 7 through 26). On Study Day 21, 
escitalopram 10 mg was administered under non-fasting conditions as a single 
dose. 

Regimen D Duloxetine 60 mg administered under non-fasting conditions as a single dose on 
Study Day 1 followed by a washout period for 6 days (Study Days 2 through 6). 

Regimen E ABT-333 250 mg BID + ABT-450/r/ABT-267 150/100/25 mg QD administered 
under non-fasting conditions for 16 days (Study Days 7 through 22) with the 
QD doses being administered in the morning. On Study Day 21, duloxetine 60 
mg was administered under non-fasting conditions as a single dose. 

Regimen F ABT-450/r/ABT-267 150/100/25 mg QD administered under non-fasting 
conditions for 16 days (Study Days 7 through 22). On Study Day 21, duloxetine 
60 mg was administered under non-fasting conditions as a single dose. 

 
Each dose of study drug was taken orally with approximately 240 mL of water approximately 
30 minutes after starting breakfast for all morning doses and approximately 30 minutes after the 
start of the evening snack for the evening dose of ABT-333 (if appropriate to the arm). On Study 
Day 21, the dose of escitalopram or duloxetine was administered in the morning at the same time 
as the DAAs. Upon completion of the study, each subject had received two regimens as 
described above (Regimen A and Regimen B or C, or Regimen D and Regimens E or F). A 
washout interval of 6 days separated the dose of Regimen A or D on Study Day 1 from the first 
dose of Regimens B or C in Part I or Regimens E or F in Part II on Study Day 7. 
 
Blood Samples for Escitalopram (Part I) 
Blood samples for plasma concentration measurement of escitalopram and its metabolite S-
desmethylcitalopram were collected by venipuncture on the following days: prior to dosing (0 
hour) and at 1, 2, 3, 4, 5, 6, 7, 9, 12, 16, 24 (Study Day 2), 36 (Study Day 2), 48 (Study Day 3), 
72 (Study Day 4), 96 (Study Day 5), 120 (Study Day 6), and 144 (Study Day 7) hours after 
morning dosing on Study Day 1, prior to dosing (0 hour) and at 1, 2, 3, 4, 5, 6, 7, 9, 12, 16, 24 
(Study Day 22), 36 (Study Day 22), 48 (Study Day 23), 72 (Study Day 24), 96 (Study Day 25), 
120 (Study Day 26), and 144 (Study Day 27) hours after morning dosing on Study Day 21. 
 
Blood Samples for Duloxetine (Part II) 
Blood samples for plasma concentration measurement of duloxetine were collected by 
venipuncture on the following days: prior to dosing (0 hour) and at 1, 2, 3, 4, 5, 6, 7, 9, 12, 16, 24 
(Study Day 2), 36 (Study Day 2), and 48 (Study Day 3) hours after morning dosing on Study 
Day 1, prior to dosing (0 hour) and at 1, 2, 3, 4, 5, 6, 7, 9, 12, 16, 24 (Study Day 22), 36 (Study 
Day 22), and 48 (Study Day 23) hours after morning dosing on Study Day 21, or upon subject 
discontinuation due to an adverse event. 
 
Analysis of Escitalopram and S-desmethylcitalopram Plasma Samples (Part I) 
Plasma concentrations of escitalopram and S-desmethylcitalopram were determined using a 
validated high performance LC-MS/MS method and automated extraction. The LLOQs for 
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escitalopram and S-desmethylcitalopram were established at 200 pg/mL and 50 pg/mL using a 
100 µL plasma sample. Samples quantified below the lowest standard were reported as zero. 
 
Analysis of Duloxetine Plasma Samples (Part II) 
Plasma concentrations of duloxetine were determined using a validated high performance LC-
MS/MS method and automated extraction. The LLOQ for duloxetine was established at 0.51 
ng/mL using a 100 µL plasma sample. Samples quantified below the lowest standard were 
reported as zero. 
 
Number of Subjects (Planned and Analyzed): 
Planned: 48; Entered: 48 (24 subjects each for Parts I and II); Completed: 46; 
Evaluated for Safety & Pharmacokinetics: 47 
For the 24 subjects who participated in Part I of the study, the mean age was 34.4 years (ranging 
from 21 to 55 years), the mean weight was 78.2 kg (ranging from 65 to 94 kg) and the mean 
height was 175 cm (ranging from 155 to 194 cm). 
For the 24 subjects who participated in Part II of the study, the mean age was 38.5 years (ranging 
from 23 to 55 years), the mean weight was 75.6 kg (ranging from 58 to 104 kg) and the mean 
height was 171 cm (ranging from 154 to 194 cm). 
 
Diagnosis and Main Criteria for Inclusion: 
Subjects were male and female volunteers between 18 and 55 years, inclusive. Subjects in the 
study were judged to be in general good health based on the results of medical history, physical 
examination, vital signs, laboratory profile, and 12-lead electrocardiogram (ECG). Females were 
either postmenopausal for at least 2 years or surgically sterile and were not pregnant. Males were 
either surgically sterile or practicing at least one of the acceptable methods of birth control. 
 
Test Product, Dose/Strength/Concentration, Mode of Administration and Lot Number: 
 

 
Investigational Products 

ABT-450/Ritonavir/ 
ABT-267 

 
ABT-333 

 
Escitalopram 

Cymbalta 
Duloxetine 

Mode of Administration Oral Oral Oral Oral 
Dosage Form Tablet Tablet Tablet Capsule 
Strength (mg) 75/50/12.5 mg 250 mg 10 mg 60 mg 
Manufacturer AbbVie AbbVie Mylan Eli Lilly 
Bulk Product Lot Number 12-008149 12-007842 13-002269 12-003824 
Potency   N/A N/A 
Finishing Lot Number 13-002231 13-002232 13-002233 13-002234 
Expiration Date     

N/A = Not available 
 
Duration of Treatment: 
Dosing for Part I, Arms 1 and 2, began on 29 May 2013 and ended on 23 June 2013. Dosing for 
Part II, Arms 1 and 2, began on 10 July 2013and ended on 31 July 2013. 
 
Criteria for Evaluation: 
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Pharmacokinetic: Values for the pharmacokinetic parameters of escitalopram, S-
desmethylcitalopram and duloxetine were estimated using noncompartmental methods. 
These included: the maximum observed plasma concentration (Cmax), the time to Cmax (peak time, 
Tmax), and the pre-dose trough plasma concentration [Ctrough (C12 or C24)], the area under the 
plasma concentration-time curve (AUC) from time 0 to the time of the last measurable 
concentration (AUCt), the AUC from time 0 to infinite time (AUC∞, AUCinf), the apparent 
terminal phase elimination rate constant (β), the terminal phase elimination half-life (t1/2) and the 
AUC from time 0 to 12 hours or 24 hours (AUC12 or AUC24).  
 
Safety Endpoints: The following safety evaluations were performed during the study: adverse 
event monitoring and vital signs, physical examination, ECG and laboratory tests assessments. 
 
