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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 SA [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 > 75 kg) 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-naive 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 GTl1b-infected
treatment-naive and treatment-experienced patients without cirrhosis and 24 weeks of
treatment in HCV GTlb-infected patients with compensated cirrhosis. The primary
efficacy end point was SVR;, defined as HCV RNA less than the lower limit of
quantification (LLOQ) 12 weeks after the last dose. Table 1 shows the SVR, rates for
treatment naive and treatment experienced GT4 infected patients

Table 1: SVRy; rates for Treatment Naive and Treatment Experienced GT4-
infected Patients

Population Regimen SVRy; rates

Treatment naive, non- 2-DAA for 12 weeks 90.9%
cirrhotic GT4

Treatment naive, non- 2-DAA+RBYV for 12 weeks 100 %
cirrhotic GT4

Treatment experienced, | 2-DAA+RBYV for 12 weeks 100 %
non-cirrhotic GT4

In non-cirrhotic HCV GT4-infected treatment-naive 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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2.1 Exposure-Response (Efficacy and Safety) Relationships

No exposure-response analysis for efficacy was conducted because there were only three
virologic failures in trial M13-393.

Exposure-response analysis for safety was conducted as part of the clinical pharmacology
review of VIEKIRA PAK™. As previously mentioned, the adverse event profile of the 2-
DAA regimen was similar to VIEKIRA PAK™, in part because the majority of the
adverse events are driven by increases in ABT-450 exposures (dose of ABT-450 is
similar between VIEKIRA PAK™ and TECHNIVIE™),

3 Formulation Development

ABT-267/ABT-450/ritonavir 1s a film coated, co-formulated, immediate release tablet
containing 12.5 mg ABT-267, 75 mg ABT-450, and 50 mg ritonavir.

In trial M13-393 (safety and efficac e 4 hepatitis C patients), the
applicant used the ABT-450 tablet (ABT-450 150 mg

dosed as three ABT-450 50 mg tablets) with ritonavir soft gelatin capsule ([SGC] dosed
as one ritonavir 100 mg SGC) and ABT-267 tablet (dosed as
one ABT-267 25 mg tablet) in combination with or without ribavirin (ribavirin 1000 mg

to 1200 mg orally (PO) divided twice daily dosed as five to six 200 mg strength tablets).
The applicant conducted trial M13-391 to compare the bioavailability of ABT-450,
ritonavir, ABT-267 (administered as ABT-267/ABT-450/r co-formulated tablets) with
reference to the ABT-450 tablet administered with ritonavir and ABT-267 and with
reference to the ABT-450 and Ritonavir co-formulated tablets (ABT-450/r) administered
with ABT-267. The summary of findings from trial M13-391are shown in Table 2 below
(please refer to the biopharmaceutics review of NDA 206619 for additional details):

trial in geno

Table 2: Ratio of C,,,; and AUC of ABT-450, ritonavir, and ABT-267 after single
dose administration of ABT-450/ritonavir/ABT-267 coformulated tablet and ABT-
450 [ @4 tablet, RTV SGC tablet and ABT-267| @ tablet

ABT-450 RTV ABT-267

ABT-450/1/ABT-267 Co-formulated vs.
ABT-450-Iablet +RTV SGC + ABT-267 -Tablet

Cax 1.926 1.234 0.924
AUC 1.628 1.163 0.959
ABT-450/1/ABT-267 Co-formulated vs. ABT-450/r Co-form + ABT-267-
Cnax 0917 0.989 0.845
AUC 0.886 0.988 0.890

Least Square Mean (LSM) Ratios.
Comparison shown for ABT-450 150 mg. RTV 100 mg and ABT-267 25 mg.
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After single dose administration under non-fasting conditions, the mean C,,x 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 (CL.: 60 to 89 mL/min), moderate (CL.: 30 to 59
mL/min), and severe (CL: 15 to 29 mL/min) renal impairment. Table 3 shows the ratios
(90 % ClIs) of the DAA and ritonavir Cp,,x and AUC for the various renal impairment
groups versus control group (normal renal function)

Table 3: Ratios (90 % ClIs) of the DAA and ritonavir Cnax and AUC for the various

renal impairment groups versus control group (normal renal function)

Ratio (90% CI):

Renal-Impaired Group vs. Normal Renal Function Group

Pharmacokinetic Mild Moderate Severe
Parameter (unit) Renal Impairment Renal Impairment Renal Impairment
ABT-450

Cax (ng/mL)
AUC,, (ng*h/mL)

0.892 (0.556 —1.431)
1.107 (0.765 - 1.602)

0.827 (0.376 — 1.818)
1.185 (0.640 - 2.194)

0.781 (0.281 —2.175)
1.247 (0.560 - 2.777)

Coax (ng/mL)
AUC,, (ng*h/mL)

Ritonavir

1.282 (1.030 - 1.597)
1.404 (1.127 - 1.748)

1.514 (1.050 - 2.183)
1.759 (1.221 - 2.536)

1.714 (1.065 — 2.758)
2.084 (1.296 — 3.353)

Comax (ng/mL)
AUC,, (ng*h/mL)

ABT-267

0.913 (0.818-1.019)
1.010 (0.891 - 1.145)

0.859 (0.715 - 1.032)
1.017 (0.825 - 1.254)

0.820 (0.646 — 1.041)
1.022 (0.779 — 1.342)

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
very low (< 2%) indicating minimal contribution of the renal route 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

e Duloxetine

e Emtricitabine/Tenofovir
* Escitalopram

* Ketoconazole

e Methadone

*  Omeprazole

e Pravastatin

e Tacrolimus

e 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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Figure 1: Least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-
267, ABT-333, ABT-333 M1 and digoxin after administration of digoxin with
VIEKIRA PAK™ (panel A) and 2-DAA regimen (panel B)

Panel A (VIEKIRA PAK™) Panel B (2-DAA Regimen)
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Source: Clinical Pharmacology summaries of VIEKIRA PAK™ (Page 66) and TECHNIVIE™ (page 26)

In order to gain additional insight into whether the increase in digoxin exposures
observed with the 2-DAA regimen are indeed higher than the increase in digoxin
exposure with the 3-DAA regimen, the digoxin exposures in the “digoxin only” arms
were compared. There was significant variability in digoxin exposures in both arms
hence it is challenging to draw conclusions. It should be noted that the confidence
mntervals associated with Cyp,y of digoxin, when co-administered with the 2-DAA regimen
did not overlap with the confidence interval of C_,, of digoxin, when co-administered
with the 3-DAA regimen, thereby suggesting greater extent of p-gp inhibition with the 2-
DAA regimen.

In the prescribing information of VIEKIRA PAK™, digoxin is listed in section 7.4,
Drugs without clinically significant interactions”. Because the magnitude of increase in
digoxin mean AUC when co-administered with VIEKIRA PAK™ (~16 %) is less than
than the magnitude of increase in mean AUC of digoxin with the 2-DAA regimen (~37
%), the applicant has proposed the following clinical recommendation with the 2-DAA
regimen, “Decrease digoxin dose by 30-50 %. Appropriate monitoring of serum digoxin



levels is recommended”. The clinical recommendation proposed by the applicant is
acceptable. Per the approved digoxin prescribing information, the increase in mean
digoxin Cyax and AUC after co-administration with the 2-DAA regimen (58 % and 36%,
respectively) 1s similar to the mean increase in digoxin exposures after co-administration
with captopril (increase in Cp.x 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”.

2) Buprenorphine/Naloxone:

Figure 2 shows the least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-

267 and buprenorphine, norbuprenorphine, and naloxone after administration of
VIEKIRA PAK™(panel A) and the 2-DAA regimen (panel B).

Figure 2: Least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-267
and buprenorphine, norbuprenorphine, and naloxone after administration of
VIEKIRA PAK™{(panel A) and the 2-DAA regimen (panel B)

Panel A (VIEKIRA PAK™) Panel B (2-DAA Regimen)
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Source: Clinical Pharmacology summaries of VIEKIRA PAK™ (Page 107) and TECHNIVIE™ (page 56)
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In the prescribing information of VIEKIRA PAK™, the following clinical
recommendation is included for buprenorphine/naloxone, “No dose adjustment of
BUP/NAL is required upon co-administration with VIEKIRA PAK™. Patients should be
closely monitored for sedation and cognitive effects”. Because the magnitude of change
in buprenorphine mean AUC when co-administered with the 2-DAA regimen (~50 %) is
lower than the magnitude of change in the mean AUC of buprenorphine when co-
administered with VIEKIRA PAK™ (~106 %), the applicant has

The applicant’s proposal i1s not

acceptable. Instead the following clinical recommendation is proposed:

“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 %) 1s smaller than the increase in buprenorphine exposures 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 %)
i1s higher as compared to the 3-DAA regimen (83 %). In addition, the approved
prescribing information of Stribild™ 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.

3) Rosuvastatin:

Figure 3 shows the least squares mean ratio and 90 % CI of ABT-450, ritonavir, ABT-
267, ABT-333, ABT-333 M1 and rosuvastatin after administration of rosuvastatin with
VIEKIRA PAK™ (panel A) and the 2-DAA regimen (panel B).

11
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Figure 3: Least squares mean ratio and 90 % CI of the pharmacokinetic
parameters of ABT-450,ritonavir, ABT-267, ABT-333, ABT-333 M1 and
rosuvastatin after administration of rosuvastatin with VIEKIRA PAK™ (panel A)
and the 2-DAA regimen (panel B).

Panel A (VIEKIRA PAK™) Panel B (2-DAA Regimen)
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Source: Clinical Pharmacology summaries of VIEKIRA PAK™ (Page 69) and TECHNIVIE™ (page 29)

The higher increase in the mean rosuvastatin Cy,,x and AUC with the 3-DAA regimen as
compared with the 2-DAA regimen could likely be due to inhibition of BCRP
transporters by dasabuvir (rosuvastatin is a substrate of OATP and BCRP transporters).

In the prescribing information of VIEKIRA PAK™, the following -clinical
recommendation is included for rosuvastatin, “When VIEKIRA PAK™ js co-
administered with rosuvastatin, the dose of rosuvastatin should not exceed 10 mg per
day”. Because the magnitude of change in rosuvastatin mean AUC (~160 %) when co-
administered with VIEKIRA PAK™ s greater that the change in rosuvastatin mean AUC
when co-administered with the 2-DAA regimen (~33 %), the applicant has proposed the

following clinical recommendation when rosuvastatin is co-administered with the 2-DAA
rei'ﬁen—

12
Reference ID: 3785394



The applicant’s proposed recommendation to

is not acceptable. Per the approved prescribing information of Crestor™
(rosuvastatin), increase in AUC of rosuvastatin by 40-60 % with some protease inhibitors
(for example with darunavir/ritonavir (50 % increase in mean rosuvastatin AUC) and
tipranavir/ritonavir (40 % increase in mean rosuvastatin AUC) is not considered to be
clinically significant and the prescribing information of rosuvastatin does not provide an
clinical recommendation related to

In addition, based on discussion with the
metabolic and endocrine clinical pharmacology review team, the magnitude of increase in
rosuvastain Cy,,x and AUC observed with the 2-DAA regimen does not warrant an

Hence, rosuvastatin will be moved
to section 7.4 (Drugs without clinically

significant interactions with TECHNIVIE™),
4) Atazanavir (given in the morning):

Figure 4 shows the least squares mean ratio and 90 % CI of the pharmacokinetic
parameters of ABT-450, ritonavir, ABT-267, ABT-333, ABT-333 M1, atazanavir (cohort
2), and ritonavir (cohort 2) after admimistration of atazanavir with VIEKIRA
PAK™(panel A) and the 2-DAA regimen (panel B).

Figure 4: Least squares mean ratio and 90 % CI of the pharmacokinetic
parameters of ABT-450, ritonavir, ABT-267, ABT-333, ABT-333 M1, atazanavir
(cohort 2), and ritonavir (cohort 2) after administration of atazanavir with
VIEKIRA PAK™ (panel A) and the 2-DAA regimen (panel B).

Panel A (VIEKIRA PAK™) Panel B (2-DAA Regimen)
1.457 (1,064 - 1.994)
ABT-450 1.935 (1,335 - 2.806)
3.263 2,063 -5.163) eran - yewra. .9
0.880 (0.765 -1.013) '_',.11 . ing
Ritonavir 0.949 (0.835 - 1.079)
1.403 (1.146 -1.717) 0347 (0723 0.292)
0570 (0826 - 1.125)
0.772 (0.702 -0.849) Ritonavir " 1AR 1T 163)
ABT-267 0.830 (0.735 -0.937)
0.804 (0.780 . 1.024) caupre-ean
,. i
0.827 (0.714 - 0.958) ABT-267 0479 {0963 - 1.105)
ABT-333 0.819 (0.712 -0.942)
0.787 (0.660 - 0.938) wms- 1o
(0847-1
0.818 (0.744 -0.899) azanavir sHona2-40m
ABT-333 M1 0.890 (0.776 - 1.020) (Cohort2) W
0.988 (0.737 -1.325) 0H2(0597-0.947)
0331 (0345 1.26)
Atazanavir Ritonavi b e
0.909 (0.836 - 0.988)
(Cohort 2) 1.012 (0,932 -1.099) [Cohort2)
0.901 (0.805 - 1.009)
Ritonavie 0.814 (0.686 - 0.967) ) i
Cohort 2 1909 (0,834 . 0. ol ! 0 100
( ) Tt e LSM Ratio and 80% CI
r T T ™ ¢ Cp
" AUC
0.1 1 10 100 s
LSM Ratio and 90% ClI

AUCx =d Cy. ABTA50, ncamz, ABT-267 and atazmans

Source: Clinical Pharmacology summaries of VIEKIRA PAK™ (Page 84) and TECHNIVIE™ (page 40)
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In the prescribing information of VIEKIRA PAK™, the following clinical
recommendation is included for atazanavir (administered in the morning without

ritonavir) “When co-administered with VIEKIRA PAK™, atazanavir should only be
ﬁ'ven i the morm'ni”. The aiilicant has iroiosed _

The mean exposures (AUC) of paritaprevir are lower after administration of the 2-DAA
regimen as compared with VIEKIRA PAK™ as shown in Figure 5 below.

Figure 5: Paritaprevir exposures (AUC) following administration of the 3-DAA
regimen and the 2-DAA regimen

100000 - A Geometric Mean
°
50000 ® o
o
8 °
< 20000 - _‘_i
— H
.i 6988 ng/mL
'g S000 4767 ng/ml
a
2000 - i
s
500 -
3-DAA Regimen alone 2-DAA Regimen alone

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 PAK™ alone as shown in 4
below.

14
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Table 4: Changes in paritaprevir exposures with various regimens relative to
paritaprevir exposures after administration of VIEKIRA PAK™ alone

Change in Paritaprevir AUC Relative to the Values Achieved with the

3D Regimen Alone (1%)
Paritaprevir Paritaprevir AUC with Paritaprevir AUC with
AUC with 3D 3D Regimen + Paritaprevir AUC with 2D Regimen +
Regimen Alone Atazanavir 2D Regimen Alone Atazanavir
1x 1x194-fold (or94%1)  1x0.55-fold (or45% |)  1x0.55-fold x 2.87-fold
=1.94x =0.55% (or 187% 1) =1.58x

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 PAK™™. It should be noted that atazanavir
can be co-administered with VIEKIRA PAK™ 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. 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 i1s not acceptable

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

Co-administration of the 2-DAA regimen with atazanavir is not recommended.
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5) Darunavir/ritonavir

Figure 6 shows the least squares mean ratio and 90 % CI of the pharmacokinetic
parameters of ABT-450, ritonavir, ABT-267, ABT-333, ABT-333 M1, darunavir once
daily (administered in the morning) and ritonavir (cohort 2) after administration of
darunavir with VIEKIRA PAK™ (panel A) and the 2-DAA regimen (panel B).

Figure 6: Least squares mean ratio and 90 % CI of the pharmacokinetic
parameters of ABT-450, ritonavir, ABT-267, ABT-333, ABT-333 M1, darunavir
once daily (administered in the morning) and ritonavir (cohort 2) after
administration of darunavir with VIEKIRA PAK™ (panel A) and the 2-DAA

regimen (panel B).
Panel A (VIEKIRA PAK™) Panel B (2-DAA Regimen)
Arm 3 (3 DAAs) Am 2
1.539 (1.135 - 2.086) p——8———— 2092(1351-3.239)
ABT-450 1.292 (1.040 - 1.606) —s— 1937 (1363 - 2.762)
1.296 (1.091 - 1.541) ABT-450 —— 1850 (1414 -2.420)
Ritonavir 0851 (0777 0931) " IR
1.072 (0.933 - 1.232) Ritonavir | Tl 0907 (0775 -1.061)
. 0.858 (0.773 - 0.953)
ABT-267 0864 (0.791 -0.944) 4 1008 (0868 -1.171)
1 15 - 0.921 1008 (0910 - 1.113)
0866 (0.815 - 0.921) ABT-267 v mss{nsus-!m}
ABT-333 .1) 102 (g% - 1‘3;3
941 (0.780 - 1.1 )
0383 (081510
0.899 (0.758 - 1.064) Damg:::nozb das {nm_mz;
ABT-333 M1 0.854 (0.671 - 1.086) ( ., 07410827 -0877)
0.833 (0.669 - 1.038)
0.878 (0.699 - 1.103) 1859 (1432 - 2.414)
. —— 1437 (1297 -1.583)
Darunavir QD 0.922 (0.870 - 0.978) Ritonavir QD - 0583 {nm . u.m}
(Cohort 2) 0.764 (0.712 - 0.820) (Cohort2) | ™
0.522 (0.467 - 0.584)
. . 1.693 (1.370 - 2.094) : T g Oy
Ritonavir QD 1.371 (1197 - 1.571) 0.0051.01520253035 = Au
(Cohort 2) 0.685 (0.647 - 0.725) ) 4 Crown
LSM Ratio and 80% CI
0005101520253035 Am 2 (2DAAs): ABT-450/r + ABT-267 + daruuavir QD
LSM Ratio and 90% CI AUC>s and Crs . ABT 450, ABT 267, danunavir and nionavir

Source: Clinical Pharmacology summaries of VIEKIRA PAK™ (Page 78) and TECHNIVIE™ (page 37)

Of note, co-administration of darunavir/ritonavir with VIEKIRA PAK™ is not
recommended because of the decrease mm mean darunavir Coen by 45 % (darunavir
administered once daily in the evening with ritonavir), 43 % (darunavir administered
twice daily [darunavir administered in the evening with ritonavir; darunavir administered
in the moming with VIEKIRA PAK™ regimen| and 48 % [darunavir administered once
daily in the morning with VIEKIRA PAK™].

The applicant has proposed the following recommendation,”
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The following wording proposed by the applicant is acceptable,”

The following wording proposed by the applicant is not acceptable,”

Darunavir twice daily or darunavir once daily (darunavir administered in the evening
with ritonavir) was not evaluated with the 2-DAA regimen in DDI trial(s), hence there is
no pharmacokinetic data to provide a clinical recommendation regarding the
aforementioned darunavir regimens in the prescribing information of TECHNIVIE™,
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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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Regimens

Sequence

Group Subject Numbers N Period 1 Period 2
Arm 1 101. 104, 105, 107, 109, 112, 114, 117, 118, 120. 123. 124 12 A B
Arm 2 102,103, 106, 108, 110, 111. 113, 115,116, 119. 121, 122 12 C D

Regimen A = ABT-450/t/ABT-267 150/100/25 mg and ABT-333 250 mg administered under non-fasting conditions
as a single dose on Study Day 1 followed by a washout period of 7 days.

Regimen B = KTZ 400 mg QD administered under non-fasting conditions in the morning for 6 days (Study Days 8
through 13). On Study Day 10, ABT-450/t/ABT-267 150/100/25 mg and ABT-333 250 mg admimistered
as a single dose under non-fasting conditions.

