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1 Background 

Abbvie Inc. is seeking approval of TECHNIVIE™, a co-formulated product containing 
Ombitasvir (ABT-267)/Paritaprevir (ABT-450)/ritonavir for the treatment of genotype 4 
chronic hepatitis C infection.  ABT-267 is a non-structural protein 5A [NS5A] inhibitor 
and ABT-450 is a NS3/4A protease inhibitor. The remainder of this review will refer to 
ombitasvir as ABT-267 and paritaprevir as ABT-450; the combination of ABT-267/ABT-
450/ritonavir co-formulated tablet will be referred to as TECHNIVIE™ or the “2-DAA 
regimen”. 

It should be noted that VIEKIRA PAK™, a combination of Ombitasvir (ABT-
267)/Paritaprevir (ABT-450)/ritonavir co-formulated tablets and Dasabuvir (ABT-333) 
tablets is approved for the treatment of genotype 1 chronic hepatitis C infection (NDA # 
206619).  Because ABT-333 has no activity against HCV GT4, it was not included in the
DAA combination regimen evaluated for the treatment of HCV GT4 under NDA 207931.

The applicant has proposed the use of TECHNIVIE™ + ribavirin (weight based; 1000 
mg/day for patients < 75 kg and 1200 mg/day for patients for 12 weeks for the 
treatment of genotype 4 infection in patients without cirrhosis. The 2-DAA regimen 
(with or without ribavirin) was not evaluated in patients with genotype 4 infection with 
cirrhosis, hence an optimal treatment regimen and duration for this population has not 
been identified.  

The proposed total daily dose of ABT-267/ABT-450/ritonavir co-formulated tablets is 25 
mg/150 mg/100 mg (2 X 12.5/75/50 mg coformulated tablets given orally once daily with 
a meal).

The clinical development program for the 2-DAA regimen included one phase 2 
randomized controlled trial, M13-393, “ A Randomized Open-Label Study to Evaluate 
the Safety and Efficacy of Co-administration of ABT-450 with ritonavir (ABT-450/r) and 
ABT-267 in Adults with Chronic Hepatitis C Virus Infection (PEARL-I)”.  In addition, 
the applicant submitted the results from one absolute bioavailability trial (M14-229). As 
part of review of the current application, in addition to reviewing the results from M14-
229, drug-drug interaction data obtained using the 2-DAA regimen (8 trials) was also 
reviewed. Further, information pertaining to the DDI trials conducted using the 2-DAA 
regimen that was previously reviewed as part of the VIEKIRA PAK™ NDA (NDA 
206619) was incorporated in this review in the relevant sections.  

1.1 Recommendations

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 recommendations:  
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1) When TECHNIVIE™ is co-administered with buprenorphine/naloxone, clinical 
monitoring for sedation and cognitive effects is recommended.  

2) TECHNIVIE™ can be co-administered with rosuvastatin without any “dose 
capping” of rosuvastatin (applicant had originally proposed to dose “cap” the 
rosuvastatin dose to 20 mg once daily).

3) Co-administration of TECHNIVIE™ with atazanavir is not recommended.
4) There is no pharmacokinetic data available to support co-administration of 

TECHNIVIE™ with darunavir/ritonavir 800/100 mg once daily (administered in 
the evening) and darunavir/ritonavir 600/100 mg twice daily regimen. 

2 Overview of Efficacy and Safety

Trial M13-393 evaluated the 2-DAA regimen (ABT-450/r and ABT-267) in HCV GT4-
infected treatment-naïve and treatment-experienced non-cirrhotic adult subjects. HCV 
GT4-infected patients received 2-DAA with and without RBV for 12 weeks. The study 
also evaluated 12 weeks of treatment with the 2-DAA regimen in HCV GT1b-infected 
treatment-naïve and treatment-experienced patients without cirrhosis and 24 weeks of 
treatment in HCV GT1b-infected patients with compensated cirrhosis. The primary 
efficacy end point was SVR12 defined as HCV RNA less than the lower limit of 
quantification (LLOQ) 12 weeks after the last dose.  Table 1 shows the SVR12 rates for 
treatment naïve and treatment experienced GT4 infected patients

Table 1: SVR12 rates for Treatment Naïve and Treatment Experienced GT4-
infected Patients

Population Regimen SVR12 rates

Treatment naïve, non-
cirrhotic GT4

2-DAA for 12 weeks 90.9%

Treatment naïve, non-
cirrhotic GT4

2-DAA+RBV for 12 weeks 100 %

Treatment experienced, 
non-cirrhotic GT4

2-DAA+RBV for 12 weeks 100 %

In non-cirrhotic HCV GT4-infected treatment-naïve and treatment-experienced subjects, 
administration of the 2-DAA regimen for 12 weeks with or without RBV was generally 
well tolerated.  Headache, asthenia, fatigue, nausea, and insomnia were the most common 
treatment-emergent adverse events and overall, the adverse event profile was consistent 
with that of VIEKIRA PAK™.  In addition, per the applicant, bilirubin-related events, 
anemia-related, drug-induced rash, and hepatotoxicity-related events, including analyses 
of elevations in ALT in Study M13-393 were consistent with those observed with
VIEKIRA PAK™. These data indicate that the safety profile of the 2-DAA regimen is 
similar to the safety profile of VIEKIRA PAK™.
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After single dose administration under non-fasting conditions, the mean Cmax and AUC of 
ABT-450 administered as ABT-267/ABT-450/r co-formulated tablets was ~93 % and 63 
% higher, respectively, compared with the mean AUC of ABT-450 (co-administered with 
ritonavir +ABT-267) administered as  tablets. The mean systemic exposure of 
ritonavir and ABT-267 was similar between the co-formulated product and the 
individually administered products.