Statistical Methods: 
Pharmacokinetic: To assess the effect of steady-state DAAs on a single dose of escitalopram or 
duloxetine, a repeated measures analysis was performed for the natural logarithms of the Cmax, 
AUC and AUC∞ values of escitalopram and its metabolite S-desmethylcitalopram (S-DCT), or 
duloxetine, utilizing data from Study Days 1 and 21. The model had day as a fixed effect and 
subject as a random effect. Additionally, the ratio of escitalopram and S-DCT or duloxetine Cmax, 
AUC and AUC∞ when administered with the DAAs to those when administered without the 
DAAs were estimated by taking the ratio of corresponding Study Day 21 versus Study Day 1 
values, obtained from the repeated measures analysis of the difference of mean logarithms. The 
90% confidence intervals were obtained for those ratio estimates by the exponentiation of the 
endpoints of confidence intervals for the difference of mean logarithms obtained within the 
framework of the repeated-analysis model. 
 
Safety: Adverse events were coded using the current version of the Medical Dictionary for 
Regulatory Activities (MedDRA). The number and percentage of subjects having treatment-
emergent adverse events (i.e., any event that begins or worsens in severity after initiation of 
randomized study drug) were tabulated by primary System Organ Class (SOC) and MedDRA 
Preferred Term with a breakdown by period within each arm. The tabulation of the number of 
subjects with treatment-emergent adverse events also was provided with further breakdowns by 
severity rating and relationship to study drug. Within each period, subjects reporting more than 
one adverse event for a given MedDRA Preferred Term was counted only once for that term 
using the most severe incident. Subjects reporting more than one type of event within a SOC 
were counted only once for that SOC. 
 
Laboratory test values and vital signs measurements that are very high or very low, according to 
predefined criteria, were identified. 
 
Results: 
Pharmacokinetics:  
Part 1: The effects of the combination of ABT-450/r/ABT-267 and ABT-333 (3 DAAs) on the 
pharmacokinetics of escitalopram and S-desmethylcitalopram administered as a single dose in 
healthy subjects are summarized in Table 1. There are no clinically substantial changes in the PK 
of escitalopram and S-desmethylcitalopram due to the 3-DAA co-administration. 
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Table 1. The effect ABT-450/r/ABT-267 and ABT-333 (3 DAAs) on the pharmacokinetics of 
escitalopram and S-desmethylcitalopram administered as a single dose in healthy subjects 

Escitalopram   Ratio of Central Values 

Pharmacokinetic Central Valuesa Point 90% Confidence 
Parameter D1b D21c Estimated Interval 
Cmax (ng/mL) 8.69 8.72 1.004 0.963 – 1.046 
AUCt (ng•h/mL) 263 219 0.831 0.758 – 0.912 
AUCinf (ng•h/mL) 282 246 0.873 0.799 – 0.954 
S-desmethylcitalopram     
Cmax (ng/mL) 1.30 1.50 1.150 1.095 – 1.208 
AUCt (ng•h/mL) 122 122 1.005 0.829 – 1.218 
AUCinf (ng•h/mL) 153 208 1.364 1.033 – 1.801 

a. Antilogarithm of the least squares means for logarithms. 
b. Day 1 (D1): Single dose of escitalopram 10 mg. 
c. Day 21 (D21): ABT-450/r/ABT-267 150/100/25 mg QD + ABT-333 250 mg BID + escitalopram 10 mg single dose. 
d. Antilogarithm of the difference of the least squares means for logarithms. 
 
The effects of the combination of ABT-450/r/ABT-267 (2 DAAs) on the pharmacokinetics of 
escitalopram and S-desmethylcitalopram administered as a single dose in healthy subjects are 
summarized in Table 2. There are no clinically substantial changes (<25%) in the PK of 
escitalopram and S-desmethylcitalopram due to the 2-DAA co-administration. 
 
Table 2. The effect ABT-450/r/ABT-267 (2 DAAs) on the pharmacokinetics of escitalopram and 
S-desmethylcitalopram administered as a single dose in healthy subjects 

Escitalopram   Ratio of Central Values 

Pharmacokinetic Central Valuesa Point 90% Confidence 
Parameter D1b D21c Estimated Interval 
Cmax (ng/mL) 9.68 8.86 0.915 0.849 – 0.987 
AUCt (ng•h/mL) 267 200 0.748 0.666 – 0.840 
AUCinf (ng•h/mL) 278 209 0.753 0.672 – 0.844 
S-desmethylcitalopram     
Cmax (ng/mL) 1.51 1.77 1.167 1.084 – 1.257 
AUCt (ng•h/mL) 133 146 1.099 1.048 – 1.152 
AUCinf (ng•h/mL) 157 167 1.065 1.005 – 1.129 

a. Antilogarithm of the least squares means for logarithms. 
b. Day 1 (D1): Single dose of escitalopram 10 mg. 
c. Day 21 (D21): ABT-450/r/ABT-267 150/100/25 mg QD + escitalopram 10 mg single dose. 
d. Antilogarithm of the difference of the least squares means for logarithms. 
 
Part 2: The effects of the combination of ABT-450/r/ABT-267 and ABT-333 (3 DAAs) on the 
pharmacokinetics of duloxetine administered as a single dose in healthy subjects are summarized 
in Table 3. There are no clinically substantial changes (<25%) in the PK of duloxetine due to the 
3-DAA co-administration. 
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Table 3. The effect ABT-450/r/ABT-267 and ABT-333 (3 DAAs) on the pharmacokinetics of 
duloxetine administered as a single dose in healthy subjects 

Duloxetine   Ratio of Central Values 

Pharmacokinetic Central Valuesa Point 90% Confidence 
Parameter D1b D21c Estimated Interval 
Cmax (ng/mL) 40 32 0.792 0.669 – 0.939 
AUCt (ng•h/mL) 617 468 0.758 0.681 – 0.843 
AUCinf (ng•h/mL) 659 491 0.745 0.670 – 0.829 

a. Antilogarithm of the least squares means for logarithms. 
b. Day 1 (D1): Single dose of duloxetine 60 mg. 
c. Day 21 (D21): ABT-450/r/ABT-267 150/100/25 mg QD  + ABT-333 250 mg BID + duloxetine 60 mg single dose. 
d. Antilogarithm of the difference of the least squares means for logarithms. 
 
The effects of the combination of ABT-450/r/ABT-267 (2 DAAs) on the pharmacokinetics of 
duloxetine administered as a single dose in healthy subjects are summarized in Table 4. There 
are no clinically substantial changes (<25%) in the PK of duloxetine due to the 2-DAA co-
administration. 
 
Table 4. The effect ABT-450/r/ABT-267 (2 DAAs) on the pharmacokinetics of duloxetine 
administered as a single dose in healthy subjects 

Duloxetine   Ratio of Central Values 

Pharmacokinetic Central Valuesa Point 90% Confidence 
Parameter D1b D21c Estimated Interval 
Cmax (ng/mL) 38 32 0.832 0.718 – 0.964 
AUCt (ng•h/mL) 599 487 0.813 0.722 – 0.916 
AUCinf (ng•h/mL) 648 519 0.800 0.711 – 0.901 

a. Antilogarithm of the least squares means for logarithms. 
b. Day 1 (D1): Single dose of duloxetine 60 mg. 
c. Day 21 (D21): ABT-450/r/ABT-267 150/100/25 mg QD + duloxetine 60 mg single dose. 
d. Antilogarithm of the difference of the least squares means for logarithms. 
 