Regimen C = ABT-450/t/ABT-267 150/100/25 mg administered under non-fasting conditions as a single dose on
Study Day 1 followed by a washout period of 7 days.

Regimen D = KTZ 400 mg QD administered under non-fasting conditions in the morning for 6 days (Study Days 8
through 13). On Study Day 10, ABT-450/1/ABT-267 150/100/25 mg administered as a single dose under
non-fasting conditions.

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.

Reference ID: 3785394
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ABT 450/ Ritonavir’ABT-267
Tablet
75/50/12.5 mg
12-006414

ABT-333
Tablet
250 mg

12-004533

Ketoconazole

Tablet
200 mg
12-007641

Dosage Forin
Strength
Bulk Product

Lot Number
Manufacturing Site

AbbVie, Inc
North Chicago. IL

12-008101

AbbVie, Inc.
North Chicago. IL
12-008102

Finishing Lot Number 12-008103

Retest Date

Ketoconazole. 200 mg tablets were manufactured by
as Lot 3036319, NDC 0378-0261-01.

Sample Collection

Blood samples for measurement of the concentrations of ABT-450, ritonavir, and ABT-
267 were collected by venipuncture on the following days:

Prior to dosing (0 hour) and up to 72 hours after dosing on day 1.
Prior to dosing (0 hour) and up to 96 hours after dosing on day 10.

Blood samples for measurement of KTZ were collected on the following days:

Prior to dosing (0 hour) and up to 16 hours after dosing on day 9.

Prior to dosing (0 hour) and up to 24 hours after dosing on study day 10 or upon subject
discontinuation due to an adverse event.

Pharmacokinetic Analysis

The pharmacokinetic parameters of ABT-450, ritonavir, ABT-267 and KTZ were

computed using non-compartmental methods.

Results

Bioanalytical methods
Table 3 provides the summary of the bioanalytical assay parameters.

Analyte Calibration |[LLOQ |QC % CV % Bias
Curve Range [ (ng/mL) | Concentrations
(ng/mL) (ng/mL)
ABT-450 0.6-431 0.6 1.58,26.4,330 [ 5.4%1t09.3% 6.4 % to 12.7 %
Ritonavir 4.71-3380 4.71 12.7, 211, 11.5%t0 14.6 % | 2.7 % t0 9.5 %.
2640
ABT-267 0.417-299 0.417 1.09, 18.1, and [ 4.8 % to 8.1 % 09%t05.3 %
227
Ketoconazole* | 0.1-20 0.1 02,05,15,4,11.64%t07.21% |[-0.5 % to 421
and 15 %

*: Concentrations are in pg/mL
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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.
Mean = SD (N = 24) Min — Max
Age (years) 33.2+£10.0 20-54
Weight (kg) 743x9.6 55—-100
Height (cm) 170+ 8.9 153 - 186
Sex 15 Males (62.5%), 9 Females (37.5%)
15 White (62.5%). 6 Black (25.0%).
Race 2 Native Hawaiian or Other Pacific Islander (8.3%). 1 Multi-race (4.2%)

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.

ABT-450 Regimen C Regimen D
Pharmacokinetic Study Day 1 Study Day 10
Parameters (Units) N=12) N=12)
Cicz (ng/mL) 1320+ 925 2030 + 1260
P (h) 46=1.7 46=1.1
t1 (h) 62+10 144=31
AUC; (ngeh/mL) 7510 = 4560 14700 = 7560
AUC. (ngeh/mL) 7530 £ 4570 14800 = 7570

Regimen C = ABT-450//ABT-267 150/100/25 mg administered under non-fasting conditions as a single dose on
Study Day 1 followed by a washout period of 7 days.

Regimen D = KTZ 400 mg QD administered under non-fasting conditions i the morning for 6 days (Study Days 8
through 13). On Study Day 10. ABT-450/1/ABT-267 150/100/25 mg administered as a single dose under
non-fasting conditions.

a. Harmonic mean =+ pseudo-standard deviation.
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Table 6 shows the mean + SD pharmacokinetic parameters of ritonavir in Arm 2.

Ritonavir Regimen C Regimen D
Pharmacokinetic Study Dayv 1 Study Day 10
Parameters (Units) N=12) N=12)
Conax (ng/mL) 1610 = 666 1930 + 559
o (h) 38+1.1 39+08
t1a (h) 42+10 60x+12
AUCG (ngeh/ml) 10700 = 5870 15300 + 5850
AUC, (ngeh/mL) 10800 = 5880 15400 + 5870

Regimen C = ABT-450/1/ABT-267 150/100/25 mg administered under non-fasting conditions as a single dose on
Study Day 1 followed by a washout period of 7 days.

Regimen D = KTZ 400 mg QD administered under non-fasting conditions in the moming for 6 days (Study Days 8
through 13). On Study Day 10, ABT-450/r/ABT-267 150/100/25 mg administered as a single dose under non-fasting
conditions.

a. Harmonic mean + pseudo-standard deviation.

ABT-267 (Arm 2)

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

ABT-267 Regimen C Regimen D
Pharmacokinetic Study Day 1 Study Day 10
Parameters (Units) N=12) ™N=12)

i (ng/mL) 114£16.7 111£178
T (h) 5617 58+09
tin’ (h) 249+50 395+86
AUGC (ngeh/mL) 1570 £ 251 1910+ 285
AUC, (ngeh/mL) 1720+ 320 2160 £ 373

Regimen C = ABT-450//ABT-267 150/100/25 mg administered under non-fasting conditions as a single dose on
Study Day 1 followed by a washout period of 7 days.

Regimen D = KTZ 400 mg QD administered under non-fasting conditions in the morning for 6 days (Study Days 8
through 13). On Study Day 10, ABT-450/r/ABT-267 150/100/25 mg administered as a single dose under non-fasting
conditions.

a. Harmonic mean + pseudo-standard deviation.

Ketoconazole (Arm 2)

Table 8 shows the mean pharmacokinetic parameters of ketoconazole in Arm 2.
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Ketoconazole Regimen D Regimen D

Pharmacokinetic Study Day 9 Study Day 10
Parameters (Units) N=12) N=12)
o (ng/mL) 11.3£23 12424
Toax (h) 3208 38x04
12 (h) 43x09 16044
AUCy (ngeh/mL) 88.7+19.8 181378

Regimen D = KTZ 400 mg QD administered under non-fasting conditions in the morning for 6 days (Study Days 8
through 13). On Study Day 10, ABT-450//ABT-267 150/100/25 mg administered as a single dose under non-fasting
conditions.

a. Harmonic mean = pseudo-standard deviation.

Statistical Evaluation of the Pharmacokinetic Parameters

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

ABT-450 ,_m 1.723 (1.316 - 2.255)
' 2.161 (1.759 - 2.657)

Ritonavir ol 1.265 (1.106 - 1.448)
e 1.514 (1.361 - 1.684)

ABT-267 L - 0.978 (0.923 - 1.036)

1.256 (1.197 - 1.318)

Ketoconazole - 1.104 (1,049 - 1.161)
2.050 (1.931 - 2.176)

00 05 10 15 20 25 30 ® C.a
B AUC
LSM Ratio and 90% CI

AUC..: ABT-450, ntonavir and ABT-267; AUC,4: ketoconazole

Reviewer’s Interpretation of the Increase in Exposures of the Various Medications
Evaluated in Trial M12-189

e 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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mean Cmax and AUC increased by 1.6- to 2-fold, respectively, but the ABT-450
mean t12 did not appear to change with ritonavir dose..

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

e 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:

Co-Administered Protease | Fold Increase in Clinical Recommendation in the

Inhibitor[Dosing Regimen] | Ketoconazole Prescribing Information
Exposures (AUC)

Darunavir/ritonavir 3.12 When co-administration is

(400/100 mg BID) required, the daily dose of

ketoconazole (or itraconazole)
should not exceed 200 mg

Lopinavir/ritonavir 3.04 Higher doses of ketoconazole
(400/100 mg BID) (greater than 200 mg per day)
are not recommended
Saquinavir/ritonavir 2.68 (168 % higher) When INVIRASE/ritonavir and
(1000/100 mg BID) ketoconazole are co-

administered, the plasma

concentrations of ketoconazole
are increased. Hence, doses of
ketoconazole or itraconazole >

200 mg/day are not

recommended.
Fosamprenavir/ritonavir 2.69 (169 % higher) High doses of ketoconazole or
(700/100 mg BID) itraconazole (greater than 200

mg/day) are not recommended.

Results
Co-administration of ABT-450/r/ABT-267 with ketoconazole:

e Increased the mean C,,,x and AUC of ABT-450 by 72 % and 116 % , respectively.
e Increased the mean C,,,x and AUC of ritonavir by 26% and 51 % , respectively.

e Decreased the mean Cp,x of ABT-267 by 2 % and increased ABT-267 AUC by
25 %.

e Increased the mean Cp,, and AUC of ketoconazole by 10 % and 105 %,
respectively.
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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

Period 1 Period 2
Arms 1,2 Day 1 Days 1-14 Day 15 Days 16 — 19
and 3" P 10-day .
~ Digoxin Single washout DAAS Digoxin Single DAAs
Dose Dose + DAAs

a  Optional Arm 3 was not conducted.

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.

Table 2. Dosing Regimens

Regimen A Single dose of digoxin 0.5 mg on Period 1. Day 1 followed by a washout interval
of at least 10 days

Regimen B ABT-450/r 150/100 mg QD +~ ABT-267 25 mg QD + ABT-333 400 mg BID on
Days 1 through 19 in Period 2: single dose of digoxin 0.5 mg on Day 15 in
Period 2

Regimen C Single dose of digoxin 0.5 mg on Period 1. Day 1 followed by a washout interval
of at least 10 days

Regimen D ABT-450/1r 150/100 mg QD +~ ABT-267 25 mg QD on Days 1 tlwough 19 in

Period 2: single dose of digoxin 0.5 mg on Day 15 in Period 2

ab

Regimen E’ Single dose of digoxin 0.5 mg on Period 1. Day 1 followed by a washout interval

of at least 10 days

Regimen ABT-450/r 150/100 mg QD = ABT-333 400 mg BID = ABT-267 25 mg QD on
Days 1 through 19 in Period 2: single dose of digoxin 0.5 mg on Day 15 in
Period 2
a Arms were conducted sequentially. Based on a review of the tolerability, safety and pharmacokinetic results of the

previous arm(s). a decision was made whether to conduct the next sequential Arm 3. Doses 1n 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 could have been as low as 0 mg and 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.

b. Optional Arm 3 was not conducted; Regimens E and F were not administered.

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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kidneys and can affect drug disposition. Ritonavir is a P-gp inhibitor. ABT-450, ABT-
333 and ABT-267 have a potential to inhibit P-gp. Digoxin is a substrate of p-gp
transporters, hence, this trial was designed to evaluate the effect of DAAs on the
pharmacokinetics of digoxin, a substrate of P-gp.

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 (or doses that provided comparable systemic exposures) that were
determined to be safe and efficacious in the Phase 2 trials. Further, these doses were also
evaluated in the Phase 3 trials. The dose of digoxin (0.5 mg) is a commonly used dose in
DDI studies.

Identity of Investigational Products

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

ABT-450 Ritonavir ABT-267
Dosage Form Tablet Soft Gelatin Capsule Tablet
Strength (mg) 50 mg 100 mg 25 mg
Bulk Product Lot Number 11-000781 11-005635 11-002033
Manufacturing Site AbbVie AbbVie AbbVie
North Chicago. IL North Chicago. IL North Chicago. IL
Finishing Lot Number 12-005624 12-005625 12-005620
Expiration Date 30 June 2013 30 September 2013 30 June 2013
Lanoxin®
ABT-333 (Digoxin)
Dosage Form Tablet Tablet
Strength (mg) 400 mg 0.25mg
Bulk Product Lot Number 12-005348 12-000171
Manufacturing Site AbbVie ®@
North Chicago. IL
Finishing Lot Number 12-005622 12-005626
Expiration Date 31 January 2015 31 July 2015

Sample Collection

Digoxin:

Arms 1 and 2, Period 1, Day 1: Prior to dosing (0 hours) and up to 120 hours after the
morning dose on day 1.

Arms 1 and 2, Period 2, Day 15: Prior to dosing (0 hours) and up to 120 hours after the
morning dose on day 15.

DAAsS:

Arms 1 and 2, Period 2:
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Day 14 : prior to dosing (0 hours) and up to 16 hours after the morning dose on day 14.
Day 15 : prior to dosing (0 hours) and up to 16 hours after the morning dose on day 15.
Trough Samples: Prior to morning dosing on days 9, 13, 16, 18, and 20.

Urine samples for digoxin analysis were collected in containers without preservatives
over the following time intervals: 0-24, 24-48, 48-72, 72-96, 96-120 hours after dosing
on dayl period 1 and day 15, period 2.

Pharmacokinetic Analysis

The pharmacokinetic parameters of ABT-450, ritonavir, and ABT-267 were estimated
using non-compartmental methods.

Results
Bioanalytical methods

The concentrations of ABT-450, ritonavir, ABT-267 and digoxin were determined using
HPLC with MS/MS detection. All samples were analyzed within the maximum validated
storage stability.

Table 3 shows the bioanalytical assay parameters.

Analyte Calibration LLOQ QC % CV % Bias
Curve Range | (ng/mL) | Concentrations
(ng/mL) (ng/mL)
ABT-450 0.6-431 0.6 1.58,26.4, 330 18 % to |57 % to
6.7 % 10.1 %
Ritonavir 4.71-3380 4.71 12.7,211,2640 |32 % to (2.7 % to

3.6% 3.9 %.
ABT-267 0.417-299 0.417 1.09, 18.1, and |22 % to |55 % to
227 39% 6.6 %
Digoxin* 10-10,000 10 25,75, 300, | 2.69 % to | -1.15 % to
1250, and 7500 | 4.6 % 3.54 %

*: Concentrations are in pg/mL
Subject Disposition and Demographics

Out of the 24 subjects enrolled in the trial, 23 subjects (16 males and 7 females)
completed the trial. One subject in Arm 2 was prematurely discontinued due to elevated
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.
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Arm 1 Arm 2 Overall
Mean = SD Mean = SD Mean = SD
N=12) Min — Max (N=12) Min — Max (N=24) Min — Max
Age (years) 353112 21-55 303+£741 21-45 328+961 21-55
Weight (kg) 768+127 60— 100 748=+105 60— 100 758114 60— 100
Height (cm) 171124 154 -188 172+ 10.1 163 -195 172111 154-195
Sex 9 Males (75.0%), 3 Females 8 Males (66.7%), 4 Female 17 Males (70.8%), 7 Female
(25.0%) (33.3%) (29.2%)
Race 9 White (75.0%), 2 Black 6 White (50.0%), 6 Black 15 White (62.5%), 8 Black
(16.7%), 1 Asian (8.3%) (50.0%) (33.3%), 1 Asian (4.2%)
SD = standard deviation, Min = minimum, Max = maximum

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.

Day 14, Period 2

ABT-450/r 150/100 mg QD +

Day 15, Period 2
ABT-450/r 150/100 mg QD +
ABT-267 25 mg QD

Parameter (Unit) ABT-267 25 mg QD + digoxin 0.5 mg

N 11 11

Cinax (ng/mL) 2090 = 2100 2730 = 2950

Timax (h) 40+08 3705

AUC»4 (ng-h/mL) 0320 = 8840 11600 = 12300

Co4 (ng/mL) 278=208 306=373
Ritonavir (Arm 2)

Table 6 shows the mean + SD pharmacokinetic parameters of ritonavir in Arm 2.

Day 14, Period 2

ABT-450/r 150/100 mg QD +

Day 15, Period 2
ABT-450/r 150/100 mg QD +
ABT-267 25 mg QD

Parameter (Unit) ABT-267 25 mg QD + digoxin 0.5 mg
N 11 11

Conax (ng/mL) 2420 = 1130 2540 = 1190
T () 41=x07 41=08
AUC»4 (ng*h/mL) 14200 = 6960 14300 = 6760
C4 (ng/mL) 580=420 551440
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ABT-267 (Arm 2)

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

Day 15, Period 2

Day 14, Period 2 ABT-450/r 150/100 mg QD +
ABT-450/r 150/100 mg QD + ABT-267 25 mg QD
Parameter (Unit) ABT-267 25 mg QD + digoxin 0.5 mg
N 11 11
Cinax (ng/mL) 154422 152+39.0
Tax (B) 48=06 48=06
AUC4 (ng*h/mlL) 1500 =410 1520 =417
Cy4 (ng/mL) 207+119 304=130

Digoxin (Arm 2)

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

= @ Digowin 0.5 mg sing'e doze - D1
E - —— Digowin 0.5 Mg 30 + ABT-4507 = AST-267 - D15
2 ~@- Digakin 0.5 mg single dose - D1 £
-5’ —w— Digowin 0.5 mg SO + ABT-450% + ABT-267- D15 2
=2 1
g :
§ E -":r;:-__
. § R =
o4 T —
: i ==
o >
— -
e —
T T T T 1 oo T T T T 1
24 48 T2 o5 120 [} 2 ag n o 120
Time (h) Time (h)

SD = single dose

Table 8 shows the mean + SD pharmacokinetic parameters of digoxin in Arm 2.
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Day 15, Period 2

Day 1, Period 1 ABT-450/r 150/100 mg QD +
Parameter (Unit) digoxin 0.5 mg ABT-267 25 mg QD + digoxin 0.5 mg
N 12 11
Caax (ng/mL) 138037 220+042
R () 16=12 1707
AUC; (ng*h/mL) 26.0=7095 339+6.04
AUCins (nghv/mL) 20.1+899 38.1+6.64
t12° (h) 375=585 384=478
Ca4 (ng/mL) 035=013 0.40=0.08
£, (%) 316847 347024
CLye (L/M) 632+114° 520=133

a. Harmonic mean = pseudo-standard deviation.
b. N=11 subjects for urine parameters for Dav 1 Period 1.

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.

1.152 (0.974 - 1,363)
ABT-450 1.117 (0.997 - 1.252)
0.073 (0.841 - 1.126)

i 1.057 (0.993 - 1.125)
Ritonavir 1.014 (0.980 - 1,050)
0,948 (0.864 - 1.040)

0.993 (0,946 - 1,041)
ABT-267 1.016 (0.978 - 1.056)
1.012 (0.975 - 1.049)

1.576 (1.434 - 1.731)
1.364 (1,207 - 1.541) ® Ciu
o 1.238 (1.072 - 1.429) m AUC

- ¢ Ciough

00 05 10 15 2 25 3.0

Digoxin

LSM Ratio and 90% CI

AUC,4 and Cy4: ABT-450, ntonavir and ABT-267; AUC,. and C54: digoxm
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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:

e Increased the mean C,,,x and AUC of digoxin by 58 % and 36 %, respectively.

e Did not significantly alter the mean C,,,x and AUC of ABT-450, ritonavir, and
ABT-267.

Conclusion

Per the approved digoxin prescribing information, the increase in mean digoxin Cpx 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 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
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:

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

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

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

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

e 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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Methadone Dosing:

The dose of methadone did not differ throughout the study for a given subject. For Arm
2, methadone dosing was approximately 30 minutes after the start of a standardized
breakfast.

DAA Dosing:

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

Two different ABT-450, ritonavir, and ABT-267 formulations were used in the
study. Arms 1 and 2 used the tablet of ABT-450,
ritonavir capsules, and the tablet of ABT-267. Arm 3
used the ABT-450/r/ABT-267 co-formulated tablet.