Because the to-be-marketed formulation will be the ABT-267/ABT-450/ritonavir 
coformulated product, the safety implications of higher ABT-450 exposures with the 
coformulated product was assessed.  The differences in mean ABT-450 exposures 
between the ABT-267/ABT-450/r co-formulated tablets and ABT-450  tablets is not 
expected to be clinically relevant based on the following:

1) ABT-267/ABT-450/r co-formulated tablets were used in 6 Phase III trials of 
VIEKIRA PAK™ in which the coformulated product (in combination with ABT-
333) was tolerated and safety was established.

2) The efficacy at the lower ABT-450 exposures with the tablet formulation
was demonstrated in genotype 4 patients in trial M13-393.

Determination of absolute bioavailability of ABT-450 and ABT-267

The applicant also submitted the results of an absolute bioavailability study (M14-229).  
Following single dose administration of ABT-450 as an oral co-formulated product with 
ABT-267 and ritonavir under non-fasting conditions, the geometric mean absolute 
bioavailability of ABT-450 and ABT-267 is 52.6% and 48.1 %, respectively

4 Intrinsic Factors:

4.1 Hepatic Impairment:

The pharmacokinetics of ABT-267/ABT-450/ritonavir co-formulated tablet was not 
evaluated in subjects with mild- (Child-Pugh Category A, score 5-6), moderate (Child-
Pugh Category B, score 7-9). - or severe (Child Pugh Category C, score 10-15) hepatic 
impairment.  In addition, there was no safety or efficacy data available from GT4 subjects 
with cirrhosis (trial M13-393 only included non-cirrhotic genotype 4 subjects). Based 
on the available pharmacokinetic data with VIEKIRA PAK™) in subjects with mild 
hepatic impairment, TECHNIVIE™ can be given to patients with mild hepatic 
impairment. TECHNIVIE™ will not be recommended for patients with moderate 
hepatic impairment because the safety and efficacy of TECHNIVIE™ has not been 
established in patients with decompensated cirrhosis. TECHNIVIE™ will be 
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 (based on results of trial M12-215 which was reviewed 
as part of Clinical Pharmacology Review of VIEKIRA PAK™).
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4.2 Renal Impairment:

The pharmacokinetics of ABT-267/ABT-450/ritonavir co-formulated tablet was 
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 3 shows the ratios 
(90 % CIs) of the DAA and ritonavir Cmax and AUC for the various renal impairment 
groups versus control group (normal renal function) 

Table 3: Ratios (90 % CIs) of the DAA and ritonavir Cmax and AUC for the various 
renal impairment groups versus control group (normal renal function) 

In addition, the percentages of unchanged drugs excreted in urine (% fe) for ABT-450 and 
ABT-267 in subjects with renal impairment and subjects with normal renal function were 

te to the overall 
elimination of ABT-450 and ABT-267. Of note, pharmacokinetic data are not available 
on the use of the 2- DAA regimen in subjects with End Stage Renal Disease (ESRD).    

5 Extrinsic Factors 

5.1 Effect of Food 

The food effect trial (M13-330) was reviewed as part of the clinical pharmacology review 
of VIEKIRA PAK™.  Based on the review, the following recommendation (which is 
identical to the recommendation for VIEKIRA PAK™) is proposed:  TECHNIVIE ™ 
should always be taken with a meal.  Differences in mean exposures of ABT-450,
ritonavir, and ABT-267 observed after single dose administration of ABT-267/ABT-
450/ritonavir coformulated tablets under moderate fat conditions and high fat conditions 
are not expected to be clinically relevant. 
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5.2 Drug-Drug Interactions (DDIs) 

5.2.1 Summary of Results from In Vivo Drug-Drug Interactions (DDIs)

The anticipated- and observed DDIs with the 2-DAA regimen were “categorized” in the 
following 4 “categories” based on the similarity or differences in clinical 
recommendations between VIEKIRA PAK™ and the 2-DAA regimen:

A) Contraindicated Medications

The list of contraindicated drugs is similar between VIEKIRA PAK™ and the 2-
DAA regimen with the exception of gemfibrozil (antihyperlipidemic agent). 
Gemfibrozil is contraindicated with VIEKIRA PAK™ due to the potential for 
increase in dasabuvir concentrations by 10-fold which may increase the risk of QT 
prolongation.  Because dasabuvir is not part of the 2-DAA regimen, contraindication 
of gemfibrozil is not warranted in the prescribing information of TECHNIVIE™.

B) Medications for which DDI data is NOT available from the 2-DAA regimen and 
the proposed clinical recommendation is the same between VIEKIRA PAK™ and 
the 2-DAA regimen

For the following medications, the proposed clinical recommendation is based on 
the available DDI data with VIEKIRA PAK™:

• Alprazolam (CYP3A substrate)
• Amlodipine (CYP3A substrate)
• Furosemide (UGT substrate and excreted through the renal route)
• Progestin only contraceptives 
• Rilpivirine (CYP3A substrate)
• Zolpidem (CYP3A substrate)

The majority of the drugs listed above are CYP3A substrates.  Based on the available 
in vitro data, ABT-450 and ABT-267 have low potential for inhibiting CYP enzymes.  
Further, the dose of ritonavir, a potent CYP3A inhibitor, is similar between VIEKIRA 
PAK™ and the 2-DAA regimen; hence, the magnitude of increase in the exposures of 
the majority of drugs listed above is expected to be similar between VIEKIRA 
PAK™ and the 2-DAA regimen. Therefore, the clinical recommendations will be 
similar between VIEKIRA PAK™ and the 2-DAA regimen. 