Safety Results: 
The DAAs co-administered with escitalopram in Part I of this study were generally well tolerated 
by the subjects. Overall, up to 41.7% of subjects experienced at least one adverse event. All 
adverse events were mild in severity without causing study treatment changes with the 
exceptions of the following three events. One subject (8.3%) in Part I Arm 1 discontinued from 
the study drugs due to increased AST which was assessed by the investigator as mild in severity 
and having a reasonable possibility of being related to the DAAs, but no reasonable possibility of 
being related to escitalopram. One subject (8.3%) in Part I Arm 2 discontinued from the study 
due to lobar pneumonia which was assessed by the investigator as mild in severity and having no 
reasonable possibility of being related to escitalopram or the DAAs. The same subject also 
experienced a serious adverse event of bacterial prostatitis which was assessed as moderate in 
severity and having no reasonable possibility of being related to the study drugs. 
The DAAs co-administered with duloxetine in Part II of this study were generally well tolerated 
by the subjects. Overall, up to 66.7% of subjects experienced at least one adverse event. All 
adverse events were assessed as mild in severity. 
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No deaths were reported in this study. There were no clinically meaningful or significant trends 
noted among the potentially clinically significant laboratory values in either part of this study. 
No new safety signals or unexpected toxicities were observed when the DAAs were co-
administered with escitalopram or duloxetine. 
 
Conclusions:  
Part 1: Escitalopram  
Escitalopram Cmax and AUC values were not affected (< 20% change) when co-administered 
with the 3-DAA regimen at steady state; however, the S-desmethylcitalopram (S-DCT) AUCinf 
increased by 36% when co-administered with the 3-DAA regimen at steady state compared to 
that when escitalopram was administered alone. 
 
When escitalopram was co-administered with the 2-DAA regimen, escitalopram AUC decreased 
by 25%, although escitalopram Cmax and S-DCT exposures were not affected.  
 
S-DCT has 7-fold less activity than escitalopram, and therefore, no dose adjustment is needed for 
escitalopram when co-administered with ABT-450/r + ABT-267 with and without ABT-333. 
 
Part 1: Duloxetine  
After a single dose of duloxetine was co-administered with the 2-DAA regimen at steady state, 
the exposures of ABT-450, ritonavir and ABT-267 were not affected (< 20% difference) 
compared to that when the 2 DAAs were administered without duloxetine. 
 
Duloxetine exposures were 21% to 25% lower when co-dosed with the 3-DAA regimen at steady 
state, but were not affected (≤ 20% change) with the 2-DAA regimen at steady state. Decrease in 
duloxetine exposures by up to 30% does not require dose adjustment (based on decrease in 
duloxetine levels observed with CYP1A2 induction in smokers) and hence, no dose adjustment is 
needed for duloxetine when it is co-administered with either of the AbbVie DAA combination 
regimens. 
 
Safety: 
The DAA combinations co-administered with escitalopram or duloxetine in all the arms of this 
study were generally well tolerated by the subjects. No new safety signals or unexpected 
toxicities were observed when the DAAs were co-administered with escitalopram or duloxetine. 
 
Reviewer’s conclusion and labeling recommendation:  
Based on the results of this study, the sponsor proposed that no dose adjustments of duloxetine 
or escitalopram are required when co-administering with DAAs. We agreed that the sponsor’s 
labeling recommendation. However, the results of this study do not support that no dose 
adjustments of DAAs are needed when DAAs are co-administered with duloxetine or 
escitalopram because this study was not designed to evaluate the effects of steady-state 
duloxetine and escitalopram the on the PK of DAAs, which are not necessarily similar to the 
effects of a single dose of duloxetine and escitalopram the on the PK of DAAs. For example, in 
this study, a single dose of escitalopram increased the Cmax and AUC24 of ritonavir by 38% 
(15−66% of 90% CI) and 25% (7−46% of 90% CI), respectively, when it was co-administered 
with 2 DAAs. Similarly, a single dose of escitalopram increased the Cmax and AUC24 of ritonavir 
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ABT-267 was similar between the ABT-267/ABT-450/ritonavir co-formulated tablets and ABT-
267  tablets (co-administered with ABT-450  tablets and ritonavir SGC).       
 
Comparison of ABT-333 and ABT-333 M1 Pharmacokinetic Parameters Across Various  
Formulations and Trials 
 
Table 6 shows the comparison of the mean steady state pharmacokinetic parameters of ABT-333 
400 mg (Phase 2 formulation) and 250 mg (Phase 3 formulation) tablets following multiple 
dosing of the 3-DAA combination regimen. 

 

Table 7 shows the comparison of the mean steady state pharmacokinetic parameters of ABT-
333-M1 for the ABT-333 400 mg and 250 mg tablet formulations following multiple dosing of 
the 3-DAA combination regimen  

 

Overall, the mean steady state systemic exposures of ABT-333 and ABT-333 M1 were similar 
across various ABT-333 formulations and trials. 
 

 

 

388
Reference ID: 3630826

(b) (4) (b) (4)



 

 

Extrapolations of Clinical Recommendations: 

As 11 trials were conducted using the  tablets (table 1), the applicant conducted two analysis 
to determine if the clinical recommendations based on data collected in DDI trials using the 
ABT-450  tablets can be applied to the ABT-267/ABT-450/ritonavir coformulated tablets.  
Based on the results of the drug-drug interaction trials, the 3-DAA regimen will be 
contraindicated with gemfibrozil and atripla and the prescribing information will recommend 
against co-administration with lopinavir/ritonavir twice daily and darunavir (once daily and 
twice daily). Therefore, this review will focus on the applicant’s proposed extrapolation 
approach for the remaining medications.   The applicant proposed two different approaches to 
“bridge” the drug-drug interaction data: a “mechanism based/semi quantitative” approach and a 
“quantitative” approach. 
 

Mechanism Based/Semi Quantitative Approach 

The mechanism based approach to bridge the drug interaction data from the ABT-450  
formulation to the Phase 3 co-formulated tablet is based on the evaluation of the mechanism of 
the drug-drug interaction between the DAA regimens and the co-administered drugs, based on 
the in vitro drug interaction data with drug transporters and drug metabolizing enzymes.  Based 
on in vitro data, if ABT-450 is not likely to affect the disposition of the co-administered drug, the 
results from a drug-drug interaction study conducted with ABT-450  tablets can be applied 
to the Phase 3 co-formulated tablets.  The tables below describe the rationale provided by the 
applicant.  
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Raltegravir: 

 

Emtricitabine/Tenofovir: 
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Warfarin: 

 

Overall, the mechanism based/semi quantitative approach suggested that raltegravir, pravastatin 
rosuvastatin, and darunavir (not discussed in the review) may need further quantitative 
assessment. 
 
Quantitative Approach  
 
Data from all the drug-drug interaction studies (except gemfibrozil and Atripla because both 
drugs will be contraindicated with the 3-DAA regimen) were used in the quantitative analysis.  
The table below shows the list of DDI studies along with the different arms dosed to evaluate the 
DDIs between different 2-DAAs (ABT-450/r +ABT-267 or ABT-450/r + ABT-333) and 3-DAA 
(ABT-450/r +ABT-267+ABT-333).   
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Two different analyses were used to bridge the DDI data using the Phase 2  tablet of ABT-
450 with the Phase 3 co-formulated tablet. The response variable for these analyses was the 
magnitude of interaction, calculated as the ratio of the AUC of the co-administered drug with and 
without co-administration of the DAA regimens. This ratio was calculated for each individual 
subject. The AUC of the co-administered drugs used in the analyses were either AUCτ, the AUC 
in a dosing interval at steady state for trials which evaluated the effect of steady-state dosing of 
DAAs on steady-state exposures of co-administered drugs, or AUC∞, for trials evaluating the 
effect of steady-state dosing of DAAs on a single dose of co-administered drugs. The predictor 
variable for these analyses was ABT-450 AUCτ, the AUC in a dosing interval at steady state. 
 