Table 1 shows the various sequence groups in the trial:

Regimens
Study Days 1 through 8
Subject Numbers and 23 through 25 Study Days 9 through 22
Arm 1 1001. 1002. 1003, 1004, A B

1005. 1006. 1007, 1008,
1009, 1010, 1011, and 1012

Arm 2 2001, 2002. 2003. 2004, A C
2005, 2006. 2008. 2009,
2010, 2011, 2012, and 2013

Arm 3 3001, 3002, 3003, 3004, A D
3005. 3006. 3007. 3008",
3009, 3010, 3013, and 3014

a. Subject 3008 withdrew consent and was discontinued from study drugs and the study on Study Day 10.

In all the arms, the study drug was administered on study day 1 as shown in table 2
below.
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Regimen A" Methadone QD was administered (as per prescribing physician’s instructions) on
Study Days 1 through 8. and 23 through 25 under non-fasting conditions.

Regimen B On Study Days 9 through 22, methadone QD (as per prescribing physician's
instructions) + ABT-450/r 150/100 mg QD + ABT-267 25 mg QD +~ ABT-333
400 mg BID were administered under non-fasting conditions.

Regimen c® On Study Days 9 through 22. methadone QD (as per prescribing physician's
instructions) + ABT-450/r 150/100 mg QD + ABT-267 25 mg QD were
administered under non-fasting conditions.

Regimen D" On Study Days 9 through 22, ABT-450/1/ABT-267 150/100/25 mg QD + ABT-333
400 mg BID were administered under non-fasting conditions in the morming.

30 minutes after the start of a standardized breakfast (AM dose) and 30 minutes after
the evening snack (PM dose). Methadone QD was administered under non-fasting
conditions 30 minutes after the start of a standardized lunch. 4 hours after DAA
administration.

a. In Arms 1 and 2. methadone was administered 30 minutes after the start of a standardized breakfast. In Arm 3,
methadone was administered 30 minutes after the start of a standardized lunch. At the investigator's discretion, in
Arm 3, the subject’s time of methadone dose could have been gradually incremented such that the subject took
methadone approximately 30 minutes after the start of lunch by Study Day 6. In these cases, subjects could have
taken methadone without regard to meals from Study Days 1 to 5.

b. Doses in Arm 2 (Regimen C) could have been modified based on safety, tolerability. and pharmacokinetic results
from the preceding armm. Doses 1n Arm 3 (Regimen D) could have been modified based on safety, tolerability, and
pharmacokinetic results from Arm 1 with all 3 DA As and available data from Arm 2 with 2 DAAs. Doses in
Arm 2 (Regimen C) could have been as low as 0 mg and were not to exceed ABT-450/r 250/100 mg QD, ABT-333
800 mg BID, and ABT-267 100 mg QD. Doses in Arm 3 (Regimen D) could have been as low as 0 mg and were
not to exceed ABT-450/1/ABT-267 225/150/37.5 mg QD and ABT-333 800 mg BID. The dose of methadone did
not differ throughout the study for a given subject.

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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ABT-450/1r/ABT-267

ABT-267 ABT-450 Ritonavir ABT-333 Co-formulation
Dosage Form Film Coated Soft Gelatin Capsule Tablet Tablet
ablet

Mode of Administration Oral al Oral Oral Oral
Strength (mg) 25 50 100 mg 400 75/50/12.5
Bulk Product Lot Number 11-002033 11-000781 11-005635 11-005348 12-006414
Potency (% of Label Claim) 101.3 100.5 100.8 100.7 101.6/100.3/102.3
Manufacturing Site AbbVie. AbbVie. AbbVie, AbbVie. AbbVie.

Ludwigshafen Lake County, IL Lake County, L Lake County, IL Lake County, TL
Manufacturing Date 10 June 2011 09 December 2010 07 October 2011 06 January 2012 10 May 2012
Finishing Lot Number 12-003264 12-003267 12-003270 and 12-003268 12-007522

12-006467

Expiration/Retest Date

Sample Collection
Pharmacokinetics
Arm 1, 2, 3, Study Days 9 through 25-DAA/ritonavir Sampling

Prior to dosing (0 hour) and up to at 24 hours after dosing on study day 9. On day 22, in
addition to the 24 hour sampling, additional samples were collected on days 23, 24, and
25. Trough samples were also collected before the morning dosing on study days 11, 13,
15,17, and 21.

Arms 1 and 2, Methadone Sampling

Study days 1 through 8: Prior to dosing (0 hour) and up to 16 hours after dosing on day
8. Trough samples were collected prior to methadone dosing on study day 7.

Study days 9 through 25: Prior to dosing (0 hour) and up to 24 hours after dosing on

days 9 and 22. Trough samples were collected prior to the morning dose on study days
11,13, 15,17, 21, 24, and 25.

Pharmacodynamic Assessments

Pharmacodynamic (PD) measurements were assessed 2 hours prior to dosing and at 1, 2,
and 4 hours after methadone dosing on Study Days 8 through 11, 13, 15, 17, and

Study Days 21 through 25 (or upon early discontinuation). The PD measurements taken
on Study Day 8 served as baseline and were assessed on subjective (Short Opiate
Withdrawal Scale [SOWS] and Desires for Drug Questionnaires [DDQ]) and physiologic
(pupillometry) indexes.

Pharmacokinetic Analysis

The pharmacokinetic parameters of ABT-450, ritonavir, and ABT-267 were determined
using non-compartmental methods.
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Results
Bioanalytical methods

Table 4 provides the summary of the bioanalytical assay parameters.

Analyte Calibration LLOQ QC % CV % Bias
Curve Range | (ng/mL) | Concentrations
(ng/mL) (ng/mL)

ABT-450 0.595-406 0.595 1.58,26.4, 330 39 % to |03 % to
82 % 33%

Ritonavir 4.91-3340 491 12.7,211,2640 | 4.5 % to [ 0% to 3 %.
4.9 %
ABT-267 0.46-314 0.46 1.18, 20.1, and |3.1% to[2.8 % to
251 9.9 % 42 %
R-Methadone | 1-1000 1 3,75,750 22 % to|-1.3 % to -
8% 0.3 %
S-Methadone | 1-1000 1 3,75,750 2.1 % to|-1.5 % to -

11.2 % 1.3 %

Subject Disposition and Demographics

36 subjects (21 male and 15 female) were enrolled in the study and 30 subjects (19 males
and 11 females) completed the study. 1 subject withdrew consent (data from this subject
was not included in the pharmacokinetic and statistical analysis) and 5 subjects were lost
to follow up and did not complete the trial. The available data from subjects who were
lost to follow up were included in the statistical analysis.

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

trial.
Mean + SD (N = 36) Min — Max

Age (years) 347 £8.1 21-51

Weight (kg) 74.1+10.5 48.5-964

Height (cm) 170.1 £ 8.1 157.6 - 188.8

Sex 21 Males (58.3%) and 15 Females (41.7%)

Race 4 Black or African American (11.1%). 30 White (83.3%). and 2 Asian (5.6%)
Pharmacokinetics

Note: Only the results from Arm 2 are presented in this review.
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Arm 2:
ABT-450

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

Day 9 Day 22
ABT-450/r 150/100 mg QD + ABT-450/r 150/100 mg QD +

ABT-450 ABT-267 25 mg QD + ABT-267 25 mg QD +
Pharmacokinetic Methadone QD Methadone QD
Parameter (Unit) N=12) (N=12)
Coax (ng/mlL) 356 £ 406 466 =779
Tomax (h) 43+1.2 39+1.1
AUC74 (ngeh/mL) 1600 £ 1320 2180=3160
™" () - 6.12£2.60
Co4 (ng/mL) 762 £5.04 7.54=6.34

a. Harmonic mean = pseudo-standard deviation.
b. ty, calculated following the Study Day 22 dose only.

Ritonavir

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

Dayv 9 Day 22
ABT-450/r 150/100 mg QD + ABT-450/r 150/100 mg QD +

Ritonavir ABT-267 25 mg QD + ABT-267 25 mg QD +
Pharmacokinetic Methadone QD Methadone QD
Parameter (Unit) (N=12) (N=12)
Conax (n2/mL) 1090 = 445 1560 =578
Timax () 45+1.1 40=1.0
AUC24 (ngeh/mL) 7120 = 2840 10400 = 3250
tl/za.b (11) — 583221
Co4 (ng/mL) 50.7+29.2 65.8+24.4

a. Harmonic mean + pseudo-standard deviation.
b. ty calculated following the Study Day 22 dose only.

ABT-267

Table 8 shows the mean + SD pharmacokinetic parameters of ABT-267 in Arm 2.
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Day 9
ABT-450/r 150/100 mg QD +

Day 22
ABT-450/r 150/100 mg QD +

ABT-267 ABT-267 25 mg QD + ABT-267 25 mg QD +
Pharmacokinetic Methadone QD Methadone QD
Parameter (Unit) N=12) N=12)

Cnax (ng/mL) 94.6=29.3 97.0£36.2

Topax (1) 48£06 49=03
AUC>4 (ngeh/mL) 900 = 302 1150 429

1™ () - 28.9+9.50

Ca4 (ng/mL) 13.2+£547 242+8.64

a. Harmonic mean £ pseudo-standard deviation.

b.  ty» calculated following the Study Day 22 dose only.

Methadone

Fig 1 shows the mean R-methadone plasma concentration-time profiles
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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.
Day 9 Day 22
ABT-450/r 150/100 mg QD +  ABT-450/r 150/100 mng QD +

Methadone Day 8 ABT-267 25 mg QD + ABT-267 25 mg QD +
Pharmacokinetic Methadone QD Methadone QD Methadone QD
Parameter (Unit) N=12) (N=12) (N=12)
R-Methadone
Coax (ng/mL) 244+ 102 256+854 226+94.0
Cpax/Dose (ng/ml/mg) 3.69 £0.83 429=1.82 342056
Tinax () 27+£08 3020 32x28
AUC»4 (ngeh/mlL) 4130 = 1760 4230 = 1680 3950 = 1640
AUC,¢/Dose 62.6+ 154 655+ 12.6 59.7+10.3
(ngely/mL/mg)
Cyy (ng/mL) 145 £63.7 151 £ 66.2 140+ 61.7
S-Methadone
Comax (ng/mL) 312+102 331+£72.6 294 =100
Cpax/Dose (ng/mL/mg) 496=1.53 5.93+3.36 470+1.54
Timax (h) 2405 2820 2305
AUC,4 (ngeh/mL) 4690 = 1510 4860 = 1300 4500 = 1580
AUC¢/Dose 759279 80.9%26.6 738 %317
(ngeh/mL/mg)
Chy (ng/mL) 149 £53.0 157562 140 £ 598

Note: methadone dose (mg). mean + SD: 67.1 £ 30.0.
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Statitistical Evaluation of the Effect of 2-DAA on R-Methadone and S-Methadone (Arm

2)

Fig 5 shows the least squares mean ratio and 90 % confidence intervals for R-methadone
and S-methadone dose normalized Cpx and AUCya4.

R-Methadone 0.936 (0.897 - 0.976)
0.968 (0.908 - 1.033)

A
L

0.985 (0.898 - 1.081)

S-Methadone J 0.944 (0.899 - 0.991)
0.957 (0.893 - 1.026)
& 0.927 (0.840 - 1.022)

r T T 1

0.0 0.5 1.0 1.5 20
® Crax

LSM Ratio and 90% CI m AUCy
¢ Co4

&)
Arm 2 was administered as separate formulations of ABT-450 N ritonavir (capsule) and ABT-267 re]

Effect of Methadone on the Individual Components of the 2-DAA regimen

Table 10 shows the ABT-450 Cp.x and AUC during co-administration of the 3-DAA and

the 2-DAA regimen with methadone relative to exposures in other studies (ABT-450
tablets).
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3IDAA 2DAA

ABT-450/r + ABT-267 + ABT-333 ABT-450/r + ABT-267
Study Cipax (ng/mL) AUC (ng*h/mL) Cinax (ng/mL) AUC (ngeh/mL)
M13-783 1890 7390 518 2720
M13-506° 681 4300 443 2550
M13-506™° 359 2360 = =
M13-103 1140 6970 701 4430
M12-221 633 3100 NA NA
M13-491° 649 3570 263 1810
M13-492° 854 5080 204 1500
M13-492"¢ - - 530 2900
Current srudy" 125 722 218 1300

NA = Not Applicable
a. Arm4.

b. Arms 1 and 2.

c.  Prelmuinary data.

Notes: Geometric mean values are reported.
AUC = AUC,y4 at steady-state.

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 +tRBV 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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SCN Day 1 Wk 12 Wk24 Wk 36 Wk 48 Wk 60

L ! i l l I

Treatment Period
Screening (TP)
(up to 35 Post Treatment Period (PT)
days) ABT-450/fABT-267, 48 weeks
ABT-333 and RBV

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.

3-DAA + RBV

N=38

Virologic Finding n/N (%)
37/38 (97.4%)

SVR;: 9509 CT": 92.3%, 100.0%
Reasons for nonresponse
On-treatment virologic failure 0
Rebound 0
Fail to suppress 0
Relapse by Post-Treatment Week 12 0/37
Premature study drug discontinuation 1/38 (2.6%)
Missing SVR;, data 0
Other 0

CI = confidence interval; DAA = direct-acting antiviral agent: ITT = intent-to-treat; RBV = ribavirin;
SVR,> = sustained virologic response 12 weeks postdosing

a. Calculated using the normal approximation to the binomial distribution.

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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HCV Genotype 1-Infected Adults

Exposures from

Study M14-103 Phase 1 Studies with the
Buprenorphine = Phase 3 Formulation
Naloxone Methadone (Range)
N=12 N=10 N=113

ABT-450

Cpux (ng/mL) 1,090 1,750 771 -3.360

AUC; (ng+hr/mL) 10.800 19.400 3.819 - 18.600
Ritonavir

Coux (ng/mL) 1.070 815 1.289-12.240

AUC; (ng+hr/mL) 11.800 10.100 7.571 — 14.400
ABT-267

Caux (ng/mL) 98.8 90.6 83.8-130

AUC; (ngehr/mL) 1.460 1.410 1.050 - 1.560
ABT-333

Caux (ng/mL) 725 602 826 — 1.460

AUC; (ngehr/mL) 5.070 4.450 5.624-9.790
ABT-333 M1

Caax (ng/mL) 390 355 507 - 962

AUC; (ngehr/mL) 2.550 2.310 2,929 -6.200

AUC, = area under the concentration-time curve from time 0 to the last measureable concentration; Cpax = maximum

plasma concentration; DAA = direct-acting antiviral: HCV = hepatitis C virus

a. The ABT-450/r coformulated tablet was administered. This formulation has comparable exposures to the

ABT-450/1/ABT-267 coformulated tablet (Study !\113-3916),

Notes:  Preliminary geometric mean values for Crnax and AUC were obtained from the 3-DAA treatment arms
(ABT-450/r/ABT-267 coformulated tablet) from Studies M12-202, M12-204, M13-394" and M14-013.
Final geometric mean values for Cyuy and AUC were obtained from the 3-DAA treatment arms
(ABT-450/1/ABT-267 coformulated tablet) from Studies M12-199” and M13-782* 2
AUC,; 1s AUCy4 for ABT-450. ritonavir, and ABT-267 and 1s AUC,; for ABT-333 and ABT-333 M1.
Exposure values were obtained from Study M13-100°

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/t/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 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
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.
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Table 1 shows the various sequence groups in the trial:

Regimens

Study Days 1 through 8
Subject Numbers and 23 through 25 Study Days 9 through 22
Arm 1 1001, 1002, 1003°, 1004, 1005, A B

1006, 1007, 1008", 1009%, 1010,
1011 and 1012"

Arm 2 2001, 2002, 2003, 2004, 2005, A C
2006, 2007, 2008°, 2009°, 2010,
2011%, 2012 and 2013

Arm 3 3001, 3002, 3003, 3004, 3005, A D
3006, 3007, 3008, 3009, 3010
and 3011
a.  Subject 1008 was discontinued from study drugs on Study Day 21.
b, Subject 1012 was discontinued from study drugs on Study Day 15,

Subjects 1003, 1009, and 1011 were discontinued on Study Day 24: the subjects competed all DAA dosing.
Subject 2008 was discontinued from study drugs on Study Day 9 and was not dosed with the DAAs.

Subject 2009 was discontinued from the study on Study Day 5 and was not dosed with the DAAs,

e e e

Subject 2011 was discontinued from study drugs on Study Day 17.

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

Regimen A™ Buprenorphine/naloxone QD was administered (as per prescribing physician's

instructions) on Study Days 1 through 8 and Study Days 23 through 25.

Regimen B On Study Days 9 through 22, buprenorphine/naloxone QD + ABT-450/r 150/100 mg

QD + ABT-267 25 mg QD + ABT-333 400 mg BID were administered under
non-fasting conditions for 14 days.

Regimen c® On Study Days 9 through 22, ABT-450/1/ABT-267 150/100/25 mg QD + ABT-333

400 mg BID were administered under non-fasting conditions in the morming.

30 minutes after the start of a standardized breakfast (AM dose) and 30 minutes after
the evening snack (PM dose. ABT-333 only). Buprenorphine/naloxone QD was
administered under non-fasting conditions 30 minutes after the start of a standardized
Iunch. approximartely 4 howrs afrer the DAA AM dose.

Regimen D" On Study Days 9 through 22, buprenorphine/naloxone QD + ABT-450/1r/ABT-267

150/100/25 mg QD were administered under non-fasting condirions in the morming.
30 minutes after the start of a standardized breakfast.

In Arm 1. buprenorphine/naloxone was administered 30 minutes after the start of a standardized breakfast. In
Arm 2. buprenorphine/naloxone was administered 30 minutes after the start of a standardized lunch. approximately
4 hours after the morming DAA administration. At the investigator's discretion. in Arm 2. the subject's time of
buprenorphine/naloxone dose could have been gradually increased such that the subject could have taken
buprenorphine/naloxone approximately 30 minutes after the start of hunch by Study Day 6. In these cases. subjects
would have taken buprenorphine/naloxone without regard to meal times from Study Days 1 to 5. In Arm 3.
buprenorphine/naloxone was dosed similarly to Arm 1.

Based on a review of the pharmacokinetic. safery and tolerability results of the previous armd(s). a decision was
made whether to conduct the next sequential arm. Doses in Arms 2 and 3 (Regimens C and D) could have been
modified based on safety. tolerability. and pharmmacokinetic results available from preceding arms. Doses in

Arms 2 and 3 could have been as low as 0 mg and were not to exceed ABT-450/1/ABT-267 225/150/37.5 mg QD
and ABT-333 800 mg BID. The dose of buprenorphine/naloxone did not differ throughout the study for a given
subject. The timing of buprenorphine/naloxone dosing in Arm 3 was determined based on safety. tolerability. and
prharmacokinetic results available from the preceding arms.

Rationale for Conducting the Trial

BUP is a substrate of CYP3A4. CYP3A4 is involved in ABT-450 and ABT-267
disposition and CYP3A and CYP2CS8 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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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 BUP was individualized for each subject who enrolled in the trial and ranged
from 4 mg/day to 24 mg/day.

Identity of Investigational Products

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

ABT-4501/ABT-267

ABT-267 ABT-450 Ritonavir ABT-333 Co-Formulation
Dosage Form i oated -‘l'ablet Soft Gelatin Capsule Tablet Tablet
ablet (SGC)
Mode of Administration Oral Oral Oral Oral Oral
Strength (mg) 25 50 100 400 75/50/12.5
Bulk Product Lot Number 11-002033 11-000781 11-005635/110262E 11-005348 12-006414
Potency (% of Label Claim) 101.3 100.5 ®® 100.8 100.7 101.6/100.3/102.3
Manufacturing Site AbbVie, AbbVie, AbbVie, AbbVie,
Ludwigshafen, Lake County, IL Lake County, IL Lake County, IL
Germany
Manufacturing Date 10 June 2011 09 December 2010 07 October 2011 06 January 2012 10 May 2012
Finishing Lot Number 12-004982 12-004984 12-004985 12-004983 12-007611

Expiration/Retest Date

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.
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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, BUP, nor-BUP, and
NAL were determined using non-compartmental methods.