C) Medications for which DDI data is available from the 2-DAA regimen 

Some DDI trials were conducted with VIEKIRA PAK™ and the 2-DAA regimen
(same DDI trial evaluated VIEKIRA PAK™ and the 2-DAA regimen in two different 
arms).  For the following medications, DDI data was available using the 2-DAA 
regimen:
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• Cyclosporine
• Duloxetine
• Emtricitabine/Tenofovir
• Escitalopram
• Ketoconazole 
• Methadone
• Omeprazole
• Pravastatin
• Tacrolimus
• Warfarin

The changes in the mean pharmacokinetic parameters of the medications listed above 
and the various components of the 2-DAA regimen were similar to the changes in the 
mean pharmacokinetic parameters of the medications listed above and the various 
components of VIEKIRA PAK™.  Hence, the clinical recommendation will be 
similar between the 2-DAA regimen and VIEKIRA PAK™. Please refer to the 
individual study reviews for further details.  

D) Medications for which DDI data was available from the 2-DAA regimen and 
there are differences in clinical recommendation with VIEKIRA PAK™ and the 2-
DAA regimen

For the following medications, there were differences in the clinical 
recommendations with VIEKIRA PAK™ and the 2-DAA regimen (as proposed by 
the applicant):

1) Digoxin:

Figure 1 shows the least squares mean ratio and 90 % CI of ABT-450, ritonavir, 
ABT-267 and digoxin after administration of digoxin with VIEKIRA PAK™ and 2-
DAA regimen.
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6.  Appendices

6.1  Individual Study Reviews  
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Drug-Drug Interaction Trial with Ketoconazole

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 
207931 are based on 2 DAAs (ABT-450/ritonavir/ABT-267),  the results 
section in this review focuses only on the results observed with the 2- 
DAAs  For results with the 3-DAAs, please refer to the review of NDA 
206619.

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 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), and ABT-267 
(25 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 2) 

Table 5 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 2. 
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Table 6 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 2. 

ABT-267 (Arm 2) 

Table 7 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 2. 

Ketoconazole (Arm 2)

Table 8 shows the mean pharmacokinetic parameters of ketoconazole in Arm 2.
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Statistical Evaluation of the Pharmacokinetic Parameters

Fig 1 shows the statistical comparison of the pharmacokinetic parameters of ABT-450, 
ritonavir, ABT-267, and ketoconazole. 

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) 
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Conclusion 

When ABT-450/ritonavir/ABT-267 is co-administered with ketoconazole, the maximum 
daily dose of ketoconazole should be limited to 200 mg/day.   
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Drug-Drug Interaction Trial with Digoxin

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 
207931 are based on 2 DAAs (ABT-450/ritonavir/ABT-267),  the results 
section in this review focuses only on the results observed with the 2- 
DAAs  For results with the 3-DAAs, please refer to the review of NDA 
206619.

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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Fig 1:  Schematic of the Trial 

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 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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Pharmacokinetics 

Note:  Only the results from Arm 2 are presented in this review.

ABT-450 (Arm 2) 

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

Ritonavir (Arm 2) 

Table 6 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 2. 
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ABT-267 (Arm 2) 

Table 7 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 2. 

Digoxin (Arm 2) 

Fig 2 shows the mean digoxin plasma concentration-time profiles in Arm 1.

Table 8 shows the mean ± SD pharmacokinetic parameters of digoxin in Arm 2. 
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Statistical Evaluation of the Pharmacokinetic Parameters

Fig 3 shows the statistical comparison of the pharmacokinetic parameters of ABT-450, 
ritonavir, ABT-267and digoxin in Arm 2.
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Safety

No deaths or serious adverse events were reported in the trial. 

Results 

Co-administration of ABT-450/r, ABT-267 with digoxin: 

Increased the mean Cmax and AUC of digoxin by 58 % and 36 %, respectively.  
Did not significantly alter the mean Cmax and AUC of ABT-450, ritonavir, and 
ABT-267.  

Conclusion

Per the approved digoxin prescribing information, the increase in mean digoxin Cmax and 
AUC after co-administration with the 2-DAA regimen (58 % and 36%, respectively) is 
similar to the mean increase in digoxin exposures after co-administration with captopril 
(increase in Cmax and AUC by 58 % and 39 %, respectively).  When captopril is co-
administered with digoxin, the following recommendation is included in the approved 
digoxin prescribing information: “measure serum digoxin concentrations before initiating 
concomitant drugs.  Reduce digoxin concentrations by decreasing dose by approximately 
30-50 % or by modifying the dosing frequency and continue monitoring”. Hence, a 
similar recommendation will be included in the 2-DAA prescribing information. 

Clinical Recommendation
  

Decrease digoxin dose by 30-50 %.  Appropriate monitoring of serum digoxin levels is 
recommended.   
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Drug-Drug Interaction Trial with Methadone

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 Tolerabil ity  
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 
207931 are based on 2 DAAs (ABT-450/ritonavir/ABT-267),  the results 
section in this review focuses only on the results observed with the 2- 
DAA (Arm 2). For results with the 3-DAAs, please refer to the review of 
NDA 206619.