Analysis # 1: 
 
A regression analysis was conducted using the extent of interaction, the ratio of AUC of the co-
administered drug with and without DAAs as the response variable and ABT-450 AUC as the 
predictor. The regression analysis was conducted separately for each study and within each 
study, two separate analyses were conducted, one analysis using the data only from the 3 -DAA 
regimen of ABT-450/r + ABT-267 + ABT-333 and a second analysis using the combined data 
from both the 3-DAA regimen and the 2-DAA regimens (ABT-450/r + ABT-267 or ABT-450/r 
+ ABT-333). For each of these analyses, the regression coefficients were used to estimate the 
response variable (the ratio of the co-administered drug AUC with and without DAAs) at the 
geometric mean of ABT-450 AUC as well as at the ABT-450 AUC 60% higher than the 
geometric mean values. The response variable represents the expected ratio of the co-
administered drug AUC at ABT-450 exposures similar to the exposures expected with the Phase 
3 formulation.  
 
The table below shows the estimated effect on co-administered drug AUC at the geometric mean 
ABT-450 AUC and ABT-450 AUC 60 % higher than Geometric Mean Values. 
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As shown in the table above, a 60 % increase in ABT-450 AUC relative to the  formulation 
predicted up to 20 % increase in the effect of the 2-DAA and 3-DAA regimens for all studies 
except for raltegravir for which a 35 % higher AUC was predicted.   
 
Analysis # 2: 
 
Subjects with steady state ABT-450 AUC values higher than the expected ABT-450 AUC for the 
Phase 3 formulation were identified. The magnitude of interaction (ratio of the co-administered 
drug AUC with and without DAAs) for these subjects was determined and compared to the mean 
observed magnitude of interaction across all subjects in the study. 
 
The table below shows the estimated effect on co-administered drug AUC among subjects with 
ABT-450 AUC greater than the expected ABT-450 AUC for the Phase 3 formulation.  
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Subjects who have ABT-450 AUC higher than the expected ABT-450 AUC for the Phase 3 
formulation in both the 2-DAA and 3-DAA regimens, showed only up to about 20% increase in 
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the DDI effect (evaluated by the ratio of co-administered drugs AUC with and without DAA 
regimens) except for the DDI studies of raltegravir), tacrolimus and rosuvastatin.  
 
Summary: 
 
Overall, based the mechanism based semi quantitative approach and the quantitative approach,  
four medications (raltegravir, tacrolimus, pravastatin, rosuvastatin) were identified where 60 % 
higher ABT-450 AUC may lead to further increase in the systemic exposure of the co-
administered drug.   
 
Raltegravir:  The results of the DDI trial (M13-392; conducted with the  tablets) showed 
that the mean Cmax and AUC of raltegravir increased by 132 % and 135 %, respectively when 
raltegravir was co-administered with the 3-DAA regimen. The  approved prescribing information 
of raltegravir indicates that the mean Cmax and AUC12 of raltegravir was increased by 315 % and 
212 %, respectively when raltegravir was co-administered with omeprazole as compared with 
when raltegravir was administered alone. The approved prescribing information does not 
recommend any dose adjustments when raltegravir is co-administered with omeprazole.  
Therefore, the predicted increase in raltegravir exposures is not expected to alter the proposed 
clinical recommendation based on the results of the DDI trial conducted using ABT-450  
tablets.    
 
Tacrolimus:  The final clinical recommendation for tacrolimus will be based on the results of the 
drug-drug interaction trial and the results of the clinical study M12-199 (conducted using the 
Phase 3 co-formulated tablet formulation in adult liver transplant recipients).  Hence, any 
implications of anticipated increase in tacrolimus exposures observed after co-administration 
with the 3-DAA regimen (using the co-formulated tablets) will be addressed by the findings of 
trial M12-199.  Further, tacrolimus trough levels are routinely monitored through therapeutic 
drug monitoring, hence dose adjustments of tacrolimus is expected to take into account the 
anticipated increase in tacrolimus exposures when tacrolimus is combined with the 3-DAA 
regimen.      
 
Pravastatin and Rosuvastatin:  The effect of predicted increase in pravastatin and rosuvastatin 
exposures based on the quantitative analysis is expected to be addressed by the proposed clinical 
recommendation (when co-administered with the 3-DAA regimen, the dose of pravastatin and 
rosuvastatin should not exceed 40 mg per day and 10 mg per day, respectively).  
 
Conclusion: 
 
Overall, the applicant’s proposal of extrapolating the clinical recommendations based on drug-
drug interaction trials conducted with ABT-450  tablets to ABT-267/ABT-450/ritonavir co-
formulated tablets is acceptable.  The final clinical recommendation for each “3-DAA regimen-
co-administered drug” combination will be based on the results of the drug-drug interaction trial 
and the exposure-response information of individual components of the DAA regimen and the 
co-administered drug.      
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Prediction of Enzymes and Transporter Based Drug-Drug Interactions  
Reviewer:  Vikram Arya, Ph.D., FCP 
 

Prediction of Enzymes- and Transporter Based Drug-Drug Interactions Based on In Vitro 
Data and Mechanistic Analysis  

Summary: 

Based on in vitro assessments:  

• All compounds in the 3-DAA regimen are substrates of CYP3A; however, the extent of 
CYP3A contribution to the elimination of the 3-DAAs varies.   

• CYP2C8 plays a major role in the metabolism of ABT-333. 
• ABT-450, ABT-267, ABT-333, and ABT-333 M1 have low potential for inhibiting CYP 

enzymes.  Of note, ritonavir is always co-administered as part of the 3-DAA regimen and 
hence, is expected to mediate majority of the CYP/UGT mediated DDIs 

• All compounds in the 3-DAA regimen and ritonavir are inhibitors of UGT1A1. 
• ABT-450, ABT-333, ABT-333 M1 and ABT-267 are substrates for the efflux 

transporters P-gp and BCRP.  Ritonavir is a substrate of P-gp but not BCRP. 
• ABT-450, ABT-333, and ritonavir are inhibitors of P-gp and BCRP.   
• ABT-450, ABT-333, and ABT-333 M1 are inhibitors of MRP2.  ABT-267 and ritonavir 

are weak inhibitors of MRP2.  
• ABT-450 and ritonavir are inhibitors of BSEP. Weak inhibition of BSEP was observed 

for ABT-267, ABT-333, and ABT-333 M1.     
• ABT-450 and ABT-333 M1 are substrates for the hepatic uptake transporters OATP1B1 

and OATP1B3.  No OATP-mediated uptake was observed for ABT-333, ABT-267 or 
ritonavir.   

• Only ABT-450 is anticipated to inhibit OATP1B1 and OATP1B3. 
• None of the compounds in the DAA regimen is anticipated to inhibit renal transporters 

OAT1, OAT3, OCT2, MATE1 and MATE2K. 
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ABT-450, ABT-267, and ABT-333 as Substrates of Various CYP Enzymes  

CYP3A 

Based on the in vitro studies with recombinant CYPs, all compounds in the 3-DAA regimen are 
substrates of CYP3A, however, the extent of CYP3A contribution to the elimination of the 3-
DAAs varies.  For example, CYP3A plays a major role in the metabolism of ABT-450, whereas 
the contribution of CYP3A in the metabolism of ABT-267 and ABT-333 is minor.   
 