Results
Bioanalytical methods
The concentrations of ABT-450, ritonavir, ABT-267, ABT-333, buprenorphine,

norbuprenorphine, and naloxone were determined using HPLC with MS/MS detection.
All samples were analyzed within the maximum validated storage stability.

Analyte Calibration LLOQ QC % CV % Bias
Curve Range | (ng/mL) | Concentrations
(ng/mL) (ng/mL)
ABT-450 0.65-402 0.65 1.48,24.7, 309 28 % to | 0% t02.7%
7.3 %
Ritonavir 5.39-3330 5.39 12.2, 203, 2540 3.7% to|-1.6 % to 0.5
4.6 % %
ABT-267 0.492-304 0.49 1.09, 18.2, 228 1.8 % to| 1.8 % to 3.5
6 % %
BUP* 100-25000 100 300, 3000, 17,500 | 4 % to 5 | -2.3 %-0.6 %
%
Nor-BUP* 100-25000 100 300, 3000, 17,500 |3 % to|-2 % to -0.6
51 % %
Naloxone* 20-5000 20 60,600,3500 46 %to|-3.8 % to -
7.6 % 0.6 %

*: Concentrations are in pg/mL
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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.

Mean = SD (N = 36) Min - Max
Age (years) 31.8 £8.3 20-55
Weight (kg) 744+134 49.5-101
Height (cm) 174 £7.2 153 -187
Sex 28 Males (77.8%) and 8 Females (22.2%)
Race 36 White (100%)

Pharmacokinetics

Arm 3:
ABT-450

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

Day 9 Day 22
ABT-450 ABT-450/r/ABT-267 150/100/25 mg QD +  ABT-450/1/ABT-267 150/100/25 mg QD +
Pharmacokinetic Buprenorphine/naloxone QD Buprenorphine/naloxone QD
Parameter (Unit) N=11) N=11)
Cax (ng/mL) 577=562 1250 = 1530
Tinax () 44=092 44+092
AUC4 (ng*h/mL) 2430 = 2000 4590 = 5020
t12™° (h) - 6.38 =281
Cyy (ng/mL) 122+£7.44 146=17.0

Formulation: ABT-450/t/ABT-267 co-formulated tablet.

Arm 3: Day 9: First day of dosing ABT-450/1/ABT-267 with daily dosing of buprenorphine/naloxone at steady state.
Arm 3: Day 22: Steady-state dosing of ABT-450/1/ABT-267 and buprenorphine/naloxone.

a. Harmonic mean + pseudo-standard deviation.

b. 1y, calculated following the Study Day 22 dose only.

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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Day 9 Day 22

Ritonavir ABT-450/r/ABT-267 150/100/25 mg QD + ABT-450/1r/ABT-267 150/100/25 mg QD +
Pharmacokinetic Buprenorphine/naloxone QD Buprenorphine/naloxone QD
Parameter (Unit) N=11) (N=11)

C o (D/mL) 1160 = 634 1760 + 475

Tonax () 4.6=0.69 45+0093

AUC,4 (ng*lvmL) 6790 = 4400 10400 = 3250

1™ () - 6.17+3.46

Cy4 (ng/mL) 49.7+372 65.6=44.8

Formulation: ABT-450/1/ABT-267 co-formulated tablet.

Arm 3: Day 9: First day of dosing ABT-450/1/ABT-267 with daily dosing of buprenorphine/naloxone at steady state.
Arm 3: Day 22: Steady-state dosing of ABT-450/1/ABT-267 and buprenorphine/naloxone.

a.  Harmonic mean = pseudo-standard deviation.

b. ty calculated following the Study Day 22 dose only.

ABT-267

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

Day 9 Day 22
ABT-267 ABT-450/1/ABT-267 150/100/25 mg QD +  ABT-450/1/ABT-267 150/100/25 mg QD +
Pharmacokinetic Buprenorphine/naloxone QD Buprenorphine/naloxone QD
Parameter (Unit) N=11) N=11)
Conax (ng/mL) 96.6+30.4 100=25.1
Tinax () 51+0.30 49+0.30
AUC,4 (ng*lvmL) 819+ 298 1050 = 300
1, () - 232=380
Cy4 (ng/mL) 14.6 £ 6.90 229106

Formulation: ABT-450/1/ABT-267 co-formulated tablet.

Arm 3: Day 9: First day of dosing ABT-450/1/ABT-267 with daily dosing of buprenorphine/naloxone at steady state.
Arm 3: Day 22: Steady-state dosing of ABT-450/r/ABT-267 and buprenorphine/naloxone.

a. Harmonic mean = pseudo-standard deviation.

b. ty;; calculated following the Study Day 22 dose only.

ABT-267 Cp.x 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.
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Day 9 Day 22
ABT-4501/ABT-267 ABT-450/1/ABT-267
Day 8 150/100/25 mg QD + 150/100/25 mg QD +

Buprenorphine/naloxone Buprenorphine/naloxone Buprenorphine/naloxone
Pharmacokinetic QD QD QD
Parameter (Unit) N=11) IN=11) N=11)
Buprenorphine
Coax (pg/mL) 8210 = 4650 10500 £ 4770 9670 = 4730
Cuax/Dose 697 £ 299 878 309 821309
(pg/mL/mg)
Tmax () 19+045 16+039 20+0.15
AUC»4 (pg*h/mL) 58800 = 33100 86200 = 47000 90100 £ 48400
AUC4/Dose 5030 = 2300 7210+ 3120 7430 = 2850
(pg*l/mL/mg)
Ca4 (pg/mL) 1210+ 801 1710+ 1150 2030=1180
Cr4/Dose (pg/mL/mg) 104 £60.2 141 £78.7 165+ 78.1
Norbuprenorphine
Conax (pg/mL) 5900 = 4120 7010 = 3880 11300 + 9650
Cuax/Dose 464 =220 564 =235 865 =530
(pg/mL/mg)
Togar (1) 19+0.63 62+3.6 5236
AUCy4 (pgeh/mL) 89600 = 54500 131000 + 72400 201000 = 160000
AUC,4/Dose 7200 = 3220 10500 = 4310 15600 = 8720
(pg*h/mL/mg)
Co4 (pg/mL) 3110 = 1650 4290 = 2400 6300 = 4250
C»4/Dose (pg/mL/mg) 252+864 341134 498 =245

Formulation: ABT-450/1/ABT-267 co-formulated tablet.

Arm 3: Day 8: Daily dosing of buprenorphine/naloxone at steady state.
Arm 3: Day 9: First day of dosing ABT-450/1/ABT-267 with daily dosing of buprenorphine/naloxone at steady state.

Arm 3: Day 22: Steady-state dosing of ABT-450/1/ABT-267 and buprenorphine/naloxone.

Buprenorphine dose in Arm 3. median (min — max): 12 (4 - 16) mg.

Norbuprenorphine was dose-normalized using buprenorphine dose.

Statistical Evaluation of the Pharmacokinetic Parameters

Buprenorphine

Fig 1 shows the dose normalized C,,,x, AUC, and C,4 of central values and 90 % Cls for
the comparisons (study days 22 versus 8) for buprenorphine, norbuprenorphine
(normalized using buprenorphine dose), and naloxone).
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Buprenorphine

Norbuprenorphine

Naloxone

o 1.190 (1.013 - 1.399)
- 1.505 (1.269 - 1.784)
1.647 (1.301 - 2.084)
——
1.824 (1.412 - 2.356)
F—®—1 2111 (1.654 - 2.695)
! 1.869 (1.482 - 2.358)

0.986 (0.838 - 1.159)
1.113 (0.907 - 1.366)

® Chax
m AUC
® C,

T T T 1

1 2 3 4
LSM Ratio and 90% CI

Arm 3: Phase 3 formulation of ABT-450/1/ABT-267 co-formulated tablet
AUC,4: Buprenorphine and norbuprenorphine; AUC;: naloxone

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):
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e 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

e 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.

e 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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Table 1 shows the various regimens used in the trial.

Regimen A Raltegravir 400 mg BID on Study Days 1 to 3

Regimen B ABT-333 400 mg BID + ABT-450/r 150/100 mg QD + raltegravir 400 mg BID from
Study Days 4 to 17

Regimen C* ABT-267 25 mg QD + ABT-450/r 150/100 mg QD + ABT-333 400 mg BID +
raltegravir 400 mg BID from Study Days 4 to 17

Regimen D* ABT-267 25 mg QD + ABT-450/r 150/100 mg QD + raltegravir 400 mg BID from
Study Days 4 10 17

a. Based on a review of the tolerability. safety. and pharmacokinetic results of the previous arm(s). a decision was
made whether to conduct the next sequential arm (Arms 2 or 3). Doses in Arms 2 and 3 (Regimens C and D) could
have been modified based on safety. tolerability. and pharmacokinetic results from previous arms. Doses in
Arms 2 and 3 (Regimens C and D) 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 raltegravir 800 mg BID.

The study drug was taken orally with approximately 240 mL of water approximately 30
minutes after the start of breakfast for all moming doses. 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 and ABT-267) and CYP2C8 (ABT-267[minor extent]). 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) and ABT-267
(25 mg) were the doses evaluated in Phase 3 trials. The dose of raltegravir (400 mg twice
daily) 1s the clinically recommended dose.

Identity of Investigational Products

Table 2 shows the identity of investigational products used in the trial

ABT-267 Ritonavir ABT-333 Raltegravir

Dosage Form Soft Gelatin Capsule Tablet Film-Coated Tablet
ablet ablet
Mode of Admimstration Oral Oral Oral Oral Oral
Strength (mg) 25 50 100 400 400
Bulk Product Lot Number 11-002033 11-000781 11-005635 11-002720 12-000975 and
12-001865
Potency (% of Label Claim) 1013 100.5 100.8 99.6 Unknown
Manufacturing Site AbbVie, AbbVie, AbbVie, AbbVie,
Ludwigshafen Lake Counry, IL Lake County, IL Lake County, I

Manufacturing Date 10 June 2011 09 December 2010 07 October 2011 19 July 2011 Unknown
Finishing Lot Number 12-000734 12-000735 12-000737 and 12-000736 12-001023 and

2. 2. 24

Expiration/Retest Date
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Sample Collection

Period 1 (study day 3): Blood samples for raltegravir were collected prior to dosing (0
hour) and up to 12 hours after the morning dose.

Period 2 (study days 4 through 16): Blood samples for raltegravir, ABT-450, ritonavir,
and ABT-267 were collected prior to dosing and up to 16 hours after the morning dose on
day 4. Trough samples were collected on study day 5, 6, 7,9, 11, 13, 15, and 16.

Period 2 (study days 17 through 20): Blood samples for raltegravir, ABT-450, ritonavir,
and ABT-267 were collected prior to dosing and up to 72 hours after the morning dose on

day 17.

Pharmacokinetic Analysis

The pharmacokinetic parameters of ABT-450, ritonavir, ABT-267 and raltegravir were
calculated using non-compartmental methods.

Results
Bioanalytical methods

Table 3 shows the bioanalytical assay parameters

Analyte Calibration |[LLOQ |QC % CV % Bias

Curve Range | (ng/mL) | Concentrations

(ng/mL) (ng/mL)
ABT-450 0.595-428 0.595 1.72, 28.7, 259 3%t064% |[-1.2%tol.1%
Ritonavir 4.93-3540 4.93 14,233,2920 33%-48% |-13%1t02.7%
ABT-267 0.424-305 0.424 1.25,20.8, 259 28 % to 3.6|-0.5t06.6%

%
Raltegravir 10-10,000 10 30,75,300, 1200, [ 3.79 % to|1.86 % to 3.06
and 7500 7.76 % %

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.
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Mean = SD (N = 36) Min — Max

Age (years) 40.1+98 20-54

Weight (kg) 78.8+12.0 59 -101

Height (cm) 1749 =11.0 155 — 194

Sex 26 Males (72.2%) and 10 Females (27.8%)

Race 9 Black or African American (25.0%), 25 White (69.4%), and 2 Multi-race (5.6%)

Pharmacokinetics

ABT-450 (Arm 3)

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

Day 4 Day 17
ABT-267 25 mg QD + ABT-267 25 mg QD +
ABT-450/r 150/100 mg QD + ABT-450/r 150/100 mg QD +
Parameter (Unit) Raltegravir 400 mg BID Raltegravir 400 mg BID
N 1° 11°
Cuax (ng/mL) 600 =356 865 =836
Tax (h) 47090 4915
AUC,4 (ngeh/mL) 2920+ 1380 4740 £ 4450
t12™" () - 5.86=0.80
C4 (ng/mL) 17.6 £9.09 176195

a. Harmonic mean = pseudo-standard deviation.
b.  ty; calculated following the Study Day 17 dose only.
c.  Subject 1002 was discontinued from the study post AM dose on Study Day 2 of Period 1 due to adverse events.

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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Day 4 Day 17

ABT-267 25 mg QD + ABT-267 25 mg QD +
ABT-450/r 150/100 mg QD + ABT-450/r 150/100 mg QD +
Parameter (Unit) Raltegravir 400 mg BID Raltegravir 400 mg BID
N 11° 11°
Cpax (ng/mL) 1190 = 368 1520+ 323
Tomax (h) 46=0.69 52+24
AUC;4 (ngeh/mL) 7540 = 2390 9480 = 1950
t12°" (h) . 488=103
C24 (ng/mL) 425+309 46.7=251

a.  Harmonic mean = pseudo-standard deviation.

b.  ty; calculated following the Study Day 17 dose only.
c.  Subject 1002 was discontinued from the study post AM dose on Study Day 2 of Period 1 due to adverse events.

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.

Dayv 4 Dav 17
ABT-267 25 mg QD + ABT-267 25 mg QD +
ABT-450/r 150/100 mg QD + ABT-450/r 150/100 mg QD +

Parameter (Unit) Raltegravir 400 mg BID Raltegravir 400 mg BID
N 11° 1n°

Cpax (ng/mL) 110+ 426 126 =438

Tmax (h) 50=0 51+030

AUC24 (ngeh/mL) 956 + 355 1330 £ 424
t12™° (h) - 3252911

Cyy4 (ng/mL) 145+6.09 27.1+9.69

a. Harmonic mean + pseudo-standard deviation.
b.  ty, calculated following the Study Day 17 dose only.
c.  Subject 1002 was discontinued from the study post AM dose on Study Day 2 of Period 1 due to adverse events.

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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Day 4

Day 17

Day 3 ABT-267 25 mg QD + ABT-267 25 mg QD +
Raltegravir ABT-450/r 150/100 mg QD + ABT-450/r 150/100 mg QD +
Parameter (Unit) 400 mg BID Raltegravir 400 mg BID Raltegravir 400 mg BID
N 1° 1° G
Cpnax (ng/mL) 1100 £ 1220 2220 + 1480 1400 + 1140
Tyax (h) 48+28 69+42 590+28
AUC12 (ngeh/mL) 5200 = 3870 10700 = 6050 7580 + 5230
ti2™* () - - 148+ 128
Cy; (ng/mL) 342 + 518 1340 + 1520 377 +371
Coy4 (ng/mL) 207 +130 294 + 233 150+978
a.  Harmonic mean = pseudo-standard deviation.
b.  tu calculated following the Study Day 17 dose only.
c.  Subject 1002 was discontinued from the study post AM dose on Study Day 2 of Period 1 due to adverse events.
d N=7

Statistical Evaluation of the Pharmacokinetic Parameters

Effect of DAAs on Raltegravir

Fig 1 shows the least squares mean ratios of Cy.x, AUC,, and Cj,, and 90 % Confidence
Intervals for Raltegravir (Study Day 17/Study Day 3)

Raltegravir

1.216 (0.783 - 1.888)

1.204 (0.742 - 1.953)

1.131 (0.510 - 2.507)

e C,
® AUC,
® C!2

00 05 1.0

Arm 3 DAAs: ABT-450/r + ABT-267

15 20 25 30 35 40
LSM Ratio and 90% CI

45 50

Co-administration of raltegravir with ABT-450/r +ABT-267 at steady state increased the
mean RAL C,,x, AUC),, and C;, 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 Cnax and AUC;, 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.

Range of Geometric Mean Geometric Mean
Pharmacokinetic Pharmacokinetic Parameter Pharmacokinetic Parameter
DAA Parameter Across 4 Studies (Historic Data) (Study M13-392)
ABT-450 Chax (ng/mL) 3591889 1301
AUC (ngeh/mL) 2357-7395 6770
Cirough (ng/mL) 11.6-323 213
Ritonavir Cpax (ng/mL) 1291 - 2166 1623
AUC (ngeh/mL) 9045 - 11770 11086
Cirough (ng/mL) 347-621 427
ABT-267 Cmax (ng/mL) 82.0-141 151
AUC (ngeh/mL) 1022 - 1581 1863
Cirough (ng/mL) 20.6-30.0 424
ABT-333 Chax (ng/mL) 822 -1083 1113
AUC (ngeh/mL) 55567744 7798
Cirough (ng/mL) 203 -289 308
ABT-333 M1 Chpax (ng/mL) 458 - 767 715
AUC (ngeh/mL) 2679 — 4638 4576
Cirough (ng/mL) 85.0-148 157

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:

e Increased the mean Cy,.x and AUC,; of RAL by 21 % and 20 %, respectively.
e 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:

e 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.

e 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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Study Days 1 to 14
DAAs
Study Days 1 to 14

Atazanavir 300 mg + ritonavir 100 mg

Study Days 15 to 28
DAAs + Atazanavir 300 mg
Study Days 15 to 28
DAAs + Atazanavir 300 mg

Cohort 1

Arms
1to3

Cohort 2

All study drugs were administered under non-fasting conditions.
Arm 1 (3 DAAs): ABT-450/1 + ABT-267 + ABT-333: Arm 2 (2 DAAs): ABT-450/r + ABT-267: Arm 3 (3 DAASs):
ABT-450/r + ABT-267 + ABT-333.

DAA regimens: ABT-450/r 150/100 mg QD. ABT-267 25 mg QD. ABT-333 400 mg BID.
Atazanavir regimens: Atazanavir 300 mg QD administered in the morning (Arms 1 and 2) or evening (Arm 3).

Ritonavir regimens: Ritonavir 100 mg 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.

DAA formulations: ABT-450/r 75/50 mg co-formulated tablet. ABT-267 25 mg tablet. ABT-333 400 mg tablet.
Atazanavir formulation: Atazanavir 300 mg capsule. Ritonavir formulation: Ritonavir 100 mg capsule.

Table 2 shows the various treatments administered in the trial.