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 2 included a 2-DAA regimen of ABT-
450/r with ABT-267. 
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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.  Ritonavir inhibits CYP3A4 
and to a lesser extent, CYP2D6. The overlapping enzymes involved in the metabolism 
can lead to the possibility of drug-drug interactions of methadone with ABT-450, 
ritonavir, and ABT-267.  

Rationale for Dose Selection

The doses of ABT-450 (150 mg once daily), ritonavir (100 mg once daily), and ABT-267 
(25 mg) were the doses  that were determined to be safe and efficacious in 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.      

Identity of Investigational Products 

Table 3 shows the identity of the investigational products used in the trial. 
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Arm 2: 

ABT-450  

Table 6 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 2. 

Ritonavir 

Table 7 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 2. 

ABT-267 

Table 8 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 2.
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Methadone  

Fig 1 shows the mean R-methadone plasma concentration-time profiles 

Fig 2 shows the mean S-methadone plasma concentration-time profiles.  
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Table 9 shows the pharmacokinetic parameters (Mean ±SD) of R-Methadone and S-
Methadone. 
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Based on cross study comparison, co-administration of the 2-DAA regimen (ABT-450 
 tablet) with methadone resulted in comparable to 70% lower ABT-450 Cmax and 

14% – 70% lower AUC relative to exposures in subjects when the 2-DAA regimen was 
administered alone.   

In order to further assess the clinical relevance of decrease in ABT-450 exposures in the 
presence of methadone (based on cross trial comparison), the sponsor assessed the 
efficacy and safety and the 3-DAA regimen in patients stabilized on methadone or 
buprenorphine/naloxone therapy in trial M14-103.      

Summary of Trial M14-103 (Safety, pharmacokinetics, and antiviral activity of 12 weeks 
of 3-DAA regimen +RBV in HCV genotype 1 infected subjects on chronic opioid 
replacement therapy).

Trial M14-103, an open label, single arm trial, evaluated the safety, pharmacokinetics, and 
antiviral activity of 12 weeks of 3-DAA regimen+RBV in HCV genotype 1 infected 
patients on chronic opioid replacement therapy. 38 subjects were enrolled in the trial; 19 
subjects were on stable methadone maintenance therapy and 19 subjects were on 
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: 
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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 11 shows the virologic response (SVR12, ITTpopulation) observed in the trial. 

Table 12 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.   

It should be noted that although trial M14-103 was conducted using the 3-DAA regimen, 
the results can be extrapolated to the 2-DAA regimen because trial M14-103 used the 
ABT-450/r/ABT-267 coformulated (to-be-marketed) product and a decrease in ABT-450 
exposures were not observed.      

Results 

Co-administration of ABT-450/r/ABT-267 with methadone did not significantly alter the 
pharmacokinetic parameters of R-methadone and S-methadone or the individual 
components of the 2-DAA regimen. 

Conclusion 

ABT-450/ritonavir/ABT-267 can be co-administered with methadone without any dose 
adjustments.  
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Drug-Drug Interaction Trial with Buprenorphine/Naloxone

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 Tolerabil ity  
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 
207931 are based on 2 DAAs (ABT-450/ritonavir/ABT-267),  the results 
section in this review focuses only on the results observed with the 2- 
DAAs (Arm 3).  For results with the 3-DAAs, please refer to the review 
of NDA 206619.

Trial Design

Phase 1, single-center, open-label, sequential, multiple-dose study to evaluate the 
coadministration of buprenorphine/naloxone with 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).  

DAA Dosing:

DAAs were administered approximately 30 minutes after the start of a standardized
breakfast. 

47
Reference ID: 3785394



Table 1 shows the various sequence groups in the trial: 

In all the arms, the study drug was administered on study day 1 as shown in table 2 
below. 

Rationale for Conducting the Trial  

BUP is a substrate of CYP3A4.  CYP3A4 is involved in ABT-450 and ABT-267 
disposition and CYP3A and CYP2C8 are involved in ABT-267 metabolism. Ritonavir 
inhibits CYP3A4 and to a lesser extent, CYP2D6. The overlapping enzymes involved in 
the drugs' metabolism and CYP450 inhibition by ritonavir can lead to drug-drug 
interactions of BUP with ABT-450, ritonavir and ABT-267.  
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Subject Disposition and Demographics 

Table 4 below shows the shows the demographic summary of all subjects enrolled in the 
trial.  24 subjects completed the trial.   

Pharmacokinetics 

Arm 3: 

ABT-450  

Table 5 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 3.

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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ABT-267 

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

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.    

BUP and nor-BUP (Arm 3)

Table 9 shows the mean ± SD pharmacokinetic parameters of BUP and nor-BUP in Arm 
3.

52
Reference ID: 3785394



Statistical Evaluation of the Pharmacokinetic Parameters 

Buprenorphine 

Fig 1 shows the dose normalized  Cmax, AUC, and C24 of central values and 90 % CIs for 
the comparisons (study days 22 versus 8) for buprenorphine, norbuprenorphine 
(normalized using buprenorphine dose), and naloxone).    
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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 2-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 buprenorphine/naloxone (Arm 3): 

Increased the mean Cmax and AUC of buprenorphine by 19 % and 50 %, 
respectively.
Increased the mean Cmax and AUC of norbuprenorphine by 82 % and 111 %, 
respectively.
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Cross study comparison of ABT-450, ritonavir and ABT-267 exposures suggested 
no impact of BUP/NAL on the pharmacokinetics of ABT-450, ritonavir, and 
ABT-267. 