The contribution of CYP3A to the elimination of ABT-450 was confirmed in a clinical trial 
(M10-749) which showed that the mean Cmax and AUC of ABT-450 at the 300/100 mg ABT-
450/ritonavir dose  increased by 28- and 48-fold, respectively as compared to administration of 
300 mg ABT-450 alone. The minor contribution of CYP enzymes in the elimination of ABT-333 
was confirmed in a drug-drug interaction trial with ketoconazole (M12-189) which showed ~40 
% increase in the systemic exposure of ABT-333 when the 3-DAA regimen was administered 
with ketoconazole, a potent CYP3A inhibitor.  The results of the drug-drug interaction trial with 
carbamazepine showed a decrease in the systemic exposures of ABT-450, ABT-267, and ABT-
333 by 70 %, 31 %, and 70 %, respectively, suggesting that CYP3A plays a role (albeit to a 
different extent) in the metabolism of ABT-450, ABT-267, and ABT-333.          
 

CYP2C8 

CYP2C8 plays a major role in the metabolism of ABT-333 and a minor role in the metabolism of 
ABT-450 and ABT-267.  The contribution of CYP2C8 to the metabolism of ABT-333 was 
confirmed in a drug-drug interaction trial with gemfibrozil (M12-196); the results of the trial 
showed that the mean Cmax and AUC of ABT-333 increased by 101 % and 1025 %, 
respectively, when the ABT-450/r and ABT-333 was co-administered with gemfibrozil. 
 

ABT-450, ritonavir, ABT-267, ABT-333, ABT-333 M1 as Substrates of Various Transporters  

P-glycoprotein transporters 

Transporter mediated bi-directional efflux was evaluated in an MDCK cell line overexpressing 
P-gp or BCRP.  Efflux in the overexpressed cells was normalized to by efflux observed in the 
wild-type cells.  
 
Table 1 shows the summary of the in vitro substrate interactions  and the efflux ratios (ER). 
 

 
ABT-450, ABT-333 and ABT-333 M1 are substrates for P-gp and BCRP; ritonavir is a substrate 
for P-gp only.   No in vitro efflux by P-gp or BCRP was observed for ABT-267, however, in the 
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more sensitive triple knockout mouse model, ABT-267 was shown to be a substrate for P-gp and 
BCRP.   
 

Reviewer’s Note:    

The superscripts used in the table above and other tables in this summary indicate the references 
provided by the applicant in the original reports.   

OATP transporters 

Table 2 shows the kinetic parameters of in vitro OATP substrate interactions  

 

ABT-450 and M1 are substrates of OATP1B1 and OATP1B3. The data from drug-drug 
interaction trials with OATP inhibitors such as cyclosporine and atazanavir suggested that ABT-
450 is more sensitive to OATP inhibition as compared with ABT-333 M1.  The results of the 
drug-drug interaction trial with atazanavir (M13-394; Arm 1) showed that the mean systemic 
exposure of ABT-450 increased by 93 % whereas; there was an 11 % decrease in the mean 
systemic exposure of ABT-333 M1.  
 
Renal Transporters 

The primary route of elimination of ABT-450, ritonavir, ABT-267, ABT-333, and ABT-333 M1 
is biliary excretion and the available data from clinical trials suggest minor renal elimination.  
Hence, the applicant did not conduct any specific renal transporter substrate studies.  
 

 ABT-450, ritonavir, ABT-267, ABT-333, ABT-333 M1 as Inhibitors of Various Enzymes   

The potential for drug-drug interactions of the 3-DAA regimens mediated via CYP enzymes was 
predicted using the following mechanistic static model for reversible inhibition: 

 

The following assumptions were made for the predictions: 
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CYP2D6 - 4.26 - 0.09 - 
CYP3A4 - 800 - - - 
UGT1A1 1.06 2.61 0.13 4.53 0.39 

 
The model parameters and the R-values based on the mechanistic static model are shown in table 
6 below. 
 

 
For all the compounds evaluated (except ritonavir), the R values suggested a low potential for 
CYP inhibition.  Based on in vitro assessments, ritonavir is an inhibitor of CYP2B6, CYP2C9, 
CYP2C19, CYP2D6, and CYP3A4. The highest R value of 13.9 is for CYP3A4, which is 
consistent with the potent inhibition of CYP3A4 by ritonavir.  All compounds in the DAA 
regimen, including ABT-333 M1 metabolite, inhibited UGT1A1 with different potencies.  Based 
on rank ordering of the R values, ABT-333 has a relatively higher potential (R= 1.16) to show 
interaction with UGT1A1 substrates as compared with other DAAs and ritonavir. It should be 
noted that ritonavir is always co-administered as part of the 3-DAA regimen and hence, is 
expected to be mechanistically responsible for the majority of the CYP/UGT mediated DDIs.    
 
ABT-450 shows minor CYP3A induction in vitro (31 % of the response of positive control 
rifampin in human hepatocytes from three donors); however, due to presence of ritonavir, the 3-
DAA regimen is anticipated to show a net inhibitory effect on CYP enzymes.  ABT-450 is not an 
inducer of CYP1A2 and CYP2B6 mRNA expression when tested up to 10 µM in cultured human 
hepatocytes from multiple donors.   ABT-267 and ABT-333 do not induce CYP1A2, CYP2B6, 
and CYP3A4 in vitro and are not expected to alter the systemic exposures of CYP3A substrates 
via CYP induction.    
 
ABT-450, ritonavir, ABT-267, ABT-333, ABT-333 M1 as Inhibitors of Various Transporters   

Efflux Transporters (P-gp and BCRP) 
 
The compounds in the 3-DAA regimen were characterized for their interactions with the major 
drug efflux transporters, P-gp (P-glycoprotein) and BCRP (Breast Cancer Resistance Protein). In 
addition, inhibition of BSEP (Bile Salt Export Pump) and MRP2 (Multi-drug Resistance Protein 
2) was also explored. 
 
Table 7 shows the summary of the inhibition parameters. 
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Based on the anticipated clinical Cmax and the inhibition parameters, the potential for drug 
interactions due to inhibition of P-gp and BCRP was predicted.  Table 8 shows the P-gp and 
BCRP inhibition predictions. 
 

 
 
Inhibition of intestinal efflux may be possible based on the theoretical concentrations (Dose/250 
mL) of ABT-450, ritonavir and ABT-333 in the GI tract; [I2]/IC50 values >10 or IC50 values 
≤0.1*dose/250 mL (substituting IC50  for Ki). Inhibition of P-gp/MDR1 by ABT-333 or ritonavir, 
or BCRP by ABT-450 or ABT-333 at other tissue sites may be possible; [I1]/IC50 values >0.1.  
ABT-450, ABT-333, and ABT-333 M1 are inhibitors of MRP2.  ABT-267 and ritonavir are 
weak inhibitors of MRP2 (less than 30 % inhibition at 100 µM and IC50 > 100 µM, respectively).  
ABT-450 and ritonavir are also inhibitors of BSEP with IC50 values of 1.5 µM and 0.1 µM, 
respectively.  Weak inhibition of BSEP (IC50 > 30 µM) was observed for ABT-267, ABT-333, 
and ABT-333 M1.     
 
Hepatic Uptake Transporters (OATP and OCT1) 
 
The hepatic uptake transporter inhibition was explored by evaluating the effect of each DAA on 
the transport of known probe substrates in HEK cells over expressing the uptake transporters of 
interest.   
 