Number of Period 1 Dosing Period 2 Dosing
Cohort Subjects (Study Days 1 —14) (Study Days 15 - 28)
1 12 ABT-450/r 150/100 mg QD+ ABT-450/r 150/100 mg QD + ABT-267 25 mg
ABT-267 25 mg QD in the QD + atazanavir 300 mg QD in the morning +
morning + ABT-333 400 mg BID
Arm 1 ABT-333 400 mg BID
2 12 Atazanavir 300 mg QD ABT-450/r 150/100 mg QD + ABT-267 25 mg
co-admuimistered with RTV QD + atazanavir 300 mg QD in the morning +
100 mg QD 1n the moming ABT-333 400 mg BID
1 12 ABT-450/r 150/100 mg QD+ ABT-450/r 150/100 mg QD + ABT-267 25 mg
ABT-267 25 mg QD 1n the QD + atazanavir 300 mg QD in the moming
mormng
Arm 2
2 12 Atazanavir 300 mg QD ABT-450/r 150/100 mg QD + ABT-267 25 mg
co-administered with RTV QD + atazanavir 300 mg QD in the moming
100 mg QD in the moring
1 12 ABT-450/r 150/100 mg QD+ ABT-450/r 150/100 mg QD + ABT-267 25 mg
ABT-267 25 mg QD 1 the QD m the morming +
morning + ABT-333 400 mg BID +
ABT-333 400 mg BID atazanavir 300 mg QD co-adnumstered with
Arm 3 RTV 100 mg QD in the evening
2 12 Atazanavir 300 mg QD ABT-450/r 150/100 mg QD + ABT-267 25 mg
co-admunistered with RTV QD + ABT-333 400 mg BID 1 the morning +
100 mg QD 1n the evening atazanavir 300 mg QD co-adnunistered with

RTV 100 mg QD 1n the evemng

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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Identity of Investigational Products

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

Investigational ABT-450/
Products ABT-267 Ritonavir ABT-333 Ritonavir Atazanavir

Oral Oral Oral Onal

Tablet Tablet Tablet Capsule Capsule
Steength (mg) 25 400 100 300
Bulk Product Lot 11-002033 12-002722 12-001228 11005635, 12-007210
Number 11-005635/

110262E
Manufacturer AbbVie Inc. AbbVielne.  AbbVie Inc. AbbVie Inc,
Ludwigshafen, Take County, Lake County,  Lake County,
Germany IL IL

Finishing Lot 12-007093, 13-000503, 12-007096, 12-007091, 12-007003
Numbers' 12-007358 12-007092 12-D07357 12-007359

Sample Collection

12-007356

Expiration/Retest
Date

PK samples for ABT-450, ritonavir, ABT-267, and atazanavir were collected at steady
state on study days 14, 15, and 28.

Pharmacokinetic Analysis

The pharmacokinetic parameters of ABT-450, ritonavir, and ABT-267 were computed
using non-compartmental methods.

Results

Bioanalytical methods

Table 4 provides the summary of the bioanalytical assay parameters.

Analyte Calibration LLOQ QC % CV % Bias

Curve Range | (ng/mL) | Concentrations

(ng/mL) (ng/mL)
ABT-450 0.595-406 0.595 1.57,26.2,328 3.8%1t09.6% |-10.7%to-9.1 %
Ritonavir 4.91-3340 491 12.4,207,2580 49%1t056% |-58%t0o-3.2%
ABT-267 0.46-314 0.46 1.18,20.1, 251 2.7%to 6.1 % | -8.4%to-6.6%
Atazanavir 10-10,000 10 30,75,300,1200, |4.19 % to 5.40 | 0.984 % to 2.98

7500 % %

Subject Disposition and Demographics

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

in the trial.
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Treatment Group

Characteristic Arm 1/Cohort 1 Arm 1/Cohort 2 Arm 2/Cohort 1 Arm 2/Cohort2  Arm 3/Cohort 1 Arm 3/Cohort 2 Overall/'Total
Sex, n (%) N=12 N=12 N=12 N=12 N=12 N=12 N=72
Female 5(41.7) 4(333) 2(16.7) 2(16.7) 4(333) 3(25.0) 20(27.8)
Male 7(583) 8(66.7) 10(83.3) 10(83.3) 8(66.7) 9(75.0) 52(722)
Race, n (%) N=12 N=12 N=12 N=12 N=12 N=12 N=72
White 5(417) 5(41.7) 11(91.7) 10(83.3) 9(75.0) 8(66.7) 48 (66.7)
Black or African American 6(50.0) 7(58.3) 1(8.3) 2(167) 3(25.00 3(25.0) 22(30.6)
Asian 1(8.3) 0 0 0 0 1(83) 2(28)
Age, years N=12 N=12 N=12 N=12 N=12 N=12 N=72
Mean = SD 372+969 336680 332+830 354689 339806 338x853 345=794
Median 340 315 325 345 320 325 330
Min — Max 24-54 22-46 20-48 25-46 20-48 22-51 20-54
Weaght, kg N=12 N=12 N=12 N=12 N=12 N=12 N=72
Mean = SD 77.2+699 76.1£13.85 76.1 = 7.60 7831255 7901256 75.6+13.65 77.0£11.20
Median 779 763 783 771 76.0 732 769
Min — Max 679-903 524-950 59.5-88.1 57.6-1013 63.1-1042 57.1-964 524-1042
Height, cm N=12 N=12 N=12 N=12 N=12 N=12 N=72
Mean = SD 1673384 1733 =11.50 171.7+5.72 175.7+9.73 171.0+10.80 1713+9.13 171.7+895
Median 166.9 1705 171.2 1758 169.0 172.0 1702
Min - Max 160.0-173.0 158.0-1916 161.7-181.0 155.0-1915 158.3-1983 160.0-183.4 155.0-1983

SD = Standsnd devantion. Max = M, Min = M
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.

Cohort 1

Regimen D (N =12)

Regimen E (N =12)

Regimen E (N =10)

ABT-450 Study Day 15 Study Day 28
Pharmacokinetic Study Day 14 ABT-450/r 150/100 mg QD ABT-450/r 150/100 mg QD
Parameters ABT-450/r 150/100 mg QD + ABT-267 25 mg QD + ABT-267 25 mg QD
(Unit) + ABT-267 25 mg QD + Atazanavir 300 mg QD + Atazanavir 300 mg QD
Cpax (ng/mL) 2460 = 1560 5170 2380 4660 +2170
Toax (h) 48=10 40=11 3912
Cy4 (ng/mL) 45.0+349 161 = 169 114+533
tin’ () - ~ 49+13
AUC)4 (ng*h/mL) 14600 = 9930 35000 = 20800 27800 + 9340
Cohort 2

Regimen F (N =11) Regimen E (N =11) Regimen E (N =11)
ABT-450 Study Day 15 Study Day 28
Pharmacokinetic Study Day 14 ABT-450/r 150/100 mg QD  ABT-450/r 150/100 mg QD
Parameters Atazanavir 300 mg QD + ABT-267 25 mg QD + ABT-267 25 mg QD
(Unit) + Ritonavir 100 mg QD + Atazanavir 300 mg QD + Atazanavir 300 mg QD
Cpax (ng/mL) -- 1550 =984 4450 = 2080
Toax (h) - 36=05 3809
Cy4 (ng/mL) - 39.0+225 115+72.7
ty2" () - - 4814
AUC)4 (ng*h/mL) - 7960 + 3400 28000 + 11200

a. Harmonic mean = pseudo-standard deviation.
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Ritonavir

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

Cohort 1

Regimen D (N=12)

Regimen E (N =12)

Regimen E (N =10)

Ritonavir
Pharmacokinetic
Parameters (Unit)

Study Day 14
ABT-450/r 150/100 mg QD
+ ABT-267 25 mg QD

Study Day 15
ABT-450/r 150/100 mg QD
+ ABT-267 25 mg QD
+ Atazanavir 300 mg QD

Study Dav 28
ABT-450/r 150/100 mg QD
+ ABT-267 25 mg QD
+ Atazanavir 300 mg QD

Ciax (ng/mL) 1780 = 307 2200 £ 505 1520 = 409

Tomax (h) 43x08 4206 4206

Cy4 (ng/mL) 32.8+140 523x274 445226

tin” () - - 49=07

AUC;4 (ng*h/mL) 11000 = 2750 13700 £ 2920 9940 = 1830

Cohort 2
Regimen F (N =11) Regimen E (N =11) Regimen E (N =11)

Study Day 15 Study Day 28

Ritonavir Study Day 14 ABT-450/r 150/100 mg QD ABT-450/r 150/100 mg QD

Pharmacokinetic
Parameters (Unit)

Atazanavir 300 mg QD
+ Ritonavir 100 mg QD

+ ABT-267 25 mg QD
+ Atazanavir 300 mg QD

+ ABT-267 25 mg QD
+ Atazanavir 300 mg QD

Ciax (ng/mL) 2310+ 489 2340 £ 951 1990 = 883

Toax () 39+03 3903 44+08

C»4 (ng/mL) 73.5+46.0 740+494 728+464

ty" (h) — — 48+09

AUC34 (ng*h/mL) 14500 = 4140 14700 = 5520 13900 = 5710
a.  Harmomic mean = pseudo-standard deviation.

ABT-267

Table 8 shows the mean + SD pharmacokinetic parameters of ABT-267 in Arm 2.
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Cohort 1

Regimen D (N =12) Regimen E (N =12) Regimen E (N =10)
ABT-267 Study Day 15 Study Day 28
Pharmacokinetic Study Day 14 ABT-450/r 150/100 mg QD  ABT-450/r 150/100 mg QD
Parameters ABT-450/r 150/100 mg QD + ABT-267 25 mg QD + ABT-267 25 mg QD
(Unit) + ABT-267 25 mg QD + Atazanavir 300 mg QD + Atazanavir 300 mg QD
Coax (ng/mL) 111 £26.0 107 £25.1 89.3+268
Toax (h) 53+1.1 51+£12 53+12
Cy4 (ng/mL) 273£9.71 26.8+8.63 248+8.24
ty2" () - - 299%73
AUC»4 (ng*h/mL) 1330 + 356 1290 = 304 1160 = 330

Cohort 2

Regimen F (N =11) Regimen E (N=11) Regimen E (N=11)
ABT-267 Study Day 15 Study Day 28
Pharmacokinetic Study Day 14 ABT-450/r 150/100 mg QD  ABT-450/r 150/100 mg QD
Parameters Atazanavir 300 mg QD + ABT-267 25 mg QD + ABT-267 25 mg QD
(Unit) + Ritonavir 100 mg QD + Atazanavir 300 mg QD + Atazanavir 300 mg QD
Cpux (ng/mL) -- 791210 91.7+18.1
Toax (h) - 45=10 5310
C34 (ng/mL) - 120+238 254739
ti2" () - - 28.0%6.3
AUCy4 (ng*h/mL) -- 780 =191 1180 £ 257

a.  Harmonic mean + pseudo-standard deviation.
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Atazanavir

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

Cohort 1

Regimen D (N=12) Regimen E (N=12)

Regimen E (N =10)

Atazanavir Study Day 15 Study Day 28
Pharmacokinetic Study Day 14 ABT-450/r 150/100 mg QD  ABT-450/r 150/100 mg QD
Parameters ABT-450/r 150/100 mg QD + ABT-267 25 mg QD + ABT-267 25 mg QD
(Unit) + ABT-267 25 mg QD + Atazanavir 300 mg QD + Atazanavir 300 mg QD
Cpax (Dg/mL) - 4750 + 815 5620+ 1120
Tonax (h) - 32=12 37+12
Ca4 (ng/mL) - 650 =298 993 = 407
tin" (b) - - 72418
AUC:4 (ng*h/mL) - 39800 £ 8500 57000 + 9340
Cohort 2

Regimen F (N =11) Regimen E (N =11) Regimen E (N =11)
Atazanavir Study Day 15 Study Day 28
Pharmacokinetic Study Day 14 ABT-450/r 150/100 mg QD ABT-430/r 150/100 mg QD
Parameters Atazanavir 300 mg QD + ABT-267 25 mg QD + ABT-267 25 mg QD
(Unit) + Ritonavir 100 mg QD + Atazanavir 300 mg QD + Atazanavir 300 mg QD
Cpnax (ng/mL) 6930 + 1630 6990 + 1590 6220 + 1460
T (h) 27408 25207 31213
Cyy4 (ng/mL) 1350 + 659 1340 £ 701 1100 + 503
tin" - - 65=18
AUC)4 (ng*h/mL) 68700 + 19700 69500 + 19900 63700+ 17200

Harmonic mean + pseudo-standard deviation.

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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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

e Co-administration of ABT-450/r, ABT-267 with atazanavir (Arm 2)

o Increased the mean C,,.x, AUC, and Cy4 of ABT-450 by 174 %, 187 %,
and 270 %, respectively.

o Decreased the mean Cp,x and AUC of ritonavir by 15 % and 3 %,
respectively and increased the mean Ciougn Of ritonavir by 45 %.

o Decreased the mean Cpax, AUC, and Cyouen 0f ABT-267 by 17 %, 9 %,
and 2 %, respectively.

o Decreased the mean Cpax, AUC, and Ciyougn of atazanavir by 10 %, 7 %,
and 19 %, respectively.

o Decreased the mean C,,x, AUC, and Cyygp of ritonavir by 19 %, 7 %, and
4%, respectively.

Applicant’s Proposed Clinical Recommendation

In the prescribing information of VIEKIRA PAK™, the following -clinical
recommendation is included for atazanavir (administered in the morning without

ritonavir) “When co-administered with VIEKIRA PAK™, atazanavir should only be
ﬁ'ven in the momini”. The aiilicant has iroiosed _

The mean exposures of paritaprevir are lower after administration of the 2-DAA regimen
as compared with VIEKIRA PAK™ as shown in figure 2 below.

Reference ID: 3785394
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Reference ID: 3785394

Figure 2: Paritaprevir exposures (Cmax and AUC) following administration of the
3-DAA regimen and the 2-DAA regimen

100000 -1 A Geometric Mean
L]
50000 - 9 o
L]
8 o
<« 20000 H i
e H
>
g
% 6988 ng/mL
’.:, 5000 4767 ng/ml|
a.
2000 - i
—d
500 -
3-DAA Regimen alone 2-DAA Regimen alone

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 PAK™ 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

Change in Paritaprevir AUC Relative to the Values Achieved with the

3D Regimen Alone (1%)
Paritaprevir Paritaprevir AUC with Paritaprevir AUC with
AUC with 3D 3D Regimen + Paritaprevir AUC with 2D Regimen +
Regimen Alone Atazanavir 1D Regimen Alone Atazanavir
1x 1%194fold (or94% 1)  1x055fold(or45% |) 1% 0.55-fold = 2.87-fold
=1.94x =0.55% (or 187% 1) = 1.58x

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 PAK™. Tt should be noted that atazanavir
can be co-administered with VIEKIRA PAK™ 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.
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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:

e 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.

e 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

Reference ID: 3785394
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Regimens
Arm  Cohort Subject Numbers N Period 1 Period 2

1 1 601, 603, 604, 608. 611, 612. 614, 615. 616 9 A B
2 602", 605. 606. 607. 609. 610, 613. 617. 618 9 C B
2 1 634, 655, 656. 657. 660, 662. 663, 664. 665 9 D E
z 651", 652, 653, 658, 659. 661, 666. 667", 668 9 45 E
2 1 702, 703, 704. 708, 711. 712, 713. 715, 717 9 G H
2 701, 705, 706", 707. 709. 710, 714, 716. 718 9 I H
4 1 752°. 753.756. 757. 759, 760, 763, 764. 767° 9 I K
2 751%, 754, 755. 758, 761, 762, 765, 766. 768" 9 L K

a.  Subject discontinued from the study due to adverse event(s).
b.  Subject withdrew consent from the study due to famuly emergency.

Table 2 shows the various treatments administered in the trial.

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

Regimen B ABT-333 400 mg BID + ABT-450/r 150/100 mg QD + darunavir 800 mg QD
administered under non-fasting conditions

Regimen C Darunavir 800 mg QD + ritonavir (RTV) 100 mg QD administered under
non-fasting conditions

Regimen D ABT-450/r 150/100 mg QD + ABT-267 25 mg QD admimstered under non-fasting
conditions

Regimen E ABT-450/r 150/100 mg QD + ABT-267 25 mg QD + darunavir 800 mg QD
administered under non-fasting conditions

Regimen F Darunavir 800 mg QD + RTV 100 mg QD administered under non-fasting
conditions

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

Regimen H~ ABT-333 400 mg BID + ABT-450/r 150/100 mg QD + ABT-267 25 mg QD +
darunavir 800 mg QD administered under non-fasting conditions

Regimen I* Darunavir 800 mg QD + RTV 100 mg QD administered under non-fasting
conditions

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

Regimen K~ ABT-333 400 mg BID + ABT-450/r 150/100 mg QD + ABT-267 25 mg QD +
damunavir 600 mg BID + RTV 100 mg every evening (QPM) administered under
non-fasting conditions

Regimen L* Darunavir 600 mg BID + RTV 100 mg BID adnumistered under non-fasting
conditions

*  Based on a review of the pharmacokinetic, safety and tolerability results of the previous Arm(s), a decision was
made to conduct the next sequential arm (Arms 2, 3 and 4). Doses in Arm 3, and Arm 4 (Regimens G. H. L ]. K
and L) could have been modified based on pharmacokinetic, safety and tolerability results of the previous amm(s).
Doses in Arm 3 and Arm 4 could have been as low as 0 mg and were not to exceed ABT-450/r 250/100 mg.
ABT-333 800 mg BID, RTV 200 mg daily, ABT-267 100 mg QD and darunavir 1200 mg BID. Based on the
interactions observed with danumavir in Arm 1 and Arm 2, the darumavir doses mn Arms 3 and 4 could have differed
from those in previous arm(s) and could have been different between periods. In Arm 4, darunavir was
admunistered 600 mg BID, and an additional RTV 100 mg dose was administered with the ™ daily darunavir
dose.

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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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 evaluated in the Phase 3 trials. The dose of darunavir
/ritonavir 800/100 mg once daily is the approved dose.

Identity of Investigational Products

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

ABT-450 ABT-333 ABT-267
Dosage Form Tablet Tablet Tablet
Strength (mg) 50mg 400 mg 25mg
Bulk Product Lot Number 11-000781 11-000511 11-002033
Manufacturing Site AbbVie AbbVie AbbVie
North Chicago. IL North Chicago. I Ludwigshafen. Germany
Finishing Lot Number 12-000251. 12-000254 12-000252
12-003949,12-006199
Retest Date
Norv Prezista Prezista
(ritonavir) (darunavir) (darunavir)
Dosage Form Soft Gelatin Capsule Tablet Tablet
Strength (mg) 100 mg 400 mg 600 mg
Vendor Lot Number 110262E 1IMG370 ING434
Manufacturing Site AbbVie
North Chicago. IL
Fimishing Lot Number 12-000255, 12-000404 12-000690
12-003950. 12-006198
Expiration Date 07 October 2013 31 October 2013 31 October 2013

Sample Collection

PK samples for ABT-450, ritonavir, ABT-267, and darunavir were collected on the
following days:

e Prior to morning dosing and at 1, 2, 3, 4, 6,9, 12, and 16 hours after morning
dosing on Study Day 14.

e Prior to morning dosing and at 1, 2, 3, 4, 6, 9, 12, 16 and 24 (Study Day 16)
hours after morning dosing on Study Day 15.

e Prior to morning dosing and at 1, 2, 3,4, 6, 9, 12, 16, 24 (Study Day 29), 48
(Study Day 30), and 72 (Study Day 31) hours after morning dosing on Study
Day 28 or upon subject discontinuation due to an adverse event

In addition, blood samples for measurement of trough concentrations were collected
immediately prior to the morning dose on the following Study Days: 8, 11, 13, 20, 25 and
27.

Pharmacokinetic Analysis

The pharmacokinetic parameters of ABT-450, ritonavir, ABT-267, ABT-333, ABT-333
M1 and daruanvir were computed using non-compartmental methods.
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Results

Bioanalytical methods

Table 4 provides the summary of the bioanalytical assay parameters.

Analyte Calibration LLOQ QC % CV % Bias

Curve Range | (ng/mL) | Concentrations

(ng/mL) (ng/mL)
ABT-450 0.595-428 0.595 1.53,26.1, 325 35%t07.8% |-0.4%to2%
Ritonavir 4.93-3540 4.93 13.5,229,2850 35%t04.8% [04%to4.4%
ABT-267 0.424-305 0.424 1.18, 20.1, 251 34%to 7% 2%to4.2%
Darunavir 25-12,500 25 75,6250, 9750 28%1t04.8% |02%to1.3%

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.