Proposed Clinical Recommendation

“No dose adjustment of BUP/NAL is required upon co-administration with the 2-DAA 
regimen.Patients should be closely monitored for sedation and cognitive effects”.

The recommendation outlined above is identical to the approved clinical recommendation 
related to co-administration of VIEKIRA PAK™ (3-DAA regimen) with 
buprenorphine/naloxone.  Although the magnitude of increase in buprenorphine 
exposures, when buprenorphine/naloxone is co-administered with the 2-DAA regimen 
(~50 %) is smaller than the increase in buprenorphine expoures when 
buprenorphine/naloxone is co-administered with the 3-DAA regimen (~106 %), the 
magnitude of increase in norbuprenorphine exposures with the 2-DAA regimen (111 %) 
is higher as compared to the 3-DAA regimen (83 %).  Increased buprenorphine exposures 
have been associated with increased sedation and congnitive effects.  Further, the 
approved prescribing information of Stribild also provides a similar recommendation
with buprenorphine/naloxone, despite a lower magnitude of increase in buprenorphine 
exposures.  Hence, to be conservative and consistent across antiviral labels, the 
recommendation outlined above is proposed.   
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Drug-Drug Interaction Trial with Raltegravir

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 8, 2012     
Final report date: February 20, 2014       

Reviewer’s Note:  As the proposed labeling recommendations in NDA 
207931 are based on 2 DAAs (ABT-450/ritonavir/ABT-267),  the results 
section in this review focuses only on the results observed with the 2- 
DAAs (Arm 3 of trial M13-392).For results with the 3-DAAs, please 
refer to the review of NDA 206619.

Trial Objectives

To determine the pharmacokinetics, safety, and tolerability of the combination of 
ABT-450 plus ritonavir 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-450 plus ritoanavir 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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Pharmacokinetics 

ABT-450 (Arm 3) 

Table 5 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 3. 

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 3)

Table 6 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 3. 
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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 3)

Table 7 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 3. 

The higher exposure of ABT-267 on day 17 as compared to day 4 may reflect the 
accumulation of ABT-267 upon multiple dosing.   

Raltegravir (Arm 3)

Table 8 shows the mean ± SD pharmacokinetic parameters of raltegravir in Arm 3.
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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 at steady state increased the 
mean RAL Cmax, AUC12, and C12 by approximately 21 %, 20 %, and 13 % relative to the 
administration of raltegravir alone.   
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Reviewer’s Note Regarding Increase in RAL exposures 

The increase in RAL exposure observed in this trial when RAL was co-administered with 
DAAs does not warrant a dose adjustment because  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 of raltegravir 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 9 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.   
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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.   

Results 

Co-administration of ABT-450/r/ABT-267 with raltegravir: 

Increased the mean Cmax and AUC12 of RAL by 21 % and 20 %, 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 raltegravir can be co-administered without any dose 
adjustments.  
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Drug-Drug Interaction Trial with Atazanavir 

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 
207931 are based on 2 DAAs (ABT-450/ritonavir/ABT-267),  the results 
section in this review focuses only on the results observed with the 2- 
DAAs (Arm 2). For results with the 3-DAAs, please refer to the review of 
NDA 206619.

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.

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 2-DAA regimen) with the 2-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), and ABT-267 
(25 mg) were evaluated in the Phase 3 trials.  The dose of atazanavir (300 mg in 
combination with 100 mg ritonavir) is the approved dose.   
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Pharmacokinetics 

Note:  Only the results from Arm 2 are presented in this review.

Arm 2

ABT-450  

Table 6 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 2. 
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Ritonavir 

Table 7 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 2. 

ABT-267 

Table 8 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 2. 
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Atazanavir

Table 9 shows the mean ± SD pharmacokinetic parameters of atazanavir in Arm 2.

Statistical Comparison of the Pharmacokinetic Parameters:

Fig 1 shows the statistical comparison of the pharmacokinetic parameters of ABT-450, 
ritonavir, ABT-267, and atazanavir in Arm 2. 
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Figure 2:  Paritaprevir exposures (Cmax and AUC) following administration of the 
3-DAA regimen and the 2-DAA regimen 

Source: eCTD sequence number 701, letter date 05/27/2015

Hence, if the lower mean exposures of paritaprevir after the 2-DAA regimen are taken 
into account, the mean paritaprevir exposures when 2-DAA regimen is co-administered 
with atazanavir are expected to be approximately 58 % higher as compared with mean 
paritaprevir exposures after administration of VIEKIRA PAKTM alone as shown in 10 
below.   

Table 10:  Changes in paritaprevir exposures with various regimens relative to                       
paritaprevir exposures after administration of VIEKIRA PAKTM alone 

Source: Page 23 of White Paper on DDIs, IND 103526 SDN 679, Date of Submission March 13, 2015

The expected 58 % higher mean paritaprevir exposures (after administration of 2-DAA
+atazanavir) are lower than the 94 % higher mean paritaprevir exposures observed after 
administration of atazanavir with VIEKIRA PAKTM.  It should be noted that atazanavir 
can be co-administered with VIEKIRA PAKTM without any need for dose adjustments.  
Hence, per the applicant, atazanavir can be co-administered with the 2-DAA regimen 
without any need for dose adjustments. 