Table 9 shows the summary of the in vitro hepatic inhibition predictions. 
 

404
Reference ID: 3630826



 

 

 
Table 10 shows the summary of the OATP inhibition predictions. 
 

 
Predictions are consistent with the clinical finding of increased plasma exposure of the OATP 
substrates, rosuvastatin and pravastatin when co-dosed with the 3-DAA regimen and may also 
explain the clinical observations of elevations in indirect bilirubin due to ABT-450 mediated 
inhibition of OATP transporters.   
 
Inhibition of Renal Transporters 
 
The interactions of the compounds in the DAA regimen was evaluated with renal transporters, 
Organic Anion Transporter (OAT) 1 and 3, Organic Cation Transporter (OCT2), Multi Drug and 
Toxin Extrusion Transporter (MATE) 1 and 2K. 
 
 
Table 11 shows the summary of the in vitro renal inhibition parameters. 
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Table 12 shows the summary of the inhibition predictions for the various renal transporters. 
 

 
 
Based on the predictions, none of the compounds in the DAA regimen is anticipated to inhibit 
the renal transporters OAT1, OAT3, and OCT2.  Further, none of the compounds in the DAA 
regimen are predicted to inhibit MATE 1 and MATE2K; (Cmax,u/IC50 values<0.1).      
 
Table 13 shows the summary of drug-drug interaction trials which evaluated DAAs as substrates 
of various enzymes and/or transporters 
 

 

In addition to the information shown in the table above, the effect of CYP1A2 using duloxetine 
as a substrate and CYP2B6 inhibition using methadone as a substrate was also evaluated.   
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1 SUMMARY OF FINDINGS 

1.1 Key Review Questions 

The purpose of this review is to address the following key questions:  
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2 PERTINENT REGULATORY BACKGROUND 

VIEKIRA PAK™, a combination of Ombitasvir (ABT-267)/Paritaprevir (ABT-450)/ritonavir 
co-formulated tablets and Dasabuvir (ABT-333) tablets (3-DAA regimen), is currently being 
developed by Abbvie Inc. for the treatment of HCV genotype 1 infections. ABT-267 is a non-
structural protein 5A [NS5A] inhibitor, ABT-450 is a NS3/4A protease inhibitor, and ABT-333 
is a NS5B polymerase inhibitor.  The previously FDA approved therapies for this indication are 
pegylated interferon (pegIFN) and ribavirin (RBV) co-administered with one of the direct-
acting antivirals (DAAs)- telaprevir, boceprevir, sofosbuvir or simeprevir. Table 1 shows the 
comparative performance of these previously approved therapies. 

Table 1: Efficacy (Sustained virologic response rates 24 Weeks after stopping 
Treatment) in subjects with HCV GT1 in Pivotal Studies of Approved Therapies  

 
Source: Sponsor’s Clinical Overview Report, Table 1, Page 5 

The clinical development program for the 3-DAA regimen submitted data from 6 pivotal Phase 
3 studies and 2 key Phase 2 studies in HCV GT1-infected adult subjects (Table 2). This 
regimen was administered with or without ribavirin (RBV) at the proposed doses or higher—
ABT-450 150 mg once daily (QD), ritonavir 100 mg QD, ABT-267 25 mg QD, and ABT-333 
250 mg twice daily (BID).  
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Table 2: Overview of pivotal and key phase 2/3 studies 

 
Source: Sponsor’s Clinical Overview Report, Table 2, Page 9 

Adverse events (AEs) of clinical interest for Viekira PAK included drug-induced rash, ALT 
elevations, Bilirubin elevation and decreases in Hemoglobin levels (anemia).  

All phase 2/3 clinical studies mentioned in Table 2 for the Viekira PAK program are included 
in the PK/PD assessments. The sponsor provided pharmacometric reports for population PK 
models and exposure-response analyses results for efficacy and safety parameters in early phase 
and pivotal trials. 
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3 RESULTS OF SPONSOR’S ANALYSIS AND REVIEWER’S COMMENTS 

3.1 Dose Selection 
The sponsor conducted dose-ranging studies with each DAA as monotherapy and in 
combination with pegIFN + RBV. But, dose-ranging evaluation for pegIFN-free regimens 
involving different DAA combinations were conducted only with ABT-450 doses, with 
constant dose of ABT-333 (250 mg BID) and ABT-267 (25 mg QD). This strategy was based 
on the greater potency of ABT -450 in decreasing the viral load following monotherapy in 
treatment-naïve HCV-infected subjects as shown in Table 3 (Studies M11-602, M12-116 and 
M13-386). The rationale for the final dose selection for pivotal trials is based on efficacy-safety 
balance as shown in Figure 1. 

Table 3: Anti-Viral Efficacy of DAAs as Monotherapy and with Peg-IFN+RBV 

 
Source: Sponsor’s Dose and Duration Report R&D/14/0150, Table 3, Page 12 
 

 
Figure 1: DAA dose selection rationale  
Source: Sponsor’s Clinical Overview Report, Figure 1, Page 34 
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• Exposures obtained with the ABT-333 400 mg dose (Phase 2 formulation) showed 
maximal response following monotherapy for 2 to 3 days, with no improvement in 
antiviral activity seen at higher doses. 

• Exposures associated with the ABT-333 250 mg dose (Phase 3 formulation, 
bioequivalent exposures to the 400 mg Phase 2 formulation) when combined with the 
other DAAs gave very high SVR rates in Phase 2 and Phase 3 studies. 

• Doses higher than 400 mg BID (800 to 1600 mg BID, Phase 2 formulation) are not 
expected to improve the resistance profile to polymerase variants. 

• ABT-333 doses greater than 400 mg (Phase 2 formulation) were associated with greater 
mean hemoglobin decrease over 12 weeks of treatment with pegIFN and RBV and have 
a greater potential to prolong QTc.  

Source: Sponsor’s Clinical Overview Report, Page 35-36 
 

ABT-267 dose: 

The selection of ABT-267 25 mg dose for Phase 3 studies was based on efficacy, resistance, 
and drug-interaction data: 

• The ABT-267 25 mg dose showed maximal viral load decline following monotherapy 
for 2 to 3 days. When doses lower than 25 mg were administered as monotherapy, 
rebound between dose administrations was observed. Doses greater than 25 mg did not 
demonstrate a greater reduction in viral load. 

• The ABT-267 25 mg dose when combined with the other DAAs gave very high SVR 
rates in Phase 2 and Phase 3 studies. 

• ABT-267 doses significantly greater than 25 mg would be needed to improve the 
resistance profile. 

• The ABT-267 200 mg dose decreased ABT-450 exposures by ~80%. As ABT-450 is 
the most potent DAA in the combination regimens, the increase in ABT-267 exposure at 
the expense of ABT-450 exposures is undesirable.  

Source: Sponsor’s Clinical Overview Report, Page 36 

Ribavirin dose: 

The daily dose of RBV is 1,000 mg or 1,200 mg, divided BID, based on subject weight. This 
dose is approved for treatment of adult patients with chronic HCV infection in combination 
with pegIFN by itself and pegIFN with DAAs. The same dose is selected for use with the 3-
DAA regimen because its safety profile has been well characterized when administered with 
pegIFN, including the incidence of hemolytic anemia, and there are well-defined dose 
modification criteria in the event of RBV-induced anemia. In addition, this dose was studied in 
the absence of pegIFN in Phase 2 and Phase 3 studies in the combination DAA regimen and 
was found to be generally safe and well tolerated and resulted in high SVR rates. 
Source: Sponsor’s Clinical Overview Report, Page 36-37 
 
Reviewer’s comments: The dose selection for pivotal trials seems reasonable.  