Reference ID: 3785394

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.

e 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.

e 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.

Mean £ SD (N=72) Min — Max
Age (vears) 348=05 20-54
Weight (kg) 703=118 52-100
Height (cm) 175+8.6 153-195
Sex 66 Males (92%). 6 Females (8%)
Race 40 White (56%). 31 Black (43%).

1 Native Hawaiian or Other Pacific Islander (1%)

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

Reference ID: 3785394
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Pharmacokinetic ABT-450

Parameters (Units) Arm 2/Cohort 1

Regimen D: Day 14 Regimen E: Day 15 Regimen E: Day 28
N 9 9 9
Can (ng/mL) 1200 = 1720 9771170 1870 = 2200
Tomax (h) 43=10 43+ 1.1 3.7+05
AUGC,. (ngeh/mL) 4750 = 6040 5580+ 6510 8680 = 10000
tia" (h) - - 6.0=10
Cas (ng/mL) 120=908 25+211 266+257

Arm 2/Cohort 2

Regimen F: Day 14 Regimen E: Day 15 Regimen E: Day 28
N - 7 7
Camx (ng/mL) - 310=184 068 =473
Towa (h) - 46=20 3705
AUGy4 (ngeh/mL) - 1620 = 659 4530 = 1570
o () - - 62=11
Cy (ng/mL) - 91=50 16.1=36

Regimen D: ABT-450/r 150/100 mg QD + ABT-267 25 mg QD administered under non-fasting conditions on Study
Days 1 to 14 (Cohort 1).

Regimen E: ABT-450/r 150/100 mg QD + ABT-267 25 mg QD + darunavir 800 mg QD administered under
non-fasting conditions on Study Days 15 to 28 (Cohorts 1 and 2).

Regimen F: Darunavir 800 mg QD + RTV 100 mg QD administered under non-fasting conditions on Study Days 1 to
14 (Cohort 2).

a. Hammonic mean = pseudo-standard deviation.

Ritonavir

Table 7 shows the mean + SD pharmacokinetic parameters of ritonavir in Arm 2
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Pharmacokinetic Rirtonavir

Parameters (Units) Arm 2/Cohort 1
Regimen D: Day 14 Regimen E: Day 15 Regimen E: Day 28
N 9 9 9
Comx (ng/mL) 1080 =838 1660 = 667 1630= 725
Trasx (h) 41=08 41=08 3003
AUG. (ngeh/ml ) 10800 = 4700 0030 = 3880 8530 = 3540
o' (h) s - 47<07
Cy (ng/mL) 437=286 50.1=204 40.7+262
Arm 2/Cohort 2
Regimen F: Day 14 Regimen E: Day 15 Regimen E: Day 28
N 9 7 7
Caax (ng/mL) 806 = 350 1370 = 646 1400 = 481
Toax (h) 52422 46=20 43=08
AUG,, (ngeh/mlL) 5530 = 1540 7870 = 2520 7760 = 1970
e’ (h) - - 46=05
Cas (ng/mL) 5224269 383=170 202+112
Regimen D: ABT-450/r 150/100 mg QD + ABT-267 25 mg QD administered under non-fasting conditions on Study
Days 1 to 14 (Cohort 1).

Regimen E: ABT-450/7 150/100 mg QD + ABT-267 25 mg QD + darunavir 800 mg QD administered under
non-fasting conditions on Study Days 15 to 28 (Cohorts 1 and 2).

Regimen F: Danumavir 800 mg QD + RTV 100 mg QD administered under non-fasting conditions on Study Days 1 to
14 (Cohort 2).

a. Harmonic mean *+ pseudo-standard deviation.

ABT-267

Table 8 shows the mean + SD pharmacokinetic parameters of ABT-267 in Arm 2
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Pharmacokinetic ABT-267
Parameters (Units) Arm 2/Cohort 1

Regimen D: Day 14 Regimen E: Day 15 Regimen E: Day 28
N 9 9 9
G (ng/mL) 830=145 883155 854192
T (h) 46=11 5012 5111
AUGCys (ngeh/mL) 1010 = 187 1030 = 205 1010 = 207
ta' ®) - - 21£65
Cy (ng/mL) 188=37 208=49 199042

Arm 2/Cohort 2

Regimen F: Day 14 Regimen E: Day 15 Regimen E: Day 28
N - 7 7
Canx (ng/mL) - 702=314 956=359
Toax (h) - 63x27 5313
AUG,, (ngeh/mL) - 688 =232 1150 =479
ty" (h) - - 266=88
Gy (ng/mL) - 107=39 223101

Regimen D: ABT-450/r 150/100 mg QD + ABT-267 25 mg QD administered under non-fasting conditions on Study

Days 1 to 14 (Cohort 1).

Regimen E: ABT-450/r 150/100 mg QD + ABT-267 25 mg QD + darunavir 800 mg QD administered under

non-fasting conditions on Study Days 15 to 28 (Cohorts 1 and 2).

Regimen F: Darunavir 800 mg QD + RTV 100 mg QD administered under non-fasting conditions on Study Days 1 to

14 (Cohort 2).

a. Hammonic mean = pseudo-standard deviation.

Darunavir

Table 9 shows the mean + SD pharmacokinetic parameters of darunavir in Arm 2
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Pharmacokinetic Darunavir

Parameters (Units) Arm 2/Cohort 1

Regimen D: Day 14 Regimen E: Day 15 Regimen E: Day 28
N - o 0
I (ng/mL) - 7160 = 1930 7080 = 1720
Tomax (h) - 31=009 31=08
AUGs (ngeh/mL) - 74100 = 18300 76700 = 18900
ta' (h) - - 78=15
Cx (ng/mL) - 1870 =439 1870 =722

Arm 2/Cohort 2

Regimen F: Day 14 Regimen E: Day 15 Regimen E: Day 28
N 9 7 7
G (ng/mL) 7150 = 864 7820 = 1050 7180 =990
Toux (h) 32x13 41=x23 3.0=06
AUG,, (ngeh/mL) 79200 = 19500 85100 = 21500 71400 = 11000
t1a' (h) - - 8720
Cas (ng/mL) 2300 =685 1990 =497 1760 =490

Regimen D: ABT-450/r 150/100 mg QD + ABT-267 25 mg QD administered under non-fasting conditions on Study
Days 1 to 14 (Cohort 1).

Regimen E: ABT-450/r 150/100 mg QD + ABT-267 25 mg QD + darunavir 800 mg QD administered under
non-fasting conditions on Study Days 15 to 28 (Cohorts 1 and 2).

Regimen F: Danmavir $00 mg QD + RTV 100 mg QD administered under non-fasting conditions on Study Days 1 to
14 (Cohort 2).

a. Harmonic mean = pseudo-standard deviation.

Statistical Comparison of the Pharmacokinetic Parameters:

Fig 1 shows the least squares mean (LSM) ratios of Cpax, AUC, and Ciouen and 90 %
Confidence Intervals (CIs) for the DAAs and darunavir
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Arm 2
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AUC»4 and Cys : ABT-450. ABT-267. danmavir and ritonavir

Results

e (Co-administration of ABT-450/r, ABT-267 and darunavir once daily
(administered in the morning with the 2-DAA regimen) [Arm 2]
0 Increased the mean Cpax, AUC, and Ciougn 0of ABT-450 by 109 %, 93 %,
and 85 %, respectively.
0 Decreased the mean Cpax, AUC, and Ciguen Of ritonavir by 17 %, 20 %,
and 9 %, respectively
0 Decreased the mean AUC and Ciouen of darunavir by 9 % and 25 %,
respectively (no significant change in the mean Ci,x)
= Increased ritonavir (using ritonavir given as part of DRV/rtv
800/100 mg as reference) mean C,x and AUC by 85 % and 43 %,
respectively and decreased mean Cirougn by 42 %.

Conclusion

e 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.

e 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:

e 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.

e 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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Regimens

Cohort Subject Numbers N Period1 Period 2
Arm 1 1 101,105, 106, 108, 109, 112, 114, 115, 118 9 A B
2 102. 103. 104, 107, 110. 111, 113. 116, 117 9 C B
Arm2 1 202.203. 204, 209, 210. 212. 213. 214. 217 9 D E
2 201.7 205, 206, 207, 208, 211, 215, 216, 218 9 F E
Arm3° 1 No subjects enrolled. 9 G H
(Optional) 2 No subjects enrolled. 9 1 H

a.  Subject 201, 24 year-old White male, withdrew consent from the study after receiving a single dose of
emtricitabme 200 mg and tenofovir 300 mg on Study Day 1 of Period 1 in Cohort 2 of Arm 2.

b. Optional Arm 3 was not conducted; Regimens G, H and I were not administered.

The study drugs were administered as shown in table 2 below.

Regimen A ABT-450/r 150/100 mg QD + ABT-267 25 mg QD + ABT-333
(Cohort 1, Study Days 1 - 14) 400 mg BID administered under non-fasting conditions
Regimen B ABT-450/r 150/100 mg QD + ABT-267 25 mg QD + ABT-333

(Cohort 1, Study Days 15 - 21)
(Cohort 2, Study Days 8 - 21)

400 mg BID + emtricitabine 200 mg QD + tenofovir disoproxil
fumarate 300 mg QD administered under non-fasting conditions

Regimen C Emtricitabine 200 mg QD + tenofovir disoproxil fumarate 300 mg
(Cohort 2, Study Days1-7) QD adnunistered under non-fasting conditions

Regimen D* ABT-450/r 150/100 mg QD + ABT-267 25 mg QD administered
(Cohort 1, Study Days 1 — 14) under non-fasting conditions

Regimen E* ABT-450/r 150/100 mg QD + ABT-267 25 mg QD + emtricitabine

(Cohort 1, Study Days 15 - 21)
(Cohort 2, Study Days 8 - 21)

200 mg QD + tenofovir disoproxil fumarate 300 mg QD
admunistered under non-fasting conditions

Regimen F~
(Cohort 2, Study Days1-7)

Emtricitabine 200 mg QD + tenofovir disoproxil fumarate 300 mg
QD administered under non-fasting conditions

Regimen G=* ABT-450/r 150/100 mg QD + ABT-267 25 mg QD + ABT-333
(Cohort 1, Study Days 1 — 14) 400 mg BID administered under non-fasting conditions
Regimen H** ABT-450/r 150/100 mg QD + ABT-267 25 mg QD + ABT-333

(Cohort 1, Study Days 15 - 21)
(Cohort 2, Study Days § — 21)

400 mg BID + emtricitabine 200 mg QD + tenofovir disoproxil
fumarate 300 mg QD administered under non-fasting conditions

Regimen I**
(Cohort 2, Study Days1-7)

Emtricitabine 200 mg QD + tenofovir disoproxil fumarate 300 mg
QD adnunistered under non-fasting conditions

*  Based on 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 or 3). Doses in Anm 2 and Arm 3 (Regimens D, E. F. G,
H and I could have been modified based on pharmacokinetic, safety and tolerability results from the previous
arm(s). Doses in Arm 2 and Arm 3 could have been as low as 0 mg and were not to exceed ABT-450/r
250/100 mg QD, ABT-267 100 mg QD. ABT-333 800 mg BID. emtricitabine 200 mg BID, and tenofovir
disoproxil fumarate 600 mg QD.
a.  Optional Arm 3 was not conducted: Regimens G. H and I were not administered.

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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Rationale for Conducting the Trial

The trial was conducted to determine if the combination of ABT-267/ABT-450/r and
FTC/TDF can be used in HCV and HIV-1 co-infected patients.

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 the Phase 3 trials. The dose of FTC/TDF is the
approved dose used in the HIV-1 infected population.

Identity of Investigational Products

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

ABT-450 Ritonavir ABT-267
Dosage Form Tablet Soft Gelatm Capsule Tablet
Strength (mg) 50 mg 100 mg 25 mg
Bulk Product Lot Number 11-000781 11-005635 11-000867
Manufacturing Site Abbott Abbott Abbott
Abbort Park. IL Abbott Park. IL Abbort Park, IL
Finishing Lot Number 12-004026 12-004029 12-004027
Expiration Dare 30 Jun 2013 30 Sep 2013 31 Jan 2013
ABT-333 Emtriva* Viread* (tenofovir
(emtricitabine) disoproxil fumarate)
Dosage Form Tablet Capsule Tablet
Strength (mg) 400 mg 200 mg 300 mg
Bulk Product Lot Number 11-002720 12-004534 12-004537
Manufacturing Site Abbott
Abbort Park. IL
Finishing Lot Number 12-004028 12-004282 12-004165
Expiration Date 31 Jul 2014 31 Dec 2014 30 Nov 2016

Sample Collection
Arms 1 and 2 (Cohort 1)

In Cohort 1 of each arm, blood samples for the assay of ABT-450, ritonavir, ABT-267,
FTC, and tenofovir were collected on the following days:

DAAs only (3-mL collection)

e Study day 14: Prior to dosing and up to 16 hours after dosing on study day 14.
e Trough samples: Prior to morning dose on study days 9, 10, and 12.

DAAs, FTC, Tenofovir (6 mL collection)

e Study day 15: Prior to morning dosing and up to 16 hours after dosing on study
day 15.
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e Study day 21: Prior to morming dosing and up to 96 hours after dosing on study
day 21 or upon subject discontinuation due to adverse event.
e Trough samples: Prior to morning dose on study days 16, 18, 19, and 20.

Arms 1 and 2 (Cohort 2)

In Cohort 2 of each arm, blood samples for the assay of ABT-450, ritonavir, ABT-267,
FTC, and tenofovir were collected on the following days:

FTC and Tenofovir (3-mL collection)

e Study day 7: Prior to dosing and at 1, 2, 3, 4, 5, 6, 9, 12, and 16 hours after
dosing on study day 7.
e Trough samples: Prior to morning dose on study days 4 and 6.

DAAs, FTC, Tenofovir (6 mL collection)

e Study day 8: Prior to dosing and up to 16 hours after dosing on study day 8.

e Study day 21: Prior to moming dosing and up to 96 hours after dosing on study
day 21 or upon subject discontinuation due to adverse event.

e Trough samples: Prior to morming dose on study days 9, 10, 12, 14, 16, 18, 19,
and 20.

Pharmacokinetic Analysis

The pharmacokinetic parameters of ABT-450, ritonavir, ABT-267, FTC, and Tenofovir
were computed using non-compartmental methods.

Results

Bioanalytical methods
Table 4 provides the summary of the bioanalytical assay parameters.

Analyte Calibration LLOQ QC Concentrations | % CV % Bias
Curve Range | (ng/mL) (ng/mL)
(ng/mL)
ABT-450 0.595-406 0.595 1.53,26.1, 325 41 % to|03%to2%
82%
Ritonavir 4.91-3340 491 13.5, 229, 2850 29 % to|0.7 % to 1.5
5.6% %.
ABT-267 0.46-314 0.46 1.18,20.1. and 251 41 % to) 1.6 % to 6.8
7.5 % %
FTC 20-4000 20 40.100, 300, 800,129 % to]|-0.6 % to 2.8
and 3000 3.59 % %
Tenofovir 5-1000 5 10, 25, 75. 200 and | 4.05 % to | -3.47 % to
750 482 % 0.6 %
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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.
Mean £ SD (N = 36) Min — Max

Age (years) 33.7+£103 19-56

Weight (kg) 78.5+ 84 56-92

Height (cm) 175+6.9 159 — 188

Sex 32 Males (89%). 4 Females (11%)

Race 15 White (42%). 19 Black (53%). 1 Asian (3%). 1 Multi-race (3%)
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.

Pharmacokinetic ABT-450
Parameters (Units) Arm 2/Cohort 2(N=19)

Regimen D: Day 14 Regimen E: Day 15 Regimen E: Day 21

G (ng/ml) 804 = 1060 535 = 694 704 = 612
T @ 47207 4807 46+07
AUCxy (ngeh/mL) 3810£4320 2840 £ 2540 3490 + 2580
" ®) - - 57+12
Cis (ng/mL) 126275 139279 138268

Arm 2/Cohort 2 (N=§)
RegimenF: Day7  RegimenE: Day8 Regimen E: Day 21

Cam (ng/mlL) - 590 = 600 1060 =928
y @ - 54=15 46=12
AUCy (ngeh/mL) - 2770 + 1960 5490 = 4140
t 1] - - 5606
Cas (ng/mL) - 197295 216112

Regimen D: ABT-4507 150100 mg QD + ABT-267 25 mg QD admimstered under non-fasting condihons on Study
Days 1 to 14 (Cohort 1).

Regimen E: ABT-450'r 150/100 mg QD + ABT-267 25 mg QD + emtcitabine 200 mg QD + tenoforir disoproxl
fumarate 300 mg QD administered under non-fasting conditions on Study Days 15 to 21 (Cohort 1) and on Study
Days 8 to 21 (Cobort 2).

Rezimen F: Emtncitabme 200 mg QD + tenofovir disoproxil fumarate 300 mg QD admmmistered under non-fastmg
conditions on Study Days 1 to 7 (Cohort 2).

a.  Harmomic mean = pseudo-standard deviation; evaluations of t; were based on statistical tests for B.

Ritonavir

Table 7 shows the mean + SD pharmacokinetic parameters of ritonavir in Arm 2.
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Pharmacokinetic Ritonavir

Parameters (Units) Arm 2/Cohort 1 (N=9)

Regimen D: Day 14 Regimen E: Day 15 Regimen E: Day 21
Can (ng/mL) 1410 =512 1270 £ 657 1440 =639
g i () 47205 49+31 51244
AUC; (ngeh/mL) 9110+ 2940 8460 £ 3390 8740 = 3070
B ®) - - 51£10°
Cas (ng/mL) 494+189 626+274 460+227

Arm 2/Cohort 2(N=8)
Regimen F: Day7  Regimen E: Day8 Regimen E: Day 11

Cam (ng/mL) - 1020 £ 593 1530 £ 1040
T (h) - 4607 51+£47
AUC,, (ngeh/mL) - 6810+ 4010 11000 = 7280
et (h) - - 4816
Cas (ng/ml) - 502+468 67.2+60.3
Regmmen D: ABT-4507r 150/100 mg QD + ABT-267 25 mg QD admumstered under non-fasting conditions on Study
Days 1 to 14 (Cohort 1).
Remumen E: ABT-450/r 150/100 mg QD - ABT-267 25 mg QD + emtnicitabme 200 mg QD + tenofovir disoproxil
fi 300 mg QD ado i under non-fasting conditions on Study Days 15 to 21 (Cohort 1) and on Study
Days 8 to 21 (Cohort 2).

Regumen F: Emmicitabine 200 mg QD -+ tenofovir disoproxil fumarate 300 mg QD adnunistered under non-fasting
conditions on Study Days 1 to 7 (Cohort 2).

a H 1c mean = pseud dard deviahon: eval of tt; were based on stastical tests for B.

b. N=8

e. N=T7

ABT-267 (Arm 2)

Table 8 shows the mean + SD pharmacokinetic parameters of ABT-267 in Arm 2.
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Pharmacokinetic ABT-267
Parameters (Units) Arm 2/Cohort 1 (N=9)
Regimen D: Day 14 Regimen E: Day 15 Regimen E: Day 211
Cax (ng/mL) 128+549 1342674 126 =625
(h) 44=09 4709 49=09
AUC, (ngeh/mL) 1480 =810 1530+ 853 1480 + 822
t @ - - 319114
Cas (ng/mL) 314£235 314229 318+23.0

Arm 2/Cohort 2 (N=8)

Regimen F: Day7  Regimen E: Dav§ Regimen E: Day 21

Coa (ng/mL) = 112318 1042324
Tie (1) < 53£05 51210

AUG,, (ngeh/mL) - 1120+ 332 1330 = 469
t" (1] - = 309=156
Cxs (ng/mL) = 174£65 30.5+143

Remmen D: ABT-4507 150100 mg QD + ABT-267 25 mg QD admumstered under non-fasting conditions on Study
Days 1 to 14 (Cohort 1).