71
Reference ID: 3785394



Further, per the applicant, dasabuvir is an inhibitor of BCRP and P-gp in vitro, therefore, 
the higher paritaprevir exposures for the 3-DAA regimen (presence of dasabuvir) 
compared to the 2-DAA regimen (absence of dasabuvir) could likely be due to the 
inhibition of these efflux transporters.   

The applicant’s proposed recommendation is not acceptable based on the following 
discussion: 

Overall, the applicant’s prosposed recommendation is not acceptable and the following 
recommendation is proposed: 

“Co-administration of ABT-450/r/ABT-267 with atazanavir (administered in the morning 
without additional ritonavir) is not recommended due to significant increase in ABT-450 
exposures”. 
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Drug-Drug Interaction Trial with Darunavir/ritonavir 

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 
207931 are based on 2 DAAs (ABT-450/ritonavir/ABT-267),  the results 
section in this review focuses only on the results observed with the 2- 
DAAs (Arm 2). For results with the 3-DAAs, please refer to the review of 
NDA 206619.

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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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 %
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 
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 
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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 2 (Regimens E, F, and G) are presented in this review.

Arm 2

ABT-450  

Table 6 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 2 
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Ritonavir 

Table 7 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 2 
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ABT-267 

Table 8 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 2 
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Darunavir  

Table 9 shows the mean ± SD pharmacokinetic parameters of darunavir in Arm 2 
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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 and darunavir  
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Results 

Co-administration of ABT-450/r, ABT-267 and darunavir once daily 
(administered in the morning with the 2-DAA regimen) [Arm 2]   

o Increased the mean Cmax, AUC, and Ctrough of ABT-450 by 109 %, 93 %,
and 85 %, respectively.   

o Decreased the mean Cmax, AUC, and Ctrough of ritonavir by 17 %, 20 %, 
and 9 %, respectively 

o Decreased the mean AUC and Ctrough of darunavir by 9 % and 25 %, 
respectively (no significant change in the mean Cmax)

Increased ritonavir (using ritonavir given as part of DRV/rtv 
800/100 mg as reference) mean Cmax and AUC by 85 % and 43 %, 
respectively and decreased mean Ctrough by 42 %.    

Conclusion 

2-DAA regimen with Darunavir/ritonavir (800 mg/100 mg once daily; darunavir 
given in the morning with the DAA regimen) can be co-administered.  
There is no pharmacokinetic data available to support co-administration of the 2-
DAA regimen with other regimens of darunavir (800/100 once daily administered 
in the evening or 600/100 mg twice daily).  
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Drug-Drug Interaction Trial with Emtricitabine and Tenofovir Disoproxil 
Fumarate

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 
207931 are based on 2 DAAs (ABT-450/ritonavir/ABT-267),  the results 
section in this review focuses only on the results observed with the 2- 
DAAs  For results with the 3-DAAs, please refer to the review of NDA 
206619.

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. 
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.    
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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, Tenofovir (Arm 2) 

ABT-450  

Table 6 shows the mean ± SD pharmacokinetic parameters of ABT-450 in Arm 2. 

Ritonavir   

Table 7 shows the mean ± SD pharmacokinetic parameters of ritonavir in Arm 2. 
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ABT-267 (Arm 2) 

Table 8 shows the mean ± SD pharmacokinetic parameters of ABT-267 in Arm 2. 
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Emtricitabine (Arm 2)

Table 9 shows the mean ± SD pharmacokinetic parameters of emtricitabine in Arm 2  

Tenofovir (Arm 2)

Table 10 shows the mean ± SD pharmacokinetic parameters of tenofovir in Arm 2   
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Statistical Evaluation of the Pharmacokinetic Parameters

Fig 1 shows the statistical comparison of the pharmacokinetic parameters of ABT-450, 
ritonavir, ABT-267, FTC, and tenofovir in Arm 2. 

Safety

No deaths or other serious adverse events were reported in this study.   

Results 

Co-administration of ABT-450/r/ABT-267 with FTC and TDF: 

Increased the mean Cmax, AUC24, and C24 of ABT-450 by 2 %, 4 %, and 9 % 
respectively. 
Decreased the mean Cmax, AUC24, and C24 of ritonavir by 5 %, 6 %, and 8 %, 
respectively. 
Decreased the mean Cmax, AUC24, and C24 of ABT-267 by 3 %, 0.1 %, and 2 %, 
respectively. 
Decressed the mean Cmax of FTC by 6 % and increased the mean AUC24 and C24
of FTC by 7 %, and 25 %, respectively.  
Decreased the mean Cmax of tenofovir by 20 % and increased the mean AUC24
and C24 of tenofovir by 1 % and 13 %, respectively. 
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Conclusion  

ABT-450/ritonavir/ABT-267 can be co-administered with emtricitabine/tenofovir without 
any dose adjustments.   
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Trial to Determine Absolute Bioavailability of ABT-450/ritonavir/ABT-267 
coformulated tablet  

M12-229   

Title

A Phase 1, open label, single center study designed to determine the 
absolute bioavailability of ABT-450 (150 mg) and ABT-267 (25 mg) 
when administered as an oral co-formulated product with ritonavir 
(100 mg), ABT-450/r/ABT-267 to healthy adult subjects 