• In the pivotal phase 3 trials in GT1b infected patients, the % SVR12 were high both in 
presence or absence of RBV with the 3-DAA regimen and the virological failures were too 
low to judge whether RBV provided any additional value. Thus 3-DAA regimen without 
RBV was proposed to be suitable for this population. 
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 the data from this phase 3 study 
(M13-099) showed that 3-DAA+RBV 24 week regimen had fewer relapses as compared to 
3-DAA+RBV 12 week regimen in treatment naïve as well as treatment experienced GT1a 
infected population as shown in Table 5. Longer treatment durations are generally 
associated with reduction in treatment failures caused by relapse. Thus, upon review, the 
longer duration regimen of 3-DAA+RBV for 24 weeks is recommended for the entire cohort 
of GT1a-infected cirrhotic population. 

Table 5: SVR12 And Virological Failure due to Relapse in GT1a-infected Patients with 
Cirrhosis 
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3.2 Population Pharmacokinetic Analysis 

A brief synopsis of sponsor’s population pharmacokinetic (PPK) analyses for all constituents of 
the 3-DAA (ABT-450/ritonavir, ABT-267, ABT-33) ± RBV regimen is given below (source: 
excerpted from Sponsor’s Population Pharmacokinetics Report R&D/14/0047):  
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Final parameter estimates from the final population PK models for ABT-450, ABT-267, ABT-
33, ritonavir and RBV are summarized in Table 6.  

Table 6: Pharmacokinetic Parameter Estimates and Variability Estimates of the Final 
POP-PK Models 

 

ABT-450 
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ABT-267 

 

 

ABT-333 
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Ritonavir 

 

 

RBV 
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Source: Sponsor’s Population PK Study Report, Table 10, Table 13, Table 16, Table 19, and 
Table 22 
 

The goodness of fit (Observed vs individual predicted concentrations etc.) plots are provided in 
Figure 2. 

Reference ID: 3630826



  Page 17 of 27 

Figure 2: Goodness-of-Fit Diagnostic Plots for the Final Pop-PK Models  
ABT-450 

  

  
 

ABT-267 
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ABT-333 

  

  
 

Ritonavir 
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RBV 
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Source: Sponsor’s Population PK Study Report, Figure 14.7__1.1, Figure 14.7__2.1, Figure 
14.7__3.1, Figure 14.7__4.1, and Figure 14.7__5.1  
 
Reviewer’s comments: The sponsor’s Pop-PK model provides reasonable description of drug 
concentrations for individual predictions (observed vs. individual predicted concentrations). Of 
note, separate Pop-PK models were developed for each of the drugs in the regimen. Visual 
inspection shows that the model reasonably predicts individual data over a range of 
concentrations with some under-prediction at higher observed concentrations for a limited 
number of observations for ABT-450, ABT-267, ABT-333 and ritonavir. As the exposure-
response analyses focused on Ctrough or AUC values, the under prediction of Cmax does not 
impact the subsequent analyses.   
 

3.3 Exposure-Response Analysis 

Brief synopses of sponsor’s exposure-response (E-R) analyses for efficacy and safety with 
exposures to different constituents of the 3-DAA (ABT-450/ritonavir, ABT-267, ABT-33) ± 
RBV regimen are given below (source: excerpted from Sponsor’s Exposure-Viral Load 
Response (SVR12) Relationship Report R&D/14/0049 and Exposure-Safety Response 
Relationship Report R&D/14/0048):  

Exposure-Efficacy analyses: 
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Exposure-Safety analyses: 
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Reviewer’s comments: 
• The results of reviewer’s analysis of E-R relationship for efficacy are described in section 

2.2.4.1 of the Clinical Pharmacology Question Based Review (QBR).  

• Sponsor’s analyses of E-R relationship for safety based on multiple logistic regression 
analyses were verified and are described in section 2.2.4.2 of the Clinical Pharmacology 
Question Based Review (QBR). Predicted safety risk (incidences) corresponding to 2-fold 
changes in exposure of ABT-450 and ABT-267 based on these models by the sponsor were 
verified and additional predictions of incidence of decrease in hemoglobin level with 
change in ABT-450 exposure were made (a 2-fold increase from mean in ABT-450 exposure 
is predicted to increase incidence of ≥ Grade 2 hemoglobin decrease events from 5.21% to 
~6.9%).  

• Overall, from the E-R relationships for safety and efficacy, a change in exposure within the 
window of 0.5- to 2.0-fold from the population mean exposures for ABT-450, ABT-267 or 
ABT-333 are not anticipated to alter the benefit/risk profile to an extent which would 
necessitate any dosing changes.  
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4 LISTING OF ANALYSES DATASETS, CODES AND OUTPUT FILES 

Table 7:   Analysis Data Sets 

Study 
Number/Context 

Name  Link to EDR 

Integrated Summary 
of Efficacy 

Adeffp3.xpt \\cdsesub1\evsprod\NDA206619\0003\m5\datasets\rd13443\analy
sis\legacy\datasets\adeffp3 xpt 

E-R analysis for 
efficacy 

Svrpkcsv xpt \\cdsesub1\evsprod\NDA206619\0003\m5\datasets\rd140049\anal
ysis\legacy\datasets\svrpkcsv xpt 

E-R analysis for 
safety 

p3safety xpt \\cdsesub1\evsprod\NDA206619\0003\m5\datasets\rd140048\anal
ysis\legacy\datasets\p3safety.xpt 

   

 

Table 8:   Codes and Output Files 

Description File Name\Location in \\cdsnas\pharmacometrics\ 
Reviews\Ongoing PM Reviews\ 
Ombitasvir_ABT450_r_Dasabuvir_NDA206619_DDM\
ER_Analyses\codes\ 

E-R analysis for efficacy ER_SVR12_P2P3.sas 

Virological Failure analysis VF_GT1a_naive.sas 

E-R analysis for safety ER_Safety.sas 

PK in Cirrhotic vs Non-Cirrhotic patients Cirrhosis_PK.sas 

Efficacy in Cirrhotic patients cirrhotic_efficacy_M13099.sas 

PK comparison for methadone use, gender, 
bodyweight etc. 

Methadone_PK.sas 
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Office of Clinical Pharmacology 
New Drug Application Filing and Review Form 

 
General information about the submission 

NDA/BLA Number 206619 

OCP Division DCP4 

Medical Division Division of Antiviral Products (DAVP) 

OCP Reviewer Vikram Arya, Ph.D., FCP 

OCP Team Leader Islam Younis, Ph.D. 

Pharmacometrics Reviewer Dhananjay Marathe, Ph.D. 

Pharmacometrics Secondary Reviewer Jeffry Florian, Ph.D. 

Pharmacogenomics Reviewer Not Applicable  

Pharmacogenomics Secondary Reviewer Not Applicable 

Date of Submission April 21, 2014 

OCP Review Estimated Due Date August 22, 2014 

Medical Division Due Date September 21, 2014 

PDUFA Due Date December 21, 2014 

Relevant IND Number 103526 (ABT-450), 108434 (ABT-267), 101636 (ABT-
333). 