Regumen E- ABT-430/r 150/100 mg QD + ABT-267 25 mg QD + emmcitabme 200 mg QD + tenofovir disoproxl
fumarate 300 mg QD adoumistered under non-fastng conditions on Study Days 15 to 21 (Cohort 1) and on Study
Days 8 to 21 (Cohort 2).

Rogimen F: Pahicitshing 200 mg QD + tesobovir disoproxil famvarate 300 g QD aduinistered under noi-fasting
conditions on Study Days 1 to 7 (Cohort 2).

a  Hamonic mean = pseudo-standard deviaton: evaluations of t1; were based on statistical tests for p.
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Emtricitabine (Arm 2)

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

Pharmacokinetic Emtricitabine
Parameters (Units) Arm 2/Cohort 1 (N=9)

Regimen D: Day 14 RegimenE: Day 15 Regimen E: Day 11
- (ng/mlL) - 1320+412 1500 + 371
Taax (b - 32£10 29£06
AUC,4 (ngeh'ml) - 8840 = 1560 10400 = 1680
t" (k) - - 16255
Cae (ng/mL) - 493+68 811174

Arm 2/Cohort 2 (N =8)
Regimen F: Day7  Regimen E: Day8 Regimen E: Day 21

G (ng/mL) 1670 =133 1680+ 184 1590 + 249

T (h) 2310 21+06 2609

AUC,, (ngeh/mL) 10800 = 1450 11300 + 1260 11500 £ 1310

ty" () — - 254105

Cys (ng/mlL) 782+191 883+257 97.7+£220
Regmen D: ABT-450/r 150/100 mg QD + ABT-267 23 mg QD admumstered under non-fasting conditions on Study
Days 1 to 14 (Cohort 1).

Regmen E: ABT-450/r 150/100 mg QD + ABT-267 23 mg QD + emtncitabme 200 mg QD + tenofovwr disoproxl
fumarate 300 mg QD adnumstered under non-fasting conditions on Study Days 15 to 21 (Cobort 1) and on Study
Days 8 to 21 (Cohort 2).

Regmen F: Emtmcitabme 200 mg QD < tenoforvir disoproxl fumarate 300 mg QD admumstered under non-fastng
conditions on Stady Days 1 to 7 (Cobort 2).

a H mean = pseudo- dard deviation; eval of t, were based on statistical tests for B.

Tenofovir (Arm 2)

Table 10 shows the mean = SD pharmacokinetic parameters of tenofovir in Arm 2

Pharmacokinetic Tenofovir
Parameters (Units) Arm 2/Cohort 1 (N=9)
Regimen D: Day 14 Regimen E: Day 15 Regimen E: Day 21
Coi (ng/mL) - 236=75.1 275+£755
G 1 (h) - 13+07 18+08
AUC,4 (ngeh/mL) - 1910+ 561 3380 =919
t" () - - 18726
Ca (ng/mL) - 391=009 73.6+235

Arm 2/Cohort 2 (N =8§)
Regimen F: Day7  RegimenE: Day8 Regimen E: Day 11

Gz (ng/mL) 324666 285443 258403
. ® 14207 1505 1911

AUCx (ngeh/mL) 3130 =501 3040 = 601 3180 = 701
£ ®) = = 218£33
o (ng/mL) 58.6=10.0 659+126 66.6=14.0

Regmen D: ABT-450/r 150/100 mg QD + ABT-267 25 mg QD admumistered under non-fasting conditions on Study
Days 1 to 14 (Cohort 1).

Regmen E: ABT-450/r 150/100 mg QD + ABT-267 25 mg QD + emincitabme 200 mg QD + tenofovir disoproxil
fumarate 300 mg QD admimstered under non-fasting conditions on Study Days 13 to 21 (Cohort 1) and on Study
Days 8 to 21 (Cohort 2).

Regimen F: Emmeitabine 200 mg QD - tenofovir disoproxal fumarate 300 mg QD adoumstered under non-fastng
conditions on Study Days 1 to 7 (Cobort 2).

a2 Hammomnic mean = pseudo- dard deviation: evaluations of t.. were based on statistical tests for B.
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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.
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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 with FTC and TDF:

e Increased the mean Cp,y, AUCy4, and Cyy of ABT-450 by 2 %, 4 %, and 9 %

respectively.

e Decreased the mean Cp,x, AUCy4, and Cy4 of ritonavir by 5 %, 6 %, and 8 %,

respectively.

e Decreased the mean Cpx, AUC,4, and Cyq of ABT-267 by 3 %, 0.1 %, and 2 %,

respectively.

e Decressed the mean Cy,,x of FTC by 6 % and increased the mean AUC,4 and Coyq4
of FTC by 7 %, and 25 %, respectively.

e Decreased the mean Cy,,x of tenofovir by 20 % and increased the mean AUCy4
and Cy4 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:

e 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)

e 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:

e 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.

e 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

e 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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Each subject received one of the following regimens depending on whether they were
assigned to group 1 or group 2:

Group 1 (Regimen A): ABT-450/ritonavir/ABT-267 co-formulated tablets in a dose
containing 150 mg ABT-450, 25 mg ABT-267, and 100 mg ritonavir followed by a 15
minutes intravenous infusion of 100 pg [**C] ABT-450 (containing not more that 1 pCi
[37 kBq '*C] ending at the median Tpax for the oral dose of ABT-450 (5 h post-dose).

Group 2 (Regimen B): ABT-450/ritonavir/ABT-267 co-formulated tablets in a dose
containing 150 mg ABT-450, 25 mg ABT-267, and 100 mg ritonavir followed by a 15
minutes intravenous infusion of 25 pg "*C ABT-267 (containing not more that 1 pCi [37
kBq '*C] ending at the median T,y for the oral dose of ABT-267 (5 h post-dose).

Rationale for Dose Selection

The doses of ABT-450, ritonavir, and ABT-267 used in the trial are identical to the doses
of ABT-450, ritonavir, and ABT-267 used in the Phase 3 trials.

Drug Administration

Subjects were admitted to the clinical unit at approximately 8 AM on the day before
dosing (day -1) and commenced dosing with the oral dose administration in the morning
of day 1 following a moderate fat breakfast. Subjects remained on site until 72 hours
post-oral dose.

Identity of Investigational Products

The sponsor provided ABT-450/1/ABT-267 75/50/12.5 mg as pink, oblong and biconvex

tablets for oral dosing in Regimens A and B (lot ID: 12-008149). The tablets were
packaged mﬁ and were stored at 15°C to 25°C (59°F to 77°F).
AbbVie Inc. provided '*C-labelled ABT-450 and ABT-267 drug substances
numbers: 34133ZW00 and 35160ZW00, respectively) as white powders in
for pharmaceutical development and clinical trial manufacture.
responsible for manufacturing the IV solution formulations of [ C

batch number: 116253/C/02) and [**C]-ABT-267 (5 pg/mL; batch number: 116253/C/01)
as clear and colourless solutions. The solutions were stored at 2 to 8°C.

Sample Collection

Blood samples for determining of plasma concentrations of ABT-450, ritonavir, and
ABT-267 were taken at the following times:

After oral administration: Pre-dose, 1, 2, 3, 4, 4:30, 5, 5:30, 6, 7, 8, 9, 10, 12, 15, 18, 24,
30, 36, 48, 60, and 72 hours.
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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), ['*C]-ABT-450 (["*C]-ABT-450 intravenous infusion; for regimen A
only), and ["*C]-ABT-267 (['*C]-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 (Cls) 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% Cls. 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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Regimen A Regimen B
(N=8) (N =8)
Age (years) Mean (SD) 496 (14.0) 45.0 (16.0)
Height (cm) Mean (SD) 167.1 (5.8) 169.3 (7.6)
Weight (kg) Mean (SD) T5:23(11.02) 74.43 (15.20)
BMI (kg/mz) Mean (SD) 26.86 (2.90) 25.80 (3.88)
Race White (%) 8 (100) 7 (87.5)
Other® (%) 0 1(12.5)
Sex Male (%) 6 (75.0) 4 (50.0)
Female (%) 2 (25.0) 4 (50.0)

® Other: mixed race
Regimen A: ABT-450/r/ABT-267 co-formulated tablets in a dose containing 150 mg ABT-450, 25 mg
ABT-267 and 100 mg ritonavir followed by an IV infusion of 100 pg ['*C]-ABT-450

Regimen B: ABT-450/r/ABT-267 co-formulated tablets in a dose containing 150 mg ABT-450, 25 mg
ABT-267 and 100 mg ritonavir followed by an IV infusion of 25 pug [“C]-ABT-ZG?

Source: Table 14.1.3

Pharmacokinetics

ABT-450

Fig 1 shows the mean ABT-450 plasma concentration vs

dosing (regimens A and B)

time profiles following oral
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Fig 2 shows the mean ['*C]-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 ['*C]-ABT-450 in regimen A: Pharmacokinetic

population.
Analyte ABT-450 ABT-267 Ritonavir ['*C]-ABT-450
Route Oral Oral Oral v
Dose 150 mg 25 mg 100 mg 100 pg
(N=28) (N=28) (N=8) (N=8)
Tmax (h)® 5.00 (3.00-5.00) | 5.25(3.98-6.00) 4 .50 (2.00-5.00) 0.17 (0.17-0.25)
Cmax (ng!mL)b 535 (68.2) 114 (20.0) 1070 (40.5) 6300 (18.3)
AUC(0-last) (ng.h/mL)* 3030 (63.2) 1370 (30.5) 6370 (54.0) 3810 (35.3)
AUC(0-inf) (ng.h/mL)" 3040 (63.1) 1560 (32.1) 6440 (53.0) 3890 (34.4)
AUC%extrap (%) 0.40 (62.4) 11.32 (38.0) 0.89 (74.7) 1.85 (56.6)
T1/2 (h)" 6.18 (18.1) 2942 (34.3) 568 (11.4) 8.71(19.7)
MRT (h) 9.31(21.6) 30.07 (21.5) NC 3.96 (28.8)
CL (L/h) 259 (34.5) NC NC 259 (34.5)
Vdbeta (L) 236 (38.2) NC NC 331 (48.4)
Vdss (L) NC NC NC 103 (45.3)
Fabs (%)° 52.6 (36.9) NC NC NC

NC: not calculated
? Median (range)
® pa/mL for [“C]-ABT-450

® pg.h/mL for [“CJ-ABT-450
® Harmonic mean (pseudo CV%)
¢ Calculated using AUC(0-inf)

Regimen A: ABT-450/r/ABT-267 co-formulated tablets in a dose containing 150 mg ABT-450, 25 mg
ABT-267 and 100 mg ritonavir followed by an IV infusion of 100 ug [”C]-ABT-450

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 ["*C]-ABT-267 plasma concentration vs time profiles following
intravenous dosing (regimen B)
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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 ['*C]-ABT-267 in regimen B: Pharmacokinetic
population
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Analyte ABT-450 ABT-267 Ritonavir ["C]-ABT-267
Route Oral Oral Oral v
Dose 150 mg 25 mg 100 mg 25 pg
(N=8) (N=8) (N=8) (N=8)
Tmax (h)® 5.00 (4.00-7.00) | 5.26 (4.50-7.00) 4.50 (4.00-6.00) 0.25 (0.17-0.27)
Cmax (ng.me)b 716 (143.9) 120 (35.2) 1340 (41.7) 2110 (35.9)
AUC(D-last) (ng.h/mL)" 3740 (98.0) 1440 (43.3) 8420 (56.4) 2970 (34.3)
AUC(0-inf) (ng.h/mL)" 3760 (97 4) 1600 (46.3) 8490 (55.9) 3330 (37.3)
AUC%extrap (%) 0.33 (153.8) 9.48 (26.7) 0.71 (62.5) 10.03 (37.2)
T1/2 (h)* 7.12 (25.4) 25.89 (19.2) 562 (29.4) 28.49 (17.5)
MRT (h) 10.05 (27.2) 27.26 (13.7) NC 23.07 (23.8)
CL (L/h) NC 7.51(37.9) NC 7.51(37.9)
Vdbeta (L) NC 303 (33.2) NC 313 (29.7)
Vdss (L) NC NC NC 173.(27.1)
Fabs (%)° NC 481 (17.1) NC NC

NC: not calculated
* Median (range)

® pg/mL for [“C]-ABT-267

¢ pg.h/mL for [*C]-ABT-267
Harmonic mean (pseudo CV%)
¢ Calculated using AUC(0-inf)
Regimen B: ABT-450/r/ABT-267 co-formulated tablets in a dose containing 150 mg ABT-450, 25 mg
ABT-267 and 100 mg ritonavir followed by an IV infusion of 25 pg [”C]—ABT—267

Assessment of Absolute Bioavailability

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

Oral Dose IV Dose
Parameter Test/Reference N Adjusted N Adjusted Ratio® P-value® 90% CI°
Geometric Mean Geometric Mean
Dose Normalised Regimen A: ABT-450/[*C]-ABT-450 | 8 202 8 378 53.42 0.002 (42.04, 67.90)
AUC(0-last) (ng.VmL/mg) Regimen B: ABT-267/[*C]-ABT-267 | 8 577 8 17 49.40 <0.001 (44.22, 55.20)
Dose Nomalised Regimen A: ABT-450/[*C]-ABT-450 | 8 203 8 386 52.56 0.001 (41.37, 66.79)
AUC(0-inf) (ng h/ml/mg) Regimen B: ABT-267/[*C-ABT-267 | 8 64.0 8 133 48.06 <0.001 | (42.91,53.84)

Results obtained from mixed effect modelling techniques for natural log transformed PK parameters including terms for dose (ie oral or IV) fitted as a fixed effect and
subject fitted as a random effect

 Ratio of (adjusted geometric means for oral dose/IV dose) x 100

® p-value for ratio of adjusted geometric means

©90% CI for ratio of adjusted geometric means

l?fgimen A: ABT-450//ABT-267 co-formulated tablets in a dose containing 150 mg ABT-450, 25 mg ABT-267 and 100 mg ritonavir followed by an IV infusion of 100 ug
[*C}-ABT-450

I?segimen B: ABT-450/r/ABT-267 co-formulated tablets in a dose containing 150 mg ABT-450, 25 mg ABT-267 and 100 mg ritonavir followed by an IV infusion of 25 pg
["ClABT-267

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

e 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 "“C-radiolabelled ABT-450, the geometric mean absolute bioavailability of
ABT-450 was 52.6%.
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e 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 "“C-radiolabelled ABT-267, the geometric mean absolute bioavailability of
ABT-267 was 48.1%.

e Following IV administration of 100 pg ['*C]-ABT-450, the harmonic mean T,
was 8.71 h. The geometric mean CL was 25.9 L/h and the geometric mean values
for Vgbeta and Vg were 331 L and 103 L, respectively.

e Following IV administration of 25 pg ['*C]-ABT-267, the harmonic mean T,
was 28.49 h. The geometric mean CL was 7.51 L/h and the geometric mean
values for Vgnetra and Vygs 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.
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RENAL IMPAIRMENT STUDY REVIEW

Study # | Protocol M12-193 | Study Period | 12/14/2012 -10/04/2013 |

Title Evaluation of the Pharmacokinetics and Safety of Co-administered ABT-450/ritonavir (ABT-450/1)
and ABT-267 With and Without ABT-333 as a Single Dose in Subjects with Either Normal Renal
Function or Subjects with Mild, Moderate and Severe Renal Impairment

STUDY DESIGN

A Phase 1, multicenter, single-dose, non-fasting, open-label, two periods study:

[n:o
1o [ o]
{

N=%
[ N =up | Group 4: Renal Funot| ato with Group 3)
s Period 1 Period 2
14 nr RM P 142w @ P
Dyl Da)l 7 Day1 DT 7
+ | * |
B =3 DAA Dosing
@ 2 DAA Dosing
Treatments 1. ABT-450/ritonavir: 75mg/50mg tablet.
2. ABT-267: 25 mg tablet.
Dose Selection ABT-450, ritonavir, and ABT-267 doses are the label recommended daily doses of
Rationale 150 mg QD, 100 mg QD, and 25 mg QD, respectively.
[] Fasted M Fed
Administration Subjects received a standardized diet (approximately 2,100 calories/day) for all meals
during confinement.
Formulation
Drug ABT-450/r ABT-267
Dosage Form/ Tablet (75/50 mg) | Table (25 mg)
Strength
Bulk Product 12-002722 11-002033
Lot Number
Finishing Lot 12-007176 12-004915
Number

Interfering Substances | Grapefruit, star fruit, Seville oranges, or products containing any of these
Excluded Alcohol
Caffeine

Groups matching Subjects with normal renal function were matched to the subjects with severe renal
impairment in terms of age, weight, sex, smoking status and race. Subjects with mild
and moderate renal impairment were also similar to the subjects with normal renal
function in terms of these covariates, though not matched.

Renal Function The Cockroft-Gault equation was used to estimate CLecr to categorize the degree of
Assessment renal impairment for assignment of subjects into groups as follows: mild (CLcr = 60 —
89 mL/min), moderate (CLcr = 30 — 59 mL/min), severe (CLer =15 — 29 mL/min), and
normal (CLcr > 90 mL/min).

Sampling Times PK: Pre-dose and 0.5.1,2,3.4. 5,6, 8,10, 12, 15, 24, 30, 36, 48,72, 96, and 144
hours post-dose.
Protein binding: Pre-dose in all subjects.

PK Parameters AUC, AUC,, Cmax, Tmax, t;», CL/F, Vg/F.

PK Analysis Non-Compartmental PK analysis.

Statistical Analysis An analysis of covariance (ANCOVA) was performed on the logarithms PK
parameters when applicable. Body weight, sex, age and other variables were
considered as possible covariates.

Is the study design acceptable? M Yes [] No
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STUDY CONDUCT

Bioanalytical Method:
Method Type | LC-MS/MS | Matrix-Plasma
Analytes ABT-450 ABT-267
Range 0.6 - 431 0.4 -299
Validation | = Method validated prior to use M Yes [ No [J NA
= Method validation acceptable M Yes [] No [1 NA
Study = Samples analyzed within the established stability period M Yes [] No
Samples | =  Quality control samples range acceptable M Yes [J No
Analysis | »  Chromatograms provided M Yes [J No
= Accuracy and precision of the calibration curve acceptable M Yes [J No
= Accuracy and precision of the quality control samples acceptable | 4 Yes [J] No
= Incurred samples analysis is acceptable M Yes [J No
= Overall performance acceptable M Yes [J No
Inspection | = Will the bioanalytical site be inspected [J Yes M No

Protocol Deviations
= Are there any protocol deviations listed in the study report? M Yes [J No

= Do any of the listed deviations affect the integrity of the study? [ Yes M No [] NA

There was one protocol deviation reported. Subject 203, received excluded concomitant treatment with
omeprazole. Omeprazole does not affect the PK of the DAAs and hence the deviation should not affect the

integrity of the trial.

STUDY RESULTS

Study Population (all subjects)
Randomized 24
Treated 24
Completed 24
Discontinued Due to AE 0
PK Population/Safety Population 24/24
Age [Mean (range)] 62.7 [47-71]
Male/Female 21/3
Race (Caucasian/Black/Asian/Other) 20/4/0/0

Notes:
1. One subject in the severe group had very low weigh (~ 55 Kg) and a healthy match could not be found.
The selected match was 90 Kg.
2. There were 3 females among the subjects with mild renal impairment and none among the subjects with
moderate or severe renal impairment or normal renal function.