Trial  Period

January 14, 2014 to February 13, 2014   
Final report date: July 2, 2014   

Trial Objectives

The primary objectives of the study were:

To determine the absolute bioavailability of ABT-450 (150 mg) when 
administered as an oral co-formulated product with ABT-267 (25 mg) and 
ritonavir (100 mg) 
To determine the absolute bioavailability of ABT-267 (25 mg) when administered 
as an oral co-formulated product with ABT-450 (150 mg) and ritonavir (100 mg) 

The secondary objectives of the study were:

To describe the intravenous (IV) pharmacokinetics (PK) of ABT-450 when 
administered as a “piggy-back” IV dose on top of an oral dose of ABT-450 
(150 mg), ABT-267 (25 mg) and ritonavir (100 mg) as a co-formulated drug
product. 
To describe the IV PK of ABT-267 when administered as a “piggy-back” IV dose
on top of an oral dose of ABT-450 (150 mg), ABT-267 (25 mg) and ritonavir 
(100 mg) as a co-formulated drug product 
To provide additional information of the safety and tolerability of ABT-450, 
ABT-267 and ritonavir 

Trial Design

Single center, open label, non-randomized, single dose study in healthy adult subjects.  
Subjects were assigned to 1 of 2 independent groups, Group 1 or Group 2, so that 8 
subjects were enrolled in each group to ensure data in 6 evaluable subjects. 
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After intravenous administration:  Pre-dose, 5 minutes and 10 minutes before the start of 
the infusion, immediately upon completing the infusion, and then at 5, 15, 30 minutes, 
and 1, 2, 3, 4, 5, 7, 10, 13, 19, 25, 31, 43, 55, and 67 hours after completion of the 
infusion (from 30 minutes post-completion of the infusion onwards, the intravenous 
blood sampling was similar to the oral blood sampling). 

Pharmacokinetic Analysis 

The pharmacokinetic parameters of ABT-450 (oral dose for regimen A and regimen B), 
ABT-267 (oral doses for regimen A and regimen B), ritonavir (oral dose for regimen A 
and regimen B), [14C]-ABT-450 ([14C]-ABT-450  intravenous infusion; for regimen A 
only), and [14C]-ABT-267 ([14C]-ABT-267 intravenous infusion; for regimen B only) 
were determined using non-compartmental methods. 

Formal statistical analysis was performed on the PK parameters AUC(0-inf) and AUC(0-
last) to assess absolute bioavailability of both ABT-450 (Group I: Regimen A) and ABT-
267 (Group II: Regimen B). The analysis was performed using mixed effect modelling, 
with separate analyses for Regimen A and Regimen B. The model included terms for 
dose (ie oral or IV) fitted as a fixed effect and subject fitted as a random effect. Dose 
normalised AUC (using the actual dose for the IV dose and the nominal dose for the oral 
dose) was used in the analyses and a natural logarithmic transformation was applied. 

Point estimates and 90% confidence intervals (CIs) for the comparisons between the 
oral and IV doses were constructed. The point and interval estimates were back-
transformed (ie exponentiated) to give model adjusted geometric mean ratios (GMRs) 
and 90% CIs. The ratios (%) were defined as 100 × (dose normalised AUC for oral 
dose)/(dose normalised AUC for IV dose) for each regimen. P-values for the GMRs are 
also presented.

Results

Subject Disposition and Demographics 

A total of 16 subjects were enrolled in the study, with 8 subjects assigned to each 
regimen (ie Regimen A and Regimen B). All 16 subjects were dosed and completed 
the study.  

Table 1 shows the demographics of all subjects enrolled in the trial.
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Pharmacokinetics 

ABT-450 

Fig 1 shows the mean ABT-450 plasma concentration vs time profiles following oral 
dosing (regimens A and B) 

Fig 2 shows the mean [14C]-ABT-450 plasma concentration vs time profiles following 
intravenous dosing (regimen A)
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Table 2 shows the geometric mean (geometric CV %) values of the key plasma 
pharmacokinetic parameters following oral administration of ABT-450/ritonavir/ABT-
267 and intravenous administration of [14C]-ABT-450 in regimen A:  Pharmacokinetic
population.   

ABT-267    

Fig 3 shows the mean ABT-267 plasma concentration vs time profiles following oral 
dosing (regimens A and B) 
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Fig 4 shows the mean [14C]-ABT-267 plasma concentration vs time profiles following 
intravenous dosing (regimen B) 

Table 3 shows the geometric mean (geometric CV %) values of the key plasma 
pharmacokinetic parameters following oral administration of ABT-450/ritonavir/ABT-
267 and intravenous administration of [14C]-ABT-267 in regimen B:  Pharmacokinetic 
population 
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Assessment of Absolute Bioavailability 

Table 4 shows the assessment of absolute bioavailability, calculated using the dose 
normalized pharmacokinetic parameters and AUCs.

Safety  

There were no deaths or other SAEs reported for any subject during the study and no 
subject was withdrawn as a result of an AE. 

Results 

Following single dose administration of ABT-450 as an oral co-formulated 
product with ABT-267 and ritonavir under non-fasting conditions with an IV dose 
of 14C-radiolabelled ABT-450, the geometric mean absolute bioavailability of 
ABT-450 was 52.6%. 
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Following single dose administration of ABT-267 as an oral co-formulated 
product with ABT-450 and ritonavir under non-fasting conditions with an IV dose 
of 14C-radiolabelled ABT-267, the geometric mean absolute bioavailability of 
ABT-267 was 48.1%. 