  

General information about the drug/biologic 

Brand Name Viekira Pak  

Generic Name Dasabuvir (ABT-333) , Norvir (Ritonavir) Veruprevir 
(ABT-450), and Ombitasvir (ABT-267) 

Drug Class NS3A Protease Inhibitor (ABT-450), HIV-1 Protease 
Inhibitor (Ritonavir), NS5A Inhibitor (ABT-267), NS5B 
Polymerase Inhibitor (ABT-333) 

Indication(s) Treatment of genotype 1 chronic Hepatitis C infection, 
including patients with cirrhosis 

Dosage Form Co-formulated tablets (ABT-450/r/267) co-packaged 
with ABT-333 tablets 

Dosing Regimen Two 75/50/12.5 mg tablets once daily co-
administered with one ABT-333 250 mg tablet 
twice daily and weight-based Ribavirin (1000 or 
1200 mg total dose in divided doses BID). 
 
Of note, the duration of treatment and the need for 
ribavirin in the proposed regimen varies based on prior 
response to pegIFN and ribavirin and the presence or 
absence of cirrhosis.  

Route of administration Oral 
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Sponsor Abbvie Inc. 

Priority Classification Priority 

  

Clinical pharmacology and biopharmaceutics information 

Study Type Incl. at 
Filing 

No. of 
Studies 

Submitted 

No. of Studies 
Reviewed 

 

Critical Comments 

Table of Contents 
incl. reports, tables, data 

    

Tabular Listing 
incl. all human studies 

    

Human PK Summary     

Labeling     

Reference Bioanalytical and 
Analytical Methods 

    

I. CLINICAL PHARMACOLOGY 

Mass Balance  3 3  

Isoenzyme Characterization 
(In Vitro) 

 23 23 Summary of results 
will be presented in 
a tabular format 

Transporter Characterization 
(In Vitro) 

 31 31 Summary of results 
will be presented in 
a tabular format 

Blood/Plasma Ratio  4 4  

Plasma Protein Binding  5 5  

Pharmacokinetics (e.g. Phase 1) 

Healthy Volunteers 

Single Dose  3 1  

Multiple Dose  2 0  

Patients 

Single Dose     

Multiple Dose    Trials have been 
counted under 
Proof-of Concept, 
Phase 2 and Phase 3 
trials. 

Dose Proportionality – Fasting/Non-Fasting 

Single Dose    Trials have been 
counted under single 
dose and multiple 
dose trials 
 

Multiple Dose    
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Drug-Drug Interaction Studies 

In Vivo Effects on Primary 
Drug 

 

27 

 
 
 

25 

Trials M10-687 and 
M11-603 will not be 
reviewed as more 
clinically relevant 
information can be 
derived from other 
trials. 

In Vivo Effects of Primary 
Drug 

   See “ In Vivo 
Effects on Primary 
Drug” section 

In Vitro    See “Isozyme 
Characterization” 
and “Transporter 
Characterization” 
sections 

Special Populations 

Ethnicity  7 1 Only trial M12-221 
will be reviewed as 
it provides the most 
clinically relevant 
information 

Gender    Gender was 
evaluated  as a 
covariate in the 
population 
pharmacokinetic 
analysis  

Pediatrics     

Geriatrics    Age was evaluated  
as a covariate in the 
population 
pharmacokinetic 
analysis 

Renal Impairment  1 1  

Hepatic Impairment  1 1  

Pharmacodynamics 

Phase 2  4 4  

Phase 3  6 6  

Pharmacokinetics/Pharmacodynamics 

Proof of Concept 
(Phase 1 or 2) 

 6 0 More clinically 
relevant information 
can be obtained 
from Phase 2 and 
Phase 3 trials. 
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Clinical Trial (Phase 3)     

Population Analyses 

Data-rich   
3 

 
3 

 

Data-sparse   

II. BIOPHARMACEUTICS 

Bioavailability 

Absolute Bioavailability  1 1  

Relative Bioavailability 
(solution as reference) 

    

Relative Bioavailability 
(alt. formulation as ref.) 

 9 3 M12-683, M13-391, 
and M13-331 will 
be reviewed by the 
Biopharm group 

Bioequivalence 

Traditional Design 
(single/multiple dose) 

 1 1  M14-196 will be 
reviewed by the 
Biopharm group 

Replicate Design 
(single/multiple dose) 

    

Food-Drug Interaction  3 2  

Biowaiver Request 
(based on BCS class) 

    

Dissolution (alcohol-induced 
dose-dumping) 

   Not relevant  

III. OTHER CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS 

Genotype/Phenotype     

Chronopharmacokinetics     

Pediatric Development Plan     

Literature References     

TOTAL NUMBER OF STUDIES 140 115  

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

Content Parameter Yes No N/A Comment

Criteria for Refusal to File (RTF) 

1 Has the applicant submitted bioequivalence data 
comparing to-be-marketed product(s) and those used in 
the pivotal clinical trials? 

    

2 Has the applicant provided metabolism and drug-drug 
interaction information? 
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3 Has the sponsor submitted bioavailability data satisfying 
the CFR requirements? 

    

4 Did the sponsor submit data to allow the evaluation of the 
validity of the analytical assay? 

    

5 Has a rationale for dose selection been submitted?     

6 Is the clinical pharmacology and biopharmaceutics section 
of the NDA organized, indexed and paginated in a manner 
to allow substantive review to begin? 

    

7 Is the clinical pharmacology and biopharmaceutics section 
of the NDA legible so that a substantive review can 
begin? 

    

8 Is the electronic submission searchable, does it have 
appropriate hyperlinks and do the hyperlinks work? 

    

 
Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality) 

        Data  

9 Are the data sets, as requested during pre-submission 
discussions, submitted in the appropriate format (e.g., 
CDISC)?  

    

10 If applicable, are the pharmacogenomic data sets 
submitted in the appropriate format? 

    

        Studies and Analyses  

11 Is the appropriate pharmacokinetic information 
submitted? 

    

12 Has the applicant made an appropriate attempt to 
determine reasonable dose individualization strategies for 
this product (i.e., appropriately designed and analyzed 
dose-ranging or pivotal studies)? 

    

13 Are the appropriate exposure-response (for desired and 
undesired effects) analyses conducted and submitted as 
described in the Exposure-Response guidance? 

    

14 Is there an adequate attempt by the applicant to use 
exposure-response relationships in order to assess the 
need for dose adjustments for intrinsic/extrinsic factors 
that might affect the pharmacokinetics or 
pharmacodynamics? 

    

15 Are the pediatric exclusivity studies adequately designed 
to demonstrate effectiveness, if the drug is indeed 
effective? 

    

16 Did the applicant submit all the pediatric exclusivity data, 
as described in the WR? 

    

17 Is there adequate information on the pharmacokinetics and 
exposure-response in the clinical pharmacology section of 
the label? 

    

        General  
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18 Are the clinical pharmacology and biopharmaceutics 
studies of appropriate design and breadth of investigation 
to meet basic requirements for approvability of this 
product? 

    

19 Was the translation (of study reports or other study 
information) from another language needed and provided 
in this submission? 

    

 
 
IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION 
FILEABLE?   

 Yes       No 
 
 
If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the 
reasons and provide comments to be sent to the Applicant. 
 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant 
for the 74-day letter. 
 
 
 
Vikram Arya, Ph.D, FCP       June 19, 2014 
Reviewing Clinical Pharmacologist      Date 
 
Islam Younis, Ph.D.        June 19, 2014  
Team Leader/Supervisor       Date 
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