Pharmacokinetics: AUC and C,,x LS means ratio and 90 % CI for the renal impairment groups relative to the
control group in part 2 of the study (2-DAAs) are displayed in the table below:
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Ratio (90% CI):

Renal-Impaired Group vs. Normal Renal Function Group

Cinax (ng/mL)

Pharmacokinetic Mild Moderate Severe
Parameter (unit) Renal Impairment Renal Impairment Renal Impairment
ABT-450

AUC, (ng*h/mL)

0.892 (0.556 —1.431)
1.107 (0.765 - 1.602)

0.827(0.376 - 1.818)
1.185 (0.640 —-2.194)

0.781 (0.281-2.175)
1.247 (0.560 —2.777)

Crax (ng/mL)

Ritonavir

AUC,, (ngsh/mL)

1.282 (1.030 - 1.597)
1.404 (1.127 — 1.748)

1.514 (1.050 —2.183)
1.759 (1.221 —2.536)

1.714 (1.065 —2.758)
2.084 (1.296 —3.353)

Cinax (ng/mL)

ABT-267

AUC, (ng*h/mL)

0.913 (0.818 — 1.019)
1.010 (0.891 — 1.145)

0.859 (0.715-1.032)
1.017 (0.825 - 1.254)

0.820 (0.646—-1.041)
1.022 (0.779 — 1.342)

= Were there any outliers or excluded data from analysis? [] Yes M No [] NA
= Are the study results acceptable? M Yes [] No

Safety

Was there any death or serious adverse events? [] Yes M No

CONCLUSIONS/COMMENTS/LABEL RECOMMENDATIONS

CONCLUSIONS
No dose adjustment is necessary in subjects with mild and moderate renal impairment.
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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 OCT?2 transporter.

Based on the information provided by the applicant:

ABT-450:

Did not inhibit UGT1A9 and 2B7 at concentrations up to 50 uM (ICs0> 50 uM).

Is an inhibitor of UGT1A4 and 1A6 with ICso values of 6.81 and 46.7 uM, 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 uM) using pyrimethamine as a
positive control.

e 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, 1A6, 1A9 and 2B7 at concentration up to 50 uM (ICso> 50
uM).

e Isnot a substrate of OCT1

e [s a substrate for P-gp but not BCRP in vitro

e Lack of uptake transporter involvement in the hepatic disposition

e Lack of interaction with OCT2 (< 10% inhibition at 30 uM), using pyrimethamine as a
positive control
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CLINICAL PHARMACOLOGY FILING FORM

Application Information

Genotype 4 Chronic Hepatitis C Virus (HCV) Infection

NDA/BLA Number 207931 SDN 000

Applicant Abbvie Inc. Submission Date February 25, 2015

Generic Name Ombitasvir/Paritaprevir/Ritonavir | Brand Name Technivie

Drug Class NSS5A Inhibitor (Ombitasvir), NS3A Protease Inhibitor (Paritaprevir), HIV-1
Protease Inhibitor (Ritonavir)

Indication Indicated, in combination with ribavirin, for the treatment of patients with

Dosage Regimen

Two 12.5 mg/75 mg/50 mg co-formulated tablets once daily (in the morning) with

a meal without regard to fat or calorie content

Dosage Form Co-formulated tablets Route of Oral
Administration
OCP Division DCPIV OND Division DAVP
I OCP Review Team Primary Reviewer(s) Secondary Reviewer/ Team Leader I
Division DCPIV DCPIV
Pharmacometrics N/A N/A
Genomics N/A N/A
Review Classification O Standard [J Priority M Expedited
Filing Date 4/26/2015 74-Day Letter Date 5/10/2015
Review Due Date 6/30/2015 PDUFA Action Date | 7/24/2015
I Application Fileability I
Is the Clinical Pharmacology section of the application fileable?
M Yes
1 No

Are there any potential review issues/ comments to be forwarded to the Applicant in the 74-day letter?
L] Yes

M No

Is there a need for clinical trial(s) inspection?

] Yes

M No

Clinical Pharmacology Package

Tabular Listing of All Human Studies ™ Yes [] No
Bioanalytical and Analytical Methods ™ Yes [] No

Clinical Pharmacology Studies
| Count \

Clinical Pharmacology Summary M Yes [] No

Labeling M Yes [] No

Study Type
In Vitro Studies
M Metabolism Characterization 8
M Transporter Characterization 13
O Distribution
O Drug-Drug Interaction
I In Vivo Studies I

Comment(s)
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Biopharmaceutics

M Absolute Bioavailability 1

O Relative Bioavailability

O Bioequivalence

O Food Effect

O Other

Human Pharmacokinetics

Healthy O Single Dose

Subjects | [0 Multiple Dose

) O Single Dose
Patients

O Multiple Dose

[0 Mass Balance Study

[0 Other (e.g. dose proportionality)

Intrinsic Factors

M Race 1

O Sex

O Geriatrics

O Pediatrics

[0 Hepatic Impairment

M Renal Impairment 1

O Genetics

Extrinsic Factors

M Effects on Primary Drug 6

M Effects of Primary Drug 3

Pharmacodynamics

[0 Healthy Subjects

O Patients

Pharmacokinetics/Pharmacodynamics

[0 Healthy Subjects

O Patients

0 QT

Pharmacometrics

O Population Pharmacokinetics

O Exposure-Efficacy

O Exposure-Safety

Total Number of Studies In Vit 21 In Vi
Total Number of Studies to be Reviewed o vitro 21 nVIvo
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Criteria for Refusal to File (RTF)

RTF Parameter Assessment Comments
1. Did the applicant submit bioequivalence data The data from trial M13-391 was
comparing to-be-marketed product(s) and those | MYes [JNo CIN/A reviewed by the Biopharm group
used in the pivotal clinical trials? during review of NDA 206619.

2. Did the applicant provide metabolism and
drug-drug interaction information? (Note: RTF | MYes [JNo CIN/A
only if there is complete lack of information)

3. Did the applicant submit pharmacokinetic
studies to characterize the drug product, or MYes CONo [ON/A
submit a waiver request?

4. Did the applicant submit comparative
bioavailability data between proposed drug
product and reference product for a 505(b)(2)
application?

OYes CONo MN/A

5. Did the applicant submit data to allow the
evaluation of the validity of the analytical assay | MYes [CONo CIN/A
for the moieties of interest?

6. Did the applicant submit study
reports/rationale to support dose/dosing interval | MYes CONo CIN/A
and dose adjustment?

7. Does the submission contain PK and PD
analysis datasets and PK and PD parameter
datasets for each primary study that supports MYes CONo CON/A
items 1 to 6 above (in .xpt format if data are
submitted electronically)?

8. Did the applicant submit the module 2
summaries (e.g. summary-clin-pharm, summary- | MYes [JNo CIN/A
biopharm, pharmkin-written-summary)?

9. Is the clinical pharmacology and
biopharmaceutics section of the submission
legible, organized. indexed and paginated in a
manner to allow substantive review to begin?
If provided as an electronic submission, is the MYes (ONo CON/A
electronic submission searchable, does it have
appropriate hyperlinks and do the hyperlinks
work leading to appropriate sections, reports,
and appendices?

Complete Application

10. Did the applicant submit studies including
study reports, analysis datasets, source code,
input files and key analysis output, or MYes [JNo CIN/A
justification for not conducting studies, as
agreed to at the pre-NDA or pre-BLA meeting?
If the answer is ‘No’, has the sponsor submitted
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a justification that was previously agreed to
before the NDA submission?

Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality) Checklist

Data

1. Are the data sets, as requested during pre-
submission discussions, submitted in the MYes (ONo CON/A
appropriate format (e.g., CDISC)?

2. If applicable, are the pharmacogenomic data

sets submitted in the appropriate format? [1Yes [INo MIN/A

Studies and Analysis

3. Is the appropriate pharmacokinetic

information submitted? MYes LINo LIN/A

4. Has the applicant made an appropriate attempt
to determine reasonable dose individualization
strategies for this product (i.e., appropriately OYes CONo MN/A
designed and analyzed dose-ranging or pivotal
studies)?

5. Are the appropriate exposure-response (for
desired and undesired effects) analyses
conducted and submitted as described in the
Exposure-Response guidance?

MYes (ONo OON/A

6. Is there an adequate attempt by the applicant
to use exposure-response relationships in order
to assess the need for dose adjustments for OYes CONo MN/A
intrinsic/extrinsic factors that might affect the
pharmacokinetic or pharmacodynamics?

7. Are the pediatric exclusivity studies
adequately designed to demonstrate OYes CONo MN/A
effectiveness, if the drug is indeed effective?

General

8. Are the clinical pharmacology and
biopharmaceutics studies of appropriate design
and breadth of investigation to meet basic
requirements for approvability of this product?

MYes [(ONo CIN/A

9. Was the translation (of study reports or other
study information) from another language OYes CONo MN/A
needed and provided in this submission?

Filing Memo

Please see the attached slide set for additional information.
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NDA 207931

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

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

To-Be-Marketed Formulation

Drug Class Total Daily Dose Frequency How Supplied
(mg)
Ombitasvir NS5A 25 Once Daily
Inhibitor (morning)
12.5/75/50 mg
Paritaprevir | NS3A 150 Once Daily co-formulated
Protease (morning) tablets
Inhibitor
Ritonavir HIV-1 100 Once Daily
Protease (morning)
Inhibitor

Note: Ombitasvir/Paritaprevir/ritonavir co-formulated tablets were also used
in Phase Ill trials in HCV-genotype 1 subjects (NDA 206619)
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Proposed Indication

[Trade Name] is indicated, in combination with
ribavirin, for the treatment of patients with
genotype 4 chronic hepatitis C virus (HCV)
infection

Proposed Dosage and Administration

Two 12.5/75/50 mg film coated tablets once
daily (in the morning) with a meal without
regard to fat or calorie content

Patient Population | Treatment [ Duration
Genotype 4 without cirrhosis | TRADENAME + ribavirin* l 12 weeks

*TRADENAME administered without ribavinn for 12 weeks may be considered for trearment-naive patients [see Clmical Studies
(14)]

Overview of Safety and Efficacy Trial (M13-393)

Wk 0 Wk 12 Wk 24
| ‘ ¢
Group 1 ABT-450/r 150/100 mg + ABT-267 25 mg B
n=40 GT 4 Treatment Nolve
Gvo.::l ABT-450/r 150/100 mg + ABT-267 26 mg
n GT 1b Treatment Nalve Non-cirrhotics
Group 3 ABT-450/r 150/100 mg + ABT-267 25mg
n=40 GT 16 ? 4 (mdl resp ) L
& Group4 ABT-450/r 150/100 mg + ABT-267 25 mg + RBV
g n=40 GT & Treatment Nakve
3 s
3 Crow ABT-450/r 1501100 mg + ABT-267 25 mg
nuil GT 4 Treatmnen Experenc s
doune ABT-450/r 150/100 mg + ABT-267 25 mg + RBV
w GT 4 Treatment Experienced J
Group 7 ABT-450ir 150/100 mg + ABT-267 25 mg
n=40 GT1LT Naive with
Gfo_::' ABT450/ 1501100 mg + ABT-26725 mg
= ST 16 with

Wk = week, GT = genotype, ABT-4501 = ADT-450 — ritonava. RBV = nbavirin
Note: Group 5 was not openad to enrollment

VIEKIRA PAK dosing in Genotype 1b patients (for comparison purposes):

Genotype 1b without cirrhosis: VIEKIRA PAK for 12 weeks
Genotype 1b with cirrhosis: VIEKIRA PAK + ribavirin for 12 weeks
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Primary Efficacy Endpoint: Virologic Response
at Post-Treatment Week 12 (SVR,,): GT4

HCV GT4 Group

12 Whks 2-DAA 12 Wks 2DAA +RBV
Group 4 Group 6 Groups
T-Nai T-Exp-All 1+6
Assessment N N=49 N=91
SVR1y', 0N (%) 40/44 (90.9) 42/42(100.0) 49/49 (100.0) 91/91 (100.0)
95% CT° 783,973 91.6,100.0 927, 100.0 96.0,100.0
Nonresponse®, /N (%) 4/44(9.1) 042 0/49 0191
Reason for nonresponse
N (%]
On-treatment virologic 144023 04 0/49 091
failure
Rebound? 144023 04 0/49 091
Fail to suppress” 044 042 0/49 091
Relapse;,” 242 (48) 042 0/49 091
Premature study drug 1/4423) 042 049 091
discontinnation®

2-DAA = ABT-450 150 mg = ritonavir 100 mg + ABT-267 25 mg; CI = confidence interval. DAA = direct-acting
antiviral agent; GT = genotype; ITT = intent-to-treat; LLOQ = lower limit of quantification: RBV = ribavirin:

SVR = sustained virologic response; T-Exp-All = all treatment-

d with lated (includes

‘partial and mill responders and relapsers); T-Naive = treatment-naive; Wks = weeks

a1  SVRjy=HCVRNA = LLOQ in the SVE;; window (12 weeks after last actusl dose of study drug) without any
confirmed quantifisble post-treatment value before or during that SWR window.
b Confid nterval d using the Clopper-Fy
e Nonresponse = did not achieve SVR; 3
d  Rebound = confirmed HCV RNA > LLOQ (after < LLOQ during treatment), or confirmed increase from nadir
2 ve HCV ENA =1 logyp TU/mL above nadir) at any time point dwring trestment.
e pever achieved HOV ENA HCV RNA = LLOQ during at least 6 weeks of trestment (study drug
duration = 36 days).
£ confirmed HCV RNA = LLOQ between end of treatment and 12 weeks after last actual doze of study
drug (up to and inchiding the SVR,  assessment time point) for a subject with HCV RNA < LLOQ at final
treatment visit who complstes treatment (defined a5 study drug duration = 77 days for subjects in Substody 1 and
= 154 days for subjects m Substudy 2). 5
g Prematurely discontimed study drug with no on-treatment virologic failure
i ffi dpoi irologi
L
Primary Efficacy Endpoint: Virologic Response
at Post-Treatment Week 12 (SVR,,): GT1b
12/
HCV GT1b Group
Noncirrhotic (12 Whs 2-DAA) Cirrhotic (24 Wl 2-DAA)
Group 3 Groups Group8  Groups
Null 2+3 T-Exp-All 7+8
N=40 N=82 . N N=9%
SVR;2", oM (%) 40/42(95.2) 3640 (30.0) TE/S2 (BT 46/47 (97.9) 0/52 (96.2) 96/99 (97.0)
95% CT" 838,994 763,972 848973 887.999 868995 914694
S o/ (%) 242 (48)  440(10.0) 682(73) | 14T 252(38) 399(30)
Reason for nomresponse, o (%)
On-treatment virologic 042 14025  182(1) 047 052 099
failure
Rebound® 042 140025 182l 047 052 099
Faul to suppress” 042 040 082 047 52 e9
Rahpsq;r 042 339(7Ty 379 (3.8) LR 1/52(19)  196(1.0)
Premature study drug 142 24) 040 V82(L.D | 1472 o2 199 (1.0)
discontinuation®
Missing SWVRy3 data 1/42 (2.4) 0/40 V8212 047 U52(18)  1S9(1.0)
2-DAA = ABT-450 150 mg + rifonavir 100 mg + ABT-267 25 mg; DAA = direct-acting antiviral agent, GT = genotype;
ITT = intent-to-treat; LLOQ = lower limit of quantification; RBV = ribavirin; SVR = sustained virclogic respense;
T-Exp-All =all ath pegy IV (includes partial and null responders and
relapsers); T-Exp-Null = ‘with pegylated-interferon/RBV-null responders only.
T-Naive = treatment-nafve; Wks = weeks
a  SVRi=HCV RNA = LLOQ in the SVR12 window {12 weeks after last actual dose of study drug) without any
confinmed quantifiable post-treatment value before or during that SVR window.
b, Confidence interval using the Clopper-P method.
¢ Monresponse = did not achieve SVRy3
d  Rebound = confimed HCV RNA = LLOQ (after = LLOQ during treatment), or confirmed increase from nadir
@ HCWV RNA =1 logjp IU/mL above nadir) at any fime point during treafment.
e Fail to suppress = never achieved HCV RNA < LLOQ during at least 6 weeks of treatment.
£ Relapse;; = confirmed HCV ENA > LLOQ between end of freztment and 12 weeks after last actual dose of study
drug (up to and including the SV, ; assessment time point) for a subject with HCV RNA < LLOQ at final
treatment visit who completes treafment {defined as study drug duration == 77 days for subjects m Substudy | and
= 154 days for subjects in Substudy 2).
e v discontimed study drug with virologic failure. 6




SVR,-Subgroup Analysis

Groups 4 +6 Groups 2 +3 Groups7+§
‘GT4 Noncirrhotic GT1b Noacirrhotic GTIb Cirrhotic
12 Wks 2-DAA + BBV 12 Wks 2-DAA 214 Whs 2-DAA
Sabgroup N (%) 95 C1 N (%) 054 C1 oN (%) 958 CL

SHEH(1000) 0441000 | 3640(900)  T63.972 | S456(864) 877.906
WAT(00G 8721000 | foda(esy) 38004 | 43077 877,909

G666 (10000 S4.6.1000 | 2730 (%0.00 73.5.979 | 1030(967) 828999
2525(100.00 863, 1000 | 4SS (941) 841,988 | 6769 (97.1) 899,906
B0/20(1000) 050 1000 TUTR(923) 340,971 B2 (97 015907

2(100.0) 1581000 44 (100.0) 3981000 | 1617(941) 713,999

Black &6 (100.00 54.1, 1000 1212(1000) 735, 1000 o0 jors

Non-Black 85/85(100.0) 958, 1000 TS $13,968 0609 (37.0) 814904
BMI

<30 TITT(1000) 953, 1000 S8/62 (93 5) $43.082 TR0 (963) 894901

=30 14/14(100.00  76.8, 1000 18720 (%0.00 683,988 |(1919(100.00 82.4,1000
Geographis Region

North America  13/13 (100.0) 3. 1000 3537 (94.6) 818,903 67(85T) 421,906

Eups TTE(000) 8541000 | fA45@LL 788975 | 009287 24907
IL25E Genonype
cc 17/17(100.0) 80.5, 1000 1415 (83.3) 681,008 (1313 (100.00 75.3,1000
Now-CC I4(1000) 85.0,1000 | 666 (22.4) £0.1,903
€T SHSE(000) 9381000 | £146(30.1) 875,901
b 1616(1000) 7941000 | 2020 (100.0) 324,100
HCV RNA Level, [WimL
< 500.000 WM(000 8581000 [ wa2@ELT) 615008
= 300,000 G7/67(1000) 46 1000 6570 (92.9) 341,976
EETE
=800 TL(000) 949,1000 | 4650(920)  S08,978 | 51S2(8EN) 2071000
=600 1717(1000) 805, 1000 26/26 (100.0) 858 1000 | 3041 (951) 835904
Missing 33(000)  291,1000 | 46(66T) 223,957 | 66(1000) 541,1000

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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Formulation Used in M13-393 vs TBM Formulation
Individual formulations of ABT-267 LI
ABT-450 ®@ and ritonavir soft
gelatin capsule [SGC]

* Mean ABT-450 C,., 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 (usmg
the ABT- 450 formulatlon) in GT4

Overview of Review- In Vivo Trials

1 Absolute BA trial for ABT-267/ABT-450/rtv
1 DDl trial between the three components

1 DDl trial between the three components in Han
Chinese, Japanese, Caucasians [3-DAA portion
reviewed during VIEKIRA PAK NDA review]

8 DDl 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)

Total Number of Trials: 12

10
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Overview of Review- In Vitro Trials

e ~20 in vitro reports
— New Information

— Additional Information

11

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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Some Review Related Questions...

* Are the label claims supported by the
available information?

e 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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