14C]-ABT-450, the harmonic mean T1/2
was 8.71 h. The geometric mean CL was 25.9 L/h and the geometric mean values 
for Vdbeta and Vdss were 331 L and 103 L, respectively.

14C]-ABT-267, the harmonic mean T1/2
was 28.49 h. The geometric mean CL was 7.51 L/h and the geometric mean 
values for Vdbeta and Vdss were 313 L and 173 L, respectively. 

Conclusion 

Following single dose administration of ABT-450 as an oral co-formulated product with 
ABT-267 and ritonavir under non-fasting conditions, the geometric mean absolute 
bioavailability of ABT-450 and ABT-267 is 52.6% and 48.1 %, respectively.   

99
Reference ID: 3785394









In Vitro Assessments  

The applicant submitted in vitro reports which characterize the substrate properties of ABT-450 
and ABT-267 towards OCT1 transporter, potential for ABT-450 and ABT-267 to inhibit various 
UGT enzymes, potential for time dependent inhibition of various enzymes and the lack of 
interaction with the OCT2 transporter. 

Based on the information provided by the applicant: 

ABT-450: 

Did not inhibit UGT1A9 and 2B7 at concentrations up to 50 50 M).
Is an inhibitor of UGT1A4 and 1A6 with IC50 M, respectively.
Is not expected to show clinically meaningful inhibition of UGT1A4, 1A6, 1A9 and 2B7. 
Is not a substrate of OCT1. 
Does not interact with OCT2 (< 10 % inhibition at 30 μM) using pyrimethamine as a 
positive control.  
Does not show time dependent inhibition of CYP2B6 and CYP2D6 following an 
extended pre-incubation period. Given that the clinical DDI studies with 3-DAAs have 
addressed DDI via inhibition of CYP3A4, 2C8, 2C9, 2C19 and 1A2, no further in vitro 
TDI studies with ABT-450 were conducted. 

ABT-267:   

Did not inhibit UGT1A4, 50 > 50 
 

Is not a substrate of OCT1 
Is a substrate for P-gp but not BCRP in vitro 
Lack of uptake transporter involvement in the hepatic disposition  
Lack of interaction with OCT2 (< 10% inhibition at 30 
positive control 
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1

NDA 207931

Review Team: Vikram Arya, Ph.D. FCP, Islam Younis, Ph.D.

1

Ombitasvir [ABT 267], Paritaprevir [ABT 450]
and ritonavir co formulated tablets

To Be Marketed Formulation
Drug Class Total Daily Dose

(mg)
Frequency How Supplied

Ombitasvir NS5A
Inhibitor

25 Once Daily
(morning)

12.5/75/50 mg
co formulated

tablets
Paritaprevir NS3A

Protease
Inhibitor

150 Once Daily
(morning)

Ritonavir HIV 1
Protease
Inhibitor

100 Once Daily
(morning)

Note: Ombitasvir/Paritaprevir/ritonavir co formulated tablets were also used
in Phase III trials in HCV genotype 1 subjects (NDA 206619)
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3

Primary Efficacy Endpoint: Virologic Response
at Post Treatment Week 12 (SVR12): GT4

5

Primary Efficacy Endpoint: Virologic Response
at Post Treatment Week 12 (SVR12): GT1b
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4

SVR12 Subgroup Analysis

7

Available PK Information from M13 393

• Samples to determine plasma concentration
of ABT 267, ABT 450, ritonavir, and ribavirin
collected after:
– Single dose: one sample at 4 hour from all

subjects/group
– Steady state: one sample at each visit (starting

week 2) from all subjects/group
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5

Formulation Used in M13 393 vs TBM Formulation
• Individual formulations of ABT 267

ABT 450 and ritonavir soft
gelatin capsule [SGC]
• Mean ABT 450 Cmax and AUC are 95 % and 63 % higher

when given as ABT 267/ABT 450/ritonavir uncoated co
formulated product as compared to individually
administered ABT 450
formulation (+RTV+ABT 267) [Trial M13 391; reviewed by
Biopharm group]

• ABT 267/ABT 450/ritonavir film coated tablet is the TBM
formulation

• Differences in formulation not anticipated to be clinically
relevant from efficacy and safety perspective
– Safety has been demonstrated in GT1
– Efficacy has been demonstrated at the lower ABT 450 exposures (using

the ABT 450 formulation) in GT4 9

• 1 Absolute BA trial for ABT 267/ABT 450/rtv
• 1 DDI trial between the three components
• 1 DDI trial between the three components in Han

Chinese, Japanese, Caucasians [3 DAA portion
reviewed during VIEKIRA PAK NDA review]

• 8 DDI trials (only the portion that pertains to
evaluation of the 2 DAA regimen)

• 1 trial in renal impairment (only the portion that
pertains to evaluation of the 2 DAA regimen)

10

Overview of Review In Vivo Trials

Total Number of Trials: 12
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6

11

Overview of Review In Vitro Trials
• ~20 in vitro reports

– New Information
– Additional Information

No Filing Issues Identified…
• Applicant has provided all the information

needed to review the application
• Hyperlinks are functional and information is

searchable
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7

Some Review Related Questions…
• Are the label claims supported by the

available information?
• Can DDI data generated using either the 3

DAA regimen or the 2 DAA regimen (ABT
450/ritonavir +ABT 333) applied to the 2 DAA
(ABT 450/r +ABT 267) regimen?
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